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Abstract

Objectives: Reversing HIV-1 latency has been suggested as a strategy to eradicate HIV-1. We
investigated the effect of romidepsin on the HIV transcription profile in participants from the
REDUC part B clinical trial.

Design: Seventeen participants on suppressive antiretroviral therapy were vaccinated with six
doses of the therapeutic vaccine Vacc-4x followed by treatment with three doses of romidepsin.
Samples from nine study participants were available for HIV transcription profile analysis.

Methods: Read-through, total (TAR), elongated (longLTR), polyadenylated (polyA) and
multiply-spliced (TatRev) HIV transcripts and total HIVV DNA were quantified at baseline (visit 1)
and 4 hours after the second (visit 10b) and third (visit 11b) romidepsin infusions.

Results: Read-through, total, elongated, and polyadenylated HIV transcripts increased after
romidepsin infusion (p=0.020, p=0.0078, p=0.0039, p=0.027, respectively), but no changes were
observed in multiply-spliced HIV RNA or HIVV DNA. No change was observed in the ratio of
read-through/total HIV transcripts. The ratio of elongated/total HIV RNA increased after
romidepsin (p=0.016), while the ratio of polyadenylated/elongated HIV decreased. Both elongated
HIV transcripts and total HI\VV DNA correlated negatively with the time to viral rebound after
interruption of ART.

Conclusions: In these patients, romidepsin increased early events in HIV transcription
(initiation and especially elongation), but had less effect on later stages (completion, multiple
splicing) that may be required for comprehensive latency reversal and cell killing. Without cell
death, increased HIV transcription before or after latency reversal may hasten viral rebound after
therapy interruption.
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Introduction:

Methods:

Antiretroviral therapy (ART) cannot eliminate the HIV genomes integrated in latently-
infected cells, which are a major barrier to cure HIV and are responsible for viral rebound
after ART discontinuation[~4l. One strategy to eradicate HIV consists of reactivating viral
transcription with latency reversing agents (LRAS), such as histone deacetylase inhibitors
(HDAC:I). Several clinical trials have shown HIV reactivation after HDACi
administration[>-14]. A recent clinical trial, REDUC part B, analyzed the administration of a
peptide-based therapeutic HIV vaccine (Vacc-4x), plus recombinant human granulocyte
macrophage colony-stimulating factor (rhuGM-CSF) as local adjuvant, in combination with
the HDACi romidepsinl20l. This approach showed an increase in unspliced cell-associated
HIV RNA and residual plasma viremia after romidepsin infusions, along with a reduction in
total HIV DNAI0]. However, the mechanism by which romidepsin reverses HIV latency in
vivo remains unclear.

In this study, we characterized the HIV transcription profile before and after romidepsin
therapy in available samples from the REDUC part B study using a recently-described panel
of HIV RNA assays[!®l. This novel panel quantifies read-through, total, elongated,
polyadenylated, and multiply-spliced transcripts, allowing one to measure different blocks to
HIV transcription and the degree to which they are reversed after LRA therapy[15].

Study design

This study is a follow-up to the REDUC part B clinical trial. In this trial, 17 HIV-1 infected
ART-suppressed individuals received a series of six intradermal immunizations over 12
weeks with Vacc-4x (Bionor Pharma) and rhuGM-CSF (Genzyme) as local adjuvant,
followed by intravenous infusions of 5 mg/m?2 romidepsin (Celgene) once weekly for three
weeks[19]. Subsequently, 16 participants underwent an analytic treatment interruption (ATI)
(101, Trial design, participant characteristics, and levels of HIV DNA and unspliced HIV
RNA have been published previously!1°l,

Ethics statement

Samples

The trial (registered at http://clinicaltrials.gov[NTC02092116]) was approved by the Danish
Health and Medical Authorities, the Danish Data Protection Agency, and the National
Committee on Health Research Ethics (#M-2013-364—-13)191. Each participant provided
written informed consent[10].

Cryopreserved peripheral blood mononuclear cells (PBMCs) were available from nine
participants (Supplementary Table 1) at baseline (visit 1, day —21) and 4 hours after the
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HIV levels

Statistics

Results:

second (visit 10b, day 112) and the third (visit 11b, day 119) romidepsin infusions. Eight of
the nine participants underwent an ATI.

PBMCs were pelleted and nucleic acids were extracted using TRI Reagent!*®]. Cell-
associated HIV transcripts (Read-through, TAR, longLTR, polyA and Tat-Rev) and total
HIV DNA (longLTR) were quantified in duplicate using droplet digital PCR, as previously
described!13],

Wells without positive droplets were quantified as the limit of quantification (mean copies
for 1 positive droplet in two wells) divided by 2. Longitudinal changes were evaluated using
the Wilcoxon signed-rank test. Spearman correlations were used to evaluate the association
between each HIV RNA or DNA and: 1) time to rebound after ATI (days to VL [viral load]
>50copies/ml and VL>1,000copies/ml); and 2) time to suppression after ART reinitiation
(days to VL<50copies/ml). GraphPad Prism version 7.0 was used for all statistical analyses.

Romidepsin increases read-through, total, elongated, and polyadenylated but not multiply-
spliced transcripts

We quantified 5 RNA regions that define different HIV transcripts: read-through,
TAR(total), longLTR(elongated), polyA(polyadenylated), and Tat-Rev(multiply-spliced)[1°]
(Figure 1A). We observed a significant increase in read-through (1.7-fold, p=0.02), total
(1.9-fold, p<0.01), elongated (2.4-fold, p<0.01) and polyadenylated (1.9-fold, p=0.03) HIV
RNA/10% PBMCs after the second romidepsin infusion (visit 10b), and a 1.9-fold increase in
elongated transcripts after the third romidepsin infusion (visit 11b) (p<0.01) (Figure 1B).
Equivalent results were observed when HIV RNA levels were normalized to cellular
transcription (ug RNA) or proviral DNA. No significant changes were observed in multiply-
spliced HIV RNA or HIV DNA (Figure 1C). In one study participant, romidepsin led to a
second population of TAR RNA+ droplets with a higher amplitude that was barely detected
at baseline (Supplementary Figurel).

Romidepsin increases elongation but not completion or multiple-splicing

We also quantified measures of transcriptional interference (ratio of read-through/total
transcripts) and progression through blocks to HIV transcriptional elongation (elongated/
total transcripts), completion (polyadenylated/elongated), and multiple-splicing (multiply-
spliced/polyadenylated). No change was observed in read-through/total HIV RNA. We
observed a significant increase in elongation (elongated/total) after both the second and the
third romidepsin infusions (p=0.02). However, we detected no increase in completion
(polyadenylated/elongated), which actually decreased after the third infusion (visit 11b)
(p=0.02), and no change in multiple-splicing (Figure 1D).
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HIV DNA and elongated transcripts predict time to viral rebound

We also analyzed whether there was an association between total HIV DNA or each HIV
RNA and time to viral rebound after ATI or suppression after ART reinitiation. A strong
negative correlation was observed between HIVV DNA and the time to rebound
(VL>50copies/ml) at visit 1, 10b, and 11b (Rho=-0.81, -0.88, and —0.91; p=0.02, p<0.01,
and p<0.01, respectively). HIV DNA also tended to correlate negatively with time to
rebound >1,000copies/ml and positively with time to suppression (Figure 2A). Levels of all
HIV RNAs tended to correlate negatively with the time to rebound. This association was
strongest for the comparison between elongated transcripts and time to VL>1,000copies/ml
after romidepsin administration (Rho=-0.78, p=0.03 at visit 10b; Rho=-0.77, p=0.03 at visit
11b) (Figure 2B). HIV DNA also tended to correlate with levels of each HIV RNA (Figure
2C).

Discussion:

We characterized the levels of HIV RNAs and transcriptional blocks before and after the
“shock and kill” strategy consisting of the HIV therapeutic vaccine Vacc-4x, plus rhuGM-
CSF, and the HDACi romidepsinl%. This is the first study that evaluates in vivo the specific
effect of an LRA on the transcriptional blocks implicated in HIV latency.

Limitations of the study should be acknowledged. First, the parent study had sequential
study interventions (vaccination and then romidepsin) and we did not have access to samples
between vaccination and romidepsin. However, unspliced HIV RNA did not change after
vaccination and increased after romidepsin in the parent study, suggesting the effects on HIV
transcription are due to romidepsin. Second, samples were only available from 9 of 17 trial
participants. Third, the use of PBMCs (instead of CD4+ T) and presence of non-B subtypes
may have affected HIV levels and detection frequencies. While we detected a statistically
significant increase in the expression of read-through, total, elongated, and polyadenylated
HIV transcripts after romidepsin administration, it is difficult to exclude a small effect on
multiply-spliced transcripts due to the number of undetectable determinations.

We detected no change in total HIV DNA after romidepsin infusion, which accords with
other trials of HDACI>-%! but differs from the results of the parent REDUC-B study[10]. The
latter difference may reflect patient-specific differences in our subset of 9 individuals (of
whom only one had an increase in plasma viral load) or the fact that we quantified HIV
DNA at an earlier time point using a different assay.

After romidepsin infusion, we observed an increase in read-though transcripts. The increase
in read-through transcripts accords with onel18] but not another in vitro study(!5], suggesting
that romidepsin activated transcription of nearby cellular genes whose transcripts continue
into the provirus. However, no change was observed in the fraction of total HIV transcripts
that are read-through (read-through/TAR).

The fold increase in total HIV (TAR) transcripts was slightly greater than that of read-
through transcripts, and the absolute change in TAR was much greater, suggesting that
romidepsin also increased transcriptional initiation from the HIV promoter. In one study
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participant, romidepsin induced a second population of TAR RNA+ droplets with a higher
amplitude. Droplet digital PCR can detect sequence variability using a single primer/probe
setl17]. The most likely explanation is that romidepsin reactivated a provirus that was not
previously transcribed, possibly one with fewer sequence mismatches and an epigenetic
block to HIV transcriptional initiation.

The median fold increase in elongated HIV transcripts exceeded that of either total or read-
through transcripts, and the ratio of elongated/total transcripts increased after romidepsin.
These results, which accord with those observed in vitro[15. 18] suggest that romidepsin
specifically increases HIV transcriptional elongation. This increase in elongation accords
with the increase in unspliced HIV RNA observed in the parent triall10]. We also observed
an increase in polyadenylated HIV transcripts at the first time point after romidepsin, in
contrast to prior in vitro studies[!® 16]. However, the median fold change in polyadenylated
transcripts was less than that of elongated transcripts and the ratio of polyadenylated/
elongated HIV RNA actually decreased, suggesting a decrease in the fraction of elongated
transcripts that complete transcription.

Together, this data suggests that romidepsin increased HIV transcriptional initiation and
especially elongation but not completion or multiple-splicing in the PBMCs sampled from
these participants. Since polyadenylated HIV RNAs are likely necessary for efficient
translation, while Tat and Rev may be necessary for productive infection, these results may
explain why 8 of 9 study participants showed no increase in plasma virus. Moreover, the
lack of HIV protein could prevent MHC:peptide-mediated recognition and killing of HIV-
infected cells even if they transcribe elongated or unspliced transcripts. This finding may
explain the lack of decrease in HIVV DNA in the 9 participants studied here. However, it
should be noted that other participants in the parent study had an increase in viral load and a
decrease in HIV DNA, which could reflect effects of romidepsin and/or vaccination that
differ by patient or are missed in sampling PBMCsl[10. 12, 13],

We observed strong positive correlations between total HIV DNA and HIV RNA, as
previously reported(®] but also found correlations with read-through, elongated, and
multiply-spliced transcripts. This data suggests that the higher the number of proviruses, the
more proviruses that are near transcriptionally-active genes and/or with fewer defects or
transcriptional blocks.

HIV DNA and elongated HIV RNA correlated negatively with time to viral rebound, in
accord with prior studies showing correlations between time to rebound and HIV DNA[29] or
unspliced HIV RNAI2L 221, However, we found a similar trend for all the different HIV
transcripts, suggesting that higher activity at each stage of HIV transcription may hasten
time to rebound after ATI. In the 9 patients studied here, the change in elongated HIV
transcripts (visit 11b-visit 1) tended to correlate inversely with time to rebound, suggesting a
possible small effect of romidepsin. However, it should be noted that this correlation was not
statistically significant, and correlations do not indicate causality. Moreover, the ATI was >7
weeks after visit 11b, and no net change in time to viral rebound was observed in the parent
triall10],
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These findings have important implications for strategies aimed at HIV cure. Romidepsin
increases HIV transcriptional initiation and elongation, and may play a role in strategies to
reverse latency, especially if combined with other agents to increase polyadenylated and
multiply-spliced transcripts. However, even effective latency reversal may not lead to the
death of infected cells[23], and other approaches are needed to augment cell killing. Without
cell death, increased HIV transcription may shorten the time to rebound during ATI.
Measures of HIV DNA and RNA are strongly predictive of the time to rebound and could be
used along with other data to decide which patients may be candidates for ATI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Association between HIV DNA and HIV transcription profile before and after
romidepsin infusion, and timeto rebound after ATI and subsequent suppression.

(A) Spearman correlations between the total HIV DNA per million PBMCs and time to
rebound (measured as days to VL>50 copies/ml and VL>1,000 copies/ml of plasma), and
time to suppression (quantified as days to VL<50 copies/ml of plasma after ART
reinitiation); (B) Spearman correlations between the different HIV transcripts per million
PBMCs and time to viral rebound (measured as days to VL>50 copies/ml and VL>1,000
copies/ml of plasma); and (C) Spearman correlations between total HIV DNA per million
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PBMCs and the different HIV transcripts per million PBMCs. Each color represents a
different individual from the REDUC part B study.
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