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Supplementary Figure 1. Differential drug response in ER+ breast cancer cells. (A) Western blot 

showing AR and ER protein levels in four ER+ breast cancer cells (HCC1419, CAMA-1, T-47D, and 

MCF7). (B-E) Growth curves of DHT treatment (0.1nM to 10nM) on MCF7, T47D, CAMA1 and 

HCC1419 cells. (F and G) Growth curves of DHT treatment (0.1nM to 10nM) on MCF7 and T47D cells 

expressing control vector (PCMV6) and AR (AR-PCMV6). (H) Western blot showing AR expression 

levels in MCF7 and T47D cells with vector or AR expressed. (I) qPCR showing AR expression levels in 

HCC1419 cells transfected with negative control siRNA and AR-targeting siRNAs. (J) The dose-

response curve of enzalutamide in control and AR knockdown HCC1419 cells. (K) Cell growth curves 

under DMSO and RAD140 treatment in control and AR knockdown HCC1419 cells. All error bars 

represent SD, two-tailed Student t test (*, P < 0.05; **, P < 0.01; ***, P < 0.001). 
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Supplementary Figure 2. The expression and activity of ERα after ENZ treatment. (A) Western blot 

showing the expression of AR and ERα in MCF7 AR-inducible cells. The numbers are band intensity 

normalized to control cells (without doxycycline treatment). (B) Quantification of colony formation 

assays in control and ESR1 knockdown cells with DMSO or ENZ treatment. Y axis represents the cell 

growth inhibition rate of enzalutamide. (C) AR and ERα expression in MCF7 and T47D cells treated with 
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enzalutamide (5µM, 10µM and 20µM) for 24 hours. (D) Cytosolic and Nuclear AR and ERα expression 

after RAD140 (10nM) or ENZ (10µM) treatment in T47D cells. Histone H3 was used as nuclear protein 

marker and β-actin was used as cytosolic protein marker. (E) Saturation binding curves of enzalutamide 

to AR. TB, total binding, NSB, non-specific binding, SB, specific binding, Kd, equilibrium dissociation 

constant. SB was calculated by subtracted NSB from TB. (F) ERE-dependent luciferase assay in control 

and ARKO T47D cells treated with indicated concentrations of E2 or enzalutamide. (G) Cell growth 

curves of MCF 10A transfected with control or ER overexpression plasmid. Western blot showing the 

expression of AR and ERα after transfection. 24 hours after transfection, cells were treated with DMSO 

or enzalutamide for 5 days.  
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Supplementary Figure 3. Cell growth inhibition effects of AR antagonists in AR high and AR low 

ER+ breast cancer cells. (A) Dose-response curves of enzalutamide, darolutamide, RD-162 and 

apalutamide in AR low T47D cells and AR high HCC1419 cells. (B) Dose-response curves of 

darolutamide in parental and ARKO cells. (C) Cell growth curves of control and ESR1KD cells under 

DMSO or darolutamide treatment. (D) Dose-response curves of RD-162 in MCF7 cells. (E) ERE-

dependent luciferase assay in T47D cells treated with indicated concentrations of E2 or RD162. 
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Supplementary Figure 4. Identification of AR gain and ER loss peaks triggered by AR 

overexpression. (A and B) Most abundant DNA sequence motifs identified in AR gain or ER loss peaks. 

Transcription factors potentially recognizing the motif and adjusted p-value are displayed. (C) 

Distribution of AR gain and ER loss peaks across genomic regions.  
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Supplementary Figure 5. ENZ stimulates ER downstream genes in AR high ER+ breast cancer 

cells. (A) GSEA-enrichment plot of the most significantly enriched gene set: estrogen late and early 

response genes. Bar plot depicting the normalized enrichment scores (NES) of the estrogen late and early 

response gene sets. Estrogen response genes were negatively enriched in the ENZ group in parental 

MCF7 cells and positively enriched in the ENZ group in MCF7 AROE cells. (B) Heatmap of mRNA 

expression of AR response genes in MCF7 parental and AROE cells under DMSO and ENZ treatment. 

(C) The expression of AR, ERα, c-Myc, Cyclin-D1, VEGFA, and β-catenin proteins were validated using 

western blot in MCF7 parental and AROE cells under DMSO and ENZ treatment. (D) AR and ERα 

expression in CAMA1 and HCC1419 cells treated with Enzalutamide (5µM, 10µM, and 20µM) for 24 

hours. The numbers are band intensity normalized to DMSO treatment. (E) The mRNA expression of 

AR, ER, MYC, CCND1, VEGFA, CTNNB1, and TFF1 were validated using qPCR in MCF7, T47D, 

CAMA1, and HCC1419 cells under DMSO and ENZ treatment. Relative gene expression was corrected 

by GAPDH expression and normalized to DMSO treatment. (F and G) ChIP-seq genome browser views 

of AR and ER occupancy around selected genes (TFF1, CCND1, MYC, and VEGFA) in parental and 

AROE MCF7 cells with DMSO or ENZ treatment. Signals are plotted on normalized read per million 

(RPM) bases. 
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Supplementary Figure 6. AR and ERα expression after RAD140 treatment and relative AR to ER 

levels in breast cancer cells. (A) AR and ERα expression in MCF7, T47D, CAMA1 and HCC1419 cells 

treated with RAD140 (10nM, 100nM and 1µM) for 48 hours. The numbers are band intensity normalized 

to DMSO treatment. (B) Relative AR to ESR1 mRNA expression (left panel) and relative AR to ERα 

protein expression (right panel) in MCF7, T47D, CAMA1, and HCC1419 cells. The mRNA level of AR 

and ESR1 were measured using qPCR and normalized to GAPDH. AR and ERα bands in Supplementary 

Figure 1A were quantified using ImageJ. (C) Log transformed relative AR to ESR1 mRNA expression in 
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MCF7, T47D, CAMA1, and HCC1419 cells. The mRNA level of AR and ESR1 were obtained from 

Cancer Cell Line Encyclopedia (CCLE) RNA-seq database.   
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Supplementary Figure 7. Tumor inhibition of RAD140 and ENZ in control and AROE MCF7 

xenograft models. (A-C) Photographed tumors (left), tumor volume (middle) and mice weight (right) at 

the end of study. Scales were shown on the left of each photo. Tumor volume was calculated by the 

formula: volume = length × width2/2. Tumor volume and mice weight of each group at the end of study 

were plotted. Data points represent the mean ± SD of each treatment group. Statistical analysis was 

performed according to the unpaired two-tailed Student’s t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001; 

ns., non-significant. (A) MCF7 xenograft tumors collected from Vehicle, ENZ, and RAD140 treatment 

groups (n=5). (B) MCF7 xenograft tumors collected from vehicle, FUL, and FUL+ENZ treatment groups 

(n=5). (C) MCF7 AROE xenograft tumors collected from vehicle, ENZ, RAD140, FUL, and FUL+ENZ 

treatment group (n=5).  
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Supplementary Figure 8. Tumor inhibition of RAD140 and ENZ in low and high AR/ER xenograft 

models. (A) Western blot showing AR and ER protein levels in 5 ER+ patient-derived xenograft models. 

(B-D) Photographed tumors (left), tumor volume (middle), and mice weight (right) at the end of study. 

Scales were shown on the left of each photo. Tumor volume was calculated by the formula: volume = 

length × width2/2. Tumor volume and mice weight of each group at the end of study were plotted. Data 

points represent the mean ± SD of each treatment group. Statistical analysis was performed according to 

the unpaired two-tailed Student’s t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns., non-significant. (B) 

ER+ PDX tumors with low AR/ER ratio collected from vehicle, ENZ, and RAD140 treatment group 

(n=5). (C) ER+ PDX tumors with low AR/ER ratio collected from vehicle, ENZ, RAD140, FUL, 

FUL+ENZ, and FUL+RAD140 treatment group. (D) ER+ PDX tumors with high AR/ER ratio collected 

from vehicle, ENZ, RAD140, FUL, and FUL+ENZ treatment group (n=6). (E) IHC staining of AR, ER, 

and Ki67 in parental and AROE MCF7 tumor sections under ENZ and RAD140 treatment. 

Magnification: × 40. The bar represents 100µM. 
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Supplementary Figure 9. AR and ER mRNA expression in primary and metastatic breast cancer. 

(A) Representative images of staining scored with AR none, AR strong (AR3+), ER intermediate (ER2+), 

and ER strong (ER3+). (B and C) Violin plot of AR or ESR1 level in primary and metastatic breast 

cancer. Bars are presented as 25th percentile (lower quartile), Median, and 75th percentile (upper 

quartile). ESR1 is higher in primary cancer than in metastatic cancer (unpaired two-tailed Student’s t test, 

P=0.012). AR is no difference between primary and metastatic cancer. (D and E) Kaplan-Meier survival 

curves for the progression-free survival (PFS, left panel) and overall survival (OS, right panel) of the 

ESR1 high group vs. the ESR1 low group (D) and the AR high group vs. the AR low group (E). (p-value 

by the log-rank test, ns., non-significant). Metastatic BC patients (n=97) subsequently treated with 

endocrine therapy were included in the analysis.  


