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ABSTRACT 
HIV continues to pose significant global health challenges, with antiretroviral therapy (ART) providing effective 
viral suppression but failing to eliminate latent reservoirs. To address this limitation, recent research has explored 
novel therapeutic strategies, such as exosome-delivered small interfering RNA (siRNA) and broadly neutralizing 
antibodies (bNAbs), both of  which aim to achieve more durable viral control or a functional cure. This review was 
conducted to compare the mechanisms, clinical effectiveness, and translational potential of  these two emerging 
therapies in reducing HIV viral load in individuals receiving or transitioning from ART. A narrative review 
methodology was used, synthesizing relevant peer-reviewed literature published between 2010 and 2025 across 
preclinical and clinical settings. Findings show that exosome-delivered siRNA offers targeted gene silencing with 
high specificity and reduced toxicity, although current evidence remains limited to experimental models. In contrast, 
bNAbs have demonstrated significant reductions in viral load and delayed rebound in clinical trials, particularly 
when used in combination or sequential dosing strategies. Despite their potential, both therapies face limitations, 
including delivery challenges, the risk of  viral resistance, and concerns regarding scalability. In contrast, while 
bNAbs are closer to clinical application, exosome-based siRNA therapy holds considerable promise and warrants 
further investigation. A combinatory or personalized approach may represent the most viable pathway toward 
functional HIV remission. 
Keywords: HIV viral suppression, Exosome therapy, siRNA delivery, Broadly neutralizing antibodies, Functional 
HIV cure. 

 
INTRODUCTION 

HIV infection remains one of  the most challenging viral diseases to manage and eradicate, primarily due to its 
integration into host genomes and the rapid mutation rate of  its viral envelope [1, 2]. Although the widespread 
implementation of  antiretroviral therapy (ART) has significantly reduced HIV-related morbidity and mortality, it 
does not eradicate the virus [3, 4]. Long-term adherence, the risk of  drug resistance, and viral rebound upon 
treatment interruption have driven the search for alternative and adjunctive therapeutic strategies. Two such 
promising avenues are exosome-delivered small interfering RNA (siRNA) therapy and broadly neutralizing 
antibodies (bNAbs). These novel interventions have gained attention for their potential to reduce viral load and 
possibly contribute to a functional cure. 
siRNA therapy utilizes short RNA sequences that specifically target and silence viral mRNA, inhibiting replication 
at the post-transcriptional level [5, 6]. The major challenge lies in effective delivery to target cells. Exosomes, which 
are naturally occurring extracellular vesicles, have emerged as ideal carriers due to their biocompatibility, low 
immunogenicity, and ability to cross biological barriers. Exosome-encapsulated siRNA offers a promising solution 
for systemic delivery, potentially enabling selective knockdown of  HIV gene expression in infected cells [7, 8]. 
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In contrast, bNAbs are immunoglobulins that recognize and neutralize diverse strains of  HIV by targeting 
conserved regions of  the envelope glycoprotein [9]. These antibodies can block viral entry, facilitate immune 
clearance of  infected cells, and have shown prolonged viral suppression in clinical trials when used alone or in 
combination with ART. This review critically compares the mechanisms, preclinical and clinical outcomes, safety 
profiles, and translational feasibility of  exosome-delivered siRNA and bNAb therapies. It evaluates their relative 
effectiveness in suppressing HIV viral load and their roles in next-generation HIV therapeutics. The aim is to 
determine the extent to which each strategy may complement or replace traditional ART in the pursuit of  durable 
virologic control or cure. 

HIV Pathogenesis and the Need for Novel Therapeutics 

HIV primarily targets CD4+ T lymphocytes, resulting in progressive immune suppression [10]. The virus 
integrates into the host genome, forming a latent reservoir that remains undetectable by immune surveillance and 
unaffected by ART. Although ART blocks replication at various stages of  the viral lifecycle, it does not target the 
integrated provirus or eliminate infected cells. 
Persistent low-level viral replication, immune activation, and inflammation underlie ongoing tissue damage and 
comorbidities in treated individuals. Furthermore, the need for lifelong adherence and the emergence of  drug-
resistant strains contribute to treatment fatigue and failure. As a result, innovative therapies are being developed to 
reduce or eliminate viral reservoirs, control replication independently of  ART, and enhance host immune responses. 
Among these approaches, gene-silencing technologies such as siRNA and immune-based interventions like bNAbs 
have demonstrated considerable preclinical efficacy [11]. The delivery platform and immune engagement 
mechanisms, however, determine their practical impact in vivo. 

Mechanism and Application of  Exosome-Delivered siRNA Therapy 

Small interfering RNAs are short double-stranded RNA molecules that harness the endogenous RNA interference 
pathway [12]. Once inside the cytoplasm, siRNAs are incorporated into the RNA-induced silencing complex (RISC), 
where they bind complementary sequences on target mRNA and induce degradation, effectively silencing gene 
expression. In HIV, siRNAs have been designed to target essential viral genes such as gag, pol, tat, and rev, or host 
dependency factors such as CCR5 [13]. Targeting viral genes can reduce replication, while silencing host factors 
can prevent entry or assembly. 
One of  the major challenges in siRNA therapy is achieving efficient and selective delivery to HIV-infected cells [14]. 
Naked siRNA is unstable in the bloodstream and prone to rapid degradation by nucleases. Exosomes provide a 
physiologically compatible delivery vehicle that enhances the stability, cellular uptake, and tissue penetration of  
therapeutic siRNA. Exosomes are small vesicles (30–150 nm) secreted by many cell types and capable of  carrying 
nucleic acids, proteins, and lipids [15, 16]. Their lipid bilayer protects siRNA from degradation, and their surface 
markers enable tissue-specific uptake. Exosome-mediated delivery can be engineered by modifying donor cells to 
express targeting ligands or by loading siRNA via electroporation, transfection, or passive incubation. 
Preclinical studies have shown that exosome-delivered HIV-specific siRNAs reduce viral replication in vitro and in 
animal models. For example, exosomes loaded with siRNA targeting tat or rev resulted in a marked reduction of  
viral RNA and protein expression in CD4+ T cells and monocytes [17]. However, this therapeutic approach is still 
in the experimental stage, with limited human data. Further optimization is needed to enhance loading efficiency, 
targeting specificity, and scalability for clinical translation. 

Mechanism and Application of  Broadly Neutralizing Antibodies (bNAbs) 
Broadly neutralizing antibodies represent a class of  immunoglobulins that bind to conserved epitopes on the HIV 
envelope protein (Env), particularly gp120 and gp41 [18]. These regions are functionally important for viral entry 
and are less subject to mutational escape. bNAbs prevent infection by blocking the attachment of  HIV to CD4+ 
receptors or by interfering with fusion to the host membrane. Beyond neutralization, bNAbs mediate antibody-
dependent cellular cytotoxicity (ADCC), complement activation, and phagocytosis, enhancing clearance of  infected 
cells. Some bNAbs also exert immunomodulatory effects, promoting the expansion of  HIV-specific T cell responses. 
Several bNAbs have been isolated from long-term non-progressors and elite controllers, including VRC01, 
3BNC117, and 10-1074 [19, 20]. These antibodies have demonstrated potent in vitro neutralization breadth and 
have entered phase I and II clinical trials. Clinical studies show that a single infusion of  bNAbs can significantly 
reduce plasma HIV RNA levels in ART-naive and ART-suppressed individuals. In a landmark study, administration 
of  3BNC117 led to a 1.5 log10 reduction in viral load, while combination therapy with 3BNC117 and 10-1074 
delayed viral rebound after treatment interruption. 
Unlike ART, bNAbs offer the advantage of  immune engagement, longer half-lives, and the potential for intermittent 
dosing. However, the emergence of  resistant viral strains remains a concern, necessitating the use of  bNAb cocktails 
or engineered multispecific antibodies. 
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Comparative Efficacy in Viral Load Suppression 
Both exosome-delivered siRNA and bNAbs aim to reduce HIV replication, albeit through distinct mechanisms [21]. 
siRNA directly inhibits gene expression at the post-transcriptional level, while bNAbs block entry and enhance 
immune-mediated clearance. In preclinical studies, exosome-encapsulated siRNA has shown a significant reduction 
in viral RNA and protein levels in HIV-infected cell cultures. In murine models with humanized immune systems, 
systemic administration of  exosome-siRNA resulted in decreased viremia and reduced HIV gene expression in 
target tissues. However, the effect is transient, and repeat dosing is often required. 
In contrast, bNAbs have produced robust reductions in viral load in human subjects [22]. For instance, VRC01 
achieved temporary suppression in approximately 30 percent of  recipients, while combination bNAb therapy delayed 
rebound for several weeks post-ART interruption in most participants. Direct comparisons are difficult due to the 
lack of  head-to-head trials. Nevertheless, current evidence suggests that bNAbs achieve more immediate and 
measurable reductions in viral load in vivo, whereas exosome-siRNA therapy is promising but remains confined to 
early-stage investigations. 
Both strategies face challenges in durability and viral escape. For siRNA, mutations in the target sequence may 
prevent binding, while bNAbs may be rendered ineffective by envelope glycan shielding or mutational escape. 
Accordingly, a combination of  multiple siRNAs or bNAbs targeting distinct epitopes may be necessary for sustained 
suppression. 

Safety and Immunogenicity 
Safety profiles are a critical consideration in the development of  any new therapeutic modality. Exosomes, being 
endogenous to the body, are generally considered safe and non-immunogenic. They exhibit low toxicity and minimal 
inflammatory responses, especially when derived from autologous cells. However, standardization of  production, 
purification, and quality control remains a challenge in ensuring reproducibility and safety. siRNAs themselves can 
induce off-target gene silencing and innate immune activation through toll-like receptors if  not properly designed. 
Chemical modification of  siRNA and careful sequence selection can minimize these risks. 
bNAbs have demonstrated favorable safety in human trials, with most adverse events being mild and infusion-related 
[23]. However, repeat dosing may elicit anti-drug antibodies that neutralize efficacy or trigger hypersensitivity 
reactions. Engineering Fc regions and using fully humanized antibodies can reduce immunogenicity. In terms of  
organ toxicity, neither modality has shown significant long-term adverse effects in animal studies or early-phase 
human trials. Nonetheless, larger studies are needed to assess long-term outcomes and interactions with ART or 
other immunotherapies. 

Delivery and Translational Potential 
Delivery is a major differentiator between these therapies. Exosome-based siRNA therapy benefits from the 
biological compatibility and natural trafficking properties of  exosomes [24]. These vesicles can cross biological 
barriers, including the blood-brain barrier, and target tissue-resident HIV reservoirs such as the central nervous 
system and lymphoid organs. However, production and loading methods are still under refinement. Achieving high 
encapsulation efficiency, consistent batch quality, and targeted delivery remains a barrier to widespread application. 
Additionally, regulatory frameworks for exosome-based therapies are still evolving. 
On the other hand, bNAbs can be delivered via intravenous infusion, subcutaneous injection, or even through gene 
therapy vectors encoding antibody genes. Their half-lives can be extended using Fc engineering, allowing dosing 
intervals of  several weeks or even months. Several bNAbs are now being tested in combination with long-acting 
ART or latency-reversing agents, expanding their utility in functional cure strategies. Manufacturing processes are 
well established for monoclonal antibodies, and scalability is feasible with current biopharmaceutical infrastructure. 
In practical terms, bNAbs are closer to clinical application, while exosome-siRNA therapy requires more 
foundational research to address formulation, targeting, and delivery challenges. 

Future Directions and Combination Strategies 
While both strategies hold promise, their optimal utility may lie in combination with other modalities. Exosome-
siRNA can be used alongside ART to suppress residual replication or in latency reversal strategies to block 
reactivated transcription. It may also be engineered to deliver immunostimulatory cargo, combining gene silencing 
with immune activation. 
bNAbs are increasingly being combined with other immunotherapies, such as therapeutic vaccines and immune 
checkpoint inhibitors [25, 26]. The use of  trispecific antibodies and engineered variants with enhanced effector 
functions are in advanced stages of  development. 
In the long term, the integration of  RNA-based silencing, antibody-mediated immunity, and latency-targeting 
strategies may converge into multipronged therapeutic regimens. These regimens could be tailored to viral 
genotypes, host immune status, and reservoir size, supporting personalized HIV treatment and cure approaches. 
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CONCLUSION 
The search for alternatives to lifelong ART has brought exosome-delivered siRNA therapy and broadly neutralizing 
antibodies to the forefront of  HIV research. Both offer unique mechanisms of  viral control with the potential to 
reduce dependence on conventional therapy. Exosome-based siRNA therapy holds great promise due to its precision 
in silencing viral genes and its compatibility with natural biological pathways. However, its clinical application is 
limited by challenges in delivery efficiency, scalability, and a lack of  human trial data. Broadly neutralizing antibodies, 
by contrast, have demonstrated potent viral suppression in clinical settings and provide the added benefit of  
immune-mediated clearance of  infected cells. Their safety, tolerability, and compatibility with existing treatment 
protocols make them highly promising candidates for near-term clinical integration. While neither therapy is 
sufficient as a standalone cure, each contributes valuable tools to the evolving HIV therapeutic arsenal. Their 
strengths may be maximized through rational combination strategies that exploit both molecular precision and 
immune engagement. Ongoing research must focus on optimizing delivery systems, minimizing resistance, and 
conducting robust clinical trials to establish long-term efficacy. Ultimately, these innovative therapies bring us closer 
to a future in which durable viral suppression or functional cure is achievable beyond the confines of  lifelong ART. 
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