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To Editor,

There are several antiretroviral agents available for the
treatment of HIV patients. These drugs vary in efficacy
and cannot offer complete elimination of HIV virions
from the body. Novel and more efficient anti-HIV
therapeutic technologies are being developed in many
parts of the world. During infection, HIV undergoes
latency as a provirus inside CD4 + cells. Currently available
antiretroviral agents cannot reverse the latent HIV attached
to the host DNA.! Now, there is a breakthrough in bringing
out latent HIV outside the human genome. The use of a
latency reversal agent with the mRNA delivery method
shows a very promising scope for HIV treatment.? This
method uses lipid nanoparticle-based mRNA technology
with the LNP X-HIV Tat-CRISPRa system that delivers
mRNA into infected CD +cells. The latent HIV genome
is transcribed, released from the human genome, and
subsequently eliminated by the antiretroviral agents.

The Joint United Nations Program on HIV/AIDS reports
that there are 40 million individuals living with HIV,
with 20.8 million cases reported in eastern and southern
Africa, which is one of the areas severely struck by the
HIV pandemic.® HIV transmission can occur by various
ways, such as through sexual contact, blood transfusion,
contaminated needles or from mother to infant. During
infection, the virus enters CD4 + cells, and viral RNA is
converted to DNA by reverse transcription. This viral
DNA, called a provirus, gets attached to the host DNA
as provirus and undergoes latency. However, the infected
cells can only produce virions if they receive an activation
signal. With this, the viral mRNA is translated, producing
viral peptides that are used to form new viral structures.
Once the virus is assembled, it buds from the cell surface,
incorporating the host cell's membrane, which allows it to
infect other CD4 + cells. As the virus replicates, there is a
high level of viremia detected.*

The course of HIV infection varies throughout eight to
ten years, as the disease progresses through the various

phases. Patients whose viral replication is not controlled
adequately may have a critically low level of CD4+ cell
count after several years of initial infection. The Centers
for Disease Control and Prevention (CDC) includes all
HIV-infected individuals > 5 years of age with a CD4 + cell
count below<200 cells/mm?® within the definition of
acquired immunodeficiency syndrome (AIDS).* These
individuals are at high risk of developing AIDS-defining
illnesses that can be life-threatening. Since the first
reported case of AIDS in 1981, the scientific community
has approved more than 30 antiretroviral drugs, such as
nucleoside reverse transcriptase inhibitors (NRTIs), non-
nucleoside reverse transcriptase inhibitors (NNRTIs),
and protease inhibitors (PIs). However, HIV remains a
significant burden on several countries.’ One of the biggest
obstacles in the eradication of HIV is the capability of the
virus to remain dormant in CD4 + cells during the latent
phase. As antiretroviral therapy (ART) targets different
stages of viral replication, those within the latent CD4+ T
cells can escape the action of ARTs.

Latency-reversing agents (LRA) were used in
conjunction with ART to overcome this. It was introduced
as the “shock and kill” strategy.®” The principle of this
was to activate the latent viruses using the LRAs in the
“shock” phase, allowing the host defense mechanisms to
“kill” the infected cells. Several classes of LRAs have been
developed, including PKC agonists, CCR5 antagonists,
PI3K/AKT pathway inhibitors, and SMAC analogs.”
However, studies with these did not report a significant
decline in the latent cells. In addition to this, the LRAs
were not specific to HIV, resulting in damage to other
healthy host immune cells.”

It was reported that although LRAs were able to
initiate the process of HIV transcription, it was unable
to overcome the subsequent blocks in transcription
elongation, completion, and splicing. To overcome these
problems, the focus of research shifted to HIV-specific
nucleic acid-based LRAs. Among this, lipid nanoparticle
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Figure 1. Transcription activation of the HIV provirus by LNP X

(LNP) encapsulating mRNA encoding Trans-activator
of Transcription (Tat) was observed to enhance the
process of transcription. Another was HIV LTR-targeted
CRISPR activation (CRISPRa), which provided highly
specific activation of transcription.® However, due to
the lack of a delivery system to the T cells, these LRAs
have not progressed to further stages of clinical trials. A
new study done in 2025, modified FDA-approved LRA,
patisiran, to create a new formulation, LNP X.* This new
LRA, based on the combination of ionizable, synthetic
amino lipid (SM-102) and phytosterol (B-sitosterol), was
observed to have a superior potency, with transfection
efficiencies being>75%.% The cellular uptake of LNP X
was observed to be 2.5 times higher than the previous
LRAs, with protein expression being 4.1 times higher
relative to the LNP X that entered the cells.® In addition
to this, this research does not demonstrate any in vitro
toxicity associated with treatment with LRA-LNP X. It
was noteworthy that this mRNA-based LNP X coding Tat
- HIV protein was shown to increase the transcription of
the virus in ex vivo CD4 + cells of HIV infected individuals
(Figure 1). LNP X also enables the delivery of CRISPRa,
allowing modulation of viral and host gene transcription.
This is the first time that such a significant result has been
observed in the therapy targeting HIV latent cells, and it
offers potential for the development of nucleic acid-based
T cell therapies.”!

Conclusion

There are many anti-retroviral drugs are currently
available for the treatment of HIV infected individuals.
But these drugs are effective only during replicative stages
or on assembled HIV virions in the host cells. These drugs
are generally ineffective on the latent HIV genome. For
successful HIV treatment, it is particularly crucial to detach
the HIV provirus attached to the human genome. Lipid

nanoparticle-based mRNA technology with LNP X-HIV
Tat-CRISPRa system can deliver the mRNA and induces
the viral transcription. After detachment, the subsequent
replicative stages of HIV are vulnerable and destroyed by
the antiretroviral drugs. LNP X-HIV Tat-CRISPRa system
in combination with ART shows a promising scope for
better treatment strategy of HIV infected individuals.
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