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Diego, La Jolla, CA; 11Geisinger Health System, Danville, PA; 12The Jackson Laboratory, Bar 
Harbor, ME; 13Fellow Program, RTI International, Research Triangle Park, NC 

Recent genome-wide association studies and omic-wide gene dysregulation studies in 
postmortem human brains have begun to robustly identify variants and genes associated with 
opioid addiction (OA). Empirically linking these genes to neurobiological pathways will help to 
elucidate the biological drivers underlying the observed associations and provide hypotheses for 
experimental studies. Here we applied a systems biology approach to connect OA-associated 
genes using a multiplex network with 15 network layers from distinct types of biological 
experimental evidence, including four brain region-specific gene expression networks constructed 
using explainable-AI with GTEx RNA-seq expression data. Our analysis focused on 15 OA-
associated genes: five GWAS-derived genes (OPRM1, FURIN, KDM4A, PPP6C, and PTPRF), 
five differentially expressed genes (DUSP4, DUSP6, EGR4, ETV5, and NPAS4) from postmortem 
dorsolateral prefrontal cortex (dlPFC), and five genes from opioid-related epigenetic alterations 
to the dlPFC, including H3K27 hypoacetylation by ChIP-seq (ASTN2, DUSP4, ENOX1, GABBR2, 
KCNMA1) and DNA hypermethylation (NTN1). Using network mining algorithms, we identified a 
strong level of functional connection among these genes, with a high level of gene recovery 
(AUC=0.93) and a tight network of only 96 additional genes needed to connect all 15 OA-
associated genes. Novel connections between genes were observed, including a scaffolding 
protein (FLNA) binding to both OPRM1 and FURIN. Results also included multiple functional links 
between genes that modulate MAPK signaling (DUSP4, DUSP6, and PPP6C), a signaling 
pathway previously shown to respond to morphine exposure. Together, we identify key pathways 
that underlie OA-associated genes by integrating multi-omic datasets with a systems-level 
approach. 
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