Material and Methods
Cell Lines and Culture Conditions: All cell lines were maintained in a humidified tissue culture incubator at 37ºC and 6.5% CO2.  All cell lines were obtained from ATCC, except 76NF2V cells which were obtained from Dr. V. Band 1. MDA-MB-468 cells were maintained in DMEM (HyClone) supplemented with 10% fetal calf serum (Atlanta Biological), 0.01M HEPES, 2 mM L-glutamine, and 0.01 mg/mL of ciprofloxacin. The remaining tumor cell lines, MDA-MB-157, MDA-MB-436, MDA-MB-231, MCF-7, ZR75-1, T47D, MDA-MB-175, AU565, SKBR3, UACC812, HCC-1806, HCC-1937, HCC-1954, and BT549, were maintained in -MEM (HyClone) supplemented in the same manner as DMEM with the addition of 0.1 mM non-essential amino acids and 1 mM sodium pyruvate. 
Immortalized human mammary epithelial cell lines, 76NF2V 1 and MCF-10A, were cultured in DFCI-1 media, which consists of -MEM and Ham's F-12 media (1:1 v/v) (HyClone) supplemented with 1% fetal bovine serum (Atlanta Biological), 0.01 M HEPES buffer, 2 mM L-glutamine, 12.5 ng/mL of epidermal growth factor (EGF), 10 nM triiodothyronine, 0.01 mM ascorbic acid, 2 nM estradiol, 1 g/mL of insulin, 1 mg/mL hydrocortisone, 0.1 mM ethanolamine, 0.1 mM phosphoethanolamine, 0.01 mg/ml transferrin, 2.5 ng/ml sodium selenite, 0.035 mg/ml of bovine pituitary extract and 0.01 mg/ml ciprofloxacin 1, 2. Cell lines were routinely authenticated using the short tandem repeat method and tested for mycoplasma contamination using the MycoAlert assay kit (Lonza).
Materials: I3C was purchased from LKT Laboratories and solubilized in DMSO. N-alkoxy derivatives of I3C, N-Methoxy-I3C, N-Ethoxy-I3C, N-Propoxy-I3C, and N-Butoxy-I3C were synthesized according to previously published methodology by the Translational Chemistry Core Facility at the University of Texas MD Anderson Cancer Center 3. N-Acetyl Cysteine (NAC) was dissolved in media at a final concentration of 5 mM was purchased from Sigma.
MTT Assay: Cell growth and viability was measured using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) assay. Cells were plated in 96-well format at a dilution of either 5000 cells per well (MDA-MB-157, MDA-MB-436, MDA-MB-231, MCF-7, ZR75-1, T47D, MDA-MB-175, AU565, SKBR3, UACC812, HCC-1937, HCC-1954, BT549, and MCF-10A) or 1500 cells per well (HCC-1806, MDA-MB-468 and 76NF2V; due to their rapid proliferation rate). Following treatment (44-hours) in 200 l volume, MTT was added to each well for four hours (total of 48-hours post-treatment). The media was then aspirated and 100 l of solubilization solution (20mL 1N HCL, 50 mL 10% SDS, 430 mL isopropyl alcohol) was added to each well. The plates were placed on a horizontal shaker for one hour and absorbance was quantified using a spectrophotometer (Victor3, Perkin-Elmer) at a wavelength of 590 nm. Absorbance measurements were normalized to the untreated control and IC50 was calculated using GraphPad Prisim Software (Version 6.0b).
Brdu Incorporation: Cells were pulsed for 30 minutes in media containing 10 M BrdU (Invitrogen), harvested by trypsinization, washed in PBS, and fixed in ice cold 70% ethanol for at least 24 hours. Following fixation, 2 x 106 cells were aliquoted from each condition and rinsed in PBS + 1% BSA. The DNA was slightly denatured by incubating the cells in 2M HCL for 30 minutes. The cells were then rinsed, residual acid was quenched by addition of 0.1 M sodium borate, and the cells were rinsed again. The cells were then incubated in 50 uL of dilution buffer (PBS + 0.5% tween-20 + 1%BSA) containing a 1:10 dilution of FITC-conjugated anti-BrdU monoclonal antibody (BD Bioscience) for 1 hour, on a horizontal rocker, protected from light. Cells were rinsed as before to remove background and resuspended in 0.5 mL of propidium iodide (PI) (Molecular Probes) staining solution (10 ug/mL PI + 20ug/mL Ribonuclease A (Sigma) in PBS + 1% BSA) for 30 minutes at RT. PI and FITC fluorescence was measured using a BD FACScalibur flow cytometer and analyzed using FloJo software (Version 8).
Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) Assay: Apoptosis was measured following treatment with I3C using the TUNEL assay. Breast cancer cells treated with I3C or vehicle for 24 hours, harvested by trypsinization, fixed on ice for 20 minutes in 2.5% (w/v) paraformaldhyde (Sigma) in PBS (pH 7.4), and post-fixed in ice cold 70% ethanol for at least 24 hours at 4oC. The TUNEL reaction was performed using the APO-BrdU TUNEL Assay Kit (Invitrogen) according to manufactures instructions. 
Western Blot Analysis: Cells were harvested by trypsinization, washed in PBS, and resuspended in protease/phosphatase inhibition buffer (PPI); 25 g/ml leupeptin, 25 g/ml aprotinin, 10 g/ml pepstatin, 1 mm benzamidine, 10 g/ml soybean trypsin inhibitor, 0.5 mm PMSF (Phenyl methyl sulfonyl fluoride), 50 mm sodium fluoride, 0.5 mm sodium orthovanadate. Cells were lysed via sonication (Sonicator XL; Misonix Inc.) and the lysates were cleared by centrifugation at 125 000 g for 45 min at 4 °C. Protein concentration was determined by Bradford assay (reagents from Biorad). Protein concentration was normalized by addition of PBS and mixed with 2x lammeli buffer (4% SDS, 20% glycerol, 120mM Tris-HCL pH 6.8, and 0.02% bromophenol blue) to a final concentration of 2.5 μg/μl. 50 µg of protein from each condition being tested was loading into the lanes of a sodium dodecyl sulfate-polyacrylamide gel and subjected to electrophoresis for approximately 300 volt hours. These gels were then transferred to Immobilon P membrane (Millipore) by electrophoresis for approximately 400 volt hours, at 4°C. The membranes were blocked for 1 hour in BLOTTO (5% nonfat dry milk in TBST; 20 mM Tris, 137 mM NaCl, 0.25% Tween, pH 7.6). Following blocking, the membranes were incubated in primary antibodies at a concentration of 0.1 µg/ml [except in the case of the exceptionally strong antibodies: actin (0.01 µg/ml) and cyclin E (0.05 µg/ml)] in BLOTTO for two hours at room temperature. Phosphorylation site-specific antibodies were diluted in 5% BSA in TBS-T. Following incubation with primary antibody the membranes were washed three times for 20 minutes each in TBS-T and then incubated with goat anti-mouse or anti-rabbit IgG–horseradish peroxidase conjugated secondary antibodies (Pierce) at a dilution of 0.01 µg/ml in BLOTTO for one hour. The membrane was washed three times for 20 minutes each in TBS-T, and developed with the Renaissance chemiluminescence system (Perkin-Elmer Life Sciences, Inc.). The membranes were placed in an autoradiography cassette, exposed to film, and scanned. Images were processed using Adobe Photoshop software (Version 12.1).
Antibodies:  Rabbit polyclonal antibodies to phosphorylated Rb site Ser807/811 (Cell Signaling Technology), PARP (Cell Signaling Technology), AhR (H-211,Santa Cruz), CYP1A1 (Santa Cruz), ATF-3 (C-19, Santa Cruz). Mouse monoclonal antibody to actin (Chemicon), cyclin E (HE12, Santa Cruz), ERα (Novacastra), p53 (Calbiochem), and BCL-2 (100; Santa Cruz).
NE Activity Assay: Performed in a 96 well plate, the final volume per well was 100 µL. The well characterized neutrophil elastase inhibitors GW 311616 (Sigma), SSR69071 (Torcis), and Sivelestat (Sigma) as well as I3C (LKT Laboratories) were diluted in 100 µL assay buffer (100 mM Tris HCL pH 7.5, 250 mM NaCl) in increasing concentrations. NE (Calbiochem), at a concentration of 0.0001 U/μL per reaction, was added to each well and pre-incubated with the NE inhibitors or I3C for 15 minutes. The NE specific substrate Methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilide (Calbiochem) was solubilized in DMSO and added to each well at a final concentration of 1 mM to begin the reaction. Following a 10-minute incubation at 37oC the release of p-nitroanilide was determined colormetrically by measuring absorbance at 410 nM. 
Lentiviral shRNA: Target specific shRNA was obtained in the GIPZ lentiviral vector system (Thermo, OpenBiosystems) from the MD Anderson shRNA and ORFeome Core Facility. To generate lentivirus, 70-90% confluent 293T cells in 100 mm3 culture dishes were co-transfected with 3.0 ug of pCMV deltaR8.2, 3.0 ug of pMD2.G, and 4.5 ug of the pGIPZ shRNA vector, using LipoD293 (SignaGen) transfection reagent (according to manufactures instructions). pCMV deltaR8.2 and pMD2.G were produced by the Didier Trono Lab and made available through the Addgene Repository. Twelve hours after transfection the media was changed to fresh DMEM. The virus containing media was collected 24 and 48 hours later and filtered through a 0.45 μM PVDF membrane. Target cells were infected with the virus containing media in the presence of 8 μg/mL polybrene. The cells were selected in 1ug/ml Puromycin for four to seven days. The shRNA sequences used were:
shAhR.1: (V2LHS_236720) ATGTTATTTAATTCAGCTG
shAhR.2: (V3LHS_382507) TGCTTTTGGTGATGTTGCT
shp53.1: (V3LHS_404717) TAACTGCAAGAACATTTCT
shp53.2: (V3LHS_333920) TCTCTTCCTCTGTGCGCCG
shp53.3: (V3LHS_333919) TACACATGTAGTTGTAGTG
shATF3.1: (V3LHS_405368) TGTGTGACACAAACATCGG
shATF3.2: (V3LHS_405370) TGCTAGAAAGCACAACCCT
shATF3.3: (V3LHS_405369) TTGCTAGAAAGCACAACCC
Lentiviral cDNA: ER cDNA, originally in PCDNA3.1 vector, was PCR amplified and cloned into the gateway pDONR201 via the gateway BP clonase (Invitrogen) using the following primers:
Attb1-ESR1-F-ggggacaagtttgtacaaaaaagcaggcttcgaaggagatagaaccatgaccatgaccctccacacc
Attb2-ESR1-R-ggggaccactttgtacaagaaagctgggtctcagaccgtggcagggaaacc
The resulting ER pENTR vector was verified by DNA sequencing and cloned into the plenti CMV Blast DEST vector (obtained from the Addgene repository) 4 using the LR clonase (Invitrogen). Prescicion LentiORF Human BCL-2 (Clone ID: PLOHS_100004100; Thermo, OpenBiosystems) was obtained from the MD Anderson shRNA and ORFeome Core Facility. The lentiviral particles for the overexpression of BCL2 and ER were packaged using the same method as described for the pGIPZ lentivirus (see above). Cells were selected in 20 μg/mL blasticidin until 100% cell kill was achieved in uninfected cells (7-10 days).
Microarray: Total RNA was extracted from 2 x106 cells using the RNAeasy kit (Qiagen) and subjected to on column DNase I (NEB) digestion (all performed according to manufactures instructions). RNA integrity was confirmed using an Agilent Technologies Bioanalyzer 2100. The Genomics Core Facility at MD Anderson Cancer Center performed the cDNA labeling, hybridization to the Illumina HT-12 v4 BeadChip, and image acquisition. Raw signal intensities were obtained using the Beadstudio analysis software from Illumina and imported into the lumi Bioconductor package (R version 2.15 and Bioconductor version 2.11). The lumi package was used to perform quality control, We used the robust spline normalization (RSN) algorithm to normalize between arrays. This algorithm combines the features of quanitle and loess normalization, is designed to normalize the variance-stabilized data.
Reverse Phase Protein Array: RPPA analysis performed by the Functional Proteomics core facility at UT MDACC has been previously described 5. Cells were lysed by sonication and cleared by ultracentrifugation; as previously described for western blot analysis 6. Protein concentration was determined by Bradford assay and the lysates were aliquoted in SDS containing sample buffer at a concentration of 1μg/μL. Protein samples were two-fold serially diluted (five dilutions) and arrayed on nitrocellulose coated slides (Grace Biolab) using an Aushon 2470 Arrayer (Aushon BioSystems). The slides are probed with 174 primary antibodies against critical nodes in cancer cell signaling pathways, followed by the appropriate biotin-conjugated secondary antibody.  The signal was amplified using the Catalyzed Signal Amplification System (DAKO) and detected using DAB (DAKO). The slides were scanned with ImageQuant (Molecular Dynamics) and spot intensity was determined by MicroVigene software (VigeneTech Inc.). Relative protein abundance was defined by supercurve fitting, a logistic model developed by the Dept. of Bioinformatics and Computaional Biology UT MDACC for the relative quantification of each sample, and normalized for protein loading. Linear values were transformed to Log2.
Microarray and RPPA Analysis: RPPA and microarray analysis was performed on three I3C sensitive cell lines (luminal ER-positive: MCF-7, ZR751, and T47D) and three I3C insensitive cell lines (non-luminal ER-negative: MDA-MB-231, MDA-MB-436, and MDA-MB-157) treated in triplicate with either 200 M I3C or an equivalent volume of DMSO for 24 hours. To identify alteration in gene expression that could account for the differential sensitivity of breast cancer cell lines to I3C, we fitted the normalized RPPA and microarray datasets with linear mixed effects models on a gene-by-gene basis. Our models include fixed effects of drug sensitivity (sensitive vs. insensitive), treatment (I3C vs. vehicle control), interaction between drug sensitivity and drug treatment, and random effects of cell line. If there was a convergence problem, we then removed the random effect and fitted a linear fixed effect model. We estimated the local false discovery rates (FDR) of the overall test using the BUM method 7. We computed the group means (of the log2 expression values) for the sensitive and insensitive subtypes treated with DMSO or I3C. We were especially interested in the genes that respond to I3C differently between sensitive and insensitive subtypes. These were the genes with a significant interaction term, defined as the difference in response to I3C between sensitive and insensitive subtype [i.e. (Sensitive.I3C-Sensitive.DMSO)- (inSensitive.I3C-inSensitive.DMSO)]. Within the linear model we also estimated the log2 differences between I3C and DMSO separately for the sensitive and insensitive cell lines. We used Tukey's method to adjusted the p-values for testing whether these estimates are different from 0. 
Explanation of Variables in Microarray and RPPA Analysis:

1. raw.pvalues.Overall: raw p-value for the overall test of the mixed effects model.
2. raw.pvalues.Sensitivity: raw p-value for main effects of sensitivity.
3. raw.pvalues.DrugTreat: raw p-value for main effects of drug treatment.
4.  raw.pvalues.interaction: raw p-value for interaction between sensitivity and drug.
5. FDR.sel.0.001.overall: indicator of whether the overall test is significant at FDR 0.1%.
6. FDR.sel.0.01.overall: indicator of whether the overall test is significant at FDR 1%.
7. FDR.sel.0.05.overall: indicator of whether the overall test is significant at FDR 5%.
8. Sen:I3C-DSMO-inSen:I3C-DSMO: the estimate of I3C-DSMO in sensitive subtype I3C-DSMO in insensitive subtype.
9. Sen:I3C-DSMO: the estimate of I3C-DSMO in sensitive subtype.
10. adjustedp:Sen:I3C-DSMO: Tukey adjusted p-value for Sen:I3C-DSMO.
11. inSen:I3C-DSMO: the estimate of I3C-DSMO in insensitive subtype.
12. adjustedp:Sen:I3C-DSMO: Tukey adjusted p-value for inSen:I3C-DSMO.
13. DSMO:Sen-inSen: the estimate of Sen-inSen at baseline (treated with DMSO).
14. adjustedp:DSMO:Sen-inSen: Tukey adjusted p-value for DSMO:Sen-inSen.
15. m.sensitive.control: group mean of the sensitive cell lines treated with DMSO.
16. m.sensitive.I3C: group mean of the sensitive cell lines treated with I3C.
17. m.insensitive.control: group mean of the insensitive cell lines treated with DMSO.
18. m.insensitive.I3C: group mean of the insensitive cell lines treated with I3C.
19. diff.at.baseline, indicator whether the difference between baseline sensitive and insensitive subtype is significantly.
20. change.in.Sen, indicator whether the regulation by I3C is significant in the sensitive subtype 0 = no change; 1 = up regulated, -1 = down regulated.
21. change.in.inSen, indicator whether the regulation by I3C is significant in the insensitive subtype.
22. group.bin: gene/proteins bins (n=27), diff.at.baseline: change.in.Sen: change.in.inSen.
23. FC.Sensitive.I3C.vs.Control: expected fold change (ratio of I3C/control) by I3C in the sensitive cell lines (un-log value of column Sen:I3C-DSMO).
24. FC.inSensitive.I3C.vs.Control: expected fold change (ratio of I3C/control) by I3C in the insensitive cell lines (un-log value of column inSen:I3C-DSMO).
25. FC.Baseline.Sen.vs.inSen: expected fold change (ratio of Sen/inSen) between baseline sensitive and insensitive subtype (un-log value of column DSMO:Sen-inSen).

Statistics: All experiments were performed at least in triplicate. The results of each experiment are reported as the mean of experiment replicates. Error-bars represent the standard deviation from the mean. All pair-wise comparisons were analyzed using the unpaired, two-sided, t-test assuming a normal distribution of experimental values. For all statistical test, a p<0.05 was considered significant. 
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Supplemental Figure Legends

Supplemental Figure 1: ER-negative breast cancer cell lines express greater levels of LMW-E compared to ER-positive breast cancer cell lines . (A) Lysates from the indicated breast cancer cell lines were subjected to western blot analysis using an antibody against cyclin E. Actin, loading control. All cell lines were obtained from ATCC and cultured based on their recommendations. (B) Densitometry analysis was performed on the full length cyclin E (50 kDa) and LMW-E isoforms of cyclin E (45-33 kDa). Grouped analysis of LMW-E and full length cyclin E was performed comparing immortalized HMECs, ER-positive, and ER-negative breast cancer cell lines. 

Supplemental Table 1: RPPA analysis of I3C sensitive ER-positive and I3C insensitive ER-negative breast cancer cell lines. We fitted the normalized RPPA datasets with linear mixed effects models. We used a FDR of 0.001 to identify proteins and phosphorylation events altered by I3C (200 M), compared to vehicle (DMSO) treated cells, in I3C sensitive ER-positive and I3C insensitive ER-negative breast cancer cell lines. 

Supplemental Table 2: Ingenuity analysis identifies canonical pathways significantly overlapping with I3C-mediated alterations in gene expression in I3C sensitive ER-positive and I3C insensitive ER-negative breast cancer cell lines. We used a FDR of 0.001 to identify genes that were altered differentially between sensitive and insensitive cell types treated with I3C in the microarray dataset. Only considering genes that demonstrated greater than 2-fold change, 1931 genes were altered by I3C treatment only in the sensitive ER-positive cells, 136 genes were altered by I3C treatment only in the insensitive ER-negative cells, and 1613 genes were altered in both sensitive ER-positive and insensitive ER-negative cells. We performed ingenuity analysis separately on the I3C sensitive and insensitive genesets. The top 25 canonical pathways with the greatest significance were reported for each geneset. 

Supplemental Figure 2: AhR signaling was not a significant component of the anti-tumor effects of I3C in ER-negative breast cancer cell lines. (A-B) MDA-MB-157 cells stably expressing non-targeting shRNA (control), shAhR.1, and shAhR.2 were generated. (A) The cells were treated with vehicle (DMSO) or I3C (100 and 250 M) and lysates were subjected to western blot analysis using an antibody against AhR. Actin, loading control. (B) The cells were treated with a range of I3C concentration (50-1000 M) for 48-hours. Cell viability was measured by MTT assay.

Supplemental Figure 3: Tamoxifen resistant MCF-7 cells are sensitive to the anti-tumor effects of I3C. (A-B) Tamoxifen resistant MCF-7 cells were generated by culturing MCF-7 cells for six months in media supplemented with 1 M tamoxifen. (A) Tamoxifen resistant and parental MCF-7 cells were treated with with a range of tamoxifen concentration (0.1-20 M) for 96-hours. Cell viability was measured by MTT assay. (B) Tamoxifen resistant and parental MCF-7 cells were treated with a range of I3C concentration (50-600 M) for 48-hours. Cell viability was measured by MTT assay.

Supplemental Figure 4: p53 signaling did not contribute to the sensitivity of ER-positive breast cancer cell lines to the anti-tumor effects of I3C (A) Western blots from Figure 3C were probed using an antibody against cyclin E (compared to loading controls from Figure 3C). (B-C) MCF-7 cells stably expressing non-targeting shRNA (control), shP53.1, shP53.2, and shP53.3 were generated. (A) The cells were treated with vehicle (DMSO) or I3C (250 M) and lysates were subjected to western blot analysis using an antibody against p53. Actin, loading control. (B) The cells were treated with a range of I3C concentration (50-500 M) for 48-hours. Cell viability was measured by MTT assay.
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