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Understanding the impact of long-term opioid exposure on the embryonic brain is critical due to 
the surging number of pregnant mothers with opioid dependency. However, this has been limited 
by human brain inaccessibility and cross-species differences in animal models. Here, a human 
midbrain model is established that uses human iPSC-derived midbrain organoids to assess cell-
type-specific responses to opioids. This study establishes a highly scalable and sensitive 
framework for transcriptomic profiling of brain tissues to investigate fentanyl exposure and 
withdrawal. Single-cell mRNA sequencing of 25,510 cells from organoids in different treatment 
groups reveals that chronic fentanyl treatment arrests neuronal subtype specification during early 
midbrain development and alters synaptic activity and neuron projection. In contrast, acute 
fentanyl treatment increases dopamine release but does not significantly alter gene expression 
related to cell lineage development. These results provide the first examination of the effects of 
opioid exposure on human midbrain development at the single-cell level. (Advanced Science, 
2024)


