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Abstract

HIV-1 persistence in long-lived cellular reservoirs remains a major barrier to a cure. In a recent
Nature Medicine paper, Buzon et al. identify memory T cells with stem cell-like properties
(Tscm) that harbor infectious provirus and that likely contribute to HIV-1 persistence.

HIV infection can be effectively suppressed and disease can be prevented with highly active
antiretroviral therapy (HAART). However, HIV-infected people must remain on treatment
continuously to avoid viral rebound and progression to acquired immunodeficiency
syndrome. HIV persistence is thought to stem primarily from the presence of integrated
copies of the proviral genome within long-lived cells. Because active viral gene expression
causes cell death due to viral cytopathic effects and the immune response, long-lived cells
likely harbor transcriptionally silent, latent provirus. There is great interest in identifying
and characterizing the cell types that harbor latent provirus so that strategies to eliminate
these ‘reservoirs’ of virus can be developed.

Resting memory CD4* T cells are the best-characterized reservoir of latent HIV [1].
However, the mechanism by which latent infection is established within this compartment is
still unclear. Activated T lymphocytes are highly susceptible to the virus but they mainly
support active infection, which rapidly kills the cells. Latent reservoirs may nevertheless
form if a small subset of activated cells survive long enough post-infection to return to a
resting state [2]. In addition, recent studies have provided evidence that HIVV-1 may rarely
succeed in infecting resting cells and immediately establish latent infection [3]. Thus there
may be two pathways by which HIV can establish latency in T cells.

Because different T cell subsets may require different strategies for eradication, there has
been great interest in the identity of all the T cell subsets that can harbor latent virus. A
number of groups have characterized a reservoir of HIV-1 within the central memory T cell
compartment (Tcp) and this reservoir has been extensively studied [4]. In addition, a recent
study by Buzon and colleagues characterized infection of a newly described T cell subset
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(Tscm) [5,6] (Figure 1). These cells are of great interest because they can survive for long
periods of time and potentially spread provirus vertically with self-renewal and
differentiation. The authors demonstrate that Tgcp can be infected in vitro by CCR5-tropic
HIV-1 strains and that the relatively low frequency of infection correlates with a relatively
low level of CCR5 compared with other subtypes. Interestingly, when the tropism of the
virions was artificially expanded by incorporation of the vesicular stomatitis virus envelope
glycoprotein, Tgcm Were significantly more permissive to infection than the other CD4* T
cell subtypes tested. While additional studies will be needed to understand this observation,
the authors noted that the enhanced susceptibility to infection correlates with a relatively low
level of the HIV-1 restriction factor TRIM5a, [7].

To determine whether Tgcp represent a stable reservoir of HIV-1 in vivo, the authors
purified Tgcwm from HIV-infected people who had been optimally treated with HAART
achieving long-term viral suppression. They found that provirus was present within Tgcpy at
a comparatively high frequency. However, Tgcp Were present at an extremely low
frequency and the total contribution of the Tgcp to the cellular pool was small.
Nevertheless, longitudinal evaluation of cell associated HIVV-1 DNA demonstrated that the
viral reservoir within Tgcp and central memory T cells (T¢y) was stable, while proviral
DNA associated with terminally differentiated and effector memory T cell subsets (T+p and
Tem) decreased over time. Moreover, the contribution of Tgcp to the total HIV-1 reservoir
in CD4" T cells increased over the course of long-term HAART [5].

To provide evidence that infected Tgcp are a source of virions, the authors amplified a
portion of the viral genome from the pool of residual circulating plasma virus and compared
it to similar amplicons from provirus associated with Tgcpm. Indeed, a phylogenetic analysis
revealed similarities between these two populations and moreover, the data suggest that
Tscm infected early in the course of disease may provide a stable and long-lived source of
virus much later in the course of infection. Finally, the phylogenetic analysis revealed
relationships between provirus isolated from Tsc) and more differentiated T cell subtypes.
While it’s tempting to speculate that identical sub-genomic fragments found within
differentiated cells might indicate a common ancestry from an infected Tgcp, it is also
possible that highly related viruses infected different long-lived cells (Figure 1). A definitive
answer to this question could be obtained by the identification of common proviral
integration sites, which would uniquely identify infected daughter cells that differentiated
from a precursor cell type.

Similar to Tgcp, CD133* bone marrow hematopoietic stem and progenitor cells (HSPCs)
are another cellular target of HIV-1 capable of self-renewal and differentiation into terminal
cell types. HIV provirus has been identified within these cells in some donors [8] and the
significance of this reservoir is a subject of ongoing research. As HSPCs are even more rare
than Tscm, the reservoir is likely to be even smaller. Nevertheless, all reservoirs, no matter
how small, will likely need to be specifically targeted to affect a cure.

A goal of current research is to kill the latently infected cells by reactivating provirus and
inducing viral cytopathic effects while preventing spread to new target cells. Therefore, the
biology of viral latency and reactivation in all reservoirs is critically important to
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understand. For example, the mechanism of latency establishment and reactivation is
different in HSPCs compared to T cells. In HSPCs, provirus appears to undergo immediate
post-integration silencing that can be reversed upon activation of nuclear factor-xB (NF-«xB)
with tumor necrosis factor o (TNFa) treatment [9]. In contrast, TNFa is not sufficient to
reactivate latently infected T lymphocytes, as quiescent resting memory T cells must
additionally upregulate positive transcription elongation factor b (P-TEFb), which is needed
for HIV transcription and active infection. All known cellular reservoirs can be activated by
less specific strategies that reverse silencing with histone deacetylase inhibitors (HDACI).
However, the viral cytopathic effects induced following reactivation by HDACi alone may
be insufficient to kill infected cells [10]. A more complete basic understanding of how
latency is established and how reactivation occurs will likely facilitate the development of
more specific and less toxic eradication strategies.
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Figure 1.

HIV transmission among potential long-lived cellular reservoirs. Cartoon illustration
depicting two pathways by which cells that express the HIV-1 receptors (CD4 and CXCR4
or CCR5) can acquire integrated provirus. In untreated people, virions directly infect a target
cell and the error prone reverse transcriptase incorporates approximately one mutation per
viral genome per replication cycle. In treated people, drugs can effectively prevent new
infection. However, it has been hypothesized that integrated provirus may spread by cell
division and differentiation of precursor cells. A proviral genome acquired by cellular
replication will have the same sequence and integration site as the parent cell. In optimally
treated people, cellular reservoirs are expected to decay over time according to the life span
of the cell type that harbors them. Buzon et al. observed a significant decrease in the amount
of HIV DNA associated with Tgp and Typ but not Tya, Tem or Tsem over 7-11 years of
continuous treatment [5]. Abbreviations: HSPC, hematopoietic stem and progenitor cells
(CD133* HSPCs are a heterogeneous population of precursor cells that include
hematopoietic stem cells.); Tya, naive CD4™ T lymphocyte; Tscp, stem cell memory CD4*
T lymphocyte; Tcp, central memory CD4* T lymphocyte; Tgw, effector memory CD4* T
lymphocyte; T1p, terminally differentiated CD4" T lymphocyte. Cell types with a greater
potential to self-renew and differentiate are indicated by the dashed circular arrow.
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