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Fig. S1 A schematic outline of procedures used during the differentiation of iPSC-derived 

forebrain neurons. (B) Representative examples of staining for neuronal markers.  Most iPSC-

derived neurons (>90%) are glutamatergic excitatory neurons that express vesicular Glutamate 

Transporter 1 (VGLUT1).  Approximately 5-10 % neurons are GABAergic neurons that express 

glutamate decarboxylase 1 (GAD1), and less than 1% neurons are dopaminergic neurons that 

express tyrosine hydroxylase (TH).  

 

Fig. S2 (A) mRNA expression of three subtypes of opioid receptor (OPRM1, OPRK1, and 

OPRD1) in iPSC-derived forebrain organoids. (B) demographic and characteristics of the three 

male subjects included in the snRNA-seq study and cell lines for functional genomics studies. 

(C) bulk RNA-seq matrix of iPSC-derived forebrain organoids (n=3). (D) snRNA-seq matrix of 

iPSC-derived forebrain organoids. (E) UMAP plot demonstrates the distributions of cell in each 

treatment condition (V: vehicle, O: oxycodone, B: buprenorphine). (F) Percentage of cells from 

each subject and each treatment condition which were used to generate the UMAP plot as shown 

in Supplementary figure 2E.  

 

Fig. S3 UMAP of cells colored by canonical marker genes list in supplementary table 2.  

 



Fig. S4 (A) A schematic outline of procedures used during the differentiation of iPSC-derived 

forebrain astrocytes. (B) Representative examples of staining for astrocyte markers: S100B and 

GFAP. (C) Protein expression of STAT1 was determined using the iPSC-derived astrocyte from 

male and female OUD patients and unaffected controls (n=3 each group). The basal level of 

STAT1 protein expression showed no difference between OUD and unaffected controls. (D)  

Representative Western blot images demonstrate that STAT1 expression did not alter in response 

to oxycodone or buprenorphine treatment in iPSC-derived astrocytes from patients with OUD or 

unaffected controls. veh: vehicle, bup: buprenorphine, oxy: oxycodone. 

 

Table S1. Primer sequences and antibodies used for experiments. 

 

Table S2. Canonical marker genes to classify UMAP clusters 0–15. 

 

Table S3. Pathway analysis was performed using the results derived from the differential gene 

expression analysis in each cell cluster. The values represent FDR. V: vehicle, B: buprenorphine, 

O: oxycodone. 

 

 


