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The application of antiretroviral therapy (ART) limits HIV-1 replica-
tion so effectively that viral loads in the plasma are routinely reduced to
undetectable levels in infected individuals. The reduction is sustainable,
such that HIV infection is essentially now a manageable, chronic condi-
tion. The result is the improved activity of the immune system and
marked enhancements in the quality and duration of patients’ lives.
While ART's medical benefits in HIV-infected patients have been tre-
mendous, ART is not an actual cure for HIV-1 infection, as it cannot elim-
inate latent viral genomes. When ART treatment is interrupted, the
plasma virus levels rebound quickly, primarily due to the reactivation of
latent proviral genomes. The persistence of latent viral genomes must
be overcome to cure HIV infection.

Researchers are now reporting progress on the application of
CRISPR technology for the excision of latent HIV-1. Multiple reports
of the successful excision of latent genomes of lab-adapted HIV-1
strains in vitro using CRISPR have been published [1-4]. In this issue
of EBioMedicine, Jonathan Herskovits and colleagues demonstrate the
successful disruption of latent HIV-1 genomes using a CRISPR-Cas9-
mediated gene editing strategy that simultaneously targets multiple
regions of the HIV-1 genome in the article titled “CRISPR-Cas9 medi-
ated exonic disruption for HIV-1 elimination”[5]. The novelty of this
approach is that the team developed a library of guide RNAs (gRNAs)
capable of editing five unique HIV-1 exons, tat1-2, rev1-2, and gp41.
Using sequence information based on 4004 clinical strains of HIV-1,
the gRNAs were derived by identifying consensus sequences target-
ing tat. The efficacy of the gRNAs was tested against different viral
strains, and the most effective candidate underwent further testing
using multiple modes of delivery, including lipid nanoparticles, elec-
troporation and lentivirus vector-mediated delivery. The excitement
about this approach for the elimination of latent HIV-1 genomes
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results from it effectively overcoming the central issue of extensive
viral diversity in vivo resulting from the high mutation rate of HIV-1.

A key concern for applying CRISPR technologies to remove latent
HIV-1 genomes is demonstrating functionality in in vivo models.
Unfortunately, the excision of latent viral genomes and the complete
elimination of viral reservoirs in cells and tissues in vivo have yet to
be demonstrated. However, there have been reports of the successful
elimination of latent HIV genomes using CRISPR technology in
humanized mouse models [6-8]. These papers demonstrate the suc-
cessful excision of latent HIV-1 genomes in vivo from important res-
ervoir sites, including spleen, lung, liver, brain and peripheral blood
mononuclear cells (PBMCs). Furthermore, a recent publication by
Mancuso and colleagues performed a more rigorous test of CRISPR
technology in a model capable of virus replication and disease pro-
gression, the SIV-infected nonhuman primate model [9]. The data
from this study clearly indicate that the intravenous application of an
AAV9-CRISPR-Cas9 in monkeys leads to cleavage of the target sites in
the SIV genome and excision of the intervening sequences. Thus, this
initial study in nonhuman primates provides rigorous evidence sup-
porting the application of CRISPR-based genome editing as an HIV
cure strategy.

A few critical issues on the use of CRISPR for HIV-1 still need to be
addressed before being ready for widespread clinical use. A primary
safety concern is the risk of off-target effects resulting from the speci-
ficity of the gRNAs and target sequences. Several methodologies exist
for detecting off-target products, including whole-genome sequenc-
ing, targeted amplicon sequencing, and tracking of indels by decom-
position (TIDE). The limited analysis performed on HIV-1-specific
gRNAs indicates that specificity of the activity may not be a signifi-
cant problem, but more stringent testing is needed. Another issue is
the development of strategies to efficiently deliver the CRISPR/Cas to
organs and cells that harbor the latent genomes. The primary organ
systems that should be targeted are the lymph nodes, spleen, gut and
brain. Presently, there is no universal vector that targets all of these
organs efficiently. Of those currently available, AAV-based vectors
offer the broadest transduction capabilities in vivo. The immunoge-
nicity of the delivery vector and Cas components upon in vivo deliv-
ery is another critical issue. Both the virus proteins and/or Cas9
components can elicit immune responses in vivo. If the reaction is
sufficiently robust, repeat dosing with the vector could be problem-
atic. However, concerning the Cas components, pre-existing immu-
nity could be an issue. Studies have demonstrated that as high as 78%
of humans can have antibodies or antigen-specific T cells for either
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SaCas9 or SpCas9 because both Streptococcus pyogenes and Staphylo-
coccus aureus routinely infect humans. The pre-existing immunity
could inhibit the function of these proteins.

The approach described in this manuscript has tremendous
potential to excise latent viral genomes across the broad spectrum of
viruses typically found in HIV-1 infected patients. However, stringent
testing in preclinical animal models with replicating viruses will be
essential before it is approved for human application.
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