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HIV-associated neurocognitive disorders (HAND) remain a major challenge, particularly in 
individuals with opioid abuse, despite the success of combination antiretroviral therapy (cART). 
The interplay between HIV-1 infection and opioid exposure exacerbates neuroinflammation and 
neurodegeneration. Emerging evidence suggested that extracellular vesicles (EVs) containing 
microRNAs (miRNAs) mediated cellular crosstalk between glial cells, neurons, and pericytes, 
contributing to HAND pathogenesis. Understanding this communication might uncover 
therapeutic targets to mitigate neuroinflammatory processes in HAND. We hypothesized that HIV-
1 Tat protein and opioid exposure (morphine) enhanced the release of miRNA-enriched EVs from 
glial cells, which modulated neuroinflammation, microglial activation, and blood-brain barrier 
disruption, contributing to the progression of HAND. Our studies demonstrated that HIV-1 Tat 
induced the release of miR-9 and miR-7-enriched EVs from astrocytes. MiR-9 targeted PTEN in 
microglia, promoting their migration, while miR-7 downregulated Neuroligin 2 in neurons, leading 
to synaptic dysfunction. Morphine exposure induced miR-138-enriched EVs, which activated 
microglia via the toll-like receptor 7-NFκB signaling pathway. Intranasal administration of a miR-
138 inhibitor attenuated microglial activation in morphine-treated mouse models. Additionally, 
miR-23a-enriched EVs disrupted the blood-brain barrier, facilitating peripheral monocyte entry 
into the CNS. These findings underscored the critical role of EV-mediated miRNA signaling in 
HAND, offering promising therapeutic avenues for miRNA-based interventions to reduce 
neuroinflammation in patients with HIV-1 infection and opioid abuse. 
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