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Supporting Information 
 
SI Materials and Methods 
 
Reagents 

Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl) was purchased from Sigma-Aldrich 
(St. Louis, MO), MnTBAP and MnTMPyP were from Alexis Biochemicals (San Diego, CA), and 
hydroethidine was from Invitrogen (Carlsbad, CA). Anti-AR, anti-ubiquitin, anti-GR and anti-ER-β 
antibodies were from Santa Cruz Biotechnology (Santa Cruz, CA), and anti-β-actin antibody was from 
Sigma-Aldrich.  
 
Plasmid constructs and luciferase reporter gene assay 

Plasmid constructs pGL3-TK-3xARE-FLuc and the bi-cistronic GFP-SOD2 expression vector, 
pLZRS-eGFP-SOD2, were obtained courtesy of Dr. Elaine Hurt (NCI, Bethesda, MD). pIRES2-eGFP 
control plasmid for the SOD2 overexpression experiment was from BD Biosciences. pGL3-TK-
3xARE-FLuc contains 3 copies of the androgen response element (ARE) linked to the thymidine 
kinase basal promoter and firefly luciferase gene. Plasmid pGL4.75-RLuc was used as a transfection 
efficiency control (Promega, Madison, WI), and it contains the CMV promoter linked to the renilla 
luciferase gene. AR cDNA construct for the AR overexpression experiment was obtained from 
Origene Technologies (Rockville, MD), and the empty vector was pCS2. 

For the luciferase assay, cells were seeded in 48-well plates, and a day later, they were 
transiently transfected with the luciferase constructs, pGL3-TK-3xARE-FLuc and pGL4.75-RLuc 
using Lipofectamine 2000 transfection reagent (Invitrogen). Where indicated, GFP or GFP-SOD2 
plasmid constructs were co-transfected with the luciferase constructs. 24 h post-transfection, the cells 
were treated as indicated in phenol red-free (PR-free), serum-free medium for 24 h, followed by cell 
lysate preparation and dual-luciferase reporter assay as per the Dual-Luciferase Reporter System 
protocol (Promega). Briefly, the firefly luciferase activity from pGL3-TK-3xARE-FLuc and renilla 
luciferase activity from pGL4.75-RLuc were sequentially measured from each sample using a single-
sample luminometer. The activity of pGL3-TK-3xARE-FLuc was normalized to the activity of the 
pGL4.75-RLuc internal control, and represented as relative luciferase activity.  
 
Cell cycle analysis 

After the indicated treatments, cells were harvested, washed with PBS and fixed in 70% ethanol 
overnight at -20oC. The fixed cells were rehydrated by washing with PBS and resuspended in 1 ml of  
propidium iodide (PI) staining solution  (20 μg/ml PI and 20 μg/ml RNase A in PBS) for 1 h at RT. 
Samples were then analyzed by flow cytometry using  a Beckman Coulter FC500 flow cytometer.  
 
Immunoprecipitation  

After the indicated treatments, whole cell lysates were prepared and immunoprecipitation was 
performed as described previously (1). AR was immunoprecipitated from the cell lysates with AR 
antibody conjugated to protein G-agarose beads. The samples were boiled in SDS sample buffer, and 
proteins were electrophoretically separated on 4–20% gradient gels and transferred to PVDF 
membranes for Western blot analysis. Blots were incubated sequentially with primary antibodies, 
rabbit anti-AR and mouse anti-ubiquitin, followed by incubation with the relevant IR dye-labeled 
secondary antibodies (LI-COR Biosciences, Lincoln, NE). Blots were scanned and densitometric 
analysis of protein bands done using the LI-COR Odyssey IR Imaging System Software.  
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qRT-PCR analysis 
 After the indicated treatments, total cellular RNA was extracted from cells using the RNeasy 
Mini Kit (Qiagen, Germantown, MD) according to the manufacturer’s instructions. Total RNA (1 µg) 
isolated from cells was reverse transcribed to cDNA using oligo-dT and random primers. qPCR 
analysis of the cDNA was done in triplicate using Absolute qPCR SYBR Low Rox Mix (Fisher, 
Waltham, MA) and the following specific primers: House-keeping gene, large ribosomal protein P0 
(RPLP0) Forward primer: 5'-CGAGGGCACCTGGAAAAC-3’, Reverse Primer:  5'-
CACATTCCCCCGGATATGA-3'; Androgen Receptor Forward primer: 5’- 
CAGCTGCTCCGCTGACCTTA-3’, Reverse Primer: 5’-TCCTTGGAGGAAGTGGGAGC-3’ 
 The primer sequences for PSA and FKBP5 have been previously published (2). The qPCR 
reactions were run using a 7500 Real-Time PCR machine (Applied Biosystems, Foster City, CA). 
Each experiment was repeated at least twice. The PSA, FKBP5 and AR mRNA levels in each sample 
were normalized to that of the house-keeping gene (RPLP0) and expressed as fold change +/- SD of 
the fold change (Comparative Ct or ∆∆Ct method) relative to the mRNA levels in the vehicle-treated 
sample. The mRNA level in the vehicle-treated control was set at 1. 
 
 

(A) Tempol       
                            

           
 
 (B) MnTMPyP.pentachloride   (C) MnTBAP chloride  

                                            
 
 

Diagram S1. Structures of (A) Tempol (4-Hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl), (B) 
MnTMPyP.pentachloride (Manganese (III) tetrakis (1-methyl-4-pyridyl)porphyrin. 5Cl-), (C) 
MnTBAP chloride  (Manganese (III) tetrakis (4-benzoic acid)porphyrin chloride). 
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Fig. S1. Tempol decreases FKBP5 mRNA levels, both in the presence and absence of DHT. Cells 
were cultured for 2 days in PR-free medium containing 5% charcoal-stripped (C/S) FBS prior to 24-h 
treatment with 1 nM DHT +/- 2.5 mM Tempol with the same medium. FKBP5 mRNA was assessed by 
qPCR analyses and expressed as fold change +/- SD of the fold change (∆∆Ct method), with mRNA 
levels in the vehicle-treated control set at 1. Statistical significance assessed by Unpaired t test is 
versus the indicated treatments; * indicates p<0.05, ** indicates p<0.01, *** indicates p<0.001, and 
**** indicates p<0.0001. 
 

 

 

 

 

 

 

Fig. S2. Tempol elicits a dose-dependent decline in FKBP5 mRNA levels. Cells were treated for 24 
h with increasing doses of Tempol in serum-free medium, followed by qPCR analyses of FKBP5 
mRNA which was expressed as fold change +/- SD of the fold change, with mRNA levels in the 
untreated control set at 1. Statistical significance assessed by One-way ANOVA is versus the control; * 
indicates p<0.05, ** indicates p<0.01 and *** indicates p<0.001. 
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Fig. S3. Tempol elicits a time-dependent decline in PSA and FKBP5 mRNA levels. PCa cells were 
treated with vehicle or 2.5 mM Tempol for 6, 24 and 48 h in complete medium, followed by qPCR 
analyses. PSA and FKBP5 mRNA at each time point was expressed as fold change +/- SD of the fold 
change relative to the mRNA level of the vehicle-treated control at the same time point, which was set 
at 1. Statistical significance assessed by Unpaired t test is versus indicated treatments; * indicates 
p<0.05, ** indicates p<0.01, *** indicates p<0.001, and **** indicates p<0.0001. 
 

 

 

Fig. S4.Tempol elicits a time-dependent decline in AR protein. LAPC-4AD cells were treated with 
vehicle or 2.5 mM Tempol for 0-48 h in complete medium, followed by cell lysate preparation and AR 
protein analysis by Western blotting. AR expression was normalized to that of β-actin in the same 
sample and expressed as fold-change, relative to that at the 0 h time point for Vehicle or 2.5 mM 
Tempol, respectively, which was set at 1. 
 

Time (h)     0      6     24   48    0     6     24   48 

β-actin 

LAPC-4AD 

AR 

2.5 mM Tempol   -      -      -    -     +    +     +    + 

FL-AR/β-actin       1    1.2    2.0   2.1     1     0.9   0.7    0.3  
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Fig. S5.  Tempol promotes ubiquitination of AR. LNCaP cells were treated with 5 mM Tempol +/- 
2.5 µM MG-132 for 8 h, and AR was immunoprecipitated from the cell lysates. Samples 
immunoprecipitated with an isotype-matched control antibody were run in parallel. The resulting 
immunoprecipitates, as well as input lysates, were subjected to Western blot analyses with antibodies 
specific for AR and ubiquitin (Ub). β-actin served as a loading control for the input. The intensity of 
ubiquitin in each immunoprecipitation sample was normalized to that of AR in the same sample and 
expressed as a fold-change, with the ubiquitinated AR/AR ratio in the untreated control set at 1. 
 

 

 

 

 

 

 

 

 

Fig.S6. Tempol suppresses and regresses growth of castration-resistant prostate cancer 
xenografts. Subcutaneous LAPC-4AD tumor-bearing mice were surgically castrated and randomized 
to either control diet group (n=6) or tempol diet group (n=4). Response of the tumors to treatment was 
expressed as relative tumor volume (RTV). RTV at any given time (x) was calculated as the ratio of 
tumor volume in mm3 at time (x)/tumor volume in mm3 at the start of treatment. Pre-treatment RTV, 
i.e. RTV at week 0 of either control or Tempol treatment is therefore 1. Individual RTV of each tumor 
in the Control and Tempol groups at the end of the 9th week of treatment is represented on a waterfall 
plot. 
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Fig. S7. Hematoxylin and Eosin staining of Control and Tempol-treated LAPC-4 prostate cancer 
xenografts. Tempol treatment markedly decreases tumor cellularity. 
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