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Supplemental Materials and Methods 

 

 

Cell viability determination 

Cell proliferation was determined by colorimetric assay using the Cell Counting Kit-8 (Dojindo, 

#CK04), following manufacturer’s instruction. Briefly, LNCaP and PC-3 cells (5x103 per well) were 

seeded in 96-well plates and grown in presence or absence of ferric ammonium citrate (FeAC; Sigma 

Aldrich, #1185-57-5) and/or 2,5-10 µM bicalutamide (Sigma Aldrich, #B9061). At 72 hours, cells 

were added with 10 μl of staining solution and furtherly incubated at 37 °C for 2 h. After that, 

absorbance of each well was measured at 450 nm. 

 

Western blotting 

Cell pellets and tumor samples were lysed in RIPA buffer (100 mM Tris–HCl pH 8.0, 140 mM NaCl, 

0.5 mM EDTA, 1% Deoxycholic Acid, 1% Triton X-100 and 0.1% SDS). After centrifugation at 

13000g, supernatants were collected, and protein concentration measured using BCA kit (Thermo-

Fisher Scientific, #23225). Proteins were evaluated by western blotting after SDS-PAGE using 

standard techniques and the following antibodies:  

anti-TfR1 (1:1000, Invitrogen Cat# 13-6800, RRID: AB_2533029);  

anti-PARP1 (1:1000, Cell Signaling Cat#9542T, RRID:AB_2160739); 

anti-caspase-3 (1:1000, Cell Signaling Cat#9662S RRID:AB_331439); 

anti-β-actin (1:5000, Sigma-Aldrich Cat# A5441, RRID:AB_476744). 

Signals were revealed by ECL Prime (GE-Healthcare, #RPN2232). Densitometry was performed 

using ImageLab BIORAD software. 

 

Gene expression analysis  

Total RNA was extracted using the UPzol reagent (Biotechrabbit, #BR07001002), for cell pellets and 

tumor masses, or by RNeasy purification Kit (QIAGEN, #74104) for macrophages, following 

manufacturer’s protocols. Complementary DNA (cDNA) was synthetized with the High Capacity 

cDNA Reverse Transcription Kit (Applied Biosystems, #4368814) using random hexamers. Gene 

expression levels were measured by qRT-PCR. TaqMan probes Ids and oligo sequences were the 

following: 



TaqMan probe Ids 

GENE NAME PROBE ID 

TFRC Hs00951083_m1 

ACTB Hs01060665_g1 

 

Oligo sequences  
GENE NAME OLIGO SEQUENCE 

AKR1C1 FW: 5’-TCCACTGAAATCTTGCATTCC -3’ 

REV: 5’- TGAACAGGAGTTTGAAAGAAGTGA-3’ 

AKR1C2 

 

FW: 5’-CGAGGGTCAGAGTTTCTGCA-3’ 

REV: 5’-TGACTTCTAATCACTTTTCCTGGTG-3’ 

LPCAT3 FW: 5’- ACCAGGAAAGATACCAAACAGC-3’ 

REV: 5’- GGTAGAAAAGGCCCAGACTCA -3’ 

NFE2L2 FW: 5’-GAGACAGGTGAATTTCTCCCAAT -3’ 

REV: 5’ -TTTGGGAATGTGGGCAAC -3’ 

HMOX1 FW: 5’-GGCAGAGGGTGATAGAAGAGG-3’ 

REV: 5’-AGCTCCTGCAACTCCTCAAA-3’ 

ACTB FW: 5’- CCAACCGCGAGAAGATGA-3’ 

REV: 5’-CCAGAGGCGTACAGGGATAG-3’ 

Arg1 FW: 5'-AATCTGCATGGGCAACCTGT-3’ 

REV: 5'-GTCTACGTCTCGCAAGCCAA-3' 

Cd163 FW:5’-TCTCAGTGCCTCTGCTGTCA-3’ 

REV: 5’-CGCCAGTCTCAGTTCCTTCT-3’ 

Nos2 FW: 5’-CTTTGCCACGGACGAGAC-3’ 

REV: 5’- TCATTGTACTCTGAGGGCTGAC-3’ 

Tnf FW: 5’-CTATGGCCCAGACCCTCACACACTC-3’ 

REV: 5’-GCTGGCACCACTAGTTGGTTGCTT-3’ 

Gapdh FW 5’-TCCACTCACGGCAAATTCAA-3’ 

RW 5’-TTTGATGTTAGTGGGGTCTCG-3’ 

 

Oligo were designed to be compatible with the Universal Probe Library (Roche Applied Sciences, 

Burgess Hill, UK).  

 

Lipid peroxidation levels 

Lipid peroxidation was determined using the Lipid Peroxidation Assay kit (Sigma-Aldrich, 

#MAK085) monitoring the reaction of MDA with thiobarbituric acid (TBA) to form a fluorometric 

product, which is proportional to the MDA present. Briefly, cells were counted by trypan blue 

exclusion assay and collected by centrifugation. Following manufacturer’s instruction, cell pellets (1 

x 106 cells) were homogenized in 300 µl MDA lysis buffer containing butylated hydroxytoluene. 



Homogenate samples was then added to TBA solution and incubated at 95°C for 60 min. After 

cooling at room temperature, samples were then distributed as 4 well-replicates in a 96-well black 

plate. Fluorescence was revealed using the Victor3 Multilabel Counter at 485 nm (excitation) and 

535 nm (emission). Finally, results were normalized on number of viable cells used. 

 

Labile Iron Pool 

Labile iron pool was measured using the iron-sensitive fluorescent probes calcein-acetoxymethyl 

ester (CA-AM) (Invitrogen/Molecular Probes #C1430). Briefly, cells were counted by trypan blue 

exclusion assay, resuspended in PBS containing 0,25 mM Calcein-AM and incubated at 37°C for 15 

min. After two washing cycles with PBS, cells were maintained in PBS for additional 5 min and then 

distributed as 3 well-replicate of a 96-well black plate. Fluorescence was revealed using the Victor3 

Multilabel Counter (Wallac, Perkin Elmer) at 485 nm (excitation) and 535 nm (emission). Then, cells 

were supplemented with the specific iron chelator pyridoxal isonicotinoyl hydrazone (PIH; Sigma 

Aldrich #528110) at 1 mM final concentration. After 10 min fluorescence was re-determined and the 

increase was considered as labile iron pool values. Finally, results were normalized on number of 

viable cells used. 

 

Determination of ferritin content in cellular extracts  

Ferritin H and ferritin L content was determined by ELISA calibrated on the recombinant human 

homopolymers using the rH02 and LF03 monoclonal antibodies. Briefly, cell pellets were 

resuspended in in lysis buffer (300 µl/106 cells): 20 mM Tris pH 7.4, 0,5 M Triton x100. After 10 

min incubation, extracts were centrifuged at 13000g per 10 min at 4°C and supernatants collected. 

Samples were then diluted 1/5 and 1/10. Two replicates of 100 µl were then plated in a 96-well plates 

previously coated over night with 10 µl/ml of rH02 or LF03 monoclonal antibodies. After 1 hour, 

plates were washed 3 times with PBST (PBS+ 0,05% Tween-20) and then incubated with HRP-

conjugated rH02 or LF03 antibodies. At the end, plates were washed 3 times with PBST and then 

incubated with 100 µl of OPD solution (Sigma) supplemented with 0,02% H2O2. After color 

development (5-10 minutes) reaction was blocked by adding 50 µl of H2SO4 2 M. Absorbance was 

measured at 492 nm and results normalized on protein content determined by BCA kit (Thermo-

Fisher Scientific). 

 

Tissue iron content  

To measure liver, spleen and tumor iron content, tissues were dried at 110°C. Eighteen-22 mg of 

dried livers or 8-10mg of dried spleens and tumors were digested in 1 mL of 3M HCl, 0.6 M 

trichloroacetic acid for 20 hours at 65°C. Then, 20 μl of acid extracts were added to 1 ml of working 



chromogen reagent (1 volume of 0.1% bathophenanthroline sulfate and 1% thioglycolic acid solution, 

5 volumes of water, and 5 volumes of saturated sodium acetate) and incubated at RT for 30 minutes. 

Absorbance was measured at 535 nm and compared with standard curve prepared by dilution from a 

stock solution of Titrisol iron standard (Merck, #109972). 

 

Macrophage precursors isolation and treatment 

To isolate macrophage precursors, bone marrow cells were flushed from tibia and femur of six-week-

old C57BL/6J mice and plated in 100 mm Petri dishes. Adherent cells were propagated for 7 days in 

RPMI-1640 (Lonza, #12-115Q) supplemented with 10% FBS (Thermo Scientific, # 10270106), 1% 

penicillin/streptomycin (Sigma-Aldrich, #P4333), in presence of rm-M-MCSF (100 ng/ml, 

Biolegend, #576402) to generate unpolarized macrophages. Afterwards, macrophages were cultured 

for 48 hours in presence of rm-IFNγ (50 ng/ml; PeproTech, #315-05) or rm-IL4 (10 ng/ml; Miltenyi-

Biotec, #130-094-061) with or without 300 μM of FeAC. Alternatively, unpolarized macrophages 

were cultured for 48 hours with or without 300 μM FeAC in RPMI diluted 1:1 with medium 

conditioned by PCa cells. After incubation, macrophages were washed in PBS, detached by gently 

pipetting with cold PBS and collected by centrifugation. Cellular pellets were then processed for 

RNA isolation.  

 

Microarray Analysis 

The microarray dataset GSE6531, GSE104419, GSE55909 were downloaded from the Gene 

Expression Omnibus (GEO) database, which can be accessed at: http://www.ncbi.nlm.nih.gov/geo/. 

Initially, the probe set ids representing genes involved in ferroptosis pathways were identified into 

the dataset. The comparison analysis of two groups of samples (LNCaP and PC-3) was performed 

using GEO2R. The resulting values were log transformed and expression levels for each of the probe-

set were extracted. Heatmaps of absolute Pearson correlation coefficients between expression patterns 

were obtained through the online Heatmapper software (http://www.heatmapper.ca). 

 

 

  



Supplemental figures 

 

Figure S1 

 
Figure S1. Iron reduces PCa cell proliferation. Human LNCaP and PC-3 cells were treated with 
ferric nitrilo triacetate (FeNTA) at indicated concentration and cell proliferation measured after 96h 
growth. Data are shown as means +/- standard errors of 3 independent experiments. Statistical 
differences were determined by: Student t-test. *p<0,05.  
 
 

Figure S2 

 
 

Figure S2. Iron reduces PCa cell proliferation and potentiates bicalutamide efficacy. Cell 
viability measured through colorimetric assay in LNCaP and PC-3 cells treated for 72 hours with 200 
µM ferric ammonium citrate (FeAC) and/or bicalutamide (Bic) at indicated concentration. Values are 
presented as relative to untreated cells. Data are shown as means +/- standard errors of 3 independent 
experiments. Statistical differences were determined by Tukey post one-way ANOVA test. ns: non-
statistically significant. *p<0,05. **p<0,01. ***p<0,001. 
 
  



Figure S3 
 

 
 
Figure S3. Iron reduces PCa cell proliferation and potentiates bicalutamide efficacy, promoting 
oxidative damage. LNCaP and DU-145 cells were treated with FeAC and/or bicalutamide at the 
indicated concentration for 24h. (A and B) Percentage of Trypan Blue positive cells. (C and D) 
Malondialdehyde (MDA) levels. (E and F) Polycarbonylated (Oxy-proteins) proteins levels. Left 
panels: representative immunoblotting. Treatment with hydrogen peroxide (100 µM) was used as 
positive control. Right panel: summary of densitometric analysis. Data are shown as means +/- 
standard errors of at 3 independent experiments for every cell line. Statistical differences were 
determined by Tukey post one-way ANOVA test. ns: non-statistically significant. *p<0,05. **p<0,01. 
***p<0,001. 

 

  



Figure S4 
 

 
 
 
 

Figure S4. Neither iron or bicalutamide-iron trigger apoptosis in PCa cells. Representative 
pictures out of three independent experiments showing levels of Poly ADP-ribose Polymerase-1 
(PARP-1) and Caspase 3 measured by immunoblotting in VCaP and PC-3 cells treated with ferric 
ammonium citrate (FeAC) and/or bicalutamide (Bic) at indicated concentration for 24 hours. 
Treatment with 5 µM staurosporine was used as positive control of apoptosis activated protein 
cleavage. Full length and cleaved proteins are indicated. Beta-actin was used to confirm equal protein 
loading.  
  



Figure S5 

 
 
Figure S5. Iron reduces cell proliferation and potentiates bicalutamide efficacy in TRAMP-C2 
cells, promoting oxidative damage. TRAMP-C2 cells were treated with 200 µM ferric ammonium citrate 
(FeAC) and/or 2,5 µM bicalutamide (Bic). Left panel: cell proliferation measured after 96h growth. Central 
panel: percentage of Trypan Blue positive cells measured after 24h growth. Right panel: malondialdehyde 
(MDA) levels measured after 24h growth. Data are shown as means +/- standard errors of 3 independent 
experiments. Statistical differences were determined by Tukey post one-way ANOVA test. ns: non-statistically 
significant. *p<0,05. **p<0,01. ***p<0,001. 

 
Figure S6 

 
Figure S6. LNCaP and PC-3 cells show different redox genes expression signature. Heatmaps 
showing relative gene expression differences between LNCaP and PC-3 cells (p<0,05) calculated 
from public available datasets of gene expression (GSE104419, GSE36531 and GSE55909). 
SLC7A11 gene expression was divergent in 1 out of 3 GSE analyzed.  



Figure S7 

 
 

Figure S7. LNCaP cells are more sensitive to erastin than PC-3 cells. Percentage of Trypan Blue 
positive cells measured after 72 hours growth in medium supplemented with erastin at the indicated 
concentration. Data are shown as means +/- standard errors of 3 independent experiments. Statistical 
differences were determined by Tukey post one-way ANOVA test. ns: non-statistically significant. 
***p<0,001. 

 
Figure S8 

 
 
Figure S8. Bicalutamide does not alter the homeostatic cell response to iron excess. LNCaP and 
PC-3 cells were treated with FeAC and/or bicalutamide (Bic) at the indicated concentration for 24h. 
Upper panels: ferritin H levels measured by ELISA. Data are shown as means +/- standard errors of 
3 independent experiments. Statistical differences were determined by Tukey post one-way ANOVA 
test. ns: non-statistically significant. Lower panel: representative immunoblotting out of 3 
independent experiments showing transferrin receptor 1 (TfR1) levels. Beta-actin was used to 
confirm equal protein loading.  
  



Figure S9 

 
 

Figure S9. High-dose iron reduces tumor growth in TRAMP-C2 injected mice. (A) Left panel: 
tumor growth in C57BL/6 mice subcutaneously injected with TRAMP-C2 cells and treated with a 
single i.p. injection of 250 mg/Kg iron-dextran (FeDe)(N=3) or 2 consecutive i.v. injections of 20 
mg/Kg ferric carboxymaltose (FeCM) (N=5) or saline (N=5). Right panel: tumor volume measured 
ex vivo at necropsy on day 28. (B) Liver, spleen and tumor iron content measured in ex vivo samples. 
(C) Representative Perls’ stain of tumor sections showing blue iron positive macrophages. Original 
magnification: 100x and 200x. Data are shown as means +/- standard errors. Statistical differences 
were determined by Tukey post 2way ANOVA test in (A) and by Tukey post one-way ANOVA test 
in (B). ns: non-statistically significant. *p<0,05. **p<0,01. ***p<0,001. 
 
  



 
Figure S10 

 
Figure S10. Iron at high-dose reduces tumor volume in VCaP xenografts. Tumor volume 
measured at necropsy on day 16 in RAG2-/-gc-/- mice of Figure 4. Mice were treated with saline or 
daily with 15 mg/Kg bicalutamide (Bic) or with 2 consecutive injections of 20 mg/Kg ferric 
carboxymaltose (FeCM) or with bicalutamide-iron combination (Bic+FeCM). Data are shown as 
means +/- standard errors. Statistical differences were determined by Tukey post one-way ANOVA 
test in. ns: non-statistically significant. *p<0,05. **p<0,01. 
 
 
  



Figure S11 

 
Figure S11. Iron distribution in PC-3 xenografts. (A) Liver, spleen and tumor iron content 
measured in ex vivo samples of PC-3 xenografts described in Figure 5A. Mice were treated with saline 
or a single injection of 250 mg/Kg iron-dextran (FeDe) or daily with 15 mg/Kg bicalutamide (Bic) or 
Bic+FeDe combination. (B) Representative Perls’ stain of tumor sections of mice described in (A), 
showing blue iron positive macrophages. Original magnification: 200x. (C) Liver, spleen and tumor 
iron content measured in ex vivo samples of PC-3 xenografts described in Figure 5D. Mice were 
treated with saline or 2 consecutive injections of 20 mg/Kg ferric carboxymaltose (FeCM) or daily 
with 15 mg/Kg bicalutamide or Bic+FeCM combination. Data are shown as means +/- standard 
errors. Statistical differences were determined by Tukey post one-way ANOVA test. ns: non-
statistically significant. *p<0,05. ***p<0,01. 

 
 

  



 
Figure S12 

 
 

Figure S12. Iron loading directs macrophages polarization toward M1-like phenotype. Gene 
expression analysis of representative markers of macrophages polarization in murine bone marrow 
derived macrophages (BMDM) exposed for 48 hours to interferon-g (IFN-g) or interleukin-4 (IL-4) 
or medium conditioned by LNCaP or PC-3 cells. In every condition, BMDM were additionally treated 
or not with 300 µM ferric ammonium citrate (FeAC). Graphs indicate gene expression levels relative 
to untreated cells. Cond med: conditioned medium. Data are shown as means +/- standard errors of 3 
independent experiments. Statistical differences were determined by t-test. ns: non-statistically 
significant. *p<0,05. **p<0,01. ***p<0,001. 


