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Multi-omic integration uncovers biological pathways underlying HIV viral load
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While antiretroviral therapy has significantly improved disease prognosis in people living with HIV,
substance use can compromise adherence to ART and exacerbate inflammation, thereby
accelerating disease progression directly and indirectly. Understanding biological mechanisms
underlying HIV viral load is a necessary foundation for future studies exploring the mechanisms
underlying how substance use exacerbates HIV disease progression. Here, we integrated multi-
omic datasets and used two machine learning network biology tools (GRIN and MENTOR) to
identify biological mechanisms associated with HIV viral load across 10 distinct cohorts: the
Veterans Aging Cohort Study (VACS; n = 2,465), Swiss HIV Cohort (n = 198), and 7 cohorts of
whole-genome sequencing data used to obtain an MHC locus fine mapping reference panel (n =
21,546). We integrated three genes from HIV set point viral load GWAS using fine mapping from
WGS data (HLA-A, HLA-B, HLA-C), 258 differentially expressed genes from microarray data
based on CD4+ T-cell viral load from HIV-infected, untreated individuals from the Swiss HIV
Cohort, 143 genes based on differential DNA methylation status from the VACS cohort, and 8
genes known to affect the pharmacokinetics of anti-HIV drugs (ABCC2, CYP2A6, CYP2B6,
CYP2C9, CYP2C19, CYP3A4, SLCO1B1, and UGT1A1). Using GRIN, we retained 194 multi-
omic genes based on their high network interconnectivity. Using MENTOR, we then
collaboratively interpreted subsets of the 194 multi-omic viral load genes. We identified the
following biological processes implicated by multi-omics of HIV viral load: cell cycle checkpoint,
histone modifications, mitochondrial function, oxidative stress, viral replication, and interferon
signaling.
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