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Supplementary Methods 

Clonogenicity assay To perform colony formation assay, breast cancer cells (single-cell 

suspension) were plated in 12-well plates at a density of 250 cells per well overnight. The 

following day, cells were treated with WFA and the medium was replaced with fresh medium 

containing treatments every 3 days. After a 10-day treatment period, the medium was removed 

and colonies were stained with crystal violet (0.1% in 20% methanol). Colony numbers were 

assessed visually and colonies containing >50 normal-appearing cells were counted. Pictures 

were taken using a digital camera. 

Anchorage-independent growth assay Anchorage-independent growth of breast cancer cells was 

assayed by colony formation in soft agar. Briefly, equal volumes of agar (1.2%) and complete 

medium were mixed to make 0.6% agar growth medium solution in 6-well tissue culture plates. 

Cells (2x103 cells/well) were suspended in media with or without WFA treatment followed by 

mixing with equal volume of agarose (0.6%). Cell suspension-agarose mix (2 ml) was then 

added to each well. Plates were incubated at 37ºC with 5% CO2 in a humidified incubator for 3 

weeks, and media with or without WFA treatment were added every 3 days. Colonies were 

stained with 0.005% crystal violet in PBS for 1 hour at room temperature and observed using 

Olympus IX50 inverted microscope. Colonies were counted in five randomly selected fields at 

10x magnification. Results are expressed as an average number of colonies counted per 

microfield.  

Cell viability assay Cell viability assay was performed by estimating the reduction of XTT (2, 3-

bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxyanilide), using a commercially 

available kit (Roche Applied Science, Indianapolis, IN) following manufacturer’s instructions. 



Breast cancer cells were plated in 96 well plates at an initial density of 4 X 103 cells / well for 24 

hours followed by WFA treatment as indicated. XTT labeling reagent was added to each culture 

well to attain a final concentration of 0.3mg/ml. After 4 hour exposure at 370C, absorbance was 

measured between 450 and 690nm using a 96 well plate reader (SPECTRAmax PLUS, 

Molecular Devices, CA). Pilot experiments verified that the cell densities used in experiments 

performed were within the linear range of the XTT assay. A standard curve was prepared using 

cell densities from 1 X 103 to 1 X 106, and the results were calculated with respect to the number 

of cells. 

Preparation of subcellular fractions Cellular cytosolic and nuclear fractions were prepared by 

incubating cells in 100 μl of ice-cold lysis buffer [10mM Tris-Hcl (pH 7.4), 10mM NaCl, 3mM 

MgCl2 , 0.5% NP-40, 2mM DTT and 0.1mM PMSF]. The lysates were incubated for 5min on ice 

followed by centrifugation at 4,000g for 10min at 40C to precipitate nuclei. Supernatant was 

stored as cytoplasmic fraction. Nuclear pellet was incubated with 100 μl of ice-cold extraction 

buffer [20mM Tris-Hcl (pH 7.9), 0.42M KCl, 0.2mM EDTA, 10% Glycerol, 2mM DTT and 

0.1mM PMSF] for 10min followed by centrifugation at 12,000g for 10min at 40C to clear the 

nuclear debris. Total protein was quantified using the Bradford protein assay kit (Biorad, 

Hercules, CA). Equal amount of protein was subjected to western blot analysis.   

Antibodies used for immunoblotting were: p-ERK (phospho-ERK), ERK, p-RSK (phospho-

RSK), RSK, CHOP, p-Elk1 (phospho-Elk1), Elk1, DR5 (all from Cell Signaling and Santa 

Cruz). 

DR5 stable knockdown using Lentiviral short hairpin RNA. Five pre-made lentiviral DR5 short 

hairpin RNA (shRNA) constructs and a negative control construct created in the same vector 

system (pLKO.1) were purchased from Open Biosystems (Huntville, AL). Paired DR5 stable 



knockdown cells were generated following our previously established protocol. Lentiviral helper 

plasmids (pCMV-dR8.2 dvpr and pCMV-VSV-G) were obtained from Addgene (Cambridge, 

MA). Transient lentivirus stocks were prepared following the manufacturer's protocol. One day 

before transfection, 1.5 x 106 293T cells were plated in 100-mm dishes. Cells were co-transfected 

with shRNA constructs (3µg) together with 3µg pCMV-dR8.2 dvpr and 0.3µg pCMV-VSV-G 

helper constructs. Two days later, viral stocks were harvested from the culture medium and 

filtered to remove non-adherent 293T cells. To select for the MCF7 and MDA-MB-231 cells that 

were stably expressing shRNA constructs, cells were plated at subconfluent densities and 

infected with a cocktail of 1mL of virus-containing medium, 3mL of regular medium, and 

8µg/mL polybrene. Selection with 0.5 to 2µg/mL of puromycin was started 48h after lentivirus 

infection. After four weeks of selection for MCF7 and MDA-MB-231 cells, monolayers of stably 

infected pooled clones were harvested for use and cryopreserved.  

Phospho-Antibody Array Analysis The phospho-antibody array analysis was performed using 

the Proteome Profiler Human Phospho-Kinase Array Kit ARY003 from R&D Systems according 

to the manufacturer’s instructions. Breast cancer cells were treated with WFA and lysed with 

Lysis Buffer 6 (R&D Systems).  Preblocked nitrocellulose membranes of the Human Phospho-

Kinase Arrays were incubated with 300 μg of cellular extracts overnight at 4 °C on a rocking 

platform, washed three times with 1x Wash Buffer (R&D Systems) followed by incubation with 

a mixture of biotinylated detection antibodies and streptavidin-HRP antibodies. 

Chemiluminescent detection reagents were used to detect spot densities. Array images were 

analyzed using the GeneTools image analysis software (Syngene). Every spot was subtracted by 

the averaged background level from negative control spots and normalized by the density levels 

of its own positive control spots. The averaged density of duplicated spots representing each 



phosphorylated kinase protein was determined and used for calculating the relative changes in 

phosphorylated kinase proteins. The list of target capture antibodies is available at 

http://www.rndsystems.com/pdf/ARY003.pdf. 

Immunofluorescence and confocal imaging Breast cancer cells (5x105 cells/well) subjected to 

immunofluorescence analysis as described (24). Fixed and immunofluorescently stained cells 

were imaged using a Zeiss LSM510 Meta (Zeiss) laser scanning confocal system configured to a 

Zeiss Axioplan 2 upright microscope with a 63XO (NA 1.4) plan-apochromat objective. All 

experiments were performed multiple times using independent biological replicates. 

Chromatin immunoprecipitation (ChIP) ChIP analyses were performed using our published 

procedure (27). Chromatin samples were sonicated on ice three times for 10 seconds each (i.e., 

until the average length of sheared genomic DNA was 1 to 1.5 kb) followed by centrifugation for 

10 minutes. The immunoprecipitated DNA was ethanol precipitated and re-suspended in 25 μl of 

water. Total input samples were re-suspended in 100 μl of water and diluted 1:100 before PCR 

analysis. Initially, PCR was performed with different numbers of cycles and/or dilutions of input 

DNA to determine the linear range of amplification; all results shown fall within this range. 

Following 28-30 cycles of amplification, PCR products were run on 1% agarose gel and 

analyzed by ethidium bromide staining. 

TUNEL assay Breast tumor sections were deparaffinized, rehydrated and then used to visualize 

apoptotic bodies by TUNEL staining. TUNEL staining was conducted according to the 

supplier’s instructions. Four to five randomly selected and nonoverlapping fields were imaged to 

score TUNEL-positive cells. 

 

 



Legends to supplemental Figures 

Supplemental Figure 1 Withaferin A inhibits cell viability of breast cancer cells. (A) MCF7, 

(B) MDA-MB-468, (C) MDA-MB-231, and (D) T47D breast cancer cells were treated with 

various concentration of Withaferin A (WFA) as indicated and cell viability was examined by 

trypan blue dye exclusion assay. *p<0.05 compared with untreated controls. Vehicle-treated cells 

are denoted with C.   

 

Supplemental Figure 2 Withaferin A treatment inhibits expression of anti-apoptotic 

proteins, Survivin and XIAP and increases PARP cleavage. (A) MDA-MB-231 Breast cancer 

cells were treated with 2.5-10 µM withaferin A (WFA) for 24h as indicated. Vehicle-treated cells 

are denoted with C. Total lysates were immunoblotted for survivin, XIAP and cleaved PARP 

expression. The membranes were re-blotted using total PARP and Actin antibodies as controls. 

(B) MCF7 and MDA-MB-231 cells were treated with 5 µM WFA for various time intervals as 

indicated. Total lysates were immunoblotted for XIAP and cleaved PARP expression. The 

membranes were re-blotted using total PARP and actin antibodies as controls. 

 

Supplemental Figure 3 WFA increases phosphorylation of ERK and RSK. MCF7 and 

MDA-MB-231 breast cancer cells were treated with 5 µM WFA for 3 hours and subjected to 

Human phospho-antibody array analyses. Relative levels of protein phosphorylation (normalized 

intensity for each antibody) were calculated for each untreated and treated sample. *, P<0.001, 

compared with untreated controls. 

 



Supplemental Figure 4 WFA activates RSK in an ERK-dependent manner. (A) Breast 

cancer cells were treated with 5 µM WFA for indicated time-intervals. Total lysates were 

immunoblotted for pRSK and total RSK expression. Bar diagram shows quantitation of western 

blot signals from multiple independent experiments. *, P<0.005, compared with untreated 

controls. (B) Breast cancer cells were treated as in A, lysates were examined for phosphorylated-

ERK44/42 (pERK) and total ERK. Bar diagram shows quantitation of western blot signals from 

multiple independent experiments. *, P<0.005, compared with untreated controls. (C) Breast 

cancer cells were transiently transfected with siERK-siRNAs for 48h followed by WFA 

treatment (5 µM, 3h) and immunoblot analysis of pRSK and total RSK levels. Vehicle-treated 

cells are denoted with C. Bar diagram shows quantitation of western blot signals from multiple 

independent experiments. *, P<0.001, compared with untreated controls; **, P<0.001, compared 

with WFA treatment; ***, P<0.05, compared to untreated controls.    

 

 Supplemental Figure 5 WFA activates RSK in an ERK-dependent manner. ERK and RSK 

activation is important for WFA-mediated cleavage of apoptotic marker, PARP. MCF7 and 

MDA-MB-231 cells were treated with 5 µM WFA (12h) alone and in combination with (A, B) 

MEK/ERK1/2 inhibitor, U0126 (10µM, 3h pretreatment) or (C) RSK inhibitor, fmk-MEA (6µM, 

3h pretreatment). Total lysates were immunoblotted for pMAPK, pRSK, RSK, cleaved PARP 

and total PARP. The membranes were re-blotted using Actin antibodies as controls. Vehicle-

treated cells are denoted with C. 

 

Supplemental Figure 6 ERK and RSK activation is important for WFA-mediated 

inhibition of clonogenicity of breast cancer cells. (A) Breast cancer cells were transfected 



twice with siERK-siRNAs to achieve ERK silencing. One set of siERK-siRNA transfected cells 

exhibiting loss of ERK were transfected with WT-ERK to reintroduce ERK expression. Cells 

were subjected to clonogenicity assay and treated with 5 µM WFA as indicated. (B) Immunoblot 

analysis of RSK in RSK-depleted (RSK shRNA1 and 2) and vector control (pLKO.1) (denoted as C) 

MCF7 and MDA-MB-231 cells. (C) Breast cancer cells RSK-sh1, RSK-sh2 and pLKO.1 

(denoted as C) were subjected to clonogenicity and treated with 5 µM WFA as indicated.    

   

Supplemental Figure 7 Withaferin A induces phosphorylation of Elk1 in ERK-dependent 

manner. (A) Breast cancer cells were transfected with siERK for 48 hours followed by WFA (5 

µM, 3h) treatment. Total lysates were subjected to immunoblot analysis using specific antibodies 

for phospho-Elk1. The membranes were re-blotted using total-Elk1 and actin. The blots are 

representative of multiple independent experiments. Vehicle-treated cells are denoted with C. (B) 

Bar diagram shows quantitation of western blot signals from multiple independent experiments. 

*, P<0.001, compared with untreated controls; **, P<0.005, compared with WFA treatment. (C) 

Breast cancer cells were pre-treated with fmk-MEA (6 µM, 3h) followed by WFA treatment (5 

µM, 3h) as indicated. Total lysates were immunoblotted for pElk1 and total Elk1 expression and 

bar diagram shows quantitation of western blot signals from multiple independent experiments. 

*, P<0.001, compared with untreated controls; **, P<0.001, compared with WFA treatment. (D) 

Immunoblot analysis of pELK1 and total Elk1 in cytoplasmic and nuclear fractions of breast 

cancer cells treated with 5 µM WFA for indicated time-intervals was performed and bar diagram 

shows quantitation of western blot signals from multiple independent experiments. *, P<0.005, 

compared with untreated controls. 



Supplementary Figure 8 CHOP is important for Withaferin A mediated inhibition of 

breast cancer cell growth. (A) Immunoblot analysis of CHOP in CHOP-depleted (CHOP shRNA1 

and 2) and vector control (pLKO.1) (denoted as C) MCF7 and MDA-MB-231 cells. (B) Breast 

cancer cells CHOP-sh1, CHOP-sh2 and pLKO.1 (denoted as C) were subjected to clonogenicity 

and treated with 5 µM WFA as indicated.     

   

Supplementary Figure 9 WFA increases DR5 expression in multiple breast cancer cell lines 

and CHOP and Elk1 contribute to WFA-induced upregulation of Death receptor 5 in 

breast cancer cells. (A-D) Immunoblot analysis of DR5 in breast cancer cells treated with 5 µM 

WFA for indicated time intervals was conducted and bar diagram shows quantitation of western 

blot signals from multiple independent experiments. *, P<0.001, compared with untreated 

controls. (E) Immunoblot analysis of DR5 in breast cancer cells transfected with CHOPO/E 

followed by WFA (5 µM, 3h) treatment (CHOPO/E+WFA) was performed and bar diagram 

shows quantitation of western blot signals from multiple independent experiments. *, P<0.001, 

compared with untreated controls. (F) Breast cancer cells were transfected with Elk1 wild-type 

(Elk1 WT) and S383A phospho-mutant Elk1 (Elk1M) plasmids followed by WFA (5 µM, 3h) 

treatment. Untransfected controls are denoted with C. Total lysates were immunoblotted for DR5 

expression and bar diagram shows quantitation of western blot signals from multiple independent 

experiments. *, P<0.005, compared with untreated controls; #, P<0.001, compared with WFA 

treated cells.  

 

Supplementary Figure 10 Withaferin A induces recruitment of CHOP, pElk1 and release 

of HDAC1 from DR5 promoter. (A) MDA-MB-231 cells were treated with 5 µM WFA for 3h 



and 6h and subjected to chromatin immunoprecipitation assay using CHOP, pElk1, HDAC1 and 

Acetylated-H4 antibodies. The purified DNA was analyzed by PCR using specific primers 

spanning the CHOP and Elk1 binding sites on DR5 promoter. Vehicle-treated cells are denoted 

with ‘C’. (B) Breast cancer cells were treated with 50 nM TSA for 24h and 48h, RNA was 

isolated and DR5 expression was analyzed by RT-PCR analysis.  

 

 Supplementary Figure 11 WFA is a potent inducer of Death receptor 5 in breast cancer 

cells. (A) Immunoblot analysis of DR5 in MCF7 cells treated with 50 µM Celecoxib (CCB), 1 

µM Etoposide (E), 100 ng/ml TRAIL (T) and 5 µM withaferin A (WFA) for 6h was conducted 

and bar diagram shows quantitation of western blot signals from multiple independent 

experiments. *, P<0.005, compared with untreated controls. (B) MCF7 cells were treated with 

CCB, Etoposide, TRAIL alone as in A or in combination with 5 µM withaferin A (WFA) for 6h. 

Cell lysates were immunoblotted for DR5 expression and bar diagram shows quantitation of 

western blot signals from multiple independent experiments. *, P<0.005, compared with 

untreated controls; **, P<0.005, combination treatments compared to E, CCB and T respectively.    

 

 


