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ABSTRACT 

Despite sustained viral suppression achieved through antiretroviral therapy (ART), HIV persists in latently infected 
cells, forming proviral reservoirs that remain the principal barrier to cure. Latency reversing agents (LRAs) and 
CRISPR-Cas9 gene editing are the two innovative approaches that have emerged as leading strategies for targeting 
and eliminating these reservoirs in ART-suppressed individuals. While LRAs aimed to reactivate latent proviruses 
for immune-mediated clearance, CRISPR-Cas9 seeks to excise or inactivate integrated viral DNA through sequence-
specific genome editing. This review aimed to critically compare the efficacy, mechanisms, clinical readiness, and 
safety profiles of  these two approaches in the context of  HIV proviral elimination. A narrative review methodology 
was employed to synthesize peer-reviewed findings from preclinical and clinical studies published between 2010 and 
2025. Findings revealed that LRAs consistently induced HIV transcription but failed to significantly reduce 
reservoir size due to limited immune clearance, whereas CRISPR-Cas9 demonstrated more definitive proviral 
disruption in preclinical models but is constrained by delivery challenges and the risk of  viral escape or off-target 
effects. Both strategies hold promise, neither is sufficient alone; combination therapies, improved delivery systems, 
and individualized viral targeting may be necessary to achieve durable remission or eradication. Future research 
should prioritize integrated cure strategies combining molecular precision with immune enhancement. 
Keywords: HIV cure strategies, CRISPR-Cas9 gene editing, Latency reversing agents, Proviral elimination, ART-
suppressed individuals. 

 
INTRODUCTION 

The persistence of  latent HIV infection in cellular reservoirs despite long-term antiretroviral therapy (ART) 
remains the most formidable barrier to achieving a definitive cure for HIV [1–3]. Current ART regimens, while 
highly effective in suppressing active viral replication, do not eliminate integrated proviral DNA harbored in resting 
memory CD4+ T cells [4]. This silent viral reservoir can persist indefinitely and reinitiate systemic infection upon 
therapy interruption. Consequently, HIV infection remains a chronic condition necessitating lifelong treatment. 
Recent scientific advancements have explored two prominent therapeutic strategies aimed at directly eliminating 
the proviral reservoir: latency reversing agents (LRAs) and CRISPR-Cas9 gene editing. 
LRAs are pharmacological compounds that induce viral gene expression from latent cells, exposing infected cells to 
immune-mediated clearance [5, 6]. This strategy, often referred to as “shock and kill,” is based on the hypothesis 
that reactivated provirus becomes susceptible to immune surveillance or cytopathic effects. However, clinical 
outcomes of  LRAs have been modest, with limited evidence of  substantial reservoir depletion or consistent immune 
clearance following latency reversal. 
In contrast, CRISPR-Cas9 gene editing represents a precision-based approach that directly targets and excises the 
integrated HIV provirus from host genomes [7, 8]. This genome editing platform employs a guide RNA and the 
Cas9 nuclease to recognize specific viral sequences and induce double-stranded breaks, potentially removing or 
inactivating the provirus. Preclinical studies have demonstrated that CRISPR-Cas9 can eliminate proviral DNA in 
cell cultures and animal models. However, challenges such as off-target effects, efficient delivery, and viral escape 
mutations continue to limit its clinical translation. This review critically evaluates the current evidence comparing 
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CRISPR-Cas9 and LRAs for HIV proviral elimination in ART-suppressed individuals. It examines their mechanisms, 
efficacy, limitations, and the translational prospects of  each strategy as a pathway toward an HIV cure. 
Mechanism of  HIV Latency and the Reservoir Challenge 
HIV establishes latency early in infection by integrating its genome into the host DNA of  resting CD4+ T cells 
[9]. This proviral integration is silent, with minimal transcription, rendering these infected cells invisible to both 
the immune system and ART. The latent reservoir is stable, with a long half-life estimated at 44 months, making 
eradication unlikely through natural decay alone [10]. Importantly, this reservoir is replication-competent, as 
demonstrated by viral rebound following treatment interruption, even after years of  suppressive ART. 
Latency is maintained through multiple mechanisms including epigenetic silencing, transcriptional repressors, and 
the absence of  necessary cellular activation signals. Because these reservoirs are not targeted by ART or the immune 
system, strategies that either activate and eliminate or permanently disable the provirus are essential for achieving 
a functional or sterilizing cure. 
Overview of  Latency Reversing Agents (LRAs) 

Latency reversing agents aim to disrupt HIV latency by stimulating transcriptional activation of  integrated proviral 
genomes [11, 12]. The induced viral gene expression ideally renders infected cells susceptible to immune 
recognition and elimination while ART prevents new rounds of  infection. While many of  these agents successfully 
induce HIV RNA expression in vitro and in ex vivo assays, their effectiveness in reducing reservoir size in clinical 
trials has been inconsistent. Additionally, latency reversal alone may be insufficient if  the immune system fails to 
clear reactivated cells, a frequent limitation observed in LRA monotherapy trials. Combination strategies involving 
LRAs and immune enhancers such as therapeutic vaccines, broadly neutralizing antibodies, or checkpoint inhibitors 
are being actively investigated to improve clearance efficiency. Several classes of  LRAs have been explored which 
includes: 

i. Histone deacetylase inhibitors (HDACi) such as vorinostat and romidepsin promote chromatin relaxation 
and transcriptional activation [13]. 

ii. Protein kinase C agonists like bryostatin-1 stimulate NF-kB signaling and viral transcription. 
iii. Toll-like receptor agonists promote innate immune activation and may enhance immune clearance. 
iv. Bromodomain inhibitors (BETi) modulate chromatin remodeling and have shown potential in reactivating 

latent HIV [14]. 
Mechanism and Application of  CRISPR-Cas9 in HIV 
CRISPR-Cas9 is a genome-editing system adapted from bacterial defense mechanisms [15, 16]. It consists of  a 
guide RNA (gRNA) that directs the Cas9 endonuclease to a specific DNA sequence. Upon binding, Cas9 induces a 
double-stranded break at the target site [17]. In the context of  HIV, CRISPR can be programmed to target highly 
conserved sequences within the long terminal repeats (LTRs) or essential viral genes such as gag, pol, or tat. 
By cleaving these sequences, CRISPR can disrupt viral gene expression or physically excise the entire provirus [18, 
19]. The efficiency of  this process depends on accurate targeting, effective delivery to reservoir-harboring cells, and 
the ability to avoid off-target genome damage. Importantly, Cas9-induced DNA breaks are repaired by the host cell 
through non-homologous end joining, which may result in frameshift mutations that further inactivate the provirus. 
Preclinical studies in cell lines and animal models have demonstrated that CRISPR can remove proviral DNA and 
prevent viral rebound. In humanized mouse models, dual delivery of  CRISPR components via adeno-associated 
virus (AAV) vectors resulted in significant reduction of  proviral DNA in multiple tissues. However, translating this 
technology into clinical practice requires overcoming several barriers including immune responses to bacterial Cas9, 
limited delivery efficiency to resting CD4+ T cells, and the genetic variability of  HIV which can reduce guide RNA 
binding efficacy. 
Comparative Efficacy: CRISPR-Cas9 Versus LRAs 
The efficacy of  CRISPR-Cas9 and LRAs in eliminating HIV provirus has been the subject of  extensive preclinical 
research [20]. LRAs have demonstrated reproducible latency reversal in vitro but limited reservoir reduction in 
vivo. For example, administration of  vorinostat in ART-suppressed individuals increased cell-associated HIV RNA 
but failed to decrease total proviral DNA or delay viral rebound. This suggests that latency reversal does not 
automatically lead to clearance and that immune dysfunction in chronic infection may compromise the “kill” phase. 
By contrast, CRISPR-Cas9 offers a more definitive approach by aiming to directly excise or inactivate the provirus. 
In preclinical models, Cas9 has achieved significant proviral reduction. In one study, SIV-infected macaques treated 
with ART and AAV-delivered CRISPR showed detectable excision of  integrated DNA and reduced proviral loads 
in lymphoid tissues. 
However, CRISPR’s efficacy is heavily dependent on targeting conserved viral sequences [21]. HIV's high mutation 
rate and quasispecies diversity make it difficult to design universally effective guide RNAs. The emergence of  escape 
mutants following CRISPR therapy has been observed, raising concerns about selective pressure and viral rebound. 
While LRAs can be administered systemically with established pharmacokinetics, CRISPR requires vector-based 
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delivery systems that have yet to be optimized for distribution to all reservoir sites, including the central nervous 
system. 
Safety and Off-Target Effects 
A critical aspect of  clinical translation for both approaches is safety. LRAs, particularly those affecting epigenetic 
regulators, may induce global changes in gene expression, raising concerns about oncogenic activation or systemic 
inflammation. Some agents like romidepsin have dose-limiting toxicities and may impair immune function rather 
than enhance clearance. 
CRISPR-Cas9 carries the risk of  off-target genome editing, which could result in unintended mutations. Advances 
in guide RNA design, use of  high-fidelity Cas9 variants, and improved delivery methods have reduced these risks, 
but comprehensive in vivo safety data remain limited. Moreover, the use of  viral vectors such as AAV for delivery 
may elicit immune responses or cause insertional mutagenesis [22]. Immune recognition of  the bacterial Cas9 
protein has been observed in humans, and pre-existing immunity could limit therapeutic effectiveness or trigger 
adverse reactions. Strategies to humanize Cas9 or employ transient delivery systems are under investigation to 
mitigate this risk. 
Delivery and Feasibility Considerations 

The practical implementation of  CRISPR-based HIV therapy faces significant challenges. Effective delivery to all 
anatomical sites of  HIV reservoirs, including lymphoid tissues and the brain, remains an unresolved issue. Most 
preclinical models use AAV vectors or lipid nanoparticles, which have limitations in cell-type specificity and tissue 
penetration. 
By contrast, LRAs are typically small molecules with well-characterized pharmacodynamics and pharmacokinetics 
[23, 24]. They can be administered orally or intravenously and reach most tissues, though their impact on latent 
reservoirs is inconsistent. 
Scalability is also a concern. Manufacturing clinical-grade CRISPR constructs, ensuring vector quality, and 
customizing guide RNAs to individual viral sequences require complex infrastructure and regulatory oversight. 
These factors may delay large-scale clinical use and increase treatment costs. 
Clinical Trials and Translational Outlook 

Several clinical trials have evaluated LRAs in ART-suppressed individuals. Agents like vorinostat, romidepsin, and 
disulfiram have been tested as monotherapies or in combination with immunotherapies. While these trials confirmed 
increased HIV RNA expression post-LRA administration, they uniformly failed to reduce reservoir size or delay 
viral rebound. CRISPR-based therapies are still in early-stage investigation for HIV. However, the technology has 
entered clinical trials for other conditions such as sickle cell disease and certain cancers, demonstrating feasibility 
and preliminary safety in humans. For HIV, clinical translation will require overcoming the genetic diversity of  the 
virus and developing efficient delivery systems capable of  targeting latent cells in vivo. 
Emerging strategies combining CRISPR with other modalities such as LRAs, therapeutic vaccines, or broadly 
neutralizing antibodies are being explored to enhance efficacy and reduce the likelihood of  viral escape [25, 26]. 
These multimodal approaches reflect an evolving consensus that no single strategy may suffice for reservoir 
elimination. 

CONCLUSION 
The elimination of  HIV proviral reservoirs in ART-suppressed individuals represents a major step toward achieving 
a functional cure. Latency reversing agents and CRISPR-Cas9 gene editing embody two of  the most promising 
strategies under investigation. LRAs have demonstrated the ability to reactivate latent virus, but their inability to 
induce effective immune clearance and reduce reservoir size limits their curative potential as monotherapies. 
CRISPR-Cas9 offers a mechanistically distinct and potentially definitive approach by directly disrupting or excising 
the proviral genome. Preclinical evidence supports its ability to eliminate proviral DNA in cellular and animal 
models, although challenges related to viral diversity, delivery efficiency, and off-target effects must be addressed 
before clinical translation. Comparative analysis suggests that while LRAs are easier to administer and better 
understood clinically, CRISPR holds greater promise for durable proviral elimination if  technological and safety 
hurdles are overcome. Ultimately, a combinatorial approach integrating both modalities may yield the most effective 
pathway toward reservoir clearance and durable remission. Ongoing research and clinical trials will be essential to 
define the role of  each strategy and their potential synergy in achieving long-sought cures for HIV. 

REFERENCES 
1.  Obeagu, E.I., Obeagu, G.U., Alum, E.U., Ugwu, O.P.-C.: Advancements in Immune Augmentation Strategies 

for HIV Patients. IAA Journal of  Biological Sciences. 11, 1–11 (2023). 
https://doi.org/10.59298/IAAJB/2023/1.2.23310 

2.  Paraskevis, D., Borrajo, A.: Breaking Barriers to an HIV-1 Cure: Innovations in Gene Editing, Immune 
Modulation, and Reservoir Eradication. Life 2025, Vol. 15, Page 276. 15, 276 (2025). 
https://doi.org/10.3390/LIFE15020276 

http://www.idosr.org/


 
 
www.idosr.org                                                                                                                                           Kabazzi, 2025 

80 

 

3.  Chun, T.W., Moir, S., Fauci, A.S.: HIV reservoirs as obstacles and opportunities for an HIV cure. Nat 
Immunol. 16, 584–589 (2015). 
https://doi.org/10.1038/NI.3152;SUBJMETA=2558,326,596,631;KWRD=VIRAL+IMMUNE+EVASIO
N 

4.  Murray, J.M., Zaunders, J.J., McBride, K.L., Xu, Y., Bailey, M., Suzuki, K., Cooper, D.A., Emery, S., Kelleher, 
A.D., Koelsch, K.K.: HIV DNA Subspecies Persist in both Activated and Resting Memory CD4 + T Cells 
during Antiretroviral Therapy. J Virol. 88, 3516–3526 (2014). https://doi.org/10.1128/JVI.03331-
13/ASSET/EAB2F7D2-3351-400E-ADBB-
82D50AB893C9/ASSETS/GRAPHIC/ZJV9990987860007.JPEG 

5.  Margolis, D.M., Garcia, J.V., Hazuda, D.J., Haynes, B.F.: Latency reversal and viral clearance to cure HIV-1. 
Science (1979). 353, (2016). https://doi.org/10.1126/SCIENCE.AAF6517/ASSET/717664B3-E6EB-
4482-886C-249C75B14E9B/ASSETS/GRAPHIC/353_AAF6517_FA.JPEG 

6.  Covino, D.A., Desimio, M.G., Doria, M.: Combinations of  histone deacetylase inhibitors with distinct latency 
reversing agents variably affect hiv reactivation and susceptibility to nk cell-mediated killing of  t cells that 
exit viral latency. Int J Mol Sci. 22, 6654 (2021). https://doi.org/10.3390/IJMS22136654/S1 

7.  Alum, E.U., Uti, D.E., Ugwu, O.P.C., Alum, B.N.: Toward a cure - Advancing HIV/AIDs treatment modalities 
beyond antiretroviral therapy: A Review. Medicine (United States). 103, e38768 (2024). 
https://doi.org/10.1097/MD.0000000000038768 

8.  Bella, R.: GENE EDITING TECHNOLOGIES BASED ON CRISPR-CAS9 SYSTEM FOR THE 
TREATMENT OF HIV: STUDIES IN VITRO AND IN VIVO. (2018). https://doi.org/10.13130/R-
BELLA_PHD2018-01-25 

9.  Chan, C.N., Trinité, B., Lee, C.S., Mahajan, S., Anand, A., Wodarz, D., Sabbaj, S., Bansal, A., Goepfert, P.A., 
Levy, D.N.: HIV-1 latency and virus production from unintegrated genomes following direct infection of  
resting CD4 T cells. Retrovirology. 13, 1–22 (2016). https://doi.org/10.1186/S12977-015-0234-
9/METRICS 

10.  Crooks, A.M., Bateson, R., Cope, A.B., Dahl, N.P., Griggs, M.K., Kuruc, J.A.D., Gay, C.L., Eron, J.J., Margolis, 
D.M., Bosch, R.J., Archin, N.M.: Precise Quantitation of  the Latent HIV-1 Reservoir: Implications for 
Eradication Strategies. J Infect Dis. 212, 1361–1365 (2015). https://doi.org/10.1093/INFDIS/JIV218 

11.  Sadowski, I., Hashemi, F.B.: Strategies to eradicate HIV from infected patients: elimination of  latent provirus 
reservoirs. Cellular and Molecular Life Sciences 2019 76:18. 76, 3583–3600 (2019). 
https://doi.org/10.1007/S00018-019-03156-8 

12.  Rodari, A., Darcis, G., Van Lint, C.M.: The Current Status of  Latency Reversing Agents for HIV-1 
Remission. Annu Rev Virol. 8, 491–514 (2021). https://doi.org/10.1146/ANNUREV-VIROLOGY-091919-
103029/CITE/REFWORKS 

13.  Pu, J., Liu, T., Wang, X., Sharma, A., Schmidt-Wolf, I.G.H., Jiang, L., Hou, J.: Exploring the role of  histone 
deacetylase and histone deacetylase inhibitors in the context of  multiple myeloma: mechanisms, therapeutic 
implications, and future perspectives. Experimental Hematology & Oncology 2024 13:1. 13, 1–19 (2024). 
https://doi.org/10.1186/S40164-024-00507-5 

14.  Banerjee, C., Archin, N., Michaels, D., Belkina, A.C., Denis, G. V, Bradner, J., Sebastiani, P., Margolis, D.M., 
Montano, M.: BET bromodomain inhibition as a novel strategy for reactivation of  HIV-1. J Leukoc Biol. 92, 
1147–1154 (2012). https://doi.org/10.1189/JLB.0312165 

15.  Loureiro, A., Da Silva, G.J.: CRISPR-Cas: Converting A Bacterial Defence Mechanism into A State-of-the-
Art Genetic Manipulation Tool. Antibiotics 2019, Vol. 8, Page 18. 8, 18 (2019). 
https://doi.org/10.3390/ANTIBIOTICS8010018 

16.  Allemailem, K.S.: Recent Advances in Understanding the Molecular Mechanisms of  Multidrug Resistance 
and Novel Approaches of  CRISPR/Cas9-Based Genome-Editing to Combat This Health Emergency. Int J 
Nanomedicine. 19, 1125–1143 (2024). https://doi.org/10.2147/IJN.S453566 

17.  Feng, Y.L., Liu, S.C., Chen, R.D., Sun, X.N., Xiao, J.J., Xiang, J.F., Xie, A.Y.: Proximal binding of  dCas9 at a 
DNA double strand break stimulates homology-directed repair as a local inhibitor of  classical non-
homologous end joining. Nucleic Acids Res. 51, 2740–2758 (2023). 
https://doi.org/10.1093/NAR/GKAD116 

18.  Saayman, S., Ali, S.A., Morris, K. V, Weinberg, M.S.: The therapeutic application of  CRISPR/Cas9 
technologies for HIV. Expert Opin Biol Ther. (2015). https://doi.org/10.1517/14712598.2015.1036736 

19.  Borrajo, A.: Breaking Barriers to an HIV-1 Cure: Innovations in Gene Editing, Immune Modulation, and 
Reservoir Eradication. Life 2025, Vol. 15, Page 276. 15, 276 (2025). https://doi.org/10.3390/LIFE15020276 

20.  Bhowmik, R., Chaubey, B.: CRISPR/Cas9: a tool to eradicate HIV-1. AIDS Res Ther. 19, 1–14 (2022). 
https://doi.org/10.1186/S12981-022-00483-Y/METRICS 

http://www.idosr.org/


 
 
www.idosr.org                                                                                                                                           Kabazzi, 2025 

81 

 

21.  Liu, X., Hao, R., Chen, S., Guo, D., Chen, Y.: Inhibition of  hepatitis B virus by the CRISPR/Cas9 system via 
targeting the conserved regions of  the viral genome. Journal of  General Virology. 96, 2252–2261 (2015). 
https://doi.org/10.1099/VIR.0.000159/CITE/REFWORKS 

22.  Hamilton, B.A., Wright, J.F.: Challenges Posed by Immune Responses to AAV Vectors: Addressing Root 
Causes. Front Immunol. 12, 675897 (2021). https://doi.org/10.3389/FIMMU.2021.675897/BIBTEX 

23.  Rosás-Umbert, M., Ruiz-Riol, M., Fernández, M.A., Marszalek, M., Coll, P., Manzardo, C., Cedeño, S., Miró, 
J.M., Clotet, B., Hanke, T., Moltó, J., Mothe, B., Brander, C., Ligero, C.: In vivo Effects of  Romidepsin on T-
Cell Activation, Apoptosis and Function in the BCN02 HIV-1 Kick&Kill Clinical Trial. Front Immunol. 11, 
518437 (2020). https://doi.org/10.3389/FIMMU.2020.00418/BIBTEX 

24.  Crass, R.L., Pai, M.P.: Pharmacokinetics and Pharmacodynamics of  β-Lactamase Inhibitors. 
Pharmacotherapy. 39, 182–195 (2019). 
https://doi.org/10.1002/PHAR.2210;JOURNAL:JOURNAL:18759114;CTYPE:STRING:JOURNAL 

25.  Paraskevis, D., Borrajo, A.: Breaking Barriers to an HIV-1 Cure: Innovations in Gene Editing, Immune 
Modulation, and Reservoir Eradication. Life 2025, Vol. 15, Page 276. 15, 276 (2025). 
https://doi.org/10.3390/LIFE15020276 

26.  Schwarzer, R., Gramatica, A., Greene, W.C.: Reduce and Control: A Combinatorial Strategy for Achieving 
Sustained HIV Remissions in the Absence of  Antiretroviral Therapy. Viruses 2020, Vol. 12, Page 188. 12, 
188 (2020). https://doi.org/10.3390/V12020188 

  
 

CITE AS: Kabazzi Douglas T. (2025). Efficacy of  CRISPR-Cas9 Gene Editing Versus Latency 
Reversing Agents for HIV Proviral Elimination in ART-Suppressed Patients: A Review. IDOSR 
JOURNAL OF APPLIED SCIENCES 10(2):77-81, 2025. 
https://doi.org/10.59298/IDOSRJAS/2025/102.7781 

http://www.idosr.org/
https://doi.org/10.59298/IDOSRJAS/2025/102.7781

