
Supplemental Materials and Methods 

Real-time polymerase chain reaction (PCR) analysis 

The total RNA from the cells were isolated using RNeasy® Plus Mini Kit (Qiagen) and 1 µg of total RNA was 

used to synthesize cDNA with MaximaTM H Minus cDNA Synthesis Master Mix with dsDNase (Thermo 

Scientific). Real-time PCR was performed using iTaqTM Universal SYBR® Green Supermix (Bio-Rad), 

according to the manufacturer’s instructions. The thermal cycling protocol were the following: 30 sec at 

95°C, 40 cycles of 15 sec at 95°C and 60 sec at 60°C followed by melt-curve analysis. Each data point was 

conducted in triplicate, and the analysis was performed by the comparative CT method using GAPDH for 

normalization. RET primers were purchased from Bio-Rad and the sequence of the GAPDH primers are 

FWD-GAGCCAAAAGGGTCATC and REV-GTGGTCATGAGTCCTTC. 
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Supplemental Figure 1. RET expression is higher in prostate cancer lines that have lost androgen 
receptor signaling. Cell lines used in the global phosphoproteomic analysis were analyzed by western blot 
for expression of total RET kinase, AR, and a-Tubulin as a loading control. LNCaP, VCaP, C4-2, and 22Rv1 
cells were classified as AR dependent (blue bar), while the remaining cell lines were AR independent (red 



bar). The AR independent cell lines can further be broken down into double negative castration resistant 
prostate cancer (DN-CRPC, white bar) or neuroendocrine prostate cancer (NEPC, black bar).  
  



 

Supplemental Figure 2. RET gene expression is higher in patient samples with pure/mixed small cell 
phenotype or primary NEPC and correlates with other neuroendocrine markers. A. A heat map, Pearson 
correlation matrix, and bar graph of whole-exome sequencing of CRPC patient samples from with AdCa 
(CRPC-Adeno, n=34) or neuroendocrine (CRPC-NE, n=15) phenotype published in Beltran et al. 2016. 
Nature Medicine (1) show an upregulation of RET kinase and clustering of the NEPC samples based on RET 
expression with other neuroendocrine markers. B. FPKM capture mRNA expression values from SU2C/PCF 
published in Abida et al. 2019. PNAS (REF: Abida PNAS 2019) patient samples displayed in a heatmap, 
Pearson correlation, and bar graph show RET is upregulated in the small cell/mixed samples and 
expression correlates with other NEPC markers. C. mCRPC patient samples collected by the Stand Up To 
Cancer/West Coast Dream Team (2) were sorted by ASCL1 gene expression and clustered based on 
selected neuroendocrine and AR responsive genes. A-C. In all heat maps yellow represents upregulated 
genes, while blue represents downregulated genes. Pathology classifications are designated by colored 
squares below the patient sample (Green: not small cell or AdCa; Red: Pure small cell or NEPC; Purple: 
Mixed small cell; White: no pathology classification). In Pearson correlation matrices, red indicates a 
positive correlation while blue indicates a negative correlation. D. A bar graph of mRNA expression data 
from 30 adenocarcinoma and seven NEPC patient samples from Beltran et al. 2011. Cancer Discov. (3) 
shows an upregulation of RET along with chromogranin A (CHGA), and synaptophysin (SYP). 
  



 

Supplemental Figure 3. Knockdown of RET kinase in PC3 cells shows a modest reduction in cellular 
proliferation. A. qRT-PCR shows a reduction in RET transcripts in PC3 cells transduced with two unique 
RET targeting shRNAs (RET1 and RET2) compared to the control shRNAs: scrambled (Scr) or targeting GFP. 
Relative levels of RET are represented as RET relative to GAPDH and normalized to the scrambled shRNA 
(Scr) transduced cells. B. RET knockdown in PC3 cells modestly reduces cellular proliferation. The line 
graph represents relative cellular proliferation as measured by WST assay of one biological replicate. Cell 
proliferation was analyzed by one-way ANOVA to determine statistical significance and error bars 
represent the standard deviation of three technical replicates.  
  



  
Supplemental Figure 4. Prostate cancer cell lines show variable sensitivity to RET inhibitor treatment. 
A. LD50 dose response curves of AdCa (LNCaP, C4-2, and 22Rv1), AVPC (DU145 and PC3), and NEPC (NCI-
H660) cell lines treated with varying concentrations of LOXO-292, Blu-667, and AD80. Error bars represent 
± SD. B. Table of the calculated LD50 values (µM) for each of the cell lines and three drugs in (A). ND is not 
determined. C. LD50 dose response curves show that NCI-H660 cells are relatively resistant to clinically 
utilized RET inhibitors vandetanib and cabozantinib but are sensitive to AD80. Error bars represent ± 
standard deviation. D. Western blot of NCI-H660 cells treated for 4 hours with the 1µM of AD80, 
cabozantinib, or vandetanib showed reduced phosphorylation of ERK1/2 at Tyr202/Tyr204 and 
phosphorylation of AKT1/2 at Ser473 in all samples relative to DMSO but the effect was greatest in the 
AD80 treated cells. E. NCI-H660 cells cultured as organoids are sensitive to increasing doses of AD80 and 
have a calculated LD50 value of 1.4µM. Circles represent mean and error bars ± standard error. F. 
Representative brightfield and fluorescent images of NCI-H660 organoids treated with the indicated 
concentrations of AD80 for 72 hours. Blue=DAPI staining of nuclei, Red=Propidium iodide staining of dead 
cells.  
  



 
Supplemental Figure 5. Organoids derived from PTEN-/- and Rb-/- prostate cells model multiple aspects 
of NEPC including resistance to enzalutamide treatment. A. RNAseq data shows increased RET gene 
expression in PTEN-/- and Rb-/- double knockout (DKO) organoids relative to PTEN-/- single knockout (SKO) 
or wild type (WT) mouse prostate epithelium organoids. RET FKPM values were normalized to WT prostate 
tissue and expressed as fold change and analyzed by Student’s t test. B. Immunofluorescence staining 
shows increased RET expression in PTEN-/- and Rb-/- DKO derived organoids relative to PTEN-/- SKO 
organoids or the IgG antibody control. DAPI staining of nuclear DNA is used to identify organoids. C. The 
percentage of PI positive cells in DKO organoids treated with DMSO or 10µM enzalutamide was measured 
after 72 hours of treatment. Circles represent values from individual organoids. Horizontal bar represents 
the mean with error bars ± standard error. 
 



 
Supplemental Figure 6. A higher dose replicate of AD80 treatment of NCI-H660 xenograft tumors shows 
a similar effect of restricting tumor growth. A. Animals were assigned to the following treatment groups: 
Control (DMSO alone, n=5), or AD80 (20mg/kg/day, n=3). The fold change in tumor volume by treatment 
group was plotted as a function of the number of days of treatment. Means and confidence intervals (CIs) 
were calculated on the log scale and reported in terms of geometric means after exponentiation. Error 
bars ± 95% confidence interval. Over the 24-day treatment course AD80 treatment trended towards a 
reduction in the overall growth rate of the tumors (p=0.054) and there was no difference in the mean 
tumor volumes at the 24-day time point. B. Animal weights were measured at the same time as tumor 
volumes and represented as an average for the treatment group. Symbols represent mean with error bars 
± standard error. C. Following the termination of the study, tumors were excised and photographed with 
a 1cm scale ruler. D. Representative 20X images of H&E and IHC for total RET, Ki67, and IF for TUNEL (2.5x 
and 20X) stained sections of tumors from each experimental arm. Black and yellow scale bars are 50µm. 
White scale bars are 500µm. E-G. Quantification of the average E. RET staining intensity, F. average 
number of Ki67 positive stained cells from 3 distinct 20X fields of view for each tumor, and G. percent 
area that stained TUNEL positive. RET and Ki67 quantification were analyzed by one-way ANOVA and % 
TUNEL Positive Area was analyzed by Kruskal-Wallis test. Symbols represent averages for individual 
tumors with a horizontal line representing the mean. Bars represent the mean with error bars ± standard 
error. 
 


