
Supplementary Materials and Methods 

 

Synthesis of spongian diterpenoids 

T1: Pure spongia-13(16),14-dien-19-oic acid (T1) (514 mg) was obtained from a Spongia sp. 

(sample # 47612) as follows. 45 g dry weight of sponge tissue was extracted with CH2Cl2 (2 x 

400 mL) and the combined extracts were concentrated in vacuo. The residue was dissolved in 

CH2Cl2 and purified by Si gel flash chromatography (gradient elution: CH2Cl2 to 25% 

EtOAc/hexanes to 50% EtOAc/hexanes). Fractions containing T1 were fractionated further via a 

second Si gel flash chromatography (gradient elution: 10% CH2Cl2/hexanes to 25% 

CH2Cl2/hexanes to 50% CH2Cl2/hexanes to CH2Cl2 to EtOAc) to give pure T1. The NMR and 

MS data collected for T1 were identical to the data reported in the literature for authentic 

material (1). 

T2: T1 (121 mg) was dissolved in a mixture of MeOH/CH2Cl2 (~5 mL each). To this solution 

was added Pd/C (10 mg) and the reaction mixture was stirred under an H2 atmosphere for 30 min 

at RT. The reaction mixture was filtered and the residue was purified by Si gel flash 

chromatography (eluent: hexanes to 25% EtOAc/hexanes) to give 82 mg (67%) of pure T2. The 

structure of T2 was confirmed by analysis of NMR and MS data. 

T3: T1 was converted to its methyl ester by treatment with MeI and NaOH in DMSO. The 

methyl ester of T1 was reduced to the primary alcohol T3 by reduction with DIBAL in THF at -

78 ˚C. T3 was purified by Si gel flash chromatography and its structure was verified by analysis 

of NMR and MS data. T3 is a known compound and our data matched the literature values for 

this compound (2). 

 



Chemical reagents  

Metribolone, or R1881, synthetic androgen was purchased from Perkin-Elmer (Wellesley, MA). 

Bicalutamide was provided by AstraZeneca (London, UK). 4-pregnene-3,20-dione was from 

Steraloids Inc (Newport, RI), dexamethasone and estradiol were from Sigma (St. Louis, MO). 

See Supplementary Methods for the chemical methods used for diterpenoids.  All other 

chemicals were obtained from Sigma, unless stated otherwise.  

 

BrdU cellular proliferation assay 

LNCaP cells (5,000 cells/well) were plated in 96-well Falcon Primaria tissue culture plates in 

RPMI containing 0.5% FBS, and PC3 cells (2,000 cells/well) were plated in DMEM with 5% 

FBS and then changed to serum free media the next day. Both LNCaP and PC3 cells were pre-

treated with 10 µM bicalutamide, or T1, or T2, or T3 for 1 hour, then treated with 0.1 nM 

R1881. Cellular proliferation was assessed by incubating with 10 µL of BrdU labeling agent for 

2 hours at 37°C. All media was removed and the plates were dried in a Hybaid oven at 60°C for 

1 hour. LNCaP cells were harvested 4 days after treatment, and PC3 cells were harvested after 3 

days. BrdU ELISA kit (Roche Diagnostics, Laval, Quebec, Canada) was applied following the 

manufacturer’s protocol, and ELISA was performed 30 minutes after substrate addition at two 

wavelengths (370 nm and 492 nm).  

 

AlamarBlue® cellular growth assay 

Using 96-well Falcon Primaria tissue culture plates, LNCaP cells (5,000 cells/well) were plated 

in RPMI containing 0.5% FBS, PC3 cells (2,000 cells/well) were plated in DMEM containing 

5% FBS, LNCaP95 cells (7,500 cells/well) were plated in RPMI containing 5% dextran-coated 



charcoal-stripped serum, and VCaP cells (8,000 cells/well) were plated in DMEM containing 5% 

dextran-coated charcoal-stripped serum. One day after plating, LNCaP and PC3 cells were 

treated, and the media in PC3 cells was changed to serum free DMEM. LNCaP95 and VCaP 

cells were treated two days after plating. For treatment, all cells were pre-treated with vehicle or 

small molecules for 1 hour before addition of 0.1 nM R1881. At indicated time points, 

alamarBlue® (InvitrogenTM) was added to the cells for a 2-hour incubation at 37°C, and then 

reduction of alamarBlue® in living cells was quantified by measuring fluorescence intensity at 

570nm excitation and 585nm emission wavelengths using Infinite® M1000 (TECAN). The 

fluorescence intensity measured is proportional to the number of living cells. 

 

Western blot analysis 

Cells were solubilized in RIPA buffer containing cOmplete Mini EDTA-free Protease Inhibitor 

Cocktail TabletTM (Roche) to obtain whole-cell lysate. Protein concentration of samples was 

quantified using BCA Protein Assay Kit (Thermo Scientific Inc., Rockford, IL).  Western blot 

analysis of protein lysates employed anti-androgen receptor antibodies PG-21 (MILLIPORE, 

Temecula, CA), or N-20 (Santa Cruz Biotechnology, Santa Cruz, CA). Membranes were re-

probed with monoclonal mouse anti-β-actin antibody (ab8226 from Abcam, Cambridge, MA).  

 

Calculations for IC50 and EC50 

Transcriptional activities of wild-type AR transfected into CV1 cells and LNCaP endogenous 

T877A AR were measured after treatment of varying concentrations of the diterpenoids in cell-

based luciferase assays by transient transfection as described above. Nonlinear regression fit for 

Log[inhibitor] vs. response curves were generated using Prism (GraphPad Software, La Jolla, 



CA) to calculate the values for half-maximal inhibitory concentration (IC50). Data from the in 

vitro ligand binding assays were plotted as Nonlinear Regression Fit for One-site Competition 

curves by Prism (GraphPad Software), and the half-maximal effective concentration (EC50) 

values were calculated from AR and PR binding curves. The modeling equation used for both the 

IC50 and EC50 curves was Y=Bottom + (Top-Bottom)/(1+10^(X-LogIC50)). 

 



Supplementary Figure Legends 

 

Figure S1. Proliferation of PC3 cells was not affected by diterpenoids.  

PC3 cells were pre-treated for 1 hour with 10 µM of bicalutamide (BIC), or T1, or T2, or T3, or 

vehicle (VEH), prior to the addition of 0.1 nM R1881 or ethanol control. PC3 cells were assessed 

for BrdU incorporation at day 1, 2, and 3 post-treatment. Proliferation in the ethanol (A) and 

R1881 (B) were plotted. One representative experiment is shown here.  

 

Figure S2. Affect of diterpenoids on growth of prostate cancer cells. 

(A) Growth of LNCaP cells after 4 days, (B) VCaP cells after 5 days, and (C) PC3 cells after 3 

days of treatment was quantified by alamarBlue® assays. These cells were pre-treated for 1 hour 

with 10 µM of bicalutamide (BIC), or T1, or T2, or T3, or vehicle (VEH), prior to the addition 

of 0.1 nM R1881 (black bars) or ethanol control (white bars). Error bars represent the mean ± 

SEM, n = 4 separate experiments. Student’s t test: *p < 0.05; **p < 0.01; ***p < 0.001. 

 

Figure S3. Diterpenoids inhibited AR transcriptional activities in LNCaP95 cells without 

affecting their growth.  

(A) LNCaP95 cells transfected with ARR3-LUC were pre-treated for 1 hour with 10 µM of 

bicalutamide (BIC), or T1, or T2, or T3, or vehicle (VEH), prior to the addition 1 nM R1881 

(black bars) or ethanol control (white bars) for 24 hours. AR transcriptional activity was 

measured by luciferase reporter assay. (B) Growth of LNCaP95 cells after 3 days of treatment of 

10 µM bicalutamide (BIC), or T1, or T2, or T3 in the presence of 0.1 nM R1881 or ethanol 



control was quantified by alamarBlue® assay. Error bars represent the mean ± SEM, n = 3 

separate experiments. Student’s t test: *p < 0.05; **p < 0.01; ***p < 0.001. 

 

Figure S4. Expression levels of AR protein in various cell lines.  

Endogenous AR protein levels from VCaP, LNCaP, and LNCaP95 cells were examined, and as 

well as ectopic expression level of wild-type AR protein in transiently transfected CV1 cells.  

The AR N-20 antibody was used in the Western blot to detect both the full-length AR and AR 

variant, and β-actin was used as a loading control.  
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