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Abstracts of the Tenth International Workshop on HIV Persistence
during Therapy

Session 1: Basic Science of HIV Persistence

OP 1.1
Sequencing HIV: Significance and Impact
S. Palmer1,2
1Centre for Virus Research, The Westmead Institute for Medical Research, The
University of Sydney, Westmead, NSW, Australia;
2Faculty ofMedicine andHealth, The University of Sydney, Sydney, New South
Wales, Australia

Genetic characterization of HIV-1 proviruses isolated fromCD4+
T cells of individuals on effective antiretroviral therapy has
revealed that only 2–12% of persistent HIV-1 is genetically-intact
and potentially replication-competent. Replication-competent
proviruses are the main barrier to HIV-1 eradication as they
contribute to viral rebound if therapy is interrupted.

Therefore, determining the source of latent replication-
competent HIV-1 is important for identifying targets for future
eradication strategies. Resting memory CD4+ T cells are a well-
defined reservoir of latent HIV-1, however, several research
groups have shown that this replication-competent HIV-1 is
disproportionally distributed within different CD4+T cell
subsets. The different subsets of memory CD4+ T cells exhibit
unique qualities that likely affect the genetic landscape of
persistent HIV-1. In this presentation, we will explore the HIV-1
proviral landscape within CD4+T cells subsets and identify
potential cellular and viral mechanisms which contribute to the
persistence of genetically-intact and defective HIV-1 proviruses
within these subsets during therapy.

The genetic profile of plasma-derived HIV-1 RNA from
viremic individuals during pre-therapy or after treatment
interruption will also be discussed. Studies of the HIV-1 genetic
landscape, during therapy orwhen therapy is stopped, inform our
understanding of the cellular and viral mechanisms contributing
to persistent HIV-1which is critical for developing future curative
strategies.

Journal of Virus Eradication 8S (2022) 100096

https://doi.org/10.1016/j.jve.2022.100096

OP 1.2 – 00157
HIV Silencing and Cell Survival Signatures of HIV-Infected CD4 T
Cell Transcriptomes under Antiretroviral Therapy (ART)
I.C. Clark1,2,3, P. Mudvari4, S. Thaploo2, S. Smith4, M. Abu-Laban4,
S.G. Deeks5, F.J. Quintana2,6, D.C. Douek7, A.R. Abate1, E.A. Boritz4
1Department of Bioengineering and Therapeutic Sciences, School of Pharmacy,
University of California San Francisco, San Francisco, CA, USA;
2Ann Romney Center for Neurologic Diseases, Brigham andWomen’s Hospital,
Harvard Medical School, Boston, MA, USA;
3Department of Bioengineering, California Institute for Quantitative
Biosciences, QB3, University of California Berkeley, Berkeley, CA, USA;
4Virus Persistence and Dynamics Section, Vaccine Research Center, National
Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MD, USA;
5Department of Medicine, University of California San Francisco,
San Francisco, CA, USA;
6Broad Institute of MIT and Harvard, Cambridge, MA, USA;
7Human Immunology Section, Vaccine Research Center, National Institute of
Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD,
USA

Background: Rare memory CD4 T cells harboring HIV under
antiretroviral therapy (ART) represent an important barrier to
HIV cure, but the infeasibility of isolating and characterizing
these cells in their natural state has bred uncertainty about
whether they possess distinctive attributes that HIV cure-directed
therapies might exploit.

Methods: We developed a custom microfluidic process
termed Focused Interrogation of cells by Nucleic acid Detection
and Sequencing (FIND-Seq), which captures polyadenylated
RNA and genomic DNA from millions of single cells within
water-in-oil droplets and then sorts single-cell transcriptomes
based solely on HIV DNA detection. Using peripheral blood cells
from people with HIV who had initiated ART during chronic
infection and had experienced >1 year of virologic suppression
(n= 6), memory CD4 T cell transcriptomes were sorted by FIND-
Seq into HIV DNA+ and uninfected fractions and sequenced.
Host cell transcriptomic profiles of HIV DNA+ and uninfected
memory CD4 T cells were compared by differential gene
expression, pathways enrichment analysis, co-expression
network analysis, and gene ontology.

Results: HIV DNA+ memory CD4 T cells from ART-treated
PWH showed inhibition of six transcriptomic pathways including
death receptor signaling, necroptosis signaling, and Gα12/13
signaling. Gene co-expression network analysis revealed two
small modules of genes associated with HIV DNA+ cells. Gene
ontology indicated significant enrichment of these clusters for
factors related to the regulation of gene expression, RNA

Journal of Virus Eradication 8S (2022) Abstracts
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processing, and certain cell state functions. Individual genes in
these modules included HIV transcriptional activators that were
lower in HIV DNA+cells andHIV silencing factors affecting both
transcriptional and post-transcriptional steps in HIV gene
expression that were higher in HIV DNA+ cells. Remaining
genes in these clusters not previously associated with HIV gene
expression had roles in chromatin modification, RNA processing,
and the survival and proliferation of CD4 T cells.

Conclusions:Whole transcriptome sequencing of HIV DNA+
memory CD4 T cells under ART in their natural state reveals these
cells as a highly selected population whose host gene transcrip-
tomic patterns favor HIV silencing, cell survival, and cell
proliferation, with important implications for the development
of HIV cure strategies.

Journal of Virus Eradication 8S (2022) 100097

https://doi.org/10.1016/j.jve.2022.100097

OP 1.3 – 00017
The fraction of cells with unspliced HIV RNA is not associated with
plasma viremia
A. Capoferri1, A. Wiegand1, F. Hong2, W. Shao3, M. Sobolewski2,
M. Kearney1, R. Hoh4, S. Deeks4, J.M. Coffin5, J.W. Mellors2
1HIVDynamics and Replication Program, National Cancer Institute, Frederick,
USA;
2Division of Infectious Diseases, University of Pittsburgh, Pittsburgh, USA;
3Leidos Biomedical Research, Inc, Frederick National Laboratory For Cancer
Research, Frederick, USA;
4University of California San Francisco, San Francisco, USA;
5Department of Molecular Biology and Microbiology, Tufts University, Boston,
USA

Background: Untreated viremic controllers (VC) have low levels
of plasma HIV RNA compared to untreated non-controllers (NC).
We asked if the different levels of viremia between VC and NC
were better explained by the fraction of infected peripheral blood
mononuclear cells (PBMC) containing unspliced HIV RNA
(usRNA) or by the number of copies of usRNA in single infected
cells.

Methods: PBMCwere obtained from donors with chronic HIV
infection who were untreated VC (n=8; plasma HIV RNA 60–
2000 copies/mL), untreated NC (n=7; 5700–275 000 copies/
mL), or NC on ART (n=5; <50 copies/mL). We applied cell-
associated HIV RNA and DNA single-genome sequencing (CARD-
SGS) to estimate the total number of infected cells/million PBMC,

Figure 1 (abstract: OP 1.3–00017) AAC Figure.
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the fraction of infected cells containing usRNA, and levels of
usRNA in single infected cells (N=9557).

Results: The number of infected cells was significantly lower
in VC (median 32 HIV DNA/million) compared to NC (1092/
million; p< 0.01) and NC on ART (117/million; p< 0.01). The
number of cells with HIV usRNA/million PBMCwas significantly
lower in VC (median 2.3/million) compared to NC (89.4/million;
p< 0.01) and NC on ART (45.8/million; p< 0.01). Both were
positively correlated with the level of viremia in the untreated
donors (Spearman=0.77; p= 0.001). By contrast, the fraction
of infected cells with usRNA did not differ across the 3 groups
(median 9% VC, 7% NC, and 18% NC on ART; p= 0.46;
Figure 1A) and was not associated with plasma viremia
(Spearman=−0.32; p= 0.18). Single infected cells with >20
molecules of usRNAwere detected in 6/7 donors in the NC group,
2/9 donors in the VC group (p=0.04) and were not detected in
NC on ART (0/5 donors; Figure 1B).

Conclusions: These data reveal that levels of plasma viremia
are determined by the total number of infected cells and the
number of rare cells with high levels of HIV usRNA but not by
differences in the fraction of infected cells with HIV usRNA. The
finding that ∼80–95% of infected cells in individuals with
chronic HIV infection do not contain HIV usRNA, independent of
levels of plasma viremia or ART status, implies that viremic
control is not from a block to proviral expression, but rather by a
block of viral spread to other cells.

Journal of Virus Eradication 8S (2022) 100098

https://doi.org/10.1016/j.jve.2022.100098

OP 1.4 – 00053
Definitive evidence of a persistent HIV reservoir in human brain
myeloid cells despite ART
Y. Tang1,2, G. Jiang2, M. Porrachia4, C. Ignacio4, L.M. Wong1, D. Zhong1,
J. Du1, B. Cotsakis1, S. Maske1, E. de la Parra Polina1, T.L. Simermeyer1,
D. Li1, B. Woodworth4, J. Kirchherr1, B. Allard1, M. Clohosey1,
G.D. Whitehill, J.J. Eron2, N.M. Archin1,2, S.B. Joseph1,3, K. Bar4,
A. Chaillon5, S. Gianella5, D.M. Margolis1,2,3, G. Jiang1,2,6
1HIV Cure Center, University of North Carolina at Chapel Hill, Chapel Hill,
USA;
2Division of Infectious Diseases, Department of Medicine, University of North
Carolina At Chapel Hill, USA;
3Department of Microbiology and Immunology, UNC School of Medicine,
Chapel Hill, North Carolina, USA;
4Department of Medicine, University of Pennsylvania, Philadelphia, USA;
5Department ofMedicine, University of California at San Diego, La Jolla, USA;
6Department of Biochemistry and Biophysics, University of North Carolina at
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Background: Long-lived and self-renewing tissue myeloid cells,
such as brain microglia may harbor persistent, replication-
competent HIV, and serve as reservoir, igniting rebound
viremia following cessation of ART. Here, we isolated human
brain myeloid cells (BrMCs) from rapid autopsy donations of
people with HIV (PWH) under suppressive antiretroviral (ART),
and assessed replication-competent HIV recovered from BrMC.

Methods: Cortex and basal ganglia regions from the brain of
PWH (n=4) were obtained through rapid autopsy of partici-
pants in the “Last Gift” cohort. CD3+ CNS T cells and CD11b+
BrMCs were isolated with a careful sequential protocol.
Replication competent HIV reservoirs were measured by the

quantitative viral outgrowth assay. BrMCs and CNS T cells from
HIV-seronegative donors were included as controls (n= 4).

Results: Up to 1×106 viable BrMCs per gram of brain tissue
(up to 60 grams in total) were isolated from PWH (n=4), in
which up to 95% BrMCs were TMEM119+microglia. The levels
of total and integrated HIV DNA were similar in BrMCs isolated
from ART-suppressed (n=2) and ART-interrupted PWH (n=2,
ART stopped < 3 weeks before the death). HIV largely remained
silent in BrMCs in which the latent HIV was inducible by
epigenetic regulators including histone deacetylation inhibitor
SAHA and themethytransferase inhibitor CM272, but not the NF-
κB agonist PEP005, suggesting difference in mechanisms
controlling latency in these cells. Viral outgrowth was detected
after induction and co-culture of BrMCs with PBMC PHA blasts.
HIVLG29, a virus that was recovered in induced BrMC from one
ART-suppressed donor productively infected both BrMCs and
PBMC isolated from HIV-negative donors. Furthermore,
HIVLG29 env sequence analysis after single genome amplifica-
tion revealed its CNS origin and CCR5 tropism. Low CD4 usage
was demonstrated, confirming that HIVLG29 is R5 microglia/
macrophage tropic. Conversely, CNS T cells yielded no viral
outgrowth, although 10–1000× fewer T cells were obtained than
BrMCs.

Conclusions: Our data demonstrate the first evidence for
replication-competent HIV in isolated BrMCs, most probably
microglia, from virally suppressed PWH, suggesting a true and
main HIV reservoir within the CNS.
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OP 1.5 – 00046
P400/Tip60 chromatin remodeling complex in HIV transcription
and latency establishment
L.Mori1,2, C. Li1, T. Venables1, R. Bronson1,M.E. Pipkin1,2, S.T. Valente1,2
1The Skaggs Graduate School of Chemical And Biological Sciences, The
Scripps Biomedical Research Institute, Department of Immunology and
Microbiology, Jupiter, USA;
2The Skaggs Graduate School of Chemical and Biological Sciences, The Scripps
Research Institute, Jupiter, USA

Background: Current HIV cure approaches, such as the block-
and-lock and shock-and-kill strategies, depend on a complete
understanding of the regulation of HIV transcription and the
surrounding chromatin environment. There are ∼320 chromatin
regulatory factors (CRFs) that alter chromatin structure in a
complex process, and characterization of chromatin regulators’
roles in HIV transcription will potentiate development of multi-
angled approaches towards HIV transcriptional regulation.

Methods: We performed a pooled RNAi screen utilizing
shRNAs embedded in a microRNA backbone (shRNAmirs) to
probe all human CRFs simultaneously in the J-Lat 10.6 HIV
latency model. Following hit identification, we validated the role
of EP400 complex (TIP60/NuA4 complex) in various latency
models by a combination of knockdown, overexpression, and
mutational studies. The binding of the EP400 complex on HIV
DNAwere analyzed by native ChIP-PCR, and ChIP-seq and RNA-
seq were used to characterize genome-wide EP400 complex
transcriptional regulation.

Results: EP400 was identified in our pooled RNAi screen as a
key regulator of HIV latency. RNAi of EP400 and the other
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components of the EP400 complex (DMAP1, BRD8, KAT5, EPC1,
TRRAP) led to significant HIV reactivation, suggesting this
complex is involved in maintaining transcriptional silencing of
HIV provirus. RNA-seq analysis revealed that HIV transcripts
were the highest and most significantly upregulated genes upon
EP400 and DMAP1 RNAi. A dual colour HIV vector (HIVGKO)
was used to segregate active and latent HIV infected cells. A
significantly larger proportion of integrated cells were found to
be actively transcribing HIV, while a smaller proportion was
latent upon EP400 complex RNAi, suggesting that EP400
complex regulates HIV latency establishment. EP400 complex
associates with the proviral DNA with a peak at the HIV 5′LTR,
suggesting this complex may regulate HIV transcription directly.
Interestingly, there was a high degree of concordance between
RNAPII, EP400 and DMAP1 binding genome-wide by ChIP-seq,
suggesting this complex might directly associate with and
regulate RNAPII. This result is supported by Co-IP studies
revealing an association of EP400 complex with RNAPII.

Figure. A model for p400 anti-HIV activity

Conclusions: EP400 complex plays a previously unappreci-
ated important role in silencing HIV transcription, it appears to
act directly at the HIV LTR to negatively regulate HIV
transcription.
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OP 1.6 – 00138
Role of UHRF1 in HIV-1 transcriptional repression through
epigenetic and non-epigenetic mechanisms
A. Aït-Ammar1,#, M. Bendoumou1,#, M. Santangelo1, L. Nestola1,
C. Van Lint1
1Service ofMolecular Virology, University of Brussels (ULB), Brussels, Belgium

#These authors contributed equally to this work.

Background: Studying the molecular mechanisms that drive
HIV-1 into latency is critical for targeted HIV cure efforts aiming
at either reactivating or blocking viral expression. We have
recently reported the involvement of the cellular epigenetic
integrator UHRF1 (Ubiquitin-like with PHD and RING finger
domain 1) in the epigenetic control of HIV-1 latency (Verdikt

et al., 2022, eBioMedicine). Here, we further characterized the
epigenetic mechanisms of UHRF1-mediated silencing of HIV-1
and we demonstrated a non-epigenetic function of UHRF1 in
HIV-1 transcription repression.

Methods: Sodium bisulfite sequencing, ChIP-qPCR, RNA
interference, p24 ELISA, purification of primary cells from HIV+
patient blood, co-immunoprecipitation, mass spectrometry.

Results: Using T cell line and primary T cell models for HIV-1
latency, we showed that UHRF1 was redundantly recruited to the
latent HIV-1 promoter through different binding modalities
where DNA methylation was either non-essential, essential or
enhancing UHRF1 binding. Genetic or pharmacological UHRF1
downregulation induced an increase in HIV-1 gene expression
accompanied by decreased recruitment of DNMT1, G9a and
HDAC1 to the HIV-1 promoter. Moreover, UHRF1 acted by a
similar epigenetic mechanism in latently-infected cells from
myeloid origin. We also showed that UHRF1 repressed HIV-1 in
absence and presence of Tat, independently of 5′LTR DNA
methylation. UHRF1 possesses an E3-ubiquitin ligase activity
and we showed that deletion of the C-terminal end of UHRF1
containing its catalytic RING domain strongly reduced UHRF1
ability to repress HIV-1 transcription. In addition, co-immuno-
precipitation assays demonstrated the interaction of UHRF1 with
Tat. However, UHRF1 overexpression had no effect on Tat
stability contrarily to what has been previously reported by
others (Liang et al., 2021, mBio). Finally, we will evaluate by
mass spectrometry the cellular proteins associated with the
UHRF1 catalytic RING domain and data will be presented.

Conclusions: We demonstrated a role of UHRF1 in the
epigenetic repression of the latent HIV-1 in both T-lymphoid and
myeloid reservoirs. Our results also suggested the involvement of
the ubiquitin ligase activity of UHRF1 in the non-epigenetic
mechanism(s) of UHRF1-mediated HIV-1 repression. Our find-
ings highlight the ability of UHRF1 to repress HIV-1 transcription
through multiple mechanisms and therefore reinforce its
relevance as an attractive therapeutic target for anti-HIV cure
strategies.
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OP 1.7 – 00194
Potent latency reversal enables in-depth transcriptomic analysis of
the translation-competent HIV-1 reservoir
M. Pardons1, B. Cole1, L. Lambrechts1, S. Rutsaert1, Y. Noppe1, J. Vega2,
E. Nijs3, E. Van Gulck3, D. Boden4, L. Vandekerckhove1
1Hiv Cure Research Center, Department of Internal Medicine And Pediatrics,
Ghent University, Ghent, Belgium;
2Arcturus Therapeutics, Science Center Drive - San Diego, USA;
3Janssen Infectious Diseases And Diagnostics, Johnson And Johnson, Beerse,
Belgium;
4Janssen Biopharma, Johnson And Johnson, South San Francisco, USA

Background: Extensive characterization of the translation-
competent reservoir has been hampered by the limited capacity
of current latency reversing agents (LRAs) at inducing HIV
reactivation in vitro. Here, we tested the capacity of a Tat mimetic
(Tat #1) in combination with other LRAs such as panobinostat
(PNB) or PMA to induce HIV reactivation in CD4 T cells from
ART-suppressed individuals.
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Methods: CD4 T cells from ART-treated individuals were
stimulated for 24 h with Tat #1/PNB or Tat #1/PMA. PMA/
ionomycin (PMA/i) stimulation was used as a positive control.
The frequency of cells expressing p24 was assessed by HIV-Flow.
Following Tat #1 treatment, single-cell RNA-sequencing (scRNA-
seq) on sorted p24-/p24+ cells from 7 ART-treated individuals
was used to study the transcriptome of the inducible reservoir.
Transcriptomic differences between p24+ and p24- cells were
validated at the protein level using flow cytometry.

Results: Tat #1/PNB induced HIV reactivation in a larger
fraction of CD4 T cells than PMA/i (n= 22, p< 0.00001, fold
increase= 3.9). Interestingly, when CD4 T cells were stimulated
with Tat #1/PMA, a fold increase of 9.5 times was observed in
the frequency of p24+ cells compared to PMA/i (n= 6,
p=0.03). scRNA-seq analyses showed that Tat #1 does not
modify the cellular transcriptome of CD4 T cells, allowing to
study the transcriptomic features of the inducible reservoir in its
near-native state. Following reactivation with Tat #1, p24+ cells
significantly expressed higher levels of a long non-coding RNA,
SOD1P3, CCL5 and GZMA, while expressing lower levels of
ATG10 and IL7R when compared to p24- cells. Flow cytometry
analyses confirmed that p24+ cells expressed higher levels of
CCL5 and GZMA proteins while expressing lower levels of IL7R
and GZMB proteins compared to p24- cells.

Conclusions: We report combinations of LRAs that induce
latency reversal in a higher proportion of latently infected cells
compared to PMA/i, suggesting that PMA/i only reactivates a
small fraction of the translation-competent reservoir. Moreover,
using single-cell RNA sequencing, we showed that p24+ cells
display a distinct transcriptional signature compared to non-
infected cells and we validated the transcriptomic hits at the
protein level.
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OP 1.8 – 00204
Romidepsin in combination with the BCL-2 antagonist venetoclax
synergistically reduce the size of the HIV reservoir
Y. Kim1, C. Tumpach1, J. Ong1, A. Solomon1, J. McMahon2,
P. Arandjelovic3, M. Pelligrini3, M. Roche1, S. Lewin1,2
1The University of Melbourne At The Peter Doherty Institute of Infection And
Immunity, Melbourne, Australia;
2The Alfred Hospital And Monash University, Department of Infectious
Disease, Melbourne, Australia;
3The Walter and Eliza Hall Institute of Medial Research, Melbourne, Australia

Background: Latency reversing agents (LRAs) can successfully
induce HIV transcription in people living with HIV (PLWH) on
antiretroviral therapy (ART), however, a reduction in the HIV
reservoir has not been observed. One potential explanation is that
latently infected cells over express pro-survival proteins such as
BCL-2. Given that the HIV proteins can induce apoptosis in
CD4+ T-cells, we hypothesised that the combination of a potent
LRA with the BCL-2 antagonist, venetoclax, will enhance
elimination of latently infected cells.

Methods: Total CD4+ T-cells were isolated from blood
collected by leukapheresis from PLWH on ART (n=6).
Venetoclax (5 nM, 10 nM and 100 nM) was added for 24-hours,
followed by treatment with the LRA romidepsin (20 nM) for
4-hours. Cells were washed and cultured for an additional

20-hours. Total integrated HIV DNA, intact and defective DNA,
cell-associated unspliced and multiply spliced HIV RNA were
quantified by qPCR. Changes in T-cell subsets were quantified
using flow cytometry.

Results: Venetoclax alone induced dose dependent cell
toxicity in total CD4+ T-cells however, viability was >80%
with all concentrations. Naive and effector memory CD4+ T-
cells compared to other T-cell subsets were more susceptible to
cell death with venetoclax. The combination of romidepsin
together with venetoclax at 5 nM, 10 nM and 100 nM, signifi-
cantly reduced integrated HIV DNA (p<0.0005, p< 0.005 and
p<0.05, respectively), and this combination was synergistic
compared to either drug alone (Bliss independence scores for
each concentration of venetoclax was of 0.36, 0.59 and 0.20
respectively). Using the intact proviral DNA assay in 3 donors, we
observed a reduction in intact HIV DNA in 3 of 3 donors with
10 nM venetoclax and in 2 of 3 donors with 5 nM and 10 nM
venetoclax with romidepsin. This combination also induced a
significant increase in unspliced HIV RNA (p=0.03).
Unexpectedly, venetoclax alone induced expression of both
unspliced and multiply spliced HIV RNA.

Conclusions: Reductions in integrated HIV DNA in CD4+ T-
cells from PLWH on ART ex vivo was enhanced using the pro-
apoptotic drug venetoclax together with the LRA romidepsin.
Venetoclax may also directly activate HIV transcription.
Romidepsin together with venetoclax is an effective combination
in reducing the HIV reservoir and should be further explored in
additional pre-clinical models.

Journal of Virus Eradication 8S (2022) 100103

https://doi.org/10.1016/j.jve.2022.100103

OP 1.9 – 00042
Measuring the impact of early 3BNC117 intervention at ART
initiation on the productive reservoir in a cohort of diverse viral
subtypes: results from the VIP-SPOT assay in the eCLEAR trial
M.C. Puertas1, J.D. Gunst2,3, M.H. Pahus2,3, N.N. Kinloch4,5,
D.C. Copertino6,7, Adam R. Ward6,7, Z.L. Brumme4,5, R. Brad Jones6,7,
M. Tolstrup2,3, S. Fidler8,9, O.S. Søgaard2,3, J. Martinez-Picado1
1AIDS Research Institute IrsiCaixa, Badalona, Spain;
2Department of Clinical Medicine, Aarhus University, Aarhus, Denmark;
3Department of Infectious Diseases, Aarhus University Hospital, Aarhus,
Denmark;
4Faculty of Health Sciences, Simon Fraser University, Burnaby, British
Columbia, Canada;
5British Columbia Centre for Excellence in HIV/AIDS, Vancouver, British
Columbia, Canada;
6Infectious Diseases Division, Department of Medicine, Weill Cornell Medical
College, New York, New York, USA;
7Department of Microbiology and Immunology, Weill Cornell Graduate School
of Medical Sciences, New York, New York, USA;
8Department of Infectious Diseases, Imperial College Hospital, London, United
Kingdom;
9The National Institute for Health Research, Imperial Biomedical Research
Centre, London, United Kingdom

Background: The persistent reservoir of latently HIV-infected
cells, established soon after viral acquisition, is the reason why
antiretroviral therapy (ART) is unable to cure HIV. The eCLEAR
study has demonstrated that broadly neutralizing antibodies,
given at the time of ART initiation can induce a period of post-
antiretroviral remission. We explore how this intervention has
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impactedmeasures of the productive HIV reservoir using the VIP-
SPOT assay.

Methods: eCLEAR trial (NCT03041012) is a phase 1b/2a,
open-label, multicenter, randomized controlled trial among
people starting ART randomly allocated to one of 4 treatment
groups: ART alone, ART+3BNC117, ART+romidepsin, ART
+3BNC117+romidepsin (3BNC117 on days 7+21 followed by
romidepsin on days 10+17+24 after ART initiation). eCLEAR
assessed whether administration of the bNAb 3BNC117, with or
without the latency-reversing agent romidepsin, could poten-
tially enhance clearance of HIV-infected cells. Cryopreserved
PBMCs from 50/60 study participants were used to evaluate the
productive viral reservoir 1 year after ART initiation using the
novel VIP-SPOT assay. We compared raw VIP-SPOT data with
plasma viremia, HIV viral clade from sequencing, proviral HIV
DNA, and intact provirus measured by an IPDA-like duplexed
ddPCR (3dPCR) assay.

Results: Before ART initiation, the frequency of HIV-antigen
producing cells measured by VIP-SPOT strongly correlated
positively with plasma viremia (P=0.001), total and intact
HIV DNA in peripheral CD4+T cells (P< 0.001). No differences
in the frequency of detection of HIV-Ag producing cells were
observed between B and non-B HIV-1 subtypes.

One year after ART initiation, the productive reservoir was
significantly reduced with a median decrease >1 log in all 4
groups (P= 0.0025, 0.0012, 0.014 and 0.0015 respectively)
compared to baseline. The proportion of individuals whose
productive reservoir reached undetectable values was similar
between study groups, but a trend towards greater undetectabil-
ity was observed in participants receiving 3BNC117, either alone
or in combination with romidepsin, especially in individuals
whose pre-ART plasma viruses were sensitive to 3BNC117
compared to those harbouring resistant viruses (47% vs. 33%).

Conclusions: The VIP-SPOT assay was useful for evaluating
the impact of interventions on the productive reservoir regardless
of HIV-1 subtype and evidenced the clearance of CD4+ cells
capable of producing HIV-1 protein upon ART initiation.
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OP 1.10 – 00210
Clonal Dynamics within HIV-Infected CD4 T Cell Reservoirs after
PD-1 Blockade under ART
L. Perez1, L. Reoma2, S. Patro3, P. Mudvari1, B. Luke3, B. Smith2, S. Yukl4,
M. Kearney3, A. Nath2, E. Boritz1
1Virus Persistence and Dynamics Section, Vaccine Research Center, National
Institute of Allergy And Infectious Diseases, National Institutes of Health,
National Institutes of Health, Bethesda, USA;
2Section of Infections of the Nervous System, National Institute of Neurological
Disorders And Stroke, National Institutes of Health, Bethesda, USA, Bethesda,
USA;
3Translational Research Unit, HIV Dynamics And Replication Program, CCR,
NCI-Frederick, Frederick, USA;
4San Francisco VA Medical Center, University of California At San Francisco,
San Francisco, USA

Background: Blockade of the programmed cell death protein-1
(PD-1) pathway can reverse HIV latency, potentiate virus-specific
CD8 T-cell responses, and has been associated with favorable
outcome in some cases of central nervous system (CNS) infection.
The effects of PD-1 blockade on CNS reservoirs for HIV are under

study in clinical trial NCT03239899. We evaluated HIV
reservoirs in blood in participants from this trial.

Methods: People with HIV on ART and CD4 counts >350
cells/µL received one infusion of 200 mg pembrolizumab. PBMC
were collected at baseline, week 3 and 24 post-infusion. CD4 T-
cells were FACS-sorted into naïve, central/transitional memory,
and effector memory (EM) subsets. HIV DNA was quantified by
limiting dilution PCR of env and Sanger sequencing. HIV RNAs
were quantified by ddPCR. Changes in gene expression patterns
and T-cell receptor (TCR) repertoires were evaluated. Bulk ISA in
CD4 T-cells was used to assess similarity and clonality of all IS
within each person across timepoints. Intact HIV proviruses in
CD4 T-cells were enumerated with intact proviral DNA assay.

Results: Pembrolizumab infusion and 24 weeks of follow-up
were completed for six participants. A shift in distribution of HIV-
infected cells to the EM subset and a reduced genetic diversity of
HIV DNA sequences were observed post-infusion. These were
associated with transcriptomic signatures of increased cell
cycling, expansion of a small number of HIV-infected cell
clones and increasing HIV transcriptional initiation at week 3
post-infusion. While expanded TCR clonotypes showed stable
frequencies across timepoints, the diversity of the TCR repertoire
in EM cells increased 3 weeks after treatment. In one participant,
one clone expanded post-infusion to account for ∼1% of all
circulating CD4 T-cells. Significant changes in the IS population
were observed after pembrolizumab in one participant with a
large number of detected IS. The number of intact proviruses had
no consistent change over time.

Conclusions: PD-1 blockade was associated with a shift to an
EM phenotype, HIV latency reversal, changes in the IS landscape,
and expansion of some HIV-infected cell clones. Further
investigation of intact proviruses in T-cell clones following
checkpoint inhibitor administration will help clarify the net
effect of these agents in HIV cure strategies.
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PP 1.1 – 00009
TB-associated microenvironment promotes HIV latency in
CD4+ T cells
G. Duette1, A. De Vries-Egan1, Z. Vahlas2, M. Sharabas1,
A. Pereyra Casanova1, C. Melucci3, P. Pereyra Gerber4, C. Verollet2,
L. Balboa5, S. Palmer1
1The Westmead Institute for Medical Research. Faculty of Medicine and
Health, The University of Sydney, New South Wales, Australia;
2Institut de Pharmacologie et Biologie Structurale, Université de Toulouse,
CNRS, Toulouse, France;
3Instituto de Investigaciones Biomédicas en Retrovirus Y SIDA, Facultad de
Medicina, Universidad de Buenos Aires-CONICET, Buenos Aires, Argentina;
4Cambridge Institute for Therapeutic Immunology and Infectious Disease,
Jeffrey Cheah Biomedical Centre, University of Cambridge, Cambridge, United
Kingdom;
5Instituto de Medicina Experimental-CONICET, Academia Nacional de
Medicina, Buenos Aires, Argentina

Background: HIV-infected individuals are frequently co-
infected with Mycobacterium tuberculosis (Mtb)-the causative
agent of tuberculosis (TB). The reduction of CD4 T-cells
associated with HIV infection increase the risk of active TB.
However, the effects of the TB-associated microenvironment on
HIV infection and latency in CD4 T-cells is unclear.
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Therapeutically aspirated pleural effusions from TB patients (TB-
PE), can reflect the microenvironment found in human respira-
tory cavities impacted by Mtb infection. Therefore, we investi-
gated the effects of TB-PE on HIV replication and latency within
CD4 T-cells.

Methods: CD4 T-cells were isolated from 6 healthy-donors
and infected with HIVNL4-3 in the presence or absence of TB-PE.
Viral entry was assessed through the HIV-Vpr-BlaM system,
reverse transcription was quantified by qPCR, and the percentage
of HIV-infection measured by p24 immunostaining. For HIV
latency studies, CD4 T-cells from 4 healthy donors were infected
with a dual-fluorescent reporter HIV. Cells latently infected with
this reporter virus express the near-infrared fluorescent protein
(iRFP) while cells undergoing a productive infection express both
iRFP and the green fluorescent protein (GFP). The proportion of
latently HIV-infected cells, in the presence or absence of TB-PE,
was quantified by flow cytometry. To test whether TB-PE affects
HIV latency reversal, CD4 J-Lat cells were exposed to PMA with
or without TB-PE and the expression of GFP measured by flow
cytometry.

Results: We observed that the reverse transcription, and
percentage of HIV infection in CD4 T-cells decreased in the
presence of TB-PE (p<0.05). However, this was not due to
differences in the viral entry. We also observed that the
incubation with TB-PE significatively increased the proportion
of latently HIV-infected cells (p< 0.05). In addition, PMA-
induced latency reversal of CD4 T-cells was significatively
reduced with TB-PE treatment (p< 0.05).

Conclusions: Our results indicate that the presence of TB-PE
negatively impacts viral replication, induces HIV latency, and
decreases latency reversal in CD4 T-cells. Importantly, our study
suggests that TB-associated microenvironments may contribute
to HIV persistence and the viral reservoir and pose a challenge to
HIV curative strategies, such as shock and kill, which rely on
latency reversal in co-infected patients.
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PP 1.2 – 00011
Structural rearrangements in the nucleus localize latent HIV
proviruses to a perinucleolar zone supportive of early transcription
reactivation
F. Kizito1, K. Nguyen1, U. Mbonye1, S. Meenakshi1, B. Luttge1,
M.A. Checkley1, J. Karn1
1Department of Molecular Biology andMicrobiology, School of Medicine, Case
Western Reserve University, 10900 Euclid Ave, Cleveland, Ohio, USA

Background: HIV proviruses enter latency when effector cells
transition to memory, a process associated with shutdown of the
transcriptional machinery due to disruption of the 7SK RNP
complex containing P-TEFb. We discovered recently that proviral
localization is affected by rearrangements in the nuclear
landscape during effector cell transition to quiescence.

Methods: To visualize the spatiotemporal dynamics of HIV
DNA from acute infection, through effector cell transition to
quiescencewhen the proviruses become latent, and subsequently
after cell activation, we developed a novel CasFISH technique to
label HIV DNA sequences in the LTR.

Results: In Th17 cells acutely infected with a single-round
HIV-1 reporter virus, capsid-associated HIV DNA was found

initially at the nuclear envelope together with cleavage and
polyadenylation specificity factor 6 (CPSF6). Following nuclear
entry, capsid dissociated in the nuclear periphery and only
integrated HIV DNA/CPSF6 complexes were detected. During the
cellular transition to quiescence there was a dramatic increase in
histone methylation, compaction of the nuclear DNA, loss of
CPSF6, and the establishment of viral latency. During this process
large scale chromatin rearrangements led to the accumulation of
proviral DNA in the perinucleolar region. Proviral perinucleolar
localization required integration and was blocked by Raltegravir.

Following reactivation of the latently infected cells through
their T-cell receptors, nascent viral mRNA transcripts can be
detected emanating from proviral transcription sites localized in
the perinuclear zones. The viral trans-activator Tat and its
proviral reactivation regulatory partners, P-TEFb and 7SK snRNA
rapidly accumulated in large interchromatin granular clusters
which assembled near the proviruses in the perinucleolar zone.

As cellular reactivation, a process associated with nucleolar
expansion progressed, nuclear rearrangements led to a shift of the
proviral DNA further away from the nucleolus. Similarly, the
majority of proviruses in the latently infected memory T-cells
from well-suppressed patients also accumulated in the perinu-
cleolar zone and showed identical patterns of RNA transcription
after cell activation.

Conclusions: Thus, specific global changes in the nuclear
architecture relocates latent proviruses in the perinucleolar zones
of resting T cells, a region that is highly supportive of early
proviral transcription reactivation after cell activation.
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Signaling pathways that activate P-TEFb to reverse HIV latency
in CD4+ T cells
U. Mbonye1, K. Leskov1, S. Valadkhan1, J. Karn1
1Department of Molecular Biology & Microbiology, Case Western Reserve
University School of Medicine, Cleveland, USA, Rustbelt Center for AIDS
Research

Background: Emergence of HIV from latency requires an auto-
feedback mechanism initiated by the viral trans-activator Tat,
which functions to recruit the host transcription elongation factor
P-TEFb to proviral HIV. In primary T cells generation of active P-
TEFb, a heterodimer of CDK9 kinase and cyclin T1, occurs in a
sequence of molecular events that depend upon T-cell activation
signals. This research was aimed at identifying specific primary
T-cell signaling pathways that mediate the biogenesis of P-TEFb
to stimulate latent HIV reactivation.

Methods: Using a well-described primary Th17 cell model
of HIV latency alongside healthy donor-derived memory
CD4+ T cells, we employed intracellular immunofluorescence
flow cytometry as well as single-cell and bulk RNA-seq studies to
define T-cell receptor (TCR) pathways that regulate the gener-
ation of transcriptionally active P-TEFb, defined as the coordinate
expression of cyclin T1 and phospho-Ser175 CDK9.

Results: Protein kinase C (PKC) agonists, namely ingenol,
prostratin and bryostatin stimulated active P-TEFb expression
and reactivated latent HIV even without intracellular calcium
mobilization with an ionophore. However, while ingenol,
prostratin and TCR-mobilized diacylglycerol were found to
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signal throughMAP kinases ERK1/2 rather than PKC to effect the
reactivation of both P-TEFb and latent HIV, bryostatin utilized
both PKC-θ and MAPK ERK1/2 pathways to effect these
processes. Single-cell and bulk RNA-seq analyses revealed that
of the four known isoforms of the Ras guanine nucleotide
exchange factor RasGRP, RasGRP1 is by far the predominantly
expressed diacylglycerol-dependent isoform in CD4+ T cells.
RasGRP1 should therefore mediate the activation of ERK1/2 via
Ras-Raf signaling upon TCR co-stimulation or PKC agonist
challenge. By contrast, expression of the diacylglycerol-inde-
pendent isoform RasGRP2 was restricted to resting T cells with
both its transcripts and protein exhibiting a short-lived half-life in
TCR-activated cells. Combined inhibition of the PI3K-mTORC2-
AKT-mTORC1 pathway and the ERK1/2 activator MEK prior to
TCR co-stimulation abrogated active P-TEFb expression and
substantially suppressed latent HIV reactivation.

Conclusions: The RasGRP1-Ras-Raf-MEK-ERK1/2 and PI3K-
mTORC2-AKT-mTORC1 pathways complement one another in
stimulating the translation of pre-existing cyclin T1 mRNA
leading to heterodimer assembly of P-TEFb. Therefore, select-
ively targeting RasGRP1 with diacylglycerol mimics that weakly
bind PKC enzymes would be a potentially optimal strategy for
HIV latency reversal.

Journal of Virus Eradication 8S (2022) 100108
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PP 1.4 – 00037
Histone decrotonylation uniquely regulates HIV-1 transcription and
can be modulated to control HIV-1 latency
T.L. Simermeyer1,2, D. Li1,2, L.M. Wong1,2, C. Aquino1, Y. Tang1,2,
E.P. Browne1,2, N.M. Archin1,2, D.M. Margolis1,2, G. Jiang1,2,3
1UNC HIV Cure Center, Department of Medicine;
2Institute of Global Health & Infectious Diseases;
3Department of Biochemistry and Biophysics, University of North Carolina at
Chapel Hill, Chapel Hill, USA

Background: Latent reservoirs in people living with HIV-1 are a
substantial roadblock to obtaining a cure. Methods to control
latent HIV-1 have targeted a variety of signaling pathways
including histone PTMs. Histone crotonylation is a recently
discovered epigenetic marker present during active gene
transcription of HIV-1 while the inhibition of histone crotonyla-
tion reduces HIV transcription.We hypothesize that decrotonylation
has a unique role in regulating HIV latency.

Methods: HIV-1 reporter cell lines (TZM-bl and 2D10) and
primary T cell model were used to examine the effects of histone
crotonylation on HIV latency. TZM-bl cells were used to
determine the impact of p300 and HDAC3 and their mutants
on Tat transactivation of HIV transcription. Histone crotonylation
and acetylation levels were determined through western blotting
of histone extracts. Transcription of HIV was measured by RT-
qPCR using the HIV-1 long LTR primers/probe.

Results: We discovered that Tat-driven HIV transcription is
suppressed by the decrotonylase activity but not the deacetylase
activity of HDAC3, as seen by inhibition of Tat transactivation in
cells expressing either wildtype HDAC3 or decrotonylase only
mutants of HDAC3. The importance of histone crotonylation is
further supported by enhanced Tat transactivation in cells
expressing crotonyltransferase only p300, similar to wildtype
p300. We have shown that most HDAC inhibitors have dual

activities also acting as histone decrotonylase (HDCR) inhibitors.
Interestingly, a subset of HDAC inhibitors containing benzamide
zinc binding groups display specificity for inhibiting HDCR
activity over HDAC activity. We have further modified a
commercially available HDAC3 specific inhibitor, RGFP966, to
be a potent HDCR inhibitor with a more robust activity to disrupt
HIV latency.

Conclusions: We conclude that histone crotonylation reg-
ulates HIV transcription independent of histone acetylation. The
currently available HDAC inhibitors are non-specific towards
deacetylation. Notably, the use of more specific HDCR inhibitors
may result in stronger latency reversal activity while minimizing
off target effects. The discovery of such a compound with
selective HDCR inhibition over HDAC inhibition provides a
useful tool for dissecting the molecular basis of these two similar
but distinct PTMs during HIV latency, leading to the design of
more specific small molecules to control stable HIV reservoirs.

Journal of Virus Eradication 8S (2022) 100109
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PP 1.5 – 00040
Mapping of genetic interaction networks identifies a nucleosomal
modification complex for silencing HIV
Z. Li1, M. Ott1, W. Greene1,2
1Gladstone Institute of Virology, San Francisco, USA;
2University of California, San Francisco, San Francisco, CA 94143, USA

Background: Recent identification of numerous host inhibitors
for HIV latency reactivation reflects the complex molecular
mechanisms that contribute to the extraordinary stability of
latent HIV reservoir. But the topology of the underlying networks
is largely unknown.

Methods: We developed Reiterative Enrichment and
Authentication of CRISPRi Targets for Synergies (REACTS) that
has allowed unambiguous large-scale probing of synergistic
effects in human cells.

Results: Using sgRNAs targeting 7 known host inhibitors as
queries, we identified 30 synergies among 10 host inhibitors,
including 3 new inhibitors BCL7C, KANSL2, and SIRT2. Their
overexpression reduced spontaneous and PMA-induced HIV
reactivation in J-Lat A2 cells, a Jurkat-based HIV latency
model, as well as in CD4 T cells from people living with HIV.
Mechanistically, BCL7C and KANSL2 form a complex to increase
histone acetylation and Brd4S on HIV promoter.

Conclusions: Our study has established a pipeline for finding
new synergistic host inhibitors toward a complete understanding
of the molecular mechanisms of HIV latency, providing potential
new targets for Block-and-Lock intervention.

Journal of Virus Eradication 8S (2022) 100110
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PP 1.6 – 00047
LAIR-1 is a negative regulator of SIV-specific CD8 T cells during
chronic SIV infection
V. Velu1,2, S. Govindaraj1,2, A. Arunkumar Sharma2, S. Ali4, H. Babu1,2,
K. Busman-Sahay3, S. Bosinger1,2, J. Estes3, R.-P. Sekaly2, R. Amara1,2,
F. Villinger4
1Division of Microbiology and Immunology, Emory Vaccine Center, Emory
National Primate Research Center, Emory University, Atlanta, GA, USA;
2Department of Pathology and Laboratory Medicine, Emory University School
of Medicine, Atlanta, GA, USA;
3Vaccine and Gene Therapy Institute, Oregon National Primate Research
Center, Oregon Health & Science University, Beaverton, Oregon, USA;
4New Iberia Research Center, University of Louisiana at Lafayette, New Iberia,
Louisiana, USA

Background: Human Immunodeficiency virus (HIV)-1- specific
CD8 T cells play an important role in controlling HIV infection.
However, during chronic HIV infection, HIV-specific CD8 T cells
undergo functional exhaustion, lose effector function, and fail to
inhibit viral replication. Leukocyte-associated Ig-like receptor-1
(LAIR-1), a 32 kDa transmembrane glycoprotein, is a surface
molecule expressed on human peripheral blood mononuclear
leukocytes that function as an inhibitory receptor. However, the
role of LAIR-1 on CD8 T cells during SIV/HIV infection remains to
be fully elucidated.

Methods: A total of 14 macaques were infected with simian
immunodeficiency virus (SIVmac251) and studied the temporal
dynamics of LAIR-1+ SIV-specific CD8 T cells for their
phenotypic and functional profiles using multicolor flow
cytometry. We performed RNA sequencing to study the tran-
scriptomic profile of LAIR-1+ CD8 T cells and performed
immunohistochemistry IHC to stain for LAIR-1 in LN tissues
during chronic SIV.

Results:Here, we report on the expression of LAIR-1 on virus-
specific CD8+ T cells during chronic SIV infection and the effect
of LAIR-1 blockade on the proliferation and cytokine function
of these cells. LAIR-1 expression was found to be low on naive
CD8+ T cells and increased on total and SIV-specific effector
memory CD8+ T cells during chronic infection. In addition,
the level of LAIR-1 expression in the lymph node during

chronic infection was higher compared to naïve animals.
Transcriptionally, these LAIR-1+ CD8 T cells exhibited a
unique transcriptome characterized by with heightened type I
IFN-signaling coupled with reduced TCR signaling, cell cycling
and cell metabolism pathways. Importantly the expression of
LAIR-1 on SIV-specific effector memory CD8 T cells correlated
directly with the SIV viral RNA levels in plasma. Indeed, In vitro
blockade of LAIR-1 using LAIR-1-Fc/anti-LAIR-1 antibody
resulted in enhanced proliferation of SIV-specific CD8 T cells
with cytotoxic function.

Conclusions: These results serve as a foundation for future
in vivo trials of the use of LAIR-1 blockade to potentially enhance
and/or restore antiviral SIV-specific CD8 T cells, especially in
secondary lymphoid tissues which may be important for the HIV
cure strategy.

Journal of Virus Eradication 8S (2022) 100111
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Figure 1 (abstract: PP 1.5–00040) Mapping of genetic interaction networks

Abstracts Journal of Virus Eradication 8S (2022)

9

https://doi.org/10.1016/j.jve.2022.100111


PP 1.7 – 00051
Continuous decline of intact proviral DNA after two decades of
antiretroviral therapy
M. Nühn1, J. Symons1, K. Bosman1, K. Tesselaar2, J.A.M. Borghans2,
T. Huisman3, A. Hoepelman4, R.J. De Boer3, A. Wensing1, M. Nijhuis1
1Translational Virology, Department of Medical Microbiology, University
Medical Center Utrecht, Utrecht, The Netherlands;
2Center for Translational Immunology, University Medical Center Utrecht,
Utrecht, The Netherlands;
3Theoretical Biology, Utrecht University, Utrecht, The Netherlands;
4Department of Internal Medicine And Infectious Diseases, University Medical
Center Utrecht, Utrecht, The Netherlands

Background: Implementation of antiretroviral therapy (ART)
suppresses viral replication but does not eliminate the persistent
HIV DNA reservoir in CD4+ T cells. This reservoir contains
predominantly defective proviruses, shielding the smaller intact
proviral DNA reservoir that forms the major obstacle to HIV cure.
To gain insight into the size and dynamics of this (intact) proviral
DNA reservoir during treatment, we conducted a longitudinal
study in 9 individuals who initiated ART over 20 years ago.

Methods: PBMCs were obtained before ART initiation, 1, 10
and 20 years after treatment start. DNA isolated from PBMCs and
sorted T cell subsets (naïve, central-memory, transitional-memory,
effector-memory, and effector T cells) at 10 and 20 years after ART
was analysed using the intact proviral DNA assay (IPDA). This
allowed quantification of defective and intact proviral DNA. The
viral env region obtained from DNA samples and pre-therapy
plasmaviralRNAwasdeep-sequencedusingMiSeq.Viral evolution
was investigated using phylogenetic analyses.

Results: A continuous decline of intact proviral DNA was
observed during 20 years of therapy, whereas a stabilization in
the decline of the defective proviral DNA was observed (figure).
Within the last decade, intact proviral DNA showed a flattening
decline in both PBMC and T-cell subsets (figure). At 20 years
after ART initiation, memory T-cell subsets contained the largest
fraction of proviral DNA compared to the naïve subsets and
PBMCs. The same trends were observed for 10 years after ART
initiation. Phylogenetic analysis and root-to-tip distance analyses
did not show signs of evolution over time.

Figure. The dynamics of proviral DNA in the PBMC fraction.

Conclusions: The size of the intact proviral reservoir
significantly declined during 20 years of ART. The proviral
DNA could be a source of ongoing viral production.
Consequently, the continuous decline within the intact proviral
reservoir could be caused by virus-induced or immune-mediated

cell killing. The lack of evidence of ongoing viral replication
argues for persistence of the (defective) proviral reservoir via
clonal/homeostatic expansion. Altogether, this study provides
insights on the dynamics of the replication-competent viral
reservoir during prolonged ART.

Journal of Virus Eradication 8S (2022) 100112

https://doi.org/10.1016/j.jve.2022.100112

PP 1.8 – 00054
Integrative epigenomic and transcriptomic analysis reveals distinct
regulations of mRNAs and lncRNAs in active versus latent HIV-1
infection of T cells
S. Boliar1, G. Le-Bury1, Y. Chen2, J. Rhen1, A. Singhal2, D. Russell1
1Cornell University, Ithaca, USA;
2A*star Infectious Diseases Laboratories, Singapore

Background: Persistence of HIV-1 latently-infected T-lympho-
cytes under prolong cART is a major roadblock to complete viral
remission and cure. Although regulations of viral transcription in
latently-infected cells have been extensively studied, a compre-
hensive understanding of the cellular microenvironment that is
conducive to establishment and maintenance of HIV-1 latency is
also necessary for eliminating these viral reservoirs. We have
undertaken an integrative and comparative analysis of the
protein-coding and long non-coding RNA (lncRNA) transcrip-
tomes and their regulations by epigenomic reorganization in
active and latent HIV-1 infection of T cells.

Methods: We have used an in vitro model of HIV-1 latency in
SupT1 cells, a lymphoblastic T cell line. We infected SupT1 cells
with a single-round, dual-reporter virus, HIVGKO, which encom-
passes two distinct fluorescent readouts: one for viral infection
and provirus integration (mKO2, under a constitutive cellular
promoter EF1a) and another to indicate active viral transcription
(codon-switched GFP under viral LTR promoter). Based on the
reporter readouts,we flow-sorted the active- (mKO2+GFP+)and
latently- (mKO2+GFP-) infectedcells and thenextractedgenomic
DNA and total cellular RNA from the flow-sorted cells for
processing with ATAC-seq and RNA-seq, respectively.

Results: The ATAC-seq revealed a divergent regulation of
chromatin reorganization between active- and latently-infected
SupT1 cells compared to uninfected ones. Latent HIV-1 infection
led to significant repression whereas active infection increased
overall accessibility of the host chromatin. Furthermore, we
observed a greater impact of chromatin reorganization on the
transcription profiles of both mRNAs and lncRNAs in latently-
infected cells that affected cellular pathways such as RNA
metabolism, transcription and cell cycle. Integration of the
ATAC-seq and RNA-seq data also revealed a divergent pattern of
regulation by transcription factors. Additionally, we identified
several new lncRNAs such as RP11-1C8.5 with potential roles in
HIV-1 replication and latency.

Conclusions: The multi-omics analysis demonstrated that
establishment and maintenance of HIV-1 latency in T cells
require a significantly broader alteration in host cell epigenome
and transcriptome than active infection and revealed new
avenues for modulating these reservoir cells.

Journal of Virus Eradication 8S (2022) 100113
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PP 1.9 – 00067
Longitudinal quantification of HIV proviral DNA and host
APOBEC3G/-F mRNA expression in cellular subsets that are targeted
by HIV-1
N. Reddy1,4, G.Q. Lee2, K. Gounder1,3,4, C. Molechan1, T. Chikowore1,5,
H. Rodel1,5, K. Reddy1,3,4, T. Ndung’u1,3,4,5
1Africa Health Research Institute (AHRI), Durban, South Africa;
2Weill Cornell Medicine, New York, USA;
3HIV Pathogenesis Programme (HPP), Nelson R. Mandela School of Medicine,
University of KwaZulu-Natal, Durban, South Africa;
4University of KwaZulu-Natal, Durban, South Africa;
5Division of Infection and Immunity, University College London (UCL),
London, UK

Background: The HIV reservoir is heterogenous in cellular and
viral genetic composition, dominated by defective sequences
with frequent APOBEC3G (A3G) and APOBEC3F (A3F) mediated
hypermutations. The evolution of the reservoir has not been fully
characterized and the cellular sources of A3G/-F hypermutations
and the impact of antiretroviral therapy (ART) initiation on viral
reservoirs within diverse immune cells have not been investi-
gated. This study longitudinally quantified HIV proviral DNA and
A3G/-F expression in immune cell subsets.

Methods: Five women with pre-infection samples were
identified with hyperacute infection in Durban, South Africa.
Participants initiated ART at a median of 783 days post infection.
HIV proviral copy numbers and A3G and A3F mRNA levels were
measured using ddPCR in CD4+ T-cell subsets (central memory
(CM), effector memory (EM), transitional memory (TM), naïve
(N)) and monocytes. Samples were analysed pre-infection, and at
1, 6 and 12 months post infection and similar timepoints post-
ART.

Results: At 12 months post-infection, CM and EM T-cells
harboured the highest levels of proviral DNA (∼6300 copies/
million cells), with approximately 10-fold lower levels in
monocytes and naïve T-cells. Proviral DNA did not decrease
significantly in any cell subset at 12 months post-ART. Before
infection, A3G and A3F expression levels were similar across all
cell subsets; with A3G expression higher than A3F for all subsets
(p= 0.0012). Upon infection, both A3G and A3F levels were
downregulated for all subsets (p=<0.0001). After 1 year of
treatment, A3G (p=0.0016) and A3F (p=0.0058) levels
recovered but remained significantly below pre-infection levels.

Conclusions: CM and EM harboured the highest HIV proviral
DNA levels but proviral DNA was also detectable in monocytes
and naïve cells at all time points. Therewas no significant change
in HIV proviral load in any cell subset at 12 months post-ART.
A3G/-3F expression are downregulated after HIV infection but
expression recovered following ART initiation. This study high-
lights that diverse immune cells stably harbour the HIV reservoir,
with little impact of ART. APOBEC3 proteins are downregulated
following infection and understanding the role these proteins
play in shaping the proviral HIV reservoir may allow us to harness
the innate immune system as a cure strategy.

Journal of Virus Eradication 8S (2022) 100114
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PP 1.10 – 00069
Isotretinoin enhances IL-15 mediated HIV latency reversal and
reduces the inducible latent reservoir
J. Howard1, C. Levinger1, W. Wang1, H. Takata2, S. Nathanson2,
R. Fromentin3, N. Chomont3, L. Trautmann2, A. Bosque1
1Department of Microbiology, Immunology, and Tropical Medicine, George
Washington University, Washington, USA;
2Vaccine and Gene Therapy Institute, Oregon Health and Science University,
Beaverton, OR 97006, USA;
3Université de Montréal, Centre de recherche du CHUM, Montréal, Canada

Background: Finding novel therapeutic strategies that reactivate
latent HIV, enhance immune effector functions, and sensitize
reactivated cells to apoptosis could improve the killing and
elimination of the latent reservoirs. Among the clinically relevant
latency reversing agents (LRA) under investigation, IL-15 or its
superagonist N-803 have been shown to reactivate latent HIV ex
vivo and in vivo. However, its clinical benefit can be hindered by
the transient and unsustained nature of cytokine signaling.
We previously identified a small molecule, HODHBt, that
potentiates the biological activity of IL-15 by increasing STAT5
phosphorylation and transcriptional activity leading to enhanced
IL-15-mediated viral reactivation ex vivo in cells isolated from
ART-suppressed participants. Furthermore, HODHBt also
increases IL-15 mediated NK effector function. In this work we
aim to identify and evaluate the LRA potential of FDA-approved
HODHBt transcriptional analogues.

Methods: We used the Connectivity Map to identify FDA-
approved compounds with transcriptional profiles similar to
HODHBt. We confirmed their biological activity in different cell
models, including a primary cell model of latency, CD4 T cells
isolated from 10 ART-suppressed people living with HIV, and
in vitro recalled HIV-specific CD8 T cells.

Results: We identified the FDA-approved retinoid derivative
Isotretinoin as a transcriptional analogue of HODHBt.
Isotretinoin enhanced the latency reversal activity of IL-15 1.5-
fold and reduced the size of the inducible latent reservoir 6.5-fold
measured as %p24 positive cells upon reactivation by flow
cytometry in a primary cell model of latency. Mechanistically,
Isotretinoin promoted the activation of P38 leading to enhanced
viral reactivation and increased expression of the pro-apoptotic
protein NOXAmeasured bywestern blot, sensitizing HIV infected
cells to cell death. Finally, Isotretinoin enhanced the killing
capacity of HIV-specific CD8 T cells.

Conclusions: We have identified novel effects of Isotretinoin
including the enhancement of IL-15-mediated latency reversal,
depletion of the latent reservoir in vitro, and increased killing
capacity of HIV-specific CD8 T cells. While further studies are
warranted to evaluate the potential of this FDA-approved
compound to reduce latent reservoirs in vivo, this work highlights
the promising possibility of repurposing approved compounds
for applications outside of their original use with the hope of
streamlining the identification of new effective therapeutics
against HIV.
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PP 1.11 – 00075
Selective nuclear retention of spliced and unspliced HIV-1 mRNAs
following latency reversal
E. Honeycutt1, F. Kizito1, K. Nguyen1, U. Mbonye1, M. Shukla1, J. Karn1
1Case Western Reserve University, Cleveland, USA

Background: Following integration into the host genome and
subsequent proviral transcription, HIV-1 uses alternative splicing
to generate distinct viral RNA species belonging to three main
classes: completely unspliced, singly spliced, and multiply
spliced transcripts. The mechanisms permitting differential
sequestration and nuclear export of unspliced and partially
spliced HIV-1 mRNA transcripts (RRE-mRNA) is an understudied
feature of HIV-1 persistence.

Methods: Using an in vitro primary T cell model of HIV-1
latency, we differentially tagged both the spliced and unspliced
HIV-1 mRNA species with fluorescence probes. Proviral reacti-
vation was monitored by a combination of Immuno-CasFISH and

in situ RNA hybridization, and the nuclear-cytoplasmic distribu-
tion of transcripts was mapped. In parallel we quantified changes
in the ratios of these species over time by direct long read RNA
sequencing technology (Oxford Nanopore).

Results: Reactivation of cells latently infected with a single
round HIV-1 reporter virus demonstrated that the perinucleolar
zone is the initial site for Rev-RRE-mRNA assembly.
Subsequently, the RNA-binding protein PTBP1 colocalized with
both spliced and RRE-mRNA complexes in the perinucleolar
zone. The Sam68 adaptor selectively associated with retained
RRE-mRNA transcripts prior to export via the Rev/CRM1-
dependent pathway. Direct RNA sequencing correlated with
cellular RNA distributions and showed a predominance of
multiply spliced messages including the Tat and Rev messages
with fewer Env transcripts and even fewer full-length transcripts.
Additionally, putative m6a modified bases were identified in the
5′ and 3′ UTR as well as in env and rev.

Figure 1 (abstract: PP 1.11–00075) Visualization of unspliced HIV mRNA and PTBP1
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Conclusions: We showed that PTBP1 and Sam68 are the key
adaptor proteins required for entry into the Rev/CRM1 nuclear
export pathway. Our findings suggest that PTBP1 is exchanged
with Sam68 prior to nuclear export. Using a combination of
direct RNA sequencing technology and knockdown of PTBP1 and
Sam68, we are analyzing the kinetics of HIV-1 RNA synthesis and
stability following latency reversal, as well as identifying novel
m6A RNAmodification sites that distinguish differentially sorted
transcripts. This work will be able to reveal the changes in viral
transcription that occur post-reactivation and provide an
explanation for the accumulation of spliced and unspliced
mRNAs in latently infected cells.

Journal of Virus Eradication 8S (2022) 100116
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PP 1.12 – 00076
The lysine methyltransferase SMYD5 amplifies HIV-1 transcription
and is post-transcriptionally upregulated by Tat and USP11
D. Boehm1,2, V. Lam4, M. Schnolzer5, M. Ott1,2,3
1Gladstone Institute of Virology, University of California San Francisco,
San Francisco, CA, USA;
2Department of Medicine, University of California San Francisco,
San Francisco, CA, USA;
3Chan Zuckerberg Biohub, San Francisco, CA, USA;
4Tetrad Graduate Program, Department of Pharmaceutical Chemistry,
University of California San Francisco, San Francisco, CA, USA;
5Functional Proteome Analysis, German Cancer Research Center (DKFZ),
D-69120 Heidelberg, Germany

Background: Despite great efforts, “shock and kill” approaches
have so far failed to significantly reduce the size and impact of
latent HIV-1 reservoirs. There is a need to develop alternative,
possibly complementary, strategies to “shock and kill” to achieve
durable viral control in the absence of antiretroviral therapy
(ART). Transcriptional silencing in latency research is a relatively
new concept. Many transcriptional regulators for HIV-1 have
been identified. Besides histone deacetylation, a growing list of
methyl transferases (MTs) and demethylases indicates that
methylation of DNA, histones and non-histone proteins is
essential for HIV-1 transcriptional regulation. Our working
hypothesis is that co-activating MTs play a critical role in
preventing permanent silencing of the HIV-1 locus. The rationale
is that co-activating KMTs by methylating histones or Tat
facilitate transcription initiating, thereby directly antagonizing
repressive epigenetic mechanisms necessary for durable silen-
cing of the HIV-1 locus.

Methods: We performed a comprehensive lentiviral shRNA
screen of human lysine methyltransferases (KMTs) in J-Lat cells
to identify new activators and repressors of HIV transcription.
The top activating KMT SMYD5 was validated in primary CD4+
T cell experiments. To identify the mechanism underlying how
SMYD5 contributes to HIV latency we performed luciferase
assays, chromatin- and co-immunoprecipitation experiments, in
vitro methylation and electrophoretic mobility shift (EMSA)
assays.

Results: In an RNAi-based screen of human lysine methyl-
transferases we identified the SET andMYND domain-containing
protein 5 (SMYD5), which was previously reported to target
lysine 20 at histone H4 (H4K20me3), as a co-activator of HIV

transcription. Knockdown of SMYD5 suppresses HIV-1 transcrip-
tion in latently infected T-cell lines and primary CD4+ T cells.
SMYD5 is recruited to the HIV-1 promoter upon activation, binds
TAR RNA and interacts with Tat. We also provide evidence that
SMYD5 is stabilized by Tat through the deubiqutinase USP11.

Conclusion: We report data that identify SMYD5 as new
regulator of HIV transcription.

Journal of Virus Eradication 8S (2022) 100117
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PP 1.13 – 00078
CTL epitopes from structurally important hiv proteins are identified
in rebound HIV
E. Lee1, G. Duette1, K. Fisher1, S. Deeks2, A. Kelleher3, S. Palmer1
1Centre For Virus Research, The Westmead Institute of Medical Research, The
University of Sydney, Sydney, Australia;
2Department of Medicine, University of California San Francisco, California,
USA;
3Kirby Institute, The University of New South Wales, Sydney, Australia

Background: During an analytic treatment interruption (ATI),
the elimination of HIV-infected cells by HIV-specific cytotoxic
CD8 T-cells (CTLs) is required to control viral infection. However,
unless treatment is initiated during acute infection, the HIV
reservoir becomes dominated by CTL escape variants resistant to
immune response. To address this issue, we applied a novel
IMmunoinformatics Analysis Pipeline (IMAP) to identify CTL
epitopes within structurally important HIV protein regions that
avoid CTL immune escape mutations.

Methods: Employing the IMAP, we generated 8–14 mer
overlapping peptides containing amino acid residues that are
essential for HIV Gag protein structure/function. We excluded
the peptides containing CTL escape mutations and those found
within <85% of HIV-1 subtypes/recombinants. Using the
Immune Epitope Database and NetMHCpan analysis tools, we
selected the peptides that are predicted to be immunogenic and
are binders to multiple HLA-I alleles. These peptides were
compared to the Gag protein region extracted from HIV-RNA
sequences of five participants who underwent multiple ATIs.

Results: We identified 32 overlapping peptides within the
Gag protein from positions 150–166. Interestingly, when we
compared this protein region to the Los Alamos HIV database, we
observed 55% of the HIV sequences contained arginine (R) and
41% contained lysine (K) at position 154. Therefore, the R/K
variant peptides combined (n=24) were identified within 96%
of viral sequences worldwide. of note, none of these peptides
contained the R/K variations at HLA-I anchoring positions. Eight
additional overlapping HIV peptides identified within positions
155–166 of the Gag protein regionwere foundwithin 95% of HIV
sequences globally. These 32HIV peptideswere predicted to bind
to multiple HLA-I alleles, resulting in 88%worldwide population
coverage. When including the R/K variant forms of the HIV
peptides, 100% of plasma-derived HIV-RNA sequences from 5
participants, who experienced 3 separate treatment interrup-
tions, contained our selected Gag peptides.

Conclusions: Applying the IMAP, we defined novel HIV
peptides within a structurally important region of the Gag
protein. These peptides were genetically conserved, avoided
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known CTL escape mutations, and were identified within ATI-
derived plasma HIV-RNA sequences, indicating these peptides as
a pool are highly promising for eliciting a CD8 T-cell immune
response during treatment interruption.
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PP 1.14 – 00094
Development of an immunocytochemistry assay to quantify the
translationally active HIV reservoir
G. Wu, R. Walters, Y. Li, J. Kristoff, C. Cheney, J. Maxwell, Q. Huang,
T. Diamond, P. Zuck, C. Balibar, J. Grobler, B. Howell, L. Sardo
Merck & Co., Inc., Rahway, NJ, USA

Background: Although combination antiretroviral therapies
(cART) efficiently suppress HIV replication, HIV persists in a
long-lived reservoir and rebounds when cART is interrupted. The
active reservoir consists of infected cells that transcribe HIV and
produce viral proteins even in the presence of cART. These
transcriptionally and translationally competent HIV-infected
cells can contribute to chronic immune activation in people
living with HIV on cART. Methods to quantify this active
reservoir are needed to assess curative strategies.

Methods: An automated immunocytochemistry (ICC) assay
coupled with computational image analysis was developed to
detect and quantify intracellular Gag capsid protein (CA). Fixed
cells were cytospinned onto microscopy slides and stained with
antibodies against CA followed by image acquisition. We used
nuclear staining to enumerate total cells and chromogenic signal
to quantify the proportion of CA-positive cells. Digital ELISA and
flow cytometry were used to validate CA-ICC with established
assays.

Results: To determine the sensitivity of the CA-ICC assay we
spiked the MoltIIIB cell line into uninfected Jurkat cells in
limiting dilutions. Peripheral blood mononuclear cells (PMBCs)
from HIV-seronegative donors before and after in vitro infection
with an HIV laboratory strain were used to test the specificity of
the staining. We applied this assay to detect HIV-1 p24- or SIV
p27-containing cells in PBMCs from mouse and non-human
primate animal models, respectively. We found that the
proportion of CA positive cells from either animal models’
PBMCs correlated with the pVL and cell-associated CA. We also
applied this CA-ICC method to quantify the activity of small
molecule targeted activators of cell kill in eliminating CA-
expressing cells.

Conclusions: Here, we developed an ICC assay to study the
active HIV-1 reservoir. Efforts are ongoing to further validate the
method with PBMCs from HIV-seropositive donors on cART and
provide a benchmark towards a functional HIV-1 cure.
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PP 1.15 – 00095
Proviruses persisting during the initial years of suppressive ART are
relatively stable in terms of genetic diversity, clonal composition,
and inferred integration date distribution
A. Shahid1,2, S. MacLennan1, B.R. Jones2,3,4, H. Sudderuddin2, Z. Dang2,
K. Cobarrubias2, M.C. Duncan1,2, N.N. Kinloch1,2, M.J. Dapp5,
M.A. Fischl6, I. Ofotokun7, A. Adimora8, S. Gange9, B. Williams10,
B. Aouizerat11, M.H. Kuniholm12, S. Kassaye13, J.I. Mullins5,14,15,
H. Goldstein16, J.B. Joy2,3,4, K. Anastos17, Z.L. Brumme1,2,
and the MWCCS study18
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6Department of Medicine, University of Miami School of Medicine, Miami,
Florida, USA;
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University of New York, Rensselaer, New York, USA;
13Division of Infectious Diseases and Tropical Medicine, Georgetown
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15Department of Medicine, University of Washington, School of Medicine,
Seattle, WA, USA;
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17Department of Medicine, Albert Einstein College of Medicine, New York,
USA;
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Background: Elucidating on-ART proviral evolutionary dynam-
ics can advance HIV cure efforts, but the genetic stability of the
on-ART proviral pool remains incompletely understood. We
reconstructed pre-ART within-host HIV evolutionary histories in
six female seroconverters and leveraged this to characterize
genetic diversity and inferred integration dates of proviruses
sampled longitudinally on-ART.

Methods: Amedian 9 plasma samples/participant spanning a
median of 7 years pre-ART, and a median 3 proviral samples/
participant spanning a median 6 years during fully suppressive
ART were studied. Plasma and proviral sequences were single-
genome amplified env-gp120. To mitigate uncertainty in within-
host phylogenetic reconstruction, a median 3185 (IQR:1445–
4875) phylogenies were inferred per participant using Bayesian
approaches. Proviral ages were estimated phylogenetically.

Results: Phylogenies were inferred from a median of 157
(IQR:67–193) pre-ART plasma env and 53 (IQR:45–99) on-ART
proviral sequences/participant. In all participants, the distribu-
tion of proviral inferred integration dates persisting on ART
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spanned nearly the entirety of untreated infection, and sequences
dating to earlier infection were recovered in all participants.
Nevertheless, the integration dates of on-ART proviruses were
overall slightly skewed towards proviruses archived during
chronic infection. The overall proportion of clonal proviruses
ranged widely by participant (median 35%; range 6–45%) and
increased in three of the five participants with longitudinal
proviral sampling on-ART. Moreover, in all five participants, the
same clone was recovered across multiple timepoints, including
one instance 8 years apart, confirming long-term persistence of
certain clones. In three participants, proviral integration date
distribution remained stable over time. In one participant
however the proviral population gradually shifted towards
“younger” sequences that had integrated around the time of
ART initiation. In another participant whose proviral sampling
spanned 12 years, the on-ART proviral pool significantly shifted
towards “older” sequences that had integrated earlier in
infection.

Conclusions: Results extend estimates of on-ART reservoir
decay rates inferred from longitudinal reservoir size measure-
ments by providing insight into the underlying genetic compos-
ition and evolutionary dynamics of the proviruses persisting on-
ART. Results confirm ongoing archiving of diverse within-host
HIV lineages during untreated infection and their largely stable
persistence, both in terms of overall genetic and clonal
composition, during the initial years of ART.
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PP 1.16 – 00100
Single-cell multiomics analysis reveals distinct mechanisms of HIV
persistence in memory CD4+ T cell subsets from tissues
J. Frouard1, X. Luo1, N. Roan1
1Gladstone Institute of Virology and Immunology, University of California,
San Francisco, USA

Background:Wepreviously demonstrated using an ex vivo tonsil
infection model that CCR5-tropic HIV (F4.HSA) fuses to and
integrates into CD4+ T memory (Tm) cells expressing CD127
(alpha-chain of IL7 receptor). However, these cells poorly express
the LTR-driven reporter gene HSA. By contrast, other Tm subsets
efficiently support productive infection(1). Here, combining
scRNAseq with CITE-seq for high-parameter surface phenotyp-
ing, we examine the transcriptomic and phenotypic features of
productively- and non-productively-infected cells from HIV-
exposed tonsils in this system.

Methods: Tonsil cells from 4 uninfected donors were mock-
treated or exposed 4 days to F4.HSA, and then subjected to
scRNAseq and 68-parameter CITE-seq. Productively-infected
cells were identified as those expressing HSA protein (detectable
by CITE-seq) and cells harboring HIV transcripts were identified
from scRNAseq reads.

Results: We identified distinct populations of productively-
infected (HSA+ and HIV RNA+) and transcriptionally-active
but not productively-infected (HSA- and HIV RNA+) cells.
Comparison of the transcriptomes and surface proteomes of these
populations of infected cells revealed that HSA-RNA+ cells
preferentially belong to the CD127+ Tm subset. This, together
with observations that these cells harbor initiated, elongated, and
completed transcripts but are blocked inHIV splicing(1), suggest a

late block to HIV gene expression in infected CD127+ Tm cells.
Relative to productively-infected cells, HSA-RNA+ cells express
higher levels of antiviral factors IFIT3 and SOCS3 and preferen-
tially belong to the central Tm subset. By contrast, productively-
infected cells preferentially express activation markers (HLA-
DR), Treg markers (CD25, CTLA4, Foxp3), and TNF receptor
family members (GITR, Ox40). Interestingly, productively-
infected cells also preferentially express MIR155RG, a
microRNA previously shown to be upregulated on reactivated
cells and which drives cells back into latency. This, together with
our observation that other HIV transcriptional activators are
downregulated [RN1] (SMYD5, UHRF1), suggests that product-
ively-infected Tm cells from tonsils are being driven into a state of
HIV latency.

Conclusions: HIV infection of tonsils establishes multiple
populations of infected cells: transcriptionally-active reservoir
cells which can be identified by CD127 expression, and
productively-infected cells which are being driven to enter a
state of HIV latency. These infected cells exhibit unique features
which can reveal on mechanisms of persistence, and can serve as
targets for viral eradication.
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The Ubiquitin Ligase ITCH and CPSF6 Control HIV Transcription
V. Planelles1, C. Espinel1, L. Martins1, A. Spivak1, Y. Zheng1
1University of Utah, Salt Lake City, USA

Background: Pharmacological approaches to reactivate the
latent HIV reservoir in vivo have been considered for more
than a decade. However, the effectiveness of these approaches
has been disappointing as only a minority of latently infected
cells appear to be responsive to latency-reversing agents (LRA). A
deeper understanding of the transcriptional regulation of the
HIV-1 promoter is necessary before we can design highly
effective LRAs.

Methods: To better understand the role CPSF6 (Cleavage and
polyadenylation specificity factor 6) in viral transcription, we
performed CRISPR/Cas9 mediated knock-out in primary T cells
that were latently infected in vitro. We then evaluated the
efficiency of viral reactivation in these cells.

Results:We found that CPSF6 controls the stability of protein
phosphatase 2A (PP2A) subunit A, a phosphatase directly
implicated in the de-phosphorylation and inactivation of CDK9
and RNA Pol II. Destruction of PP2A subunit A is effected by a
complex of CPSF6 with the HECT-type E3 ligase known as ITCH.
This complex recruits the PP2A scaffolding subunit A and de-
destabilize it via the ubiquitin/proteasome system. Under
normal, resting conditions, PP2A is therefore de-stabilized,
allowing for high levels of HIV-1 transcriptional activity.
CRISPR/Cas9-mediated knock-out of CPSF6 results in abnormal
stabilization of PP2A, resulting in removal of the essential
phosphate residues from CDK9 and RNA Pol II, which in turn
severely hinders transcription.

Conclusions: The novel regulatory pathway that includes
ITCH, CSF6 and PP2A provides a new avenue toward modulating
HIV-1 transcription and highlights a potential gateway into
latency. The availability of FDA-approved pharmacological
agents to either activate or inhibit PP2A (currently in clinical
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trials against cancer) should lead to development of novel
pharmacological strategies for manipulating viral transcription.
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PP 1.18 – 00105
Machine learning identifies differentiating physicochemical
signatures between HIV subtypes in Nef domains associated with
host-cell regulation
S. Lamers1, D. Nolan1, G. Fogel2, E. Liu2, M. Mcgrath3
1Bioinfoexperts, LLC, Thibodaux, LA, USA;
2Natural Selection, Inc., San Diego, CA, USA;
3The University of California, San Francisco, CA, USA

Background: HIV subtype is associated with varied rates of
disease progression. The HIV accessory protein, Nef, continues to
be expressed during antiretroviral therapy (ART) where it has
numerous intra- and extra-cellular immunoregulatory effects that
may influence the development of pathologies associated with
long-term ART. We analyzed Nef sequences from HIV subtypes
A1, B, C, and D using amachine-learning approach that integrates
functional amino acid information to identify unique physico-
chemical features associated with Nef functional/structural
domains for each HIV subtype.

Methods: 1628 non-identical sequences were obtained from
the HIV database at Los Alamos representing subtypes A1, B, C,
and D. Sequences were aligned and domains of interest
identified. Following the generation of over 1000 features
associated with amino acid physicochemical properties, we
used statistical pruning and evolved neural networks to identify
the top 5 Nef features associated with subtype differentiation. A
signature pattern analysis was used to assess amino acids in
domains that differentiated subtypes.

Results: Our feature-based domain scoring, followed by t-
tests, identified subtype-specific domain-associated features.
Subtype A was associated with alterations in Nef CD4 binding
domain; subtype B was associated with alterations with the AP2
binding domain; subtype C was associated with alterations in the
structural α-helix domain; and, subtype D was associated with

alterations in the score β-sheet A domain. Validation studies using
evolved neural networks with domain-associated features as
input differentiated subtype A (100%), subtype B (91%), subtype
C (98.6%), and subtype D (89.4%). Specific domain-associated
amino acids for each subtype were associated with substantial
changes in hydrophobicity, polarity, and other structural-
associated elements.

Conclusions: Previous studies have identified HIV Nef as one
of the important drivers of immunoregulatory disease in HIV
infected people on ART. Nef acts primarily on the trans-Golgi
network and the internal cell membrane through interactions
linked to the key features of the subtype-specific domains we
identified with the ENN. The study supports the hypothesis that
different Nef subtypes may contribute to subtype-specific disease
progression.
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PP 1.19 – 00109
Differential decay dynamics of the inducible pool of HIV-1 infected
CD4+ T cells and proviral DNA upon ART initiation revealed by the
novel VIP-SPOT assay
M.C. Puertas1,3, M.C. Garcia-Guerrero1, L. Bailón2, B. Mothe1,2,3,
P. Coll1,2,3, J. Moltó2,3, J. Martinez-Picado1,3
1AIDS Research Institute IrsiCaixa, Badalona, Spain;
2Hospital Universitari Germans Trias i Pujol, Badalona, Spain;
3CIBER de Enfermedades Infecciosas (CIBERINFEC), Instituto de Salud
Carlos III, Madrid, Spain

Background: Antiretroviral therapy (ART) supresses viral
replication and this is reflected in a rapid decay of plasma
viremia to levels below the limit of detection within a few weeks.
Most productively infected cells die from cytopathic effects in the
first few days, but a pool of latently-infected cells remains,
establishing the viral reservoir, which fuels viral rebound
whenever ART is discontinued. Understanding the establishment
of this viral reservoir is key to designing effective HIV cure
strategies.

Figure 1 (abstract: PP 1.17–00103) ITCH, CPSF6 and PP2A control HIV transcription
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Methods: We compared the decay dynamics of the inducible
pool of HIV-1 infected CD4+ T cells and total and intact HIV-1
DNA in 11 participants who started first-line ART with DTG
+3TC or DTG+FTC/TAF in the setting of a clinical trial
(EudraCT: 2019-002733-10). Using the VIP-SPOT assay, we
measured the frequency of cells capable of reactivating in vitro
and producing p24 viral protein at 0, 2, 4, 12, 24 and 48 weeks
after ART initiation. DdPCR was used to quantify total HIV-1
DNA and intact proviral genomes in the same samples. Results
analyses were performed blinded (i.e., without knowing within-
study allocation).

Results: The proportion of the inducible pool of HIV-1
infected CD4+ T cells decayed rapidly after ART initiation, as
evidenced by a median decrease of 92% in the first two weeks.
Subsequently, the frequency of these HIV-1-producing cells
remained fairly constant. In contrast, the frequency of circulating
CD4+T cells containing viral DNAor intact proviruses decreased
with slower kinetics: HIV DNA decreased by 16% in the first 2
weeks of treatment, and at week 12 we observed a median
decrease of 57% and 48% in total and intact proviruses,
respectively.

Conclusions: The VIP-SPOT assay revealed that CD4+T cells
harboring inducible HIV-1 are rapidly and specifically cleared
upon ART initiation, in contrast to the overall pool of cells

containing either defective or intact proviral DNA. The specific
mechanisms that target this fraction of infected CD4+ T cells are
unknown. Future interventions that aim to impact the establish-
ment of the viral reservoir could benefit from starting concomi-
tantly with ART initiation to enhance their impact on the
productive HIV-1 reservoir.
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Regulation of HIV-1 persistence by the CARD8 inflammasome
L. Shan1, Q. Wang1
1Division of infectious diseases, Washington University School of Medicine,
St. Louis, USA

Background: CARD8 is an innate immune sensor that can be
activated through proteolytic cleavage of its N-terminal frag-
ment. Recently, we reported that HIV-1 protease triggers CARD8
inflammasome activation and caspase-1-dependent pyroptosis.
However, it remains unclear whether HIV-1 infection can
activate the CARD8 inflammasome to trigger pyroptosis of

Figure 1 (abstract: PP 1.18–00105)
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CD4+ T cell and thereby modulates HIV-1 infection and
persistence.

Methods: We co-cultured HIV-1-infected primary CD4+

T cells with CFSE-labeled donor-matched PBMCs to assess
infection of CD4+ T cells and inflammasome activation. We
also infected CD34-engrafted humanized mice to examine the
role of CARD8 inflammasome in HIV persistence.

Results: We found that HIV-1 induces rapid CARD8-depend-
ent pyroptosis of CD4+ T cells in peripheral blood, tonsil tissues,
and humanized mice. Mechanistically, the N-terminus of CARD8
is cleaved by HIV-1 protease encapsulated in the incoming viral
particles immediately after viral entry, resulting in release of the
bioactive C-terminal fragment for inflammasome assembly and
pyroptosis of the host cells. The CARD8 inflammasome clears
resting CD4+ T cells post HIV entry and prevents reservoir
establishment directly in these quiescent cells. By contrast, TCR
signaling abolished CARD8 function through CARD8 degrad-
ation, allowing HIV-1 to complete reverse transcription and
integration.

Conclusions: Our results demonstrate that the CARD8
inflammasome is activated post HIV-1 entry, which restricts
both productive and latent infection in resting CD4+ T cells. Our
study provides critical insights into how CARD8modulates HIV-1
infection and persistence.
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PP 1.22 – 00120
Suppression of CD4+ T-cell-intrinsic immunity by HIV-1 latency-
reversing HDACi
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Background: “Shock-and-kill” is one of the conceptually most
advanced strategies towards establishment of HIV-1 cure.
Treatment with histone deacetylase inhibitors (HDACis) reacti-
vates HIV-1 transcription in vivo, however, fails to significantly
reduce the HIV-1 reservoir in infected individuals, indicating that
it is insufficiently to eliminate latently infected cells. The impact
of HDACis on the transcriptome and functionality of CD4+ T-
cells, the main HIV-1 reservoir in vivo, remains understudied.

Methods: Here, using scRNA-seq, we characterize HDACi
treatment-induced alterations of CD4+ T-cell subpopulation-
specific transcriptomes and correlation with HIV-1 reactivation
from latency.

Results: Ex vivo exposure of CD4+ T-cells from aviremic HIV-
1-positive individuals with Panobinostat, but not Vorinostat,
markedly reduced expression of genes and proteins required for
T-cell-specific signalling and immunity, resulting in impaired
TCR/CD28- and IL-2/PHA-triggered T-cell activation. Using
latently infected J1.1 cells, we found that HDACi-treatment, but
not the PKC modulator Bryostatin, efficiently blocks type I IFN-
induced innate immune responses. Consequently, HIV-1 reacti-
vation triggered by HDACi, in contrast to Bryostatin, was
unsensitive to IFN-mediated reduction of reactivation. Finally,
using sophisticated statistical analysis we identified genes
significantly differentially expressed in HIV-1-RNA-positive
CD4+ T-cells compared to the HIV-1-RNA-negative cells from
the same donor, independent of the LRA used.

Conclusions: In summary, we show that HDACi treatment
dampens CD4+ T-cell functionality, that may contribute to the
limited reduction of the latent reservoir after HDACi-treatment
in vivo. Further, we identified an HIV-1 reactivation-specific gene
signature that correlates with HIV-1 RNA abundance in
reactivating CD4+ T-cells from aviremic donors that may also
serve as a surrogate for reactivating cells in vivo.
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Long-read sequencing assay allows accurate characterization of the
HIV-1 reservoir
L. Lambrechts1,2, R. Verstraeten1,2, N. Bonine1,2, Y. Noppe1, S. Rutsaert1,
M. Pardons1, B. Cole1, L. Vandekerckhove1
1HIV Cure Research Center, Ghent University, Ghent, Belgium;
2Biobix, Ghent University, Ghent, Belgium

Background: Current near full-length (NFL) HIV-1 proviral
genome sequencing assays are based on labor-intensive and
costly principles of repeated PCRs at limiting dilution, restricting
their scalability. We developed a long-read sequencing assay that
allows for high-throughput amplicon sequencing of NFL HIV-1
genomes.

Methods: The assay was performed on peripheral blood
CD4 T cells from 18 chronic ART-suppressed individuals. HIV-1
reservoir sizes were assessed by ddPCR and ranged from 322 to
4869 total HIV-1 DNA copies/million CD4 T cells. For each
participant, 6 PCR replicates with each 500 ng DNA input were
run. By tagging individual HIV-1 genomes with two distinct
unique molecular identifiers (UMIs), the step of limiting dilution
can be omitted, enabling long-range PCR amplification of many
NFL genomes in a single reaction. Following long-read sequen-
cing on an Oxford Nanopore MinION, UMI-based demultiplexing
allowed for the construction of highly accurate consensus
genomes, while excluding chimeric PCR artefacts.

Results: The long-read assay yielded an average of 15 distinct
HIV-1 proviruses per PCR replicate, per participant (range: 3–
55). In total, 1308 distinct proviruses were retrieved, with 5%
being putatively intact which corresponds to previously reported
numbers. Additional benchmarking revealed (1) a detection
efficiency of 13±9% by dividing the number of distinct
proviruses by the total number of input HIV-1 copies and (2) a
consensus accuracy of 99.99% when compared to reference
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genomes acquired by traditional NFL assays, with only a few
errors remaining in homopolymeric regions.

Conclusions: The long-read assay enables high-throughput,
scalable characterization of the proviral landscape which could
have wide future applicability in the field of HIV-1 research to
further increase our understanding on HIV-1 reservoir compos-
ition and dynamics.
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BET PROTACS Reveal BRD4 Disruption of the 7SK/P-TEFb
Equilibrium is Critical for Effective Reactivation of Latent HIV in
CD4+ T-cells
A-M. Turner1, F. Potjewyd2, S. Falcinelli3, J. Fox3, J. Kirchherr3,
B. Allard3, N. Archin1, L. James2, D. Margolis1
1UNC HIV Cure Center, Department of Medicine, Infectious Diseases, Chapel
Hill, USA;
2Center For Integrative Chemical Biology And Drug Discovery, Eshelman
School of Pharmacy, Chapel Hill, USA;
3UNC HIV Cure Center, Chapel Hill, USA

Background: PROTACs (proteolysis-targeting chimeras) are
bifunctional molecules that simultaneously bind an E3 ubiquitin
ligase and a protein of interest (POI), driving ubiquitination of
the POI by the E3 ligase complex and subsequent degradation by
the proteasome. Pan-inhibitors of the BET (bromo and extra-
terminal domain) family of proteins (BETi) are known HIV
latency reversal agents, however of the 4 family members, only
BRD4 is thought to have a significant role in maintenance of
latency. Here we examine the ability of various BET-PROTACs to
specifically degrade BRD4 and induce latency reversal.

Methods: BET PROTACs were assess for BRD4-specific
degradation by western blots. Latency reversal and synergy
with IAPi inhibitors in Jurkat models and in primary CD4+ T-
cells was assessed by flow cytometry and cell-associated RNA
assays respectively. HEXIM1 protein induction was measured by
western blot and transcription induction via a HEXIM1 promoter
driven luciferase reporter assay.

Results: BET-targeted PROTACs MZ1 and ZXH 3-26 induce
BRD4-specific degradation in both Jurkat latency models and
primary CD4+ T-cells. Despite targeted degradation, both
PROTACs failed to induce cell-associated viral RNA in cells
from durably suppressed individuals as compared to pan-BETi
JQ1. Further, PROTAC-mediated degradation in combination
with IAP inhibitor AZD5582, which we have previously shown
synergizes with BETi for latency reversal, failed to further
increase HIV transcription. These results reveal a critical function
for BRD4 in latency reversal that is independent of BD domain
antagonism. We studied traditional BRD4 interacting partners
and generated various mutant forms of BRD4 for overexpression
in latency models. We observed BRD4 degradation fails to
upregulate HEXIM1 transcription and protein levels, a key
difference compared to BET inhibitors.

Conclusions: HEXIM is a critical component of the 7SK
snRNA complex which is responsible for regulation of elongation
factor P-TEFb. HEXIM upregulation is a well characterized
response to BET antagonists and other small molecule inhibitors
which disrupt the 7SK/P-TEFb equilibrium. These observations
suggest BETi mediated disruption of P-TEFb is dependent on the

BRD4 protein, independent of the BD domains, and in primary
CD4+ T-cells is a key factor in latency reversal of HIV by BETi.
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Background: Biological functions fluctuate in a circadian
manner to align with environmental changes. Daily variations
are observed for plasma cortisol andmelatonin, with a lower CD4
count observed in the morning. HIV-1 infection is characterized
by profound alterations in CD4+ T-cell homeostasis, combined
with chronic immune activation and gut barrier damage. Daily
variations in immunological/virological parameters in people
living with HIV-1 (PLWH) receiving antiretroviral therapy (ART)
remain poorly investigated.

Methods: Eleven ART-treated PLWH (age: 57 years old;
median CD4 counts: 606 cells/µl; time since infection: 242
months; aviremia under ART: 216 months) were admitted for 40
hours and blood was collected, before food intake, every 4 hours,
for 24 hours (8am, 12am, 4pm, 8pm, 12pm, 4am, 8am). Plasma
levels of cortisol/melatonin and markers of mucosal barrier
permeability (FABP2, LBP) were measured by ELISA. Flow
cytometry allowed the quantification and phenotypic character-
ization of blood leukocyte subsets. Total CD4+ T-cells were
isolated and matched RNA/DNA isolated by dual extraction
served to quantify cell-associated integrated HIV-DNA and LTR-
Gag HIV-RNA levels by nested PCR/RT-PCR. Peak/nadir term
was used to define maximal/minimal levels.

Results: Plasma cortisol and melatonin levels peaked at 8am
and 4am, respectively. Peak plasma FABP2 levels at 4am
coincided with nadir LBP levels at 4am. For memory/naive/
regulatory CD4+ T-cells, peak counts were observed between
8pm-4am, while nadir counts at 12pm. The expression of the
HIV-1 co-receptors CCR5/CXCR4, gut-homing molecules CCR6/
integrin b7, and the immune checkpoint inhibitor PD-1 on
memory T-cells expression levels peaked between 8pm-4am.
Nadir non-classical monocyte counts were observed at 4am.
Integrated HIV-DNA levels in CD4+ T-cells demonstrated donor-
to-donor variations but minor fluctuations over the 24 hours of
sampling. In contrast, the HIV-RNA/DNA ratios (surrogate
marker of HIV-1 transcription) peaked at 4am.

Conclusions: Daily variations in melatonin/cortisol levels, T-
cell/myeloid counts, mucosal permeability markers, key
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molecules involved in HIV replication/pathogenesis, as well as in
circulating replication-competent viral reservoir, were observed
in ART-treated PLWH. The peak of HIV transcription in CD4+T–
cells, observed at 4am, coincided with the peak FABP2 and
melatonin and nadir LBP levels. These findings should inform
therapeutic interventions in HIV-1 cure/remission on the
importance of selecting the optimal time of treatment/
monitoring.
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PP 1.26 – 00143
UnderstandingHIV transcription in Kaposi’s sarcoma tumors during
antiretroviral therapy
D. Nolan1, R. Rose1, G. Fogel2, S. Lamers1, M. McGrath3,4
1Bioinfoexperts, LLC, Thibodaux, LA, USA;
2Natural Selection, Inc., San Diego, CA, USA;
3Departments of Laboratory Medicine, Pathology and Medicine, The
University of California at San Francisco, San Francisco, CA, USA;
4The AIDS and Cancer Specimen Resource, San Francisco, California, USA
University of California, San Francisco, Department of Medicine,
San Francisco, CA, USA

Background: Epidemic Kaposi’s sarcoma (KS), characterized by
co-infection with HHV-8 and HIV, is a major cause of mortality in
sub-Saharan Africa. Antiretroviral therapy (ART) significantly
reduces the risk of developing KS, and for those with KS, tumors
frequently resolve with ART alone. However, for unknown
reasons, a significant number of KS cases do not resolve and
can progress to death despite improved CD4+ T-cell counts and
undetectable plasma HIV viral loads. To explore how HIV
transcription responds to ART in the KS tumor microenviron-
ment, we designed a novel approach to sequence HIV spliced
transcripts found in the blood and tumors of study participants on
ART with persistent KS.

Methods:We sequenced HIV found in DNA and RNA isolated
from plasma, PBMCs, and tumor biopsies, before and after ART,
in four Ugandan study participants who had unresponsive or
progressive KS after 180–250 days of ART. We used two different
limiting dilution approaches: One with env-nef primers and the
other using primers targeting the 5′ and 3′ untranslated regions,
specifically designed to amplify near full-length HIV spliced
transcripts from isolated RNA. We inferred maximum-likelihood
phylogenies by focusing on the Exon 7 region of the HIV genome,
which all the sequences shared.

Results: Using our new sequencing approach, we found HIV-
spliced transcripts in RNA from both plasma and tumor samples
and determined their protein-coding potential by characterizing
their splicing patterns. While HIV transcripts were not amplified
from plasma and PBMCs after ART, HIV RNA expression in KS
tumors is maintained, but frequently featured hypervariable
sequence or defective splicing usually resulting in gag-nef fusions.

Conclusions: Overall, our results demonstrated that HIV
located in KS tumors continues to be transcriptionally active,
even after ART has reduced plasmaHIV viral load to undetectable
levels and restored immune function, which could influence
tumor maintenance and progression. Continued studies using a
larger cohort and additional methods that define the HIV

transcriptionally active reservoir in the KS tumor niche could
lead to novel therapies for KS.
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Role of the pol gene enhancer in HIV-1 transcription and replication
in myeloid infected cells
C. Van Lint1, O. Hernalsteens1, R. Verdikt1, C. Vanhulle1, A. Saez-Cirion2
1University of Brussels (ULB), Brussels, Belgium;
2Institut Pasteur, Université Paris Cité, Paris, France

Background: There is increasing evidence of the physiological
relevance of myeloid HIV-1 reservoirs such as brain microglia
and urethral macrophages. However, the molecular mechanisms
of HIV-1 gene expression in myeloid infected cells are still poorly
understood. The HIV-1 intragenic cis-regulatory region (IRR)
located in the pol gene exhibits an enhancer activity on the 5′LTR
promoter. The IRR possesses multiple binding sites for various
cellular transcription factors. Here, we characterized several of
these binding sites and their functional involvement in the IRR-
mediated control of HIV-1 gene expression in monocytes/
macrophages. Special emphasis was put on studying several
binding sites for the myeloid PU.1 transcription factor, known to
be a pioneer factor inducing the opening of heterochromatin in
enhancers.

Methods: ChIP-qPCR, p24 ELISA, purification of primary
cells from blood samples and infection studies.

Results: We demonstrated the in vivo recruitment of PU.1 to
the HIV-1 intragenic enhancer in latently-infected cell lines from
myeloid origin.We physically characterized in vitro PU.1 binding
to the different intragenic PU-boxes and identified mutations
abolishing PU.1 binding without altering the underlying amino
acid sequence of the pol gene. We demonstrated the role of the
PU-boxes in the enhancer activity of the IRR and in its epigenetic
profile in latency and reactivated conditions, in concert with
other IRR transcription factor binding sites. We showed the
importance of intragenic transcription factor binding sites in
HIV-1 replication using mutated viral particles in single-round
infection experiments using primary monocytes-derived macro-
phages isolated from uninfected individuals. To overcome HIV- 1
persistence, targeted approaches for each specific reservoir are
needed. As a proof-of-concept, we revealed the potential
therapeutic application of a specific inhibitor interfering with
PU.1 binding as a new anti-HIV-1 approach.

Conclusions: The HIV-1 intragenic enhancer brings an
additional factor in an already complex network of regulators
affecting the level of HIV-1 transcription. Such complexity could
allow a finer-tuned regulation that might find its purpose when
HIV-1 transcription needs to be moderately or transiently
modified within different cellular and chromatin environments.
The role of the IRR in HIV-1 gene expression regulation opens
new avenues for HIV cure approaches targeting the heteroge-
neous cellular and tissue latent reservoirs of virus.

Journal of Virus Eradication 8S (2022) 100131

https://doi.org/10.1016/j.jve.2022.100131

Abstracts Journal of Virus Eradication 8S (2022)

20

https://doi.org/10.1016/j.jve.2022.100129
https://doi.org/10.1016/j.jve.2022.100130
https://doi.org/10.1016/j.jve.2022.100131


PP 1.28 – 00156
The HIV-1 antisense RNA Ast promotes viral latency via epigenetic
silencing of the proviral 5′LTR and is expressed in latently infected
cells from ART-suppressed donors
F. Romerio1, R. Li1, R. Sklutuis2, J. Groebner2, M. Kearney2
1Department of Molecular and Comparative Pathobiology, Johns Hopkins
University School of Medicine, Baltimore, USA;
2HIV Dynamics and Replication Program, Host-Virus Interaction Branch,
National Cancer Institute, National Institutes of Health, Frederick, MD, USA

Background: HIV-1 expresses a 2.6-kb antisense transcript (Ast)
with protein-coding and noncoding roles. We previously showed
that Ast promotes HIV-1 latency by recruiting the PRC2 complex
to the 5′LTR leading to deposition of H3K27me3 marks and
epigenetic silencing. We sought to identify Ast domains and
motifs involved in these effects. We also assessed Ast expression
in resting CD4+ T cells from ART-suppressed PLWH.

Methods: Functional activity of Ast mutants was assessed via
stable transduction in the Jurkat E4 latency model. ChIP, ChIRP
and RIP assays were used to assess the interaction between Ast
and its binding partners. Expression of Ast in patient-derived
samples was assessed by CARD-SGS and by digital PCR.

Results: The 5′ end of Ast mapping in the U3 region of the 3′
LTR (U3AST) interacts with the homologous U3 region of the
proviral 5′LTR. Nucleotide substitutions in two pyrimidine-rich
motifs within U3AST disrupted interaction between Ast and 5′
LTR. Over-expression of the U3AST fragment in latently infected
cells reversed latency by displacing endogenous Ast from the 5′
LTR. A G-quadruplex (G4) motif at the center of Ast mediates
interaction with PRC2. Mutation of 70 nt comprising the G4
motif abolished the interaction with PRC2 and the latency-
promoting function of Ast. Full suppressive activity requires
interaction with additional host factors, including the transcrip-
tional silencers YY1 and CTCF, and members of the chromatin
remodeling complexes BAF and NuRD. Substitution of a domain
at the 3′ of Ast abolished the interaction with these host factors
and latency-promoting function of Ast. CARD-SGS analyses
detected on average 1 copy of Ast in ∼5% of infected cells from
donors on ART, whereas more sensitive digital PCR detected Ast
in ∼26% of infected cells.

Figure. Ast model

Conclusion: The HIV-1 Ast promotes viral latency in vitro via
direct recruitment of transcriptional silencers and chromatin
remodeling complexes to HIV-1 5′LTR, supporting its use in
cure strategies. Expression of Ast is detectable in latently infected
CD4+ T cells from ART-suppressed PLWH.
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The chaperone protein p32 stabilizes HIV-1 Tat and strengthens the
p-TEFb/RNAPII/TAR complex promoting HIV transcription
elongation
C. Li1, L. Mori1,2, S. Lyu1, Ronald Bronson1, Adam Getzler1,2,
Matthew Pipkin1,2, Susana T. Valente1,2
1Department of Immunology and Microbiology, University of Florida Scripps
Biomedical Research, Jupiter, Florida, USA;
2The Skaggs Graduate School, The Scripps Research Institute, Jupiter, FL, USA

Background: HIV gene expression is modulated by the com-
binatorial activity of the HIV transcriptional activator, Tat, host
transcription factors and chromatin remodeling complexes.

Methods: To identify novel host factors regulating HIV
transcription we used specific single guide RNAs (sgRNAs) and
endonuclease deficient Cas9 (dCAS9) to perform chromatin
affinity purification of the integrated HIV promoter followed by
mass spectrometry (ChAP-MS).

Results: The scaffold protein, p32, also called ASF/SF2
splicing factor-associated protein, was identified among the top
enriched factors present in actively transcribing HIV promoters
but absent in silenced ones. Chromatin immunoprecipitation
analysis confirmed the presence of p32 on active HIV promoters
and its enhanced recruitment by Tat. HIV uses Tat to efficiently
recruit P-TEFb (CDK9/CCNT1) to TAR, an RNA secondary
structure that forms at the first 59 bp of HIV transcripts, to
enhance RNAPII transcriptional elongation. The RNA interfer-
ence of p32 significantly reduced HIV transcription in primary
CD4+Tcells and inHIV chronically infected cells, independently
of either HIV splicing or p32 anti-splicing activity. Conversely,
overexpression of p32 specifically increased Tat-dependent HIV
transcription. p32 was found to directly interact with Tat’s basic
domain enhancing Tat stability and half-life. Conversely, p32
associates with Tat via N- and C- terminal domains. Likely due its
scaffold properties, p32 also promoted Tat association with TAR,
p-TEFb and RNAPII enhancing Tat-dependent HIV transcription.

Conclusions: In sum, we identified p32 as a novel host factor
that interacts and stabilizes Tat protein, promotes Tat-dependent
transcriptional regulation, and may be explored for HIV targeted
transcriptional inhibition.
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PP 1.30 – 00159
Dating HIV-1 reservoir formation in ARV-suppressed Ugandans
E.N. Kankaka1,2, A.D. Redd2,3,4, S.J. Reynolds1,2,3, S. Saraf3, C. Kirby2,
B. Lynch3, J. Hackman3, S. Tomusange1, T. Kityamuweesi1, S. Jamiru1,
A. Anok1, P. Buule1, D. Bruno5, C. Martens5, T.C. Quinn2,3, J.L. Prodger6,
A. Poon7
1Rakai Health Sciences Program, Kalisizo, Uganda, Africa;
2Division of Infectious Diseases, Johns Hopkins University School of Medicine,
Baltimore, MD, USA;
3Laboratory of Immunoregulation, Division of Intramural Research, National
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Medicine and Dentistry, Western University, London, Ontario, Canada

Background: A small but stable population of latently infected
cells, predominantly CD4+ T cells, allows long-term persistence
of replication-competent proviruses despite antiretroviral
therapy, precluding a cure. The timing of the latent viral reservoir
(LVR) establishment is of interest, due to evidence that suggest
proviruses are preferentially archived at the time of ART
initiation. We used bayroot, a Bayesian extension of root-to-tip
regression, to determine temporal patterns of LVR establishment
in a Ugandan cohort.

Methods: The reverse transcriptase region of pol and the gp41
region of env were deep sequenced from Quantitative viral
outgrowth assays (QVOA) and pre-ART plasma of Ugandans
living with HIV-1, who were virally suppressed on ART for > 1
year with known seroconversion windows and at least two
archived ART naïve plasma samples. Maximum likelihood
phylogenies were reconstructed and rooted using root-to-tip
regression, with sampling dates of reservoir sequences censored.
The rooted tree was the input for bayroot, constraining the root
date to the seroconversion window, and integration date
estimates to between seroconversion and ART initiation. This
method was also applied to estimate integration dates using
previously published data from HIV-infected South African
women (CAPRISA cohort).

Results: Participants in the Ugandan cohort (n= 11) were
observed for a median of 6.5 (IQR 5.7–8.3) and 10.6 (IQR 7.5–
11.7) years before and after ART initiation, respectively. Most of
the Ugandans (10/11) were infected with HIV-1 subtype D, and
87.9% of the pre-ART and 56.3% of the viral outgrowth
sequences were unique (CI= 77.4–98.4 and 39.8–72.8%
respectively). Integration dates were estimated to be relatively
evenly distributed throughout viremia in 9/11 Ugandan partici-
pants. In contrast, in the CAPRISA cohort, sequences were more
commonly estimated to have entered the LVR close to ART
initiation, as previously reported.

Conclusions: Timing of LVR establishment is variable
between populations. Interventions to limit LVR establishment
around the time of ART initiation may have variable individual-
level effects.
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Chimeric proviral/human transcription events at the BACH2
integration locus in cellular models for chronic HIV infection
U. Lange1,3, C. Schwarz1, L. Brauckmann1, J. Frouard2, N.R. Roan2
1Leibniz Institute of Virology, Hamburg, Germany;
2Gladstone Institutes, UCSF, San Francisco, USA;
3Institute for Infection Research and Vaccine Development, University Medical
Center Hamburg–Eppendorf, Hamburg, Germany

Background: Chronic HIV-1 infection is characterized by
accumulation of proviral sequences in the genomes of HIV
target cells. Integration of viral-derived DNA is found at
preferential loci, suggesting site-specific crosstalk between viral
sequences and human genes. This crosstalk has been postulated
to play a role in emergence of clonal infected cell populations.
One prominent locus for viral/human crosstalk is the BTB
Domain and CNCHomolog 2 (BACH2) gene. Up to 40% of people
living with HIV (PLWH) are thought to carry proviral sequence
integrations in BACH2. Studies indicate that these integrations
alter cell physiology through LTR exaptation and aberrant
splicing events.

Methods: To decipher HIV/BACH2 crosstalk, we have used
CRISPR/Cas9-based genome engineering to generate several cell
models with BACH2-HIV-1 reporter integrants. Clonal lines were
verified extensively for correct targeting and analysed for LTR
activity, inducibility and epigenetic regulation. Furthermore, we
used targeted transcriptional activation to decipher LTR/BACH2
crosstalk at transcriptomic level.

Results: Using cell line models that mimic proviral BACH2
integrations observed in PLWH, we show that LTR transcriptional
activity is repressed in BACH2 intronic regions associated with
integrations in vivo. This repression is not observed in regions
devoid of in vivo integrations.We demonstrate that these findings
are reflected in epigenetic modifications on the LTR.
Furthermore, we studied the emergence of LTR/BACH2 chimeric
transcription events, that have previously been reported to occur
in vivo. We demonstrate how chimeric transcription is influenced
by latency reversing agents or compounds proclaimed to supress
LTR-derived gene expression. Finally, we used transcriptome
analysis to define targets of LTR/BACH2 chimeric transcripts.

Conclusions: Our study provides first mechanistic insight
into features of proviral/BACH2 crosstalk that might contribute
to our understanding of pathogenic effects observed in PLWH on

Figure 1 (abstract: PP 1.30–00159) Distribution of integration dates in tertiles
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ART, such as clonal expansion of infected cell and chronic
immune activation.
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cGAS/STING Signaling Drives HIV-1 Replication in Acutely Infected
Macrophages
T. Hanley1
1University of Utah Health, Salt Lake City, USA

Background: Macrophages play an important role in HIV-1
pathogenesis in vivo, including serving as a major viral reservoir
that contributes to viral persistence during antiretroviral therapy.
The determinants that govern HIV-1 replication in macrophages
are not well understood. We hypothesize that recognition of
double stranded DNA by cGAS/STING drives NF-kB-dependent
HIV-1 replication at early time points after viral infection of
macrophages.

Methods: Monocyte-derived macrophages (MDMs) infected
with HIV-1 were used to evaluate the effects of NF-kB and cGAS/
STING inhibition on viral replication and transcription. Western
blot and ELISA analyses were used to evaluate NF-kB transloca-
tion to the nucleus in response to viral infection. Chromatin
immunoprecipitation (ChIP) analysis was used to evaluate
transcription factor recruitment to the viral promoter. Single
cell RNA sequencing (scRNA-Seq) was used to evaluate tran-
scriptomic changes in macrophages in response to HIV-1
infection.

Results: We demonstrated that shortly following infection
with HIV-1, the p65 subunit of NF-kB translocates to the nucleus
and associates with the HIV-1 promoter. The inhibition of NF-kB
signaling, but not NFAT or AP-1 signaling, was sufficient to
prevent HIV-1 replication in MDMs. The vital role of NF-kB
signaling in HIV-1 replication inMDMswas confirmed by scRNA-
Seq that demonstrated a significant increase in NF-kB activity in
infected cells. Inhibition of cGAS/STING signaling led to a
significant decrease in HIV-1 replication in MDMs, whereas
inhibition of other innate immune receptors did not. Conversely,
activation of cGAS/STING signaling in infected MDMs led to an
increase in viral replication in an interferon and NF-kB-
dependent manner. Finally, knockdown of STING using shRNA
led to a significant decrease in HIV-1 replication in acutely
infected MDMs. Together, our data suggest that cGAS/STING-
mediated activation of NF-kB is necessary for viral replication in
acutely infected macrophages.

Conclusions: Our studies implicate the cGAS/STING/NF-kB
signaling axis as a driver of HIV-1 replication in acutely infected
macrophages and suggest that this pathway might serve as a
target to prevent the establishment of the macrophage reservoir.
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Integrated single-cell multi-omic profiling of HIV latency reversal
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A. Oesterling6, Z. Guo6, C. Rudin6, Y. Jiang7, E. Browne2
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University of North Carolina At Chapel Hill, Chapel Hill, USA;
2Department ofMicrobiology And Immunology, School ofMedicine, University
of North Carolina At Chapel Hill, Chapel Hill, USA;
3Curriculum In Bioinformatics And Computational Biology, School of
Medicine, University of North Carolina At Chapel Hill, Chapel Hill, USA;
4Department of Medicine, Duke University Medical Center, Durham, USA;
5Hiv Cure Center, University of North Carolina At Chapel Hill, Chapel Hill,
USA;
6Department of Computer Science, Duke University, Durham, USA;
7Department of Biostatistics, Gillings School of Global Public Health,
University of North Carolina At Chapel Hill, Chapel Hill, USA

Background: Despite the substantial success of antiretroviral
therapy, HIV cannot be cured because of the persistence of stable
cellular latent reservoirs, a major obstacle for the complete
eradication of HIV. A deeper understanding of the mechanisms of
transcriptional and epigenetic regulation of HIV latency will be
required to fully reactivate HIV gene expression and ultimately
deplete the reservoirs.

Methods: To understand themolecularmechanism of latently
infected cells, we employed an integrated single-cell RNA-seq
and ATAC-seq approach to simultaneously profile the transcrip-
tomic and epigenomic landscape of latently infected cells
partially reactivated with three latency-reversing agents (LRAs)
with different mechanisms of action, Prostratin (PKC activator),
iBET151 (Bromodomain inhibitor) and Vorinostat (HDAC
inhibitor). Differentially expressed genes from scRNA-seq and
differentially accessible chromatin peaks from scATAC-seq were
examined for perturbation of known transcriptional pathways
and enrichment of specific transcription factor (TF) binding sites
in differentially open chromatin regions, respectively.

Results: We obtained high-quality multi-omic profiles of
∼40 000 HIV-infected primary CD4 cells. Across the dataset we
observed that reactivation of HIV transcription was highly
correlated with proviral accessibility. From these data we were
able to define set of host cell transcripts and TFs, whose
expression or activity was correlated with viral gene expression.
Furthermore, we demonstrate that a multivariate machine-
learning model trained on these data was 72% accurate at
predicting viral reactivation. In addition, we validated the role of
a new candidate HIV-regulating factor, GATA3, in the viral
response to prostratin.

Conclusions: In summary, we have demonstrated the power
of integrated multi-modal single-cell analysis to uncover novel
relationships between host cell transcripts, chromatin accessibil-
ity, and TF dynamics in HIV infected cells. These methods will
likely lead to further insights and the identification of novel
targets for latency-reversing agents.
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PP 1.34 – 00170
Intestinal endothelial cells substantially increase HIV infection and
latency in resting and activated CD4+ T cells, particularly affecting
CCR6+ Th17 subpopulation
J. Eddy1, F. Pham1, R. Chee1, E. Park1, N. Dapprich1, A. Shen1
1Calvin University, Grand Rapids, USA

Background: With suppressive antiretroviral therapy, HIV
infection is well managed in most patients. However, eradication
and cure are still beyond reach, and lifelong therapy is required.
The primary reason is due to latent viral reservoirs especially in
CD4+ T cells. In untreated patients as well as most successfully
treated patients there are intestinal pathology including massive
depletion of T helper cells and bacterial translocation. Th17 cells
in the intestinal mucosal area are particularly affected. Latent
reservoir in CD4+ T cells are also found in gut associated
lymphatic tissues. In this study we examined intestinal endothe-
lial cells for their impact on HIV infection and latency in CD4+
T cells.

Methods: CD4+ T cells from peripheral blood were isolated
and co-cultured with intestinal endothelial cells. A GFP expres-
sing reporter virus was used to infect T cells cultured alone or
cultured with endothelial cells. Productive infection was
examined 6 days post infection, while latent infection was
examined by sorting GFP negative cells on day 8 post infection
and stimulating with and without PMA/Ionomycin.

Results: We found that intestinal endothelial cells dramatic-
ally increased HIV infection in resting CD4+ T helper cells, in
productive infection as well as latent infection. In activated
CD4+ T cells, endothelial cells enabled the formation of latent
infection in addition to the increase of productive infection.
Endothelial-cell-mediated HIV infection involved integrins
(ICAM and VCAM) and the cytokine IL-6. CCR6+ Th17
subpopulation was particularly susceptible to such endothelial
cell promoted infection.

Conclusions: Endothelial cells, which are widely present in
lymphoid tissues including intestinal mucosal area and interact
regularly with T cells physiologically, significantly increase HIV
infection and latent reservoir formation in CD4+ T cells,
particularly in CCR6+ Th17 cells. Our study highlighted the
importance of endothelial cells and the tissue environment in
HIV pathology and persistence.
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A histone deacetylase network regulates epigenetic reprogramming
and viral silencing in HIV infected cells
J. Peterson1, C. Lewis1, S. Burgos1, A. Manickam1, Y. Xu1, G. Clutton1,
J. Simon1, D. Margolis1, N. Goonetilleke1, E. Browne1, A. Rowley1,
B. Richardson1, F. Zou1
1UNC School of Medicine, Chapel Hill, USA

Background: During HIV infection, a latent viral reservoir is
formed in CD4 T cells that persists during antiretroviral therapy
(ART) and is maintained by a heritable state of transcriptional
repression. Recent findings indicate that approximately 70% of
the latent reservoir originates from infections occurring in the
months near the time of ART initiation, raising the possibility
that interventions during this period might prevent reservoir
seeding and reduce reservoir size. Based on this concept, we

tested the ability of compounds that target epigenetic machinery
to prevent the establishment of latent HIV infection in primary
CD4 T cells.

Methods: HIV latency is modeled in primary CD4+ T cells
isolated from healthy donors. T cells are activated by TCR
stimulation and infected with HIV-NL4-3Δ6-dreGFP/Thy1.2
virus. Infected T cells were cultured with standard tissue
culture practices in the presence of IL7 and IL2 and monitored
by flow cytometry for viral gene expression (GFP/Thy1.2) and for
immune surface markers to identify immune cell subsets. Protein
expression was assessed by immunoblot analysis and histone
mark binding to genomic/viral targets was accomplished using
CUT&RUN. Genetic manipulations were accomplished by elec-
troporating with CRISPR-CAS9 ribonucleoproteins directed
against targets of interest.

Results: We identified class 1 histone deacetylase inhibitors
(HDACi) as potent agents of latency prevention, an activity
distinct from latency reversal. Inhibiting HDACs in productively
infected cells caused extended maintenance of HIV expression,
even after HDACi withdrawal, and this activity was associated
with persistently elevated H3K9 acetylation and reduced H3K9
methylation at the viral LTR promoter region. HDAC inhibition in
HIV-infected CD4 T cells during effector-to-memory transition
also led to changes in the memory phenotype of infected cells.
Through knockout of individual HDACs and use of HDAC-
selective inhibitors, we determined that HDAC1/2 and HDAC3
play crucial and distinct roles in proviral silencing initiation.

Conclusions: Overall, this work indicates that a network of
HDACs regulate a critical gateway process for HIV latency
establishment and are required for the development of CD4 T-
cell memory subsets that preferentially harbor long-lived, latent
provirus. Epigenetic reprogramming by clinical targeting of
HDACs during ART initiation may represent a novel way to
prevent seeding of the HIV reservoir in vivo.
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Effect of HIV-1CTransmitted/FounderViruses 5′ LTRand tat Genetic
Variation on Viral Reservoir Size and Latency Reversal Potential
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4Ragon Institute of Massachusetts General Hospital, Massachusetts Institute of
Technology, and Harvard University, Cambridge, MA, USA;
5Division of Infection and Immunity, University College London, London,
United Kingdom

Background: Persistence of the latent viral reservoir presents a
major block to HIV-1 cure. However, the mechanisms that govern
HIV-1 latency are unknown. The viral promotor, long terminal
repeat (LTR), drives viral transcription and is enhanced by
Transactivator of transcription (Tat). Studies have reported inter-
and intra- subtype LTR and tat genetic variation which translates
into functional differences. However, the effect of this genetic
variation on viral latency development or reversal is unknown,
hence this study seeks to address this. Furthermore, the only HIV
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latency model available is subtype B based, referred to as JLAT.
On the other hand, HIV-1C is responsible for approximately 46%
of global HIV infections and is predominant in sub-Saharan
Africa. Therefore, this study undertook to establish a HIV-1C
latency model, C-JLAT.

Methods: A minimal genome reporter virus (termed
“C731CC”) was constructed using HIV-1C consensus LTR and
Tat. Jurkat cells were infected with C731CC and subsequently
GFP- cells representing true negative and latent cells were sorted
by FACS. These GFP- cells were stimulated with phorbol 12-
myristate 13-acetate (PMA) and cells expressing GFP after
stimulation were then FACS sorted and cultured until they
reverted back to a latent stage. HIV-1B andHIV-1C Tat expression
was measured by western blot. The reactivation potential of HIV-
1 subtype B and C was determined by reactivating JLAT vs. C-
JLAT.

Results: Our data demonstrate that JLAT and C-JLAT express
the same levels of Tat. Interestingly, HIV-1B was twice as more
sensitive to stimulation with PMA, compared to subtype C.

Conclusions: Taken together our data suggests that subtype C
has a higher propensity for establishing a more latent provirus
than subtype B. Ongoing studies involve measuring the amount
of integrated copies with Alu-gag PCR in both subtypes, as well as
replacing the consensus HIV-1C LTR and Tat in C731CC with
patient-derived sequences. These viruses will subsequently be
used to infect Jurkat cells to measure the reactivation potential of
the different patient viruses with different latency reversing
agents.
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Investigating Short-Term Effects of COVID-19 mRNAVaccination on
Plasma Viremia and Intact HIV Reservoir Size in Individuals
Receiving Antiretroviral Therapy (ART)
M.C. Duncan1,2, F.H. Omondi1,2, N.N. Kinloch1,2, H.R. Lapointe2,
S. Speckmaier2, N. Moran-Garcia2, C.F. Lowe3,4, M.G. Romney3,4,
T. Lawson3, M. Harris2,5, M.A. Brockman1,6, Z.L. Brumme1,2
1Faculty of Health Sciences, Simon Fraser University, Burnaby, Canada;
2BC Centre for Excellence in HIV/AIDS, Vancouver, Canada;
3Division of Medical Microbiology and Virology, St. Paul’s Hospital,
Vancouver, Canada;
4Department of Pathology and Laboratory Medicine, University of British
Columbia, Vancouver, Canada;
5Faculty of Medicine, University of British Columbia, Vancouver, Canada;
6Department of Molecular Biology and Biochemistry, Faculty of Science,
Simon Fraser University, Burnaby, Canada

Background: Anecdotal reports of transient HIV viremia in ART-
suppressed individuals following COVID-19 mRNA vaccination
suggest a possible stimulatory effect on the HIV reservoir. This
was further supported by a recent study demonstrating that Nef-
specific CD8+ T cells increased and acquired granzyme-B
effector function following BNT162b2 vaccination, and that
this correlated with markers of immune-mediated suppression of
HIV-transcribing cells. That study however did not investigate
plasma HIV viremia nor demonstrate significant alterations in
reservoir size in the subset of 13 participants assessed. We

investigated the effects of COVID-19 mRNA vaccination on
plasma viremia and reservoir size in 62 ART-treated individuals.

Methods: Samples were collected pre-vaccination, and at one
month post-first and -second COVID-19 mRNA vaccine doses.
HIV plasma viral loads (pVL) were measured using the Cobas
6800 system (lower limit of quantification=20 copies/mL).
Total and intact HIV copies/million CD4+ T cells were
determined using the Intact Proviral DNA Assay (IPDA), using
custom primers to accommodate within-host HIV polymorphism
where needed.

Results:Of 62 participants (89%male), 43, 16 and 3 received
BNT162b2/BNT162b2, mRNA-1273/mRNA-1273 or heterol-
ogous regimens, respectively. No significant changes in pVL
were observed after vaccination (all p> 0.2, see Figure). HIV
pVL was <20 copies/mL in 82% of samples pre-vaccination
(range:<20–110 copies/mL), 79% one month post-first-dose
(range:<20–183 copies/mL), and 85% one month post-second-
dose (range:<20–57 copies/mL). To date, IPDA is complete for
46 (74%) participants at pre-vaccination and post-first-dose. No
significant changes in intact reservoir size were observed
between these timepoints: prior to vaccination, the median
intact reservoir size was 77 (IQR:27–195) HIV copies/million
CD4+ T-cells; one month post-first-dose, the median was 86
(IQR:36–194) (p= 0.26). The 5′ and 3′ defective proviral
burdens also showed no temporal trends (all p> 0.15), and the
lack of temporal trends in pVL and intact reservoir measures
remained when stratifying the data by sex and vaccine regimen
(all p> 0.2).

Figure. Plasma Viral Load (left) and IPDA (right) Results

Conclusions:While COVID-19 mRNAvaccines may stimulate
HIV-specific immune responses in ART-treated individuals, our
preliminary results suggest that they do not induce measurable
changes in intact reservoir size nor induce lasting plasma HIV
viremia.
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PP 1.38 – 00212
Characterization of SIV infected mast cells in early foci of rebound
after ATI and HIV infection of primary mast cells in tissue culture
models reveals an important new player in viral persistence and
pathogenesis
T. Hope1, Y. Thomas1, S. Samer1, M. Shoaib Arif1, I. Clerc1, A.M. Carias1,
E.J. Allen1, M.D. McRaven1, D.A. Vanover2, M. Arainga Ramirez3,
P.J. Santangelo2, F. Villinger3, E. Martinelli1
1Department of Cellular and Developmental Biology, Feinberg School of
Medicine, Northwestern University, Chicago, IL, USA;
2Wallace H. Coulter Dept of Biomedical Engineering, Georgia Tech, Atlanta,
GA, USA;
3New Iberia Research Center, University of Louisiana at Lafayette, New Iberia,
Louisiana, USA

Background: HIV persistence during ART has traditionally been
attributed to a population of long-lived, latency, infectedmemory
T-cells. A PET/CT 64Cu-FAB2 probe (7D3) used to localize SIV
envelope expression, revealed SIV-infected mast cell (MCs) in the
rebounding zone of expanding viral replication within mucosal
and lymphatic tissues during the eclipse phase. The identification
of these infected mast cells is consistent with multiple publica-
tions reporting HIV and SIV infection of MCs published in the
2000’s. MCs are known for their role in allergy and anaphylaxis
and coordinate the innate and adaptive immune systems by
releasing key mediators of inflammation.

Methods: Viral replication was assessed by mCherry and GFP
reporter expression. Additionally it was tracked by p24 expres-
sion after supernatant quantification. As previously reported, the
infected MC culture exhibited a decreased p24 expession over
time. LPS,or other NFkB stimulating treatment could reverse viral
quiescence, stimulate p24 expression, and facilitate viral spread
in tissue culture. Productive infection was confirmed by
quantification of proviral DNA and immunofluorescence staining
for Gag and envelope.

Results: Primary skin and mucosal MCs and MC derived cells
lines were found to express CD4 and CCR5 in variable frequencies
making them suspectable to R5-topic viruses. Thus considering
their long-life and susceptibility to HIV infection, we investigated
MC-derived cell lines and primary skin and gut MCs for their
susceptibility to HIV infection. We find that MCs are readily
infected by HIV and SIV. Viral replication was typically observed
to be reduced over time, as mast cells return to their resting state.
When p24 production decreased overtime, LPS stimulation could
reverse viral quiescence, stimulating p24 production and viral
spread in the culture.

Conclusions: Taken together, these data suggest MCs play a
key role in SIV/HIV replication during infection. The central role
of MCs as mediators of inflammation is consistent with a role in
chronic inflammation, even during efficient viral suppression.
The observed ability of viral production in infected MCs to
become quiescent as the MCs returns to its normal resting state,
suggests that normal resting MCs cells could contribute to
residual viremia while on ART, and furthermore could re-seed
HIV rebound of infection during ATI.
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The level of cell activation is associated with the pre-integrative
latency of HIV linear DNA
H.M. Roux1, S. Figueiredo1, L. Sareoua1,M. Salmona2,3,4,5, J. Hamroune1,
L. Adoux1, J. Migraine2, F. Clavel3,5,6, R. Cheynier1, J. Dutrieux1,6,7
1Université de Paris, Institut Cochin, INSERM, U1016, CNRS, UMR8104,
F-75014, Paris, France;
2INSERM U1259, Tours, France;
3Université de Paris, Paris, France;
4INSERM U976, Paris, France;
5Assistance Publique Hôpitaux de Paris, Hôpital Saint Louis, Laboratoire de
Virologie, Paris, France;
6INSERM U941, Paris, France;
7Viral DNA Integration and Chromatin Dynamics Network (DyNAVir)

Background: Unintegrated HIV DNA represents between 20 to
35% of the total viral DNA in infected patients. Only the
unintegrated linear DNA (ULDs) can be substrates for integration
and for the completion of a full viral cycle. In quiescent cells,
these ULDs may be responsible for pre-integrative latency. The
objective of our study was to determine the dynamics and the
half-life of ULDs depending on the activation of the host cell.

Methods: Due to the lack of specificity and sensitivity of
existing techniques, the detection of these ULDs remains difficult
to date. We developed an ultra-sensitive, specific and high-
throughput technology for ULD quantification called DUSQ
(DNA Ultra-Sensitive Quantification) which combines linker-
mediated PCR with NGS using molecular barcodes. We then used
the DUSQ technology to calculate the half-life of ULDs in
activated or quiescent T-cells and in macrophages, in the absence
of integration.

Results: In activated T-cells, we were able to determine that
the ULD half-life was of 0.5 days (allowing a persistence of about
5 days). In contrast, in macrophages, the half-life was of 3 days (i.
e. a persistence of about 1 month) and in resting T-cells it was up
to 11 days (i.e. a persistence of 3 months). Finally, as a proof of
concept of the use of DUSQ in human cohorts, we were able to
quantify ULDs in spleen and blood samples from patients
chronically infected with HIV-1.

Conclusions: Using the DUSQ technology, our results
estimate for the first time the half-life of ULDs in cells as a
function of their activation level. Indeed, in the absence of
integration, pre-integration latency exists primarily through the
cells’ ability to degrade or circularize ULDs. These results provide
proof of concept for the use of DUSQ in future cohorts to track
pre-integrative latency. Moreover, DUSQ can be easily adapted to
the detection of any other rare DNA molecules that are not easily
quantifiable by existing molecular biology techniques.
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PP 1.40 – 00074
Blood Brain Barrier Pericytes and the Molecular Impact of Active
and Latent HIV Infection
O. Naranjo1, S. Torices1, P. Clifford1, M. Stevenson2, M. Toborek1
1Biochemistry And Molecular Biology, University of Miami Miller School of
Medicine – Miami, United States;
2Division of Infectious Disease, University of Miami Miller School of
Medicine – Miami, United States

Background/Aims: One of the prevailing health concerns in
HIV-1 management is that virally suppressed patients remain at
increased risk of HIV-associated comorbidities. Indeed, several
epidemiological studies have delineated a higher susceptibility to
mental health and neurodegenerative diseases where 15–20%
suffer from depression, 1–5% experience a stroke in their
lifetime, and 4–34% show ischemic lesions at autopsy. The CNS
was once thought to be protected from infection however recent
experiments on cells of the neurovascular unit show that
astrocytes, microglia, and blood brain barrier pericytes are all
capable of active and latent HIV infection. BBB pericytes are
multifunctional cells that regulate brain paracellular and
transendothelial fluid transport, maintain homeostasis of the
CNSmicroenvironment, andmaintain BBB integrity. Due to their
position between the periphery and the CNS we hypothesize that
BBB pericytes are a key cell type for understanding the
neuropatholagies experienced by patients with HIV.

Methods: We use a novel HIV reporter, named HIVGKO, a
dual fluorescent reporter that allows for identification of cells at
different stages in HIV infection. The molecular signatures of
actively infected pericytes and their latently infected counter-
parts within the same culture were assessed using fluorescence
cell sorting, RNA isolation, and RNA sequencing.

Results: Statistical analysis reveals several distinct molecular
signatures when comparing latent, active, and uninfected cell
populations. Among the most distinct pathways between latent
and active infected pericytes are estrogen receptor signaling,
mitochondrial dysfunction, and the sirtuin signaling pathway.

Conclusion: These findings provide key insights into the
molecular signatures affecting HIV infection of BBB pericytes and
may help to develop future targets for the treatment of HIV at the
neurovascular unit.
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Spatial Transcriptomics and the Search for the Latent HIV-1 Cell
Niche
D. Dunn1, L. Iñiguez1, P. Del Rio2, K. Newcombe1, J. Crater1,
D. Copertino, Jr. 1, M. De Mulder Rougvie1, S. Ávila-Ríos2, D. Nixon1,
R. Furler O’Brien1
1Weill Cornell Medicine - New York, United States;
2Centro De Investigación En Enfermedades Infecciosas - Mexico City, Mexico

Background/Aims: Although ART decreases detectable levels of
HIV-1 RNA in the peripheral blood, it does not eliminate latently
infected reservoirs within tissues. Viral replication rebounds once
treatment is interrupted and identifying these persistent HIV-1
reservoirs in virally suppressed patients presents a major
roadblock to HIV-1 Cure research. Molecular characterization
and manipulation of these persistent HIV-1 reservoirs within
human peripheral lymph provide valuable information on the

virological and immunological microenvironment that limits
viral eradication. Human tissues may provide a more physio-
logical model to bridge classic in vitro experiments to human
HIV-1 Cure clinical trials.

Methods: We characterized the transcriptomic profile of
persistent HIV-1 reservoirs in primary human lymph nodes using
the 10X Visium platform. For spatial transcriptomics analysis,
lymph nodes were snap frozen immediately following biopsy and
embedded in OCT. Lymph node sections (10μm) were placed
onto the 10XVisium slides, stainedwithH&E and imaged prior to
RNA-Seq library prep.

Results: Following sequencing and bioinformatics analysis
with 10X SpaceRanger software, data visualization was done
using the 10X Loupe Browser and additional bioinformatics
pipelines. We ran multiple analyses to increase our sample
resolution and data yield. Harmony is an algorithm that groups
cell by type and integrates data sets from multiple tissues,
effectively eliminating variation between data sets to produce a
single product. BayesSpace and SPOTlight resolve the issue of
limited resolution of the spots on the 10X Visium platform.
Finally, we used MISTy (Multiview Intercellular SpaTial model-
ing framework), which is a machine learning program that maps
the cell-cell interactions and the relationships between the
structural regions of the tissue. MISTy examines single cell
specific information (intrinsic view), neighboring cells ( juxta-
view), and whole tissue information (paraview) to investigate
specific tissue niche.

Conclusion: Molecular characterization and biomarker iden-
tification of persistent HIV-1 reservoirs that reside within human
tissues has been a major hurdle in the fight against HIV-1. To
address this, we analyzed human lymph nodes using the 10X
Visium platform to spatially characterize the transcriptomic
profile of persistent HIV-1 reservoirs in human lymph nodes.
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Functional Polarization of Human Monocyte-Derived Macrophage
into M1-Proinflammatory Cells Restricts Both HIV-1 and Zika Virus
Replication
G. Poli1, I. Pagani1, S. Ghezzi1, E. Vicenzi1, J. Vasquez2
1Università and Irccs Vita-Salute San Raffaele – Milano, Italy;
2Ucsf - San Francisco, United States

Background/Aims: M1-polarization by short-term stimulation
with pro-inflammatory cytokines of human MDM leads to a
partial restriction of R5 HIV-1 replication. Furthermore, resti-
mulation of infected M1-MDM with the same cytokines several
days after infection drives HIV-1 to a state of reversible latency.
Therefore, we have investigated whether a similar pattern could
be observed upon MDM infection by a different RNA virus, i.e.
ZIKA virus (ZIKV), a flavivirus associated with an outbreak of
microcephaly in newborns.

Methods: Human monocytes were purified by PBMC by
Percoll density gradient and allowed to differentiate into MDM
for 5–7 days. Cells were then incubated or not with IFN-g and
TNF-a for 18 h in order to obtain M1-MDM. Cytokines were then
removed and both M1 and control, unpolarized cells were
infected either with R5 HIV-1 BaL or with different ZIKV strain at
the MOI of 0.1 and 1, respectively. HIV-1 replication was
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monitored by RT activity whereas ZIKV replication was
quantified by PFU assay. Additional methods were adopted to
further characterize the pattern of viral restriction in M1 cells
observed with both human RNA viruses.

Results: M1-polarized MDM restricted R5 HIV-1 replication
while it upregulated the expression of APOBEC3A (A3A), a
putative restriction factor; restimulation of infectedM1-polarized
MDM with the same pro-inflammatory cytokines 7 days after
infection drove virus expression into a quasi-latent state that was,
however, reversible by coculture with allogenic PHA-stimulated
PBMC, as reported. These findings were confirmed by in situ
hybridization analysis for simultaneous HIV DNA and RNA
detection (unpublished). Concerning ZIKV infection, this flavi-
virus productively infected both freshly isolated human mono-
cytes and, even more efficiently, their MDM. M1-polarization
significantly inhibited ZIKV replication in MDM. Neither mono-
cytes nor MDM showed evidence of cytopathic ZIKV infection.
Among putative entry receptors for ZIKV, Mer, but not Axl, was
highly expressed byMDM andwas strongly downregulated inM1
cells vs. control and M2-MDM. M1 polarization of human MDM
resulted in the upregulation of ISG such as OAS2, MXA and
ISG15.

Conclusion: M1 polarization of MDM leads to a partial
restriction of multiple human RNA virus infection, as HIV-1 and
ZIKV replication likely involving multiple mechanisms.
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Evaluating integrated HIV-1 quasispecies using Near Full Length
sequencing in ART-suppressed individuals in the Drexel CARES
Cohort
M. Collins1, D. De Souza1, W. Dampier1, C. Spector1, V. Pirrone1,
S. Passic1, K. Malone1, S. Tillman1, B. Wigdahl1, M. Nonnemacher1
1Drexel University – Philadelphia, United States

Background/Aims: The integrated human immunodeficiency
virus type 1 (HIV-1) provirus forms a stable but latent viral
reservoir in various tissues. It has been shown that both
replication competent and defective proviral sequences exist in
the viral reservoir. At least some defective proviruses are able to
produce viral proteins.Whilemany individuals achieve undetect-
able levels of replicating virus as a result of anti-retroviral therapy
(ART), current methods for monitoring viral load may not reflect
the full landscape.

Methods: Droplet digital PCR (ddPCR), along with near full-
length (NFL) amplification and third-generation sequencing
(TGS) are valuable tools to evaluate the absence or presence of
genes which may contribute to chronic HIV-1 neuropathogenesis
and disease. Furthermore, these strategies can help predict and
evaluate efficacy of CRISPR gene editing techniques. Sequencing
the PBMC compartment has shown an approximate 30 percent
failure of amplification of the viral genomic regions capable of
encoding viral accessory proteins. We hypothesized that the
reason for such differential results could be due to accumulation
of replication incompetent defective proviruses. Given these
observations, we have used NFL strategies to target provirus and
examine the full spectrum of integrated proviruses within the
PBMC compartment of individuals in context of cognitive
impairment from the Drexel patient cohort and between the

spleen and brain from the National NeuroAIDS Tissue
Consortium (NNTC) Cohort.

Results: Amplicon analyses were conducted utilizing
theMinION Nanopore TGS platform. Initial results showed
ART-suppressed individuals had mostly defective virus as the
predominant species with the number of full-length amplicons
differing at the patient level with no clear clinical link.

Conclusion: Art-suppressed individuals have a majority of
defective virus but full-length reads are still observed linking to
why individuals rebound after ART-cessation. Future analyses
will apply the NFL strategy to examine the potential role of
defective genomes in the emergence of neuroHIV.
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Longitudinal evaluation of epigenetic age among people living
with HIV (PLWH) undergoing multimodal curative interventions
M. Corley1, N. Mantovani2, L. Giron3, A. Pang1, J. Galinskas2, D. Dias2,
J. Hunter2, A. Savarino4, R. Diaz2, L. Ndhlovu1
1Weill Cornell Medicine, New York, USA;
2Universidade Federal De São Paulo, Sao Paulo, Brazil;
3The Wistar Institute, Philadelphia, USA;
4Italian Institute of Health, Rome, Italy

Background: Accelerated epigenetic aging is associated with
HIV infection based on epigenetic clock algorithms constructed
from dynamic DNA methylation states that change with age. We
previously showed candidate host epigenetic marks predicative
for HIV reservoir size, responsiveness to latency reversal, and
viral rebound. Yet, whether epigenetic age in PLWH is impacted
and potentially accelerated by multimodal antiretroviral and
immune-based curative interventions remains undetermined.

Methods: Retrospective longitudinal DNA methylation pro-
files were obtained from 30male PLWH on ART at baseline, week
24, and week 48 who participated in combination interventions
designed for eradicating residual plasma viremia and decreasing
HIV reservoirs (NCT02961829). Six study arms with 5 partici-
pants each included: 1. Continuation of ART, 2. Intensified ART
(ART+Dolutegravir+Maraviroc), 3. Intensified ART andHDACi
(ART+ Dolutegravir+Maraviroc+Nicotinamide), 4. Intensified
ART and Auranofin (ART+Dolutegravir+Maraviroc+
Auranofin), 5. Partially intensified ART (ART+Dolutegravir)
followed by dendritic cell vaccine, and 6. Partially intensified
ART (ART+ Dolutegravir)+Nicotinamide+Auranofin followed
by dendritic cell vaccine. Group 3 included the São Paulo Patient
that rebounded at 511 days following analytical treatment
interruption.

Results: At baseline study entry prior to intervention for all
participants, we observed that an increased DNA methylation
inferred percentage of CD8+CD28-CD45RA- T cells in blood
significantly associated with shorter time to viral rebound after
treatment interruption (r=−0.44, P= 0.03). We observed no
significant group differences comparing baseline, week 24, and
week 48 timepoints in epigenetic clock measures of biological
age, mortality prediction, and telomere length (Horvath Clock,
Hannum Clock, Horvath MultiTissue Clock, DunedinPoAm45,
PhenoAge Clock, DNAmTL, and GrimAge Clock) for all six study
arms. Notably, of all the participants assessed only the São Paulo
participant exhibited a potential reversal of epigenetic age of∼15
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years from an estimated epigenetic age of 42.8 years at baseline
to 27.7 years at week 24 and 29.2 years at week 48. Additionally,
this participant showed a decrease in epigenetic mortality risk
and increased inferred telomere length.

Conclusions: Multimodal curative interventions in PLWH do
not accelerate epigenetic biomarkers of aging, mortality risk, and
pace of aging. Findings from the São Paulo patient suggest that
potential interventions that lead to a reversal of epigenetic age
may determine rebound delay.
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Session 2: In Vitro and Animal Model Studies of
HIV Persistence

OP 2.1
CCR5 in HIV Prevention and Cure
Helen L. Wu1, Gabriela M. Webb1, Jonah B. Sacha1
1Vaccine & Gene Therapy Institute and Oregon National Primate Research
Center, Oregon Health & Science University, Portland, OR, USA

Background: CCR5 plays a critical role in HIV infection as the
major viral co-receptor. Individuals naturally lacking surface
CCR5 expression through a homozygous 32 base pair deletion
(CCR5Δ32/Δ32) are highly resistant to HIV infection, and the only
documented cases of HIV cure occurred following allogeneic
stem cell transplantation from CCR5Δ32/Δ32 donors. Mimicking
the CCR5Δ32/Δ32 phenotype is therefore an attractive avenue for
both HIV prevention and cure.

Methods: Leronlimab is a CCR5-specific monoclonal anti-
body that binds to the extracellular loop-2 and N-terminus
domains of CCR5, thereby directly outcompeting HIV for CCR5
engagement and blocking entry to CD4+ T cells. We generated
long-acting leronlimab and administered it to rhesus macaques
prior to weekly rectal challenge with CCR5-tropic SHIV. To test
use of leronlimab in functional cure, an AAV vector expressing
long-acting leronlimab was administered to macaques with
established SHIV infection.

Figure 1 (abstract: PP 1.44–00107) Epigenetic clock estimates during cure trials.
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Results: A single dose of long-acting Leronlimab achieved full
CCR5 receptor occupancy (RO) on CD4+ T cells isolated from
both peripheral blood and rectal biopsies for >12 weeks. A
single dose of long-acting leronlimab also significantly protected
against acquisition following repeated, low dose rectal challenge
with CCR5-tropic SHIV. In macaques with established CCR5-
tropic SHIV infection, resolution of plasma viremia occurred
following the emergence of full CCR5 RO on CD4+ T cells in
peripheral blood. Of note, we observed viral blips concomitant
with transient loss of full CCR5 RO on CD4+ T cells in blood.

Conclusions: Given the safety and protective efficacy of the
naturally occurring CCR5Δ32/Δ32 phenotype, leronlimab is an
attractive addition to the growing arsenal of long-acting
injectables for HIV prevention. AAV vectored delivery of
leronlimab demonstrated proof of concept that the CCR5Δ32/Δ32

phenotype can be phenocopied by gene therapy delivery of CCR5
blockade.
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Characterization of the SIV tissue reservoir transcriptional
environment at the single focus level during ART and post ATI
M. Arif1, S. Samer1, C.T. Thuruthiyil1, M.D. Mcraven1, F. Villinger2,
E. Martinelli1, R. Lorenzo-Redondo1, T. Hope1
1Northwestern University, Chicago, USA;
2University of Louisiana At Lafayette, New Iberia, USA

Background: Despite effective antiretroviral therapy (ART),
HIV-1 persistence is the major obstacle to cure. To eliminate this
reservoir, it is key to identify the cell types involved in viral
persistence and rebound and characterize their tissue micro-
environment during ART, and at and after analytical treatment
interruption (ATI).

Methods: We performed transcriptome analysis of tissues
harboring SIV reservoirs on 20 RNA samples extracted from 10 to
20 um tissue sections from SIV-infected Rhesus macaques (RM).
RMs were intravaginally challenged with SIVmac239, ART
initiated at 4 days and maintained for 6 months, followed by
PET/CT-guided necropsy either during ART or after ATI (early
ATI: 4–10 days; late ATI: 18–24 days post-ATI). 64copper-labelled
probe against viral envelope efficiently detected infection sites as
early as four days post-ATI. Bulk RNA-seq analysis was performed
on ART, early- and late ATI samples. In parallel, we optimized a
pipeline for immunoPET/CT-guided spatial transcriptomics of
tissue areas from tissues with detected SIV from same animals.
Using the 10X-Visium platform and our own optimized pipeline,
we characterized the transcriptomic environment of PET/CT+
“hot” areas of the reservoir vs non-reservoir areas in tissues.

Results: Differential expression analysis of the RNA-seq data
indicates activation of viral responses and cell migration in
tissues that harbor the reservoir two weeks after ATI. Instead, on
ART tissue reservoirs were characterized by an environment in
which catabolic processes and drug metabolism are upregulated,
indicating ART effect on the tissues. Our newly developed
immunoPET/CT-guided spatial transcriptomics allowed us to
identify the transcriptional status of viral production foci of the
tissue reservoir. In day18 post-ATI tissues with detectable SIV we
identify foci of viral rebound associated to differential transcrip-
tional patterns compared to non-reservoir areas. Here, we detect

the activation of genes associated to metabolic processes, cell
localization, and cytokine immune signaling. The combination of
both analyses indicates that active SIV rebounding foci might be
characterized by immune cell migration and cytokine signaling.

Conclusions: Our newly developed techniques combining an
immunoPET/CT guided system with genomics and spatial
transcriptomics allow us to identify with unprecedented detail
possible markers of tissue reservoirs and characterize the cell
types involved in maintenance and recovery of the SIV reservoir.
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OP 2.3 – 00117
The EZH2 inhibitor Tazemetostat increases MHC I antigen
presentation in vitro and in vivo, enhancing antiviral activities of
HIV-specific CTLs
A. Gramatica1, A. Danesh1, I. Miller1, J. Weiler1, F. Khan1, D. Copertino1,
U. Chukwukere1, L. Leyre1,2, B. Jones1,2
1Division of Infectious Diseases, Department of Medicine, Weill Cornell
Medicine, New York, USA;
2Immunology and Microbial Pathogenesis Program, Weill Cornell Graduate
School of Medical Sciences, New York, USA

Background: Target cells are active partners in cytotoxic T-
lymphocyte (CTL) mediated killing and vary in their intrinsic
susceptibilities to this. We reported that overexpression of BCL-2
in reservoir-harboring cells confers a degree of resistance to CTLs,
and that a BCL-2 antagonist potentiated ‘kick and kill’ reservoir
reductions ex vivo. Here, we evaluate overexpression of Enhancer
of Zeste Homolog 2 (EZH2) as a putative additional mechanism
of resistance, implicated by its transcriptional over-expression in
HIV-infected CD4+ T cells that survive CTL co-culture. EZH2 is a
histone-methyltransferase that negatively regulates expression of
MHC-I and is inhibited by the FDA-approved drug Tazemetostat.

Methods: Cultures of primary HIV-infected CD4+ T cells
were treated with Tazemetostat for 5 days and incubated
overnight with HIV-specific CTLs. Specific killing was evaluated
by quantifying changes in viable infected cells by flow cytometry.
Nod SCID-/-IL2rgnull mice were engrafted with human memory
CD4+ T cells isolated from an HIV+ individual. After 5 weeks,
mice were infected with HIVJRCSF and co-engrafted with
autologous memory CD8+ T cells or maintained as no-CD8
controls. Tazemetostat or vehicle control were administered
orally, up to 500 mg/kg BID. HIV viral loads and phenotypical
analysis of T cells were conducted weekly.

Results: Co-culture of infected cells with HIV-specific CTL
clones (at effector to target ratio of 1:2) resulted in elimination of
50–70% of infected cells. Pre-treatment with Tazemetostat
induced higher MHC-I levels on infected cells and a significantly
higher degree of killing (up to 80–90%). No such enhancement
was observed with cells infected with a Nef-deficient virus,
suggesting that Tazemetostat may act by offsetting Nef-mediated
MHC-I downregulation. In vivo, viral loads were significantly
reduced in+CD8 versus no-CD8mice. Tazemetostat drove a 2.1-
fold increase in surface MHC-I on infected cells (n= 8, p
value= 0.0004), and a further decrease of 0.56-log (mean
value) of viral load, relative to vehicle control +CD8 mice.

Conclusions: Tazemetostat increases basal MHC-I expression
in CD4+ T-cells, counterbalancing Nef-mediated immunoeva-
sion. This results in enhanced infected-cell elimination in vitro
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and decreased viral loads in vivo. These results provide impetus
for pre-clinical studies assessing impact on reservoir formation
and for consideration of clinical studies with this FDA-approved
compound.
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OP 2.4 – 00145
No Evidence of Ongoing Viral Replication in SIV-Infected Macaques
on Combination Antiretroviral Therapy Initiated in the Chronic
Phase of Infection Despite Elevated Residual Plasma Viral Loads
G.Q. Del Prete1, M. Nag1, T. Immonen1, C. Fennessey1, W. Bosch1,
A. Conchas1, A.E. Swanstrom1, J. Lifson1, B.F. Keele1, A. Macairan1,
K. Oswald1, R. Fast1, R. Shoemaker1, L. Silipino1, M. Hull1, D. Donohue2,
T. Malys2, G. Muthua1, M. Breed3, J. Kramer3
1AIDS and Cancer Virus Program, Frederick National Laboratory For Cancer
Research, Frederick, USA;
2DMS Applied Information & Management Sciences;
3Laboratory Animal Sciences Program, Frederick National Laboratory for
Cancer Research, Frederick, Maryland, USA

Background: SIV-infected macaques on combination antiretro-
viral therapy (cART) often have higher residual plasma viral
loads (PVLs) than HIV infected people on cART, suggesting
ongoing viral replication during cART may be more readily
detectable in this model, if it occurs. Here, we sought evidence of
ongoing viral replication by using cART intensification and state-
of-the-art viral quantification and viral genome sequencing
analyses in SIV-infected rhesus macaques that initiated cART
during chronic infection.

Methods: Ten Indian-origin rhesus macaques were treated
with cART (TDF/FTC/DTG) for >2 years starting 8 weeks after
IV infection with the barcoded virus SIVmac239M. In five
animals (Group 1), the first 24 weeks of treatment were
intensified with the protease inhibitor darunavir (DRV), which
is active against SIV in macaques. DRV was then discontinued in
Group 1 and added to Group 2 for another 12 weeks. PVL, cell-
associated viral RNA (CA-vRNA), DNA (CA-vDNA), and 2-LTR
circle DNAwere quantified by qRT-PCR and qPCR. Longitudinal
single-genome sequencing of env was performed for study
animals on cART and untreated control animals with comparable
PVL area-under-curve (AUC) to compare viral evolution over
time.

Results: Animals were assigned to groups to balance their
pretreatment PVLs (range 3.0× 104–6.2× 107 vRNA copies/
ml). Regimen intensification had no impact on initial PVL decay
kinetics, PVL AUC prior to and following DRV crossover, CA-
vDNA, CA-vRNA:CA-vDNA ratio, or 2-LTR circle levels. Time to
suppression to<15 vRNA copies/ml plasmawas associated with
pretreatment PVL irrespective of treatment intensification. Viral
sequence evolution for animals on cART with elevated residual
PVLs (>102 vRNA copies/ml) was compared with untreated
controls. Sequence diversity, divergence, slope of p-distance over
time and panmixia tests revealed no evidence for viral evolution
in animals on cART compared to untreated controls.

Conclusions: We found no evidence of ongoing viral
replication in SIVmac239M infected animals on cART, suggesting
that residual viremia is attributable to viral production from
already-infected cells that persist during cART. These results
highlight the relevance of NHP models of cART mediated
virologic suppression and suggest that ongoing viral replication

is unlikely or may be difficult to detect in cART suppressed HIV-
infected people.
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Targeting the SIV reservoir with Alemtuzumab
B. Varco-Merth1,2, M. Chaunzwa1,2, D. Duell1,2, A. Marenco1,2,
S. Docken3, J. Smedley1,2, M.K. Axthelm1,2, S.G. Hansen1,2,
M.P. Davenport3, J.D. Estes1,2, B. Keele4, J.D. Lifson4, S.R. Lewin5,
A.A. Okoye1,2, L.J. Picker1,2
1Vaccine and Gene Therapy Institute, Oregon Health & Science University,
Beaverton, Oregon, USA;
2Oregon National Primate Research Center, Oregon Health & Science
University, Beaverton, Oregon, USA;
3Kirby Institute for Infection and Immunity, University of New South Wales,
Sydney, New South Wales, Australia;
4AIDS and Cancer Virus Program, Leidos Biomedical Research, Inc., Frederick
National Laboratory, Frederick, MD, Untied States;
5The Peter Doherty Institute for Infection and Immunity, The University of
Melbourne and Royal Melbourne Hospital, Victoria, Australia

Background: Alemtuzumab (AZM) is a licensed pan-lympho-
cyte-depleting monoclonal antibody (mAb) that targets CD52+
cells. Here we administered AZM to SIV-infected rhesus
macaques (RM) at the time of ART initiation (early) or during
full ART suppression (late) to assess its ability to deplete latent,
SIV-infected cells.

Methods: RM were initially screened for CD52 expression on
erythrocytes and then IV inoculated with 500 infectious units of
the barcoded SIVmac239M. ART was initiated 7 days post-
infection (dpi). RM also received 4 weekly doses of AZM or
control mAb at 5 mg/kg starting 7 dpi (early; n= 8 AZM, n=6
control) or 294 dpi (late; n= 8 AZM, n=4 control). ART was
discontinued at 533 dpi to assess SIV rebound dynamics.

Results: AZM induced massive lymphocyte depletion, includ-
ing >95% of CD4+ T cells in blood. CD4+ T cell depletion was
also observed in the lymph nodes. Depletion was followed by
CD4+memory T cell proliferation and the reconstitution of cells
in blood. Following ART cessation, 24 of 26 RM rebounded, with
no difference in time to rebound or rate of reactivation of
SIVmac239 barcodes between AZM-treated RM and controls.
However, time to rebound did correlate with pre-ART peak pvl.
Interestingly, 2 early AZM-treated RM with lowest pvl at time of
ART showed no rebound >400 days post-ART release.

Conclusions: Despite depletion of circulating CD4 memory
T cells, Alemtuzumab treatment was insufficient to delay or
prevent SIV rebound inmost RM. However, the lack of rebound in
2 of 8 early AZM-treated RM suggests the reservoir may be more
labile at the time of ART initiation.
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OP 2.6 – 00135
Constitutive NKG2A levels and timing of antiretroviral therapy
initiation impact the potential role of NK cells after treatment
interruption - the pVISCONTI study
A. Chapel1, C. Passaes1, D. Desjardins2, V. Monceaux1, A. Melard3,
N. Dereuddre-Bosquet2, V. Avettand-Fenoel3, M. Müller-Trutwin1,
R. Le Grand2, A. Saez-Cirion1, N. Dimant2, F. Perdomo-Celis1, A. David1,
C. Rouzioux4
1Institut Pasteur, HIV, Inflammation And Persistence Unit, Université Paris
Cité, Paris, France;
2UMR1184, Immunology of Viral, Auto-Immune, Hematological And
Bacterial Diseases (IMVA-HB), IDMIT Department, IBFJ, CEA, Université
Paris-Saclay, Inserm, Fontenay-Aux-Roses, le Kremlin-Bicêtre, France;
3Université Paris Cité, INSERM U1016, CNRS UMR 8104, APHP Hôpital
Cochin, Paris, France;
4Université de Paris/CNRS 8104, APHP Hôpital Necker - Enfants Malades,
Paris, France

Background: The pVISCONTI study aims to assess the mechan-
isms leading to post antiretroviral treatment (ART) control in a
cynomolgus macaque (CyM) model of SIVmac251 infection. We
found that a 24-month ART initiated at day 28 post infection (p.
i.) favored a delayed viral rebound after treatment interruption
(TI) and a high frequency of post-treatment controllers when
compared to ART initiated at 6 months p.i. We evaluated the
impact of time to ART initiation on NK cell dynamics, and their
potential role on post treatment SIV control.

Methods: SIVmac251-infected CyMs initiated ART at early
(28 days p.i., n= 12) or late phase of infection (6 months (p.i.),
n= 12) and continued ART for 24 months. The treatment was
interrupted and the animals were monitored for 6 to 12 months.
We analyzed phenotypically (flow cytometry) NK cells from
blood and tissues (Lymph Nodes (LN), Bone Marrow (BM) and
Broncho Alveolar Lavage (BAL)) at various timepoints before
ART and following ART interruption (TI).

Results: We found that NK cells from CyMs constitutively
expressed different levels of NKG2A in blood, LN and BM. The
presence of NK cells with low expression of NKG2A before
infection was significantly correlated with a higher viral load
during primary-infection. In addition, unsupervised analysis of
NK cell subsets at the baseline revealed that
NKG2AlowNKp46high NK cells positively correlated with viral
load during the first days following TI. The timing of the
treatment initiation had a strong impact on the phenotype of the
NK cells. NK cells from the late-treated group showed a distinct
phenotype from the early- treated group after two years under
ART and these differences increased after TI. A higher frequency
of NKp46+NKp30+ NK cells was observed in late-treated
animals from day 3 after TI and was associated with a higher
viral load at day 28 after TI.

Conclusions: The study suggests that the level of constitutive
expression of NKG2A on NK cells is a marker for the capacity to
control SIV viremia during primary-infection. We also show that
the timing of ART impacts the distribution of the NK cell subsets
and their mobilization after TI.
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The latency reversing agent HODHBt synergizes with IL-15 to
enhance cytotoxic function of HIV-specific CD8+ T-cells
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C. Levinger2, A.P.S. Pang1, M.J. Corley1, F. Dündar3,5, P. Zumbo3,
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#These Authors contributed equally.

Background: IL-15 is being investigated in multiple pre-clinical
and clinical “Kick and kill” studies, but increased potency
through combination with other agents may be needed to
achieve reductions in HIV reservoirs. 3-hydroxy-1,2,3-benzotria-
zin-4(3H)-one (HODHBt) enhances IL-15-mediated HIV reacti-
vation in cells from people living with HIV, by increasing STAT5
occupancy on the HIV-LTR. Since IL-15 also acts on CD8+T-cells
through STAT5 activation, we hypothesized that HODHBt would
synergize with IL-15 to enhance HIV-specific cytotoxic T-cell
responses.

Methods: PBMCs from 3 ART-treated participants were
treated with IL-15 or IL-15+HODHBt and subjected to
scRNAseq. GZMB ELISpots were performed on PBMCs from 14
participants - suppressed on ART for an average of 10.9 years -
stimulating with peptide pools spanning Gag, Pol, Nef, Env, or
CMV-pp65, with or without IL-15 and HODHBt. Secreted
cytokines were measured in supernatants by CorPlex. HIV
eradication assays (PBMC-HIVEs) were performed; briefly: ex-
vivo PBMCs from 3 ART-treated participants were treated with
single agent or combination IL-15 and HODHBt, with NK, or NK
& CD8 depletion or complete PBMCS for 9 days. CD4+ T-cells
were isolated and subjected to the Intact Proviral DNA Assay. At
days 3 and 9, cells were phenotyped by flow cytometry and p24
release was measured by ultrasensitive ELISA.

Results: HIV-specific GZMB-releasing responses were
enhanced by treatment with IL-15+HODHBt relative to IL-15
+DMSO, as follows (medians): Gag 4.4-fold (p< 0.002), Pol
2.4-fold (p< 0.020), and Nef 27.8-fold (p< 0.001). GZMB
responses correlated with soluble IFNγ (r= 0.89, p< 0.001) and
IL-22 (r= 0.73, p< 0.001). scRNAseq data shows T-cells
upregulated antigen processing and presentation genes in
response to IL15+HODHBt, and CD4+ T-cells upregulated
surface MHC-I. PBMC-HIVEs showed increases in T-cell activa-
tion (CD69), pSTAT5 expression, and levels of perforin and
granzymes in the IL-15+HODHBt conditions in all 3 donors.
Intact HIV DNAwas significantly reduced in 1 of 3 donors treated
with IL-15+HODHBt, in both whole PBMCs (p=0.029)
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and NK-cell depleted conditions (p= 0.032), but not in the
NK-cell+CD8-depleted condition (p= 0.692).

Conclusions: Pharmacologic enhancement of IL-15 mediated
STAT5 activation potently enhances cytotoxic HIV-specific
CD8+ T-cell responses. Together with known latency reversal
activity, this can be sufficient to drive ex vivo HIV reservoir
reductions, though this appears to vary by donor.
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Enhancing PKC Modulator HIV Latency Reversing Agents
M. Marsden1, J. Moran1, V. Pham1, J. Kim2, P. Wender3, J. Zack2
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Background:HIV persists during antiretroviral therapy (ART) in
latently infected CD4+ T cells. One possible strategy for
eliminating these reservoir cells is to induce expression of the
latent provirus using latency reversing agents (LRAs), allowing
the host cell to be killed by the immune response or viral
cytopathic effects. While no class of LRA has thus far been
demonstrated to induce expression of all latent HIV in vivo,
several LRA classes have shown promise using in vivomodels and
are thus candidates for the development of improved LRAs. Here,
we describe the design, development, and in vitro and in vivo
characterization of new latency reversing agents that function
through the PKC pathway.

Methods: New PKC modulators based on bryostatin, prostra-
tin, or ingenol scaffolds were designed and synthesized. These
include fully active analogs and “slow-release” prodrug com-
pounds, which are designed to become slowly active over time
in vivo to improve biodistribution and tolerability. Compounds
were evaluated in vitro using cell lines, ex vivo using primary
cells, and in vivo in humanized bone marrow-liver-thymus (BLT
mice). In vivo studies involved the use of a barcoded HIV strain
that allows more accurate quantification of rebound-competent
HIV reservoirs that emerge after stopping ART.

Results: In vitro analysis identified several synthetic analogs
of naturally occurring PKC modulators which out-performed the
parent compounds that inspired their design. Prodrug PKC
modulators also showed delayed activity compared to fully
active compounds as intended. Importantly, several prodrugs
were better tolerated in mice compared with the fully active
compounds, in some cases increasing the range of tolerated
bioactive doses by over 20-fold. Finally, when a synthetic
bryostatin analog was administered to infected humanized
mice during ART it delayed rebound after stopping ART and
reduced the genetic diversity of rebounding virus, indicating a
reduction in rebound-competent reservoirs.

Conclusions: These data show that PKC modulator LRAs can
be designed and synthesized which are better tolerated and more
effective than the naturally available compounds. This class of
LRA might therefore prove useful in future combinatorial “kick
and kill” approaches for HIV cure.
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Impact of early antiretroviral therapy on tissue resident myeloid
cells in the liver and lung of SIV-infected rhesus macaques
J. Clain1, H. Rabezanahary1, G. Racine1, C. Joly Beauparlant1, A. Droit1,
O. Zghidi-Abouzid1, J. Estaquier1
1Centre de recherche du CHU de Québec-Université Laval, Québec, Canada

Background: Viral dissemination occurs early after infection,
targeting CD4 T cells and monocytes/macrophages. Monocytes
derived from bone marrow and tissue resident macrophages
(TRMs) derived from yolk sac, are short-lived and long-lived
cells, respectively. Whereas we recently demonstrated that early
antiretroviral therapy (ART) efficiently prevents the infection of
monocytes in SIV-infected rhesus macaques (RMs), little is
known so far about TRMs, and whether these cells may represent
viral reservoirs. Herein, we assessed the impact of early
antiretroviral therapy on tissue resident myeloid cells in the
liver and lung of SIV-infected rhesus.

Methods: RMs were infected with SIVmac251 and treated at
day 4 post-infection with a cocktail of antiretroviral drugs. Cells
from liver and lungweremechanically isolated. The phenotype of
TRMs was analyzed by flow cytometry using specific monoclonal
antibodies directed against the CD14, CD16, CD44, TIM-4,
CD117, CD206, CD200R, CD64 and LYVE-1 molecules (previ-
ously defined in mice). The levels of viral DNA and RNA were
quantified by qPCR. In situ hybridization was used to detect
vRNA. Furthermore, transcriptomic analysis was performed to
assess gene profiles in both tissues.

Results: Our results revealed that CD117, CD206 and LYVE
are specific markers of TRM cells from liver and lung of SIV-
infected RMs. In non-treated SIV-infected RMs, higher levels of
inflammatory and ISG (interferon stimulated genes) transcripts
were observed consistent with the detection of viral RNA and
DNA in both tissues. The levels of cell-associated viral RNA are
positively correlated with plasma viremia. By sorting myeloid
cells, we demonstrated that circulating monocytes and TRMs
from liver and lung both contained viral DNA in non-treated
individuals. Furthermore, early ART, which prevented monocyte
infection, also prevented the establishment of viral dissemination
in both tissues as well as the inflammation.

Conclusions:Herein, we analyzed the phenotypes of TRMs in
the lung and liver of SIV-infected RMs. We demonstrated that
early ART efficiently prevents viral seeding both in the liver and
lung concomitantly by preventing inflammation. These results
highlight the crucial importance of early treatment by decreasing
anatomical viral reservoirs, thus improving the health of people
living with HIV.
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Evaluation of an NNRTI-mediated Targeted Activated Cell Kill
(TACK) in a Viremic Mouse Model
J. Maxwell1, L. Sardo1, G. Wu1, D. Dooney1, S. Polsky-Fisher1,
B.J. Howell1, J. Grobler1, C.J. Balibar1, P. Zuck1
1M Merck & Co., Inc., Rahway, NJ, USA

Background: Non-nucleoside reverse transcriptase inhibitors
(NNRTIs) are a validated class of antiretroviral molecules that
bind to and inhibit HIV-1 reverse transcriptase (RT). In addition
to the RT inhibition, certain NNRTIs can cause cytoplasmic
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dimerization of gag-pol leading to HIV protease activation and a
targeted activated cell kill (TACK) effect specific to infected cells.

Methods: Here we evaluate the TACK mechanism in a
viremic, humanized mouse model of HIV-1 infection. The
compound used in this work is QZ06 which has shown in vitro
to be a NNRTI with potent RT inhibition and TACK activity. Viral
decay within the mouse model was evaluated over time.

Results: In this mouse model, QZ06 suppresses plasma
viremia at a faster rate than an integrase inhibitor drug
(raltegravir) or an NNRTI (Pyr65) compound that lacks TACK
activity.We hypothesize that the faster decay in viral burdenwith
QZ06 is due to the HIV-1 infected cell kill activity eliminating
virus-producing cells instead of only blocking further rounds of
replication. To evaluate the TACK activity further, several
biomarker assays were used to evaluate HIV RNA and HIV gag
p24 levels in spleen.

Conclusions: Use of this viremic mouse model, together with
these different biomarker modalities, will allow for further
assessment of the effects of TACK active molecules compared to
current HIV therapies.
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Background: Immune escape from antibody and T-cell recogni-
tion is often observed in the HIV reservoir as well as in the
replicating viral population after treatment interruption.
However, whether escape mutant virus is preferentially selected
during reactivation (‘sieving’ of reactivating virus) or whether
escape variants arise due to mutation and immune selection after
viral rebound from latency is unclear. In this study, we sought to
identify the role of sieving and post-rebound immune selection in
an SIV model of infection and latency.

Methods: 14 Mamu-A*01 rhesus macaques were infected
with the barcoded SIVmac239M virus and initiated ART on day
14 post-infection. After 7 months of ART, animals underwent a 2-
month analytical treatment interruption (ATI) before re-initiat-
ing ART. Finally, animals underwent a 2nd ATI after 3 months of
ART, followed by CD8 depletion after 3 months of ATI in 10
animals. High throughput Illumina sequencing of the barcode
and Tat-SL8 epitope (a known locus of early CD8 pressure in
Mamu-A*01 rhesus macaques infected with SIV) was performed,
and CD8+ T-cell specificity was characterized by tetramer
staining.

Results: Plasma virus was predominantlywild-type at the Tat-
SL8 epitope (WT) during primary infection and early after
rebound following the 1st ATI (mean 83% WT). Escape mutant
virus became dominant by the end of the 1st ATI, (mean 15%
WT). Early rebounding plasma virus after the 2nd ATI was
predominantly escaped (mean 4%WT). Escape variants and viral
barcodes present early after the 2nd ATI were related to the those
seen in the same animal at the end of the 1st ATI, suggesting
reactivation of escape mutant virus and suppression of WT virus.
By contrast, barcodes newly emerging following the subsequent
CD8 depletion had last been detected earlier in infection
(p< 10−7) and were more associated with WT at last detection
(p= 10−4), suggesting CD8-depletion allowed the reactivation
of older WT virus. Surprisingly, despite the strong evidence for
sieving during the 2nd ATI, Tat-SL8-specific CD8+ T-cells were
only marginally higher at this time.

Figure. CD8 sieving of reactivating virus

Conclusions: CD8+ T-cells can act to block the reactivation
of targeted SIV variants following ATI.
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Age and biological sex but not sex hormones influence IL-15
biological activity
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Background: The role of different biological variables including
sex hormones, age, and biological sex in HIV cure approaches is
not well understood. Previous studies have shown differences in
HIV infection by biological sex, as well as differences from sex
hormones in infection and transcription. The γc-cytokine IL-15 is
a clinically relevant LRA that mediates HIV reactivation and
promotes immune activation. A recent phase I clinical trial
showed the safety and efficacy of the IL-15 superagonist N-803 in
people living with HIV. In this work, we examine the interplay
that biological sex, age, and sex hormones estradiol, progester-
one, and testosteronemay have on the biological activity of IL-15.

Methods: To evaluate effects on latency reversal, we utilized a
previously established primary cell model of latency using 8 sex
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and age-matched donors. To evaluate effects on immune
activation, 20 HIV-negative, age-matched donors were used to
measure activation of CD4 T, CD8 T, and NK cells and to measure
cytokine secretion using a 10-cytokine array panel. Treatments of
estradiol, progesterone, or danazol (a testosterone derivative)
were used at three physiological concentrations, reflecting levels
found in plasma during the life span. Finally, expression of
hormone receptors was measured by western blot and flow
cytometry.

Results: Sex hormones, age, and biological sex did not
influence the ability of IL-15 to reactivate latent HIV in the
primary cell model of latency. Moreover, none of the sex
hormones tested influenced the ability of IL-15 to promote
immune activation or cytokine secretion. Interestingly, IL-15
promoted higher CD4 T cell immune activation from female
donors than from male donors (Mann-Whitney test, p= 0.029).
Additionally, there was a positive correlation between CD8 T cell
activation and age (spearman correlation, r= 0.479, p= 0.033).
Finally, CD4 T, CD8 T, and NK cells expressed detectable levels of
estrogen receptor (ER)-b, androgen receptor, and variable
expression of progesterone receptor isoforms but lack detectable
protein expression of ER-a.

Conclusions:Our study has found that biological sex and age,
but not sex hormones, influence the biological activity of IL-15.
Understanding how different biological variables affect the
biological activity of cure therapies will help us evaluate
current and future clinical trials aimed towards HIV cure in
diverse populations.
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PP 2.5 – 00041
HIV persistence and latency in microglia: Single-cell transcriptome
analysis of three humanized mice models of HAND shows viral
responses to inflammatory signaling
K. Leskov1, N. Llewellyn2, H. Gao3, S. Sreeram1, F. Ye1, Y. Garcia1,
L. Shan3, P. Cannon2, J. Karn1
1Case Western Reserve University, Cleveland, USA;
2University of Southern California, Los Angeles, USA;
3Washington University In St. Louis, St. Louis, USA

Background: It has been challenging to develop physiologically
relevant human model systems to study HIV-associated neuro-
cognitive disorder (HAND). HIV-infected human microglia from
multiple humanized mouse backgrounds become latently
infected but can become reactivated in response to inflammatory
signals.

Methods:We compared microglia populations obtained from
reconstituted JAX NSG CD34+, NOG-IL34, and MISTRG
humanized mice. Mice were either infected with HIV with or
without ART or uninfected. Brain glia fractions were isolated and
analyzed using the BD Rhapsody scRNAseq platform using a
panel of 41 antibodies to human immune cells and microglia
surface markers to characterize key surface markers. Integrated
transcriptome/surface proteome datasets were analyzed for
differentially expressed (DE) genes and pathways using Seurat,
Connectome, and SCENIC packages for R and Python.
Trajectories of differentiating cells in pseudotime were eluci-
dated using Monocle3, Velocyto, and Slingshot packages for R.

Results: Human microglia and other myeloid lineage cells
represented up to 5% of the total glia. We observed a gradual
differentiation of human monocytic lineage cells into CD209+/
CD163+/P2RY14+ pre-microglial/perivascular cells to
P2RY12+/TMEM119+/ITGAXhigh mature microglia, the
latter being especially evident in the NOG-IL34 mice. Microglia

Figure 1 (abstract: PP 2.5–00041) Top markers in human microglia from humanized mice
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from HIV-infected mice expressed multiple interferon- and viral-
response genes (IFI6, IFI44L, MX1), as well as complement (C3)
and other HIV-associated host genes (LY6E, LGALS9, SLFN5). All
these genes were suppressed in the ART-treated mice.

Conclusions:Humanmicroglial cells that were indistinguish-
able from the human brain-derived microglia can be recovered
from humanized mice, but the yield of microglia and the
proportion of mature microglial cells differed substantially
between the various models. Productive HIV infection of
microglial cells was seen in reactive microglia, whereas
homeostatic microglia displayed minimal HIV transcripts. The
ability of human microglial in the context of humanized mice to
display innate immune signatures and respond to pro-inflamma-
tory cytokines makes them a promising model to study the
molecular and cellular mechanisms of HAND.
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PP 2.6 – 00043
Probing cell death pathways in response to NNRTI treatment using a
THP-1 infection model
P. Zuck1, Z. Fang1, B. Howell1, U.M. Lim1, C. Balibar1
1Merck & Co., Inc., Rahway, NJ, USA

Background: Certain non-nucleoside reverse transcriptase inhi-
bitors (NNRTIs), such as Efavirenz, have been reported to induce
HIV-1 infected cell death through CARD8-mediated pyroptosis.
We refer to this activity as targeted activator of cell killing
(TACK). Probing the pathway which leads to the TACK effect can
be challenging in primary cells due difficulty in achieving high
infection rates and poor CRISPR editing efficiency to create
clonal populations. Amodel that readily allows editing of the host
cell’s genome as well as higher infection rates can help aid in the
pathway’s study.

Methods:Wehave developed an infectionmodel using THP-1
cells to further interrogate the TACK effect. This monocyte-like
cell line can be readily infected by VSV-G pseudotyped HIV-1
with high efficiency and HIV-1 infected cells from this line are
sensitive to the TACK effect of NNRTIs. Using CRISPR knockout
methods, clonal lines were prepared with knockouts of various
members of the apoptotic and pyroptotic pathways. The KO cells
were then used to test the ability of TACK-active NNRTIs to
selectively induce cell death of HIV-1 infected cells.

Results: Using these tools, we evaluated NNRTIs for their
ability to specifically induce death in HIV-1 infected wild type
cells as well as cells knocked out for members of the apoptotic
and pyroptotic pathways. By identification of factors which are
involved in NNRTI-induced cell death as well as factors which are
not, we’re able to gain a more complete mechanistic under-
standing of the TACK effect.

Conclusions: We describe here a THP-1 based model for
studying TACK-active NNRTIs to further mechanistic under-
standing of NNRTI-mediated killing of HIV-1 infected cells. Since
THP-1 cells are readily manipulated genetically, this allows for
effective knock out and clonal selection of members of pyroptotic
and apoptotic pathways to better tease out the exact mechanism
of action of these molecules’ infected cell killing ability.
Additionally, this model could serve as an important screening

tool to identify and unravel mechanism of action of novel agents
capable of inducing HIV-1 infected cell death.
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PP 2.7 – 00093
Modeling HIV-1 Pathogenesis and Latency in iPSC-Derived Human
Cerebral Organoids
J. Crater1, T. Premeaux1, A. Leda3, S. Jablonski3, K. Newcombe1, H. Fine2,
S. Valente3, L. Ndhlovu1, R. Furler O’Brien1, D. Nixon1
1Division of Infectious Diseases, Department of Medicine, Weill Cornell
Medicine, New York, USA;
2Meyer Cancer Center, Division of Neuro-Oncology, Department of Neurology,
New York-Presbyterian Hospital/Weill Cornell Medicine, New York,
New York, USA;
3Department of Immunology and Microbiology, The University of Florida -
Scripps Research Institute, Jupiter, Florida, USA

Background: Identifying and characterizing HIV-1 reservoirs
within the central nervous system (CNS) in virally suppressed
patients presents a major roadblock to HIV Cure research. The
complex microenvironment of HIV-1 reservoirs within the CNS
affects viral replication and antiretroviral efficacy. Additionally,
HIV-1 associated neurocognitive disorders (HAND) may develop
in people living with HIV-1, even while taking ART.
Understanding HAND development and progression is critical
to improve HIV-1 treatments and may help advance cure
strategies.

Methods: To model HIV-1 infection and latency in human
CNS tissue, we modified a human induced-pluripotent stem cell
(hi-PSC) derived cerebral organoid model developed by the Fine
lab to include monocytes and microglia. These organoids are
comprised of neurons and astrocytes, and primary monocytes are
added to the organoid to allow for productive HIV-1 infection.
The monocytes are infected with HIV-1 ADA and viral titers are
measured by ELISA for the Gag p24 protein. TNF-α is
administered in varying concentrations as a latency reserving
agent after ART is discontinued.

Results: We have shown that our cerebral organoid models
can be productively infectedwith HIV-1, as p24 concentrations in
the media have reached up to 15 ng/mL. Monocytes cocultured
with cerebral organoids produce higher viral titers than mono-
cytes cultured alone, displaying the importance of understanding
the brain microenvironment in HIV-1 replication. Additions of
the antiretrovirals Raltegravir and Nelfinavir at 1uM each
suppress viral replication in our model. In one experimental
cycle for over 200 days, the untreated organoid continued to
produce HIV-1 while an organoid previously treated with ARVs
produced only minimal titers, indicating the establishment of
latency.

Conclusions: Although peripheral blood analysis and animal
models are highly utilized and necessary, cerebral organoids may
provide a more physiological model to bridge classic in vitro
experiments to human HIV-1 Cure clinical trials. Immediate
future directions include optimizing monocyte penetration into
organoids, evaluating additional latency reactivation strategies
and adding HIV-1 specific CD8+ T cells to target these
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reservoirs. HIV-1-induced neuronal and astrocyte cytotoxicity is
also being measured.

Funding: This work resulted in part from research supported
by National Institute on Drug Abuse (NIDA) award R01-
DA052027 to L.C.N., S.T.V., and D.F.N.
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Spironolactone Represses HIV-1 Driven Transcription in Human
Microglia and T cell Models of Latency and Alters DNA Methylation
of Metabolic Genes
A. Pang1, M. Corley1, T. Premeaux1, L. Ndhlovu1
1Division of Infectious Diseases, Department of Medicine, Weill Cornell
Medicine, New York City, NY, USA

Background: The aldosterone antagonist, spironolactone (SP),
FDA-approved for clinical use, has previously been shown to
inhibit HIV infection and reactivation through Tat-dependent
transcriptional mechanisms in T cells. Here, we sought to
compare and contrast the effects of spironolactone on microglia
and T cell HIV latency and evaluate SP-related changes upon the
host epigenome.

Methods: J-Lat 5A8 T cell and HC69.5 hμglia/HIV clones
were treated with SP and stimulated with either PMA/ionomycin
or TNF-α respectively. HIV-1 reactivation was measured kineti-
cally via GFP reporter expression on the CytoSMART Lux3 FL and
the BioTek Cytation 5 live-cell imagers to quantify fluorescence
of the GFP reporter over a period of 48 hours. Genome-wide DNA
methylationwas assessed in J-Lat 5A8 spironolactone treated and
untreated cells using the Illumina Infinium MethylationEPIC
Array.

Results: Continuous SP treatment significantly inhibited HIV
proviral reactivation in both J-Lat 5A8 and HC69.5 cell lines in a
dose dependent manner. Pretreatment and washout of spirono-
lactone delayed J-Lat 5A8 reactivation but was not sufficient to
inhibit HIV reactivation suggesting continuous exposure to
spironolactone is required to suppress transcription. DNA
methylation analysis of J-Lat 5A8 treated with spironolactone
revealed alterations in CpG methylation of metabolic genes
compared to untreated controls. We observed differentially
methylated CpG sites in genes related to the mTOR signaling
pathway complimentary to previous reports of the modulatory
effects of spironolactone on themineralocorticoid receptor (MR).

Conclusions: SP treatment alone is sufficient to inhibit HIV
proviral reactivation in both T cell and microglia latency cell
models with continuous exposure required to suppress transcrip-
tion. Alterations to CpG methylation in metabolic genes suggests
a potential role for host metabolism in promoting HIV latency
driven by SP. Further studies of long-term spironolactone as a
component of a block-lock strategy in PLWH are warranted.
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Impact of latency reversal agents on estrogen receptor alpha gene
and protein expression
C. Ceriani1,2, K.L. Lemu1, A. Abeyta-Lopez1, B. Allard1,2, K.S. James1,2,
D.M. Margolis1,2,3, N.M. Archin1,2
1UNC HIV Cure Center, The University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA;
2Department of Medicine, The University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA;
3Department of Microbiology and Immunology, The University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA

Background: Modulation of HIV and type I interferon gene
transcription by estrogen receptor alpha (ERα) is reported to
contribute to sex differences observed in HIV infection, clinical
progression, and reservoir size. However, the impact of latency
reversal agents (LRAs) being explored as part of an HIV cure
strategy on ERα is unknown.

Methods: To obtain a better understanding of the influence of
LRAs on ERα regulation and potentially ERα-dependent gene
transcription, we evaluated the impact of different LRA classes
(HDAC and BET inhibitors, PKC and STING agonist, SMAC
mimetic) on ERα at both the mRNA and protein levels by qPCR
and WB on PBMC and CD4+ T cells from female and male
donors. All experiments were performed in hormone-free media.

Results: Sex-differences in ERα expression at both the basal
level and after LRAs treatment was not observed. In both PBMC
and CD4+ T cells, we observed a significant downregulation of
ERα gene expression following 6-hour and/or 24-hour of
treatment with all tested LRAs. In CD4+ T cells, profound ERα
mRNA downregulations were observed with romidepsin after 24-
hour treatment (0.02-fold change; P< 0.01), with PMAi after
both 6-hour and 24-hour treatment (0.04-fold change; P< 0.01)
and with PEP005 after 6-hour treatment (0.21-fold change;
P< 0.001). AZD-5582 downregulated ERαmRNA expression the
least (0.73-fold change; P< 0.001). Downregulation of ERα
gene expression by LRAs resulted in temporal decreased of ERα
protein after 6-hour treatment with PMAi (0.57-fold change;
P< 0.05) and after 24-hour treatment with PMAi, PEP005
and romidepsin (0.37-, 0.57- and 0.77-fold change; P< 0.001,
P< 0.01 and P<0.001, respectively).

Conclusions: We show for the first time that current LRAs
used in HIV cure studies have an impact on both ERα gene
expression and protein levels. These results suggest a common
influence of LRAs on the ERα pathway, which could in turn alter
ERα-dependent gene transcription and merits further investiga-
tions and consideration in HIV cure studies.
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PP 2.11 – 00144
Transcriptional and translational SIV profiles of peripheral and
lymphoid CD4+ T cells of viremic and ART-suppressed Rhesus
macaques
M. Nayrac1, M. Dubé1, N. Brassard1, C. Trifone1, R. Fromentin1,
M. Nekorchuk2, M. Paiardini3, J.D. Estes2, N. Chomont1,
D.E. Kaufmann1,4,5
1Centre De Recherche du CHUM, Montréal, Canada;
2Vaccine and Gene Therapy Institute and Oregon National Primate Research
Center, Oregon Health and Science University, Beaverton, USA;
3Emory Vaccine Center And Yerkes National Primate Research Center, Emory
University, Atlanta, USA;
4Département de Médecine, Université de Montréal, Montreal, Canada;
5Division of Infectious Diseases, Department of Medicine, University Hospital
and University of Lausanne, Lausanne, Switzerland

Background: Studies of viral reservoir in tissues are limited and
challenging in humans. SIV-infected Rhesus macaques progress
to AIDS by mechanisms similar to those observed in humans
infected by HIV-1, which makes them important models for
studying the pathophysiology in blood and lymphoid tissues,
both in the presence or absence of antiretroviral therapy (ART).

Methods: We developed a single-cell flow cytometry fluores-
cent in situ RNA hybridization (RNAflow FISH) assay using
multiplexed probes targeting exon, gag and nef regions of the SIV
genome and p27 protein. This approach allowed detailed
profiling of infected CD4+ T cells in blood and tissues (spleen,
and axillary (AxiLN), inguinal and mesenteric lymph nodes
(MLN) of SIVmac239-infected chronic progressors (n= 11), ART
suppressed (n=3) and uninfected (n= 6) Rhesus macaques. We
used a 22-parameter flow cytometry panel on a BD FACS
Symphony.

Results: In chronic progressors, frequencies of viral RNA+
T cells (vRNA+) were similar across all compartments (p=
0.342). 50% of these transcriptionally competent cells did not
express p27 (vRNA+p27- T cells) whereas the other 50% were
also transitionally competent (vRNA+p27+ T cells). Infected
cell frequencies were strongly positively correlated between
tissues (i.e MLN vs. AxiLN, r= 0.821 and p=0.034) but there
was a weaker association with blood (i.e MLN vs. blood,
r= 0.619 and p=0.115). Only frequencies of vRNA+ T cells
from blood and AxiLN were associated with viral loads (r=
0.765 and p=0.002; r= 0.929 and p=0.007 respectively).
vRNA+ T cells were enriched in central memory T cells from the
blood (p=0.024) and the spleen (p< 0.001). In ART-

suppressed animals, we found higher proportions of cells with
ongoing viral transcription (leaky latency cells) in tissues (3/3
spleen and AxiLN samples, 1/1 MLN samples) than blood (1/3
samples). 100% of leaky latency cells on ART carried short/
abortive transcripts and did not translate p27 protein.

Conclusions: These results highlight the potential of this
single-cell cytometric approach to profile reservoir compartmen-
talization and phenotype, demonstrating virological and
immunological differences between blood and tissues that
could impact reservoir establishment. On ART, we detected
leaky latency cells mainly in tissues. These detailed analyses can
improve understanding of the reservoir cell landscape across
tissues, a critical step for cure strategies in humans.
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eCD4-Ig-DNA Decreased HIV Reservoir and Delayed Viral Rebound
Through Fc Mediated Functions in BLT Humanized Mice
Z. Yuan1, M. Purwar1, S. Adeniji1, Z. Xu1, G. Zu1, C. Hart1, A. Kulkarni1,
M. Abdel-Mohsen1, D. Weiner1, L. Montaner1
1The Wistar Institute, Philadelphia, USA

Background: AAV-delivered eCD4-Ig can prevent HIV infection
with more breath than broadly neutralizing antibodies (bNAbs).
However, the effects of eCD4-Ig on HIV persistence during
antiretroviral therapy (ART) and post-ART cessation have not
been studied. In this study, we tested DNA Launched-eCD4-Ig
(DL-eCD4-Ig) co-delivered with IgE-TPST2 in HIV-infected bone
marrow-liver-thymus (BLT) humanized (hu) mice under ART
suppression and during ART interruption.

Methods: Four independent batches of BLT hu-mice (includ-
ing IL-15 transgenic hu-mice) were infected with HIVsuma
(transmitted/founder virus). Following 4 to 6 weeks of viremia
and suppression on cART (FTC+TDF+RAL), DL-eCD4-Ig (intact
or Fc region LALA mutated) was delivered intramuscularly three
times on and off ART. In-vivo expression of DL-eCD4-Ig was
detected by ELISA. Plasma viral load, leukocyte subsets and
activation were measured weekly. Proviral HIV DNA load (in
PBMCs) during ARTwasmeasured by qPCR. Differences between
and within groups were determined by two-sided nonparametric

Figure 1 (abstract: PP 2.12–00153) (A) Viral rebound after ATI and (B) survival curve
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tests. Survival analysis was used to evaluate the time of viral
rebound between groups.

Results: Plasma from hu-mice with DL-eCD4-Ig elicited
strong antibody-dependent NK cellular cytotoxicity (ADCC)
against HIV-infected cells. During ART, DL-eCD4-Ig treatments
elicited a significant decrease in levels of cell-associated HIV
DNA (p=0.0355), compared to control hu-mice. After ART
interruption, DL-eCD4-Ig resulted in a significant delay (p=
0.0047) of time-to-viral-rebound, compared to control hu-mice.
Using L-15 transgenic hu-mice with greater NK cell reconstitu-
tion, we confirmed the DL-eCD4-Ig-mediated delay of viral
rebound (p=0.0004); however, LALA mutation version of
eCD4-Ig abrogated the effect on rebound delay (p= 0.082).
These results indicate that the anti-viral effects of DL-eCD4-Ig are
mediated significantly through an Fc-mediated immune effector
mechanism.

Conclusions: DL-eCD4-Ig co-delivered with IgE-TPST2
reduced levels of cell-associated proviral HIV during ART and
delayed viral rebound after ART interruption in vivo. These
effects of DL-eCD4-Ig on HIV persistence and rebound are
mediated through an Fc-mediated mechanism. Together, our
results support that DL biologics including-eCD4-Ig may be an
important strategy to reduce HIV burden on ART as a strategy for
or ART-free remission and or eradication.
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Enhancing Tolerability and Efficacy of Latency Reversing Agents in
“Kick and Kill” HIV Cure Approaches
J. Moran1, P. Wender2, J. Zack3,4, M. Marsden1,5
1Department ofMicrobiology andMolecular Genetics, University of California,
Irvine, Irvine, USA;
2Department of Chemistry and Department of Chemical and Systems Biology,
Stanford University, Stanford, USA;
3Department of Microbiology, Immunology, and Molecular Genetics,
University of California, Los Angeles, USA;
4Department of Medicine, Division of Hematology and Oncology, University of
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5Department of Medicine, Division of Infectious Diseases, University of
California Irvine, USA

Background: The latent HIV reservoir consists of long-lived cells
harboring non-expressing but functional integrated proviruses,
which represent a key hurdle to HIV eradication efforts. One
approach for eliminating these cells is with latency reversing
agents (LRAs), which induce expression of viral proteins,
allowing the host cells to be recognized and removed by viral
cytopathic effects or the immune system. PKC modulators
including Bryostatin-1 and synthetic bryostatin analogs are
promising lead LRAs but can also cause cytokine upregulation
in peripheral blood mononuclear cells (PBMCs). Importantly,
some of the induced cytokines have been shown to independently
cause latency reversal. The goal of the current study was to
evaluate the indirect effects of PKC modulators on latency
reversal, and test new synthetic compounds for their HIV latency
reversal capacity.

Methods: To determine whether cytokines or other secreted
factors induced by PKC modulators may contribute to latency
reversal, primary human PBMCs (6–8 donors) were treated with
bryostatin-1 or the designed, synthetic bryostatin analog

SUW133 for 24 hours in vitro and after removing the compound,
the replaced supernatant was collected 24 hours later. This
supernatant was then analyzed for the presence and concentra-
tion of 38 different human cytokines and chemokines and was
evaluated for its ability to induce latency reversal in J-Lat cell
lines. To determine whether newly synthesized pro-drugs,
analogs, and new scaffolds of PKC modulators can induce HIV
latency reversal, these compounds were evaluated in vitro using
latently-infected cell lines.

Results: Several cytokines were up-regulated in LRA-treated
conditioned media. However, exposure of latently-infected cells
to this supernatant did not result in latency reactivation. Several
newly evaluated synthetic PKC modulators efficiently reversed
latency in cell line models, including slow-release prodrug
formulations.

Conclusions: These results indicate that production of
secreted factors induced by bryostatin-1 and SUW133 in PBMC
does not directly contribute to HIV latency reversal in vitro. The
generation of both newly synthesized pro-drug compounds and
analogs of PKC modulators may lead to more efficacious and
better tolerated latency reversing agents with the potential to
contribute to HIV cure efforts.
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Elucidating the effects of combination therapy with Venetoclax and
IAP inhibitor AZD5582 in SIV-infected, ART-suppressed macaques
B. Ukhueduan1, L. Lopez Lopez1, K. Bricker1, N. Schoof1, S. Vidisha1,
D. Amir1, M. Mavigner1, A. Schauer2, M.L. Cottrell3,4, A. Chahroudi3
1Department of Pediatrics, Emory University, Atlanta, Georgia, USA;
2Emory National Primate Research Center, Emory University, Atlanta,
Georgia, USA;
3Center for Childhood Infection and Vaccine of Children’s Healthcare of
Atlanta and Emory University, Atlanta, Georgia, USA;
4Division of Pharmacotherapy and Experimental Therapeutics, Eshelman
School of Pharmacy, University of North Carolina at Chapel Hill, Chapel Hill,
NC, USA

Background: Combining the IAP inhibitor AZD5582 with the
Bcl-2 inhibitor Venetoclax (ABT199) to reverse latency and
enhance clearance of infected cells via apoptosis is a novel
approach to cure HIV. In this pilot study, we evaluated the safety,
pharmacokinetics (PK), and pharmacodynamics (PD) of ABT199
with AZD5582 in a nonhuman primate model.

Methods: Two juvenile rhesus macaques (RMs) were orally
infected with SIVmac251 and ART was initiated 4 wpi. At 112
wpi, RMs received escalating single doses of ABT199 at 2.5 mg/
kg, 10 mg/kg and 20 mg/kg intramuscularly (i.m.). Next,
AZD5582 was administered once intravenously at 0.1 mg/kg
with 4 daily doses of ABT199 (at 15 mg/kg i.m.). PK parameters
in plasma was evaluated and changes in absolute T- and B-cell
counts were assessed by flow cytometry.

Results: Venetoclax was well tolerated, with only mild
adverse events (AEs) at 10 and 20 mg/kg single doses and no
AEs with repeated doses given in combination with AZD5582.
AEs included short term injection site pain and swelling, with
nausea and vomiting in 1 RM (20 mg/kg dose). Steady state Cmax

after 15 mg/kg i.m. ABT199 dose 4 (2.26 µg/ml) approximates
the Cmax in humans after 400 mg oral dosing (2.1± 1.1 µg/ml),
with similar AUC0–24 but shorter T1/2 observed. Absolute
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CD20+ B-cell counts were used as a PD marker, with reduction
of 62–91% found at 24 h post ABT199 dose 1 (15 mg/kg) +
AZD5582 and full recovery to baseline levels by 2 weeks post
ABT199 dose 4. Absolute CD4+ and CD8+ T-cell counts also
declined at 24 h post ABT199 dose 1+AZD5582, including both
naïve and memory subsets, without complete recovery by 2
weeks post ABT199 dose 4.

Figure. Kick and Kill Cure Stratergy: AZD5582 + Venetoclax

Conclusions: Venetoclax can be safely administered to RMs
alone and in combination with the AZD5582. An immunologic
response was achieved, including depletion of memory and naïve
CD4+ T-cells, supporting the use of Venetoclax as a strategy to
clear viral reservoirs. An efficacy study to evaluate latency
reversal and apoptosis of infected CD4+ T-cells using combin-
ation therapy with AZD5582 and Venetoclax in ART-suppressed
RMs is underway.
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Macrophages are the primary source of virus in semen and male
genital tract organs in acutely and chronically infected rhesus
macaques
C. Deleage1, C. Fennessey1, J. Harper2, S. Florea1, L. Lipkey1, R. Fast1,
M. Paiardini2, J. Lifson1, B. Keele1
1AIDS and Cancer Virus Program, Leidos Biomedical Research, Frederick
National Laboratory for Cancer Research, National Cancer Institute, NIH,
Frederick, Maryland, USA;
2 Division ofMicrobiology and Immunology, Yerkes National Primate Research
Center, Emory University, Atlanta, Georgia, USA

Background: Most new HIV infections result from sexual
interactions with infected but untreated individuals. Semen is
the main vector for viral transmission globally, however, little is
known regarding the anatomic origin and form of virus in semen.

Methods: In this study, we were able to combine numerous
new technologies to characterize the virus present in the semen
during SIV infection. Six rhesus macaques (RM) were challenged
intravenously with barcoded virus SIVmac239M. Semen and
blood samples were collected longitudinally for 17 days post-
infection with all male genital tract (MGT) and multiple
lymphoid tissues collected at necropsy and subjected to

quantitative PCR, next generation sequencing of the viral
barcode, and tissue analysis (RNAscope, DNAscope and immu-
nophenotyping). Semen was also collected from 6 animals
chronically infected with SIVmac251 and in five CD4 depleted
animals in acute phase and 2 weeks post ART initiation.

Results: Extremely high levels of viral RNA (vRNA) were
detected in seminal plasma (up to 10^9cp/ml) as well as
comparable levels of cell associated vRNA and vDNA in
seminal cells with detection starting as early as 4 days post-
infection. RNAscope and immunophenotyping of seminal cells
and MGT tissues revealed myeloid cells as the main source of
virus (Fig. 1), while CD4+T cells were harboring vRNA in
lymphoid tissues. Sequences show evidence of an early compart-
ment between seminal and blood plasma and no difference in the
env gene of virus present in semen/MGT and in Lymph Nodes.
Finally, multinuclear giant cells harboring vRNA were the only
source of virus in semen in chronically infected and in CD4
depleted RM. Moreover, vRNA + myeloid cells were highly
present in semen after 2 weeks on ART.

Figure. vRNA and vDNA + Myeloid cells in semen and MGT.

Conclusions: This study demonstrates the feasibility of
tracking the anatomic origins of seminal virus in SIV infection
and could provide novel characterization of the virus that drives
sexual transmission globally. Extraordinarily high seminal VLs
and massive numbers of infected cells might be associated with
primary infection persisting after 2 weeks of ART and if this
occurs in humans, could help explain the high rate of
transmissibility during primary infection and highlights the
risk of viral transmission during analytical treatment
interruptions.
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PP 2.16 – 00177
Development of a nonhuman primate model to study the
immunological effects of feminizing hormone therapy in
transgender women
P. Hahn1, E. Alexander2, K. Weisgrau2, E. Rakasz2, J. Kurian2, T. Ou1,
W. He1, M. Farzan1, M. Martins1
1Department of Immunology and Microbiology, UF Scripps Biomedical
Research, Jupiter, FL, USA;
2Wisconsin National Primate Research Center, University of Wisconsin,
Madison, WI, USA

Background: The burden of human immunodeficiency virus
(HIV) infection is disproportionally shouldered by transgender
women (TGW) who have a global HIV infection prevalence of
19% and an estimated 66-fold higher incidence of acquisition
than non-transgender individuals over age 15. Considering
TGW’s high risk of acquiring HIV, they stand to benefit greatly
from anti-HIV therapeutics, though little work has been devoted
to understanding the immunomodulatory effect of feminizing
hormone therapy (FHT). To relieve gender dysphoria and take
steps toward gender affirmation, many TGW utilize FHT, which
consists of exogenous estrogens, primarily 17-β estradiol (E2), to
facilitate physical feminization and bring estrogen levels to those
of cisgender women. It is well established that estrogen can
influence T-cell development and impart higher resistance to
infection in women versus men. Since estrogen can also amplify
antibody responses, FHT could have both positive and negative
immune consequences to TGW. FHT may, for example, increase
the pool of HIV target cells on one hand, but enhance the
immunogenicity of HIV vaccines on the other. FHT may also
influence the size of the latent reservoir in HIV-infected persons,
since estrogen is a known transcriptional inhibitor of HIV. Hence,
to advance our understanding of the immunomodulatory effects
of FHT in TGWs, we set out to model FHT in rhesus macaques
(RMs). Not only are RMs genetically similar to humans, but they
make it possible to conduct longitudinal studies with ensured
treatment compliance and access to precious mucosal samples.

Methods: Using slow-release subcutaneous E2 pellets, we
have optimized a dosing regimen in male RMs that maintains
similar levels of E2 to those measured in cisgender women. We
are using flow cytometry to measure cellular dynamics and
intracellular cytokine staining assays to measure cellular
responses to HIV vaccines.

Results: Not only does this E2 pellet treatment induce
physical feminization (i.e., increased nipple sizes), but it also
triggered fluctuations in activated CD4+ T-cells and NK cells
over time.

Conclusions: Collectively, this work highlights the pleio-
tropic effects of E2 and provides a new translationally relevant
in vivo system to explore the immune consequences of exogenous
hormone therapy in TGW.
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Myeloid-derived extracellular vesicle production is upregulated
with SHIV.D infection
R. Podgorski1, R. Warfield1, J.A. Robinson1, K.J. Bar2, T.H. Burdo1
1Department of Microbiology, Immunology, and Inflammation, Center for
NeuroVirology and Gene Editing, Lewis Katz School of Medicine, Temple
University, Philadelphia, PA, USA;
2Department of Infectious Disease, University of Pennsylvania, Philadelphia,
PA, USA

Background: While the successes of combination antiretroviral
therapy (cART) have minimized the number of people with
human immunodeficiency virus (HIV) (PWH) that progress to
acquired immunodeficiency syndrome (AIDS), PWH on cART
maintain at an increased risk for HIV-associated neurological
dysfunction. Extracellular vesicles (EVs) constitute an under-
studied method of intercellular communication and molecule
delivery in viral infections. EVs have been demonstrated to carry
inflammatory mediators to areas of the periphery during cART
suppression but are understudied in the brain. Here, we utilize
novel myeloid-tropic transmitted/founder simian-human
immunodeficiency virus SHIV.D to investigate myeloid-derived
EVs.

Methods: Primary rhesus macaque (RM) monocyte-derived
macrophages (MDMs) were infected with 13.5 ng SHIV.D p27/
mL. Cell culture supernatant was collected after 72hrs infection.
Free virions were removed by immunoprecipitation. EVs were
isolated and analyzed by ZetaView nanoparticle tracking.
Cellular DNA was isolated for SHIV.D pol and RM telomerase
reverse transcriptase (TERT) qPCR.

Results: EV concentration normalized to RM TERT was
significantly increased in SHIV.D infected MDMs compared to
uninfected MDMs from the same RM donor (P= 0.03, N=6).
There was no significant difference in the size of the EVs from
SHIV.D-infected MDMs compared to controls. Preliminary flow
cytometry analysis of EVs from SHIV.D-infected rhesus macaque
plasma showed an overrepresentation of monocyte-derived EVs
compared to T-lymphocyte-derived EVs.

Conclusions: Ongoing research will compare EV production,
cellular origin, and EV cargo from SHIV.D-infected RM plasma,
cerebral spinal fluid, and tissues prior to infection, and during
acute viremia and cART suppression. Discovering the role of
myeloid-derived EVs on the continuous neuroinflammation
during suppressive cART in the SHIV.D/RM model is a critical
step in developing novel interventions to combat HIV CNS
dysfunction.
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Session 3: Virology of HIV Persistence

OP 3.1
HIV Persistence in women, an update
N. Archin1,2
1UNC HIV Cure Center, The University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA;
2Department of Medicine, The University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

The persistence of HIV-1 infection despite effective antiretroviral
therapy (ART) still requires lifelong ART, but efforts are moving
steadily forward towards viral eradication or durable drug-free
remission. While women constitute one half of people living with
HIV disease, remarkably a systematic analysis demonstrated that
only 11.1% of cure study participants in the past 17 years have
been female. Sex-based differences may influence the outcome of
HIV infection and similarly the HIV reservoir. During early
infection, untreated HIV+ women exhibit levels of plasma
viremia up to 40% lower than men and higher CD4 T cell counts.
However, women are at 1.6-fold higher risk to progress to AIDS
thanmen. Factors specific towomen, such as differences in innate
and adaptive immunity, genetics and cyclical hormonal changes,

may affect HIV pathogenesis, immune function, and the
reservoir. Reservoir size, latency reactivation and immune
clearance are each critical factors in one of the proposed paths
to HIV remission. Each of these may differ between men and
women. Recent studies exploring HIV persistence and cure in
women along with associated sex differences will be highlighted.
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OP 3.2 – 00056
Clonally expanded HIV-1 proviruses with 5′-Leader defects can give
rise to nonsuppressible residual viremia and complicate ART
management
F. Wu1, S. Yasin2, M. Summers2, R. Siliciano1, F. Simonetti1
1Johns Hopkins University, School of Medicine, Division of Infectious Diseases,
Baltimore, USA;
2University of Maryland Baltimore County, Department of Chemistry and
Biochemistry, Baltimore, USA

Background: Antiretroviral therapy (ART) decreases viremia to
below the detection limit of clinical assays in people living with
HIV. Most proviruses are latent, but, at any given time, a small

Figure 1 (abstract: OP 3.2–00056) Proviruses cause of NSV have 5′-Leader defects

Abstracts Journal of Virus Eradication 8S (2022)

42

https://doi.org/10.1016/j.jve.2022.100173


fraction expresses RNA and virions. In some individuals this
causes persistent nonsuppressible viremia (NSV) originating
from clones carrying infectious proviruses. Defective proviruses
represent over 90% of proviruses persisting during ART and can
express viral genes. Whether defective proviruses can cause NSV
and complicate ART management is unknown.

Methods: We characterized the source of NSV in 4 study
participants with 100% adherence to ART. We performed SGS on
plasma RNA and CD4 gDNA, IPDA, and matched integration site
and provirus sequencing. We studied inducibility and splicing ex
vivo. 5′-Leader defects were introduced in NL4-3 to test RNA
dimerization, nucleocapsid binding, infectivity, Env expression,
and RNA splicing. Integration site-specific assays were used to
track clones of interest over time and in cell subsets.

Results: We identified 6 proviruses with 5′-Leader defects,
part of expanded clones, contributing to persistent NSV ranging
from ∼10^2 to ∼10^3 HIV RNA copies/mL. These proviruses have
small deletions or point mutations involving the major splicing
donor site (MSD).We found an identical deletion (d22) in 3 out of
4 participants, likely favored by GAG repeats surrounding the
MSD. 5′-L defects partially reduced RNA dimerization and
nucleocapsid binding. Nevertheless, proviruses are inducible
and produce non-infectious virions containing viral RNA but
lacking Envelope due to inefficient alternative splicing.
Proviruses cause of NSV were all integrated into and in the
opposite orientation of expressed genes, showed variable degrees
of CTL escape mutations, and were resistant to autologous
neutralization. These infected clones have variable sizes, are
stable over time, and are siloed in effector memory cells. In one
participant, a >50-fold expansion of one clone occurred
concurrently with the onset of NSV.

Conclusions: Despite defects affecting critical processes
including the generation of spliced transcripts, proviruses with
small 5′-Leader defects in expanded CD4+ T cell clones can give
rise to NSV, affecting clinical care.
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OP 3.3 – 00030
Inducible replication-competent HIV proviruses persist in memory
CD4+ T cells expressing high levels of the integrin VLA-4 (α4β1)
C. Dufour1, R. Fromentin1, C. Richard1, A. Ackaoui1, M. Pardons1,
M. Massanella1, B. Murrell2, J.P. Routy3, B. Routy1, N. Chomont4
1Centre de Recherche du CHUMAnd Department of Microbiology, infectiology
and immunology, Université de Montréal, Montréal, Canada;
2Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet,
Stockholm, 171 77, Sweden;
3Division of Hematology & Chronic Viral Illness Service, Mcgill University
Health Centre, Montréal, H4a 3j1 Canada;
4Centre de Recherche du Chum and department of Microbiology, Infectiology
and Immunology, Université de Montréal, H2x 0a9 Canada

Background: Even after years of suppressive antiretroviral
therapies (ART), viral reservoirs persist in people living with
HIV (PLWH). We aimed at identifying cellular markers preferen-
tially expressed by the few cells in which inducible, intact, and
replication-competent proviruses persist during long-term ART.

Methods: We used HIV-Flow indexed p24+ single-cell
sorting and combined it with near full-length (NFL) HIV
sequencing to obtain the phenotype of cells harboring inducible
and intact proviruses in 6 participants on ART. Specifically, we
measured the expression levels of PD-1, TIGIT, HLA-DR, ICOS, α4,
β1, CD45RA and CCR7. Markers enriching in cells with intact
proviruses were validated by cell-sorting of memory CD4+
T cells from 6 PLWH on ART. Measures of replication-competent
HIV were performed on the sorted populations by viral
outgrowth assay.

Results: Among 309 NFL proviruses sequenced from p24+
cells, only 12 were genetically intact. Intact HIV genomes were
integrated in memory CD4+ T cells expressing higher levels of
the integrin subunits α4 and β1 (i.e. integrin VLA-4), when
compared to cells harboring defective proviruses (normalized
expression level of α4 of 3.3 on intact VS 2.0 on any defects;
p= 0.003, and 1.5 VS 1.2 for β1; p= 0.06) (Fig.1 A). No
difference was noted for all other markers. Viral outgrowth assay
confirmed that memory CD4+ T cells expressing high levels of
VLA-4 were dramatically enriched (27-fold) in replication-
competent virus (mean: 3.24 VS 0.12 IUPM for VLA4-; p=
0.031) (Fig.1 B).

Figure 1 (abstract: OP 3.3–00030)
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Conclusions: Our results indicate that the inducible, intact,
and replication-competent reservoir persists in memory CD4+
T cells that express high levels of the integrin VLA-4.Whether this
molecule can be pharmacologically targeted to reduce the size of
the HIV reservoir remains to be determined.
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Infected naïve CD4+T cells in childrenwithHIV can proliferate and
persist on ART
M. Katusiime1, S. Guo3, V. Neer1, S. Patro3, X. Wu3, A. Horner2,
A. Chahroudi2, M. Mavigner2, M. Kearney1
1HIVDynamics and Replication Program, National Cancer Institute, Frederick,
USA;
2Emory University, School of Medicine, Atlanta, USA;
3Genomics Technology Laboratory, National Cancer Institute, Frederick, USA

Background: We previously showed that HIV persists in
perinatally infected children through clonal expansion of Tcells
infected before ART initiation. Although HIV primarily infects
memory CD4+Tcells (TMem), studies in adults and SIV/SHIV-
infected rhesus macaques have shown that naïve CD4+T cells
(TNaive) harbor a higher proportion of intact HIV genomes. Little
is known about the TNaive HIV reservoir in early-treated
children. The study aimed to determine (i) if HIV infects
TNaive in early-treated children, (ii) the infection frequency
relative to TMem, (iii) the proportion predicted intact (iv) if
infected TNaive can undergo cellular proliferation to form
infected Tcell clones.

Methods: The cohort consisted of 8 children aged 5–11years
who initiated ART at a median of 4weeks of age with suppressed
viremia for a median of 8.5 years. PBMC were sorted into TNaive
(CD45RO-CD28+CD27+CD95-CCR7+CD45RA+) and TMem
(CD45RO+ CD95+). Multiple displacement amplification
(MDA) was performed on genomic DNA from 320,000 TNaive
and 106,667 TMem from each child at limiting dilution for HIV
proviruses. To detect MDA reactions containing an HIV provirus
and estimate the proportion of the HIV+ MDA reactions with
predicted intact proviruses, probe-based PCRmethods were used
to screen for HIV LTR, Psi, and RRE. Integration site analysis (ISA)
was performed on TNaive in the child with the highest TNaive
frequency of infection.

Results: FACS sorting resulted in purities of a median 96.6%
(range 93–100%) TMem and 97% (range 96.5–100%) TNaive.
HIV-infected TNaive were detected in all 8 children at a median
of 37.5 infected cells/million (range 6–231), a mean of 11-fold
lower than the infected TMem. of the 201 HIV LTR+ TNaive
detected, 4 were predicted intact (6.5% of proviruses with
detectable Psi and/or RRE, 2% of LTR+). ISA identified 8 clones
of infected cells in the TNaive. None of 8 infected cell clones were
found to carry intact HIV proviruses.

Conclusions:We found infected TNaive persisting in children
with perinatal HIV on ART for 5–11years. Infected TNaive can
proliferate into clones of infected cells. Measurements adapted
from the Intact Provirus Detection Assay, showed that 6.5% of
infected TNaive (2% of LTR+) are predicted intact. Our results
demonstrate that TNaive are an important HIV reservoir in
perinatally infected children on ART.
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OP 3.5 – 00152
HIV-1RNA+ infectedCD4T cell burden in acuteHIV-1 infection and
association with inflammatory markers
D. Bolton1, M. Creegan1, N. Jian1, B. Slike1, A. Tokarev1,
J. Ananworanich1,2, S. Vasan1,2, D. Hsu1,2, N. Phanuphak3, N. Chomont4,
S. Krebs1,2
1U.S. Military HIV Research Program,Walter Reed Army Institute of Research,
Silver Spring, MD, USA;
2The HenryM. Jackson Foundation for the Advancement of MilitaryMedicine,
Inc., Bethesda, MD, USA;
3Institute of HIV Research and Innovation, Bangkok, Thailand;
4CRCHUM and Department of Microbiology, Infectiology and Immunology,
Université de Montréal, Canada

Background: Early events during HIV-1 infection are thought to
influence subsequent virologic and immunologic outcomes, such
as reservoir size, adaptive immune responses, and persistent
immune activation. Robust CD4 T cell infection and inflamma-
tory responses are hallmarks of acute HIV-1 infection, yet
detailed characterization of these early events remains poor.
We aimed to determine the extent of CD4 T cell infection by cell-
associated viral RNA (vRNA), assess the phenotype of vRNA+
infected cells and relate these findings to inflammatory cytokine
production at the earliest stages of HIV-1.

Methods: HIV-1 vRNA+ memory CD4 T cells in PBMC
(n=24) and lymph nodes (n= 4) of people with Fiebig stages
II–V acute HIV-1 in Bangkok, Thailand (RV254) were measured
by surface staining, flow cytometric limiting dilution sorting, and
sensitive RT-qPCR for spliced (env/vpu/nef, tat/rev) unspliced
(gag), and transcriptionally complete (LTR.U3) vRNA. Plasma
levels of 27 soluble inflammation markers were assessed by
Luminex or ELISA. Single-cell profiling of vRNA+ cells was
performed for two participants.

Results: A median of 4% of memory CD4 T cells contained
unspliced vRNA (range 0.1–30%), indicating widespread
CD4 T cell infection. Replication-active cells, i.e. spliced vRNA
+, were ∼0.2% of memory CD4 T cells (range <0.01–1.6%), or
5% of all vRNA+ cells. The proportion of vRNA+ cells with 5′
unspliced vRNAwas similar to that with distal transcribed vRNA,
suggesting robust transcriptional elongation during acute infec-
tion and/or frequent cellular incorporation of virion-derived
genomic vRNA. Unspliced vRNA+ CD4 T cells correlated with
plasma viremia and elevated concentrations of IL-12p70 (rho=
0.7, PFDR=0.01), a key regulator of cell-mediated immunity. A
strong trendwas also observed forMip3b. vRNA+cells exhibited
a heterogeneous surface protein profile, including both resting
and activated cells with varied chemokine receptor expression.

Acknowledgements: We would like to thank the study
participants who committed so much of their time for this
study. The participants were from the RV254/SEARCH 010,
which is supported by cooperative agreements (WW81XWH-18-
2-0040) between the Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc., and the USA Army
Medical Research and Development Command (USAMRDC) and
by an intramural grant from the Thai Red Cross AIDS Research
Centre and, in part, by the Division of AIDS, the National Institute
of Allergy and Infectious Diseases, National Institutes of Health
(AAI21058-001-01000). Antiretroviral therapy for RV254/
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SEARCH 010 participants was supported by the Thai
Government Pharmaceutical Organization, Gilead Sciences,
Merck and ViiV Healthcare.

Disclaimer: The views expressed are those of the authors and
should not be construed to represent the positions of the U.S.
Army, the Department of Defense, the National Institutes of
Health, the Department of Health and Human Services, or the
Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc. The investigators have adhered to the policies for
protection of human subjects as prescribed in AR-70-25.

Figure. Frequency of HIV-1 RNA+ memory CD4 T cells

Conclusions: These data suggest that a substantial fraction of
CD4 T cells is infected during early acute HIV-1 but that most
cellular infection events lack evidence of viral replication. The
diverse phenotype of early infected cells poses challenges for
targeted therapeutic approaches aiming to eliminate them.
CD4 T cells harboring vRNA may be an important determinant
of the pro-inflammatory state regulating innate and adaptive
immune response development.
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Effect of HIV-1 infection, viral particle production, and proviral
integration site on CD4+ T cell proliferation
J. Kufera1, C. Armstrong1, F. Wu1, A. Singhal1, H. Zhang1, J. Lai1,
H. Wilkins1, F. Simonetti1, J. Siliciano1, R. Siliciano1,2
1Johns Hopkins University School of Medicine, Baltimore, USA;
2Howard Hughes Medical Institute, Bethesda, MD, USA

Background: The latent reservoir (LR) in resting CD4+ T cells is
the major barrier to cure. In HIV-infected individuals on long-
term ART, many CD4+ T cells in the LR are clonal and have
arisen from proliferation. Consequently, clonal expansion is a
major mechanism of HIV persistence. Stimulation of latently-
infected CD4+ T cells results in the nuclear translocation of
transcription factors required for both cellular activation and
reactivation of the latent provirus. These two transcriptional
programs can result in opposing cell fates, cell division and
survival or virion production and cell death. We asked whether

proviral intactness, viral particle production, and HIV-1 integra-
tion site affect the fate of an individual infected CD4+ T cell.

Methods: We validated a high-throughput assay to isolate
individual latently-infected resting memory CD4+ T cells in a
background of uninfected cells from peripheral blood of 10
PLWH suppressed on ART for >7 years. Cells were stimulated
with anti-CD3/CD28 beads and IL-2 to mimic antigenic
stimulation. ART was included in cell culture media to prevent
reinfection. At the end of culture, clonal expansion and viral
particle production were quantified and proviral intactness and
integration site were determined.

Results: Uninfected T cells and T cells with a defective HIV
provirus proliferated ten and four times better, respectively, than
T cells with an intact HIV provirus. HIV-1 integration into a
cancer- or proliferation-associated gene endowed a proliferative
advantage. Infected cell clones that produced >100,000 viral
particles had a proliferative disadvantage. However, viral
particle-positive clones did not display inferior proliferation
overall compared with viral particle-negative clones. Moreover,
>80% of infected cell clones produced no viral particles.
Unexpectedly, viral particle production was not strongly corre-
lated with poor infected cell proliferation.

Conclusions: These findings further our understanding of
overall reservoir persistence and the fate of individual latently-
infected T cells upon antigenic stimulation. Clinically, these
experiments suggest that anti-proliferative agents may dispro-
portionately affect uninfected T cells. Although there is no
biomarker that distinguishes infected from uninfected T cells, we
observed differences in proliferation in response to T cell
activation. Future studies should investigate whether dividing
infected T cells transiently express viral proteins, which may be
targetable.
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Cohort-specific Adaptation of the Intact Proviral DNA Assay (IPDA)
to HIV-1 subtypes A1, D, and recombinants
S.N. Gowanlock1, D.C. Copertino2, Pragya Khadka2, R. Brad Jones2,
Jingo Kasule3, T. Kityamuweesi3, P. Buule3, S. Reynolds3,4, T. Quinn4,5,
A.D. Redd4,5, Z.L. Brumme6,7, J. Prodger1, G.Q. Lee2
1Department of Microbiology and Immunology, Western University, London,
ON, Canada;
2Department of Medicine, Division of Infectious Diseases, Weill Cornell
Medicine, New York, NY, USA;
3Rakai Health Sciences Program, Kalisizo, Uganda;
4Division of Intramural Research, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, MD, USA;
5Department of Medicine, Johns Hopkins University School of Medicine,
Baltimore, MD, USA;
6Simon Fraser University, Burnaby, BC, Canada;
7BC Centre for Excellence in HIV/AIDS, Vancouver, BC, Canada

Background: Existing IPDA primers/probes, designed for HIV-1
subtype B, may not detect non-B subtypes, which dominate in
sub-Saharan Africa. We adapted the original IPDA primers/
probes to subtypes A1, D, and recombinant HIV-1 sequences from
Rakai, Uganda, and evaluated their performance.

Methods: HIV-1 subtypes A1 and D proviral genomes
collected from participants on suppressive ART were collected
using FLIP-seq (HXB2 coordinates 632–9632) then interrogated
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for the presence/absence of the published IPDA primer/probe
binding regions (HXB2 psi 692–797 and env 7736–7851) and
sequence diversity using an in-house bioinformatics pipeline.
Based on the sequence diversity at each site, we introduced 1–5
degenerate bases into the original primers/probes to generate
pan-A1/D adapted oligonucleotides. Performance was evaluated
using FLIP-seq PCR amplicons representing intact and hypermu-
tated genomes as templates.

Results: In our in silico analysis, 607 subtype A1, D and
recombinant intact and defective HIV-1 DNA genomes were
classified into psi+/- and env+/- with and without hypermuta-
tions. All (32/32) intact genomes were psi+/env+ (i.e., IPDA
primer/probe locations have 100% sensitivity to identify A1/D/
recombinant genomes), whereas 5% (28/547) of non-hypermu-
tated defective genomes contained both IPDA regions, yielding
95% specificity by location. All genomes however had at least
onemismatch against the original primers/probes (Figure 1), and
the original IPDA subtype B primer/probes failed to amplify
intact A1 and D sequences. At base 13 of the IPDA env probe
(which is “G” in the labeled probe, but “A” in the unlabeled
competitive probe that discriminates hypermutated proviruses in
subtype B), intact subtype A1 naturally harbored an “A” rather
than the consensus “G” in subtype B. Our adapted A1D primers/
probes, when tested on four unique pure templates, correctly
amplified intact A1 and D genomes, but not A1 and D
hypermutated amplicons, though it required a slanted gate to
separate positive and negative droplet populations.

Figure. Ugandan sequence diversity at IPDA binding sites

Conclusions: Our subtype-A1/D adapted IPDA primers/
probes successfully amplified genome-intact pure templates
while excluding hypermutated ones. The primer/probe locations
were predicted to be >95% sensitive and specific for intact
genome discrimination in silico. Efforts to apply the primers/
probes to additional templates and clinical samples, and evaluate
whether placing them in alternative regions will further improve
specificity, are ongoing.
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OP 3.8 – 00066
Characterization of the HIV-1 viral reservoir in subtype B early
treated individuals
T. Struyve1, M. Pardons1, L. Termote1, J. De Clercq1, L. Lambrechts1,
J. Vega2, D. Boden3, M. Lichterfeld4, S. Rutsaert1, L. Vandekerckhove1
1HIV Cure Research Center, Ghent University, Ghent, Belgium;
2Arcturus Therapeutics, Science Center Drive, San Diego, California, USA;
3Janssen Biopharma, Johnson And Johnson, South San Francisco, USA;
4Ragon Institute of MGH, MIT and Harvard, Cambridge, Massachusetts, USA

Background: The clonality and intactness of proviral genomes
remain poorly characterized in early treated individuals on
antiretroviral therapy (ART). Moreover, the inducible viral
reservoir has been understudied due to the lack of potent
latency reversing agents (LRA). Here, we did an in-depth
assessment of the total and inducible viral reservoir in early
treated individuals.

Methods: Near full-length (NFL) proviral sequences and
integration sites were analyzed in 8 individuals treated during
acute infection (Fiebig II-III: n= 6; Fiebig IV: n= 1; Fiebig V:
n= 1) who received ART for a median of 0.96 years (0.49–1.93
years), using matched integration site and proviral sequencing
(MIP-Seq). Multiplex digital PCR was used to assess total and
intact HIV proviral DNA (IPDA). Following a 24h-stimulation
with a Tat mimetic (Tat#1) and PMA, the frequency of p24-
expressing cells and their phenotype were assessed by HIV-Flow.

Results: The median frequency of cells harboring intact
proviruses per million CD4 T cells was 90.7. Clonally expanded
cells were retrieved in only 4 out of 8 participants and accounted
for 5% of total integration sites (n= 270). Among proviruses
integrated in genes, opposite orientation relative to the host gene
was approximately twice as common as same orientation (63%
vs. 34%). In total, 64 proviral genomes were obtained of which
9% of the proviruses were intact (91% defects: 2% inversions,
53% large internal deletions, 17% hypermutations, 9% PSI/MSD
defects, 9% premature stopcodon/frameshift). Following PMA/
Tat#1 stimulation, a range of 0.4–20 p24-expressing cells per
million CD4 T cells were detected among the 8 individuals. p24-
expressing cells were enriched in effector memory T cells
(p= 0.06). Interestingly, in early treated individuals, a signifi-
cantly higher fraction of p24+ cells displayed a naïve phenotype
compared to chronically treated individuals (p= 0.03).

Conclusions: To conclude, these data indicate early ART
initiation does not prevent the establishment of the intact viral
reservoir. After 1 year of treatment, the contribution of clonal
expansion to the persistence of the viral reservoir is minimal in
early treated individuals. Here, we report a potent combination
of LRAs that enables to study the inducible reservoir in early
treated individuals on ART.
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Development of a digital PCR assay to profile HIV expression at
single-infected-cell resolution
F. Dragoni, M. Moskovljevic, F. Wu, A. Camilo-Contreras, F.R. Simonetti
Johns Hopkins University, Department of Medicine, Division of Infectious
Diseases, Baltimore, USA

Background: HIV gene expression in CD4+ T cells is often used
to study reservoir activity and the impact of latency-reversing
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strategies. However, bulk cell measurements fail to deconvolute
changes in HIV RNA at the single-cell level. Despite the plethora
of new single-cell technologies, some are limited by low cell
input, allelic drop out, and require pre-amplification steps. Here,
we optimized a scalable yet sensitive assay to profile HIV
expression with single-infected-cell resolution.

Methods: Individual or small pools of cells were distributed in
96-well plates. RNAwas isolated by magnetic beads, followed by
DNAse and HIV poly-A tail-anchored cDNA synthesis. A synthetic
DENV RNA spike-in was used to control for recovery. cDNA was
directly quantified by measuring total poly-A, unspliced 5′ gag
transcripts, and the DENV spike-in. Performance was tested on a
validated HIV RNA standard, singly-sorted ACH2 cells± PMA/I,
and single J-Lat 10.6 cells with low, mid, and high GFP
expression.

Results:The 95%hit rate of the assaywas 17.7 copies, and the
absolute LOD was 2.2 copies/well. In ACH2 cells, HIV RNA was
detected in 44/45 and 40/45 replicates, and median HIV RNA
copies/cell were 15.8 [IQR 7.6–176.0] and 3532 [1758–7023]
for untreated and PMA/I-treated cells, respectively. In J-Lat cells,
HIV RNAwas detected in 27/28, 10/28 and 5/28 replicates, with
median HIV RNA copies/cell being 311 [38–911], 4.3 [4.2–8.5],
and 4.4 [4.3–6.5] for cells with high, mid, and low GFP
expression, likely reflecting GFP turnover in cells returning to
latency. We then profiled HIV expression in CD4+ T cells from a
participant on ART. Cells were either stimulated with PMA/I or
left untreated and seeded at limiting dilution. Our approach
revealed that the increase in HIV RNA from bulk-cell measure-
ment was due to rare high RNA-producing cells (762 copies/cell),
while the majority of RNA+ cells showed only a modest increase
in HIV expression (median 8.8 vs 4.4).

Conclusions: Our approach can sensibly recover intracellular
viral transcripts without a pre-amplification step. Its flexible
design can be applied to a wide range of low-input experiments,
allowing the granular characterization of HIV expression.
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PP 3.2 – 00068
Differential transcriptional levels of HIV-1 near full-length and
highly deleted proviruses
T. Nguyen1, L. Adams1, M.E. Zipparo1, A. Glassey1, U. Santamaria2,
C.A. Rehm3, J. Earhart1, W. Shao1, C.Y. Lau1, F. Maldarelli1
1HIV DRP, Frederick, USA;
2Leidos Biomedical Research, Inc., Frederick National Laboratory for Cancer
Research, Frederick, USA;
3Clinical Research Section, National Institute of Allergy And Infectious
Diseases, Bethesda, USA

Background: HIV-infected cells during antiretroviral therapy
(ART) carry intact or defective proviruses in genomes or in
transcriptional/translational activity. Transcriptional activity
contributes notably to differential dynamics of proviral popula-
tions. We compared and identified viral determinants affecting
transcriptional levels of intact, near full-length (NFL) defective,
and total proviruses after long-term ART.

Methods: Blood cells were collected from 10 HIV-suppressed
patients at pretherapy and after 4–20y on ART. We performed
single genome sequencing (SGS) of proviruses>7 kb by Illumina
MiSeq and characterized genetic intactness. The total proviral gag
and cell-associated RNA (caRNA) populations were obtained by
SGS of 1.3 kb gag region. We analyzed only sequences without
stop codons on gag. We measured gentic diversity using average
pairwise distance (APD) and net divergence (%subs/site) of
caRNA from NFL and from total gag populations. We analyzed
HLA-associated escape mutations and reported mutations on
proviruses with >1.5-fold difference compared to caRNA.

Results:We obtained 1291 sequences without stop codons on
gag, ranging from 0 to 57 NFL (both intact and defective), 5–42
total gag, and 3–39 caRNA sequences/timepoint. There was no
significant difference in the diversity of caRNA vs NFL or total
proviruses from pretherapy to long-term ART. The median APD
(interquartile range-IQR) of caRNA, NFL, and total gag popula-
tions after long-term ART were 1.66 (0.35–1.97), 1.10 (0.33–
1.46), 1.39 (0.68–1.66) while NFL and total gag populations at
pretherapy had a median APD of 1.62% and 1.64%, respectively.
CaRNAwere genetically closer to total gag than NFL populations
with the median (IQR) divergence of 0.06 (0.005–0.19) vs 0.14
(0.03–0.5) (p= 0.02). The genetic diversity of intact was not
different from NFL defective populations. Interestingly, caRNA
populations were not differently divergent from intact or NFL
defective proviruses, 0.04 (0.005–0.5) vs 0.2 (0.04–0.48) (p=
0.46). We observed a >1.5-fold difference in the frequency of
some HLA-associated escape mutations in proviruses compared
to caRNA in 6/10 patients (table 1).

Conclusions: Transcriptional levels of intact and NFL
defective proviruses are not significantly different. However,
total gag proviruses i.e highly deleted, are more transcriptionally
active than NFL proviruses and the HLA escape mechanism does
not explain this difference. These results suggest the advantage of
highly defective proviruses in transcription elongation.
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PP 3.3 – 00071
Longitudinal proviral landscape and reservoir dynamics in a unique
case of HIV superinfection
F. Harrison Omondi1,2, Natalie N. Kinloch1,2, Winnie Dong2,
Pragya Khadka3, Yanqin Ren3, A. Wilson4, E. Benko5, E. Barad1,2,
M. Ostrowski6, R.M. Lynch4, C.J. Brumme2, C. Kovacs5, R.B. Jones3,
G.Q. Lee3, Z.L. Brumme1,2
1Faculty of Health Sciences, Simon Fraser University, Burnaby, BC, Canada;
2British Columbia Centre for Excellence in HIV/AIDS, Vancouver, BC,
Canada;
3Infectious Disease Division, Department of Medicine, Weill Cornell Medical
College, New York, USA;
4Department of Microbiology, Immunology and Tropical Medicine, George
Washington University, Washington, DC, USA;
5Maple Leaf Clinic, Toronto, ON, Canada;
6Department of Immunology, University of Toronto, Toronto, ON, Canada

Background: Within-host HIV genetic diversity can pose
challenges to reservoir assessment, but it can also be leveraged
to understand reservoir dynamics. We longitudinally character-
ize reservoir composition, including HIV RNA sequences
rebounding in plasma during ART interruption, in an individual
who initially acquired HIV subtype B and was subsequently
super-infected with a unique recombinant form (URF).

Methods: Single-genome amplification (pol and env) was
used to characterize plasma HIV RNA populations replicating
shortly after infection in 2010, and in 2012 prior to ART. Near-
full-genome proviral sequencing and reservoir quantification
(IPDA/QVOA) was performed in 2017 during suppressive ART.
In 2018, the participant interrupted ART, allowing us to
characterize plasma HIV sequences emerging from the reservoir.
Near full-genome proviruses were resampled in 2019 after re-
suppression on ART.

Results: All 25 plasma HIV sequences sampled in 2010 were
subtype B. By 2012 however, only 10% of sampled plasma
sequences were B; the remainder were a URF that was amosaic of
subtype A1, G, and CRF02_AG. This indicates super-infection,
with the URF subsequently becoming dominant. In 2017 during
suppressive ART, the IPDA estimated an overall 78 intact HIV
copies/million CD4+ T cells, of which 36% were subtype B and
64% were the URF (the two strains produced different signal
amplitudes, allowing strain-specific quantification). Somewhat
in contrast, QVOA returned an overall reservoir size of only 0.27
IUPM CD4+ T-cells, though full-length infectious viruses
representing both B and URF were recovered from supernatants.
We also recovered 51 near-full-length proviruses, of which 10
were intact, including 2 subtype B and 8 identical URF
proviruses. After treatment interruption in 2018, 91% and 9%
of the 130 plasma HIV sequences recovered were URF and B,
respectively. After re-suppressing on ART in 2019, 90% of the 40
recovered near-full-length proviruses were the URF (one intact)
while 10% were subtype B (zero intact).

Conclusions: HIV sequences rebounding in plasma after ART
interruption reflected reservoir lineage distribution on-ART,
which in turn reflected within-host variant distribution pre-
ART. Results highlight reservoir longevity and genetic stability,
and illustrate how HIV sequencing performed in combination
with reservoir quantification can provide additional insights into
reservoir composition and dynamics.
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HIV-1 clade C reservoir characteristics in early and chronic treated
infection
K. Reddy1, G.Q. Lee2, N. Reddy1,3, T.J.B. Chikowore1,4, K. Dong5,6,7,
B. Walker5,6,7, X.G. Yu5,7, M. Lichterfeld5,7,8, T. Ndung’u1,4,6
1Africa Health Research Institute, Durban, South Africa;
2Weill Cornell Medical College, New York, USA;
3University of KwaZulu Natal, Durban, South Africa;
4University College of London, London, UK;
5Ragon Institute of MGH, MIT and Harvard, Cambridge, MA, USA;
6HIV Pathogenesis Programme (HPP), Nelson R. Mandela School of Medicine,
Durban, South Africa;
7Harvard Medical School, Boston, Massachusetts, USA;
8Brigham and Women’s Hospital, Boston, MA, USA

Background: Persisting HIV reservoir viruses in resting
CD4 T cells and other cellular subsets remains a barrier to
curative efforts. Early antiretroviral treatment (ART) has been
shown to enable post-treatment viral control in some cases. We
hypothesized that extremely early ART initiation will affect the
size, decay dynamics and landscape characteristics of the HIV-1
subtype C viral reservoirs.

Methods: We studied 35 women from the FRESH cohort in
Durban, South Africa diagnosed with hyperacute HIV infection
by twice weekly testing for HIV-1 RNA. Study participants were
divided into 2 groups where, 11 started ART at a median of 456
(297–1203) days post onset of viraemia (DPOV), while 24 started
ART at a median of 1 (1–3) DPOV. We used PBMC to measure
total HIV DNA by ddPCR and sequence viral genomes by full
length individual proviral sequencing (FLIP-Seq) from detection
of HIV up to 1 year post treatment.

Results: ART in hyperacute infection reduced peak viraemia
compared to untreated infection (p< 0.0001), but there was no
difference in total HIV DNA measured contemporaneously
(p= 0.104). There was a steady decline of total HIV DNA in
the early treated group over 1 year that was not observed in the
late treated group (p=0.0004). Total HIV DNA after 1 year of
treatment was lower in the early treated compared to the late
treated group (p=0.02). We generated 697 single viral genome
sequences. There was a difference in the longitudinal proviral
genetic landscape over 1 year between untreated, late treated and
early treated infection, where the relative contribution of intact
genomes to the total pool of HIV DNA after 1 year was higher in
untreated infection (31%) compared to late treated (14%) and
early treated infection (0%). Treatment initiated in both late and
early infection resulted in a more rapid decay of intact (T1/2=2
months and T1/2=0.75 months) versus defective (T1/2=25
months and T1/2=8.54 months) viral genomes.

Conclusions: Extremely early ART initiation in subtype C
HIV-1 was associated with a more rapid decay of intact viral
genomes which could accelerate reservoir clearance when
combined with other interventional strategies.
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PP 3.5 – 00110
The proviral quasispecies of HIV-1
A. Telesnitsky, E. Atindaana, K. Gopal, S. Emery, J. Kidd, A. Telesnitsky
University of Michigan Medical School, Ann Arbor, USA

Background: HIV-1 replication is robust during untreated
infection, but infected cells that persist during therapy do not
constitutively express virus. Population modeling often assumes
a cellular on-off dichotomy and that the same amount of virus is
released from all cells actively expressing HIV-1. We established
an experimental system to assess the spectra of HIV-1 expression
patterns.

Methods: Cell-autonomous variation in HIV-1 expression was
examined using pools of barcoded integrants in cultured cells
analyzed by high-through sequencing of released virus and
intracellular RNA expression patterns. How this variation
contributes to proviral population remodeling under differing
environmental conditions was tested.

Results: Integrant clones’ burst sizes spanned four orders of
magnitude. Bimodal expression patterns were established within
each clone, with some cells producing no virions and other cells
in the same clone expressing virus. Some burst size variation
among clones reflected intracellular RNA abundance, but
differences in splicing patterns also contributed. Reasoning that
this variation constituted a quasispecies from which differing
subsets of proviral clones could prevail under differing environ-
mental conditions, proviral populations were compared in the
presence and absence of the cytotoxic HIV-1 protein Vpr. The
results showed that whereas most infected cell clones were
dominated by HIV-1 expressing cells in the absence of vpr, its
presence selected for a subset of clones in which a small minority
of member cells released virus, regardless of the amount of virus
active cells released. vpr-populations rendered vpr+ by comple-
mentation yielded similar phenotypes, suggesting clone-asso-
ciated phenotypes were not due to somatic variation among
infected cells. Populations of vpr+ and vpr- proviruses displayed
distinct spectra of responses to latency reactivation agents.

Conclusions: Keying epigenetic features of tissue culture
integrants to those observed in patients suggested that the spectra
of integration sites observed within experimental vpr+ poly-
clonal populations were not different from those observed in vivo
but that the vpr- proviruses were different, suggesting interclonal
variation in expression patterns observed in tissue culture also
pertain to primary infection. The selective advantage of clones
that seldom express virus, paired with little to no disadvantage
associated with high burst size, may contribute to proviral
persistence properties and to patients’ blips of viremia.
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Heterogeneous associations between HIV genomic integrity and
proviral longevity during long-term ART
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B.R. Jones2,3, C. Beelen2, D. MacMillan2, T.M. Mota4, H. Sudderuddin2,5,
E. Barad1, M. Harris2, C.J. Brumme2,6, R. Brad Jones3, M.A. Brockman1,7,
J.B. Joy2,6
1Faculty of Health Sciences, Simon Fraser University, Burnaby, BC, Canada;
2British Columbia Centre for Excellence in HIV/AIDS, Vancouver, BC,
Canada;
3Bioinformatics Program, University of British Columbia, Vancouver, BC,
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4Infectious Diseases Division, Department of Medicine, Weill Cornell Medical
College, New York, USA;
5Experimental Medicine Program, University of British Columbia, Vancouver,
BC, Canada;
6Department of Medicine, University of British Columbia, Vancouver, BC,
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7Department of Molecular Biology and Biochemistry, Faculty of Science,
Simon Fraser University, Burnaby, BC, Canada

Background: Understanding proviral longevity is critical to HIV
remission strategies, but previous phylogenetic studies inferring
within-host proviral ages have not differentiated between intact
and defective viral genomes. We characterized the ages of intact
and defective proviruses,ex vivo reactivated proviruses, along
with plasma HIV sequences from post-ART rebound and on-ART
low-level viremia events, in six participants who had received
ART for a median 9.5 years.

Methods:We used single-template-sequencing to longitudin-
ally characterize evolving plasma HIV (nef) populations over a
median of 7 years pre-ART, along with near-full-genomes of HIV
sequences persisting on ART. To mitigate uncertainty in within-
host phylogenetic reconstruction, we inferred a median 1,500
phylogenies per participant from nefsequence alignments using
Bayesian approaches. We calculated host-specific pre-ART HIV
evolutionary rates from these trees, which were then used to
convert root-to-tip distances of on-ART sequences to their
integration dates.

Results: We collected 885 pre-ART nef sequences and nearly
2500 on-ART HIV genomes (overall 4% genomically intact; 30%
with intact nef). Proviruses with large deletions dominated 5 of 6
participants’ on-ART proviral landscapes, where we observed
numerous examples of unique proviruses sharing exact deletion
“breakpoints” both within and across participants. Clonal
sequences, ranging from 17 to 55% within-host frequency,
were enriched among intact and psi-defective proviruses, but
not proviruses with large deletions or hypermutation, suggesting
clonal expansion is a less critical enabler of longevity for the
latter proviruses, which instead possess an inherent persistence
advantage through decreased likelihood of HIV expression.
While all participants’ on-ART proviral pools contained at least
some sequences dating to earlier periods of untreated infection,
all of these longest-lived proviruses were defective, while all
intact proviruses and sequences from ex vivo and in vivo viral
rebound events dated to near ART initiation. Intriguingly, on-
ART low-level viremia was sometimes fueled by very old within-
host proviral sequences, with phylogenies suggesting a potential
defective proviral origin in some cases.

Conclusions: Results strongly suggest genomic integrity
reduces proviral longevity. Nevertheless, further investigation
of the anatomic/cellular sources of low-level viremia is needed
before firmly concluding that HIV remission strategies need only
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focus on eliminating the smaller subset of genetically younger
proviruses.
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Genetic variation of the HIV-1 subtype C transmitted/founder
viruses long terminal repeat elements and the impact on
transcription activation potential and clinical disease outcomes
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1HIV Pathogenesis Programme, The Doris Duke Medical Research Institute,
Nelson R. Mandela School of Medicine, University of KwaZulu-Natal, Durban,
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Natal, Durban, South Africa;
3Africa Health Research Institute (AHRI), KwaZulu-Natal, South Africa;
4Ragon Institute of Massachusetts General Hospital, Massachusetts Institute of
Technology, and Harvard University, Cambridge, MA, USA

Background: Genetic bottleneck is a hallmark of HIV-1
transmission such that only a limited number of viral variants,
termed transmitted/founder (T/F) variants are transmitted or
establish infection in a newly infected host. The phenotypic
characteristics of these variants may determine the subsequent
course of disease. The HIV-1 5′ long terminal repeat (LTR)
promoter drives viral gene transcription. We hypothesized that
HIV-1 subtype C (HIV-1C) T/F virus LTR genetic variation is a
determinant of transcriptional activation potential and clinical
disease outcome.

Methods: The LTR was amplified from plasma samples of 41
study participants acutely infected with HIV-1C (Fiebig stages I
and V/VI). Paired longitudinal samples were also available at one
year post-infection for 31 of the 41 participants. LTR amplicons
were cloned into a pGL3-basic luciferase expression vector, and
transfected alone or together with Transactivator of transcription
(Tat) into Jurkat cells in the absence or presence of cell activators
(TNF-α, PMA, Prostratin and SAHA).

Results: Inter-patient T/F LTR sequence variation with
subsequent intrahost viral evolution observed in 36.6% of the
participants analyzed at 12 months post-infection. T/F LTR
variants exhibited differential basal transcriptional activity, with
significantly higher Tat-mediated transcriptional activity com-
pared to basal (p< 0.001). Basal and Tat-mediated T/F LTR
transcriptional activity showed a significant positive correlation
with contemporaneous viral loads and negative correlation with
CD4 counts (p< 0.05) respectively. Furthermore, Tat-mediated
T/F LTR transcriptional activity showed a significant positive
correlation with the viral load set points, viral loads but
negatively with CD4 counts at one year post infection (all
p< 0.05). Lastly, PMA, TNF-α and SAHA cell stimulation
resulted in enhanced yet heterologous response of different T/F
LTR variants.

Conclusions: Our data suggest that T/F LTR variants may
influence viral transcriptional activity, disease outcomes and
sensitivity to cell activation. Future studies should investigate the
impact of T/F LTR genetic variation on latency development and/
or reactivation.
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Characterization of the HIV-1 subtype C reservoir during ART in
South-African men and women
N. Buchholtz1, L. Hermans2, C. Umunnakwe2, T. De Jong1, A. Osman2,
J. Symons1, H. Tempelman2, A. Wensing1, M. Nijhuis1
1UMC Utrecht, Utrecht, Netherlands;
2Ndlovu Medical Center, Elandsdoorn, South Africa

Background: Subtype C is the predominant HIV subtype,
nonetheless subtype B is most studied. To develop a global HIV
cure strategy it is important to characterize subtype C viral
dynamics and reservoir. The biggest obstacle to a cure is the
proviral DNA reservoir, consisting of an intact and defective
fraction. The aim of this study was to investigate the impact of
late presentation (low CD4-count) and gender differences on size
and activity of subtype C intact and defective viral reservoir in
people with HIV in rural South Africa.

Methods: 78 participants were included (65%female).
Median CD4-count at antiretroviral therapy (ART) initiation
was 266.5 cells/mm3 and median viral load (VL) 48,652 copies/
mL. Patients started protocolized first-line ART. At baseline and
48 weeks PBMCs were collected for analyses of intact and
defective proviral DNA (IPDA) and msRNA as a measure of
reservoir activity.

Results: At baseline a significantly higher CD4-count was
observed for females compared to males (p< 0.05). However,
no significant difference in the intact or defective DNA reservoir,
msRNA or VL was observed between genders. Significant
correlations were observed between baseline VL and msRNA,
VL and intact (P< 0.05), and defective proviral DNA (P<0.01).
Inverse significant correlations were found between VL and CD4,
and CD4 and msRNA (P<0.01). Interestingly, msRNA and CD4
were significant, positive and inverse correlated respectively,
with defective (P< 0.01 and P<0.05 resp.) but not with intact
proviral DNA at baseline. During treatment, a significant
decrease of both the intact and defective reservoir, as well as
msRNA was detected (P<0.01). The decrease of the intact
reservoir was significantly more profound than the decrease of
the defective proviral DNA (P<0.05).

Conclusions: Decrease of the HIV reservoir size during
treatment is similar between genders, with a more pronounced
decline of the intact reservoir and no impact of late presentation
on reservoir size at baseline. Interestingly, levels of msRNA
correlate with the size of the large defective viral reservoir rather
than the smaller intact reservoir demonstrating that the defective
reservoir actively transcribes msRNA. A combination of IPDA and
msRNA could form the basis for the evaluation of HIV cure
interventions.
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Impact of time on antiretroviral therapy on the proviral reservoir in
people living with HIV
S. Rutsaert, M. Pardons, T. Struyve, L. Lambrechts, L. Vandekerckhove
HIV Cure Research Center, Department of Internal Medicine and Pediatrics,
Ghent University, Ghent, Belgium

Background: Several studies have shown that intact proviruses
decline rapidly after antiretroviral therapy (ART) initiation and
continue to decline after 7 years of ART. This observation
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suggests that most of the cells harboring intact proviruses may
have been cleared in individuals treated for prolonged periods of
time. To determine whether long-term treated individuals may
interrupt treatment without the risk for viral rebound, we
assessed the composition of the viral reservoir in people living
with HIV (PLWH) on prolonged ART without any measured viral
blips.

Methods: Leukapheresis was performed on five PLWH
receiving ART for over 20 years with no registered viral blips
(average time before ART=5.0 years, average time on
ART=27.5 years) and a reference population of 14 PLWH
receiving ART for a shorter time (average time before ART=4.1
years, average time on ART=11.8 years). Viral reservoir size in
CD4+ T cells was quantified by digital PCR combining total HIV
DNA and intact proviral DNA assay (IPDA). The viral composition
was assessed by a long-read sequencing assay developed in-house
which enables high-throughput characterization of the proviral
HIV landscape.

Results: Long-term treated individuals had a low reservoir
size with a median of 374 HIV DNA copies/million CD4+ T cells
(95% CI [339,408]) compared to the reference population with a
median of 1340 HIV DNA copies/million CD4+ T cells (95% CI
[1429,1251]). All long-term treated PLWH had a low but
detectable number of intact proviruses measured by IPDA (5.47
intact proviruses/million CD4+ T cells (95% CI [0.74, 10.21)).
Using long-read sequencing, 101 curated distinct proviruses were
detected of which 12 were clonally expanded (average 2.4 clones
per individual). Only three distinct intact proviruses were
observed in 3 of out 5 individuals, of which one provirus
belonged to a clone.

Conclusions: Smaller reservoir was detected in these long-
term ART-treated individuals compared to individuals treated for
a shorter period of time. Despite prolonged antiretroviral
therapy, remaining intact proviral sequences were detected by
digital PCR in all participants and in 3 out of 5 PLHW with long-
read sequencing. Ongoing experiments should provide further
insight on the inducibility of the remaining intact proviruses.
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PP 3.10 – 00168
Vpr synergizes with vorinostat to prevent HIV-1 latency
establishment
C. Lewis1,3, D. Margolis1,2,3, E. Browne1,2,3
1HIV Cure Center, University of North Carolina School of Medicine, Chapel
Hill, USA;
2Department of Medicine, University of North Carolina School of Medicine,
Chapel Hill, USA;
3Department of Microbiology and Immunology, University of North Carolina
School of Medicine, Chapel Hill, USA

Background: The long-lived reservoir of cells latently infected
with HIV-1 presents a significant barrier to cure. Although some
latency-reversing agents induce viral gene transcription, none
alone have reduced reservoir size. Recent research suggests that
latency prevention may be a more effective approach. Our
preliminary work shows that vorinostat (VOR), a histone
deacetylase inhibitor (HDACi), prevents latency establishment
in a primary CD4+ T-cell model. These findings suggest that
HDACs play a critical role in establishing latency and represent

targets for latency preventing agents (LPAs). However, it is
unclear whether HDACs interact with specific viral factors to
regulate latency establishment. Notably, the HIV-1 accessory
protein Vpr is a viral gene co-activator. We therefore sought to
study how both Vpr alone and the combined activity of Vpr and
HDACis affect HIV-1 latency establishment.

Methods: We infected activated primary CD4+ T cells with
GFP-expressing reporter HIV-1 strains with or without Vpr and
treated with VOR or vehicle control. Flow cytometry was used to
measure GFP-expressing cells percentage and median GFP
expression weekly for 3 weeks.

Results: Vpr expression had little effect on HIV-1 silencing in
CD4+ T cells, suggesting that latency is largely Vpr-independent.
Interestingly, however, Vpr expression resulted in an increase in
central memory T cells (TCM) in the culture. Further, VOR-
treated cells infected with Vpr-expressing virus had significantly
higher viral gene expression compared with VOR-treated or Vpr-
expressing cells alone.

Conclusions: Our findings demonstrate that Vpr promotes
increased abundance of TCM cells in a latency model. This
finding is of note because the latent reservoir is enriched in these
longer-lived cell types. In addition, our data suggest that Vpr
synergizes with HDACis in promoting viral gene expression and
preventing latency establishment. A better understanding of how
host and viral factors interact to regulate latency establishment
will facilitate candidate LPA identification.
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The chromatin insulator CTCF inhibits HIV gene expression
S. Burgos1,4, S. Jefferys2, J. Peterson1,4, J. Parker2, A. Manickam1,
J. Simon2, D.M Margolis1,3,4, E.P. Browne1,3,4
1UNC-CH, Department of Microbiology and Immunology, Chapel Hill, NC,
USA;
2UNC-CH, Department of Genetics, Chapel Hill, NC, USA;
3UNC-CH, Department of Medicine, Chapel Hill, NC, USA;
4UNC-CHHIVCure Center, Institute for Global Health and Infectious Diseases,
Chapel Hill, NC, USA

Background: The long-lived, latent HIV reservoir that persists
during HIV antiretroviral therapy (ART) is a significant hurdle in
the goal to cure HIV. During HIV infection, proviruses becomes
transcriptionally silent by mechanisms that are yet to be well
defined. To address this, we characterized a primary cell model of
HIV latency that results in CD4 T cell populations that have active
and latent HIV transcription. In this model we observe that HIV
transcriptional latency was stable and heritable during cell
division.

Methods: Assay of Transposon-Accessible Chromatin sequen-
cing (ATACseq), HOMER tool, Cleavage Under Targets and
Release using Nuclease (CUT&RUN), CRISPR KO.

Results: By using the Assay of Transposon-Accessible
Chromatin sequencing (ATACseq), we observed a significant
reduction in HIV proviral accessibility during latency.
Additionally, we utilized HOMER, a transcription factor (TF)
motif enrichment tool, to identify possible transcription factors
(TFs) that can be binding to the differentially open peaks of latent
and active HIV cells. Sites for the chromatin insulator CTCF were
highly enriched in the differentially open chromatin of infected
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CD4 T cells. To test the functional role of CTCF in HIV infected
cells, we depleted CTCF expression in both cell line and primary
cell models of latency. Upon CTCF depletion, HIV gene
expression was reactivated in latently infected cells, highlighting
CTCF as a novel regulator of HIV latency. Furthermore, by using
Cleavage Under Targets and Release using Nuclease (CUT&RUN)
we discovered that CTCF binds to the LTR regions of the HIV
provirus.

Conclusions: These data identify CTCF as an important new
regulator of HIV gene expression that could be targeted to reverse
latency in addition to a new non canonical binding site in the
provirus for CTCF.
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PP 3.12 – 00180
Distinct HIV-1 resistance profiles against bNAb in intact vs defective
viral genomes
E.E. Giorgi1, P. Khadka2, E. Benko3, C. Kovacs3, R. Goswami2,
G.G. Fouda2, S.R. Permar2, M. Caskey4, R. Brad Jones2, G.Q. Lee2
1Fred Hutchinson Cancer Center, Seattle, WA, USA;
2Weill Cornell Medicine, New York, NY, USA;
3Maple Leaf Medical Clinic, Toronto, ON, Canada;
4Rockefeller University, New York, USA

Background: Broadly neutralizing antibodies (bNAbs) targeting
HIV-1 Env are under study as a strategy in cure research. Viral env
is genetically diverse, with distinct bNAb sensitivity profiles
across subtypes and across hosts. We analyzed and identified
bNAb-associated resistance genotypes in intact and defective

HIV-1 DNA genomes and hypothesize that intact genomes will
have distinct bNAb resistance profiles relative to defectives.

Methods: HIV-1 DNA genomes were sequenced from 1
viremic and 14 virologically suppressed individuals on long-
term ART via single genome amplification (HXB2 638–9632).
Genomes were classified as intact or defective using HIVSeqinR
software. Resistance residues against CD4 binding site-, V2-, and
V3-targeting bNAbs were examined, as well as hypervariable
loop characteristics such as total length, number of N-linked
glycosylation sites (PNGs), and electric charge were assessed.

Results: All 15 study donors displayed distinct resistance
profiles against CD4 binding site-, V2- and V3-targeting bNAbs
(Figure 1A). In-depth analyses of two virologically suppressed
donors revealed distinct profiles: Donor 1 (D1) had overall the
lowest diversity among donors with >2 sequences (0.4%
compared to the 1.2% average pairwise diversity), and this
reflected in very similar resistance profiles in intact compared to
the defective genome envs (Figure 1A). In contrast, Donor 3 (D3)
defectives genomes envs had higher diversity compared to intact
genome envs, and had significantly more resistant residues
(Figure 1B, all p< 0.0006), significantly longer V1+V2
hypervariable loops (p= 0.005), and were more negatively
charged (p= 0.002). Two glycans, at positions 289 and 743,
both associated with increased V3 bNAb resistance, were
exclusively found in defective genomes. In the viremic donor
(D7), 91% defective viruses lacked env, whereas the 20 intact
genomes had two distinct bNAb resistance profiles, equally split,
one with significantly more resistant residues, as well as longer
V1+V2 loop lengths and ahigher numberof PNGs (p< 0.004) –
all characteristics associated with higher V3 bNAb resistance
(Bricault et al., 2019).

Figure 1 (abstract: PP 3.12–00180) HIV-1 resistance profiles against bNAb.
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Conclusions: Our results reveal that resistance profiles across
all bNAb classes in env region are diverse across hosts and distinct
between intact and defective genomes within host, and highlight
the importance of understanding intact-genomes resistance
profiles when screening individuals for enrollment in bNAbs
clinical trials.
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PP 3.13 – 00189
HIV-1-infected individuals with extremely low reservoir under ART
are characterized by reduced viral diversity and higher levels of
hypermutations in their viral reservoirs
R. Lorenzo-Redondo1,2,#, I. Gonzalez3, C. Galvez3, L. Garrido3, V. Urrea3,
J. Martinez-Picado3,4,5,6, M. Salgado3,4,#
1Division of Infectious Diseases, Department of Medicine, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA;
2Center for Pathogen Genomics and Microbial Evolution, Northwestern
University Havey for Global Health, Chicago, IL, USA;
3IrsiCaixa AIDS Research Institute, 08916 Barcelona, Spain;
4Center for Biomedical Research in Infectious Diseases (CIBERINFEC), Carlos
III Health Institute (ISCIII), Madrid, Spain;
5University of VIC, Central University of Catalonia, Barcelona, Spain;
6Catalan Institution for Research and Advanced Studies (ICREA), 08010
Barcelona, Spain
#Equal contribution

Background:HIV cure strategies aim to eliminate viral reservoirs
that persist despite successful antiretroviral therapy (ART).
LoViReTs are a group of HIV infected individuals that are
characterized by very low levels of provirus during ART
treatment. In the present study, we have studied the genetic
characteristics of their blood viral reservoirs.

Methods: We amplified and deep-sequenced regions of gag,
pol, and env from the HIV viral populations in blood reservoirs
during ART from 22 LoViReTs and compared them with 22
matched controls defined both as< and>100 HIV-DNA copies/
106 CD4+ T cells during ART respectively. Additionally, we
were able to analyze matched samples from some of the patients
prior to therapy. We reconstructed viral consensus sequences and
quasispecies haplotypes from each sample. We analyzed viral
diversity and genetic characteristics of the viral populations, and
examined associations between viral features and host factors
comparing LoViReTs with controls.

Results: Our analyses indicate a decreased viral diversity
detectable in env gene when comparing LoViReTs with controls
(p-value= 0.036). This result was even more significant when
fitting a multivariable model to control for time from diagnosis
and time of viral suppression (p-value= 0.027). When pre-ART
sequences were analyzed, despite the low sample size, we could
observe a trend indicating a lower viral diversity already present
in LoViReTs before ART. These differences were not due to any
host factor analyzed and were attained despite similar average
number of virological failures, as well as levels and number of
viremia peaks or bleeps during ART between both groups.
Additionally, LoViReTs displayed a significantly higher number
of mutations in APOBEC sites in the pol gene within their
quasispecies (p-value< 0.001), indicating a high degree of
deleterious viruses produced during ART.

Conclusions: The group of LoViReTs studied maintained a
significantly less diverse viral reservoir despite similar pre-ART

viral load and similar number of therapy failures during ART.
This lower variability is also associated with higher levels of
hypermutated mutants in the reservoirs of these patients. A
decreased reservoir diversity, possibly before therapy, could
explain the smaller viral reservoir observed in LoViReTs during
ART.
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Ex vivo response to latency reversal agents of CD4+ T cell subsets
and monocyte derived HIV-1 subtype C LTR from individuals on
suppressive cART
K. Gopee1, T. Ndung’u1,2,3,4,5, P. Madlala1,2
1HIV Pathogenesis Programme, Doris Duke Medical Research Institute, Nelson
R Mandela School of Medicine, University of KwaZulu-Natal, Durban, South
Africa;
2School of Laboratory Medicine and Medical Sciences, University of KwaZulu-
Natal, Durban, South Africa;
3Africa Health Research Institute (AHRI), KwaZulu-Natal, South Africa;
4Ragon Institute of Massachusetts General Hospital, Massachusetts Institute of
Technology, and Harvard University, Cambridge, MA, USA;
5Division of Infection and Immunity, University College London, London,
United Kingdom

Background: The HIV-1 latent reservoir is primarily established
early in infection in CD4+T cell memory subsets, with emerging
findings supporting the establishment of latency in monocyte/
macrophage lineage cells and naïve CD4+ T cells. Latency
reversal agents such as HDAC inhibitors (HDACi’s) reactivate
viral transcription by targeting the LTR, which results in a
variable reactivation potential. The cause of the variable
response has not been well elucidated. Therefore, we aim to
characterize the genetic variation of cell subsets (CD4+ T naïve,
central, effector, transitional memory, and monocyte) derived
proviral HIV-1 subtype C (HIV-1C) LTR and assess their
sensitivity to HDACi’s. We hypothesize that cell subset specific
LTR genetic variation may translate to differential functional
activity and responses to HDACi’s.

Methods: CD4+T naïve, memory cell subsets andmonocytes
were cell sorted from bloodmononuclear cells (PBMCs) from four
HIV-infected South African females. From each cell subset, the 5′
LTR was amplified, cloned, and sequenced. Subsequently, we
performed a transcriptional assay to assess the functionality of
these cell subset derived 5′LTR and assessed their sensitivity to
reactivation using HDACi’s.

Results: Phylogenetic analysis of the full-length HIV-1 5′LTRs
bulk sequences derived from cell subsets comprising the latent
reservoir clustered together per patient. Therewere no significant
branch length differences of the 5′LTR sequences at transmission,
prior to or following treatment within a cell subset indicating no
5′LTR evolution. Particularly the transcription factor binding
sites were conserved. Our data support the findings that latent
reservoir is seeded early by homogenous transmitted/founder
virus. Furthermore, the cell subset derived 5′ LTR were
functional, with enhanced tat induced transcription compared
to basal transcription. Lastly, the cell subset derived 5′ LTR were
sensitive to activation by HDACi (Trichostatin A, Panobinostat
and Vorinostat), with Trichostatin A demonstrating the highest
activation potential, albeit a heterologous responsewas observed
between subsets.
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Conclusions: These findings inform future studies that a
targeted approach is needed to achieve virus eradication due to
the heterogenous cell population comprising the HIV-1 latent
reservoir.
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A polyvalent HIV-1 virus-like particle formulation drives the
majority of the infectious HIV-1 reservoir out of latency within
CD4+T cells of individuals receiving cART during chronic infection
E. Arts1, J. Pankrac1, R. Ho1, M.H. Ngo1, J. Prodger1, A. Redd2, T. Quinn2,
C. Kovacs3, J. Kasule4, J. Mann5
1 Western University, London, Canada;
2National Institutes of Health, Baltimore, USA;
3University of Toronto, Toronto, Canada;
4Rakai Health Sciences Program, Kalisizo, Uganda;
5University of Bristol, Bristol, United Kingdom

Background: Elimination of the latent viral reservoir is difficult
due in part to the lack of surface markers identifying a latently
infected cell. A previous study using patients treated during acute
infection revealed that potent and targeted latency reversal (LR)
was achieved by activating HIV-specific T cell receptors using
non-infectious HIV-like particles (ACT-VEC). The current study
focuses on LR evaluation in the >95% of patients that receiving
cART during chronic infection.

Methods: PBMCs were obtained from 32 infected individuals
from Kampala (Uganda), Cleveland, and Toronto after 6 to 20
years of undetectable viral load on cART. ACT-VECwas presented
to patient CD4+ T cells using autologous monocyte-derived
dendritic cells. LR was measured by viral release in culture and
intracellular viral RNA. Nanopore and Illumina sequencing were
performed on the released virus following LR to determine viral
diversity and infectious:noninfectious virus ratio. IFN-g ELISpot
were used to measure T cell activation.

Results: ACT-VEC induced CD4 T cells (from chronic patients
on cART) to release 100-foldmore HIV-1 into culture supernatant
than stimulation with common recall antigens, PMA/Ionomycin
or anti-CD3/anti-CD28 antibodies; and 1000-fold more than by
HDAC inhibitors, PKC agonist, or TLR7 ligands. Even after 6 to 20
years of treatment, 1000-fold more latent virus was activated/
released from CD4+ T cells in patients treated during chronic
infection than in those receiving cART for <3 years initiated
during acute infection. Subtype B derived ACT-VEC was only
slightly (<2-fold) less potent than the subtype D derived ACT-
VEC at LR in the CD4+T cells of subtype D infected Ugandans on
cART. HIV-1 released in supernatant with ACT-VEC treatment
directly correlated with amount of infectious virus propagated
from mitogen activated PBMCs from same patients. Likewise, a
high proportion of infectious virus was released by ACT-VEC LR
based on Nanopore and Illumina sequencing of genomic viral
RNA.

Figure. ACT-VEC latency reversal with acute versus chronic

Conclusions: ACT-VEC is a potent stimulator LR in patients
receiving treatment during chronic infection with evidence that
infectious HIV-1 reservoir is primarily housed in HIV-specific
CD4+ T cells. In both Ugandans and Canadians, an infectious
HIV-1 reservoir was readily activated by ACT-VEC even after 20
years of stable cART.
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Prolonged persistence of HIV-infected cells in tissues after
allogeneic hematopoietic transplant
F. Maldarelli1, T. Nguyen1, L. Adams1, M. Zipparo1, R. Gorelick2,
S. Hewitt3, S. Rajan3, P. Rubinstein4, J. Kanakry3
1 National Cancer Institute, Frederick MD, USA;
2Leidos, Frederick, MD, USA;
3National Cancer Institute, Bethesda MD, USA;
4University of Illinois, Chicago, Il, USA

Background: HIV persistence during antiretroviral therapy
(ART), prevents HIV eradication or control. Mechanisms respon-
sible for HIV persistence, including in tissues, are not well
understood. Here we investigated persistence of HIV-infected
cells in tissues for>200 days in an individual who had successful
allogeneic hematopoietic cell transplant (Allo-HCT; donor CCR5
wild-type) but developed acute lymphocytic interstitial pneu-
monia after COVID vaccination and expired.

Methods: Clinical and autopsy records were reviewed. HIV in
tissue samples and mononuclear cells (prepared by ficoll from
lung and spleen) were studied by single genome sequencing
(SGS, 1.1 kb gag) and single-copy PCR for HIV DNA.

Results: Study participant was a 38 yomanwith HIV/AIDS on
ART with HIV RNA<50 c/ml for >3 years who had reduced-
intensity conditioning, HLA-mismatched unrelated donor allo-
HCT for primary refractory ALK-negative anaplastic large cell
lymphoma. His course was remarkably uncomplicated:100%
engraftment of donor CD3 and myeloid subsets confirmed by day
+42 post-HCT; 100% donor cells (CD4, CD8, CD19, CD14,
CD56) confirmed by day +100. Per protocol, he was off all
immunosuppression on day +60, did not develop acute graft-
versus-host disease (GVHD), and maintained ART with HIV
RNA<20 c/ml. Immune reconstitution was robust: NK, CD8,
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and B cells within normal range, CD4=172 cells/µL at d+ 100.
He received SARS-CoV2mRNAvaccine (Moderna) on days+107
and +144. On d+155, he developed dyspnea, hypoxia with
acute lymphocytic interstitial pneumonia, presumed vaccine-
related, with no signs of GVHD, pulmonary infection, or
lymphoma. HIV-1 RNA remained <20 except 21 c/ml noted
shortly before expiring on d+207. Postmortem notable only for
diffuse alveolar damage with fibrosis and a small white pulp-
depleted spleen. Single copy assay detected HIV DNA in brain
(thalamus, frontal lobe, midbrain), lymph node, and jejunum
(1.6–16 copies/106 tissue cells) but not liver, spleen, or affected
lung (<0.2 copies/106 cells). SGS revealed HIV sequences were
non-identical, demonstrating multiple distinct populations of
infected cells were present.

Conclusions:HIV populations are diverse in tissues even after
extensive lymphodepleting chemotherapy and allo-HCT.
Complete donor engraftment in tissues, including brain, may
take significantly longer than engraftment measured in periph-
eral blood. Eradication strategies will require evaluation of tissue
compartments.
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Genetic Diversity of HIV-1 Long Terminal Repeat in Proviral
Populations During Long-Term Antiretroviral Therapy
T. Nguyen1, M.E. Zipparo1, L. Adams1, A. Glassey1, E. Madeen1,
U. Santamaria2, C.A. Rehm3, J. Earhart3, C.Y. Lau1, F. Maldarelli1
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Diseases, Bethesda, USA

Background: The HIV proviral populations remain dynamic
after long-term antiretroviral therapy (ART) but mechanisms
responsible for this are uncertain. During ART, the majority of
proviruses are transcriptionally silent, and it is possible that
levels of expression from HIV-promoter may contribute to the
differential dynamics of intact and defective proviruses. To
investigate the effects of long-term ART on HIV promoter
sequences, we characterized genetic variability of HIV-LTR in
total, intact, and near-full length (NFL) defective proviruses prior
to and following long-term ART.

Methods: Peripheral blood lymphocytes from 8 persons
living with HIV (PLWH; N=8) were obtained prior to and
following long-term ART (range 4–20 y). Single genome
sequences (SGS) of NFL proviruses (>7 kb) were obtained
(Illumina MiSeq) and genetic intactness was determined by
analysis of open reading frames and regulatory sequences. We
also sampled the total proviral LTR population by obtaining SGS
of the LTR alone (450 bp). We analyzed LTR sequences using
measures of genetic diversity (average pairwise difference, APD)
and population structure (phylogenetics, Slatkin-Maddison
analyses). We also investigated the predicted promoter activity
of LTR transcription factor binding sites (TFBS) based on
TRANSFAC database.

Results: We obtained a range of 0–32 intact, 2–32 NFL-
defective, and 10–36 total LTR sequences per timepoint. No
significant differences were detected in LTR genetic diversity

(APD 0.98–1.8%) in total, intact, or NFL-defective proviruses in
all comparisons prior to and following long-term ART. From
pretherapy to long-termART, no changes in population structures
of intact were observed but significant changes of NFL-defective
were observed in 2/8 and of total proviruses in 1/8 PLWH. LTR
populations in intact and NFL-defective proviruses were,
however, distinct from LTR in the total proviruses in 5/8 patients.
Significant differences between NFL and total proviruses in
genetic variations in TFBS were present in a minority of
individuals, with changes in CCAAT-box binding (3/8 PLWH),
NF-KappaB (3/8), CP2 (2/8), and SP1 (1/8) sites.

Conclusions:HIV-LTR sequences remain diverse in intact and
defective proviruses but undergo population shifts from total LTR
sequences after long-term ART in the majority of PLWH. Genetic
variations in TFBS, which suggest differences in basal transcrip-
tional activities of NFL proviruses may be present in some PLWH.
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Role of TunnelingNanotubes-like Structures during the Early Events
of HIV Infection and viral reactivation
S. Valdebenito-Silva1, A. Ono2, L. Rong3, E. Eugenin1
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Background/Aims: The HIV pandemic affects 38.5 million
worldwide and is still ongoing despite the successful introduction
of ART. However, ART is not a cure due to the early generation of
viral reservoirs (VRs). Despite all the efforts to eradicate these
latently infected cells, their elimination has not been achieved. A
critical question is how few VRs can repopulate the entire body in
a few weeks post ART intervention. Most viral amplification
models indicate that soluble virus is not sufficient to explain
reactivation. The identification of the virological synapsis
provided an alternative mechanism of cell-to-cell infection, but
still, this area of research is unknown. We identified that
tunneling nanotubes, TNTs, could provide an additional mech-
anism of cell-to-cell transmission. Our hypothesis is that HIV
induces TNTs, the viral spread from HIV latently infected cells to
uninfected cells.

Methods: To characterize TNTs formation between unin-
fected and HIV-infected cells, we developed a co-culture system
using human primary macrophages. Live-cell imaging and
confocal microscopy were used to evaluate TNT formation and
material transfer. We also used microinjection to examine direct
cell-to-cell infection. We performed live-cell imaging microscopy
experiments using transfected cells with Gag YFP plasmids to
identify if the transfer involves a Gag-mRNA or Gag protein
complex.

Results: Our results showed that HIV infection induced the
formation of TNTs between HIV-infected and uninfected cells.
TNTs allow the transfer of infectious agents from HIV-infected
cells to uninfected cells. TNTs induction with H2O2 and
subsequent microinjection of a mature virus, or HIV viral
proteins did not result in TNT mediated transmission, except
gag, suggesting that TNT is highly selective to the transported
cargo.
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Conclusion: HIV-infected cells can form TNTs to spread
infection; our data showed that TNT-connected cells transfer
several HIV components. TNTs are a potential target to prevent
viral reactivation by reducing the transfer of infectious/dam-
aging pathogenic mediators. We propose that TNTs are a
therapeutic pathway to eliminate VRs.
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The Role of Pannexin-1 channels in HIV infection and persistence
C. Hernandez, E. Eugenin
Utmb – Galveston, United States

Background/Aims: Human immunodeficiency virus-1 (HIV)
infection of the CNS can have devastating neurological con-
sequences, but the cellular and molecular basis of HIV CNS
dysfunction is still poorly understood. Our lab recently identified
a novel host protein involved in both acute and chronic HIV
infection and NeuroHIV, Pannexin-1 (Panx-1). Panx-1 channels
are large ionic channels that remain in a closed state in healthy
conditions. In pathological conditions, such as acute and chronic
HIV infection, Panx-1 channels open, releasing large signaling
molecules into the extracellular space, including ATP. Upon ATP
release through the channel, ATP activates autocrine and
paracrine purinergic receptors to induce damage.

Methods: Our laboratory has used electrophysiological,
imaging, pharmacological/molecular approaches, patient data,
and animal model experiments. The experiments conducted used
both PBMCs and sera from HIV-infected patients, contrasted to
age-matched, uninfected controls.

Results: We identified that Panx-1 channels are extremely
active during long-term HIV infection, even in the absence of
systemic replication due to ART. We identified that all chronic
HIV-infected individuals analyzed had uncontrolled Panx-1
channel opening resulting in high circulating ATP levels despite
effective ART. Increased serum ATP levels perfectly correlated
with cognitive decline, suggesting that ATP in the circulation can
be used as a biomarker of cognitive impairment in the HIV-
infected population. We identified that ATP in the HIV-infected
population induces accelerated leukocyte differentiation into a
migratory phenotype characterized by higher expression of key
adhesion and tight junction proteins required for adhesion and
transmigration across the Blood-Brain Barrier (BBB).

Conclusion: High ATP compromised the BBB integrity and
promoted the transmigration of uninfected andHIV-infected cells
across the BBB by a Panx-1, ATP, and purinergic-dependent
mechanism. We propose that HIV dysregulation of Panx-1
channels is essential for the chronic effects of HIV toxicity and
persistence.
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Epigenetic modifying compounds negatively impact viral
replication within primary human macrophages
G. Lê-Bury, J.M. Rhen, D.W. Gludish, S. Boliar, D.G. Russell
Cornell University – Ithaca, United States

Background/Aims: Antiretroviral therapy (ART) can suppress
HIV replication, unfortunately this therapy is not curative. ART
must be taken for life because cessation of treatment results in
viral rebound. This can be explained by the persistence of the
virus in different cell type including macrophages (Jambo et al.,
Mucosal Immunol., 2014). In contrast to T lymphocytes, these
phagocytes are resistant to the cytotoxic effect of the virus (Boliar
et al., PNAS, 2019) and have a long lifespan (from months to
years). Understanding how HIV replicates and is maintained in
these immune cells may provide the means to eliminate this
reservoir.

Methods: To answer to this question, we perturbed host cell
physiologywith a panel of 735 epigeneticmodifying compounds.
To assess viral production, we constructed a sensitive Gaussia
luciferase HIV reporter, NL4-3 BaL IRES-gLuciferase (HIV-Gluc).
After 6 days of differentiation, we infected human monocyte-
derived macrophages (hMDMs) in vitro with HIV-Gluc. One day
after infection, the cells are treatedwith epigenetic modifiers and
6 days later, Gaussia luciferase released into the supernatant was
quantified by plate reader.

Results: The screening revealed that compounds known to
inhibit of KDM4C (Lysine Demethylase 4C) or Sirtuins decreased
Gaussia release by hMDMs. Thus, these epigenetic modulating
agents decreased the viral production and these results were
confirmed by flow cytometry. qPCR analysis demonstrated that
these small molecules induced a decrease of viral RNA and DNA
inside the cells. We are currently investigating the mechanisms
by which these compounds reduce viral production.

Conclusion: The results demonstrate that perturbation of
KDM4C and Sirtuins negatively impact the viral cycle in primary
macrophages, at the level of the reverse transcription and/or
DNA integration.
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Session 4: Immunology of HIV Persistence

OP 4.1
Viral persistence and NK cells
Michaela Müller-Trutwin
Institut Pasteur; HIV, Inflammation and Persistence Unit; University Paris-Cité;
Paris, France

Natural killer (NK) cells serve on the front line of immunity,
mounting immediate and powerful defenses against cells display-
ing molecular signals of stress, transformation, or infection. NK
cell activity is tightly controlled through the balance of a large
repertoire of inhibitory and activating receptors, and it is the
unique combination of these receptors expressed by individual
cells that confers immense diversity both in phenotype and
functionality. This diversity depends not only on genetic factors
but is more plastic as previously expected and is modulated by
extrinsic parameters such as cytokine and tissue-specific environ-
ments, previous infections and vaccinations, age andwayof living
(smoking, obesity, etc.). The recent discoveries of the capacity for
NK cells to adapt and also to differentiate into long-lived antigen-
specific memory cells has added further complexity to this field,
while raising novel opportunities for harnessing these cells. A role
of NK cells in the control of viral replication inHIV-1 infection has
beendemonstrated fora long time, for instance through studies on
HLA-I alleles. NK cells have the potential to directly impact HIV
reservoirs. However, HIV-1 infection most often diminishes NK
cell antiviral effector functions, increases their inflammatory state
and pathologically changes their tissue distribution diminishing
their capacity to control viral reservoirs. Only few studies
analysed the function of NK cells in tissues during HIV infection.
By analysing NK cells in tissues in animal models we provided
novel insights into mechanisms regulating their distribution
within tissues, their role in viral reservoir control and factors that
can potentially enhance their antibody-dependent cytotoxic
cellular (ADCC) activity. While the role of NK cells has been
well appreciated in the early phase of infection, adaptive NK cells
might provide additional relevant effectors for long-term viral
reservoir control. We will report common and distinct features of
adaptive NK cells in SIV and other viral infections. Altogether, the
recent insights into NK cell biology provides further means to
tackle viral reservoirs
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OP 4.2 – 00085
Cytolytic CD8+ T cells infiltrate germinal centers and limit HIV
replication in spontaneous controllers
D.R. Collins1,2,#, Julia Hitschfel1,3,#, B.D. Walker1,2,4
1Ragon Institute of MGH, MIT and Harvard, Cambridge, MA, USA;
2Howard Hughes Medical Institute, Chevy Chase, MD, USA;
3Institute of Clinical and Molecular Virology, Friedrich-Alexander Universität
Erlangen-Nürnberg, Erlangen, Germany;
4Institute for Medical Engineering and Sciences and Department of Biology,
Massachusetts Institute of Technology, Cambridge, MA, USA

#These authors contributed equally.

Background: HIV infection persists predominantly within
follicular helper CD4+ T cell-rich B cell follicles of lymphoid

tissues. Cytotoxic CD8+ T cells, which are associated with
natural control of HIV infection in peripheral blood, are relatively
excluded from this niche, representing a potential barrier to
cellular immunity and HIV cure. To better understand the
mechanisms of HIV control within lymph nodes (LN), we
investigated functionality, clonotypic compartmentalization,
spatial localization, phenotypic characteristics and transcrip-
tional profiles of LN-resident virus-specific and CXCR5-expres-
sing follicular CD8+ T cells (fCD8) in persons who control HIV
without medications.

Methods:We obtained paired excisional inguinal LN biopsies
and peripheral blood (PB) from 19 spontaneous HIV controllers
and 17 HIV+ individuals on long-term ART. HIV-specific CD8+
T cell responses were identified by IFN-γ ELISpot and functional
response to antigenic stimulation was measured by flow
cytometry and CFSE-based proliferation assay. Clonotypic
compartmentalization and transcriptional signatures associated
with localization of HIV-specific CD8+ T cells were assessed via
TCR and RNA-sequencing. Spatial relationships between ongoing
viral replication and fCD8 cytotoxic effector potential in GCs
were measured by HIV gagpol RNAscope and immunofluores-
cence on fixed LN sections.

Results: Antigen-induced HIV-specific CD8+ T cell prolifer-
ation and cytolytic effector upregulation consistently distin-
guished spontaneous controllers from noncontrollers in PB
(p=0.03) and LN (p=0.04). HIV-specific CD8+ T cells from
both compartments shared TCR clonotypic composition
(Morisita-Horn Similarity Index 0.8–1.0), consistent with
ongoing infiltration from circulation. Migration into LNs was
associated with gene signatures of inflammatory chemotaxis and
antigen-induced effector function. The cytolytic effectors per-
forin and granzyme B were elevated among virus-specific CXCR5
+ fCD8 s (p< 0.001). During spontaneous control of viremia,
perforin and granzyme B expression by fCD8 s was associated
with ongoing HIV replication in GCs (r= 0.53, p< 0.0001) and
proximity to HIV RNA+ cells (r= 0.85, p< 0.001).

Conclusions: These results identify inflammatory recruit-
ment, antigen-specific proliferation and cytotoxicity of fCD8 s as
key features of durable immune control of lymphotropic
infection, supporting a cytolytic mechanism by which fCD8 s
contain HIV replication in LNs during spontaneous control of
viremia. Furthermore, our results highlight that both reduced
access to germinal centers and impaired cytotoxic potential of
HIV-specific CD8+ T cells represent important barriers to HIV
cure in noncontrollers.
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OP 4.3 – 00112
Leaky reservoirs are associated with HIV-specific cd4 and CD8 T-cell
responses
M. Dube1, O. Tastet1, N. Brassard1, G.G. Ortega-Delgado1, A. Pagliuzza1,
A. Prat1,4, J.P. Routy2, R. Fromentin1, N. Chomont1,4, D. Kaufmann1,3,4,
G. Sannier1
1CRCHUM, Montreal, Canada;
2McGill University, Montreal, Canada;
3CHUV and University of Lausanne, Switzerland;
4University of Montreal, Montreal, Canada

Background: A major obstacle to an HIV cure is the persistence
of latent viral reservoirs. When ART is interrupted, latently-
infected cells revert to a state of productive infection fueling viral
rebound. New sensitive assays suggest that most latently infected
cells maintain a certain degree of transcriptional “leakiness,”
although the in vivo relevance of this phenomenon remains
unclear.

Methods: We studied leaky latency in 18 people living with
HIV on ART≥ 3 years (ART-PLWH) with optimal viral suppres-
sion. Purified CD4 T cells were either PMA/ionomycin-stimu-
lated (inducible) or unstimulated (leaky) for 16 h.
Transcriptionally active (vRNA+) viral reservoirs were identi-
fied by single-cell flow cytometric fluorescent in situ RNA
hybridization (RNAflow-FISH) using probes targeting LTR-gag,
gag or pol regions. Leaky and inducible reservoirs were
correlated with HIV-specific CD4+ and CD8+ T cells, as
measured by activation induced marker (AIM) and intracellular
cytokine staining (ICS) assays. PBMCs were stimulated with Gag,
Pol, Env and Nef peptides.

Results: Leaky vRNA+ cells were detected in 14/18 (78%)
ART-PLWH samples, compared to 16/18 (89%) for PMA/iono-
induced vRNA+. We measured a median of 21 leaky vRNA+
/106 CD4 T cells. Transcriptionally active reservoirs represented
30% of the inducible vRNA+ (median 62/106 CD4, and 4% of
the cells containing integrated HIV DNA (median 686/106 CD4).
Frequencies of transcriptionally active cells were associated with
total, Pol, Env and Nef-specific CD4 T cell responses as measured
by AIM (total: r= 0.532, p< 0.05). A trend was observed for
Gag-specific CD4 T responses. For CD8 T cells, although only
Env-specific responses reached significance (r= 0.510, p<
0.05). Similar correlations were observed with ICS. The presence
of rare spontaneous p24-expressing CD4 T cells strongly
correlated with HIV-specific CD4 T cell responses (r= 0.640,
p< 0.01).

Conclusions: Therefore, leaky latency is detectable in a
majority of ART-PLWH, and at frequencies only three times lower
than the inducible reservoirs. The correlations between leaky
HIV reservoirs and antigen-specific CD4 and CD8 T cells suggest
that residual HIV protein expression is a major driver of sustained
HIV-specific CD4 and CD8 T cell responses during suppressive
ART.
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OP 4.4 – 00018
HIV reservoir burden associateswith numbers of HIV-specific CD8+
T cells under long-term antiretroviral therapy and prevents them
from differentiating into functional memory cells
H. Takata1, J. Mitchell1, C. Sacdalan2, N. Chomont3, L. Trautmann1,
A. Pagliuzza3, J. Kakazu4,5, S. Pinyakorn4,5, N. Phanuphak2, S. Vasan4,5,
D. Hsu4,5
1Vaccine and Gene Therapy Institute, Oregon Health & Science University,
Beaverton, USA;
2Institute of HIV Research and Innovation, Bangkok, Thailand;
3Centre de Recherche du CHUMAnd Department of Microbiology, Infectiology
and Immunology, Université de Montréal, Montréal, Canada;
4U.S. Military HIV Research Program,Walter Reed Army Institute of Research,
Silver Spring, MD, USA;
5The HenryM. Jackson Foundation for the Advancement of MilitaryMedicine,
Inc., Bethesda, MD, USA

Background:HIV-specific CD8+T cells play an important role in
controlling viral load but become dysfunctional during chronic
HIV infection (CHI). Antiretroviral therapy (ART) partially
normalizes this defect but residual dysfunction persists when
compared to spontaneous controllers and people treated during
acute HIV infection (AHI). We hypothesized that the HIV
reservoir persisting on ART contributes to this residual dysfunc-
tion and prevents the differentiation of HIV-specific CD8+ T cells
into functional memory cells under ART.

Methods: We measured HIV DNA levels (LTR-gag) in
peripheral CD4+ T cell from people on suppressive ART for
more than 1.5 years after initiating ART during AHI or CHI. We
analyzed the phenotype of HIV-specific CD8+ T cells recognizing
Nef, Pol, Gag, and Env using pMHC tetramers at the same time
point on ART.

Results: Both the number and frequency of HIV-specific
CD8+ T cells on ART positively associated with the levels of HIV
DNA (r= 0.57 P=0.0003 and r= 0.57 P=0.0002, respect-
ively). In contrast, no association was found between CD8
responses and pre-ART viral load or pre-ART HIV DNA levels,
suggesting that HIV-specific CD8+ T cells are responding to the
amount of antigen produced from the viral reservoir during ART.
Expression of the exhaustion marker PD-1 and the long-lived
T cell marker IL-7R on HIV-specific CD8+ T cells associated
positively and negatively, respectively, with total HIV DNA
during ART (r= 0.61 P=0.0004 and r= -0.63 P=0.0001).
Moreover, frequency of TCF-1lowTOXhigh exhausted cells and
TCF-1highTOXlow stem-likememory/progenitor exhausted cells in
HIV-specific CD8+ T cells correlated positively and negatively,
respectively, with the HIV reservoir size on ART (r= 0.62
P=0.0001 and r= -0.64 P<0.0001). These data suggest that
the size of the viral reservoir drives the exhausted phenotype
under ART while preventing HIV-specific CD8+ T cell to
differentiate into long-lived memory cells.

Conclusions: HIV-specific CD8+ T cell numbers and dys-
functional differentiation state are maintained by residual
antigen production from the HIV reservoir during ART. This
residual dysfunction driven by the HIV reservoir size on ART
could contribute to the lack of viral control after analytical
treatment interruption and contribute to previous associations
reported between the HIV reservoir size and a faster rebound post
ART.
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OP 4.5 – 00101
Comparative single-cell transcriptome and TCR profiling of HIV
infected cells in the blood and cerebrospinal fluid of PLWH before
and after ART
M. Wang1, M. Corley2, J. Yoon3, J. Chiarella3, J. Cyktor4, S. Spudich3,
Y. Kluger3, S. Farhadian3
1Yale University, New Haven, USA;
2Weill Cornell Medicine, New York, USA;
3Yale School of Medicine, New Haven, USA;
4University of Pittsburgh, Pittsburgh, USA

Background: The brain is a site of latently infected cells during
HIV infection. However, the dynamics of T cell infection in the
central nervous system (CNS) in people living with HIV (PLWH)
are incompletely understood.

Methods:We profiled the single-cell transcriptome and T cell
receptor (TCR) repertoire of paired blood and cerebrospinal fluid
(CSF) CD4 T cells isolated from 7 PLWH and 3 healthy controls.
One PLWHwas assessed at three longitudinal time points: at time
0 (V1, pre-ART), three (V2) and six (V3) months after starting
ART. The other six PLWH were on stable ART. We identified
infected (RNA+) single cells by aligning T cell transcriptomes

against a consensus HIV-1 sequence. We used Azimuth to
annotate cell clusters and Cell Ranger to annotate TCR
clonotypes.

Results: We detected a higher frequency of infected single
CD4 T cells in CSF than blood (mean 0.055% vs 0.021% for
participants on ART, 1.35% vs 0.27% before ART). 84.21% of
infected CD4 T cells (before/after ART samples combined) were
central memory T cells (Fig 1A, B). We found a reduced level of
clonal overlap between blood and CSF after starting ART
(Morisita similarity index=0.44, 0.29, 0.16 for V1, V2, and
V3 respectively). There was an increase in repertoire diversity in
blood after ART (inverse Simpson index=211.6, 416.1, 591.7
for V1, V2, and V3 respectively). In CSF, one unique clone was
detected only in CSF (not blood) and was expanded in CSF after
ART (Fig 1C). Some of the clones that contain infected cells
persisted over time in both tissues. In PLWH on ART, we observed
lower clonal overlap between blood and CSF than in controls (Fig
1D), and most infected cells were also not clonally related across
tissues.

Figure 1 (abstract: OP 4.4–00018)
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Figure. TCR repertoire analysis of PLWH

Conclusions: We find higher frequencies of infected
CD4 T cells in the CSF compared to blood. We found expansion
of CSF-unique clones after initiation of ART, as well as a
divergence of T cell clones in the CSF compared to the blood of
PLWH on stable ART. This may reflect ongoing antigen
stimulation in the CNS of PLWH despite ART.
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OP 4.6 – 00185
No associations between magnitudes of HIV-specific CTL responses
on stable art and subsequent decay of intact proviruses or cell-
associated HIV mRNA
A. Ward1, D. Copertino1, E. Stevenson1, E. McNeil1, U. Chukwukere1,
R. Gandhi2, D. McMahon3, R. Bosch4, J. Mellors3, B. Jones1,
B.J. Macatangay3, J.C. Cyktor3, J.J. Eron5
1Division of Infectious Diseases, Department of Medicine, Weill Cornell
Medicine, New York, USA;
2Division of Infectious Diseases, Massachusetts General Hospital, Boston, MA,
USA;
3Department of Medicine, University of Pittsburgh School of Medicine,
Pittsburgh, PA, USA;
4Center for Biostatistics in AIDS Research, Harvard T.H. Chan School of Public
Health, Boston, MA, USA;
5Department of Medicine, University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA

Background: HIV-specific T-cells targeting Nef but not other
HIV proteins are associated with levels of total HIV DNA and cell-
associated (CA)-RNA that persist on ART, suggesting ongoing
stimulation. We hypothesized that decay of intact proviral DNA
and CA-RNA levels on ARTwould be associated with cytotoxic T-
cell (CTL) responses.

Methods: 49 participants from the ACTG A5321 cohort on
suppressive ART were studied at weeks 24 and 168 post-entry

(median 7 years on ART at entry). HIV DNA and CA-RNA were
measured by ddPCR (IPDA for DNA, 5′ unspliced and 3′ total poly
(A) for RNA). T-cell responses were measured by IFN-γ and
granzyme B [GrB] ELISPOT to each gene product (Gag, Env, Pol,
Nef, Tat, Rev, and summed HIV). Non-parametric statistics were
used to evaluate associations and to compare time points.

Results: 5′ unspliced CA-RNA decreased significantly from
week 24 to 168 (p=0.001), and decline in intact (p= 0.053)
but not defective (p= 0.22) HIV DNA approached significance.
CA-RNA levels at weeks 24 and 168, and changes from 24 to 168
weeks were not found associated with IPDA levels or changes
over time. There were no apparent associations between
measures of HIV-specific T-cell responses (both IFN-γ-producing
and GrB-producing) with the changes in intact or defective
proviruses, nor with the changes in CA-RNA levels – including
after controlling for time on ART, pre-ART viral load, and pre-
ART CD4 count. As examples, the correlations between magni-
tudes of IFN-γ-producing Nef-specific responses and changes in
intact HIV (r=−0.11, p= 0.61) and 5′ CA-RNA (r= 0.06,
p= 0.71), or GrB-producing Nef-specific responses and changes
in intact HIV (r= 0.10, p= 0.66) and 5′ CA-RNA (r=−0.14,
p= 0.37) were small and not significant.

Conclusions: While both intact proviral DNA and CA-RNA
levels (5′ unspliced) decayed over the 144-week period, contrary
to our primary hypothesis no associations were observed
between decay of intact HIV DNA or CA-RNA with HIV-specific
T-cell responses, including with cytotoxic function (GrB) and
despite controlling for time on ART. These findings suggest either
a limited role for CTLs in reservoir decay after multiple years of
suppressive ART, or that other unmeasured parameters are
important, such as variation in susceptibility of reservoir cells to
CTL-mediated killing.
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OP 4.7 – 00121
Circulating immune predictors of intact HIV reservoir decay during
long-term ART
M. Peluso1, S. Serrano-Villar1, A. Gala2, P. Bacchetti1, C. Digermanio1,
L. Cohn3, P. Hunt1, G. Laird4, S. Pillai1, S. Deeks1
1UCSF San Francisco, USA;
2Vitalant Research Institute, San Francisco, USA;
3Fred Hutch, Seattle, USA
4Accelevirdx, Baltimore, USA

Background: The HIV reservoir is not stable during antiretro-
viral therapy (ART). Cells harboring intact genomes decay more
rapidly than those with defective genomes, particularly during
the first several years of therapy. The host factors associated with
the rate of decay have not been characterized.

Methods: We measured intact proviruses in PWH on ART
using the intact proviral DNA assay (IPDA) in peripheral blood.
We used the Luminex bead-based multiplexed immunoassay
system tomeasure 32 pro-inflammatory and regulatory cytokines
in plasma. Based on our previous study focused on total and
intact HIV genome kinetics, we fit linear spline models with a
knot at seven years and a random intercept and slope up to the
knot. We estimated the influence of baseline cytokine levels and
their trajectories on intact HIV kinetics in separate models.
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Results:We studied 76 PWH on suppressive ART for a median
of 10.4 (range 4.3–15.6) years, providing a median of 3 (2–4)
samples during the follow-up. Their median nadir CD4 was 180
(0–644) cells/uL and median baseline CD4 count was 591 cells/
uL (173–1600). Baseline galectin-9 was the most predictive
marker of intact HIV kinetics: per each 10-fold decrease at
baseline, there was a mean 45% greater reduction of intact HIV
genomes per year (p= 0.0021; after adjustment for CD4 nadir,
p= 0.005). In contrast, lower baseline ITAC, IL-17, and MIP-1a
were predictive of intact HIV increases (Figure 1a). MIP-3a and
IL-6 exhibited the strongest associations between longitudinal
changes in cytokine level during ART and intact HIV kinetics. For
each 10-fold increase of MIP-3a over time, we observed a
concurrent 9.5% faster decay of intact HIV genomes (p= 0.021),
while for each 10-fold reduction of IL-6, intact genomes
decreased 10% faster per year (p= 0.043) (Figure 1b).

Conclusions: The extent of intact HIV decay was predicted by
baseline galectin-9 levels, while MIP-3a and IL-6 correlated with
intact HIV kinetics. Galectin-9 was the host factor most strongly
associated with subsequent intact HIV decay, in alignment with
its established roles in regulation of HIV expression and cytotoxic
immunity.
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OP 4.8 – 00149
CD8+ T cells promote hiv latency in CD4+ T cells through the
downmodulation of NF-kB
S. Mutascio1, H. Wang1, M. Paiardini1,2, G. Silvestri1,2, D. Kulpa1,2
1Division of Microbiology and Immunology, Emory National Primate Research
Center, Emory University, Atlanta, GA, USA;
2Department of Pathology and Laboratory Medicine, Emory University School
of Medicine, Atlanta, GA, USA

Background: The main obstacle to achieving a cure for HIV
infection is the presence of cells harboring the HIV reservoir,
despite antiretroviral therapy (ART). Previous studies have
shown that CD8+ T cells (CD8+) promote HIV latency,
however, this mechanism is poorly understood. Here we show
that non-cytolytic CD8+ negatively regulate HIV expression in
the memory CD4+ T cell (mCD4+) subsets by downmodulating
the activity of the HIV transcriptional regulator NF-kB.

Methods: We modified our in vitro model of HIV latency to
study the mechanism of HIV suppression exerted by CD8+. Both
resting and TCR-activated mCD4+ were HIV-infected in vitro
and cocultured with autologous activated CD8+ in the presence
of ART for three days. mCD4+ monocultures were used as
control. After co-culture, mCD4+ and CD8+ were FACS-sorted
and mCD4+were returned to culture for 72 hours. The mCD4+
subset distribution and HIV expression were monitored by flow
cytometry. Infection frequency was quantified by integrated HIV
DNA qPCR. Modulation of NF-kB targets was analyzed by RT-
PCR at 24, 48 and 72 hours post co-culture.

Results: Following co-culture with CD8+, effector, transi-
tional and central mCD4+ subsets showed a significant
reduction of HIV-Gag expression, without impacting the
memory subset distribution. To determine the effect of CD8+:
CD4+ co-culture on the HIV transcriptional regulator NF-kB, we
measured the expression of the NF-kB targets IL-6, IFN-g, and NF-
kB-p65. We found that co-culture with CD8+ induced a
significant reduction in NF-kB targets in resting and activated
mCD4+. The reduction in Gag expression and NF-kB activity
were sustained for up to 72 hours after isolation of mCD4+ from
the CD8+ co-cultures.

Conclusions: Our results demonstrate that CD8+ promote
the establishment of HIV latency by downmodulating HIV
expression. CD8+ downmodulate NF-kB in mCD4+ independ-
ently from HIV infection, suggesting that their pro-latency
activity might be due to the NF-kB suppression. After CD8+
removal from coculture, NF-kB activity and Gag expression do
not return to levels comparable to monoculture, highlighting the
existence of a sustained pro-latency effect exerted by CD8+.
Understanding the mechanism of NF-kB modulation in mCD4+
may represent a HIV latency reversal tool to develop a new cure
strategy.
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Figure 1 (abstract: OP 4.7–00121) Cytokines and intact HIV kinetics.
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PP 4.1 – 00013
Vaccine-mediated induction of elite control-associated CD8+
cytotoxic T lymphocytes in Mamu-B*08+ Indian rhesus macaques
does not protect against intrarectal SIVmac239 acquisition
B.C. Rosen1,2,3, M.J. Ricciardi3, Nuria Pedreño-Lopez3, T.B. Voigt3,
F.D. Laurino3, J.J. Louw3, A. Yrizarry-Medina3, C. Panayiotou3,
T. Newbolt3, K.L. Weisgrau4, J.D. Lifson5, R.C. Desrosiers2, E.G. Rakasz4,
D.I. Watkins3
1Medical Scientist Training Program, University of Miami Miller School of
Medicine, Miami, FL, USA;
2Department of Pathology, University of Miami Miller School of Medicine,
Miami, FL, USA;
3Department of Pathology, George Washington University School of Medicine,
Washington, DC, USA;
4Wisconsin National Primate Research Center, University of Wisconsin-
Madison, Madison, WI, USA;
5AIDS and Cancer Virus Program, Frederick National Laboratory for Cancer
Research, Frederick, MD, USA

Background: Indian rhesus macaques (RMs) expressing the
Mamu-B*08+ MHC I allele exhibit a predisposition to control-
ling chronic-phase SIVmac239 viremia. Indeed, ∼50% become
elite controllers (ECs) after infection, with chronic-phase viremia
below 1,000 vRNA copies/mL. Elite control appears to be
mediated by Mamu-B*08-restricted CD8+ cytotoxic T lympho-
cytes (CTLs) that recognize immunodominant Vif- and Nef-
derived epitopes. While prophylactic vaccination with vif and nef
increases EC incidence, it is unclear whether these vaccine-
induced CTLs can provide protection against SIVmac239
acquisition.

Methods: Sixteen Mamu-B*08+ RMs were vaccinated with
Ad5, VSV, and rhesus rhadinovirus (RRV) vectors encoding
SIVmac239 Vif and Nef in a heterologous prime-boost-boost
regimen. Vaccine immunogenicity was evaluated by pMHCI
tetramer staining and flow cytometric analysis of PBMCs at
timepoints two weeks after each vaccine dose. The 16 vaccinees

and 16 unvaccinated Mamu-B*08+ controls were subjected to
biweekly intrarectal challenges with a marginal infectious dose
of SIVmac239. Plasmaviral loadsweremeasured at day 7 and day
10 timepoints following each challenge to confirm infection
status.

Results: All 16 vaccinees mounted CTL responses against the
Vif RL8 and Nef RL10 epitopes. of Nef RL10-specific CTLs, 45.8%
were granzyme B+ and 53.3% were TEM2 (CD28– CCR7–), on
average, two weeks after the final RRV boost. Collectively, the
four immunodominant Mamu-B*08-restricted CTL populations
accounted for an average of 1.11% of circulating CD8+ T cells
following the RRV boost. The rate of SIVmac239 acquisition did
not differ between vaccinees and unvaccinated controls
(P=0.2989 by log-rank/Mantel-Cox test). However, peak
viremia was significantly lower in vaccinees than in controls
(P<0.0001 by Mann-Whitney U test), and geometric mean viral
loads were generally at least tenfold lower in vaccinees than in
controls throughout the course of infection.

Conclusions: Our vaccination regimen elicited SIVmac239
elite control-associated CTL populations in Mamu-B*08+ RMs.
Vaccination did not provide significant protection against
intrarectal SIVmac239 acquisition but did appear to facilitate
reductions in peak and setpoint viremia. We conclude that
boosting elite control-associated CTLs by vaccination is ineffica-
cious in providing sterilizing immunity, but that it does appear to
reduce disease severity and slow progression to AIDS once an
animal is infected.
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Figure 1 (abstract: PP 4.1–00013) B*08+ Vaccination and SIVmac239 Challenge Study
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P 4.2 – 00029
Innate Immune Correlates of Cell-Associated HIV RNA And DNA
During Long-Term Suppressive ART
C.-Y. Lau1, R. Gorelick2, J. Earhart1, J. Higgins2, R. Dewar2,
D. McMahon3, A. Ganesan4, B. Luke2, F. Maldarelli1,
N.I.H. Ltr Gag Persistence Consortium5

1National Institutes of Health, Bethesda, USA;
2AIDS and Cancer Virus Program, Frederick National Laboratory for Cancer
Research, Frederick, USA;
3Division of Infectious Diseases, University of Pittsburgh, Bethesda, USA;
4Infectious Disease Clinical Research Program, USUHS, WRNMMC, Henry M
Jackson Foundation, Bethesda, USA;
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Background: Persistence and clonal expansion of HIV-infected
cells during long-term antiretroviral therapy (ART) prevents HIV
cure in persons living with HIV (PLWH). Replication-competent
and -incompetent proviruses persist during ART, and both may
contribute to HIV pathogenesis, but mechanisms driving their
persistence remain unclear. To investigate the potential role of
immune-activation in persistence of proviral populations, we
analyzed cell-associated HIV RNA and DNA levels in the context
of cellular immunophenotyping.

Methods: Clinical information and peripheral blood mono-
nuclear cells (PBMC) were obtained from PLWH in IRB-approved
protocols undergoing ART for ≥3 years (y). Levels of cell-
associated HIV LTR and gag RNA and DNA were measured by
multiplexed droplet digital PCR. PBMC were analyzed in flow
cytometry panels quantifying >20 lymphocyte subsets and
activation markers. We analyzed clinical, immunophenotyping
and virologic data with parametric and nonparametric methods
to detect significant correlates and identify composite sets of
parameters with highest Pearson correlation by multilinear
regression.

Results: Participants (N=73, 11% female, average age 49.9
[range 20–70] y, median CD4=639 [range 250–1765] cells/µl
at sampling) had undergone continuous ART for median 14
(range 3–29) y. Levels of HIV LTR DNA (median 2500 copies/
million CD4 cells) varied over 100-fold (59.9–52508 copies/
million CD4 cells) and were highly deleted in gag (average LTR:
gag DNA ratio 5.1, range 0.7–48.6). Regression analyses revealed
levels of proviruses were strongly associated with proportion of
CD8+ memory cells, duration of infection, and nadir CD4+
count (for the composite, Pearson r= 0.57, p< 0.001). HIV
RNA data was available from 58/73; levels of cell-associated LTR
RNAvaried>100-fold (0.02–4.3 copies HIV LTRRNA/provirus).
Analyses of HIV gag RNA revealed even lower levels (0.002–2.4
gag RNA copies/gag-containing proviruses). In best fit analyses,
levels of LTR RNA/provirus were highly correlated in models
composed of %CD15+CD56+ natural killer (NK) cells in PBMC
and age (Pearson r= 0.59, p< 0.01).

Conclusions: After long-term ART, HIV proviruses are highly
deleted. Levels of cell associated HIV LTR RNA were strongly
associated with proportion of NK cells in peripheral blood,
suggesting innate immune sensing of HIV RNA.
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HIV T-cell function in people living with HIV
S. Isnard1,2,3, L. Royston1,2,3,4, T. Mabanga1,2, S. Bu1,2, C. Berini1,2,
J. Lin1,2, B. Fombuena1,2, N. Bernard1,5,6, G. Kroemer7,8,9,
J.-P. Routy1,2,10
1Infectious Disease and Immunity in Global Health Program, Research Institute
of McGill University Health Centre, Montreal, QC, Canada;
2Chronic Viral Illness Service, McGill University Health Centre, Montreal, QC,
Canada;
3CIHR Canadian HIV Trials Network, Vancouver, BC, Canada;
4Division of Infectious Diseases, Geneva University Hospitals, Switzerland;
5Division of Experimental Medicine, McGill University, Montreal, QC,
Canada;
6Division of Clinical Immunology, McGill University Health Centre, Montreal,
QC, Canada;
7Centre de Recherche des Cordeliers, Equipe labellisée par la Ligue contre le
cancer, Université de Paris, Sorbonne Université, Inserm U1138, Institut
Universitaire de France, Paris, France;
8Metabolomics and Cell Biology Platforms, Institut Gustave Roussy, Villejuif,
France;
9Institut du Cancer Paris CARPEM, Department of Biology, Hôpital Européen
Georges Pompidou, AP-HP, Paris, France;
10Division of Hematology, McGill University Health Centre, Montreal, QC,
Canada

Background: Autophagy, a lysosomal degradation pathway
catabolizing cytosolic structures to produce energy, allows the
establishment and maintenance of efficient anti-HIV T-cell
responses. Intracellular acyl-CoA-binding protein (ACBP) favors
autophagy by shuttling activated fatty acids to cellular orga-
nelles. Conversely, autophagy is inhibited when ACBP is secreted
into the extracellular space. As autophagy is associated to
efficient T-cell function, we assessed intra- and extracellular
ACBP levels in people living with HIV (PLWH) under antiretro-
viral therapy (ART). As autophagy-dependent glutaminolysis is
critical for IL21 production for optimal HIV-specific T-cell
responses, metabolomic analyses were performed to assess
involvement of the tricarboxylic acid cycle metabolites.

Methods: Plasma ACBP and cytokine levels were assessed by
ELISA in 60 long-term (median 14.7 years) ART-treated PLWH
and 30 uninfected controls. Intracellular ACBP levels were
assessed by flow cytometry in PBMC. Metabolomic analyses
were performed on serum samples by LC-MS.

Results: Plasma ACBP levels were higher in ART-treated
PLWH compared to controls (medians 127.5 vs 78.1 ng/mL,
p= 0.03), independently of age, sex and weight. Intracellular
ACBPwas detected in all leukocytes in both groups. Plasma ACBP
levels correlated negatively with its intracellular levels in T-cells
(r=−0.9, p= 0.02) and monocytes (r=−0.9, p= 0.08)
suggesting that low plasma levels of ACBP are associated with
cellular retention of the protein.

In ART-treated PLWH, plasma ACBP levels were neither
associated with CD4, CD8 T-cell counts nor GDF15 nor FGF21
levels, but correlated with levels of growth factors (EGF, G-CSF,
GRO), pro-inflammatory cytokines (IFNα2, IFNγ, IL1β) and
homeostatic factors (IL7 and IL15) (r> 0.3, p< 0.05 for all).
Plasma ACBP levels were inversely associated with plasma IL21
levels (r= -0.54, p< 0.01). PLWH with plasma ACBP levels
above the median had two-fold higher levels of glutamic acid
(p= 0.02), a higher glutamic acid/glutamine ratio (p= 0.03)
and tended to have higher levels of α-ketoglutarate (1.5-fold
difference, p= 0.09) in their serum.
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Conclusions: Higher plasma levels of ACBP in ART-treated
PLWH were associated with inflammation, oxidative stress, and
markers of T-cell dysfunction. Our findings indicate that
circulating ACBP might weaken anti-HIV T-cell functions in an
IL21-dependent manner. The ACBP pathway might constitute a
target for improving anti-HIV T-cell responses.
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Quantification of HIV Reservoirs in Brain: focus in bystander
damage
C. Hernandez, E. Eugenin
Department of Neurobiology, University of Texas Medical Branch (UTMB),
Galveston, TX, USA

Background: Early after primary infection, HIV reservoirs are
established within multiple tissues, including the brain. As these
viral reservoirs are not targeted by antiretroviral therapy (cART),
we require robust methods of detection, quantification, and
characterization of these viral reservoirs in human tissues. Our
recent work developed amulti-component imagingmethodology
that characterizes and quantifies viral reservoirs within the brain.

Methods: The imaging methodology demonstrated utilizes
the simultaneous staining of brain tissue from HIV-infected
donors using DNAscope, RNAscope, and antibodies for HIV-DNA,
HIV-mRNA, and either viral or host proteins, respectively. The
panel of patients included in these analyses varied in cART
regimen, viral load, years living with HIV, and neurocognitive
status, all contrasted to age-matched tissues from uninfected
patients.

Results: Our group demonstrated that cART is sufficient to
reduce the size of the viral reservoirs within the brains of HIV
patients. We also found that about half of the cells positive for
HIV-DNA expressed HIV-mRNA, and only about one-third
expressed viral proteins. HIV proteins varied in expression and
bystander uptake by uninfected cells but could provide insight
into bystander toxicity.

Conclusions: The results found were present irrespective of
cART regimen and systemic viral replication but suggested that
these viral reservoirs are a major barrier to curing HIV and
treating associated neurocognitive disorders.
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Background: Accurately quantifying the latent HIV-1 reservoir
in resting CD4+T cells (rCD4) in people living with HIV (PLWH)
on antiretroviral therapy (ART) remains a significant barrier to
curative approaches. Molecular measurements cannot discrim-
inate replication fitness of intact provirus, while the Quantitative
Viral Outgrowth Assay (QVOA) has been shown to underestimate
the viral reservoir frequency. We previously reported that ex vivo
differentiation of rCD4 to an effector memory phenotype in viral
outgrowth assays significantly enhanced HIV-1 latency reversal
and demonstrated the replication competent reservoir size was
on average 18-fold higher than had been estimated. Here, we
used the differentiation QVOA (dQVOA) to further refine the
relationship between rCD4 differentiation, persistence of the
reservoir, and time on ART.

Methods: rCD4 were isolated from cryopreserved PBMCs
from 32 ART-suppressed PLWH with short, intermediate, and
long-term ART suppression (1.8± 0.8, 4.1± 0.9, and
12.1± 3.1 years, respectively). We assessed the frequency of
cell-associated HIV RNA by real-time PCR, ca-total and inte-
grated HIV DNA by real-time PCR, and infectious units per
million (IUPM) CD4+ T cells via both QVOA and dQVOA in
parallel. Ex vivo and resting-enriched CD4+ T cell phenotypes
were assessed by flow cytometry.

Results: Results from standard QVOA showed long-term ART
suppression was consistent with a decay in the reservoir
frequency. By contrast, dQVOA run in parallel from the same
pool of rCD4 enriched from each participant revealed signifi-
cantly higher IUPM values from individuals with intermediate
(p= 0.0056) or long (p< 0.0001) term ART suppression.
Molecular measurements supported no significant decrease in
reservoir with long-term ART. Analysis of the effector memory
frequency in the ex vivo, resting-enriched, and post-differenti-
ation CD4+ T cell subsets revealed a significant positive
correlation with dQVOA IUPM, whereas no such relationship
was observed in standard QVOA. This observation suggests long-
term ART may not result in a smaller reservoir size, but instead,
CD4+ T cells from long-term suppressed PLWH may require
additional signaling for effective viral reactivation.
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Conclusions: Together, these data suggest the replication
competent reservoir is stable over time, and more targeted
approaches are required to reactivate latent HIV after long-term
viral suppression, providing crucial insights into designing and
evaluating HIV curative approaches.
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Background: The intestinal environment facilitates HIV-1
replication/viral reservoir (VR) persistence via mechanisms
involving the gut-homing elixir retinoic acid (RA), which
transcriptionally reprograms CD4+ T-cells for increased HIV-1
infection. Consistently, colon-infiltrating CD4+ T-cells carry
viral reservoirs (VR) in people living with HIV-1 (PLWH)
receiving antiretroviral therapy (ART). Intriguingly, integrative
infection in colon macrophages, a pool constantly replenished by
circulating monocytes, represents a rare event in ART-treated
PLWH, thus raising questions on HIV-1 permissiveness in gut-
residingmacrophages. Indeed, the persistence of VR in long-lived
CD4+ T-cells of people living with HIV (PLWH) receiving viral-
suppressive antiretroviral therapy (ART) is well-established,
while the contribution of macrophages (MΦ) remains a subject
of debate. We hypothesized that, in an environment rich in RA,
MΦ are highly permissive to HIV-1 replication and contribute to
the initial viral transmission and viral rebound upon ART
interruption. Thus, we aimed (i) to explore the effect of RA on
HIV-1 replication and (ii) to identify molecular mechanisms by
which RA modulates HIV-1 replication in MDM in vitro.

Methods: Monocyte-derived MΦ (MDM) were generated in
the presence/absence of RA in vitro. CCR5 and CXCR4 expression
was measured by FACS. MDM were infected with replication-
competent CCR5-tropic and VSV-G-pseudotyped HIV molecular
clones. HIV replication was measured by ELISA, FACS, and PCR
using specific primers for early/late reverse transcription and
integrated HIV-DNA. RNA-Sequencing was performed to identify
RA-mediated HIV permissiveness factors inMDM. Validations for
mTOR, S6K, TCF4, HIC1, IL-10 and PPARg were performed.

Results: Here, we demonstrate that RA promotes HIV-1
replication in MDM via entry/post-entry mechanisms. RNA-
Sequencing, together with Gene set variation analysis and HIV
interactor NCBI database interrogation revealed profound RA-
mediated transcriptional reprogramming associatedwith effector
functions, metabolic/signaling status, and HIV-1 dependency/

restriction factors. Functional validations and pharmacological
antagonism demonstrated the contribution of RA-modulated
mTOR/S6K and Wnt/b-catenin/TCF4 pathways.

Conclusions: These results support a model in which
macrophages in RA-rich tissues represent important HIV-1
targets contributing to viral dissemination/replication before/
upon ART interruption. Therefore, the rarity of viral reservoir in
colon-infiltrating MDM of ART-treated PLWH is likely not the
consequence of their resistance to infection but rather due to
their rapid turn-over in vivo.
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Background: HIV-infected CD4+ T cells persist ex vivo despite
treatment with a latency reversal agent (LRA) in combination
with CD8+ T cells, known as the “Shock-and-Kill” approach.
Similarly, in vitro experiments in which HIV-infected CD4+
T cells are co-cultured with natural killer (NK) cells yield
incomplete elimination of the infected cells. We therefore
hypothesize that cell-intrinsic pathways in CD4+ T cells are
differentially regulated in HIV-infected cells to mediate resist-
ance to NK cell-mediated killing.

Methods:Mock-infected andHIV-89.6-infected CD4+T cells
from 6 donors were co-cultured overnight +/- autologous NK
cells. Following co-culture, cells were stained for the surface
exposed HIV envelope protein using fluorescently conjugated
HIV antibodies. Fluorescence activated cell sorting (FACS) was
then used to isolate infected and uninfected cells, followed by
bulk RNA-sequencing. Transcripts from infected and uninfected
cells co-cultured overnight with versus without NK cells were
compared.

Results: RNA-seq analysis of CD4+ T cells that survived co-
culture with NK cells revealed dozens of differentially expressed
genes in infected cells, but not uninfected cells. This included
upregulation of multiple interferon-stimulated genes, including
PD-L1 (p=0.0086), and genes involved in NF-kB signaling.
Additional upregulated genes in the surviving infected cells
included c-Fos (p= 0.017), c-Jun (p=0.004), and cathepsin L
(p= .0112).

Conclusions: This dataset will be used to guide future
experiments to uncover which genes actively contribute
towards resistance to killing versus genes that are regulated as
a consequence of survival. For example, NF-kB genes that are
downregulated in infected cells, potentially through Vpu activity,
are normalized in survived infected cells. This may be due to NK
cell targeting of Vpu-mediated HLA-C-downregulation. In con-
trast, the induction of IFN-stimulated genes may result from
exposure of survived cells to NK cell-derived cytokines. As RNA-
seq will not capture post-translational modifications of NK cell
ligands, such as MHC-I downregulation mediated by HIV
accessory proteins, follow up studies include CITE-Seq to
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determine the differences in surface protein expression of
infected cells that survive interactions with NK cells.
Deconvolution of relative contributions of specific genes/
proteins to target cell resistance will reveal novel targets for the
development of therapeutics to eliminate the HIV reservoir.
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Background: Encounter with cognate antigens (Ag) is a major
cause of proliferation and persistence of HIV-infected CD4+
T cells. Understanding to which extent physiological T cell
activation elicits latency reversal is key for cure efforts. Owing to
the low frequency of HIV-infected Ag-reactive cells, previous
studies failed to compare HIV reactivation mediated by Ag
recognition versus global T cell activators.

Methods: CD8-depleted PBMCs from 10 PLWH on ART were
stimulated with either CMV or HIV Gag antigens. Reactive cells
(CD40L+) were isolated and expanded for 10–14 days.
Expanded pools were characterized by TCR repertoire, total
and intact HIV DNA, and proviral sequencing. After resting for 3
days, cells were re-stimulated with either PMA/Io, anti-CD3/
CD28, or autologous dendritic cells (DCs) pulsed with cognate or
unrelated Ag (KLH). Wemeasured T cell activation by CD40L and
CD69 expression, and profiled HIV RNA by bulk and limiting
dilution digital PCR and sequencing.

Results: Our approach allowed us to isolate rare Ag-reactive
CD4+ T cells (range 0.5–2%) and expand them while preserving
their overall TCR repertoire. The frequency and composition of

proviruses in the expanded pools were highly variable across
participants. While most HIV genomes were defective, we
detected intact proviruses in 2/5 and 5/5 participants’ CMV or
Gag reactive cells, respectively. Upon restimulation, only cognate
Ag caused significant T cell activation (CMV 69.57%, Gag 64.4%,
KLH 4.08%, p<0.0001). Cognate Ag induced increased HIV
expression, but this increase showed inter-participant variability
(fold change to baseline 0.83–50.56, p= 0.004). While for 2
participants we observed high HIV expression (48- and 50-fold),
4/10 participants exhibited little HIV RNA increase (fold change
to baseline 0.8–4). Conversely, treatment with PMA/Io and anti-
CD3/CD28 increased HIV RNA production across all participants
(fold change mean 13.5 and 6.5, respectively). Limiting dilution
RNA assays showed similar breadth of proviruses induced across
conditions, but only PMA/Io stimulation caused high HIV RNA-
producing cells (>102 cp/cell).

Conclusions: These results imply quantitative and qualitative
differences in cellular and HIV transcriptional profiles when
CD4+ T cells encounter their cognate Ag compared to strong
T cell activators. Our work suggests that, for some proviruses,
physiological T cell activation is insufficient for latency reversal.
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MA, USA

Background: HIV persistence is driven by a subset of cells
harboring transcriptionally repressed latent HIV that contributes
to rebound upon treatment interruption presenting a challenge to
HIV cure. However, examination of the persistent viral sequences
has shown that the reservoir consists of mostly defective viruses
with point mutations, frame shifts, inversions, and deletions
which would limit productive HIV-1 transcription. Furthermore,
even in the presence of antiretroviral therapy and limited HIV
transcription, people living with HIV (PLWH) demonstrate

Figure 1 (abstract: PP 4.9–00113) Innate Immune Response to Defective HIV Proviruses
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chronic comorbidities of the central nervous system, heart, and
general inflammaging. It is unknown what drives the dysregu-
lated inflammation in PLWH.We hypothesize that the expression
of defective proviruses activates innate immune activities in
T cells and myeloid cells to perpetuate inflammation. This
hypothesis is supported by previous work where we demon-
strated expression of RNAs and proteins from defective
proviruses driven by an intragenic promoter.

Methods: We have employed CRISPR-cas9 to engineer cells
harboring defective HIV proviral genomes lacking 5′LTRs.
Expression of Type I IFN-stimulated genes was measured using
qPCR, while expression of HIV transcripts was measured using
ddPCR.

Results: Induction of IFN-stimulated genes, including IP10,
ISG15, and MX1, was significantly higher in cells harboring
defective proviruses than those harboring mostly intact virus.
This expression correlated with the presence of the intragenic
promoter and higher levels of defective HIV transcripts, suggest-
ing that these transcripts elicit an innate immune response.

Conclusions: We propose a model whereby defective
proviruses produce RNAs which are detected by innate immune
sensors, leading to activation of pro-inflammatory ISGs and
cytokines. These processes contribute to chronic inflammation
observed during persistent infection in PLWH on suppressive
ART. Further studies will elucidate the mechanisms involved in
this process and improve understanding of HIV-1 mediated
immune dysfunction and pathogenesis.
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Background: The complex pool of infected cells that comprise
the HIV reservoir can be distributed amongst CD4+ T subsets
with varied functional and compartmental characteristics.
Recent studies during treatment interruption in passive immuno-
therapy trials have demonstrated that reservoir reseeding can
coincide with viral rebound. However, whether reseeding is
associated with compositionally distinct cellular populations is
unknown.

Methods:We profiled the reservoir from three participants of
the clinical trial (ACTG A5340) who experienced viral rebound
after receiving the broadly neutralizing antibody VRC01 during
analytical treatment interruption (ATI). Pre-ATI and post-ATI
blood samples were collected while viral load was fully
suppressed. We applied viral single-cell Assay for Transposase
Accessible Chromatin with Select Antigen Profiling by sequen-
cing (ASAPseq) to identify HIV+ cells using accessible proviral
DNA and their coordinate cell surface markers. Peripheral blood
memory CD4+ T cells were enriched by bead separation and
labeled with oligo-tagged antibodies for generation of viral
ASAPseq libraries. Reads were processed using our custom
pipeline which included alignments to consensus and autologous
viral sequences.

Results:We profiled 136997memory CD4+T cells with viral
ASAPseq, of which 205 cells (0.15%) were detected as HIV+.
After clustering and annotating with epigenetic and surface
antigen data, we compared the phenotypes between the pre-ATI
and post-ATI timepoints for each individual. In one individual
with a low viral rebound (as determined by area under the curve;
AUC) during ATI, phenotypic composition of HIV+ cells was
maintained. In contrast, the other individuals with higher viral
load rebound had greater disruption of the phenotypic compos-
ition of HIV+ cells. Reservoir modulation was specifically
associated with the emergence of recently activated Tcm/Ttm
cells at the post-ATI timepoint.

Conclusions:Our observations suggest that the extent of viral
rebound AUC is associated with greater changes in reservoir
phenotype, whereupon incomplete viral suppression during
clinical trial interventions can lead to diversification of the
cellular phenotypes found in the HIV reservoir. Furthermore,
these findings highlight the necessary use of single-cell based
methodologies to understand phenotypic perturbations of the
heterogenous HIV reservoir.

Journal of Virus Eradication 8S (2022) 100218

https://doi.org/10.1016/j.jve.2022.100218

PP 4.11 – 00126
Autologous Neutralizing Antibodies Increase with Early
Antiretroviral Therapy and Shape HIV Rebound after Treatment
Interruption
E. Esmaeilzadeh1, B. Etemad1, C. Lavine2, Y. Li1, J. Regan1, E. Connick3,
P. Volberding4, M. Sagar5, M.S. Seaman2, J.Z. Li1
1Brigham andWomen’s Hospital, Harvard Medical School, Boston, MA, USA;
2Beth Israel Deaconess Medical Center, Boston, MA, USA;
3University of Arizona, Tucson, AZ, USA;
4University of California, San Francisco, San Francisco, CA, USA;
5Boston Medical University School of Medicine, Boston, MA, USA

Background: Early initiation of antiretroviral therapy (ART)
alters viral rebound kinetics after analytic treatment interruption
(ATI) and may play a role in promoting HIV remission in people
with HIV (PWH). Autologous neutralizing antibodies (aNAbs)
represent a key adaptive immune response in PWH. We aimed to
investigate the role of aNAbs in shaping post-ATI HIV rebound
variants.

Methods:We performed single-genome amplification of HIV-
1 env from pre-ART and post-ATI plasma samples of 12 early
treated individuals. aNAb activity was quantified using pseudo-
viruses derived from the most common plasma variant and the
serum dilution that inhibited 50% of viral infections (ID50) was
determined.

Results: aNAb responses matured significantly while on
suppressive ART as early post-ATI plasma demonstrated signifi-
cantly improved neutralizing activity against pre-ARTHIV strains
compared to pre-ART plasma (median ID50 titer [1/x]: 19 vs.
353, P= 0.002). Post-ATI aNAb responses exerted selective
pressure on the rebounding viruses as the post-ATI HIV strains
were significantly more resistant to post-ATI plasma neutraliza-
tion compared to the pre-ART virus (median 353 vs. 27,
P= 0.04). Several pre-ATI features distinguished post-treatment
controllers (PTCs) from non-controllers (NCs), including infect-
ing sequence more similar to consensus B, more restricted
proviral diversity and a stronger aNAb response. Post-treatment
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control was also associated with the evolution of distinct N-
glycosylation profiles in the HIV Env.

Conclusions: Autologous neutralizing antibody responses
mature after early initiation of ART and applies selective pressure
on rebounding viruses. The combination of aNAb activity with
select HIV sequence and reservoir features identified individuals
with a greater chance of post-treatment control.
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2John T. Milliken Department of Medicine/Division of Infectious Diseases,
Washington University School of Medicine, St Louis, USA

Background: NK (natural killer) and CTLs (cytotoxic T cells)
functions are positively regulated by IL-15 signaling (Fig 1A). The
IL-15 receptor comprises three subunits: IL15R alpha, beta, and
gamma. The IL-15/IL-15RA dimer can be trans-presented by

myeloid cells to CD4+ and CD8+ cells and NK cells, which
express the beta and gamma subunits. In addition, CD8+ T cells
and NK cells can also express IL15RA upon stimulation and
trigger IL15 signaling through cis-presentation. Specific upregu-
lation of IL15/IL15RA expression/signaling in CTLs should
improve their proliferation and cytolytic functions and thus
lead to better clearance of HIV-infected cells. CRISPR-Cas9
platforms using catalytically dead Cas9 (dCas9) protein allow
precise control of genome expression without gene editing. Here
to accomplish potent transactivation of the transcription of
IL15RA and IL15 in immune cells, we utilized the VPR platform
where dCas9 is fused to linked in tandem VP64-p65-Rts
transcription activation domains.

Methods: Based on a literature search, we identified NFkB
motifs and CpG islands in the promoter regions of the target
genes IL15RA and IL15 (Fig 1B,C). Next, the promoter region
sequences of these genes were analyzed for gRNAs binding sites,
and 18 (IL15RA, Fig 1D) or 14 (IL15, Fig 1E) gRNAswere selected
for further testing. K562 lymphoblast cell line stably expressing
dCas9-VPR was electroporated with synthetic gRNAs, including
non-targeting gRNA as a control. After three days, the mRNA
expression of target genes was examined by qRT-PCRs. In
addition, the IL15RA expression was checked by immunolabel-
ing/flow cytometry and IL15 release from treated cells by ELISA.
Additionally, cell proliferation and viability were measured by PI
staining followed by flow cytometry.

Figure 1 (abstract: PP 4.12–00141)
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Results:We identified regions of IL15RA and IL15 promoters
responding to dCas9-VPR-mediated transcription transactiva-
tion. gRNAs recruiting dCas9-VPR into the vicinity of transcrip-
tion start sites showed the most potent induction of the target
genes transcription (Fig 1FG). The effects of dCas9-VPR were not
dependent on the presence of NFkB enhancer regions and CpG
islands.

Conclusions: The CRISPR-dCas9-VPR platform can be used
for specific and efficient enhancement of IL15/IL15RA expres-
sion in target immune cells.
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PP 4.13 – 00151
Soluble Factors Drive Naïve CD4+ T Cells to Differentiate into CCR5
+ Tissue Resident Memory Cells that are Highly Susceptible to HIV
infection
C. Cicala1, S. Vimopatranon1, L.R. Goes1,2, A. Jiang3, C. Huang3,
D. Huang3, J. Yolitz2, D. Wei2, K. Virtaneva4, C. Martens4, M. Soares2,
A. Fauci1, J. Arthos1
1Laboratory of Immunoregulation, National Institute of Allergy and Infectious
Diseases, MD, USA;
2Instituto Nacional de Cancer, RJ, Brazil;
3National Cancer Institute, MD, USA;
4Research Technologies Section, Genomics Unit, Rocky Mountain Laboratory,
National Institutes of Allergy and Infectious Diseases, Hamilton, Montana,
USA

Background: Persistent HIV reservoirs are established in the gut
within the first weeks of infection. These infected cells are a
barrier to an HIV cure. Tissue resident CD4+ memory T cells
(TRMs) reside in gut tissues and may be involved in the formation
of viral reservoirs. MAdCAM, which is expressed on gut
endothelium delivers costimulatory signals to CD4+ T cell and
supports HIV replication. We have proposed that this type of
costimulation could help explain how gut tissues are rapidly and
preferentially infected in the acute stage of HIV infection.
However, the manner in which CD4+ T cells differentiate
following MAdCAM costimulation is not known.

Methods: To understand how cells stimulated with MAdCAM
differentiate, we carried out gene expression profiling by RNAseq
following MAdCAM costimulation of primary CD4+ T cells. We
also measured cytokine production using multiplex cytokine
assays. On stimulated CD4+ T cells was also performed a
multicolor flow-cytometric analysis.

Results:We report that MAdCAM and retinoic acid (RA), two
constituents of gut tissues, together with TGF-β, promote the
differentiation of CD4+ T cells into a distinct subset α4β7+
CD69+CD103+ TRMs. Among the costimulatory ligands we
evaluated, MAdCAM was unique in its capacity to upregulate
high levels of both CCR5 and CCR9. These cells are susceptible to
HIV infection, despite the anti-proliferative action of TGF-β.
Formation of TRMs was reduced by MAdCAM antagonists
developed to treat inflammatory bowel diseases.

Conclusions: These finding provide a framework to better
understand the contribution of CD4+ TRMs to persistent viral
reservoirs and HIV pathogenesis.
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PP 4.14 – 00173
Antiretroviral therapy repairs CD4 T cell dysregulation in people
living with HIV
A. Sponaugle1, A.M. Weideman1, J. Ranek1, N. Archin1, D.M. Margolis1,
B.G. Vincent1, N. Stanley1, G. Atassi1, M.G. Hudgens1, J. Eron1,
N. Goonetilleke1, D. Kuritzkes2, A. Adimora1, A. Andrade3
1UNC Chapel Hill, Chapel Hill, USA;
2Harvard Medical School Infectious Disease, Boston USA;
3NIH DAIDS, Bethesda, USA

Background: Recent studies show that the majority of the HIV
reservoir is stabilized at the time of ART initiation. We
hypothesized that ART in people with HIV (PWH) contributes
to this stabilization by restoring CD4 T cell memory formation.

Methods: We used a 32-marker mass cytometry panel to
examine CD4 T cell memory dynamics in PWH durably (∼5yrs)
suppressed with ART (PWHART, n=10) and PWH in the 1.5
years following ART initiation (n= 10, ACTG5248). The panel
included markers of activation (HLA-DR, CD38, CCR5), activa-
tion/exhaustion (PD-1), proliferation (Ki67), survival (Bcl-2) and
long-lived memory (CD127). We paired these CD4 T cell studies
with functional analysis of proliferation and T cell receptor (TCR)
β clonotype sequencing.

Results: Using fixed effects models with indicators for
participant ID, we found that frequencies of CD4 T cell memory
subsets and expression of activation, exhaustion, cell cycling and
long-liveness are remarkably stable in PWH-ART. In contrast,
after ART initiation, activation and cell cycling decreased within
weeks whereas markers of T cell long-liveness, CD127 and Bcl-2
increased slowly over months. Expanded CD4 T cell receptor
(TCR) clonotypes (3.3–10.8%) were detected at ART initiation
and were maintained at these frequencies for the first 18 months
of ART suppression. CD4 TCR clonotypes were alsomaintained in
PWHART but relative frequencies were lower (0.3–6.8%). To
assess functionality of CD4 T cells post-ART, we measured
CD4 T cell proliferation in response to pp65/IE1 HCMV and
mitogen stimulation. HCMV-specific and mitogen-reactive pro-
liferation was clearly detectable at ART initiation and decreased
as viral load was suppressed but increased 3 months post ART
initiation. By contrast, we did not detect HIV Gag/Nef-specific
CD4 T cell proliferation over background at any timepoints
measured.

Conclusions: In our study population (CD4 nadir 77–453),
CD4 T cells were highly activated but retained proliferative
capacity at ART initiation. ART resulted in rapid decreases in cell
cycling and activation. Interestingly, restoration of CD4 T cell
memory phenotypes was much slower, occurring over the
months-years following virus suppression. Overall, our data
suggest that immune changes at ART initiation help stabilize the
HIV reservoir in CD4 T cells.
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PP 4.15 – 00181
Distinctive cytoskeletal properties are implicated in the resistance of
a fraction of productively HIV-infected CD4+ T-cells to killing by
cytotoxic T lymphocytes (CTL)
L. Leyre1,4, A. Herrera1,4, P. Zumbo2, J. Weiler1, Y. Zhang3, E. McNeil1,
N. Linden1,4, D. Betel1, S.R. Manalis3, R.B. Jones1,4, D.C. Copertino1,
S. Terry1
1Infectious Disease Division, Weill Cornell Medicine, New York, USA;
2Applied Bioinformatics Core, Weill Cornell Medicine, New York, USA;
3Koch Institute For Integrative Cancer Research, Massachusetts Institute of
Technology, Cambridge, USA;
4Immunology and Microbial Pathogenesis Program, Weill Cornell Graduate
School of Medical Sciences, New York, NY, USA

Background: Although latency is a primary enabler of HIV
persistence, recent studies have highlighted the existence of
infected-cell clones that express HIVon ART. Evidence of ongoing
antigenic stimulation of HIV-specific CTL, and gradual decreases
in intact and transcriptionally active proviruses over years on
ART suggest some ongoing CTL pressure. We hypothesized that
the selection of survivors with CTL-resistant properties may limit
this process. Here we directly investigate the existence and
underlying mechanisms of CTL resistance in productively HIV-
infected CD4+ T-cells.

Methods: Central memory CD4+ T-cells (Tcm) from n=3
HLA-B58+andHLA-A02+donors were infected separatelywith
one of twoHIVJRSCF variants: differing by the presence/absence
of an escape mutation in the Gag-TW10 CTL epitope. These were
dyed with CTFR (WT) or CFSE (TW10esc), mixed, and co-
cultured with TW10-specific CTL clones. Whether CTFR ‘survi-
vors’were resistant relative to CFSE ‘bystanders’were assessed by
flow cytometry following a second co-culture with a CTL clone
targeting an epitope present in both viruses (Gag-SL9).
Bystanders and survivors (sorted on HIV-Env+ cells) were
profiled by RNA-sequencing.

Results: 90% of cells infected with WT-HIVJRSCF were
eliminated by TW10-specific CTL, and the survivors remained
CTL resistant in the second round of exposure to SL9-specific CTL
(p=0.98). In contrast, cells infected with TW10esc-HIVJRCSF,
which were bystanders in first-round killing, were efficiently
eliminated by SL9-specific CTL (p=0.01). In the absence of
CTL, WT and TW10esc infected Tcm had very similar transcrip-
tional profiles (35 differentially expressed genes (DEGs),
padj<0.05). In striking contrast, WT Tcm that survived CTL
had distinctive transcriptional profiles from TW10esc bystanders
(2,234DEGs, padj<0.05). Amongst the biological processes
implicated by gene set enrichment analysis were deficiencies in
cytoskeletal regulation and cell-cell junction in survivors (NES-
1.59, adj.p< 0.003; NES-2.04, adj.p< 7.31e-05). Preliminary
assessments by acoustic scattering suggest that surviving cells are
more deformable when compared to bystanders (p= 1.6e-08).

Conclusions: Amongst HIV-expressing cells, there is hetero-
geneity in intrinsic susceptibility to CTL- with resistant cells
exhibiting distinctive transcriptional profiles. Initial results
implicate a role in cytoskeletal regulation and mechanical
stiffness. These mirror observations from immuno-oncology–
where cell-stiffing agents have improved CTL-tumor synapse
formation and pre-clinical outcomes. Such approaches warrant
testing to improve the elimination of HIV-infected cells.

Journal of Virus Eradication 8S (2022) 100223

https://doi.org/10.1016/j.jve.2022.100223

PP 4.16 – 00188
Investigating the Role of Naïve CD4+ T-cells as a CTL Resistant
Sanctuary for Intact HIV Proviruses
J. Weiler1, W.D. Conce Alberto1, Y. Ren1, S. Han Huang1, L. Leyre1,2,
A. Gramatica1, S. Terry1, R. Brad Jones1,2
1Infectious Disease Division, Weill Cornell Medicine, New York, USA;
2Immunology and Microbial Pathogenesis Program, Weill Cornell Graduate
School of Medical Sciences, New York, NY, USA.

Background: The distributions of defective and intact HIV
proviruses differ between memory CD4+ T-cells (Tm) and naïve
CD4+ T-cells (Tn). Tm generally contain substantially higher
levels of total proviruses – the large majority of which are
defective. In contrast, Tn contain less HIV DNA, but were recently
reported to contain greater proportions of intact versus defective
proviruses than Tm. Here we sought to validate these findings in
an independent cohort, and to explore a potential role for
differential intrinsic susceptibilities to CTL of Tn and Tm in
giving rise to these skewed distributions.

Methods: Tn (CD45RA+) and Tm (CD45RA−CCR7+CD95−)
were sorted from the PBMCs of ARV-suppressed donors by flow
cytometry. Intact and defective proviruses were quantified by
intact proviral DNA assay (IPDA). ‘CTL-resistance assays’: Ex vivo
CD4+ T-cells from HLA-A02+ ARV-treated donors were sub-
jected to strong CTL selection (independent of HIV expression),
by pulsing with a CMV peptide and co-culturing with an HLA-
A02-restricted CMV NV9-specific CTL clone. IPDAs were
performed on survivors.

Results: In 9 ARV-treated donors, Tm and Tn contained
medians of 1,282 and 131 copies of total HIV DNA/106 cells
(ranges:Tm 95–3,222, Tn 6–488). However, in Tm a median of
only 12% of these were intact, versus 40% in Tn (median:range,
Tm-114: 0–712, Tn–54: 0–125 intact proviruses/106 cells,
p< 0.05). In CTL resistance assays, Tn cells resisted killing
relative to Tm, resulting in peptide-dose-dependent enrichments
of Tn amongst survivors (p= 0.01, n= 6). In this initial cohort,
the surviving cells (Tn-enriched) fromCTL-resistance assays were
confirmed by IPDA to have significantly higher intact:defective
proviral ratios than CD4+ T-cells that had not been selected by
CTL (median 45% in survivors vs 13% in no-peptide control). In a
second cohort, however, further dissection by enriching survi-
vors into Tn and Tm populations (based on CD45RA) revealed
heterogeneity. In some donors, intact proviruses were enriched
within surviving Tn and Tm, while in others they were depleted.

Conclusions: By virtue of their intrinsic resistance to CTL, Tn
may comprise a sanctuary for intact HIV proviruses. Within
isolated Tn and Tm populations, however, whether cells
harboring intact proviruses are disproportionately CTL resistant
appears to vary by donor, requiring further investigation.

Journal of Virus Eradication 8S (2022) 100224

https://doi.org/10.1016/j.jve.2022.100224

Abstracts Journal of Virus Eradication 8S (2022)

70

https://doi.org/10.1016/j.jve.2022.100223
https://doi.org/10.1016/j.jve.2022.100224


PP 4.17 – 00198
Peripheral Blood Biomarkers of Occult Infection in ART-Suppressed,
SIV-Infected Rhesus Macaques
M. Boudries1,2, D. Barouch1
1Virology and Vaccine Research, Beth Israel Deaconess Medical Center,
Harvard;
2I4C Collaboratory (https://www.i4cacure.org/)

Background: A major barrier in the HIV-1 cure field is our
incomplete knowledge of mechanisms regulating the establish-
ment and maintenance of the viral reservoir.

Previous studies in SIV-infected rhesus macaques have
suggested that the reservoir is seeded within three days before
plasma viremia.

We initiated ART in rhesus macaques at 6 hours (Group 1), 1
day (Group 2), 2 days (Group 3), and 3 days (Group 4) after
SIVmac251 infection.

All animals started ART before plasma viremia; thus, their
infection status was unknown until ART was discontinued after
six months of ART suppression.

Following ART discontinuation, we observed viral rebound in
0/5 animals in Group 1, 1/5 in Group 2, 3/5 in Group 3, and 5/5
in Group 4.

In this study, we used bulk transcriptomic sequencing and
serum cytokines profiling combined with bioinformatic and
machine learning analyses to identify potential peripheral blood
biomarkers associated with occult infection and viral rebound
following ART discontinuation.

Methods: We used bulk transcriptomic and plasma proteo-
mics profiling to identify potential biomarkers of the rebound
virus following treatment interruption.

We implemented a machine learning approach to identify and
validate a list of biomarkers that predicted the rebound virus with
an accuracy higher than 95%.

Results: We described a novel signature of occult SIV
infection during ART suppression in macaques that initiated
ART shortly after SIVmac251 challenge.

This signature involved immune activation and inflammatory
pathways and accurately predicted viral rebound following ART
discontinuation.

In macaques that exhibited viral rebound following ART
discontinuation, we detected during ART suppression increased
inflammatory pathways and T cell and monocyte activation
signatures. Peripheral blood expression of proinflammatory
cytokines (IL-8, IL-1RN, IL-1B, CCL4, and IL-15RA) were
upregulated in macaques that exhibited viral rebound following
ART discontinuation and correlated with the rebounding virus.

Conclusions:We showed that pro-inflammatory and immune
activation signatures in peripheral blood and lymph nodes during
ART suppression correlate with occult infection in SIV-infected
macaques, as identified by viral rebound following ART
discontinuation. If these biomarkers of the rebound-competent
viral reservoir prove generalizable, they could be used in HIV-1
cure studies to identify promising interventions prior to analytic
treatment interruption studies.
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Dynamics and antiviral role of TOX+ TCF1+ CD39+ CD8 T cells in
lymphoid tissue of SIV-infected rhesus macaques
Z. Strongin1, C. Deleage2, T. Hoang1, G. Tharp1, K. Nguyen1,
A. Rahmberg3, J. Brenchley3, S. Bosinger1, H. Kissick1, M. Paiardini1
1 Emory University, Atlanta, USA;
2Leidos Biomedical Research Inc., Frederick, USA;
3NIAID, Bethesda, USA

Background:CD8 T cell responses to HIV/SIV infection critically
contribute to control of viremia, but lymph node (LN) CD8 T cells
have been shown to be phenotypically and functionally distinct
from and less cytolytic than those in blood.

Methods: To characterize the unique CD8 T cell populations
in LN, we obtained LN from rhesus macaques at day 42 post-
SIVmac239 infection and performed flow cytometry, scRNA-seq
and imaging to characterize the dynamics of LN CD8 T-cells
expressing Tox, TCF1 and CD39, three well-described markers
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delineating exhausted, stem-like and terminally-differentiated
populations.

Results: Tox is upregulated after SIV infection and primarily
expressed in PD-1+/TIGIT+ cells. Notably, we observed high
expression of Tox on a previously undescribed TCF1+CD39+
population, distinct from TCF1+CD39- stem-like and TCF1-
CD39+ effector/exhausted CD8 T cells, that significantly
expands after infection. These TCF1+CD39+ cells expressed
inhibitory receptors, intermediate levels of Ki-67, and are
uniquely high in GzmK but low in GzmB, a profile consistent
with a precursor effector cell. After SIV peptide stimulation,
TCF1+CD39+ cells degranulated at similar levels to TCF1-
CD39+ cells but produce less IFNy. scRNA-seq of SIV-specific
CD8 T cells revealed an intermediate profile of TCF1+CD39+
cells between the stem-like TCF1+CD39- cells and the
differentiated TCF1-CD39+ cells. Importantly, a higher fre-
quency of both Tox+ and TCF1+CD39+ CD8 T cells in LN at
d42 p.i. was significantly associated with lower plasma viremia,
lower levels of cell-associated SIV DNA [PM1] and better CD4
preservation. After 1 year of ART, the level of TCF1+CD39+LN
CD8 T cells is associated with lower frequency of CD4 T cells
harboring intact SIV-DNA. Investigations into potential mechan-
isms contributing to viral control revealed that TCF1+CD39+
cells expressed elevated levels of CXCR5 compared to traditional
effector cells, and expression of CXCR5 within TCF1+CD39+
cells was associated with lower plasma viremia. Imaging analysis
confirmed increased presence of TCF1+Tox+ CD8 T cells
within B cell follicles compared to TCF1-Tox+ and
TCF1+Tox- cells.

Conclusions: These data are consistent with a unique
precursor effector CD8 T cell population that expands in LN
after SIV infection, have a better ability to access the LN BCF, and
is associated with increased viral control and reduced disease
progression.
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PP 4.19 – 00021
Impact of SARS-COV-2-Mediated CD4 T Cell Activation HIV DNA
Persistence In Vivo
T.-M. Deveau1, M. Peluso1, A. Buck1, N. Kumar1, T. Henrich1
1University of California San Francisco - San Francisco, United States

Background/Aims: Antigen-driven CD4+ T cell proliferation is
a proposed mechanism of HIV-1 reservoir persistence. We
previously reported that SARS-CoV-2 infection leads to increased
detectable low-level HIV-1 plasma RNA blips months after
COVID-19, but the impact of SARS-CoV-2-mediated T cell
activation on expansion of HIV-1 reservoirs is not known. We
sought to identify if SARS-CoV-2 infection leads to expansion of
preferentially HIV-infected CD4+ T cells in people with HIV
(PWH) on ART.

Methods: Five PWH with samples collected prior to and
approximately two months after SARS-CoV-2 infection were
identified. We performed a surface activation induced marker
(AIM) assay using a CD4-optimized overlapping SARS-CoV-2
peptide pool to measure OX40/CD137 expression following
peptide stimulation and sorted CD4+ T cells based on surface
marker expression. ddPCR quantification of genomic HIV-1 DNA
was performed on sorted subsets.

Results: We observed an increase in the frequency of SARS-
CoV-2 AIM+ non-naive CD4+ T cells following COVID-19 in
samples from4 of 5 participants (meanAIM+%0.13 pre- vs 0.31
post). A large percentage of non-naive AIM+ CD4+ T cells
expressed PD1 compared with total non-naive cells before (76%
vs 36%) and after (65% vs 19%) COVID-19; PD1 expression was
lower following SARS-CoV-2 in both AIM+ and AIM- CD4+
T cell subsets (though fewwere AIM+prior to COVID-19). HIV-1
DNA levels in non-naive AIM- CD4+ T cells prior to COVID-19
unexpectedly decreased following infection (mean 3,522 to 766
copies/10^6 cells). The numbers of AIM+ cells obtained by cell
sorting were overall low (3,863 mean) and only one participant
had detectable DNA in post-COVID AIM+ CD4+ T cells.
However, a large majority of this participant’s post-COVID AIM
+ cells harbored HIV-1 DNA (0.89 copies per cell) whereas HIV
DNA in their AIM- cells decreased from 8,387 to not detected
following SARS-CoV-2 infection.

Conclusion: COVID-19 in PWH led to a modest SARS-CoV-2-
specific CD4+ cell response approximately two months follow-
ing acute presentation. One participant may have preferentially
expanded HIV-1-infected, SARS-CoV-2-specific CD4+ T cells
following COVID-19 but future studies with more participants
and numbers of cells will be needed to fully understand the
impact of SARS-CoV-2 on clonal expansion and HIV persistence.
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PP 4.20 – 00025
A Metabolic Approach to Eradicate HIV brain viral reservoirs
S. Valdebenito-Silva, D. Ajasin, E. Eugenin
University of Texas Medical Branch – Galveston, United States

Background/Aims: Since the introduction of ART, HIV has
become a chronic disease. The major obstacle to eradicating HIV
infection is the presence of viral reservoirs (VRs). Upon
peripherical infection, HIV integrates its viral DNA into the
host chromosomes of microglia/macrophages and a small
population of astrocytes. Few cells survive the acute infection
to become long-lived VRs. However, the mechanisms of viral
survival and latency are unknown. Here we show that the
metabolism of the HIV latently infected cells is different from
healthy cells and that mitochondria in HIV reservoirs are
enlarged and excluded from autophagosomes, suggesting com-
promised fusion/fission and autophagy. Despite these altera-
tions, no mitochondrial compromise was detected except for a
large accumulation of alpha-ketoglutarate (αKG). Raise in the
αKG levels correlated with viral silencing and latency. Here we
identify the mechanisms of latency. Therefore, I hypothesize that
“microglia and macrophages utilize the axis among mitochon-
dria, autophagy, and nuclei to become latent.

Methods: Here, we characterized the metabolomics of four
latently infected cell lines and primary cells. We treated the cells
for 24 hours with TNF-α and α-KG and performed seahorse,
western blot, immunofluorescence microscopy, PCR, and flow
cytometry.

Results: α-KG is not only a TCA intermediary but also a
transcription factor. α-KG alone can regulate HIV replication and
silencing. We identified that primary cells with latent HIV
integrated mostly use glutamate and glutamine as significant
energy sources to produce ATP. This is significant because
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glutamate is already dysregulated in the HIV CNS and the brain’s
more abundant neurotransmitter. Thus, viral reservoirs have an
unlimited energy source to survive for an extended time.

Conclusion: First, we identified the metabolic pathways
involved in the survival of VRs; second, we determined the role of
mitochondria in the survival observed in VRs; and third, we
demonstrated that VRs in vivo have metabolic alterations that
could be targeted to eradicate them. In conclusion, we propose
that combined metabolic changes could help kill VRs.
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PP 4.21 – 00050
Seeding of long-lived HIV cellular reservoirs through differentiation
of infected CCR5+CD4+ T cells into central memory cells
H. Gao, L. Shan
Division of Infectious Diseases, Department of Medicine, Washington
University School of Medicine - St. Louis, United States

Background/Aims: CCR5 is the main HIV coreceptor since
CCR5 (R5)-tropic viruses are nearly always involved in the initial
infection. Intriguingly, naïve cells do not express CCR5 and start
to increase CCR5 expression as they proliferate upon stimulation.
Once these cells are infected by HIV, some of these cells
converted into long-lived memory cells which contribute to the
HIV latent reservoir. Among these cells, central memory cells
(TCMs) are essential to the stability of the reservoir because of

Figure 1 (abstract: PP 4.21–00050)
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their self-renew capacity. In our study, we characterized how
CCR5+ CD4+ T cells differentiate and convert into TCMs.

Methods: We used mass cytometry to characterize the
activation and exhaustion status of CCR5+ and CCR5− CD4+

T cells. Their viability and proliferation capacity were deter-
mined to confirm the difference in phenotype between CCR5+

and CCR5− cells in vitro. We found that CCR7+ CCR5+ effector
cells had distinct phenotype from CCR7− CCR5+ cells after
stimulation. Next, we compared these two groups of cells in
viability, susceptibility to CCR5-tropic HIV, and the conversion
into quiescence status in vitro and vivo.

Results: We showed that CCR5+ cells displayed an effector
cells phenotype with much higher levels of expression of CD25,
HLA-DR, PD-1, and CTLA-4 compared to CCR5− cells, and had
lower proliferation capacity and shorter half-lives than CCR5−

cells. However, among CCR5+ cells, therewas a rapid emergence
of a small subset of CCR7+ CCR5+ cells with comparable
susceptibility to HIV. After HIV infection, some of the CCR7+

CCR5+ cells lost CCR5 expression. This group of cells had higher
viability and more quiescence status than the CCR7− CCR5+

counterpart, and phenotypically resembled central memory
reservoirs (Figure 1).

Conclusion: Although most CCR5+ CD4+ T cells are short-
lived effector cells, a small fraction of CCR5+ cells can turn on
CCR7 expression and convert into quiescent memory-like cells.
Our study models how HIV-infected cells become long-lived
memory cells, which helps to better understand the formation of
the stable latent HIV reservoirs.

Journal of Virus Eradication 8S (2022) 100229

https://doi.org/10.1016/j.jve.2022.100229

PP 4.22 – 00087
Reversal of exhaustion of HIV-1-specific CTLs by CRISPR-mediated
disruption of PD-1 gene
C. Baez1, S. Brancazio1, L. Shan2, T. Burdo1, R. Kaminski1
1Lewis Katz School of Medicine Temple University – Philadelphia United
States;
2Washington University School of Medicine - St. Louis, United States

Background/Aims: CTLs (cytotoxic T lymphocytes) mediate
strong suppression of HIV infection. Unfortunately, chronic HIV-
1 infection drives functional exhaustion of viral antigen-specific
CTLs with elevated and sustained expression of the immune
checkpoint receptors such as PD-1. This functional impairment,
including lack of antigen-driven proliferation and poor cytolytic
capacity (Fig. 1A), cannot be fully restored by ART (antiretroviral
therapy). CRISPR-Cas9 technology allows specific and efficient
editing of human genes and is widely used to knockout
endogenous TCR gene expression in CAR-T cells for cancer
immunotherapy. Here we developed and validated a CRISPR-
Cas9-based strategy to knockout PD-1 gene expression in CTLs.

Methods: The human PDCD1 (PD-1) gene coding sequence
was screened using the CRISPR design tool (CRISPOR) for the
presence of gRNAs binding sites for AAV-compatible SaCas9
(NNGRRT PAM sequence). A set of five gRNAs targeting exons 1–
3 of the PDCD1 gene having the highest ON-target efficiency and
the lowest OFF-target scores were selected. Next, candidate
gRNAs were tested by electroporating ribonucleoprotein com-
plexes composed of recombinant SaCas9 and synthetic gRNAs
into the Jurkat T-lymphoid cell line. The most efficient gRNA
combination was validated in experiments using primary CD8+
T cells from three healthy donors and people living with HIV
(PLWH). CRISPR-mediated excision of the PDCD1 gene was
evaluated by PCR genotyping and Sanger sequencing (Fig. 1B,C).

Figure 1 (abstract: PP 4.22–00087) CRISPR Mediated Knockout of PD-1 in CTLs
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Cell surface expression of PD-1 was checked by immunolabeling/
flow cytometry (Fig. 1D). Finally, the immunoproliferation of
control and CRISPR-PD-1 treated CD8+ T cells was examined
upon co-culture with isogenic monocyte-derived macrophages
(MDMs) in the presence of an HIV-1 gag-peptide pool.

Results: A pair of SaCas9-specific gRNAs targeting exon1 and
exon3 of the human PDCD1 gene allowing robust and repeatable
knockout of PD-1 expression in T-lymphoid cell line and primary
CD8+ T lymphocytes, was identified. In addition, AAV-delivery
“all in” vector carrying SaCas9, and two PD-1 specific gRNAs was
constructed and tested.

Conclusion: The CRISPR-SaCas9 platform can be used for
specific and efficient knockout of PD-1 expression in CTLs.
Furthermore, generated AAV-CRISPR-PD-1 vector enables future
in vivo studies.

Journal of Virus Eradication 8S (2022) 100230

https://doi.org/10.1016/j.jve.2022.100230

PP 4.23 – 00148
Inhibition of the GSK3 pathway enhances CD8+T cell stemness and
functional capacities without promoting non-cytolytic suppression
of HIV transcription
M. Statzu, H. Wang, M. Paiardini, G. Silvestri, D.A. Kulpa
Emory University - Atlanta, GA, United States

Background/Aims: HIV persists indefinitely in infected indivi-
duals despite fully suppressive antiretroviral therapy (ART) due
to a reservoir of latently infected cells. Previously we have
demonstrated that, in addition to antigen-specific responses,
CD8+ T cells can suppress HIV replication through a non-
cytolytic mechanism resulting in inhibition of virus transcription.
Recent studies have shown that targeting the Wnt signaling
pathway in CD8+ T cells through GSK3 inhibition promoted
stemness and functionality associated with natural control of HIV
infection. Here we determined the impact of CD8+ T cell
reprogramming on the non-cytolytic suppression of HIV expres-
sion in CD4+ T cells.

Methods: CD8+ T cells from HIV-naïve donors were treated
for 16 hours with 3uM GSK-3 inhibitor (BIO), vehicle control or
medium. After reprogramming, CD8+T cells were TCR activated
for 48 hours, and then co-cultured for 3 days in the presence of
ART with autologous memory CD4+ T cells in vitro infected
with HIV. CD8+ T cell suppression activity was quantified as
HIV-gag expression by flow cytometry and integrated HIV DNA
frequency by qPCR. The phenotypic profiles of CD8+ and CD4+
T cells were characterized by flow cytometry.

Results: Treatment of CD8+ T cells with BIO enhanced the
expression of TCF-1 and promoted the enrichment of the central
memory and stem cell memory phenotype. When co-cultured
with HIV-infected CD4+ T cells, reprogrammed CD8+ T cells
exhibited lower levels of the exhaustionmarkers PD-1, TIGIT, and
TIM3, and higher levels of the degranulation marker CD107a. As
we have shown previously, HIV expression in memory CD4+
T cells was reduced when co-cultured with CD8+ T cells as
compared to CD4+ T cell monocultures, without a reduction of
the frequency of HIV-infected cells; interestingly, metabolic
reprogramming through GSK3 inhibition did not enhance CD8-
mediated suppression activity. However, when co-cultured with
reprogrammed CD8+ T cells, HIV-infected-CD4+ T cells

showed a trend toward higher levels of activation and higher
expression of BCL-6, T-bet, and BLIMP-1.

Conclusion:Our results showthat inhibitionofGSK3pathway
could be a useful tool to enhance stemness and functional
properties of CD8s, boosting their antiviral potential, without
enhancing the non-cytolytic suppression of HIV expression.

Journal of Virus Eradication 8S (2022) 100231

https://doi.org/10.1016/j.jve.2022.100231

PP 4.24 – 00176
Impact of cannabis use on immune cell populations and the viral
reservoir in HIV-infected people on suppressive antiretroviral
therapy
ShaneD. Falcinelli1,2,3, Alicia Volkheimer4, Lesia Semenova5, EthanWu5,
Alexander Richardson5, Manickam Ashokkumar1,3,
David M Margolis1,2,3, Nancie M. Archin1,3, Cynthia D Rudin5,
David Murdoch4, Edward P Browne1,2,3
1 Department of Medicine, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina, United States of America;
2Department of Microbiology, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina, United States of America;
3HIV Cure Center, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina, United States of America;
4Department of Medicine, Duke University, Durham, North Carolina, United
States of America;
5Department of Computer Science, Duke University, Durham, North Carolina,
United States of America

Background: HIV infection remains incurable due to the
persistence of a viral reservoir during antiretroviral therapy.
Cannabis (CB) use is prevalent amongst people with HIV (PWH),
but the impact of CBs on the latent HIV reservoir has not been
investigated. We hypothesized that CB exposure during HIV
infection alters the size and phenotype of the latent HIV reservoir
through the activation of CB-dependent signaling in CD4 T cells.

Methods: Peripheral CD4 and CD8 T cells from a cohort of CB
using PWH and a matched cohort of non-users were analyzed by
flow cytometry for expression of maturation, activation, and
functional markers and with an intact proviral DNA assay.

Results: CB use was associated with significantly increased
abundance of naïve T cells, reduced levels of effector cells, and
with reduced expression of activation markers within both
CD4 T cells and CD8 T cells. Furthermore, CB users exhibited
significantly reduced levels of exhausted and senescent T cells
compared to non-using controls. HIV-specific T cell responses
were unaffected by CB use. A trend towards a lower frequency
(∼2 fold) of intact HIV proviruses was observed in CB users,
although this differencewas not statistically significant across the
whole population (P=0.2). However, a significant impact of CB
use on intact reservoir size was observed in participants with a
high frequency of CD16 or NKG2A expression in NK cells.

Conclusion: Overall, this analysis indicates that CB use
reduces activation, exhaustion and senescence in the T cells of
PWH and may have an effect on reservoir size. Further studies
will be needed to clarify the impact of CB use on the HIV
reservoir.
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PP 4.25 – 00196
The Role of Epigenetics in Mediating Neuronal Circuitry and
Maladaptive Neuronal Changes in HIV and Opioid Drug Addiction
F. Owens1, S. Pallikkuth2, S. Pahwa2, N. El-Hage1
1Florida International University – Miami, United States;
2University of Miami – Miami, United States

Background/Aims: Long-term and repeated exposure to illicit
drugs induces alterations to areas in the brain involved with
reward processing and motivation which leaves individuals
susceptible to engage in pathological drug-seeking and drug-
taking that can persist for a lifetime. To add insult to injury, there
is a high prevalence of substance abuse among HIV-infected
individuals. Substance abuse affects the delivery and outcomes of
HIV medical management. Recent investigations have started to
reveal potential genes that contribute to the risk for addiction,
and it has been established that epigenetic mechanisms facilitate
some of the lasting effects of drugs of abuse on the brain in animal
models of addiction. My lab previously found that co-exposure of
the opiate, morphine, with combined antiretroviral drugs (cART)
negated the inhibitory effects of cART, leading to increased viral
load and increased secretion of inflammatory molecules. Genetic
analysis revealed a significant increase in the expression of
histone-modifying enzymes contributing to the neuropathology
associated with HIV expression of histone-modifying enzymes
and G-protein coupled receptors in HIV-infected brain cells. The
aims of this study are as follows: (1) investigating changes in
expression levels of chromatin modifying enzymes potentially
associated with HIV-pathology and drug seeking behavior using
post-mortem brain tissue samples of HIV-infected patients with a
history of opioid/polysubstance abuse, and/or neurological
impairment and (2) investigating and comparing potential
changes in expression levels of chromatin modifying enzymes
potentially associated with HIV-pathology and drug seeking
behavior using PBMC samples of HIV-infected patients with a
history of opioid/polysubstance abuse, and/or neurological
impairment.

Methods: Qiagen’s RT2 profiler PCR array for human
epigenetic chromatin enzymes, a highly sensitive and reliable
method for gene expression analysis, was used.

Results: There was an increase in fold change of chromatin
modification enzyme expression relative to the control group as
neurological impairment worsened in postmotem brains. The
greatest increases are seen in DNA/Histone Demethylases,
Histone Deacetylases/Acetyltransferases, and DNA/Histone
Methyltransferases.

Conclusion: Since a general picture of genetic and epigenetic
mechanisms involved in HIV pathology and drug addiction is
beginning to emerge, the insight gained from these studies will
be key to identifying novel targets in HIV-1-opioid crosstalk for
improved diagnosis and treatment.
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PP 4.26 – 00201
Study of reservoir size and telomere length in children with
perinatal HIV-1 infection who achieved late viral suppression
N. López
Pediatric Hospital “prof. Dr. Juan P. Garrahan”, Virology and Molecular
Epidemiology Unit – Conicet - Ciudad Autónoma De Buenos Aires, Argentina

Background/Aims: Children with HIV-1 who start highly active
antiretroviral therapy (HAART) early, have a better prognosis for
immune recovery and smaller reservoir size. However, long-term
infection and HAART can lead to the development of
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comorbidities associated with premature immunosenescence.
There are few data on the inter-relationship between the size of
the viral reservoir and immunosenescence.

Our objective was analyze the association between HIV-1
reservoir size and absolute telomere length (aTL) in children who
acquired the infection perinatally, achieved sustained viral
suppression (SVS) (<400 copies of HIV-RNA/ml) at advanced
ages (≥6 years) and maintained it for at least 3 years.

Methods: This is a cross-sectional analytical study; the
patients were born in the period 2000–2007 in Argentina and
were under follow-up. From total mononuclear cells (PBMC) aTL
and reservoir size –total HIV-DNA- were measured by quantita-
tive real-time PCR (qPCR) with SYBR Green I and semi-nested
qPCRwith Taqman probes, respectively. Poisson linear regression
was used. We also studied the association with % TCD4+, %
TCD8+, age of initiation and time on HAART and SVS. Reservoir,
aLT, time on HAART and SVS were evaluated as continuous
variables. Values were expressed as medians and interquartile
ranges.

Results: Fourteen patients with a median age of 15 (14–17)
years, 12 (8–14) years on HAART, and 6 (4–7) years on SVS were
evaluated. The aTL median was 162 (150–180) Kb/genome and
the reservoir was 4,05 Log10 copies HIV-1/106 PBMC (3,9–4,1).
The aTL was associated positively with time on HAART
(R2= 0,40 p<0,01), and the reservoir was associated nega-
tively with time on SVS (R2= 0,39 p<0,01). Both models
improved with the inclusion of the % of TCD8+, the R2 was 0,61
(p< 0,01) for the reservoir, and the aTL, adjusted for age, the R2

was 0,60 (p< 0,01). No association was found between aTL and
reservoir size.

Conclusion: We did not find an association between the size
of the reservoir and aTL, however, our results suggest that a long
time on HAART has a beneficial effect on immune recovery,
represented by a longer aTL. This study highlights the need not
only to achieve early initiation of HAART but also to achieve SVS.
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PP 4.27 – 00202
Single-cell RNA sequencing reveals CBD genetic signature in
monocyte gene expression
S. Marini1, R. Cook1, P. Borsa2, M. Cash3, M. Prosperi1, M. Salemi3,
C. Mavian3
1University of Florida, Department of Epidemiology – Gainesville, United
States;
2University of Florida, Department of Applied Physiology & Kinesiology –
Gainesville, United States;
3University of Florida, Emerging Pathogens Institute – Gainesville, United
States

Background/Aims: HIV-related comorbidities appear to be
strongly related to chronic inflammation, a condition character-
izing PLWH. Prior work showed that cannabidiol (CBD)
treatment during human monocyte differentiation reduces both
macrophage susceptibility to HIV infection, and systemic. CBD

also has anti-inflammatory properties, however, its cellular
mechanisms used to alter inflammation are poorly understood.

Our objective is to detect gene expression alterations in
peripheral blood mononuclear cells (PBMCs) from PLWH blood
samples after 1-to-2 months of CBD exposure.

Methods: We collected blood samples from two PLWH
volunteers at baseline, after 1 month, and 2 months of CBD
administration. Enrolled subjects were negative to drug tests, did
not take anti-inflammatory medications, and were instructed to
take sublingual CBD twice per day, 12 hours apart (morning and
evening, 62.5 mg/day). Samples were collected at UF Clinical
Research Center. PBMCs were extracted from fresh samples,
cryopreserved, and processed (library preparation and sequen-
cing via NovaSeq 6000) according to the recommended 10X
PBMC protocol. Downstream analysis was conducted with Surat
and SingleR. Differential gene expression was measured through
a negative binomial model, with thresholds of 1 on log2FC, and
0.05 on p-values.

Results: After quality filtering, we obtained ∼20,000 cells: B
cells (n= 432), monocytes (579), NK cells (1,915), and T cells
(17,538); together expressing a total of∼38,000 distinct genes. In
monocytes, we found CBD significantly alters the expression of
TEX14 (log2FC 1.3, p-val 6.4e-10), WDR74 (log2FC 1.19, p-val
2.3e-17),SLC2A3, (log2FC 1.2, p-val 4.3e-05), ID2 (log2FC 1.08,
p-val 6.8e-10) and JUN (log2FC 1.1, p-val 9.1e-10); in B cells,
IGHG (log2FC 2.2, p-val,0.037). No significant gene expression
pattern variation was detected in NK and T cells. Both WDR74,
JUN, and SLC2A3 are related to the alternative (i.e. anti-
inflammatory) macrophage phenotype; and ID2 is a tissue-
specific environmental driver macrophage and monocyte
differentiation.

Conclusion: Our study shows how CBD induces cell-specific
alterations of gene expression in monocytes and B cells after an
exposure of 1-to-2 months. Detecting these changes is the first
step towards the understanding of CBDmolecular mechanics and
its interaction with PBMCs.
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Session 5: Drug Discovery Development &
Pharmacology

OP 5.2 – 00070
Characterization of a dual PTPN1/PTPN2 inhibitor to target latent
HIV reservoirs
A. Bosque1, J.N. Howard1, T.D. Zaikos1, C. Levinger1, E. McMahon1,
H. Takata2, E. Rivera1, D.C. Copertino3, W. Wang1, M. Sanz-Perez1,
X. Arias-Moreno1, N. Soriano-Sarabia1, R. Brad Jones3, L. Trautmann2
1Department of Microbiology, Immunology and Tropical Medicine, George
Washington University, Washington, USA;
2Vaccine and Gene Therapy Institute, Oregon Health & Science University,
Beaverton, OR, USA;
3Department of Medicine, Weill Cornell Medical College, New York, USA

Background: 3-Hydroxy-1,2,3-Benzotriazin-4(3H)-one
(HODHBt) is a latency-reversal agent (LRA) that enhances γc-
cytokine signaling by increasing phosphorylation and transcrip-
tional activity of STAT5. We have shown that HODHBt increases
IL-2 and IL-15 activation of STAT5, promoting reactivation from
latency in a primary cell model and cells isolated from people

living with HIV. Furthermore, we have recently shown that
HODHBt enhances IL-15 mediated NK effector function. In here,
we aimed to characterize HODHBt cellular target to further
develop small molecules that can be used to reduce latent
reservoirs.

Methods: We first used cellular thermal shift assay followed
by mass-spectrometry (CETSA-MS) to identify binding proteins
of HODHBt in peripheral blood mononuclear and K562 cells.
Second, we used STRING pathway analysis to identify known
interactions of the identified proteins with STAT5. We then used
CRISPR/Cas9 to confirm the role of these proteins in STAT5
phosphorylation and transcriptional activity. Next, we used an in
vitro assay to demonstrate the role of HODHBt inhibiting the
enzymatic activity of the targets. Finally, we evaluated the effects
of HODHBt in CD8 T cells and γδ-T cells phenotype and function.

Results: CETSA-MS analysis identified 11 HODHBt-interact-
ing proteins including the non-receptor phosphatases PTPN1 and
PTPN2 in both cell types (Adj. p< 0.01). CETSA followed by
western blot confirmed changes in thermal stability of PTPN1
and PTPN2 in the presence of HODHBt. CRISPR/Cas9 confirmed
that knock-out of both PTPN1 and PTPN2 increased STAT5
phosphorylation and transcriptional activity in a synergistic

Figure 1 (abstract: OP 5.2–00070) Identification of PTPN1/PTPN2 as HODHBt targets.
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manner. Mechanistically, HODHBt inhibited the catalytic
domain of both PTPN1 and PTPN2 and promoted the degrad-
ation of PTPN2. Finally, we demonstrated that HODHBt
enhanced cytokine mediated expansion of CD8 T cells by 2-fold
over a 21-day culture period (n=6, Wilcoxon p=0.031), and
increased the expression of Granzyme B in CD8 T cells (n= 9,
Wilcoxon p=0.011) and γδ-T cells (n= 1).

Conclusions: We have identified PTPN1 and PTPN2 as the
targets of HODHBt. PTPN1 and PTPN2 are intracellular
checkpoints that limits cytokine-mediated T cell responses. Our
results demonstrate that inhibiting PTPN1/PTPN2 enhanced
latency reversal and immune effector functions. The develop-
ment of PTPN1/PTPN2 dual inhibitors could be an attractive
approach towards HIV eradication either alone or in combination
with other immune-based strategies.
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OP 5.3 – 00082
1-year treatmentwith ponatinib provides protection of CD4+T cells
against HIV that is maintained at least 1 year more after treatment
interruption
M.Manzanares1, F. Ramos-Martín1, G. Casado-Fernández1,2,3, M. Torres1,
E. Mateos1, L. Vigón1, S. Rodríguez-Mora1,3, V. García-Gutiérrez5,
V. Planelles4, M. Coiras1,3
1Immunopathology Unit, National Center of Microbiology, Instituto de Salud
Carlos III, Madrid, Spain;
2Faculty of Sciences, Universidad de Alcalá, Madrid, Spain;
3Biomedical Research Center Network in Infectious Diseases, CIBERINFEC,
Instituto de Salud Carlos III, Madrid, Spain;
4Division of Microbiology and Immunology, Department of Pathology,
University of Utah School of Medicine, Salt Lake City, Utah, USA;
5Hematology and Hemotherapy Service, Instituto Ramón y Cajal de
Investigación Sanitaria, IRYCIS, Hospital Universitario Ramón y Cajal,
Madrid, Spain

Background: PLWH treated with ART and dasatinib show
reduced reservoir size that is resistant to reactivation. Now we
determined if treatment with ponatinib may also protect CD4
from HIV infection during treatment and if this protection was
maintained after treatment interruption.

Methods: 9 participants of multicenter, open-label, single-
arm, Phase II exploratory trial NCT04043676 were recruited.
They achieved deep molecular response against chronic myeloid
leukemia (CML) after 14 (IQR 5.5–15.5) years of treatment with
imatinib before interruption and then received 1 year-consoli-
dation treatment with ponatinib 15 mg/day. Blood samples were
taken before starting ponatinib, after 1 year-treatment, and 3, 6
and 12 months after interruption to monitor CML relapse.
Activated PBMCs were infected with NL4-3_wt 72 h. HIV-p24
core antigen, SAMHD1 phosphorylation at T592 (pSAMHD1),
CD4 memory and cytotoxic cell populations were analyzed by
flow cytometry. PBMCs antiviral activity was evaluated by
measuring caspase-3 activity in NL4.3_wt-infected TZM-bl cells.

Results: (1) 5 participants (55.5%) did not relapse from CML
12 months after ponatinib interruption (Non-relapsed); 4
participants (44.4%) relapsed after 5.5 months (IQR 4.25–6.75)
of ponatinib interruption (Relapsed). (2) CD4 were susceptible to
HIV infection in all participants while treated with imatinib; 1
year-treatment with ponatinib reduced 8.8-fold HIV infection
(Figure 1a). This protection was maintained at least for 12

months of treatment-free remission (TFR) in Non-relapsed
(p= 0.0039), which correlated with pSAMHD1 interference.
(3) After CML relapse and imatinib reintroduction, all CD4
memory subpopulations regained susceptibility to HIV infection.
(4) Antiviral cytotoxicity increased 2-fold (p= 0.0317) in
PBMCs from Non-relapsed after 1-year of ponatinib (Figure 1b).
Cytotoxic activity remained increased in Non-relapsed for 11
months of TFR. 5) CD8 degranulation activity (CD107a+)
increased 4.08-fold (p= 0.0317) 3-months after interruption
in Non-relapsed. Levels of TCRgd+cells increased in both groups
(p= 0.0330) during TFR; CD107a expression increased 3.3-fold
(p= 0.0078) after ponatinib withdrawal in Non-relapsed.

Conclusions: One-year treatment with ponatinib preserved
SAMHD1 in CD4 and induced a potent sustained cytotoxic effect,
impeding HIV infection and the formation of the viral reservoir.
The antiviral protection was maintained at least 12 months
during TFR in correlation with sustained antileukemic response.
Short-term intensification treatmentwith TKIs could be useful for
HIV cure strategies.
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OP 5.4 – 00127
Identification and characterization of novel inhibitors of HIV Tat
protein
S. Mediouni Jablonski1, J.A. Jablonski1, L. Shuang1,
P. Espinoza-Gonzales1, F. Ryubal1, S. Zhang2, C. Augelli-Szafran2,
R. Ptak2, S.M. Schader3, S.T. Valente1
1Department of Immunology and Microbiology, UF Scripps Biomedical
Research, 130 Scripps Way, 3C1, Jupiter, FL 33458, USA;
2Drug Discovery Division, Chemistry Department, Southern Research,
Birmingham, Alabama, USA;
3ViiV Healthcare, 410 Blackwell Street, Durham, NC 27701, USA.

Background: The HIV Tat protein is essential for the amplifica-
tion of viral genome transcription and represents a potential
antiviral target. Tat binds HIVmRNA’s stem-bulge loop structure,
the transactivation-responsive (TAR) element, to activate tran-
scription. Block-and-lock approaches to cure HIV take advantage
of HIV transcriptional inhibitors to limit viral rebound upon
treatment interruption by promoting long-lasting epigenetic
silencing. The Tat inhibitor, didehydro-cortistatin A (dCA), was
shown to promote long-lasting epigenetic suppression of the HIV
promoter (LTR). The cost and difficulty of dCA synthesis has
prompted the search for less complex inhibitors, with exceptional
drug-like properties, yet easier and cheaper to produce.

Methods: The HeLa-CD4 cell-based Tat-transactivation assay
of the HIV LTR driving luciferase was used for high throughput
screening (HTS) of 579 443 small molecules with dCA as a
control. We followed hits with appropriate counter-screens and
validation in physiologically relevant cells. Hit specificity was
confirmed in multiple ways, including with Tat-TAR defective
viruses. Molecular docking studies and Tat point mutations
defined their binding site. The 26S proteasomal pathway
engagement was identified using competitive inhibitors and
shRNA knockdown of the E3 ubiquitin ligase Cereblon.

Results: We identified via HTS three compounds with a
therapeutic index (TI) varying from 5 to 181 with good chemical
properties. These leads inhibited acute HIV replication in
multiple cell models and in human PBMCs, without affecting
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cell viability. Moreover, these blocked viral reactivation in cell
line models of HIV latency demonstrating their potential as
block-and-lock agents. We demonstrated these compounds
specifically promote degradation of Tat in multiple systems.
The compounds were shown to act as molecular glues promoting
Tat ubiquitination by the E3 ubiquitin ligase Cereblon that
preceded degradation by the 26S proteasomal pathway.
Computational molecular dynamics of their interaction with
Tat as well as Tat mutant analysis revealed preferential binding to
the conserved Tat residue Y26. Synthesis of novel analogs,
structure-activity relationship studies, and pharmacokinetic
studies are ongoing.

Conclusions: We identified three novel small molecules that
define a unique class of anti-HIV drugs that inhibit Tat via
engagement of proteasomal degradation. Protein degradation
may prolong efficacy, reduce viral resistance, and block a broader
range of Tat’s pleiotropic activities.
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OP 5.5 – 00083
Impairment of HIV proviral reactivation by interfering with
essential metabolic pathways in effector memory CD4+ T cells
G. Casado Fernández1,2,3, M. Martínez Velasco4, S. Rodríguez-Mora1,3,
M. Torres1, M. Cervero5, C. Hoffmann6, C. Wyen7, E. San José4,
V. Planelles8, M. Coiras1,3
1Immunopathology Unit, National Center of Microbiology, Instituto de Salud
Carlos III, Madrid, Spain;
2Faculty of Sciences, Universidad de Alcalá, Madrid, Spain;
3Biomedical Research Center Network in Infectious Diseases (CIBERINFEC),
Instituto de Salud Carlos III, Madrid, Spain;
4Health Sciences Department, Faculty of Biomedical and Health Sciences,
Universidad Europea de Madrid, Madrid, Spain;
5Internal Medicine Service, Hospital Universitario Severo Ochoa, Madrid,
Spain;
6ICH Study Center, Hamburg, Germany;
7Department of Medicine I, University Hospital of Cologne, Cologne, Germany;
8Division of Microbiology and Immunology, Department of Pathology,
University of Utah School of Medicine, Salt Lake City, Utah, USA

Background: HIV selectively infects highly metabolic CD4+
T cells. CD4 TEM and TEMRA subpopulations, which are
essential for the reservoir replenishment, show the highest
metabolic activity in comparison with naïve (TN) and TCM.
Dasatinib is a potent cytostatic drug that interferes with HIV
infection in CD4 andmacrophages.We evaluated if dasatinibmay
be used as a latency promoting agent (LPA) by reducing the
metabolic activity in viable CD4 cells to interfere with the
replenishment of HIV reservoir by TEM and TEMRA reactivation
without affecting other essential cells such as CD8 and NK cells.

Methods: CD4+ T cells from healthy donors were activated
with PHA/IL-2± dasatinib 75 nM 72 h. PLWH on ART and
dasatinib were also recruited. Phosphoproteomewas analyzed by
LC-MS/MS. Synthesis of mitochondrial ATP and changes in
culture medium pH were analyzed every 24 h. Uptake of
fluorescent glucose analog 2-NBDG, GLUT-1expression, distribu-
tion of T-cell memory subpopulations, and T-cell viability were
determined by flow cytometry.

Results: (1) Dasatinib modified phosphorylation of >130
proteins involved in metabolic pathways such as glycolysis/
glyconeogenesis, pyruvate metabolism, pentose phosphate

pathway, inositol phosphate metabolism, phosphatidylinositol
signaling system, purine metabolism, and biosynthesis of amino
acids. (2) Dasatinib reduced 2.1-fold (p= 0.0112) the synthesis
of mitochondrial ATP in viable CD4 cells in response to PHA/IL-
2, which correlated with reduced susceptibility to HIV infection.
(3) Culture medium pH remained stable at 7.6 in the presence of
dasatinib after 72 h of activation but diminished to 7.2 without
dasatinib. (4) Dasatinib interfered with GLUT-1 expression and
glucose uptake induced by PHA/IL2 in all CD4 memory
subpopulations, including TEM, and TEMRA (Figure 1); NK and
CD8 cells remained metabolically active. (5) PLWH on ART and
dasatinib showed reduced CD4 TEM and TEMRA subpopulations,
in accordance with decreased metabolic activity in these cells.

Figure 1

Conclusions: Dasatinib may act as LPA by selectively
relegating viable CD4 cells to a resting state in which glycolysis
and mitochondrial ATP synthesis were stalled, impeding both
HIV infection and reservoir reactivation and replenishment,
whereas CD8 and NK cells were not affected. Treatment with
dasatinib along with ART may contribute to silence the viral
reservoir as part of block&lock strategy.

Journal of Virus Eradication 8S (2022) 100239
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PP 5.1 – 00045
Impact of Intrinsic and Extrinsic Factors on the Pharmacokinetics of
Long-Acting Lenacapavir for Treatment of HIV
N. Shaik1, F. Bellanti2, C. Comisar2, S. Girish1, M. Rhee1, R. Singh1,
N. Unger1, R. Palaparthy1
1Gilead Sciences, Inc., Foster City, CA, USA;
2Certara Inc., Princeton, NJ, USA

Background: Lenacapavir (LEN) is a novel, first-in-class selective
inhibitor of HIV-1 capsid protein, currently being investigated in
heavily treatment experienced (HTE) participants with HIV-1
(PWH). The ongoing Phase 2/3 studies in PWH uses every 6
months subcutaneous (SC) dosing with oral loading/lead-in (oral
LEN 600 mg on Days 1 and 2, and oral LEN 300 mg on Day 8
followed by SC LEN 927 mg on Day 15 and every 6 months
thereafter). The objective was to characterize the population
pharmacokinetics (PopPK) of LEN and evaluate the effect of
intrinsic/extrinsic factors that may affect LEN exposures.

Methods: Pharmacokinetic (PK) data were pooled from 7
studies in participants with and without HIV who received
intravenous/oral/SC LEN. A total of 6855 LEN concentrations
from 384 participants were analyzed in the PopPK analysis using
nonlinear mixed effects modeling. Several intrinsic and extrinsic
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factors/covariates including pharmacoenhancers (cobicistat or
ritonavir), body weight (BW), age, sex, race, ethnicity, dose,
disease status, food, formulation and estimated glomerular
filtration rate were evaluated. LEN exposures were simulated
using the bayesian posthoc PK parameters and presented across
applicable covariates.

Results: A 2-compartment model with 1st order process for
oral absorption, with a parallel 1st and transit compartment
absorption for SC and linear elimination, adequately described
LEN concentration data. The typical total clearance (CL),
intercompartmental CL, central volume, and peripheral volume
values were 4.05 L/h, 41.2 L/h, 68 L and 908 L, respectively.
Dose was found to affect oral bioavailability and CL of LEN. HTE
participants had lower CL (23.3% decrease) compared to
participants without HIV. Pharmacoenhancers were found to
affect oral LEN bioavailability (58.7% increase). The change in
LEN exposures with BW ranged from approximately −32.3% to
+23.5% (relative to the median exposures) for participants with
5th to 95th BWpercentiles, respectively. No additional covariates
were found to significantly affect LEN exposure.

Conclusions: Higher LEN exposures were observed with
lower body weights and for participants on pharmacoenhancers.
In addition, higher exposures were observed in HTE participants
compared to participants without HIV, potentially due to
unaccounted and complex disease- related cofounders. These
changes in LEN exposures were not considered clinically
meaningful.

Journal of Virus Eradication 8S (2022) 100240
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PP 5.2 – 00072
Simulations for Once Weekly Dosing of Oral Lenacapavir
N. Shaik1, H. Zhang1, S. Girish1, M. Rhee1, R. Palaparthy1,
A. Karimzadeh1, R. Singh1
1Gilead Sciences, Inc., Foster City, CA, USA

Background: Lenacapavir (LEN), a potent first-in-class inhibitor
of HIV-1 capsid function, is in development for the treatment and
prevention of HIV-1 infection. Current data indicates that LEN
exhibits near maximal antiviral activity when the lower bound of
the 90% confidence interval (CI) of mean Ctrough are main-
tained above inhibitory quotient 4 (IQ4) (at least 4-fold greater
than the in vitro protein adjusted 95% effective concentration
determined by MT-4 cells). LEN has potential to be used in
combination with other antiretroviral agents for treatment and
prevention of HIV-1 infection. The objective of this analysis was
to utilize a previously developed population pharmacokinetic
(PopPK) model of LEN to simulate various oral weekly dosing
regimens that would rapidly achieve and maintain LEN concen-
trations above IQ4.

Methods: A 2-compartment PopPK model with first order
absorption and linear elimination was previously developed to
describe LEN plasma concentration data frommultiple Phase 1, 2
and 2/3 studies (total 384 participants). This model was utilized
to simulate various dosing regimens (loading doses+mainten-
ance doses) that can achieve efficacious LEN concentrations
rapidly and maintain it throughout the dosing interval.
Additionally, various scenarios of missed oral doses were
simulated to evaluate the forgiveness window. These simulations
were performed with PopPK model incorporating the variability
and covariate effects.

Results: Simulations showed that an oral loading dose of
600 mg on day 1 and day 2 followed by 300 mg oral once weekly
doses maintained the lower bound of the 90% CI of mean
Ctrough above IQ4 (15.5 ng/mL) throughout the dosing interval
(Figure 1). This dosing regimen reached IQ4 rapidly within 4
hours of dosing initiation. In addition, simulations also showed
that oral LEN administered once weekly is expected to maintain

Figure 1 (abstract: PP 5.2–00072) Oral Lenacapavir.
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concentrations above IQ4 with a forgiveness window of up to 7
days after the last missed oral dose.

Conclusions: Once weekly oral LEN 300 mg is expected to
maintain concentrations above IQ4 throughout the dosing
interval while allowing for a 7-day forgiveness window after
the last missed oral dose. Oral LEN can be developed as part of a
complete oral weekly regimen for the treatment of HIV-1
infection.

Journal of Virus Eradication 8S (2022) 100241
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PP 5.3 – 00115
Chemical inhibition of DPP9 sensitizes CARD8 inflammasomes in
HIV-1-infected cells
K. Clark1, J. Kim1, Q.Wang1, H. Gao1, R. Presti1, L. Shan1,2, A.M. Bursky2,
J.M. Bursky2
1Division of Infectious Diseases, Department of Medicine, Washington
University School of 6 Medicine, Saint Louis, MO, USA;
2Center for Human Immunology and Immunotherapy Programs, 8Washington
University School of Medicine, Saint Louis, MO, USA

Background: The inflammasome sensor CARD8 can sense
intracellular HIV-1 protease activity which leads to targeted
cell death of HIV-1 infected cells. This premature intracellular
activation can be achieved using NNRTIs. However, high
concentrations of NNRTIs are required for sufficient CARD8
sensing. This calls for the elucidation of ways to sensitize the
CARD8 inflammasome. This can be achieved through inhibition
of the CARD8 negative regulator DPP9. The DPP9 chemical
inhibitor Val-boroPro (VbP) can activate the CARD8 inflamma-
some in CD4+ T cells and was tested for its ability to enhance
CARD8 inflammasome sensing of HIV.

Methods: CD4+ T cells were isolated from PBMC of healthy
donors, infected with a pNL4-3-GFP reporter virus, and treated
with NNRTIs with or without VbP. Site-directed mutagenesis via
PCR was used to introduce NNRTI resistance associated muta-
tions. To test the combination strategy in vivo we treated
humanized mice that were transfused with infected, primary
CD4+ T Cells. To measure removal of HIV latent reservoirs,
CD4+ T cells were isolated from people living with HIV (PLWH)
under suppressive antiretroviral therapy. These cells were plated
in limiting dilution for a quantitative viral outgrowth assay to
measure reductions in reservoirs upon treatment.

Graphical Abstract

Results: High micromolar concentrations are needed for
efficient killing of HIV-1 infected cells due to NNRTIs’ binding
affinity for human serum proteins. Treatment of HIV infected
cells with VbP in combination with NNRTIs enhances killing.
VbP alone also induces targeted killing of infected cells.
Combination treatment was able to restore NNRTI efficacy in
the presence of human serum and can partially overcome NNRTI
resistance. We also show that VbP enhances clearance of HIV-1
infected cells in humanized mice and HIV-1 reservoirs from
PLWH.

Conclusions: DPP9 inhibition can sensitize the CARD8
inflammasome which ameliorates potential barriers to NNRTI
efficacy. We show that this combination strategy is an effective
treatment for the in vivo elimination of HIV-1 infected cells in
humanized mice and ex vivo in HIV-1 reservoirs isolated from
PLWH. This work offers promise for utilizing the CARD8
inflammasome pathway for an HIV cure strategy by modulating
CARD8 regulation.
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PP 5.4 – 00184
Optimization of Smac Mimetics as HIV-1 Latency Reversing Agents
L. Pache1, J. Kim2, M. Marsden3, F. Layng4, A. Limpert4, D. Heimann4,
W. Thienphrapa1, N. Cosford4, J. Zack2, S. Chanda5
1Infectious and Inflammatory Disease Center, Immunity and Pathogenesis
Program, Sanford Burnham Prebys Medical Discovery Institute, La Jolla, CA
92037, USA;
2Division of Infectious Diseases, Department of Medicine, University of
California, Los Angeles, Los Angeles, CA 90095, USA;
3Department of Microbiology and Molecular Genetics and Department of
Medicine, Division of Infectious Diseases, School of Medicine, University of
California, Irvine, CA 92697, USA;
4Cell Metabolism and Signaling Networks Program, NCI-Designated Cancer
Center, Sanford Burnham Prebys Medical Discovery Institute, La Jolla, CA
92037, USA;
5Department of Immunology andMicrobiology, Scripps Research, La Jolla, CA
92037, USA

Background: Shock & kill approaches seek to purge the latent
HIV reservoir by treating patients with therapeutics that activate
latently infected cells and lead to their subsequent elimination.
However, at this time it is far from clear what type of treatments
would make up an effective shock therapy due to adverse effects
or a lack of efficacy of most latency reversing agents (LRA). We
have previously identified molecules belonging to the class of
Smac mimetics as novel LRAs that reverse HIV latency through
activation of the non-canonical NF-kB pathway. Importantly, we
developed the compound Ciapavir that exhibited greater potency
as LRA than clinically tested Smac mimetics. We now report the
optimization of novel Smac mimetic compounds for improved
HIV-1 latency reversal in vivo.

Methods: Correlating the biochemical and pharmacological
properties of a diverse set of existing Smac mimetic compounds
with their activities has allowed us to develop novel molecules in
this class that exhibit significantly greater potency and efficacy as
LRA. Structure-function relationship assessment guided series of
iterative medicinal chemistry development to optimize the
pharmacological properties of the compounds for HIV-1 latency
reversal. The suitability of these molecules for shock & kill
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treatment regimens is being evaluated in in vivo safety and
efficacy studies.

Results: A BLT humanized mouse model provided proof-of
concept for latency reversal following treatment with Ciapavir
and allowed us to developed novel Smac mimetics with
optimized pharmacological properties. Beyond superior bioavail-
ability and an absence of observed toxicity, in vitro and in vivo
studies in mice revealed differences in the molecules’ pharma-
cokinetic properties. Importantly, the novel Smac mimetics
display a range of different activation kinetics, encompassing
short-acting and long-acting molecules that allow for the careful
design of safe and efficacious multiple-dosing regimens.

Conclusions: Smac mimetics as a molecular class show
promising in vivo bioavailability and efficacy. However, recent
studies indicate the need for multiple-dosing regimens to
efficiently target the latent reservoir. Our development of
molecules belonging to the de-risked class of Smac mimetics
yielded promising candidates for optimized multiple-dosing
regimens as part of shock & kill strategies with the goal of
eliminating the latent HIV reservoir.
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PP 5.5 – 00026
Targeting Tat/TAR interactions with the superelongation complex
for the development of novel treatments for HIV/AIDS
U. Schulze-Gahmen1, T. Divita1, P. Kandel2, M. Arkin2, M. Ott1
1Gladstone Institute of Virology - San Francisco, United States,
2Small Molecule Discovery Center, Ucs f- San Francisco, United States

Background/Aims: A promising approach to achieve a func-
tional cure for AIDS is to block viral transcription and lock the
cellular HIV reservoir in a “deep”-latent state—the so-called
“block-and-lock” strategy. This strategy has met some initial
success with a natural compound, didehydro-cortistatin (dCA),
that targets the viral protein Tat, a central regulator of HIV
latency and transcription. However, dCA is very expensive to
produce and efforts for a cost-effective synthesis pathway and
cheaper analogs have not succeeded. Our goal is to discover novel
inhibitors of Tat-dependent HIV transcription.

Tat hijacks the host superelongation complex (SEC), contain-
ing CDK9, Cyclin T1, AFF1/4, and other transcription factors,
and recruits it to the viral promoter by binding to the nascent TAR
RNA forming at the 5′ end of all HIV transcripts. In recent years,
several X-ray structures of the Tat complex with SEC and TAR
revealed the structural basis for the regulatory function of Tat in
HIV transcription, providing a high-resolution description of a
new target for anti-HIV drug discovery.

Methods:We established a robust high-throughput screening
assay (HTS) based on homogenous time resolved FRET method-
ology (HTRF) to search for inhibitors of TAR binding to Tat-SEC.
In addition, we established a counter assay to eliminate false
positives from the HTS approach.

Results: The first pilot screen with a library of 3800 FDA
approved compounds identified 214 compounds, resulting in a
0.05% initial hit rate and Z’-values>0.7.We are in the process of
expanding HTS experiments to include much larger compound
libraries, and we established a cell-based transcription assay to
further characterize promising hits from the in vitro HTS
screening.

Conclusion: We are taking advantage of the structural
information on Tat-dependent HIV-transcription by performing
a systematic search for small-molecule inhibitors of Tat or TAR
binding to the host superelongation complex. We expect that
some lead compounds from such a novel approach may act as
silencing promoting agents and can eventually be parlayed into a
block-and-lock strategy to cure AIDS.
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PP 5.6 – 00183
Combination of traditional medicine product (SDK-2) with TNF-α
synergistically reactivate latent HIV-1 subtype C in vitro
K. Mngomezulu1, P. Madlala1, N. Gqaleni1, M. Ngcobo1
1University of Kwazulu-Natal – Durban, South Africa

Background/Aims: Persistence of latent HIV in resting CD4+
T cells is the principal barrier to cure development. One strategy
currently being pursued to eliminate latently infected cells is to
stimulate virus production from latency, which has showed
limited success in clinical trials. Therefore, new, and improved
latency reversing agents (LRAs) are necessary to reactivate latent
viral reservoirs, facilitate HIV-1 eradication and cure develop-
ment. In this study, we undertook to investigate the effect of a
plant-based traditional medicine product Nkabinde latent HIV-1
infection.

Methods: A half maximal inhibitory concentration (IC50) for
a four-plant based mixture (Mixture) and single plant product
(SDK-2) was determined using the ATP assay. In vitro antiviral
activity of the Mixture and SDK-2 was assessed against HIV-1
subtype B (NL4.3 and YU2) and subtype C (CM070P.1 and
CM019P.1.2) in TZM-bl cells using the luciferase assay. Next, we
evaluated the HIV latency reversal potential of the Mixture and
SDK-2 alone or in combination with LRAs using HIV-1 subtype B
and HIV-1C based latency model, JLAT-B and JLAT-C
respectively.

Results: The Mixture extract inhibited NL4.3 (88%),
CM070P.1 (92%), CM019P.1.2 (80%) and YU2 (76%) replication
at the IC50 of 325 μg/ml while SDK-2 (106 μg/ml) exhibited
64%, 89%, 34% and 37% inhibition of CM070P.1, CM019P.1.2,
NL4.3 and YU2 respectively. The Mixture exhibited less than 1%
of the reactivation potential. Interestingly, our data show that
SDK-2 in combination of TNF-α exhibit a synergistic effect with
TNF-a resulting in 65.4% reactivation of latent HIV-1 subtype C.

Conclusion: Taken together, our data show that while both
the Mixture and SDK-2 exhibit both inhibitory and stimulatory
effect on HIV-1 infection, SDK-2 exhibit a pronounced reactiva-
tion potential in combination with TNF-α. Future experiments
will assess the reactivation of SDK-2 in primary CD4+ T cells
obtained from people living with HIV who are on suppressive
antiretroviral therapy.
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Session 6: Cell & Gene Therapies

OP 6.1
It’s a mountain not a hill: Progress made in realizing AAV-delivered
inhibitors for an HIV cure
Matthew R. Gardner1
1Division of Infectious Diseases, Department of Medicine, Emory University,
Division of Microbiology and Immunology, Emory National Primate Research
Center

Antiretroviral drug therapies (ART) suppress plasma HIV viremia
in infected individuals to undetectable levels and their usage has
prolonged the lifespan for people living with HIV (PLWH).
However, only 26 million people have access to these drugs.
Additionally, ART does not have the ability to eliminate the viral
reservoir and thus, stopping ART results in viral rebound. In
contrast, broadly neutralizing antibodies (bNAbs) can kill
infected cells through antibody-dependent mechanisms and
could be useful for HIV cure strategies. Our work has focused
on demonstrating that bNAbs expressed through adeno-asso-
ciated virus (AAV) vectors can suppress HIV infection like ART
and also reduce the viral reservoir. In pilot studies, we have
shown that AAV-delivered eCD4-Ig, an antibody-like HIV entry
inhibitor, can suppress SHIV and SIV viremia despite low levels of
expression. However, some animals that received AAV-eCD4-Ig
vectors resulted in uncontrolled viral rebound. To improve the
consistency of our gene therapy strategy in rhesus macaques, our
latest studies have identified key factors that improve expression
in both mice and rhesus macaque models such as using the AAV9
capsid for intramuscular inoculation and using a P2A peptide to
express bNAbs. These step-by-step improvements may ultimately
lead to realizing a “one-shot” cure strategy for PLWH.
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OP 6.2 – 00195
Targeted genome engineering of human t cells in vivo for HIV cure
P. Kumar1, J. Beloor1, J. Krishnaswamy1, I. Ullah1, P. Uchil1
1Department of Internal Medicine, Section of Infectious Diseases, Yale
University School of Medicine, New Haven, Connecticut, USA

Background: The only successful HIV cure strategy, thus far, has
been transplantation of naturally HIV resistant CCR5Δ32 stem
cells. This approach is not currently scalable nor feasible or
desirable in the general population of persons living with HIV
(PLWH). In vivo genome engineering of hematopoietic stem and
T cells for HIV resistance may address this issue.

Methods: As a key step toward clinical application, we have
generated DNA-free virus-like particles (VLP) surface-decorated
with an antibody to human CD7 (aCD7) to allow transient and
“scar-less” delivery of packaged CRISPR-Cas9 ribonucleoprotein
complexes (RNPs) to human T cells and monocytes. aCD7:VLP
packaged with Cas9/RNPs were tested in humanized mouse
models of HIV-1 infection for the targeted editing of the CCR5
gene in human T cells after intravenous (IV) administration.

Results: IV administration of R5-tropic HIV-infected, ART-
suppressed humanized mice with aCD7:VLP encapsulating Cas9/
RNP targeting CCR5 resulted in the specific targeting of human
T cells and editing of the CCR5 gene and abrogating surface CCR5

expression at efficiencies of >50%. CCR5-edited CD4 T cells
selectively expanded after ART interruption, leading to stabil-
ization of peripheral blood CD4 T cell levels, control of plasma
viral loads, and ART-free remission with no outgrowth of
infectious HIV-1 from splenocytes. ART-free control of viral
loads was also achieved in HIV-1-positive donor cell-xenotrans-
planted humanizedmice demonstrating potential applicability as
a therapeutic strategy in ART-suppressed PLWH.

Conclusions: The approach we report here represents an
important advance to the traditional use of viral vectors in gene
therapy in that it obviates the need for isolation and ex-vivo
transduction of hematopoietic cells. We expect our work to be a
significant advance towards achieving ART-free remission and of
compelling interest to the fields of clinical gene-therapy for
HIV-1 and other diseases.
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OP 6.3 – 00150
Delivery and long-term expression of CCR5-blocking monoclonal
antibody Leronlimab with AAV for ART-free remission from SHIV
viremia
G. Webb1, H. Wu1, C. Waytashek1, C. Boyle1, J. Smedley2, J. Zikos3,
D. Magnani3, S. Fuchs4, R. Desrosiers4, J. Sacha1
1Oregon Health And Science University, Beaverton, USA;
2Oregon National Primate Research Center, Beaverton, USA;
3Massbiologics, Boston, USA;
4University of Miami, Miami, USA

Background: CCR5 blockade represents a scalable non-trans-
plantation approach for long-term ART-free HIV remission. Here,
we tested if AAV vectors could induce long-term expression of
CCR5-blocking monoclonal antibody Leronlimab in a SHIV-
infected rhesus macaque (RM) and Mauritian cynomolgus
macaque (MCM).

Methods: One RM received AAV9 encoding macaque Fc
Leronlimab with stabilizing, silencing, and half-life extending
mutations (AAV9-MacLSLeron) with no immune suppression.
OneMCM received AAV9 encoding human Fc Leronlimab (AAV9-
HuLeron), and to limit immune activation, received three doses
of dexamethasone (−12, −1, and 5 hours post-AAV) and daily
tacrolimus (days −8 to 28 post-AAV).

Results: The AAV9-MacLSLeron-treated RM reached 100%
CCR5 receptor occupancy (RO) on blood CD4+ T cells within 1
week and plasma Leronlimab was detected (>1 ug/ml) within 2
weeks of administration. Antidrug antibodies (ADA) developed 4
weeks post-AAV, but then resolved by 6 weeks post-AAV.
Consequently, SHIV viremia became undetectable shortly after
resolution of ADA at 9 weeks post-AAV. The AAV9-HuLeron-
treated MCM achieved 100% CCR5 RO on blood CD4+ T-cells
within 2 weeks and possessed detectable plasma Leronlimab
(>1 ug/mL) within 3 weeks without ADA, with CCR5 RO and
plasma Leronlimab maintained through 33 weeks post-AAV.
Mesenteric lymph node and spleen CD4+ T-cells from week 13
post-AAV exhibited >98% RO. SHIV viremia became undetect-
able within 4 weeks post-AAV and remained undetectable
through 33 weeks post-AAV with the exception of 3 blips of
plasma viremia, which coincided with small transient dips in
blood CD4+ T-cell CCR5 RO.
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Conclusions: While further investigation is needed to
develop AAV vectors and/or regimens that reduce the incidence
of ADA, these data demonstrate the potential of AAV vectors for
sustained antibody-based CCR5 blockade as a gene therapy
approach for long-term ART-free HIV remission.
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OP 6.4 – 00096
High-efficiency CRISPR/Cas9-mediated disruption of ccr5 in human
hematopoietic stem progenitor cells generates HIV-refractory
immune systems
D. Claiborne1, Z. Detwiler2, K. Okawa3, T. Bateson3, T. Chen3,
D. Scadden4, C. Boutwell3, T. Allen3
1Wistar Institute, Philadelphia, PA, USA;
2CRISPR Therapeutics, Cambridge, MA, USA;
3Ragon Institute of MGH, MIT and Harvard, Cambridge, MA, USA;
4 Department of Stem Cell and Regenerative Biology, Harvard University,
Cambridge, MA, USA

Background: Hematopoietic stem cell transplant (HSCT) with
CCR5D32/D32 stem cells has been attributed to long-term
remission of HIV infection in three patients (“Berlin,”
“London,” and “Dusseldorf”) who received allogeneic HSCT for
co-occurring malignancies. However, the scarcity of recipient
HLA-matched, ccr5D32 homozygous stem cell donors is one of
the most significant hurdles to widespread adoption of HSCT
therapy for HIV infection.

Methods: A combination of in silico prediction software and
in vitro screening methods were used to develop guide RNAs
(gRNAs) capable of efficiently editing the human ccr5 gene. off-
target gene regions containing sites with <4 base pair
mismatches were amplified and deep sequenced to analyze
indel frequency formation. Using these optimized guides, we
describe the application of a scalable CRISPR-Cas9/RNP plat-
form to achieve high frequency ccr5 editing in adult HSCs (85–
95% ccr5 disruption). Ccr5-edited HSCs were engrafted into 6–8
week-old female NSG mice to evaluate hematopoiesis and to
generate an in vivo HIV challenge model.

Results: After HSCT transplant into xenograft mice, ccr5-
edited HSCs displayed slightly delayed but otherwise normal
hematopoiesis resulting in immune reconstitution with typical
frequencies of human monocytes, B cells, and T cells. High
frequency of ccr5 editing was detected in the descendant myeloid
(84–94% ccr5 disruption) and lymphoid lineages (95–97% ccr5
disruption), and the frequency of T cells expressing CCR5 on the
cell surface was reduced>100-fold. Importantly, mice engrafted
with ccr5-edited HSCs were refractory to multiple challenges
with CCR5-tropic HIV, including a challenge dose 5 times higher
than the dose which infected all control mice. We also establish a
threshold of 72% ccr5 ablation in HSCs as being required to
significantly resist HIV infection upon differentiation.

Conclusions: This study demonstrates the feasibility of
developing a CRISPR-Cas9/RNP approach to efficiently edit
ccr5 in human hematopoietic stem cells and supports the
continued development of an autologous HSCT-based cure for
HIV infection.
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OP 6.5 – 00164
Nanobody-engineered AAV vectors for CD4-targeted gene therapy
U. Lange1, M. Hamann1, D. Foth1, P. Kumar2, U.C. Lange1,3
1Leibniz Institute of Virology, Hamburg, Germany;
2Yale School of Medicine, New Haven, USA;
3Institute for Infection Research and Vaccine Development, University Medical
Center Hamburg, Eppendorf, Hamburg, Germany

Background: HIV cure approaches involving in vivo gene
therapy have the potential to target prominent tissue-resident
HIV reservoirs. Virus-based vectors are most common in clinical
studies, with Adeno-associated Virus (AAV) being the vector of
choice. Effectiveness of in vivo gene therapy is largely correlated
with high vector doses, but must be balanced to avert unwanted
effects including immune responses and transgene activity in
non-target cells. Modulating receptor binding specificities of
therapeutic vectors increases on-target effectivity while reducing
off-target effects. So far, no robust viral gene therapy vector
specific for CD4-positive HIV target cells has been described. We
here show that coupling of AAV capsid surfaces with CD4-specific
nanobodies mediates retargeting of AAVs to CD4-positive cells.
These CD4-AAVs could provide an invaluable vector for anti-HIV
therapeutic approaches.

Methods: We used structure-based rational design to genet-
ically fuse CD4-specific nanobodies into AAV capsid proteins VP1
and VP2. We examined optimal nanobody/insertion-site com-
bination for targeted reporter transgene delivery in vitro and
in vivo. We applied our engineering platform to multiple AAV
serotypes, proving system versatility. Electron microscopy (EM)
and biochemistry analyses were used to investigate particle
characteristics.

Results: Functional competition assays with CD4-AAV vectors
revealed highly specific transduction of CD4-positive cells in
vitro. Isolated human primary CD4-positive T cells frommultiple
donors are effectively transduced compared to wild-type AAV
serotypes. CD4-positive cells were transduced with 5-fold higher
specificity compared to CD4-negative cells in vitro. EM and
biochemical characterization of CD4-AAV particles revealed
overall beneficial features: regular morphology, increased
capsid stability, nanobody presentation on the capsid outer
shell, exceeding titers and unaffected genome packaging
compared to wild-type AAVs.

Conclusions: We provide proof-of-concept for a novel AAV-
based vector platform with high specificity towards CD4-positive
cells. These nanobody-engineered AAVs further preserve all
beneficial AAV vector characteristic. Adaptation to other
serotypes and exchange of nanobodies is straightforward. We
propose CD4-AAV vectors as valuable tool for safe and efficient
anti-HIV in vivo gene therapy approaches.
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OP 6.6 – 00134
Viral Suppression in SHIV-infectedRhesusMacaques followingAAV-
mediated Delivery of Closer-to-germline Monoclonal Antibodies
J. Martinez-Navio1, S.P. Fuchs1, D.E. Mendes1, C.P. Ramos Muniz1,
E.G. Rakasz2, G. Gao3, J.D. Lifson4, R.C. Desrosiers1
1Department of Pathology & Laboratory Medicine, Miller School of Medicine,
University of Miami, Miami, USA;
2Wisconsin National Primate Research Center, University of Wisconsin,
Madison, USA;
3Gene Therapy Center, University of Massachusetts Medical School Worcester,
USA;
4Aids And Cancer Virus Program, Frederick National Laboratory for Cancer
Research, Frederick, USA

Background:We have three SHIV-infected monkeys which, after
receiving AAVs encoding a cocktail of neutralizing anti-HIV
antibodies during the chronic phase of infection, have shown
suppressed viral loads for years and appear to have been
functionally cured. Unfortunately, our attempts to create more
such functional cures have been severely hampered by the
generation of anti-drug antibody responses (ADAs) to the AAV-
delivered antibodies. These ADA responses have also been a
problem in human phase I clinical trials of AAV delivery of
bNAbs. Due to years of affinity maturation, most bNAbs exhibit
unusually high levels of somatic hypermutation and accumulate
uncommon features that can be seen as ‘non-self’ by the
recipient’s immune system. Consequently, unwanted ADA
responses can be raised against the AAV-delivered bNAbs,
compromising their efficacy by reducing their concentration
and functionality. To overcome this critical issue, we attempted
delivery of less mutated antibodies, i.e. antibodies closer to
germline.

Methods: Four Indian-origin rhesus macaques were experi-
mentally infected with SHIV-AD8. At week 14 post-SHIV
infection these monkeys received recombinant AAVs expressing
three broadly neutralizing antibodies (DH270, PCIN63 and
DH511) that were naturally closer to germline than those we
had used previously. In vivo circulating antibody and ADA levels
were measured over time by ELISA.

Results: High levels (22–327 μg/mL) of two AAV-delivered
antibodies were obtained in three of the four macaques through
the 26 weeks of measurements. Sustained viral load suppression
was achieved in one of those three monkeys. A second one was
successfully suppressed for 20 weeks and viral rebound was
detected in the last twomeasurements. The thirdmonkey showed
only transient effects on viral load levels. Escape mutant virus is
suspected in these two last monkeys. The fourth monkey had low
antibody levels due to ADAs and little or no virologic
suppression. Overall ADA levels correlated well with the AAV-
delivered antibody levels: the lower the ADAs, the higher the
antibody levels.

Conclusions: Our data indicate that the use of closer-to-
germline bNAbs may be a viable strategy for overcoming ADAs
following gene therapy with AAV-bNAb vectors but they also
highlight the difficulties associated with achieving long-term
suppression.
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OP 6.7 – 00044
Long-term ART-free SIV Remission Following Allogeneic
Hematopoietic Cell Transplantation in Mauritian Cynomolgus
Macaques
H. Wu1, M. Kumar2, E. Fray2, R. Siliciano2, J. Smedley1, G. Meyers1,
R. Maziarz1, B. Burwitz1, J. Stanton1, J. Sacha1, W. Weber1,
C. Waytashek1, C. Boyle1, K. Bateman1, J. Reed1, J. Hwang1,
C. Shriver-Munsch1, M. Northrup1, K. Armantrout1, H. Price1,
M. Robertson-LeVay1, S. Uttke1, S. Junell1, C. Moats1, R. Bochart1,
J. Sciurba1, B. Bimber1, M. Sullivan1, B. Dozier1, R. MacAllister1,
T. Hobbs1, L. Martin1, J. Siliciano2, M. Axthelm1

1Oregon Health and Science University, Portland, Oregon, USA;
2Johns Hopkins University School of Medicine, Baltimore, MD, USA

Background: Two patients achieved ART-free HIV remission
following allogeneic hematopoietic cell transplant (HCT) from
CCR5-deficient donors, but the mechanisms responsible remain
unknown. Here, we examined the impact of CCR5-wildtype
allogeneic HCTon the SIV reservoir in ART-suppressedMauritian
cynomolgus macaque recipients.

Methods: Grafts collected from MHC-matched, SIV-naïve
donors were transplanted into four SIV+, ART-suppressed
recipients following reduced intensity conditioning (RIC).
Donor chimerism was measured by sequencing SNPs. Total and
intact SIV DNA levels were measured by SIVgag qPCR and intact
proviral DNA assays, respectively. Recipients weremaintained on
ART until analytic treatment interruption (ATI) at 700–900 days
post-HCT.

Results: Following RIC and HCT, lymph node CD4+ T cell-
associated SIV DNA levels decreased ∼10-fold within 30 days in
all four recipients. Recipient 1 reached 100% donor chimerism
without further intervention. Recipients 2, 3, and 4 presented
with mixed T cell chimerism and received donor lymphocyte
infusions (DLIs), which successfully induced full donor chimer-
ism in recipients 3 and 4, but not recipient 2. Graft-versus-host
disease (GVHD) manifested in recipients 3 and 4, but not
recipients 1 or 2. In all recipients and across tissue reservoirs, we
observed a strong inverse correlation between cell-associated SIV
DNA and donor chimerism in CD4+ T cells. Prior to ATI, intact
SIV was undetectable in blood, lymph node, spleen, and bone
marrow in GVHD-experiencing recipients 3 and 4, but persisted
in recipients 1 and 2. Upon ATI, recipient 2 rebounded with SIV
viremia within 11 days while recipients 1, 3, and 4 remained
aviremic for >17 weeks. Recipient 1 experienced SIV rebound at
week 18, while GVHD-experiencing recipients 3 and 4 remain in
SIV remission>2 years post-ATI despite CD8-depletion. SIV Env-
binding antibody titers fell below 15 ug/mL in all four recipients
post-HCT, increased above 100 ug/mL in recipients 1 and 2 upon
rebound of SIV plasma viremia post-ATI, but remain below
15 ug/mL in aviremic recipients 3 and 4 post-ATI.

Figure. Paired donor chimerism and SIV DNA post-HSCT.
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Conclusions: These data demonstrate that alloHCT-mediated
viral reservoir clearance occurs concomitantly with full CD4+
T cell donor chimerism and is associated with GVHD, suggesting
that allogeneic immunity drives viral reservoir clearance in
alloHCT-mediated HIV cure.
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OP 6.8 – 00102
In vivo evolution of env in SHIV-AD8-infected rhesusmacaques after
AAV-eCD4-Ig therapy
D. O’Hagan1, S. Shandilya1, P. Hahn1, M. Gardner2, M. Farzan1,
A. Ardeshir3
1Department of Immunology And Microbiology, Uf Scripps Biomedical
Research, Jupiter, USA;
2Department of Medicine, Emory University, Atlanta, USA;
3California National Primate Research Center, University of California, Davis,
USA

Background: eCD4-Ig is a potent HIV entry inhibitor consisting
of the ectodomain of CD4, an IgG Fc portion, and a short tyrosine-
sulfated peptide that resembles the tyrosine-sulfated regions of
all primate lentivirus coreceptors. eCD4-Ig mimics the engage-
ment of both CD4 and CCR5 with the HIV Env, a property which
imbues it with remarkable neutralization breadth. However, env
is exceptionally genetically malleable and can evolve to escape a
wide variety of entry inhibitors. Herewe document the evolution
of partial eCD4-Ig resistance in SHIV-AD8-infected rhesus
macaques (RMs) treated with AAV encoding eCD4-Ig.

Figure 1 (abstract: OP 6.8–00102)
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Methods: Six RMs were subjected to repeated, escalating
dose, oral inoculations of SHIV-AD8 until they became infected.
At 10 and 14 weeks after the onset of viremia, five of the six
macaques were administered AAV encoding eCD4-Ig. Viral load,
serum eCD4-Ig, and anti-drug antibodies (ADA) were monitored
for the duration of the study. Longitudinal env sequencing was
performed for two animals that experienced consistent serum
levels of eCD4-Ig. Mutations recovered from one animal with a
striking phenotype were cloned and further characterized.

Results: Twoof the five treatedRMsdevelopedpersistent levels
of eCD4-Ig in serum but experienced only partial or transient
reductions in viremia. Six mutations became fixed at 100%
frequency in plasma, two of which evolved independently in both
animals. In one of the two RMs (47 634), setpoint viremia
plateaued at 1000 vRNA copies/ml, despite concomitant serum
concentrations of eCD4-Ig in the 70–100 μg/ml range. Three
mutations recovered from this animal (R315G, A436 T, G471E)
were sufficient toconfer substantial resistance toeCD4-Ig-mediated
neutralization on the parental SHIV-AD8 Env, accompanied by a
marked cost to replicative fitness in activated rhesus PBMC.

Conclusions: R315G, A436 T, and G471E appear to confer
eCD4-Ig resistance in part by taking advantage of a single amino
acid difference between rhesus CD4 and eCD4-Ig (I39N) and in
part by modulating CCR5 engagement, potentially allowing for
use of alternate coreceptors. Taken together, our results shed
light on the evolutionary pathways that remain open to env when
it is confronted with a broadly neutralizing mimic of its major
natural entry receptors.
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PP 6.1 – 00005
Single cell quantification of hiv-1 and lentiviral vector in gene
therapy studies
A. Buck1, J. Donnatelli1, C. Gartner1, J. Anderson2, T. Henrich1
1Division of Experimental Medicine at the University of California
San Francisco, USA;
2The Division of Infectious Diseases, University of California Davis, Davis, USA

Background: Lentiviral-based vector therapies, which include
many CAR-T and gene-modified cell therapies, are at the
forefront of HIV-1 cure research. However, sequence homology
between lentiviral vectors and HIV-1 creates challenges with
quantifying cellular HIV burden and lentiviral DNA. As a result,
we developed a novel single-cell in-droplet (scd)PCR method to
co-quantify genomic HIV-1 DNA and lentiviral vector DNA (from
CAR-T and gene-modified autologous stem cell transplant (SCT))
with single-cell resolution. This approach provides a high-
throughput platform to determine if gene-modified cells can
become infected in vivo, a critical unknown question.

Methods: We adapted a multiplexed scdPCR method to co-
quantify genomic HIV-1 DNA and MNDU3 promoter, a common
component of lentiviral gene delivery vectors. In addition, we
screened over 30 existing HIV-1 DNA quantitative assays to
determine the optimal method to quantify HIV DNA in cells from
human studies.

Results: First, the figure shows that commonly used lentiviral
vectors directly cross-react with the HIV-1 LTR, LTR-Gag

junction/Psi, and Env regions. Second, we observed that the
intact proviral DNA assay (IPDA), co-targeting Psi/Env, quanti-
fied nearly 100% of lentiviral vector DNA. Third, of over 30
screened HIV-1 qPCR assays, we identified only one, targeting
the downstream Gag region, that did not have significant cross-
amplification with lentiviral vector DNA. Fourth, we successfully
duplexed the HIV-1 and MNDU3 DNA assays for droplet-digital
(dd)PCR with minimal cross-amplification using both physio-
logical and super-physiological levels of HIV-1 and vector DNA in
bulk cell lysates from combinations of 293 T cells transfected
with: (a) HIV-1 plasmid, (b) 1TAX (lentiviral vector), (c) HIV-1
and 1TAX, (d) non-transfected. Finally, we have successfully
applied the duplexed ddPCR assay in our scdPCR platform for use
with individually-encapsulated, transfected 293 T cells. The
multiplexed ddPCR assay is being implemented on participant-
derived cells from a multiple gene-modification study in
autologous SCT (AMC097) and duoCAR-T cell study in people
with HIV.

Figure. Duplex of MNDU3 Promoter and HIV-1 Gag Region.

Conclusions: The multiplexed scdPCR assay can reliably
quantify both HIV-1 DNA and lentiviral vector DNA in cell lysates
and in individually-encapsulated cells. This method also allows
in-depth characterization of residual HIV-1 burden and the
potential for infected, transduced cells in vivo/ex vivo across a
range of gene-modification studies.
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PP 6.2 – 00106
CAR/CXCR5 T cells contact HIV vRNA+ cells in HIV-infected
humanized DRAGA mice
P. Pumtang-On1, E. Sevcik1, B. Davey1, N. Goodarzi1, V. Vezys2,
S. Casares3, M. Rao4, P. Skinner1
1Department of Veterinary and Biomedical Sciences, University of Minnesota,
St. Paul, Minnesota, USA;
2Center for Immunology, Department of Microbiology and Immunology,
University of Minnesota, Minneapolis, Minnesota, USA;
3Infectious Diseases Directorate, Agile Vaccines and Immunotherapeutics,
Naval Medical Research Center, Silver Spring, Maryland, USA;
4Laboratory of Adjuvant and Antigen Research, USA Military HIV Research
Program, Walter Reed Army Institute of Research, Silver Spring, Maryland,
USA

Background: HIV-specific chimeric antigen receptor T (CAR T)
cells are being developed as a potential approach towards curing
HIV infection. During infection, HIV replication is concentrated
in B cell follicles, and viral reservoirs such as B cell follicles are a
significant barrier to an HIV cure. We developed HIV-specific
CAR T cells expressing the follicular homing receptor CXCR5
(CAR/CXCR5 T cells) to target follicular HIV reservoirs. We
hypothesized after infusion of CAR/CXCR5 T cells in humanized
HIV-infected DRAGA mice, CAR/CXCR5 T cells would accumu-
late in lymphoid follicles, make direct contact with HIV+ cells,
lead to reductions in HIV viral loads, and preserve human
CD4 T cells.

Methods: Fourteen female humanized DRAGA mice were
included in this study. Twelve mice were infected with 10 000
TCID50 of HIV-1 BaL. Levels of HIV-1 plasma viral loads and
CD4 T cells were monitored using qRT-PCR and flow cytometry.
Two spleens from uninfected mice were used to produce
transduced CAR/CXCR5 T cells and transduced cell products
(2× 105 cells/gram) were infused in six HIV-infected mice.
RNAscope combined with immunohistochemistry was used to
visualize locations and quantities of CAR/CXCR5 T cells and HIV
vRNA+ cells in lymphoid tissues.

Results: All mice were HIV-1 detectable nbefore infusion of
CAR/CXCR5 T cells. High levels of CAR/CXCR5 T cells and HIV
vRNA+ cells were detected at 6 days post-infusion in lymphoid
tissues. Many CAR/CXCR5 T cells were found in direct contact
with HIV vRNA+ cells. However, many CAR/CXCR5 T cells,
presumably CD4+ cells, were HIV vRNA+ and likely spreading
infection. No differences in HIV plasma viral loads or CD4 T cell
counts were observed between control and treated animals.

Conclusions: These studies support the use of the HIV-
infected DRAGA mouse model for HIV cure research studies.
Using this model, we showed CAR/CXCR5 T cells accumulate in
follicle-like structures with HIV vRNA+ cells and come in
contact with vRNA+ cells. The simultaneous detection of CAR
T cells with high levels of HIV vRNA+cells indicates the need for
HIV-resistant CAR T cells. These preliminary findings demon-
strate the HIV-infected DRAGA mouse model is extremely
valuable for evaluating HIV cure approaches.
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PP 6.3 – 00178
Targeting the human and macaque CCR5 genes using the CRISPR-
SaCas9 gene-editing platform
M. Caocci1, T. Burdo1, R. Kaminski1, P. Mancuso1
1Department of Microbiology, Immunology and Inflammation, Center for
Neurovirology and Gene Editing, Lewis Katz School of Medicine at Temple
University, Philadelphia, USA

Background: C-C Chemokine receptor type 5 (CCR5) plays a key
role in HIV infection as a co-receptor for HIV entry into host cells
and cell-to-cell spread. The crucial role of CCR5 in HIV infection
was confirmed by the discovery of the delta-32 mutation in the
coding region of CCR5. People homozygous for this mutation are
resistant to HIV infection. Furthermore, CCR5Δ32/Δ32 hemato-
poietic stem cell transplantation was found to cure HIV-1 disease
in three individuals: “a Berlin patient,” “a London patient,” and
most recently, a woman from New York.

Methods: In this study, we examined the potential application
of the CRISPR-SaCas9 platform to edit the human and macaque
CCR5 genes. First, the set of candidates SaCas9 specific gRNAs
targeting coding sequences of CCR5 genes was selected using
CRISPOR online platform and then tested in human and simian
cell lines and primary human and simian PBMCs. Briefly, cells
were electroporated with control or CRISPR-CCR5 ribonucleo-
protein complexes, and after 48 h, genomic DNA was extracted
and subjected to CCR5-specific PCRs. Next, the CCR5 amplicons
were purified from the gel, sequenced, and analyzed using the
ICE (Inference of CRISPR edits) analysis tool. The single gRNAs
showing the most efficient on-target cleavage activity were then
paired, enabling CRISPR-mediated excision of the CCR5 gene.
Finally, PCR-genotyping/Sanger sequencing was used to confirm
the efficient and specific excision of the CCR5 gene in primary
immune cells. In addition, the same technique was used to verify
the lack of off-target activity of selected gRNAs in the human and
macaque genomes.

Results: The ICE analysis identified two gRNAs having on-
target CRISPR InDels frequency scores above 50%, specific for
both human and monkey CCR5 genes. After pairing the gRNAs
and analyzing them by PCR, we found that some combinations
were able to excise a sequence from the CCR5 gene. The
sequencing data confirmed the perfect excision/end-joining of
CCR5.

Conclusions: These strategies will explore the curative
activities of gene editing of cellular receptors to reduce the
latent HIV/SIV cell reservoir and delay viral rebound after
discontinuation of ART.
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PP 6.4 – 00203
Construct a series of universal gRNAs targeting various regions
within HIV
C. Chen1, T. Cradick2, H. Liu1, K. Khalili3, A. Bellizzi3, I. Sariyer3
1Temple University, Philadelphia, China;
2Excision Biotherapeutics, Philadelphia, USA;
3Temple University, Philadelphia, USA

Background: The persistence of proviral DNA in infected CD4+
leukocytes presents a barrier to HIV-1 treatment. HIV is one of the
most genetically diverse pathogens due to its high mutation and
recombination rates, large population size, and rapid replication
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rate. Coinfection and superinfection by divergent HIV strains
have becomemore common.While CRISPR-saCas9 can eliminate
latent proviral DNA, its efficacy is limited by HIV strain diversity.
Thus, it’s critical to design a global patient coverage gRNA.

Methods:We initially use pNl43 as a reference strain to list all
potential gRNAs that target LTR, Gag, Pol, and Tat.
Bioinformatics analysis was performed to check gRNA conserva-
tion with 4725 complete sequences from the Los Alamos
database. Fifteen potential gRNA were selected, and the efficacy
of those gRNAs were affirmed by electroporation with through
Lonza electroporation system inMyeloid cells and T cells. Treated
cells were evaluated for viral DNA excision spanning target for
gRNA by monitoring HIV-1 DNA, protein, and progeny virus
levels.

Results: The virus was reduced by up to 93% after single-
gRNA CRISPR RNP treatments, respectively. No recorded off-
target cleavages were detected. gRNA-LTR-508, gRNA-ψ-796,
gRNA-Gag-1842, and gRNA-Pol-2396 as best candidate gRNA
due to their high conservation (up to 79%), low off-target, and
high efficacy were selected to do single gRNA and combination
dual gRNA screen in ex vivo with primary CD4+ T cells. Up to
22% indel mutation was detected with single gRNA treatment
and around 50% HIV p24 decrease in dual treatment primary
CD4+ T cells.

Conclusions:Our results demonstrated that our gRNAs afford
broader antiviral coverage with low off-target, and high efficacy
providing a promising step in the direction of eliminating HIV-1
infection through gene editing approaches.
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PP 6.5 – 00205
Utilization of high-throughput assays and deep-learning for
selection of CRISPR/Cas9-gRNA pairs used in an HIV-1 cure strategy
R. Berman1, W. Dampier2, A. Atkins1, A. Allen1, V. Pirrone1, S. Passic1,
A. Ahmed3, Z. Szep4, M. Nonnemacher5, B. Wigdahl6
1Department of Microbiology and Immunology, Drexel University College of
Medicine, Philadelphia, PA, USA;
2Center for Molecular Virology and Gene Therapy, Institute for Molecular
Medicine and Infectious Disease, Drexel University College of Medicine,
Philadelphia, PA, USA;
3School of Biomedical Engineering, Science and Health Systems, Drexel
University, Philadelphia, PA, USA;
4Center for Genomic Sciences, Institute for Molecular Medicine and Infectious
Disease, Drexel University College of Medicine, Philadelphia, PA, USA;
5Center for Clinical and Translational Medicine, Institute for Molecular
Medicine and Infectious Disease, Drexel University College of Medicine,
Philadelphia, PA, USA;
6Division of Infectious Diseases and HIV Medicine, Department of Medicine,
Drexel University College of Medicine, Philadelphia, PA, USA

Background: Human immunodeficiency virus type 1 (HIV-1)
persistence has been attributed to the latent viral reservoir of
integrated proviral DNA in tissues including the peripheral blood,
lymphoid tissue, brain, gut, and likely other tissues. An in silico
prediction algorithm trained on a dataset of patient-derived LTRs
isolated from PBMCs led to the discovery of broad-spectrum
selected molecular guide RNA (gRNA) targets (SMRT) gRNAs.

Methods: In silico computational pipelines were designed to
examine HIV genetic variation in conjunction with cas9 position
weight-matrices to identify broad-spectrum gRNAs. In vitro gene-
editing in various cell lines (TZM-bl, P4R5, and J-Lat cells) were
analyzed post-transfection or transduction for CRISPR edits.
High-throughput gRNA assays were designed to identify new
gRNAs.

Results: SMRT gRNAs are predicted to cleave 100% of
patient-derived LTR samples as well as a dataset of publicly
available patient sequences, which would lead to inactivation or
excision of the integrated provirus. In vitro study of the SMRT
gRNAs revealed high cell viability and cleavage activity through
flow cytometry and fluorescent microscopy in TZM-bl, P4R5, and
J-Lat cell systems. Sequences of HIV-1 LTR have been obtained
from an independent set of patient-derived tissue samples from
the NNTC in the brain and spleen with Illumina NextSeq. The

Figure 1 (abstract: PP 6.4–00203) Bioinformatics analysis of gRNA conservation.
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PBMC-derived SMRTs showed >90% predicted efficacy for the
brain sequences. Furthermore, the Multiple Lentiviral Expression
System (MULE) is currently being used to engineer lentiviral
constructs to deliver Sa or Sp Cas9 and targeted gRNAs to cells.
These lentiviruses will be produced in a library approach to
simultaneously measure the ability of thousands of gRNAs to
silence HIV-1 expression.

Conclusions: Accumulation of this data as well as delivery of
a library of gRNAs will allow analysis of Sa and Sp Cas9 enzyme
efficiency, gRNA specificity – including consideration of the
effect of a leading G nucleotide in the protospacer, and on- and
off-target cleavage efficacy.
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PP 6.6 – 00208
Construct a series of universal gRNAs targeting various regions
within HIV
C. Chen1, T. Cradick2, H. Liu1, A. Bellizzi1, I. Sariyer1, K. Khalili1
1Temple University, Philadelphia, USA;
2Excision Biotherapeutics, Boston, USA

Background: The persistence of proviral DNA in infected CD4+
leukocytes presents a barrier toHIV-1 treatment. HIV is one of the
most genetically diverse pathogens due to its high mutation and
recombination rates, large population size, and rapid replication
rate. Coinfection and superinfection by divergent HIV strains
have becomemore common.While CRISPR-saCas9 can eliminate
latent proviral DNA, its efficacy is limited by HIV strain diversity.
Thus, it’s critical to design a global patient coverage gRNA.

Methods:We initially use pNl43 as a reference strain to list all
potential gRNAs that target LTR, Gag, Pol, and Tat.
Bioinformatics analysis was performed to check gRNA conserva-
tion with 4725 complete sequences from the Los Alamos
database. Fifteen potential gRNA were selected, and the efficacy
of those gRNAs was affirmed by electroporation with through
Lonza electroporation system inMyeloid cells and T cells. Treated
cells were evaluated for viral DNA excision spanning target for
gRNA by monitoring HIV-1 DNA, protein, and progeny virus
levels.

Results: The virus was reduced by up to 93% after single-
gRNA CRISPR RNP treatments, respectively. No recorded off-
target cleavages were detected. gRNA-LTR-508, gRNA-ψ-796,
gRNA-Gag-1842, and gRNA-Pol-2396 as best candidate gRNA
due to their high conservation (up to 79%), low off-target, and
high efficacy were selected to do single gRNA and combination
dual gRNA screen in ex vivo with primary CD4+ T cells. Up to
22% indel mutation was detected with single gRNA treatment
and around 50% HIV p24 decrease in dual treatment primary
CD4+ T cells.

Figure. Single gRNA and combination dual gRNA screen.

Conclusions:Our results demonstrated that our gRNAs afford
broader antiviral coverage with low off-target, and high efficacy
providing a promising step in the direction of eliminating HIV-1
infection through gene editing approaches.
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Session 7: Human Studies

OP 7.2 – 00035
Impact of 10-1074LS and 3BNC117-LS on viral rebound dynamics
following treatment interruption six months after dosing: four cases
from the open label arm of the RIO trial
M. Lee1, S. Collins2, S. Kinloch3, J. Fox4, K. Seaton5, G. Tomaras5,
M. Caskey6, M. Nussenzweig6, J. Frater7,#, S. Fidler1,#
1Imperial College London, London, United Kingdom;
2HIV Ibase, London, United Kingdom;
3Royal Free Hospital NHS Foundation Trust, London, United Kingdom;
4Guy’s and St Thomas Hospital NHS Foundation Trust, London, United
Kingdom;
5Duke University, Durham, USA;
6Rockefeller University, New York, USA;
7University of Oxford, Oxford, United Kingdom

#These authors contributed equally to this work.

Background: The RIO trial (NCT04319367) is the first rando-
mised trial in treated primary HIV infection evaluating the
impact of single dose, combination long-acting broadly neutral-
izing antibodies (bNAbs) 3BNC117LS and 10-1074LS on viral
rebound after antiretroviral treatment (ART) interruption (ATI)
compared with placebo. RIO involves an initial blinded stage,
followed by an open-label stage in which placebo recipients are
offered bNAb infusions with ART and a second ATI, 24 weeks
post-infusion. We present clinical outcomes from four partici-
pants from the open-label stage of the study.

Methods: RIO opened to recruitment in May 2021 across 8
UK sites. Eligible participants initiated ART in early HIV infection
with no evidence of bNAb resistance by in-silico sensitivity
testing. HIV viral load (VL) and CD4 count were monitored
during ATIs until viral rebound. ART restart criteria were six
consecutive VL measurements >1000 or two measurements
>100 000 copies/mL. BNAb serum concentrations were mea-
sured by validated anti-idiotype ELISA.

Results: The 4 participants were MSM, mean age 39 years
(range 26–52). Rapid viral rebound was observed during the first
ATI (median 8.5 weeks after ATI, range 4–10). After commencing
ART and bNAb administration (dose: 10 mg/kg (10-1074LS) and
30 mg/kg (3BNC117LS)),median time toHIV viral load resuppres-
sion (<20 copies/mL) was 4.5 weeks (range 2–8 weeks). The
second ATI occurred six months after bNAb dosing. Two
participants restarted ART after 26 and 22weeks. Two participants
have not yet met ART-restart criteria after 32 and 8 weeks. The
second ATI exhibited lower peak rebound levels compared to the
first (median peak viraemia 3.8 log(10) vs 6.0 log(10) copies/ml,
p=0.0025).SerumbNAbconcentrationspeaked>100 mg/mlfor
both bNAbs, and mean bNAb concentration 6 months after dosing
were 46.3 ug/ml (3BNC117LS) and 32.1 ug/ml (10-1074LS) in 3
participants whose data at this timepoint was available.

Conclusions: Single infusion of combination 10-1074LS and
3BNC117LS at ART restart resulted in serum concentrations
>10 ug/ml six months after dosing. All 4 participants lost viral
control from undetectable nlevels after the second ATI, but with
evidence of delayed rebound compared to the first ATI and 2 log
lower plasma peak VL observed to date.
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OP 7.3 – 00139
Pre-treatment Interruption Plasma Metabolites and Glycans
Correlate with Time to HIV Rebound and Reservoir Size in ACTG
A5345
L.B. Giron1, X. Yin1, S.G. Deeks3, R.T. Gandhi4, A. Landay5, Q. Liu1,
B.J. Macatangay6, D.M. Smith7, J.Z. Li2, M. Abdel-Mohsen1
1The Wistar Institute, Philadelphia, PA, USA;
2Brigham and Women’s Hospital, Harvard Medical School;
3University of California San Francisco, San Francisco, CA, USA;
4Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA;
5Rush University, Chicago, IL, USA;
6University of Pittsburgh, Pittsburgh, PA, USA;
7University of California San Diego, San Diego, CA, USA

Background: Pre-analytic treatment interruption (ATI) levels of
plasma metabolites and glycans were recently suggested as
markers of time and probability of HIV rebound upon antiretro-
viral therapy (ART) cessation. We examined plasma metabolic
and glycomic correlates of time-to-viral-rebound (TTVR) and
reservoir size in the ACTG-A5345 study.

Methods: Forty-five individuals who initiated ART during
chronic (n= 33) or early (n= 12) infection underwent ATI with
a median TTVR (≥1000 copies/ml) of 3 weeks. Pre-ATI plasma
glycans and metabolites were measured by lectin microarray and
mass spectrometry. TTVR was analyzed as a continuous variable
in Cox proportional hazards model or binary outcome (rapid
rebound defined as TTVR£3 weeks and slow rebound as
TTVR>3 weeks) with Mann-Whitney tests. Spearman’s correla-
tions were used to examine associations between glycans or
metabolites and pre-ATI levels of: (1) plasma and T cell markers
of inflammation/immune activation [multiplex arrays and flow];
(2) peripheral CD4+ T cell levels of intact and total HIV DNA
[IPDA], HIV RNA [qPCR], and infectious units per million cells
[IUPM, viral outgrowth]; and (3) plasma residual viremia [iSCA].

Results: Consistent with previously analyzed cohorts, pre-ATI
levels of several glycans correlated with TTVR, including the
immuno-modulatory sialylated glycans, which correlated with
delayed rebound (Fig. 1A, B; P< 0.05), low residual viremia
(Fig. 1C; P= 0.0097), low HIV DNA and RNA (P<0.05), and
low IUPM (P<0.05). High plasma levels of specific metabolites
were also associated with TTVR and reservoir size: (1) L-
Ergothioneine (anti-oxidative stress metabolite) was associated
with delayed rebound (Fig. 1D; P= 0.016) and low intact HIV
DNA (Fig. 1E; P= 0.02); (2) Succinic acid (an immunoregulatory
metabolite) associated with rapid rebound (P<0.05) and high
HIV DNA and RNA (P<0.05); and (3) tryptophan catabolism
(microbiome-related immuno-modulatory pathway) associated
with fast rebound (Fig. 1F; P< 0.05) and high residual viremia
(P<0.05). Glycans and metabolites associated with delayed
rebound correlated with low CD8+ T cell activation (%CD38
+HLADR+), high %effector CD8+ T cells, low %TIM3+
T cells, and low sCD163 (P<0.05).

Conclusions: Host metabolic and glycomic pathways, with
established immuno-modulatory properties, correlated with
TTVR and reservoir size in A5345. These pathways warrant
further investigation for their potential prognostic and functional
significance in determining viral rebound timing during ATI.
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OP 7.4 – 00012
Series of Jojo. A way to disseminate HIV Cure information in a
community language
J. Nabukenya1
1 Miles of Smiles Foundation, MUJHU Research Collaboration, Uganda,
Uganda

Josephine Nabukenya is a young person living with HIV and a
founder of Miles of Smiles Foundation a youth led non-
government organisation in Uganda that is aimed at creating a
smile on every young person. She also supports the social support
division to design and implement psychosocial support activities
for young people living with HIV at MUJHU Research
Collaboration and a published author of Beyond your status,
thriving in life in spite of HIV.

Background: Little or no active participation of community
people including people living with HIV in the HIV Cure field has
been realized for a long time. This can be attributed to the field
remaining scientific hence the need to simplify Cure science into
a community language that everyone can understand for it to
gain support in terms of people living with HIV advocating for
Cure research, recruiting research participants and above all,
generating policies in favour of the research in low- and middle-
income countries. With that background, a platform known as
#seriesofjojo was created to simplify HIV Cure information into
community language and disseminate it in a youth-friendly
animation and illustration way via social media with a primary
target of adolescents and young people.

Methods: We selected a team of adolescents and youth peers
from 10 health facilities whom we dived deeper into basic HIV
Cure information facilitated by the AVAC team.

We identified scientific terms used during HIV Cure science
and we simplified them to community lay language.

Since this happened during the COVID-19 tough times, we
formulated a WhatsApp group and decided to disseminate the
information through illustrations and animated cartoon-like
characters.

Back-and-forth communication with the IAS and the AVAC
team was observed to ensure that the translated and imagery
characters do not lose the original meaning.

Dissemination of the designed illustrations and animated
videos through Facebook, Instagram and YouTube targeting
adolescents and young people.

Results: Adolescent and youth peers have been empowered
with HIV Cure information in a simplified way as well as tools to
use as reference when jazzing about HIV Cure with their peers
have been made available. Facebook 1331 views and 679 shares;
Instagram 719 likes; Youtube 896 views.

Figure. Shock and Kill illustration.

Conclusions: The quest for HIV Cure information is high,
especially among adolescents and young people living with HIV.
Creating Series of Jojo platform to simplify the science has
enabled them to understand it, demystify myths and misconcep-
tions as well as use the illustrations and animated video as a point
of reference when having Cure discussions with their peers.
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PP 7.1 – 00004
Community HIV clinicians’ perceptions about HIV cure-related
research in the Northwestern USA
M. Louella1, L. Sylla1,2, H. Patel3, J. Simoni4, K. Dubé3,5
1defeatHIV Collaboratory, Seattle, WA, USA;
2School of Medicine, Division of Allergy and Infectious Diseases, Mountain
West AIDS Education & Training Center, University of Washington, Seattle,
WA, USA;
3UNC Gillings School of Global Public Health, Chapel Hill, NC, USA;
4 Departments of Psychology and Global Health, University of Washington,
Seattle, WA, USA;
5UCSD School of Medicine, Division of Infectious Diseases and Global Public
Health, San Diego, CA, USA

Background: Prior research shows that the decision of people
with HIV (PWH) to participate in HIV cure-related research trials
is directly affected by HIV clinician input. However, in the
context of HIV cure-related research, non-researcher community
HIV clinician perspectives remain understudied. We aimed to
learn how community HIV clinicians perceive HIV cure research
and identify factors they weigh when encouraging or discour-
aging HIV cure trial participation by their patients.

Methods: We recruited a purposive sample of 12 community
HIV clinicians in metro-Seattle, WA to participate in in-depth
interviews. We completed 11 interviews via teleconference and
received one written response. We used conventional content
analysis to analyze the data.

Results: Our findings indicate that community HIV clinicians
were generally supportive of patient participation in HIV cure-
related clinical trials. Factors affecting support included knowl-
edge of local trials, ease of referral, patient immune function and
health stability, study risks and benefits, burden of study
requirements, patient characteristics, patient life stability,
potential impact on engagement in care, study communication
plans, and beliefs that patients should have the autonomy to
decide to participate. Participants had concerns about trials
requiring treatment delays or interruptions, highlighting the
contradictory messages that would be sent regarding the
importance of medication adherence. HIV transmission risk
during analytical treatment interruptions was also a concern
voiced by community clinicians. While they were skeptical of
HIV cure discovery in the near term and their knowledge of HIV
cure-related research was limited, they were receptive to
furthering their knowledge about open HIV cure trials to which
they could refer patients. Community clinicians also suggested
ways researchers could meaningfully engage them.

Conclusions: It is important for the field of HIV cure research
that those leading HIV cure trials increase engagement with non-
researcher community clinicians who care for PLWH early in the
trial design process. Pre-trial inclusion will facilitate establish-
ment of study and communication protocols with high accept-
ability, ultimately leading to better enrollment and retention
within these essential studies.
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Acceptability of Home-Based Blood Collection Device for Viral Load
Testing in HIV Cure Trials with Analytical Treatment Interruptions
K. Dubé1, H. Agarwal1, W.B. Carter2, L. Dee3,4,5, J. Taylor3,5,6,7,
C. Roebuck8, B. Peterson9, H. Patel1, S. Ndukwe1, K.M. Lynn10,
L. Lalley-Chareczko11, E. Hiserodt11, S. Kim10, D. Rosenbloom12,
B.R. Evans12, M. Anderson12, D.J. Hazuda12, K. Bateman12, B.J. Howell12,
L. Azzoni9, K. Mounzer11, P. Tebas10, L.J. Montaner9
1UNC Gillings School of Global Public Health, Chapel Hill, NC, USA;
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4AIDS Action Baltimore, Baltimore, MD, USA;
5Delaney AIDS Research Enterprise (DARE) CAB, San Francisco, CA, USA;
6RID-HIV Collaboratory CAB, San Diego, CA, USA;
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USA;
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10Hospital of the University of Pennsylvania, Philadelphia, PA, USA;
11Philadelphia FIGHT Community Health Centers, Philadelphia, PA, USA;
12Merck & Co, Inc., Kenilworth, NJ, USA

Background: Analytical treatment interruptions (ATIs) are a
critical component of HIV cure-directed trials and require weekly
or bi-weekly viral load tests that involve frequent venipunctures
and significant time commitments. Tasso, Inc. Merck & Co, Inc.,
Kenilworth, NJ, USA developed a novel viral load home-based
blood collection device that could help decrease participant
burden during ATIs and promote participation.

Methods: To evaluate the acceptability of the device with
people with HIV (PWH), we conducted in-depth interviews via
teleconference with participants engaged in two ATI trials with
the BEAT-HIV Delaney Collaboratory in Philadelphia, PA. From
January 2021–February 2022, we interviewed participants at
three time points: (1) within two weeks after participants
enrolled in the device study, (2) approximately four weeks after
they started to use the device, (3) within two weeks of the ATI
ending and ART being re-initiated.We used conventional content
analysis to analyze the data.

Results: A total of 17 individuals participated in the study: 15
were cis-gender males, 1 was cis-gender female and 1 trans-
gender woman. Our study showed the high acceptability of the
home-based blood collection device. We observed an 87%
success rate in drawing blood with a mean of 91.5 devices used
per participant. Most PWH found the device convenient,
comfortable, easy to use, safe, and painless. Participants viewed
the device as a simpler alternative to in-clinic venipuncture blood
draws. The main challenge reported was some of the devices did
not fill completely. Overall, most participants shared that they
had a positive experience with mailing the blood samples and
they would consider using the device regularly, even outside of
ATIs.
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Figure. Summary of ATI Participant Experiences.

Conclusions:Our study illustrates that PWH found the home-
based blood collection device for viral load testing valuable
within ATI trials. Some participants also expressed a willingness
to use the device for non-ATI trials. More research is required
before optimizing large-scale implementation of device across
ATI trials and to assess the sensitivity of viral load results in
context of ATI trials.
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Virion Immunocapture Reveals Low-level Myeloid-derived HIV
Expression in Semen under INSTI-based Therapy is Disparate from
Circulating Seminal and Blood Proviral Sequences
J. Johnson1, J.F. Li1, J. Politch2, J. Lipscomb1, J. Defelice3, M. Gelman3,
K. Mayer4, D. Anderson2
1Centers For Disease Control, Atlanta, USA;
2Boston University School of Medicine, Boston, USA;
3The Fenway Institute, Boston, USA;
4The Fenway Institute, Harvard Medical School, Boston, USA

Background:We expand on our earlier reporting of distinct HIV
expression between semen and blood in men using INSTI-based
regimens to here describe the relatedness of seminal variant
genotypes to those of circulating blood and seminal cell
proviruses.

Methods: Men living with HIV on INSTI-based regimens for
>6 months (n= 15, group A), £6 months (n= 8, group B) or
initiating a regimen (N=1, group C) provided semen, blood, and
rectal swabs for virologic examination. Virions were isolated
from fresh blood and seminal plasmas by immunocaptures
targeting particle-embedded proteins associated with cell
source. Amplifiable nucleic acids from captured virion, swabs,
and seminal and blood cells were sequenced in pol/RT to assess
genetic diversity between specimen types.

Results: Five of 15 group A men had blood virus detected
below the limit of quantitation (<30 copies/mL), the remaining
were undetectable. Group B individuals had undetectable blood
VL except for one at <30 copies/mL. The group C individual VL
was 440 000 copies/mL and provided the only swab with
amplifiable HIV sequence. HIV captures yielded amplifiable
seminal virion RNA from 7, 5 and 1 men in groups A, B and C,
respectively. Proviral sequences were obtained from all men
except two in group A. Nine men had distinct RT drug-resistant
variants segregated by cell-source marker. The immunocaptures
found CD3+ (lymphocyte) virus in only three semen samples.

Iba-1+ and CD14+ (macrophage-derived) virion in semen and
bloodwas distinct frommajority sequences but often appeared as
a minority variant link between blood and seminal viruses. The
HIV sequence from the group C rectal swab was identical to the
blood Iba-1+ variant. Virion genetic distances were as high as
7.4% (23 of 310 nucleotides differed) between compartments
over the RT region analyzed (Figure).

Conclusions: Despite INSTI combination therapy, virus was
isolated by immunocapture and often had evidence of multiple
myeloid lineage sources with large genetic distances (>2%) both
within semen and between semen and blood. Genetic distances
were greatest between virion and peripheral cell provirus,
pointing to ongoing low-level expression from non-circulating
cells. The evidence implies persistent virus expression from
tissue-resident myeloid cell sources under potent therapy.
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Acquisition of SARS-CoV-2 infection during an HIV cure study with
an ATI period
I. Mcgowan1, L. Bailon2, S. Devi3, C. Brander1, J.R. Arribas4
1Aelix Therapeutics, Barcelona, Spain;
2Hospital Universitari Germans Trias I Pujol, Fundació Lluita Contra Les
Infeccions, Badalona, Spain;
3Gilead Sciences, Inc., Foster City, USA;
4Hospital La Paz, Madrid, Spain

Background: Since January 2020 Spain has experienced
multiple waves of SARS-CoV-2 (SCV2) infection that have
significantly impacted the conduct of clinical trials. of particular
concern was whether individuals with HIV infection would be at
heightened risk of significant morbidity or mortality associated
with acquisition of SCV2 infection. This concern was raised
further for individuals with uncontrolled HIV infection. HIV cure
research studies require an ATI period when it can be anticipated
that participants will experience viremia and provide a unique
opportunity to explore the interaction between HIV and SC2 V
infections.
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Methods: AELIX-003 is a Phase 2, randomized, double blind,
placebo-controlled HIV cure study being conducted across eight
sites in Spain (NCT04364035). Participants were randomized to
receive two HIV vaccines (ChAdOx1.HTI and MVA.HTI) and oral
vesatolimod or matched placebos. Twoweeks after the final 10th
dose of vesatolimod, study participants whose plasma viral load
(PVL) was <50 copies/mL plasma and CD4 count >400 cells/
mm3 entered a 24-week ATI period. During the ATI period,
participants had weekly HIV PVL and monthly CD4 count
quantification. The protocol mandated that individuals who
experienced a single PVL of >100 000, eight weekly sequential
PVL of >10 000 copies/per mL plasma, or a CD4 count <350
cells/mm3 were required to restart antiretroviral therapy (ART).
SCV2 testing was performed as clinically indicated.

Results: Forty-seven participants entered the ATI period
between January 2021 and April 2022. SCV2 vaccination rates
were >95%. Eight individuals acquired SCV2 infection during
the ATI period. All participants with SCV2 infection had
previously been vaccinated against SCV2 infection. There were
no hospitalizations and clinical symptoms were G1/G2. No
participants were required to restart ART due to loss of
virological or immunological control associated with SCV2
infection.

Conclusions: Acquisition of SCV2 during ATI was not
associatedwith significant morbidity ormortality. It is reassuring
that no study participants with SCV2 infection crossed the per-
protocol virological or immunological thresholds for ART
resumption during the ATI period.
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Changes to microglial genome structure and function in the HIV
infected brain
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2Friedman Brain Institute;
3Department of Neuroscience;
4Department of Neurology;
5Department of Pathology;
6Division of Infectious Diseases, Department of Medicine, Icahn School of
Medicine at Mount Sinai, New York, USA;
7UNC Neuroscience Center, University of North Carolina; Chapel Hill, NC,
USA;
8Department of Genetics, University of North Carolina; Chapel Hill, NC, USA

#These authors contributed equally and are co-senior authors.

Background: Genomic and transcriptomic exploration of the
HIV-infected human brain is critical to understanding and
developing treatments for HIV cure strategies. However, to
date, genomic studies in HIV i brain have primarily focused on
bulk tissue RNA profiling. Herein we describe the first cell-type-
specific, integrative genomics studies, including HIV integration
site sequencing, chromosomal conformation (‘3D genome’)
mapping, and single nucleus transcription, of frontal lobe
tissues from individuals whowere HIV-infectedwith encephalitis
(HIVE), HIV infected without encephalitis (HIV+), and HIV-
uninfected (HIV−).

Methods: Frontal cortex samples from the Manhattan HIV
Brain Bank were processed for 10X Chromium single nucleus
RNA-sequencing (snRNA-seq; n= 3 HIV−, n= 3 HIV+ without
HIVE [HIV+], and n=7 HIV+ with HIVE [HIVE]). In situ Hi-C
3D Genome/chromosome conformationmapping was performed
on fixed Irf8+ microglial and NeuN+ neuronal nuclei sorted
using fluorescence activated nuclei sorting (FANS; n= 2 HIV−,
n= 2 HIVE, n= 1 HIV+). Integration site sequencing (IS-seq)
was performed on FANS isolated NeuN+ neuronal and NeuN-
non-neuronal nuclei for 27 samples (n= 6 HIV−, n= 18 HIV+,
n=7 HIVE). We built an integrative dataset from 79 snRNA-seq,
Hi-C, IS-seq, and chromatin ChIP-seq files from postmortem
brain, complemented by studies in cell culture.

Results: In both HIV+ and HIVE microglia, we observed
decreased expression and repressive compartmentalization of
genes involved in homeostatic support functions for the neuronal
synapse. In HIVE microglia only, there was also reorganization of
open/repressive (A/B) chromosomal compartment structures
encompassing 6.4% of the genome, linked to transcriptional
activation of interferon (IFN) signaling and cell migratory
pathways. Brain IS-seq recovered 1221 integration sites, the
vast majority from HIVE non-neuronal nuclei, with distinct
genomic patterns as compared to peripheral lymphocyte
integration and enrichment for chromosomal domains newly
mobilized into a permissive chromatin environment in HIVE
microglia. Viral transcription occurred in a subset of highly
activated HIVE microglia comprising 0.003% of all HIVE brain
nuclei.

Graphical abstract

Conclusions: Our findings point to a disruption of microglia-
neuronal interactions in the HIV infected brain and an
interrelation of retroviral integration and expression with
interferon-associated remodeling of the microglial 3D genome
during progression to HIVE.

Funded by NIDA grants R61DA048207 and R01DA054526.
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PP 7.6 – 00036
Single cell transcriptomics identifies PTMA as a host gene that
inhibits HIV during acute infection in vivo
A. Geretz1,2, P.K. Ehrenberg1, R. Clifford1,2, A. Laliberte3, C. Prelli Bozzo3,
S. Shangguan1,2, M. Rolland1,2, N. Phanuphak4, R. Apps5, M. Robb1,2,
J.A. Ake1, S. Vasan1,2, D. Hsu1,2, B. Hahn6, F. Kirchhoff3, R. Thomas1
1U.S. Military HIV Research Program,Walter Reed Army Institute of Research,
Silver Spring, Maryland, USA;
2HenryM. Jackson Foundation for the Advancement of MilitaryMedicine Inc.,
Bethesda, Maryland, USA;
3Institute of Molecular Virology, Ulm University Medical Center, 89081 Ulm,
Germany;
4SEARCH, Thai Red Cross AIDS Research Centre, Bangkok, Thailand;
5Center for Human Immunology, NIH, Bethesda, Maryland, USA;
6Departments of Medicine and Microbiology, University of Pennsylvania,
Philadelphia, PA, USA

Background: The viral reservoir during antiretroviral therapy
(ART) is the major contributor to HIV persistence and varies
between individuals. A better understanding of donors at the
acute HIV infection (AHI) timepoint is required to understand
HIV infection and reservoir establishment. Single cell technolo-
gies can simultaneously capture host and viral transcripts from
primary cells during AHI, enabling identification of the cellular
actors influencing HIV at this critical timepoint.

Methods: Single-cell transcriptomics was performed on
peripheral blood samples from participants at the time of
diagnosis of AHI prior to ART initiation, and after 48 weeks of
ART when virally suppressed. Host gene expression, TCR
diversity and HIV RNA (vRNA) levels from the same individual
cells were measured by single cell RNA-sequencing (scRNA-seq).
Selected host genes correlating with vRNA were investigated in
vitro, where they could be overexpressed to assess effects on HIV.

Results: Single cell RNA-seq detected vRNA in CD4+
memory T cells that expressed markers of cytotoxicity and
persistence, and also had had higher clonal expansion. Wide
sequencing of one participant with the highest viral load and
comparisons across cells revealed that vRNA levels associated
inversely with expression of the host gene prothymosin alpha
(PTMA). This association was genome-wide significant and
validated in eight additional participants representing different
ethnicities and various HIV subtypes. Further, in comparisons
across 21 individuals, the frequency of vRNA+ CD4+ memory
T cells at the acute timepoint correlated inversely with average
PTMA expression at the ART timepoint. A direct effect of PTMA
on HIV was confirmed by in vitro overexpression assays, where
increased expression inhibited proviral transcription and infec-
tious virus production in a dose-dependent manner.

Conclusions: HIV can be detected in primary cells from AHI
using scRNA-seq. Through unbiased transcriptome analyses in
single cells, we identified PTMA as the host gene most
significantly inversely correlated with vRNA levels. Inter-
individual variation further suggested PTMA expression inhibits
HIV in vivo and this was supported by in vitro functional data.
These results suggest PTMA is a novel host restriction factor, of
importance given its identification by unbiased transcriptome
screening of host cells from primary infection.
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Temporary increase in circulating replication-competent latent HIV-
infected resting CD4+ T cells after switch to a Dolutegravir-based
antiretroviral regiment
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B. Lynch4, J. Hackman4, J. Lai3, S. Tomusange5, T. Kityamuweesi5,
S. Jamiru5, A. Anok5, P. Buule5, D. Bruno6, C. Martens6, R. Rose7,
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Background: The primary barrier to an HIV cure is the presence
of a latent viral reservoir (LVR) made up primarily of latently
infected resting CD4+ (rCD4) T-cells. Studies in the USA have
shown that the LVR decays slowly (half-life= 3.8 years), but it is
unclear what this decay rate is in Africa.

Methods: This study examined longitudinal changes in the
LVR of ART-suppressed Ugandans living with HIV (n=69) from
2015 to 2020 by measuring infectious units per million rCD4 T-
cells (IUPM) derived from quantitative viral outgrowth assays
(QVOA). In 2019, Uganda instituted a nationwide rollout of
Dolutegravir (DTG)-based ART replacing previous NNRTI-based
regimens. Data were analyzed using two versions of a novel
Bayesian model that predicted the decay rate of the LVR versus
time on ART as a single, linear rate (model A) or allowing for an
inflection at time of DTG switch (model B). The models also
examined the role of sex andmenopause. Outgrowth viruses were
deep-sequenced to examine for possible ongoing viral evolution.

Results: IUPM data from a median of four time points per
person (range=2–5, n= 235) were included in the analyses.
Model A estimated the slope of LVR change in the population as a
non-significant positive increase, suggesting no decay of the LVR.
Interestingly, 18% of patients who switched to DTG (11/61)
experienced a significant temporary increase in IUPM 6–12
months post-switch (Figure 1). In addition, model B estimated a
significant decay pre-DTG switch with a half-life of 7.7 years
(IQR=5.4–12.9), but a significant positive slope post-DTG
switch leading to a doubling-time of 8.1 years (IQR=6.5–10.9).
Male sex was associated with higher IUPM (β:+1.2 IUPM), as
was being post-menopausal when compared to pre-menopausal
women (β:+0.4 IUPM). There was no evidence of viral failure in
the cohort. Additionally, there was no evidence of evolution in
the outgrowth viruses associated with the DTG-associated
increase.
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Conclusions: These data suggest that either the initiation of
DTG, or cessation of NNRTI, is associated with a significant
temporary increase in the circulating inducible replication-
competent LVR. This phenomenon, if confirmed in other
populations, may provide an opportunity to target the LVR
during DTG initiation.
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PP 7.8 – 00060
Slowing or Reversal of Decay of Intact Proviruses Over Two Decades
of Suppressive ART
J. Cyktor1, R. Gandhi2, R. Bosch3, H. Mar3, G. Laird4, E. Halvas1,
L. Brandt1, D. Mcmahon1, J. Eron5, J. Mellors1, L. Hovind6, S. Riddler1,
K. Ritter4
1 University of Pittsburgh, Pittsburgh, USA;
2Massachusetts General Hospital, Boston, USA;
3Harvard TH Chan School of Public Health, Boston, USA;
4Accelevir Diagnostics, Baltimore, USA;
5University of North Carolina, Chapel Hill, NC, USA;
6Frontier Science, Amherst, NY, USA

Background: The intact proviral DNA (IPD) assay is a measure of
the replication competent HIV reservoir. Little is known about
the decay patterns of IPD in people with HIV (PWH) during long-
term (15–20 yr) suppressive ART.

Methods: Participants in ACTG A5321 with chronic HIV and
documented suppression of viremia (<50 copies/mL) for
>15 yr had measurements of intact, 5′ or 3′ defective, and
total proviral DNA from blood samples. A biexponential model
for IPD was estimated using non-linear regression.

Results: Fourteen participants (5 female) were evaluated
longitudinally from ART yr 1 to ART yr 17–23 (median 20 yr; 8–
10 timepoints). Median pre-ART plasma HIV RNA was 4.2
log10 cp/mL and median pre-ART CD4 count was 377/mm3. At
yr 1 of ART, median IPD was 204 cp/million CD4+ T cells;
median (Q1, Q3) IPD percentage (intact/total) was 66% (41, 83).
By a median of 20 yr on ART, IPD percentage had decayed to 7%
(4, 10) reflecting selective decay of intact proviruses. Five
participants had biphasic IPD decay, 3 had biphasic decay with
a second phase plateau (slope effectively zero), and 2 showed
evidence of increased IPD levels during the second decade
(Fig. 1). The inflection or transition of decay occurred at amedian
of 5 yr after ART initiation (range 2–13 yr). The median first
phase IPD half-lifewas 1 yr (n= 10), whereas themedian second
phase IPD half-life was >25 yr (n= 8). For the two participants
with late IPD increases, second phase half-life was undefined. In
the other 4 participants, there was a variable pattern of IPD
decay, perhaps due to fewer cells assayed or lower IPD levels.

Conclusions: In PWH on long-term suppressive ART, three
patterns of IPD decay were revealed: (1) biphasic decline with
markedly slower second phase decline; (2) initial decline that
transitions to a zero-slope plateau; and (3) initial decline
followed by late increases in IPD. The mechanisms of slower
second phase decay or reversal are uncertain but may include the
inability to clear cells with intact but transcriptionally silent
proviruses and clonal expansion of cells with intact proviruses.
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Figure 1 (abstract: PP 7.7–00055) Longitudinal Ugandan IUPM data.
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PP 7.9 – 00073
HIV-1 Cell-Associated RNA Provides 0.8 Prediction Accuracy for
Time to Rebound after Treatment Interruption
Janet Huie1, C. Zhou1, A.J. Greenberg2, J.A. Nichols1, J.L. Huie1
1Jan Biotech, Ithaca, NY, USA;
2Bayesic Research, Ithaca, NY, USA

Background: The goal of ACTG A5345 cohort IMAP study was to
identify pre-treatment interruption (pre-TI) biomarkers predict-
ive of time to HIV viral rebound to support the design and
evaluation of HIV cure trials.

Methods: Total RNAwas isolated fromA5345 participant pre-
TI PBMCs (N=45: N=33 initiated ART in chronic HIV-1
(chronic cohort); N=12 initiated ART in acute/early HIV-1
(acute/early cohort)). HIV RNA targets were amplified and
detected using oligonucleotide-templated photoreduction with
fluorogenic probes (Jan Biotech, Inc.) specific to conservedHIV-1
sequences. Spearman correlations and cross-validation-based
predictions were performed.

Results: TAR, long-LTR, Pol and Env cell-associated HIV-1
RNAs were tested, and we found TAR RNA level strongly
correlates with time to rebound for the A5345 acute/early
cohort (−0.67, p= 0.02), suggesting TAR RNA is largely
produced by the functional reservoir in this cohort. While ART
initiation fixes the HIV provirus population, ART duration
progressively selects against functional proviruses and loss-of-
function mutations accumulate. We found controlling for ART
duration improves the TAR RNA level to rebound correlation and
significance (−0.75, p= 0.007).

Most significantly, we found that for the early/acute cohort,
ART duration together with TAR RNA level provides 0.79
prediction accuracy (p= 0.018) of time to rebound. No other
measure used in the trial approaches this predictive power (for
the acute/early cohort, iSCA correlated at −0.68, p= 0.015, but
with only 0.16 prediction accuracy). Correlation provides a
comparison of known variables; predictive power indicates
future time to rebound.

Conclusions: We report that HIV-1 cell-associated RNA
provides 0.8 predictive accuracy for time to rebound in the
ACTG A5345 acute/early cohort. The data indicate that the size
of the functional reservoir in this cohort is adequately captured

by the cell-associated TAR RNA level. The high predictive value
and reproducibility of the assay for the acute/early cohort may be
useful for clinical trials evaluating new HIV remission and cure
treatments. The strong predictive accuracy of the assay supports
small (N£20) Phase II clinical drug evaluation groups composed
of acute/early participants.
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PP 7.10 – 00088
Macrophage-Tropic HIV-1 Variants Contribute to Pediatric Rebound
Viremia off ART
K. Ganta1, C. Zhou1, A.J. Greenberg1, J.A. Nichols1, J.L. Huie1,
T. Macatee1, E. Chambers1, R. Brody1, E. Szomolanyi-Tsuda1,
M. McManus1, K. Luzuriaga1, D. Persaud2
1Program in Molecular Medicine, UMass Chan Medical School, Worcester,
MA, USA;
2Department of Pediatrics, Johns Hopkins University School of Medicine,
Baltimore, MD, USA

Background: HIV-1 latent reservoir studies have focused on
peripheral blood CD4+ T cells. HIV-1 also infects macrophages
and infected macrophages persist on suppressive ART. While
tissue-based reservoirs are difficult to study, analyzing plasma
rebound viruses can provide insight into these reservoirs and
their susceptibility to pharmacologic or immunologic control.
Macrophage-tropic (mac-tropic) viruses have been detected in
infant plasma as early as 2 months of age (Peters, J Virol, 2006),
suggesting the early establishment of macrophage reservoirs in
children. The present study analyzed rebound plasma virions
from a very early-treated child who subsequently discontinued
ART to evaluate the extent to which macrophages serve as a
reservoir and contribute to rebound viremia.

Methods: We have previously reported a well-documented
case of HIV-1 remission in a child who initiated ART at 30 hours
(Persaud, NEJM, 2013); plasma taken at the viral rebound off
ART (46 months of age; Luzuriaga, NEJM, 2015) was used for
analyses. Single genome amplification was used to generate full-

Figure 1 (abstract: PP 7.8–00060) Examples of decay patterns in intact proviral DNA.
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length env sequences directly from rebound plasma virions, or
after virion immunocapture (VIC) using CD3- or CD14-conju-
gated magnetic beads. Env+ pseudoviruses (Env+PV) were
then constructed and used tomeasure infection of TZM-bl cells or
primary macrophages, as well as susceptibility to inhibition by
neutralizing Ab and soluble CD4 (sCD4).

Results: A subset of Env+PV generated directly from
rebound virions infected primary macrophages (mac-tropic)
and were sensitive to sCD4 inhibition. Env+PV prepared from
CD14-captured virions were mac-tropic and had higher sensitiv-
ity (lower IC50’s) to sCD4 inhibition, while Env+PV from CD3-
captured virions were non-mac-tropic and had lower sensitivity
(higher IC50’s) to sCD4 inhibition. The study of additional very
early-treated children is ongoing.

Conclusions: Mac-tropic viruses contributed to HIV-1
rebound. The VIC results suggest that mac-tropic viruses likely
originated from macrophage-lineage cells and are compatible
with prior reports of early macrophage reservoir establishment in
pediatric infection.
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PP 7.11 – 00091
In vivo and in vitro imaging of viral reservoirs to understand
bystander damage during chronic HIV infection
E. Eugenin1
1Department of Neurobiology, University of Texas Medical Branch (UTMB),
Galveston, USA

Background: HIV has become a chronic disease due to the
success of antiretroviral therapy (ART), but ART is not a cure. The
main obstacle to achieving HIV eradication is the early
generation of circulating and tissue-associated viral reservoirs.
The best characterized viral reservoirs are memory CD4+ T
lymphocytes due to easy access to blood. However, it has become
evident that tissue-resident viral reservoirs, including in lymph-
oid and brain tissues, are essential to reach a cure.

Methods: Recently, our laboratory developed a multi-
detection system to identify and quantify in the same assay
HIV-DNA, viral mRNA and several host/viral proteins using in
situ hybridization in combination with antibody staining.

Results: Our microscopy and image analyses identified in the
brain and lymph nodes of HIV-infected individuals under long-
term ART three different cell populations or compromised areas:
first, the viral reservoir with HIV integrated DNA; second,
uninfected cells surrounding viral reservoirs up to a distance of
∼350–500 μm with significant signaling, immune, and inter-
organelle compromise and lastly, cells surrounding viral reser-
voirs to distances more than 500 μm that looks healthier. These
three distinct areas will be examined in the current proposal.

Our data using in situ hybridization and antibody staining of
human brain tissues indicates that in lymph nodes, the viral
reservoir corresponds to T cells and a small subset of dendritic
cells. Both reservoirs were sensitive to long-term ART (up to 23
years of treatment); however, long-term drug abuse prevented
the reduction in the viral reservoir pool achieved by ART. The
blood samples identified a similar profile for T cells and
monocytes. In the brain, we identified that microglia/macro-
phages and a small percentage of astrocytes are the reservoirs.
Long-term ART reduced the myeloid reservoirs but did not affect

the astrocyte reservoir, suggesting that some viral reservoirs are
insensitive to long-term ART. Drug abuse prevented the
reduction in the CNS reservoir pool induced by ART in myeloid
but not glial cells.

Conclusions: Our data indicate that HIV and drug abuse
potentiate to prevent long-term viral reservoir clearing.
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PP 7.12 – 00192
The immune synapses reveal aberrant functions of CD8 T cells
during chronic HIV infection
Y. Sykulev1,4,5, N. Anikeeva1, M. Steblyanko1, L. Kuri-Cervantes2,3,
M. Buggert2,3, M.R. Betts2,3
1Departments of Microbiology and Immunology, Thomas Jefferson University,
Philadelphia, USA;
2Institute of Immunology, Thomas Jefferson University, Philadelphia, PA,
Department of Microbiology, USA;
3Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA;
4Medical Oncology, Thomas Jefferson University, Philadelphia, USA;
5Sydney Kimmel Cancer Center

Background: Cytotoxic CD8 T cells play essential role in anti-
HIV immunity. Chronic HIV infection causes persistent low-grade
inflammation that induces premature aging of the immune
system in the infected people including senescence of memory
and effector CD8 T cells. Upon recognition of the infected cells,
CD8 T cells establish contact area which transforms into highly
organized structure called immunological synapse (IS). The
formation of this structure contributes to the coordinated
delivery and release of cytolytic granules to target cells hat
determined efficiency of the CTL cytolytic activity.

Methods: We exposed freshly isolated T cells to planar lipid
bilayers containing ligands for T-cell receptor and a T-cell
integrins and analyze the cellular morphology, dynamics of
synaptic interface formation and patterns of the cellular
degranulation.

Results: The cells with different interfaces exhibited notable
dissimilarity in pattern and kinetics of degranulation that was
dependent on T cell differentiation stage and the infection status.
Unexpectedly, we have found that a substantial fraction of naïve
CD8 T cells from HIV-infected people are able to form mature
synapses and release granules, a signature of a differentiated
T cells.

Conclusions: Our findings suggest that chronic inflammation
during HIV infection mediates changes in the ability of T-cells to
form synaptic interfaces and, consequently, alters their func-
tional activity. Further differentiation of aberrant naïve T cells
may lead to the development of anomalous effector T cells
undermining their capacity to control HIV and other pathogens
that could be contained otherwise.
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PP 7.13 – 00090
Early evolution of HIV-1 from transmitted founders during acute
infection
V. Boltz1, W. Shao6, A. Capoferri1, M. Rolland2, N. Phanuphak3, D. Hsu2,
C. Sacdalan3, J. Mellors4, J. Coffin5, M. Kearney1
1HIVDynamics and Replication Program, National Cancer Institute, Frederick,
USA;
2US Military HIV Research Program, Walter Reed Army Institute of Research,
Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc.,
Bethesda, USA;
3Institute of HIV Research And Innovation, Bangkok, Thailand;
4Department of Medicine, University of Pittsburgh, Pittsburgh, USA;
5Department of Molecular Biology and Microbiology, Tufts University, Boston,
USA;
6Leidos Biomedical Research, Inc., Frederick National Laboratories for Cancer
Research, Frederick, MD, USA

Background: To better define the number of transmitted founder
variants and sequence divergence from founders in the first few
weeks following HIV-1 transmission, we performed ultra-
sensitive single genome sequencing (SGS) of pol and env HIV-1
RNA in plasma samples from individuals with acute HIV-1
infection.

Methods: HIV-1 RNA was extracted from plasma of donors
with acute CRF01_AE infection (Fiebig II-IV) enrolled in the
RV254/SEARCH070 Cohort (NCT00796146). Five donors had
been identified by standard SGS as having multiple transmitted
founders (TFs) and 10 as single TFs, consistent with the prior
report showing 70% having single TFs in RV254. Our ultra-
sensitive SGS method with primer IDs and paired-end Illumina
sequencing was applied to identify >10 000 independent pol
and env sequences per sample. We used radial trees (Figure 1)
and star phylogeny to identify TFs, calculated transition/
transversion (Ti/Tv), non-synonymous/synonymous (dN/dS)
ratios, identified drug resistance mutations (DRMs), and ana-
lyzed the phylogenetic relationships between emergent variants.

Results: An average of 12 823 pol and 11 249 env independ-
ent RNA sequences determined from consensus building of
millions of barcoded reads were obtained from the plasma of the
15 donors. In single TF infections, an average of 85% of the
genomes were identical to the TF. An average of 13% of the
genomes contained only a single mutation, 1% contained 2
mutations and 1% had 3–6 mutations. Ti/Tv ratios were 5.5 and
3.4 in pol and env respectively. DRMs were found at very low
frequency (0.01–0.09%) in all samples. Mutations predicted to
confer resistance to the antibody VRC-01 were also present in all
samples. The dN/dS in env (M=2.83, SD=0.90) was greater
than pol (M=1.47, SD=0.74; t(9)= 3.31, p= 0.009).
Mutation frequency was higher in both genomic regions in
samples from later Fiebig stages.

Conclusion: Ultrasensitive SGS (>10 000 genomes per
sample) did not identify more transmitter founder variants than
low depth (10 genomes) SGS, verifying that HIV-1 infection is
most commonly established by a single variant. By contrast,
ultrasensitive SGS revealed viral evolution from the founder
variants in all samples including those from as early as Fiebig
stage II, indicating rapid evolution of HIV-1, including appear-
ance of DRMs soon after transmission.
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Figure 1 (abstract: PP 7.13–00090) Phylogenetic Analyses.
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Session 8: Antibody & Immune based Therapies

OP 8.2 – 00033
Interleukin-2 administration is a potent latency reversal agent in
people with treated HIV infection
M. Freeman1, B. Clagett1, D. Moisi1, K. Leskov1, J. Karn1, G. Laird2,
S. Sieg1, J. Jacobson1, B. Rodriguez1,3, M. Lederman1
1Case Western Reserve University, Cleveland, OH, USA;
2Accelevir Diagnostics, Baltimore, MD, USA;
3Deceased

Background: Interleukin (IL)-2 activates and expands T cells and
NK cells, promotes NK cytotoxicity, and in vivo in uncontrolled
HIV infection, increased plasma HIV levels. We asked whether
administration of recombinant (r)IL-2 to people with HIV (PWH)
well-controlled on antiretroviral therapy (ART) would induce
HIV replication and activate cellular immunity, potentially
leading to reduction in the HIV reservoir.

Methods: Nine men with ART-suppressed HIV were enrolled
to examine the effects of eight 4-day cycles of 5 million units
twice-daily subcutaneous rIL-2 administration on levels of
replication-competent HIV in circulating CD4 T cells. All nine
participants completed the first 4-day cycle, and some received
further cycles of rIL-2. Plasma cytokine levels were quantified,
and cells were analyzed by flow cytometry and scRNA-seq/Ab-
seq for markers of T and NK cell activation at day 7 of the first
cycle, and at later timepoints. Plasma viral levels were measured
by clinical and ultrasensitive viral load assays. Levels of HIV in
CD4 T cells were measured by intact proviral DNA assay.

Results: After rIL-2 administration CD4 and CD8 T cell counts
rose; “Treg-like” CD25+CD127− CD4 T cell proportions
increased; cycling of T cells increased; transcriptomic signatures
of enhanced cytolytic activity (e.g. IL32, GZMK, GNLY)
increased; proportions of NK cells expressing NKG2A and CCR2
increased; and numerous inflammatory mediators, acute phase
proteins, and coagulation markers increased. Plasma HIV levels
rose from <20 copies/mL by clinical assay to a median of 57
copies/mL (range 20–1635 copies/mL; P= 0.047), and similar
results were obtained with ultrasensitive assays. The study was
terminated in consultation with the safety monitoring committee
because of toxicities in three participants, onewith capillary leak
syndrome requiring hospitalization and two with biochemical
hypothyroidism.

Conclusions: IL-2 administration was not well-tolerated in
this small study among PWH with controlled infection but did
promote T and NK cell activation and induced substantial latency
reversal. After one cycle, there were not clear effects on HIV
reservoir size in circulating CD4 T cells. Further study of IL-2
strategies in HIV cure research is warranted.
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OP 8.3 – 00028
HIV-vaccine induced, broad and polyfunctional CD4 and CD8 T cell
responses are associatedwith prolonged time off ART and lower pVL
at the end of ATI in the AELIX-002 therapeutic vaccine trial
B. Mothe1, L. Bailon2, A. Llano3, Y. Alarcon-Soto4, C. Brander5
1Infectious Diseases Department & Irsicaixa, Hospital Germans Trias I Pujol,
Badalona, Spain;
2Infectious Diseases Department & Fight Infections Foundation, Hospital
Germans Trias I Pujol, Badalona, Spain;
3Irsicaixa Aids Research Institute, Hospital Germans Trias I Pujol, Badalona,
Spain;
4Fight Infections Foundation, Hospital Germans Trias I Pujol, Badalona,
Spain;
5Irsicaixa Aids Research Institute, Hospital Germans Trias I Pujol. Aelix
Therapeutics, Sl, Badalona, Spain

Background: The AELIX-002 trial was a randomized, placebo-
controlled trial to evaluate the safety, immunogenicity and effect
on viral rebound during an analytical treatment interruption
(ATI) of a combination of DNA.HTI (D), MVA.HTI (M) and
ChAdOx1.HTI (C) vaccines in 45 early-treated individuals
(NCT03204617). Multiparametric flowcytometry was used to
characterize HTI-vaccine induced responses in detail and to
relate their profile to ATI outcomes.

Methods: Cryopreserved PBMCs from week 28 (4 weeks after
completion of DDDMM-CCMand 4weeks before starting the ATI)
were stimulated with 4 peptide pools (9–43 peptides each)
spanning p17, p24/p15, Pol and Vif/Nef regions included in the
HTI vaccine immunogen. Surface markers of T cell linage (CD3/
CD4/CD8), follicular T cells (CXCR5/PD1), phenotype
(CD45RA/CCR7), activation (CD69/HLADR) and exhaustion
(TIGIT/PD1) were measured, along with effector functions
assessed as production of INF-γ, GrazymeB, IL-2 and TNF-α.

Results: HTI-specific responses, defined as the sum of the
HTI-IFN-γ+ populations for each HTI peptide pool, were both
CD4 and CD8 T cell-mediated. Vaccinees had a higher frequency
of HTI-specific polyfunctional CD8 T cells (expressing IFN-γ/
GzmB or IFN-γ/GzmB/TNF) and CD4 T cells (predominantly
expressing combinations of IL-2, IFN-γ and TNF-α) than placebos.
T cell exhaustion markers were not increased in HTI-specific
T cells in vaccinees after completing DDDMM-CCM. Importantly,
the frequency of CD8+ -and to a lesser extent CD4+- T cells,
expressing GzmB+ was positively correlated with the time off
ART and with lower HIV-1 pVL at the end of ATI in vaccinees
without beneficial HLA class I alleles, but not in placebo
recipients.

Conclusions: Vaccination induced the desired polyfunctional
CD4 and CD8 T cell responses to HTI that correlated with efficacy
outcomes during an ATI in vaccinees without beneficial HLA
class I alleles.
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OP 8.4 – 00165
TLR agonist and SIV mAbs administered to SIV-infected ART-
suppressed macaques did not delay rebound after treatment
interruption
H. King1,2,3, D. Brammer3, C. Lehman3, M. Roederer3, D. Bolton1,2,
R. Mason3, K. Song3, K. Foulds3, J. Lifson4, P. Darrah3, R. Geleziunas5
1U.S. Military HIV Research Program,Walter Reed Army Institute of Research,
Silver Spring, MD, USA;
2Henry M. Jackson Foundation for the Advancement of Military Medicine,
Inc., Bethesda, MD, USA;
3Vaccine Research Center, NIAID, NIH, Bethesda, MD, USA;
4AIDS and Cancer Virus Program, Frederick National Laboratory, Frederick,
MD, USA;
5Gilead Sciences, Foster City, CA, USA

Background: Elimination of HIV-1-infected cell reservoirs
through HIV monoclonal antibody (mAb) therapy is actively
being explored in HIV-1 curative strategies. Combination
approaches involving toll-like receptor (TLR) agonists and
mAbs have shown success in limiting viral rebound following
analytical treatment interruption (ATI) in SHIV-infected maca-
ques. Here, we sought to test the therapeutic efficacy of
neutralizing rhesus SIV mAbs in combination with TLR agonists
in SIV-infected macaques, a robust pre-clinical model with
consistent viral replication that suppresses with ART, enabling
evaluation of HIV-1 cure strategies in a potentially more stringent
manner than SHIV-based models.

Methods: 48 rhesus macaques (6 groups of n= 8 animals)
were inoculated intravenously with the tier 2 swarm SIVmac251
and ARTwas initiated 7 days post-infection. Four groups received
repeated administrations of one of four TLR agonists: (1) 2BXy
(TLR7/8); (2) CpG (TLR9); (3) LPS (TLR4); or (4) intravenous
BCG (TLR2/4/9), at weeks 32–50 while viremia was suppressed.
In addition, animals received 6 administrations of 2 anti-SIV
mAbs (weeks 40–50) including a potent CD4bs mAb. Additional
groups included: (5) mAbs without TLR agonists; and (6) ART
only. ATI occurred at week 76.

Results: TLR agonist administration stimulated strong
immune activation, with elevated CD69 expression on T and
NK cells for all tested TLR agonists, and a large increase in Ki67
following BCG vaccination (∼50% Ki67+ T and NK cells one

week post-inoculation). Despite substantial T cell activation, viral
blips were not observed during TLR agonist administration.
37.5% of animals that received TLR agonists developed anti-drug
antibody responses against the infused rhesus mAbs; responses
were not observed in the mAb-only arm. Following ATI, viremia
rebounded in all animals within 4 weeks, with no difference in
time to rebound or setpoint viremia among groups.

Conclusions: Co-administration of anti-SIV mAbs and TLR
agonists (including a TLR7 agonist) during ART- suppressed SIV
infection did not impact time to viral rebound or setpoint viremia
following ATI, in contrast to previous studies evaluating HIV
mAbs in a SHIV model. The mechanisms underlying these
discordant outcomes are unclear, supporting further investiga-
tion of immunologic and virologic endpoints achieved by mAb
plus TLR agonist therapy associated with post-ATI control.
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OP 8.5 – 00104
TGF-beta Blockade to Stop HIV White Noise: a New “Release and
Kill” HIV Strategy
E. Martinelli1, M.R. Haque1, J. Kim1, S. Samer1, Y. Thomas1, D. Bose2,
B. Keele3, R. Lorenzo-Redondo4,5, T.J. Hope1, F.J. Villinger2
1Cell and Developmental Biology, Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA;
2New Iberia Research Center, University of Louisiana at Lafayette, New Iberia,
LA, USA;
3AIDS and Cancer Virus Program, Frederick National Laboratory for Cancer
Research, Frederick, MD, USA;
4Department of Medicine, Division of Infectious Diseases, Feinberg School of
Medicine, Northwestern University, Chicago, IL, USA;
5Center for Pathogen Genomics and Microbial Evolution, Northwestern
University Havey Institute for Global Health, Chicago, IL, USA

Background:We recently demonstrated that TGF-β inhibits HIV-
1 reactivation in vitro and blocking TGF-β signaling with a small
molecule, galunisertib ((LY2157299; Gal) that reached clinical
phase 2 with Eli Lilly, reactivated HIV/SIV from latency ex vivo

Figure 1 (abstract: OP 8.6–00166)
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and in vivo. Moreover, a short 1–2 week Gal treatment in ART-
suppressed SIV-infected rhesus macaques stimulated anti-SIV
T cell responses.

Methods: To confirm and expand our findings, 7 rhesus
macaques were infected intravenously with the barcoded
SIVmac239M2 and treated with ART from week 6 post-infection
(pi). After 29 weeks on ART, the macaques were treated with a
more extensive Gal regiment consisting of four 2-weeks cycles of
oral Gal (20 mg/kg) twice per day. Blood, lymph nodes and
mucosal samples were collected before and after each of the first
3 treatment cycles and at the end of the 4th cycle. PET/CT
imaging using the 64Cu-DOTA-F(ab)2 p7D3 probe were per-
formed before and after the first 3 Gal cycles. ART was
interrupted 3 weeks after the end of the 4th cycle and the
macaques euthanized 7 weeks later.

Results: Gal treatment induced viral reactivation in blood
with blips above 100 copies/ml in 5 out of the 7 macaques.
Extensive SIV reactivation in tissues was documented by PET/CT
in all macaques particularly after cycle 2. Immunophenotyping
and barcode analysis is undergoing. However, preliminary data
suggest that Gal stimulated an effector phenotype in T cells with
increased expression of CD95 and shedding of CD62L. However,
Gal did non induce systemic immune activation at least at the end
of the 1st cycle, as suggested by PBMC RNAseq data and lack of
increased expression of CD69 and CD38 on T cells. Finally, cell-
associated viral DNA (vDNA) decreased by over a Log in lymph
nodes and colorectal biopsies of all treated macaques by the end
of Gal cycle 4th compared to before Gal.

Figure. Before and after cycle 2 of galunisertib.

Conclusions:Our studies suggest that targeting TGF-β in vivo
leads to attrition of the viral reservoir during ART, particularly in
tissues, by a combination of an increased frequency of SIV
reactivation events and enhanced SIV-specific responses.
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OP 8.6 – 00166
Autologous neutralizing antibody responses in bnAb-treated rhesus
macaques
K. Bar1, E. Viox2, R. Krause1, E. Lindemuth1, W. Jin3, S. Docken3,
S. Mallick1, M. Paiardini2
1University of Pennsylvania, Philadelphia, USA;
2Emory University, Atlanta, USA;
3Kirby Institute, Sydney, Australia

Background: Broadly neutralizing antibodies (bnAbs) are
important tools for HIV-1 cure strategies, yet the role of
autologous neutralizing antibodies (anAbs) during bnAb
therapy is unclear. We studied the kinetics of anAb responses
during VRC07523.LS therapy at analytical treatment interrup-
tion (ATI) in a robust SHIV-infected RhesusMacaque (RM)model
of HIV-1.

Methods: 18 RMs infected IV with 1×106 infectious units of
SHIV.D.191859 (SHIV.D) initiated ART at 120 days post-
infection (dpi). After 6 months of ART, all 18 RM underwent
ATI, during which 9 were administered 30 mg/kg VRC07.523LS.
Plasma virus env sequences were derived by single genome
sequencing. SHIV.D and rebound Envs were tested for neutral-
ization sensitivity.

Results: 18 RM experienced median peak and pre-ART viral
loads of 4.91×106 and 3.94×104 copies/mL, respectively.
Virus was suppressedwithin 3weeks of ART and rebounded in all
RM following ATI, with a significant delay in VRC07.523LS-
treated RM (median 41 vs. 28 days, p= 0.016). At 120 dpi, 56%
(10/18) of RMs had anAb responses against SHIV.D, withmedian
50% inhibition of 1:47 plasma dilutions (ID50) and 87 μg/mL
IgG (IC50), with strong correlation between plasma and IgG
(rs= 0.85, p= 1E-5). AnAb responses were stable over 6 months
of ART. Plasma virus env sequenced pre-ART and at rebound
(median 31 sequences per RM) revealed 1–5 rebound virus
lineages, which were universally resistant to 120 dpi plasma IgG.
Eight weeks post-rebound, plasma anAb responses rose ∼1000-
fold against both SHIV.D and rebound Envs, with greater
magnitude vs. SHIV.D (p=0.0053). In treated RMs, plasma
VRC07523.LS was detectable at rebound in 7/9 RM and
undetectable 8 weeks post-ATI in 9/9. Rebound Envs in bnAb-
treated RM were more VRC07523.LS-resistant than controls
(p= 0.0316).

Conclusions: SHIV.D-infected RMs demonstrate viral
kinetics, anAb responses, and response to bnAb monotherapy
that mirrors humans. Rebound virus escaped baseline anAb
responses, suggesting ongoing humoral immune pressure at ATI.
Virus rebound preferentially boosted anAbs against inoculum vs.
rebound virus, indicating antibody imprinting. AnAb potency
and durability suggest a potential role in restricting archived
virus to complement bnAb-based interventions.
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Background: Although antiretroviral therapy (ART) has dra-
matically improved the life expectancy of people livingwith HIV/
AIDS (PLWHA), ART alone cannot cure HIV infection. We
evaluated whether a messenger ribonucleic acid (mRNA)-based
therapeutic vaccine can be used to enhance CD8+ T cell
immunity towards the goal of reducing HIV reservoirs during
ART and control of viral replication after ART interruption.

Methods: Utilizing the nucleoside-unmodified RNActive®

vaccine platform, we found that an mRNA construct expressing
SIV Gag formulated in lipid nanoparticles (mRNA/SIV-Gag LNP)
is highly immunogenic in SIV naïve rhesus macaques (RM),
eliciting potent, broad, and systemically distributed SIV-specific
CD8+ T cell responses. Here, we assessed whether modification
of the 5′ cap as well as 5′ and 3′ untranslated regions (UTRs) can
further enhance the immunogenicity of mRNA/SIV-Gag LNP in
SIV-infected RM on ART. A total of 9 RMwere IV inoculated with
SIVmac239 and started on ART 9 days post-infection (dpi). RM
were subsequently randomized into 3 groups (n= 3) that
received 100 ug IM injections of (a) the standard mRNA/SIV-
Gag LNP, (b) an optimized (CAP/UTRs) mRNA/SIV-Gag LNP, or
(c) PBS as control at weeks 30, 33, 36, 60, and 93 post-ART
initiation. RM were euthanized on ART, 2 weeks after the last
vaccination to assess the distribution of vaccine elicited CD8+
T cell responses.

Results: Two-fold higher frequencies of Gag-specific CD8+
T cells were observed in bronchial alveolar lavage of RM that
received the optimizedmRNA/SIV-Gag LNP relative to those that
received the standard mRNA/SIV-Gag LNP. Higher Gag-specific
CD8+ T cell responses in blood and lymph nodes were also
observed in the optimized mRNA/SIV-Gag LNP vaccinees.
Responses were higher in both vaccine groups compared with
PBS controls. Finally, the magnitude of CD8+ T cell recognition
and suppression of viral replication in ex vivo studies using
autologous SIV-infected CD4+ T cells was higher in RM that
received the optimized mRNA/SIV-Gag LNP construct.

Conclusions: Collectively, these data indicated that opti-
mization of the 5′cap and untranslated regions of the mRNA/SIV-
Gag LNP can enhance the magnitude and functional activity of
SIV-specific CD8+ T cells in SIV-infected RM on ART.
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Background: A sterilizing cure for HIV will likely require
cytolytic effector cell-mediated elimination of HIV-infected
cells. CD8+ cytotoxic T lymphocytes (CTLs) are highly
efficacious during acute infection but become impaired by
escape and exhaustion during chronic infection. By contrast,
cytomegalovirus (CMV)-specific CTLs remain functional and
refractory to exhaustion, even amidst the generalized immune
dysfunction that can occur in chronic HIV infection.
Furthermore, CTLs specific for immunodominant CMV-derived
peptides are ubiquitous in CMV-seropositive individuals and
often reach high frequencies. In this study, we employ the
SIVmac239 model of HIV infection in Indian rhesus macaques
(RMs) to evaluate the efficacy of peptide-MHCI-antibody
(pMHCI-mAb) fusion proteins in facilitating the killing of
SIVmac239-infected CD4+ T cells by rhesus CMV (RhCMV)-
specific CTLs.

Methods:We generated pMHCI-mAb fusion proteins contain-
ing an SIVmac239 envelope-binding molecule (K11 mAb or
eCD4-Ig) and Mamu-A*02 loaded with RhCMV IE-1 VY9. Fusion
protein efficacy was assessed by flow cytometry-based assays
involving co-culture of RhCMV IE-1 VY9-specific CTLs and
autologous SIVmac239-infected CD4+ T cells to assess infected
cell elimination (live/dead stain, intracellular SIV Gag p27) and
CTL activation (CD107a and IFN-γ).

Results: Frequencies of SIV+ target cells were two- to five-
fold lower in fusion protein-treated co-cultures than in co-
cultures treated with eCD4-Ig alone or the K11 mAb alone. Both
the eCD4-Ig fusion protein and K11 fusion protein exhibited
potent activity, with EC50 values of 0.99 nM and 4.88 nM,
respectively, at an effector-to-target (E:T) ratio of 3:1. Fusion
protein-mediated reductions in SIV+ target cell frequencies were
statistically significant at both 10 nM and 100 nM (P<0.05 by
Welch’s t-test). Both fusion proteins facilitated similar reductions
in SIV+ target cell frequencies across E:T ratios of 1:1, 3:1, and
6:1, at a constant concentration of 100 nM. Both fusion proteins
stimulated CTL degranulation (CD107a) and IFN-γ production
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(approximate four-fold increase in the frequency of responding
CTLs), while the parental eCD4-Ig and K11 mAb did not.

Figure. Fusion proteins facilitate killing of SIV+ cells.

Conclusions: Our findings demonstrate in vitro proof-of-
concept for pMHCI-mAb fusion protein-mediated retargeting of
CMV-specific CTLs to kill SIV-infected cells and provide a
potential strategy to eliminate HIV/SIV-infected cells in vivo.
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Background: T cell-based therapeutic vaccination is a potential
approach to achieving durable control of HIV. We previously
reported immunogenicity data from a randomized clinical trial
(“PENNVAX,” NCT03606213) of Gag+Pol+IL-12 DNA (G/P),
Gag+Pol+Env+IL-12 DNA (G/P/E), or placebo (PBO) vaccin-
ation in 45 participants with HIV on suppressive antiretroviral
therapy (ART), and found that vaccination induced de novo and
boosted Gag-specific T-cell responses, with the most robust
responses with G/P. We now present virologic outcomes from the
trial.

Methods: Participants (median 8.4 years virologically sup-
pressed) were vaccinated Weeks 0, 4, 8, and 12. Markers of HIV
persistence were assessed serially pre- and post-vaccination by
LTR-gag HIV-1 DNA (total DNA), cell-associated LTR-gag RNA
(caRNA) and intact proviral DNA assay (IPDA) on isolated CD4+
T cells from cryopreserved PBMCs, as well as plasma HIV-1 RNA
(vRNA) by automated single-copy assay (SCA). Longitudinal
changes from baseline to Week 64 were compared between arms
by linear mixed effects models and a parametric model
accommodating left censoring at limit of detection for change
in SCA. Two participants with known ART interruptions were
excluded from analyses.

Results: G/P recipients had numerically greater reductions in
total HIV-1 DNA, defective genomes, caRNA, and plasma vRNA,
and increases in the proportion who achieved an undetectable
plasma vRNA over time, but no change in intact proviruses by
IPDA (Table). The effects were modest and significant compared
to placebo only for total DNA and quantitative plasma vRNA.

Table. Change in HIV persistence markers by arm

Conclusions: We found modest but consistent signals of
reductions in markers of HIV persistence with G/P vaccination,
the arm that induced the greatest Gag-specific T-cell responses by
IFNg ELISPOT. Further work to characterize correlates of
favorable vaccine-elicited immunologic and virologic responses
is ongoing, and may inform future therapeutic vaccine design.
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Background: The persistence of long-lived HIV-infected cells
comprising the latent reservoir is the main barrier to a cure.
“Shock and kill,” a strategy for clearing the latent reservoir,
involves selective reactivation of HIV gene expression through
treatment with a latency reversing agent (LRA) followed by
immune-mediated elimination of HIV-infected cells. To ensure
effective elimination of HIV-infected cells in the context of
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“shock and kill,” novel immunotherapies must be developed to
enhance HIV-specific cell-mediated cytolytic activity.

Methods: Here, we report single-chain diabody (scDb)
constructs that target the HIV envelope protein (Env) and the
human type III Fcγ receptor (CD16a). Two HIV-1-specific scDbs
were designed based on PG16 and 3BNC117, broadly neutraliz-
ing antibodies specific for the V1/V2 and CD4 binding site
regions of Env respectively. We evaluated the ability of the scDbs
to promote HIV-specific natural killer (NK) cell activation and NK
cell-mediated cytolytic killing of infected cells in vitro. Using the
intact proviral DNA assay and viral outgrowth assays, we
quantified changes in the frequencies of infected CD4+ T cells
isolated from 10 virally suppressed PLWH following ex vivo
reversal of latency and co-culture with autologous NK cells in the
presence of the scDbs.

Results: Both scDbs promoted robust and HIV-specific NK cell
activation and lysis of infected cells in vitro. These effects were
not observed with an isotype control scDb targeting an irrelevant
cancer epitope. Further, the Env-specific scDbs mediated
remarkable ex vivo clearance of cells harboring intact proviruses
(mean reduction 44%, range 20–67%, p<0.0001). This
clearance of reservoir cells was highly dependent on efficient
latency reversal. Notably, we did not detect changes in cells
harboring defective proviruses following ex vivo latency reversal
and co-culture, suggesting that the scDbs are highly specific for
cells expressing sufficient surface Env. Viral outgrowth assays
revealed comparable scDb-mediated reductions in cells harbor-
ing inducible, replication-competent proviruses (mean reduction
40%, range 20–61%, p<0.001).

Conclusions: Our study provides evidence that the HIV-
specific, NK cell-engaging scDbs described here are capable of
mediating potent elimination of HIV reservoir cells. In combin-
ation with effective LRAs, the scDbs merit further evaluation as
potential therapeutics for use in “shock and kill” HIV cure
strategies.
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Background: Broadly neutralizing antibodies (bNAbs) targeting
the HIV-1 envelope glycoprotein (Env) have shown potential for
the implementation in HIV-1 cure strategies. In addition to the
neutralizing capacity, BNabs can mediate Fc effector functions
such as complement dependent cytotoxicity (CDC), antibody
dependent cellular cytotoxicity (ADCC) and antibody dependent
cellular phagocytosis (ADCP) to facilitate clearance of HIV-1
infected cells. Research has shown that the Fc effector functions
of bNabs contribute substantially to their capacity to block viral
entry, suppress viremia and confer therapeutic activity. BNabs
may be further modulated through Fc engineering to make them
more suitable for therapeutic application. These strategies focus
on increasing the affinity for Fc gamma receptors (FcγRs) and

C1q to enhance Fc effector functions. Common Fc engineering
strategies include: introducing amino acid substitutions, altering
the antibody subclass or modulating the N297 glycan.

Methods: We produced eight different variants of the N6,
PGT121, PGDM1400, A32, J3 and 1F10 anti-HIV-1 antibodies
and nanobody-IgG1 constructs. This panel of antibodies targets
various epitopes of the HIV-1 Env and will allow us to study how
different engineering strategies affect Fc effector functions in
antibodies with different specificities. Our engineering strategies
focus on enhancing the binding to FcγRIIA, FcγRIIIA and C1q.
This is achieved by producing the antibodies afucosylated, as an
IgG3, by elongating the hinge or by introducing amino acid
substitutions.

Results: The antibody and nanobody-IgG1 constructs were
successfully produced in HEK293F cells and purified after which
molecular weight and the composition of the constructs was
confirmed using SDS-polyacrylamide gel electrophoresis. We
then confirmed that the engineered antibodies retained their
ability to bind HIV-1 Env. Additionally, we showed that the
engineered antibodies exhibited a higher affinity for FcγRIIA
and/or FcγRIIIA. Next, we will study how the different
engineering strategies affected our antibodies by looking at C1q
binding, neutralization potency and using Fc effector function
assays.

Conclusions: This study will show whether the engineering
strategies result in epitope specific effects and if the strategies
will mediate the same effect in nanobody-IgG1 s constructs as
they do in conventional antibodies. If our engineering antibodies
demonstrate enhanced Fc effector functions, they may prove to
be valuable towards HIV-1 curing strategies.
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Background: Immune therapies are potential strategies to
mediate ART-free control in people living with HIV-1. A
heterologous Ad26/MVA Mosaic therapeutic vaccine regimen
was tested in Thailand on participants who initiated antiretro-
viral treatment (ART) during acute HIV-1. After analytic
treatment interruption (ATI), this placebo-controlled trial
showed no significant difference in time to viral rebound; a
post-hoc analysis that excluded a controller in the placebo group
showed a modest delay in rebound in vaccinees. We investigated
the impact of Ad26/MVA Mosaic vaccination on binding
antibody (Ab) responses.

Methods: Binding Abs were profiled in 17 vaccine and 9
placebo participants at five time points between HIV-1 diagnosis
in acute infection (prior to ART) and peak viremia post-ATI.

Abstracts Journal of Virus Eradication 8S (2022)

107

https://doi.org/10.1016/j.jve.2022.100284
https://doi.org/10.1016/j.jve.2022.100285


Binding Abs were mapped against Envelope (Env) antigens
corresponding to subtypes A, B, C, D and G, CRF01_AE and
02_AG, group M and the Mosaic vaccine. Responses were
evaluated using Mann-Whitney tests, Spearman correlations
and Cox proportional-hazards models.

Results: After at least two years of ART and prior to
vaccination, binding Abs were low and preferentially targeted
CRF01_AE antigens (25 participants had Env corresponding to
CRF01_AE). Between acute infection and the first vaccination,
binding Abs increased in participants who started ART during
Fiebig I-III but decreased in participants starting ART during
Fiebig IV. Ad26/MVA Mosaic vaccination increased binding Abs
in vaccinees compared to placebos (p< 0.0001) between pre-
vaccination and peak immunity with a median fold change of
15.4 for vaccinematched Env, 14.1 for subtype B, but only 2.8 for
CRF01_AE antigens. The magnitude of binding antibodies
declined between peak immunity and ATI but Abs were still
significantly higher in vaccinees (p< 0.0001) at ATI. Upon viral
rebound, the magnitude and targets of binding Abs did not differ
across treatment groups and were not associated with time to
viral rebound.

Conclusions: Ad26/MVA mosaic vaccination elicited Ab
responses to multiple subtypes but did not specifically boost
the infection-specific CRF01_AE responses, potentially explain-
ing the limited impact of these binding Abs on CRF01_AE viral
control post-ATI. The limited cross-reactivity with CRF01_AE
emphasizes the need for vaccines that elicit responses represent-
ing circulating viruses in a population.
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Background: Lymphoid cellular reservoirs are anatomically
separated from cytotoxic T lymphocytes (CTLs) and natural killer
(NK) cells that control or eliminate virus-producing cells; thereby
creating an immune-privileged anatomical niche that contributes
to long-term viral persistence during suppressive antiretroviral
therapy (ART). We hypothesize that combination immune-based
approaches can retain cytolytic CD8+ T cells and NK cells in
lymph nodes (LNs) and induce cytotoxic function to facilitate
viral control; we therefore investigated the activity of combin-
ation FTY720 and N-803 therapy at ART initiation during late
acute infection; when the viral reservoir is fully established, and
SIV-specific cytotoxic responses are at their zenith.

Methods: 10 rhesus macaques (RMs) were intravenously
infected with 300 TCID50 SIVmac239 and initiated daily ART

(dolutegravir, tenofovir disoproxil fumarate, and emtricitabine)
at 22 days post-infection. 5 RMs underwent combination
immunotherapy with oral FTY720 (500 μg/kg; daily for 58
consecutive days) started at ART initiation and subcutaneously
injected N-803 (100 μg/kg; 4 doses with a 2-week spacing)
started 3-days following ART initiation. The remaining 5 RMs
served as treatment-naïve, ART-only controls. All animals were
euthanized 3 months following therapy cessation.

Results: In LN, there was an increase in the ratio of CD8+ to
CD4+ T cells with the former showing a pronounced enrichment
in the effector memory compartment (CD95+CCR7−; TEM),
which were more proliferative (Ki-67+), cytotoxic (Granzyme
B+), and with higher antiviral potential (TOX+). The proportion
of SIV-specific CD8+ T cells were not enriched by the
intervention. Additionally, therapy increased the frequency and
proliferation of LN NK cells, including those associated with
antibody-dependent cellular cytotoxicity (CD56−CD16+).
Despite lower levels of blood CD4+ T cells, treated animals had
indistinguishable viral load decay following ART initiation
relative to controls and exhibited similar content of LN cell-
associated SIV-DNA and -RNA during and following the
intervention.

Conclusions: While bioactive and successful in expanding
effector immune responses in LN, FTY720 and N-803 therapy
nonetheless failed to affect the content of cell-associated SIV-
DNAwith short-termART. These results suggest strategies relying
on the sequestration of effector immune cells in LN are, by itself,
unlikely to contribute to a HIV cure.
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Background: Despite the success of anti-retroviral therapy in
suppressing HIV-1, alternative approaches are required to
achieve ART-free remission or complete eradication of HIV-1 in
people living with HIV-1 (PLWH). One such strategy, the shock
and kill, aims to reactivate the latently HIV-1 infected cells
followed by clearance of these reactivated cells through immune
effector cells such as CD8+ T cells and Natural killer (NK) cells.
Broadly neutralizing antibodies (bNAbs) targeting the HIV-1
envelope glycoprotein (Env) are interesting candidates to
complement the development of an efficient kill strategy as
they were found to delay viral rebound in ART treatment
interruption (ATI) studies. To further enhance their killing
capacity through NK-cells, we produced glycoengineered (afu-
cosylated) bNAbs that have an enhanced affinity for Fc gamma
receptor IIIa (FcγRIIIa) on NK-cells.

Methods: Monoclonal anti-HIV-1 bNAbs (N6, 2G12,
PGDM1400, PGT121 and PGT151) were produced as conven-
tional and as afucosylated antibodies and characterized for the
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degree of fucosylation (mass-spectrometry), HIV-1 Env binding
(ELISA), NK-cell activation (CD107 expression, FACS) and killing
of HIV-1 infected cells. CD56+ NK-cells were isolated from
PBMCs from healthy donors (HD) and PLWH and served as
effector cells in NK-cell activation and killing assays. Reactivated
ACH-2 cells or HIV-1 infected CEM.CCR5.Nkr cells served as
target cells and antibody dependent cellular cytotoxicity (ADCC)
was quantified by the loss of infected (p24+) cells after co-
incubation with NK-cells and antibodies.

Results: Using mass-spectrometry, we confirmed that the
fucosylation degree of the afucosylated antibodies was markedly
reduced (0–20%) compared to the conventional bNAbs (>95%).
Afucosylated antibodies displayed enhanced FcγRIIIa binding,
NK-cell degranulation and NK-cell activation compared to
conventional bNAbs. Furthermore, ADCC of reactivated latent
cells was observed with three afucosylated anti-HIV-1 antibodies
(N6, 2G12, PGT151). When NK-cells from PLWH were used, the
activation and degranulation response to afucosylated antibodies
was less prominent, which was partially explained by low CD16
expression.

Conclusions: Here, we demonstrate that afucosylated anti-
HIV-1 bNAbs enhance NK-cell activation and degranulation,
culminating in ADCC mediated killing of HIV-1 infected cells in
vitro. A better understanding of the exhaustion profile of NK-cells
from PLWH will be necessary to address the potential of
afucosylated antibodies for HIV-1 therapy.
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1Emory National Primate Center, Emory University, Atlanta, USA;
2Division of Pharmacotherapy and Experimental Therapeutics, Eshelman
School of Pharmacy, University of North Carolina At Chapel Hill, Chapel Hill,
USA;
3Division of Pharmacotherapy and Experimental Therapeutics, Eshelman
School of Pharmacy, University of North Carolina At Chapel Hill, Atlanta,
USA

Background: In spite of the success of ART suppressing HIV
replication, effective strategies to prevent the establishment and
maintenance of the HIV reservoir are needed. Recent data
indicate that BCL-2 contributes to the establishment, persistence
and expansion of the reservoir; thus, there is a strong rationale
behind promoting apoptosis of latently HIV-infected cells via
BCL-2 inhibition. Herein, we evaluate in rhesus macaques (RMs)
the pharmacokinetics, safety and efficacy of of Venetoclax, an
FDA-approved BCL-2 inhibitor for patients with chronic lympho-
cytic leukemia or small lymphocytic lymphoma.

Methods: 4 uninfected RM received 3 cycles of Venetoclax
administered once daily for 4 consecutive days with a 2 week-
interval between dosing cycles. RMs received Venetoclax as
either an oral gavage (OG) (n=2; 15 and 20 mg/kg), intramus-
cular injection (IM) (n=2; 10, 15, and 20 mg/kg), or as an
subcutaneous injection (SC) (20 mg/kg). Venetoclax was quan-
tified in the plasma by liquid chromatography tandem mass
spectrometry (LC-MS/MS). Flow cytometry analysis on

peripheral blood mononuclear cells were performed to quantify
the impact of Venetoclax on the frequency and absolute counts of
lymphocytes and monocyte subsets and their levels of activation.

Results: Venetoclax was well tolerated for 4 consecutive
doses. Venetoclax plasma concentration peaked 2 to 6 hours after
administration, with the SC and IM routes resulting in similar
peak, and higher than OG. Venetoclax administered through the
IM and SC routes was effective in reducing the number of
lymphocytes, including CD4+ T-cells expressing FOXP3 and T-
bet, which expressed the highest levels of BCL-2 and constitute a
critical component of the replication competent viral reservoir in
ART-treated RMs. We also observed a preferential expansion of
classical and intermediate monocytes, which express BCL-2 at
levels significantly lower than non-classical monocytes that, in
contrast, were reduced in frequency.

Conclusions: This proof of concept study identified a safe
dose of Venetoclax able to depleting key cellular subsets of the
HIV/SIV reservoir. We are now evaluating the activity of
Venetoclax administration concomitantly with ART initiation in
preventing the establishment and maintenance of the latent HIV
reservoir.
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PP 8.10 – 00155
Evaluation of HIV-specific T cell response in BEAT2 clinical trial
M. Pampena1, P. Tebas2, K. Mounzer3, L. Montaner4, M. Betts1
1Department of Microbiology, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, USA;
2Department of Medicine, University of Pennsylvania, Philadelphia, USA;
3Philadelphia Fight Community Health Centers, Philadelphia, USA;
4The Wistar Institute, Philadelphia, USA

Background: Passive administration of HIV-1 broadly neutral-
izing antibodies (bNAbs) can achieve durable viral suppression
when replacing ART. Previous studies have suggested that bNAb
administration can have a vaccinal effect on HIV-specific T cells,
increasing response frequencies and improving functional
properties during bNAb-mediated suppression. Here, we eval-
uated whether such a vaccinal effect occurred in the BEAT2
clinical trial, which tested a 26-week combination of bNABs
(3BNC117 and 10-1074) and peg-IFN-α2b (IMM-Tx) off-ART,
followed by an off-IMM-Tx follow-up non-intervention ATI (non-
int. ATI).

Methods: Peripheral mononuclear cells were obtained from
the BEAT2 study (NCT03588715) in which baseline bNAb-
sensitive PLWH received 29 weekly doses of peg-IFN-α2b
(1.5 μg/kg) (4 wks on ART and 26 wks off ART), and seven IV
infusions of the bNAbs (30 mg/kg during the 26 wks off ART).
Ten participants received combined IMM-Tx, and one received
only bNAbs infusions. Activation-induced marker (AIM) assay
and flow cytometry were used to quantify HIV-specific immune
responses in all 11 donors at baseline (on ART), after 4× weekly
peg-IFN-α2b on ART, after 26 weeks of IMM-Tx (7 bNABs
infusions plus peg-IFN-α2b), and during the final non-int. ATI.
HIV1-specific CD4+ or CD8+ T cells were identified as CD69
+PDL1+ or CD69+CD137+ or PDL1+CD137+ after stimu-
lation against HIV-1 Consensus B Gag peptide pool.

Results:We found no increase in Gag-specific T cell responses
during IMM-Tx (with or without peg-IFN-α2b) compared to
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baseline in most donors; increased CD8+ responses after peg-
IFN-α2b were observed in a single participant. We did find an
increase in the proportion of Gag-specific CD4+ and CD8+
T cells in 4/11 individuals during the post-IMM-Tx non-int. ATI
compared to earlier time points. These individuals showed
sustained control of viremia (pVL 20 c/ml for 3 participants and
<2000 c/ml for 1), suggesting an association between emerging
T cell response and control of the viremia.

Conclusions: We found no detectable change in HIV-specific
T cell responses after 26 weeks of IMM-Tx with bNABs plus peg-
IFN-α2b immunotherapy; however, an increase in Gag-specific
T cell responses was associated with viral control following the
end of IMM-Tx in a subset of persons, suggesting a potential link
between IMM-Tx and T cell-mediated responses in viral
suppression.
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Distinct HIV reservoir characteristics among individuals treated
during primary versus chronic HIV infection
C. Bittar Oliva1, A. Kaczynska1, T. Oliveira1, J. Frater2, S. Fidler3,
M. Nussenzweig4, M. Caskey1, C. Gaebler1, and the RIO trial team
1Laboratory of Molecular Immunology, The Rockefeller University, New York,
USA;
2University of Oxford, London, United Kingdom;
3Imperial College London, London, United Kingdom;
4Howard Hughes Medical Institute, New York, USA

Background: To date, broadly neutralizing antibodies (bNAbs)
have primarily been studied in people who initiated ART during
chronic infection. Several cases of ART-free HIV remission (“post-
treatment control”) were observed following HIV immunother-
apywith bNAbs. Individuals that started ART during primaryHIV
infection may have a lower barrier to achieving HIV remission.
Here we characterize and compare the HIV reservoir size and
composition between individuals treated during primary versus
chronic HIV infection.

Methods: The ongoing RIO (Rockefeller-Imperial-Oxford,
NCT04319367) clinical trial tests the combination of long-acting
bNAbs (3BNC117-LS and 10-1074-LS) among individuals who
started ART during primary HIV infection. To characterize the
HIV reservoir in this primary infection cohort, we performed
Q4PCR on baseline (“pre-bNAb therapy”) samples from 18 RIO
study participants who started ARTwithin 6months of confirmed
primary HIV infection and had been on ART for a median of 67
(range 34–126) months. We compared the baseline proviral
sequencing results obtained from RIO participants with a Q4PCR
data set from 23 participants who started ART during chronic
infection and had been onART for amedian of 84 (range 12–348)
months (Gaebler et al.–Prolonged viral suppression with anti-
HIV-1 antibody therapy. Nature 2022).

Results: Overall, we recovered 1360 defective and 67 intact
proviral sequences from the RIO primary infection cohort. As
expected, the overall reservoir size (Total proviruses per 106 CD4
+ T cells) was significantly smaller in individuals treated during
primary compared to chronic infection (Fig. 1a). Interestingly,
the absolute number and relative representation of genetically
intact proviruses among all sequences was significantly smaller
following early initiation of ART (Fig. 1a, b). In addition, there

were substantial differences in the absolute number of defective
proviruses and the proviral composition of certain categories of
defective proviruses in primary infection (Fig. 1a, b).

Figure 1. Reservoir quantification (a) and relative representation of proviral subtypes
(b) in chronic (closed circle) or primary infection (open symbol).

Conclusions:We conclude that the proviral landscape differs
in individuals who were treated early versus late after infection.
These findings support the inclusion of detailed analyses of
proviral reservoir size and composition to determine potential
mechanisms and predictors of long-term ART-free HIV remission
in the context of antibody-mediated therapy.
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In Vitro Assay for Escape Pathways from Broadly Neutralizing
Antibodies
T. Murphy1, R. Lynch1
1George Washington University, Washington DC, USA

Background: Broadly neutralizing antibodies (bNAbs) provide a
useful tool for HIV cure strategies because of their ability to target
conserved regions on the envelope (Env) protein in the context of
both virions and infected cells. Multiple clinical trials infusing
both mono- and combination bNAb therapies into people living
with HIV demonstrated transient viral suppression after infusion.
The major obstacle to more effective treatment, however,
continues to be the ease of viral escape. In order to understand
escape, we are determining common escape pathways from
bNAbs to better inform future combination trials.

Methods: We designed an in vitro viral escape assay to test
bNAb and Env combinations in a high throughput manner. We
validated this assaywith YU2 and bNAbs VRC01 and 10-1074. Ex
vivo CD4+ T cells were infected in the presence of varying bNAb
concentrations. Cultures were maintained for 60 days with
suboptimal concentrations of bNAbs to induce escape.
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Replication kinetics were monitored by p24 every 3 days. Every
14 days, target cells were replenished and cultures were tested for
genotypic and phenotypic measures of bNAb resistance. This was
accomplished by single genome sequencing env genes from the
supernatant and using the remaining supernatant to spinoculate
new CD4+ cells. The remaining infected cells were replenished
with media containing no bNAb for 24 hours of virus production.
This viral supernatant was then tested by neutralization assay for
bNAb resistance.

Results: We observed both common escape mutations
previously published, but also novel escape mutations. Partial
resistance to VRC01 began at day 30 followed by complete
resistance by day 45. At which point mutations were observed in
the CD4 contact site as well as the fusion peptide in antibody-only
wells. Complete resistance to 10-1074 developed by day 45 due
to the N332 glycan mutation. A repeat independent experiment
confirmed partial resistance developed to both antibodies by
day 30.

Figure. Antibody Resistance at Day 45.

Conclusions: Future experiments will expand viruses to
multiple subtypes and bNAbs. This reproducible in vitro bNAb
escape assay will lead to a deeper understanding of viral escape,
to better inform the design of highly effective bNAb cocktails
targeting multiple conserved sites.
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Investigating the Impact of CD4 mimetic BNM-III-170 on SHIV-
infected Rhesus Macaques
E. Viox1, J. Richard2,3, N. Clark4, A. Grandea4, I. Hammad4, S. Janaka4,
K. Crosno5, S. Capuano5, A. Pagliuzza2,3, F. Gaudette2, C. Bourassa2,
C. Fritschi6, A.B. Smith III6, N. Chomont2,3, J. Sodroski7,8, A. Finzi2,3,
D. Evans4,5, M. Paiardini1,9
1Division of Microbiology and Immunology, Emory National Primate Research
Center, Emory University, Atlanta, Georgia, USA;
2Centre de Recherche du CHUM, Montreal, Quebec, Canada;
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4Department of Pathology and Laboratory Medicine, University of Wisconsin-
Madison, Madison, Wisconsin, USA;
5Wisconsin National Primate Research Center, University of Wisconsin-
Madison, Madison, Wisconsin, USA;
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8Department of Microbiology, Harvard Medical School, Boston,
Massachusetts, USA;
9Division of Pathology, Emory National Primate Research Center, Emory
University, Atlanta, Georgia, USA

Background: Anti-HIV antibodies capable of mediating ADCC
are elicited by the majority of people living with HIV and
preferentially target the open, CD4-bound conformation of HIV-1
envelope glycoproteins (Env). However, due to the closed
conformation of unliganded HIV-1 Envs, these antibodies are
ineffective in ADCC-mediated clearance of infected cells. BNM-
III-170 is a small molecule CD4 mimetic that binds to the closed
conformation of HIV-1 Env, forces the envelope into an open,
CD4-bound conformation, and exposes epitopes that are targeted
by ADCC-mediating antibodies. Here, we evaluated the safety,
pharmacokinetics, and virological impact of BNM-III-170 in
viremic and ART-treated SHIV-AD8-EO-infected rhesus maca-
ques (RMs).

Methods: Four BNM-III-170 dosing regimens were first
evaluated in four chronically SHIV-AD8-EO-infected RMs.
Plasma levels of BNM-III-170, biological activity of bioavailable
BNM-III-170, plasma viral loads (PVLs), CBCs, and blood
chemistries were measured. Following establishment of a well-
tolerated BNM-III-170 dosing regimen, 12 RMs were intraven-
ously inoculated with SHIV-AD8-EO (200 TCID50) and initiated
antiretroviral therapy (ART) at 8 wks post infection (pi). At
34 wks pi, 6 animals began receiving 15 consecutive doses of
36 mg/kg BNM-III-170 subcutaneously, once every 3 days, while
the other animals remained untreated. Analytical treatment
interruption was performed at 37 wks pi and PVLs were
monitored for 5 additional months.

Results: 36 mg/kg doses of BNM-III-170 administered every
3 days was determined to be safe in chronically SHIV-infected
RMs. Importantly, bioavailable BNM-III-170 in the plasma of
treated animals increased the binding of primary rhesus
antibodies to infected cells and the plasma of treated animals
supported ADCC in the presence of BNM-III-170. However, BNM-
III-170 treatment did not change PVLs in the chronically infected
RMs. Furthermore, in ART-treated RMs, no differences in viral

Abstracts Journal of Virus Eradication 8S (2022)

111

https://doi.org/10.1016/j.jve.2022.100292


rebound, total SHIV DNA levels, or caRNA levels were observed
between untreated and BNM-III-170-treated animals.

Conclusions: We established a safe and well-tolerated
BNM-III-170 dosing regimen in chronically infected and ART-
treated SHIV AD8-EO-infected RMs and demonstrated the
biological activity of bioavailable BNM-III-170. However, we
observed no impact on the viral reservoir with BNM-III-170
treatment. More potent CD4 mimetic compounds and increases

in ADCC-mediating antibody levels may be needed to reduce the
viral reservoir in SHIV-infected RMs.
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