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Why do we need a cure in an era of effective ART?
•  Human costs

– Stigma/discrimination
– Long-term health: Obesity, co-

morbidities, polypharmacy  

•  Public health costs
– ART is lifelong and expensive: 

Total spent on HIV/AIDS: ~ 
$50 billion/year

– Social disruptions affect 
access (COVID)

– Despite massive global 
investments, many (~50%) not 
on effective ART



What will a cure need to do? 
Optimal (aspirational) target product profile 

From a public health perspective, 
the ideal curative intervention will 
be readily scalable, safe, effective 
in everyone – including those not 
on ART – and protect against re-

infection



What will a cure need to do? 
Optimal (aspirational) target product profile 

A cure is not needed for those who 
are doing well on ART and can 

access these drugs indefinitely but 
for everyone else, including those 

who are untreated



Why does HIV persist 
indefinitely?



The Problem: Latent Reservoir

•  HIV persists as fully 
integrated genome in 
largely tissue-based 
memory T cell population

•  Only ~1% of genomes are 
fully intact and only a 
subset of these proviruses 
are “rebound-competent”, 
making reservoir hard to 
measure
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HIV LATENCY

Proliferation of cells with HIV
integrated into cancer genes
contributes to persistent infection
Thor A. Wagner,1,2* Sherry McLaughlin,1,2* Kavita Garg,3 Charles Y. K. Cheung,3

Brendan B. Larsen,2 Sheila Styrchak,1 Hannah C. Huang,1 Paul T. Edlefsen,2,3

James I. Mullins,2* Lisa M. Frenkel1,2*†

Antiretroviral treatment (ART) of HIV infection suppresses viral replication. Yet if ART
is stopped, virus reemerges because of the persistence of infected cells. We evaluated
the contribution of infected-cell proliferation and sites of proviral integration to HIV
persistence. A total of 534 HIV integration sites (IS) and 63 adjacent HIV env sequences
were derived from three study participants over 11.3 to 12.7 years of ART. Each
participant had identical viral sequences integrated at the same position in multiple
cells, demonstrating infected-cell proliferation. Integrations were overrepresented in genes
associated with cancer and favored in 12 genes across multiple participants. Over time
on ART, a greater proportion of persisting proviruses were in proliferating cells. HIV
integration into specific genes may promote proliferation of HIV-infected cells, slowing
viral decay during ART.

D
espite suppression of viral replication dur-
ing ART, HIV reservoirs, measured by the
number of resting CD4+ T cells with in-
fectious virus induced in cell culture, decline
slowly (1). The mechanisms hypothesized

to allow infectious proviruses to persist include
long-lived latently infected cells (1); low-level HIV
replication (2), potentially due to insufficient in-
tracellular drug concentrations (3–5); and the
proliferation of HIV-infected cells (2, 6–10).
During ART, subpopulations of cells with
identical HIV sequences comprise a progres-
sively larger proportion of the persisting viral
genomes (8), suggesting that proliferation of
infected cells helps maintain the HIV reservoir.
To further evaluate the contribution of infected-
cell proliferation to HIV persistence, we devel-
oped amethod [integration site loop amplification
(ISLA)] to define sites of HIV integration in single
cells and sequence up to 2.8 kb of the 3′ region of
the viral genome adjacent to the integration site,
allowing us to link specific viral variants to
specific integration sites (fig. S1).

A total of 534 proviral integration sites were
sequenced from three participants (B1, L1, and
R1) at three time points each: after 1 to 2.3, 4.1
to 8.2, and 11.3 to 12.7 years of suppressive ART
(Fig. 1, A to C). HIV integration at the same
chromosomal site was found in multiple cells
within each participant throughout follow-up,
whereas no identical integration siteswere shared
by different participants, suggesting that HIV-
infected cells proliferate, as reported (2, 6–8).
The hypothesis was further investigated by

comparisons of the viral genomes in 63 inte-
gration sites. When HIV C2V5 env sequences
shared a specific integration site, the env se-
quences [~625 base pairs (bp)] were identical
(n = 31 C2V5 env sequences from 13 integration
sites, except for one pair of sequences with a 1-bp
difference). In contrast, among proviruses inte-
grated at different positions in the human ge-
nome (n = 45 unique integration sites), C2V5
env sequences were distinct except for three
groups from participant B1 (fig. S2) (13 out of
13 versus 3 out of 45; P < 0.0001). Sequences of
the entire C2env-nef-3′LTR (long terminal repeat)
region (~2.8 kb) from these three groups of pro-
viruses had 2 to 39 nucleotide differences, indi-
cating that many were distinct viruses (fig. S2).
In comparison, eight pairs of C2env-nef-3′LTR

sequences with identical integration sites dif-
fered by 0 to 2 bases (mean 0.9), an error rate
consistent with misincorporations during the
ISLA protocol. Phylogenetic analyses of 396 ad-
ditional HIV env sequences (8), together with
those from the ISLAmethod, revealed multiple
additional identical viral sequences (8), strongly
suggesting that multiple HIV-infected clonal cell
populations persist during ART (Fig. 2 and figs.
S2 and S3).
Three approacheswere used to explore wheth-

er the distribution of HIV integration sites ob-
served was random or shaped by selective forces.
Specifically, we examined the distribution of HIV
integrations in genes associated with cancer,
regulation of cell proliferation, or cell survival.
First, proviral integration sites were examined

for overrepresentation in cancer-associated genes
from five combined sources (n = 1332 unique
genes) (11–15). Across the three participants,
12.5% (36 out of 288) of the unique genes from
all proviral integrations were annotated as as-
sociated with cancer (11–15), compared with only
5.19% (1332 out of 25,660) of the human genes
in the human genome (P < 0.0001). In addition,
unique integrations in proliferatingHIV-infected
cells (defined as identical integration sites de-
rived from ≥2 separate cells) (table S1, A to C)
were also increased in cancer-associated genes
(6 out of 34, 17.65% versus 1332 out of 25,660,
5.2%; P = 0.0076), which suggests that HIV in-
tegration could disrupt the regulation of these
genes, as is known to occur during tumor induc-
tion by nonacute oncogenic retroviruses (16).
Second, given that HIV integrates preferen-

tially into actively transcribed genes, especially
those activated upon HIV infection (17–19), we
compared our participants’ integration sites to
the >44,000 integration sites mapped in acute-
ly infected CD4+ T cells (Jurkat cells). The major-
ity of our participants’ proviruses were integrated
within genes (425 out of 534, 79.6%) (Fig. 1, A to
C), particularly within introns (337 out of 425,
79.1%), as previously observed (9, 17, 20). The fre-
quency of unique proviral integration sites in
cancer-associated genes (12.70%) was similar
to those mapped in the acutely infected Jurkat
cells (11.14%) (21). However, our participants’
integration sites in proliferating cells were en-
riched for cancer-associated genes over samples
of the same size from the Jurkat cell data set
(P = 0.0486). In the Jurkat cell data set, 11.14%
of integrations were found in cancer genes, com-
paredwith 15.97% in our participants (P= 0.0828).
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HIV LATENCY

Specific HIV integration sites are
linked to clonal expansion and
persistence of infected cells
F. Maldarelli,1* X. Wu,2* L. Su,2 F. R. Simonetti,1,3 W. Shao,2 S. Hill,1 J. Spindler,1

A. L. Ferris,1 J. W. Mellors,4 M. F. Kearney,1 J. M. Coffin,5 S. H. Hughes1†

The persistence of HIV-infected cells in individuals on suppressive combination
antiretroviral therapy (cART) presents a major barrier for curing HIV infections. HIV
integrates its DNA into many sites in the host genome; we identified 2410 integration
sites in peripheral blood lymphocytes of five infected individuals on cART. About 40%
of the integrations were in clonally expanded cells. Approximately 50% of the infected
cells in one patient were from a single clone, and some clones persisted for many years.
There were multiple independent integrations in several genes, including MKL2 and
BACH2; many of these integrations were in clonally expanded cells. Our findings
show that HIV integration sites can play a critical role in expansion and persistence
of HIV-infected cells.

H
IV replication is suppressed with com-
bination antiretroviral therapy (cART),
but infected cells persist in patients and
are a critical obstacle to curing HIV infec-
tion (1, 2). Analysis of HIV populations

in vivo shows that after long-term suppres-
sive cART, genetically identical HIV variants
emerge (3, 4). The source and mechanisms
involved in the emergence of these identical var-
iants are not understood. One possibility is that
the identical variants arise from cells that have
clonally expanded. Because HIV DNA integrates
at many sites in the human genome, the site of
integration can be used to identify clonally ex-
panded cells that arose from a single infected
progenitor.

Clonal expansion of HIV-infected
cells in patients

We analyzed the integration sites in periph-
eral blood mononuclear cells (PBMCs) or CD4+

T cells from patients on prolonged cART ob-
tained by negative selection using a previously
described technique (5–7). DNA from PBMCs
or CD4+ T cells was randomly sheared to ~400–
base pair (bp) fragments, and linker-mediated
polymerase chain reaction was used to selective-
ly amplify fragments that contained viral/host
DNA junctions (8). Both ends of the amplified
junction fragments were sequenced on the Il-

lumina platform (San Diego, CA) to determine
the viral/host junctions and the breakpoints in
the host DNA. The sequence of the viral/host
junction identifies the exact position and ori-
entation in which the HIV DNA was integrated.
The breakpoints in the host DNA can be used to
identify the integration sites in clonally expanded
cells. If several cells with the same integration
site are present, shearing their DNA will give
rise to multiple fragments in which the integ-
ration site is the same, but the host DNA break-
points differ.
Integration site analysis was performed by

using PBMCs or CD4+ T cells from five pa-
tients (table S1). A diverse population of viruses
was present in each patient either before ther-
apy or shortly after cART was initiated; how-
ever, after prolonged cART (mean duration of
treatment, 11.7 years), identical viral sequences,
defined at either the RNA or the DNA level,
emerged (Fig. 1 and fig. S1). In total, 2410 in-
tegration sites were mapped; these represented
1632 different integration events. 1388 integra-
tion sites (57%) were detected once, and 1022
sites (43%) were associated with more than one
host DNA breakpoint, revealing that a large
fraction of the infected cells are from expanded
clones (Fig. 2, tables S2 and S3, and fig. S2). We
validated the method for identifying expanded
clones by making two completely independent
libraries from cells from the last time point
from patient 1; the same highly expanded clones
were identified in both libraries. In some cases,
clonal expansion was extensive. For example, in
patient 3 the initial analysis found the same site
in the HORMAD2 gene in 62 of 317 integrations,
but because of overlaps in the breakpoint anal-
ysis, this figure is an underestimate. We also
estimated the fraction of the total integration

sites that were derived from this expanded clone
(8). This analysis implied that ~58% of all the
HIV-infected cells in this patient were derived
from a single infected cell.
Among the five patients studied, HIV in-

tegration sites were found in 985 different
genes (fig. S3). Most of the genes had only a
single integrant (659 integrants, 67%); these
integrants were not shown to be from clo-
nally expanded cells. The remaining 326 genes
(33%) either had a single integrant in a cell
that underwent clonal expansion (126 genes)
or had multiple integrants (200 genes), some
of which (59 genes; 30%) were in cells that
underwent clonal expansion (fig. S3). Approx-
imately 70% (21 of 29) of the genes with mul-
tiple integrants in highly expanded clones
(listed in table S4) are known to be directly
involved in the regulation of cell growth. HIV
proviruses (the integrated form of retroviral
DNA is called a provirus) were also found in
intergenic regions of the genome and in sites
that could not be mapped to a single site in the
human genome (ambiguous sites); some of the
cells with such integrants were also highly ex-
panded (fig. S2).

Persistence of clones of
HIV-infected cells

Longitudinal sampling revealed that some of
the clones that emerged on cART persisted for
many years. Patient 1 had at least 13 different
clones that were present in samples taken 11.2
years apart, and 11 other clones were present
in samples taken 6.6 years apart (Table 1). A
number of these persistent clones had inte-
gration sites in genes known to be associated
with cell growth (STAT5B, PARP8, and DDX6),
mitosis (PKP4 and MAP4), or both. In patient
3, we analyzed a small set of integration sites
(47 total sites) from a sample taken before the
patient started cART. Most of the integration
sites from this pre-cART sample were present
only once, an observation that is consistent with
the short half-life of infected cells during un-
controlled HIV replication (9). However, one
site was from a clonally expanded cell, showing
that there is clonal expansion in the absence of
cART. Others have reported that there are HIV-
infected clones that can persist for prolonged
periods in patients on cART (10, 11). Our data
show that the prolonged persistence of ex-
panded clones is common and frequently as-
sociated with specific integrations in genes
involved in controlling cell growth and divi-
sion. Although there was variation in integra-
tion sites among patients, all five patients showed
evidence of clonal expansion of infected cells,
even in the smallest data sets (35 and 46 distinct
integration sites) (table S2).

Integration sites associated with clonal
expansion or persistence of
infected cells

Two genes with remarkable patterns of HIV in-
tegration were identified in patient 1 (Fig. 3). In
the data set obtained from CD4+ T cells after

RESEARCH

SCIENCE sciencemag.org 11 JULY 2014 • VOL 345 ISSUE 6193 179

1HIV Drug Resistance Program, National Cancer Institute,
Frederick, MD 21702, USA. 2Leidos Biomedical Research,
Frederick, MD 21702, USA. 3Department of Biomedical and
Clinical Sciences L. Sacco, University of Milan, 20122 Milan,
Italy. 4Department of Medicine, University of Pittsburgh,
Pittsburgh, PA 15261, USA. 5Department of Molecular Biology
and Microbiology, Tufts University, Boston, MA 02111, USA.
*These authors contributed equally to this work. †Corresponding
author. E-mail: hughesst@mail.nih.gov

Article

HIV-1 Integration Landscape
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SUMMARY

The barrier to curing HIV-1 is thought to reside pri-
marily in CD4+ T cells containing silent proviruses.
To characterize these latently infected cells, we stud-
ied the integration profile of HIV-1 in viremic progres-
sors, individuals receiving antiretroviral therapy, and
viremic controllers. Clonally expanded T cells repre-
sented the majority of all integrations and increased
during therapy. However, none of the 75 expanded
T cell clones assayed contained intact virus. In
contrast, the cells bearing single integration events
decreased in frequency over time on therapy, and
the surviving cells were enriched for HIV-1 integra-
tion in silent regions of the genome. Finally, there
was a strong preference for integration into, or in
close proximity to, Alu repeats, which were also en-
riched in local hotspots for integration. The data indi-
cate that dividing clonally expanded T cells contain
defective proviruses and that the replication-compe-
tent reservoir is primarily found in CD4+ T cells that
remain relatively quiescent.

INTRODUCTION

Despite effective therapy, HIV-1 can persist in a latent state as an
integrated provirus in resting memory CD4+ T cells (Chun et al.,
1997; Finzi et al., 1997; Wong et al., 1997). The latent reservoir
is established very early during infection, (Chun et al., 1998),
and because of its long half-life of 44 months (Finzi et al.,
1999), it is the major barrier to curing HIV-1 infection (Siliciano
and Greene, 2011).

The HIV-1 latent reservoir has been difficult to define, in part
because reactivation of latent viruses is difficult to induce and

to measure. Viral outgrowth assays underestimate the size of
the reservoir, while direct measurements of integrated HIV-1
DNA overestimate the reservoir because a large fraction of the
integrated viruses are defective (Ho et al., 2013). Although the
latent reservoir remains to be completely defined, establishing
the reservoir requires intact retroviral integration into the genome
and subsequent transcriptional silencing (Siliciano and Greene,
2011). Whether or not the genomic location of the integration im-
pacts on latency is debated (Jordan et al., 2003; Jordan et al.,
2001; Sherrill-Mix et al., 2013). However, HIV integration into
the genome is known to favor the introns of expressed genes
(Han et al., 2004), some of which, like BACH2 and MKL2, carry
multiple independent HIV-1 integrations in different individuals
and are considered hotspots for integration (Ikeda et al., 2007;
Maldarelli et al., 2014; Wagner et al., 2014). However, there is
currently no precise understanding of the nature of these hot-
spots or why they are targeted by HIV-1.
Viremia rebounds from the latent reservoir after interruption of

long-term treatment with combination anti-retroviral therapy
(cART). When it does, it appears to involve an increasing pro-
portion of monotypic HIV-1 sequences, suggesting the prolifer-
ation of latently infected cells (Wagner et al., 2013). Based on
this observation and the finding that a subset of cells bearing
integrated HIV-1 undergoes clonal expansion in patients
receiving suppressive anti-retroviral therapy, it has been pro-
posed that the clonally expanded cells play a critical role in
maintaining the reservoir (Maldarelli et al., 2014; Wagner
et al., 2014).
To obtain additional insights into the regions of the genome

that are favored by HIV-1 for integration and the role of clonal
expansion in maintaining the reservoir, we developed a single
cell method to identify a large number of HIV-1 integration sites
from treated and untreated individuals, including ‘‘viremic con-
trollers’’ who spontaneously maintain viral loads of <2,000 RNA
copies/ml and ‘‘typical progressors’’ who display viral loads
>2,000 RNA copies/ml.

420 Cell 160, 420–432, January 29, 2015 ª2015 Elsevier Inc.
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Longitudinal Genetic Characterization Reveals
That Cell Proliferation Maintains a Persistent
HIV Type 1 DNA Pool During Effective HIV
Therapy
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Background. The stability of the human immunodeficiency virus type 1 (HIV-1) reservoir and the contribution
of cellular proliferation to the maintenance of the reservoir during treatment are uncertain. Therefore, we conducted
a longitudinal analysis of HIV-1 in T-cell subsets in different tissue compartments from subjects receiving effective
antiretroviral therapy (ART).

Methods. Using single-proviral sequencing, we isolated intracellular HIV-1 genomes derived from defined sub-
sets of CD4+ T cells from peripheral blood, gut-associated lymphoid tissue and lymph node tissue specimens from 8
subjects with virologic suppression during long-term ART at 2 time points (time points 1 and 2) separated by 7–9
months.

Results. DNA integrant frequencies were stable over time (<4-fold difference) and highest in memory T cells.
Phylogenetic analyses showed that subjects treated during chronic infection contained viral populations with up to
73% identical sequence expansions, only 3 of which were observed in specimens obtained before therapy. At time
points 1 and 2, such clonally expanded populations were found predominantly in effector memory T cells from pe-
ripheral blood and lymph node tissue specimens.

Conclusions. Memory T cells maintained a relatively constant HIV-1 DNA integrant pool that was genetically
stable during long-term effective ART. These integrants appear to be maintained by cellular proliferation and lon-
gevity of infected cells, rather than by ongoing viral replication.

Keywords. HIV-1 persistence; HIV-1 reservoir; memory T cells.

The mechanism by which human immunodeficiency
virus (HIV) persists during antiretroviral therapy
(ART) is the focus of intense investigation. Although
low-level replication of HIV might contribute to persis-
tence in some individuals [1, 2], the remarkable stability
in viral structure and lack of viral divergence over time
[3] argue that HIV persists largely in a nonreplicating
latent state in its preferred target cells, which include
long-lived memory CD4+ T cells and perhaps other
cells. The cells containing integrated HIV type 1
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T cell proliferation is the main cause of 
persistence 

Cells maintained by 
homeostatic 
proliferation; designed 
to persist indefinitely



Latent infection
Long lived 

cell
T cell

proliferation

Proliferation: latently infected cells clonally expand

•  Clonally expanded cells make 
up most of the reservoir 

•  Expanded cells can produce 
virus resulting in low level 
viremia and/or viral rebound 

•  Drivers for proliferation 
•  Antigen specific expansion 
•  Homeostatic proliferation 
•  Site of integration 

\Wang Z, et al. Proc Natl Acad Sci USA 2018; Lorenzo G, et al. Proc Natl Acad Sci USA 2016; Huang J 
Exp Med 2017; Bui Plos Path 2017; McManue J Clin Inv 2019; De Scheerder et al., Cell Host Microbe 
2019 

Slide: Nicolas 
Chomont 



How will it be defined and 
measured?



Goal of therapy: Cure (eradication)

•  Complete removal of all replication-competent 
HIV

•  No residual stigma (key outcome in surveys)
•  May have been achieved with Berlin Patient but 

impossible to prove
– People may never really know if they are cured

•  Will likely require gene modifications therapies



Goal of therapy: Remission (control)
•  Durable control of a residual population

– Elite/exceptional control
– Post-treatment controllers
– Long-term ART (depot formulations)

•  Antibody positive, persistent inflammation, possible risk of 
rebound

•  Readily achieved in monkey models with various combination 
approaches (immunotherapy)



Initation of ART as 
PrEP (“Fiebig 0”) 
resulted in multi-log 
reduction in reservoir, 
but at least one virus 
had established 
latency



•  Carefully performed treatment interruptions often the only 
interpretable way to answer the question
•  No validated biomarker of the systemic rebound-competent reservoir
•  No validated immunologic correlates of post-ART control

•  Can it be done safely?
•  Exclude those with low nadir, history of cancer/CAD
•  High baseline CD4+ T cell count
•  Age limits
•  Partner engagement (PrEP)
•  Conservative restart criteria: Symptoms, CD4+ T cell decline, sustained 

viremia



How will HIV be cured?



Vaccines 
Antibodies Immunotherapy 

Latency reversal 
Latency silencing Gene therapy 

HIV cure strategies 
Most approaches involve combination of reservoir reduction and immune enhancement 
(“reduce and control”), with growing interest in gene therapy and eventually “one shot” 
cures

Early ART 

Reservoir reduction 
and elimination

Immune 
enhancement



Early ART



ART in Fiebig I for >96 weeks

Very early ART is not curative



ART in Fiebig I for >96 weeks

Very early ART (including “Fiebig 0”) is not 
curative

PrEP/ART during acute 
(“Fiebig 0”) infection



• Some (~10%) of people who start therapy 
early (but not too early) and remain on 
therapy for years exhibit at least partial 
control after ART is interrupted
•  May occur in chronic infection (rare)

• No biomarker available
• Mechanism unknown

•  Elite controllers: Adaptive immunity (CD8+ T 
cells)

•  PTCs: Innate immunity (NK cells)



Most PTCs started ART 
early, but not too early

Some host response 
likely needs to be 
primed (but not 
overwhelmed) during 
acute infection to set 
the stage for post-
treatment control



Latency reversal (shock and 
kill)



Shock and kill

•  Multiple latency reversing agents (LRAs) tested: effect 
in humans is modest at best and inconsistent, and has 
rarely associated with reservoir reduction

•  Basic discovery aimed at identifying novel pathways or 
combinations



SMAC-mimetics routinely induce 
latency reversal in animal models

•  No change in reservoir or delay in rebound
–  Why do productive, virus-producing cells persist?

•  Toxicity may prevent rapid clinical development



Latency silencing (block and 
lock)



Natural cures and exceptional control
Intact proviral genomes accumulate in “gene 
deserts”, which is associated with deep and possibly 
irreversible latency



Natural Cure
HIV diagnosed in 1992, no ART, undetectable virus 24 
years (39 viral loads; one blip), no intact HIV DNA, low 
and declining HIV antibody levels; lowest level of HIV 
ever recorded

Test Cell 
number

Cell type

Sequencin
g

>1.5b PBMC

Intact DNA 
(PCR)

14m Resting 
CD4

Viral 
outgrowth

340m Resting 
CD4



•  Rare clinical phenotype
•  Mechanism unknown
•  Are we treating too many elite controllers?
•  Can we recapitulate this phenotype therapeutically?

•  Lock-and-block strategies: mTOR inhibitors
•  Long-term ART

Exceptional Controllers and “Block and Lock”



Gene therapy



Gene editing for an HIV Cure: Proof of Concept

“It’s great that I finally 
have someone added 
to my family. It’s been 

too long” 
Timothy Brown, Science 

March 2019 



Gene Therapy: Targets and Strategies

•  Protect: engineer uninfected cells to be resistant to HIV 
–  Proof-of-concept: Berlin, London and Dusseldorf cases 

•  Kill: enhance anti-HIV immune responses (CAR-T cells) 
•  Proof-of-concept in people pending 

•  Control: Induce life-long production of antiviral antibodies 
•  POC established in monkeys (Miami monkey) 

•  POC in people pending (VRC07, CROI LB) 
•  Purge: Selectively disrupt and deactivate provirus 

•  POC established in mice 

Paula Cannon 



One-shot cure approaches

Gene delivery of long-acting 
antiviral (bANb) or direct in 
vivo gene editing (HIV, 
CCR5) might eventually lead 
to durable cure for treated 
and even untreated people

Aspirational, but theoretically 
possible



Gene editing for an HIV Cure
Can cells be made into antibody factories that persist indefinitely?

•  Miami Monkey: Cured by with 
a vector (AAV) that 
introduced bNAb genes into 
tissues

•  VRC 603: 8 people received 
AAV (three doses); 2/3 at 
high dose had sustained 
production of VRC-07

Casazza et al., CROI 2020 (LB 41)



Immunotherapy: Vaccines, 
broadly neutralizing 
antibodies, adjuvants, 
cytokines, and immune 
checkpoint blockers



“Elite” control is most consistently associated with HIV-specific 
CD8+ T cell responses, although other pathways are likely 
involved

Protective Class I Alleles
B*57, B*27, B*13, B*58

CD8+ T Cell Proliferation Gag-specific degranulation, cytokines 
(polyfunctional CD8+ T cells)

Inhibitory activity (ex vivo 
autologous CD4+ T cells) Perforin and granzyme killing

Low PD-1, 
CTLA-4, TIGIT Low CD38 Vulnerable 

epitopes TCR diversity

Polyfunctional 
CD4+ T cells Public TCR Low T reg 

function Low IDO



Combination Immunotherapy: Proof-of-concept in monkeys



Reduce and Control
Combining Multiple Modalities To Achieve a Sustained
Viral Remission in the Absence of ART

Courtesy of Warner Greene



Combinatorial therapy with a therapeutic 
conserved element DNA/MVA vaccine strategy, a 
TLR9 agonist and broadly neutralizing antibodies: 
A pilot study aimed at inducing an HIV remission 
(IND 18488) 



2020  
•  Who and why 

we need a cure 
is changing 

•  Latency is far 
more complex 

•  Combination 
approaches will 
be needed 

•  High interest in 
more invasive 
strategies that 
will lead to cure 

1997  
HIV latency 
identified

2009  
The Berlin 

patient

2010  
Post treatment 

control 
(remission) 

VISCONTI 
SPARTAC 
CHAMP 

2014-now  
Case reports of 

remission 

A short history of HIV cure research: from cure to 
remission to cure again

2019  
The London 

patient	



Conclusions

•  Progress continues to be made, primarily in animal models
•  Multiple approaches are being tested

– All are likely to initially be less effective than optimally delivered 
ART

–  Iterative process expected with multiple “shots on goal” and 
ultimate optimization for addressing the needs of the global 
pandemic

•  Massive synergies exist with HIV prevention (vaccines, 
bNAbs) and non-HIV immunotherapies (cancer, transplant, 
autoimmunity)



Update on IAS-Durban: Focus on ART
Thank	You	for	Your	

A5endance!	

Please	visit	us	at:	
www.prn.org	


