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Supplementary Figure 1: HBB score evaluation and antibody validation. (A) Staining with Ponceau S (left panel) and Western blot analysis (right panel) of haemoglobin beta (HBB) in protein lysates from human erythrocytes. The immunoblotting was performed by using an anti-HBB antibody (#sc-21757, mouse monoclonal IgG1) in the absence or presence of increasing concentrations (2g and10g) of hypotonic haemolysates of human erythrocytes. (B) Representative pictures showing the negative control of immunohistochemistry , performed by omitting the primary antibody (upper panel) and the HBB scores for semi-quantitative analysis of HBB expression in breast cancer samples (lower panels). Bar=20 µm.

Supplementary Figure 2: HBB score correlations. Pearson’s correlation test revealed no statistical correlation (P>0.05) between HBB score and (A) Estrogen Receptor (ER), (B) Progesterone Receptor (PR) and (C)  Human Epidermal growth factor Receptor 2 (HER2) scores. 

Supplementary Figure 3: HBB survival correlations. Kaplan-Meier curves showing the differences in survival between patients with high or low HBB expression in primary breast tumours, stratified according to (A,B) ER status, (C-E) primary tumours histological grading  and (F-J) Parker histological classification. Statistical analyses were performed using Log-Rank test.

Supplementary Figure 4: HBB expression in human prostate cancer tumours. (A) Representative images of immunohistochemistry for HBB in human prostate cancer samples (PrCa). Bar=50µm; arrows: erythrocytes (internal positive control). (B) Kaplan-Meier curve showing no difference in survival between prostate cancer patients divided along the median in higher or lower HBB-expressing primary tumours. Statistical analyses were performed using Log-Rank test.

Supplementary Figure 5: Effect of HBB overexpression on MCF7 cell phenotype. The human breast cancer cell line MCF7 was stably transfected with the plasmid carrying HBB (MCF7-HBB) or with the empty plasmid as control (MCF7-empty). (A) Transcriptional evaluation of HBB.  (B) Cell growth assessed by MTT test. (C,D) Evaluation of (C) migration and (D) invasion across gelatine- and matrigel-coated transwells, respectively. (E,F) Transcriptional expression of (E) MMP-9 and (F) the epithelial-mesenchymal transition markers E-cadherin, β-catenin, α-Smooth Muscle Actin (SMA), vimentin and ZEB1 evaluated by comparative real time RT-PCR. 	(G-I) MCF7-empty and MCF7-HBB cells were treated with siRNA specific for HBB (siHBB) or with a scrambled siRNA as control (siSCR). Evaluation of transcriptional expression of (G) HBB, (H) α-SMA and (I) Vimetin by real time RT-PCR. Results are the mean ± SD of n=3 biological replicates, with 3 technical replicates (*P<0.05, and ***P<0.002 vs MCF7-empty; ##P<0.001 vs MCF7-HBB; unpaired Student’s t-test). 

Supplementary Figure 6: Effect of MCF7 conditioned medium on in vitro angiogenesis.  Human umbilical vein endothelial cells (HUVECs) were treated for 24 hours with endothelial cell medium (EM) as positive control or with conditioned medium from MCF7-HBB (MCF7-HBB-CM) or MCF7-empty cells (MCF7-empty-CM). (A) Representative images (upper panels, bar=15 µm) and quantification (lower graph) of in vitro tube formation (branching index). (B-D) Transcriptional expression of (B) VEGF, (C) HIF-1α and (D) NOS2 in MCF7-empty and MCF7-HBB cells. Data are the mean ± SD of n=3 biological replicates with 3 (A) or 5 (B-D) technical replicates (unpaired Student’s t-test).

Supplementary Figure 7: Effect of hypoxia on HBB overexpressing tumour cells. (A) MDA-empty and MDA-HBB cells were cultured under normoxia (21%O2) or hypoxia (0.1%O2) for 72 hours, then cell density was evaluated by crystal violet test. (B-D) Transcriptional expression of HBB in (B) MDA cells cultured under normoxia (21% O2) or hypoxia (0.1% O2), (C) MCF-7 and (D) 4T1 cells cultured under normoxia (21% O2) or hypoxia (1% O2). Graphs are the ratio of the densitometric analysis between the gene of interest (HBB) and the housekeeping gene GAPDH (insets).  Data are the mean ± SD of n=3 biological replicates with (A) 5 or (B-D) 3 technical replicates (*P<0.05 vs MCF-empty and #P=0.05 vs 4T1 empty, unpaired Student’s t-test). 

Supplementary Figure 8: Molecular analysis of the effects mediated by HBB overexpression on breast cancer cells. (A) Heat Map of the oxidative stress real time PCR array performed on MDA-empty and MDA-HBB cDNA. The heat map shows the mean intensity of each gene probe. (B) Grid summarizing the real time PCR array results: each cell contains the gene name, the log2 fold regulation versus MDA-empty and a comment indicating the reliability of the results. A: gene’s average threshold cycle is relatively high (>30) in either the control or the test sample, B: gene’s average threshold cycle is relatively high in both samples (>30), C: gene’s average threshold cycle is either not determined or greater than the defined cut-off value (cycle 35), in both samples. (C) Left panel, STRING v9.1 association analysis on genes significantly upregulated in MDA-HBB versus MDA-empty. Right panel, STRING v9.1 results, complemented with information obtained from the literature. (D) Western blot analysis of HIF-1α and of the housekeeping protein actin performed on MDA-MB-231, 4T1 and MCF7 protein lysates. (E-G) MDA-empty and MDA-HBB cells were treated with 10 nM chetomin or vehicle (DMSO) for 12 hours, then RNA was extracted, reverse-transcribed and subjected to real time RT-PCR for HIF-1α, MMP-9 and VEGF mRNAs. Results are (D) representative or (E-G) the mean ± SD of n=3 biological replicates with (A,B) 1 or (D-G) 3 technical replicates (*P<0.05 and **P=0.006 vs MDA-empty; #P<0.004 vs MDA-HBB, unpaired Student’s t-test).

Supplementary Figure 9: Effect of CORM-2 on cell viability. MDA-MB-231 and 4T1 cells were treated with CORM-2. (A-B) Cell viability assessed by MTT test in (A) MDA-MB-231 and (B) 4T1 cells. Results are the mean ± SD of n=3 biological replicates, with 3 technical replicates (***P<0.001 vs 4T1-empty; unpaired Student’s t-test). 

Supplementary Figure 10: Effect of HBB overexpression on in vivo tumour growth. Immunohistochemistry for (A) HBB and (B) HIF-1α performed on tumour sections from mice orthotopically injected with MDA-empty or MDA-HBB. Data are (A, inset B) representative of 5 tumours/group or (B) the mean ± SD of 5 tumours/group. In (B) data are statistically not significant, with P=0.1 (unpaired Student’s t-test). Bar=30 µm. 

Supplementary Figure 11: Effect of HBB overexpression on in vivo tumour growth of 4T1 cells. Four week-old Balb/cnu/nu female mice were subjected to injection of 4T1‐empty or 4T1-HBB cells (1X106/50 µL PBS) into the mammary fat pad. Evaluation of (A) in vivo growth rate recorded during the timeframe of the experiment (fold to volume on day 2). (B-D) Excised tumours were fixed, embedded in paraffin, cut in 5 µm thin sections and subjected to (B) haematoxylin/eosin staining and mitoses count, (C) immunohistochemistry for the mouse CD31 endothelial cell marker (Bar=50 µm; asterisk: CD31 positive blood vessel) and (D) Masson’s trichrome staining for the quantification of fibrotic tissue (Bar=60 µm). Data are the mean ± SD of 5 tumours/group. In (B) *P= 0.04 vs 4T1-empty, area under the curve; in (C) *P=0.04 vs 4T1-empty, unpaired Student’s t-test.

Supplementary Figure 12: Proposed mechanism of action of HBB in breast cancer. Oxygen derived from the bloodstream enters the tumour mass and is sequestered by HBB overexpressed in some of the tumour cells. This creates a de facto hypoxia without actual lack of oxygenation (oxygen-positive hypoxia) in such cells. Oxygen-positive hypoxia activates HIF-1α, thus increasing angiogenesis via NOS2 and VEGF, invasion and metastasis. 
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