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Figure S1. Digital microscope image of whole matrigel dome with spheroids outlined for area anal-

ysis. (A) Representative images of whole Matrigel domes of 3D organoid cultures with spheroids 

outlined in pink from the four treatment groups: -DHT, +DHT, +DHT/Vehicle, +DHT/Enzalutamide. 

Spheroid area was measured using the Keyence Hybrid Cell Counter at 4X magnification by outlin-

ing spheroid clusters (pink line) that were at least 50 µm in size with the Free Draw Tool. PCSD1 

Organoid cultures were treated with increasing concentrations of enzalutamide to determine the 

effect on (B) lumen diameter (in µm) and (C) cyst count. Enzalutamide at 10 µM showed significant 

reduction of cyst size and number and was used in subsequent experiments. Data represent the 

mean from two (n=2) experiments ± SEM. A student’s t-test was used to determine statistical signif-

icance (** indicates P < 0.01). GFP fluorescence was measured using the Keyence BZX 710 micro-

scope (Keyence Corporation) on a weekly basis. 



 

 
Figure S2. Hierarchical Clustering Analysis of Gene Expression Profiles from PDX Organoids under APDT. Heatmaps organized by 

hierarchical clustering analysis for differentially expressed genes in PCSD1 organoids under two androgen treatment conditions (1) 

Veh (+DHT/Vehicle – 1 nM/0.1% DMSO), (2) DHT (+DHT – 1 nM) and PCSD1 organoids under two androgen deprivation treatment 

conditions: (3) noDHT (-DHT) and (4) Enza (+DHT/Enzalutamide – 1 nM/1uM). Genes presented in four groups: (A) down-regulated 

under APDT, high normalized read counts (RPKM), (B) down-regulated under APDT, low RPKM, (C) up-regulated under APDT, 

high RPKM, and (D) up-regulated under APDT, low RPKM. To identify genes responsive to androgen deprivation, a series of queries 

were applied to the read count tables. First, queries identified genes with expression change in the same direction in both experiments 

1 and 2 under Enzalutamide treatment (Enza) compared to vehicle treatment (+DHT/Veh). To focus on highly responsive genes, a 

minimal threshold change of abs(log2(Enza/Veh)) > 0.75 was required for a gene change to be considered "UP"- or "DOWN"-regulated 

by androgen deprivation or anti-androgen. Genes with changes below this threshold were set aside. Next, genes were ranked ac-

cording to change between treatment with Enzalutamide versus noDHT, with lower values for abs(log2(Enza/noDHT)) ratios ranked 

higher. Filtered genes were then split into two groups for further evaluation and ranking: genes with all RPKM read counts below 

10 were considered as low expression genes (Low), and the rest as higher expression genes (High), resulting in four groups of genes 

for pathway analysis:  UP, Low RPKM (98 genes); DOWN, Low RPKM (206 genes); UP, High RPKM (171 genes); DOWN, High 

RPKM (312 genes). 



 

 
Figure S3. Comparative Gene Expression Profiling of APDT Treatment in PDOs. Hierarchical clusters were selected which show 

consistent gene expression changes between different androgen signaling conditions from whole genome bulk RNASeq analysis. 

Gene expression is displayed as percentage of maximum normalized reads per kilobase of transcript per million mapped reads 

(RPKM). Increase intensity of blue indicates increasing mRNA expression level while increasing while represents decreasing mRNA 

expression. (A) Significantly down-regulated genes with high normalized read counts (RPKM). Genes from functional categories 

enriched in the differential genes marked with arrows: prostate & AR targets (red); cell division, mitosis (green); DNA damage re-

sponse (blue); WNT signaling (orange); interferon anti-viral response (pink); SARS-CoV-2 entry & response (black arrow with yellow 

box) and MERS-CoV entry (black arrow with beige box). (B) Significantly down-regulated genes with low overall RPKM. Genes from 



 

functional categories enriched in the differential genes marked with arrows: steroidogenesis, lipid metabolism (brick red); neuronal 

(black); RTK, GPCR, cytokine signaling (red); developmental transcription factors (purple); prostate & AR targets (bright red); cell 

division, mitosis (green); DNA damage response (blue); WNT signaling (light orange); interferon anti-viral response (pink); circadian 

cycle (orange); EMT (dark blue) and SARS-CoV-2 entry & response (black arrow with yellow box). Data represent the mean from 

four independent (n=4) experiments performed in triplicate ± SEM. (C) Significantly up-regulated genes with high normalized read 

counts (RPKM). Genes from functional categories enriched in the differential genes marked with arrows: steroidogenesis, lipid me-

tabolism (brick red); neuronal (black); RTK, GPCR, cytokine signaling (brown); developmental transcription factors (purple); prostate 

& AR targets (red); cell division, mitosis (green); DNA damage response (blue); WNT signaling (orange); interferon anti-viral re-

sponse (pink); circadian circle (dark orange) and SARS-CoV-2 entry & response & pain (black arrow with yellow box). (D) Signifi-

cantly up-regulated genes with low overall RPKM. Genes from functional categories enriched in the differential genes marked with 

arrows: steroidogenesis, lipid metabolism (brick red); neuronal (black); RTK, GPCR, cytokine signaling (dark brown); developmental 

transcription factors (purple); prostate & AR targets (bright red); cell division, mitosis (green); DNA damage response (blue); WNT 

signaling (light orange); interferon anti-viral response (pink) and circadian cycle (orange). Data represent the mean from four inde-

pendent (n=4) experiments performed in triplicate ± SEM. 
 

 
Figure S4. Gene Sets Revealed as Enriched in Differentially Expressed Genes Using Gene Set Enrichment Analysis (GSEA). (A) En-

riched GSEA gene sets for genes up-regulated under APDT (red). (B) Enriched GSEA gene sets for genes down-regulated under 

APDT (blue). GSEA evaluates enrichment for sets of genes (gene sets) derived from multiple databases and from many experiments 

with data deposited in public, curated repositories and reported in the literature. Since many gene sets overlap and share a functional 

category theme, overlapping gene sets were downloaded from GSEA and merged to create curated sets of genes for functional cate-

gories with highly differential key regulatory genes: Interferon Signaling (102 genes), Cell Cycle (2038 genes), Circadian Clock (240 

genes), Neurogenesis (1701 genes), Axon Guidance (129 genes; evaluated as a subset of Neurogenesis), Hormone Response (529 

genes; including glucocorticoid response), and Steroid Receptor Signaling (385 genes). Two additional lists of genes were derived 

through literature review: Prostate Stem/Progenitor (96 genes) and Neuro-Endocrine Prostate Cancer (NEPC)/Neurogenic (269 

genes). Gene lists for NEPC/neurogenic and prostate stem/progenitor categories were generated from the literature[73-90]. Figure S5 

provides lists of GSEA pathways enriched in significantly up-regulated genes and significantly down-regulated genes. Enriched 

pathways for up-regulated genes include lipid metabolic process, development, differentiation, neurogenesis, apoptotic process, 

signal transduction response to stimulus, transcription, secretion and regulation of response to stimulation. Enriched pathways for 

down-regulated genes include cell cycle, cell division, mitosis, DNA/RNA metabolic process, DNA damage response, cytoskeleton, 

organelles, interferon and cytokine response. 

 



 

     
      
Figure S5.      Comparison of Expression Levels of Individual Genes of Interest in ADT-treated PDOs. Comparisons of gene expression 

for selected genes of interested under different androgen signaling conditions are shown as bar graphs of percentage of maximum 

RPKM observed for each gene. Blue bars are PCSD1 organoid samples treated with 1nM DHT or Vehicle (0.1%DMSO) + 1nM DHT. 

Red bars are PCSD1 organoid samples treated with No DHT or 10 M Enzalutamide +1nM DHT. Samples from Experiment 1 are 

shown on the left with white horizontal bar along X-axis and samples from Experiment 2 are shown on the right with black horizontal 

bar along X-axis. 



 

 

Figure S6. Isotype control of IHC analysis of AR and TMPRSS2 expression in PCSD1 organoids. 

Representative digital microscope images are shown of IHC isotype control of AR and TMPRSS2 

IHC staining performed on 4% paraformaldehyde fixed, paraffin embedded 5 µm. sections. 

 

Figure S7. 



 

 

Figure S8. 

  



 

Table S1. Androgen Pathway Directed Therapy (APDT) Response Genes. Full list of genes determined by Transcriptomics to be 

significantly up- and down-regulated in response to APDT is shown.  

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 
 

 

 

 

 

 

 

 

 



 

 
 

 



 

 



 

 



 

 

Table S2. Selected pathway categories of interest with numbers of differentially expressed genes in 

APDT-signature from PDX PCSD1 organoids. 

   
Differential  

(# Genes) 
 

NO CHANGE 

(% Genes) 
  

Category 
Fold  

Enrichment 
P-value 

 

  UP 

 

DOWN Total     % HIGH LOW Total     % 

Total #  

Genes  

with 

Reads 

Interferon 

Signaling 
4.9 2.0E-08 0 18 18 22.8 40 21 61 77.2 79 

Cell Cycle 1.7 1.5E-07 18 109 127 7.8 985 519 1,504 92.2 1,631 

Circadian 

Clock 
1.6 9.3E-02 7 8 15 7.2 113 79 192 92.8 207 

Prostate Stem 

/Progenitor 
2.6 1.1E-02 5 3 8 12.1 22 36 58 87.9 66 

NEPC 

/Neurogenic 
2.2 1.9E-03 6 14 20 10.0 85 95 180 90.0 200 

Neurogenesis 1.3 3.3E-03 41 40 81 5.9 627 655 1,282 94.1 1,363 

Axon  

Guidance 
2.4 3.2E-02 12 1 13 11.1 50 54 104 89.9 117 

Hormone 

Response  
1.5 3.3E-02 16 13 29 7.0 149 236 385 93.0 414 

Steroid 

Receptor 

Signaling 

1.8 3.2E-02 14 13 27 8.4 146 148 294 91.6 321 

ALL 1.0 na 269 518 787 4.6 7,581 8,63 1,621 95.4 17,004 
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