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Abstract

The present study provides novel insight into the mechanism of apoptosis induction by withaferin
A (WA), which is a bioactive constituent of an Ayurvedic medicine plant (Withania somnifera).
Exposure of MDA-MB-231 and MCF-7 human breast cancer cells to WA resulted in suppression
of XIAP, clAP-2, and Survivin protein levels. The WA-induced apoptosis was significantly
attenuated by ectopic expression of XIAP, Survivin, and clAP-2 in both cells. However, the WA-
mediated inhibition of MDA-MB-231 xenograft growth in vivo was associated with suppression of
Survivin protein level only. These results indicate important contribution of Survivin suppression
in WA-induced apoptosis.
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1. Introduction

Constituents of Ayurvedic medicine, which has been practiced in India for thousands of
years for the treatment of different ailments, continue to gain momentum for the discovery
of novel anticancer agents [1,2]. Withania somnifera is one such medicinal plant capable of
eliciting a variety of pharmacological effects in experimental rodents [3,4]. The known
pharmacological effects of Withania somnifera include cardioprotection from ischemia
reperfusion injury [5], inhibition of 6-hydroxydopamine-induced Parkinsonism in rats [6],
suppression of hepatic lipid peroxidation concomitant with an increase in activity of
antioxidant enzymes in mice [7], anticancer effects [8-11], and inhibition of angiogenesis
[12].

Anticancer effect of Withania somnifera is attributed to withanolides including withaferin A
(WA) [13-18]. For example, WA was shown to cause destruction of Ehrlich ascites tumor
cells in vivo by causing immune activation [13]. Treatment of mouse melanoma bearing
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mice with WA (10-60 mg/kg body weight, i.p.) resulted in a dose-dependent delay of tumor
growth [14]. Oral administration of WA (20 mg/kg body weight) for 14 weeks completely
prevented 7,12-dimethylbenz[a]anthracene-induced oral carcinogenesis in hamsters [15].
The WA-mediated growth inhibition of human cancer cells xenografted in athymic mice has
also been documented [16-18]. For example, the growth of MDA-MB-231 human breast
cancer cells implanted in female athymic mice was retarded significantly by 5 times/week
i.p. injections of 4 mg WA/kg [17]. Intra-tumor injections of WA retarded growth of PC-3
human prostate cancer xenografts in athymic mice [16]. Treatment with WA resulted in
inhibition of breast cancer cell invasion and metastasis at sub-cytotoxic doses in association
with vimentin disassembly and its serine56 phosphorylation [18].

Mechanisms underlying anticancer effects of WA are not fully understood but known
cellular responses to WA in cultured cancer cells include G2 phase and mitotic arrest [19],
apoptotic cell death [16,17,20,21], and autophagy induction [22]. Autophagy induction
seems dispensable for growth inhibitory and proapoptotic effects of WA [22]. On the other
hand, the WA-mediated inhibition of cancer cell growth is associated with apoptosis
induction in vitro as well as in vivo [16,17,20,21]. The mechanism by which WA treatment
causes apoptosis is still not fully understood, but reactive oxygen species production is
intimately linked to the cell death resulting from this agent [23—-25]. Notably a normal
human mammary epithelial cell line (HMEC) is resistant to WA-induced production of
reactive oxygen species as evidenced by fluorescence microscopy using a chemical probe
(MitoSOX Red) and electron paramagnetic resonance spectroscopy [23]. Consistent with
these observations, WA treatment fails to trigger apoptotic cell death in HMEC [23]. We
have also shown previously that even though WA treatment causes stabilization of the p53
protein and promotes its Ser15 phosphorylation, apoptotic cell death resulting from WA
treatment is only marginally attenuated by siRNA knockdown of the p53 tumor suppressor
protein at least in the MCF-7 cell line [26]. Furthermore, WA has been shown to suppress
multiple oncogenic pathways often hyperactive in human cancers including Akt [20,25],
nuclear factor-xB [27], signal transducer and activator of transcription 3 [28], and estrogen
receptor-a [26]. Inhibition of tumor proteasome activity and angiogenesis by WA has also
been reported [29,30].

Inhibitor of apoptosis (IAP) family proteins play critical role in apoptosis regulation by
inhibiting caspases [31,32]. The IAPs are often overexpressed in human cancers and
contribute to therapy resistance [31,32]. The present study was undertaken to determine the
role of AP family proteins in regulation of WA-induced apoptosis using cultured MDA-
MB-231 (an estrogen-independent cell line with mutant p53) and MCF-7 (an estrogen-
responsive cell line with wild-type p53) human breast cancer cells, and MDA-MB-231
xenografts from control and WA-treated female athymic mice as models.

2. Materials and methods

2.1. Reagents

WA (purity = 99%) was purchased from Enzo Life Sciences (Farmingdale, NY), dissolved
in dimethyl sulfoxide (DMSO), and diluted with complete media immediately before use.
The 4’,6-diamidino-2-phenylindole (DAPI), actinomycin D, lactacystin, cycloheximide,
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anti-actin antibody, and anti-a-tubulin antibody were purchased from Sigma-Aldrich (St.
Louis, MO). The anti-XIAP (X-linked inhibitor of apoptosis) antibody used for
immunoblotting and immunofluorescence microscopy was purchased from BD Biosciences
(San Jose, CA). Antibodies specific for detection of clAP-2 (for western blotting), cleaved
caspase-3, and cleaved poly-(ADP-ribose)-polymerase (PARP) were purchased from Cell
Signaling Technology (Danvers, MA). The anti-clAP-2 antibody used for
immunofluorescence microscopy, the anti-MDM2 antibody used for western blotting, and
an antibody detecting both full-length and cleaved PARP (western blotting) were from Santa
Cruz Biotechnology (Santa Cruz, CA). The anti-Survivin antibody was from Novus
Biologicals (Littleton, CO). Antibodies against clAP (recognizes both clAP-1 and clAP-2)
and XIAP used for immunohistochemistry were purchased from ProSci (Poway, CA) and
Abcam (Cambridge, MA), respectively.

2.2. Cell lines, stable transfection, and western blotting

The MDA-MB-231 and MCF-7 cells were purchased from American Type Culture
Collection (Manassas, VA) and maintained as described by us previously [17,22,28]. The
MDA-MB-231 or MCF-7 cells were stably transfected with empty pcDNA3.1 vector, empty
pCMV6-AC-GFP vector, pcDNA3.1 vector encoding for XIAP or clAP-2 or pPCMV6-AC-
GFP vector encoding for Survivin using FUGENES. Cells stably overexpressing XIAP,
clAP-2, and Survivin were selected by culture in medium supplemented with 800 pg/mL of
G418 over a period of 8 weeks. Overexpression of the desired protein was confirmed by
western blotting. Procedures for preparation of cell lysates and immunoblotting have been
described by us previously [33,34]. Immunoreactive bands were visualized using enhanced
chemiluminescence method. In some experiments, MDA-MB-231 cells were plated in 60-
mm culture dishes at about 70% confluency, allowed to attach, and then treated with 10
pg/mL cycloheximide in the absence or presence of 2.5 uM WA for 6 h, 12 h or 24 h prior to
harvesting and western blotting for clAP-2, XIAP, and Survivin to determine protein
stability.

2.3. Immunofluorescence microscopy

Cells treated for 24 h with desired concentration of WA or DMSO (control) were fixed with
paraformaldehyde followed by permeabilization with Triton X-100. Next, the cells were
treated with phosphate-buffered saline containing 0.5% bovine serum albumin and 0.15%
glycine for 1 h and incubated with anti-XIAP, anti-clAP-2, or anti-Survivin antibody
overnight at 4°C. The cells were incubated with Alexa Fluor 488-conjugated secondary
antibody for 1 h at room temperature, and then incubated with anti-a-tubulin antibody for 2
h at room temperature. After washing, the cells were incubated with Alexa Fluor 568-
conjugated secondary antibody for 1 h at room temperature, counterstained with DAPI, and
examined under a Leica DC 300F fluorescence microscope.

2.4. Reverse transcription-polymerase chain reaction (RT-PCR)

RT-PCR was done to determine the effect of WA treatment on mRNA levels of clAP-2,
XIAP, and Survivin. Total RNA was extracted using RNeasy mini kit and by following the
manufacturer's instructions (Qiagen, Valencia, CA). Complementary DNA (cDNA) was
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synthesized from 1 g of total RNA with the use of reverse transcriptase and oligo(dT)xo.
PCR reaction was carried out using GoTag® gPCR Master Mix (Promega, Madison, W1),
gene-specific primers, and cDNA. PCR products were resolved by 1.5% agarose gel
electrophoresis pre-stained with ethidium bromide. Bands were visualized using UV
illuminator. Primers for clAP-2, XIAP, Survivin, and GAPDH were obtained from Invitrogen
(Carlsbad, CA). PCR primers and amplification conditions were as follows: GAPDH (25
cycles): forward- 5-TGATGACATCAAGAAGGTGGTGAAG-3, reverse- 5'-
TCCTTGGAGGCCATGTGGGCCAT-3, 95°C for 30s, 55°C for 30s, 72°C for 30s; XIAP
(25 cycles): forward-5-AAGAGAAGATGACTTTTAACAG-3, reverse- 5'-
TGCTGAGTCTCCATATTGCC-3, 94°C for 45 s, 48 or 49°C for 45 s, 72°C for 45 s;
clAP-2 (30 cycles for MDA-MB-231 and 55 cycles for MCF-7 cells): forward- 5’-
AAGTTCCTACCACTGTGCAATG-3, reverse- 5'-
CAAGTAGATGAGGGTAACTGGC-3, 94°C for 1 min, 55°C for 1 min, 72°C for 1 min;
Survivin (30 cycles): forward- 5-AGAACTGGCCCTTCTTGGAGG-3, reverse- 5'-
CTTTTTATGTTCCTCTATGGGGTC-3, 94°C for 15 s, 60°C for 20 s, 72°C for 15 s. In
some experiments, the MDA-MB-231 cells were plated in 60-mm culture dishes at about
70% confluency, allowed to attach, and then treated with 1 pg/mL actinomycin D (a non-
toxic concentration) in the absence or presence of 2.5 UM WA for 6 h, 12 h or 24 h prior to
harvesting and RT-PCR analysis for clAP-2, XIAP, and Survivin to determine stability of the
corresponding mRNA..

2.5. Detection of apoptosis

Apoptosis induction was assessed by DAPI assay or quantitation of histone-associated DNA
fragment release into the cytosol using an ELISA kit (Roche Applied Science, Indianapolis,
IN).

2.6. Immunohistochemistry

The MDA-MB-231 xenografts archived from our previously published study [17] were used
for immunohistochemistry to determine the in vivo effect of WA administration on
expression of clAP, XIAP, and Survivin proteins. Immunohistochemistry was performed
essentially as described by us previously for other proteins [34]. Briefly, tumor sections (3-4
um) were quenched with 3% hydrogen peroxide and blocked with normal serum. The
sections were then probed with the desired primary antibody (anti-clAP, anti-XIAP, or anti-
Survivin antibody), washed with Tris-buffered saline (25 mM Tris containing 150 mM NaCl
and 2 mM KCI, pH 7.4), and incubated with an appropriate secondary antibody.
Characteristic brown color was developed by treatment with 3,3’-diaminobenzidine. The
sections were counterstained with Mayer’s hematoxylin, and examined under a Leica
microscope. The images were analyzed using Image ProPlus 5.0 software (Media
Cybernetics, Bethesda, MD) as previously described [34].

2.7. Statistical analysis

Statistical analysis was performed using one-way ANOVA followed by Bonferroni's test or
by two-sided Student’s t-test. Data are shown as mean + SD and P < 0.05 was considered
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statistically significant. All statistical analyses were performed using GraphPad Prism v.4.03
software (GraphPad Software, La Jolla, CA).

3. Results

3.1. Effect of WA treatment on expression of IAP family proteins

We used a pair of well-characterized human breast cancer cell lines (MDA-MB-231 and
MCF-7) to determine the effect of WA treatment on expression of IAP family proteins by
western blotting (Fig. 1A). Levels of XIAP, clAP-2, and Survivin proteins were decreased
markedly after treatment with 2.5 and 5 uM WA in both cell lines (Fig. 1A). The WA-
mediated decrease in levels of XIAP and clAP-2 proteins was evident as early as 6h post-
treatment at the 2.5 UM dose but suppressive effect on Survivin protein was observed at the
5 UM concentration at 6 h (Fig. 1A). The WA-mediated decrease in IAP proteins was
sustainable for the duration of the experiment (Fig. 1A). Suppression of IAP family protein
expression resulting from WA treatment was confirmed by immunofluorescence microscopy
(Fig. 1B). We have shown previously that the 1C5q for WA is about 2 pM in MDA-MB-231
and MCF-7 cells following 24h treatment [17]. This ICsq concentration is close to the peak
plasma achievable concentration in mice following a single i.p. injection of 4 mg WA/kg
body weight [18]. Notably, the 4 mg WA/kg body weight dose (i.p., five times/week)
effectively inhibits growth of MDA-MB-231 xenografts in athymic mice [17]. However, we
have not determined the effect of 5 uM WA on viability of cultured MDA-MB-231 and
MCEF-7 cells. Nevertheless, these results indicated dose-dependent downregulation of XIAP,
clAP-2, and Survivin protein expression in WA-treated breast cancer cells regardless of the
p53 status or estrogen responsiveness.

RT-PCR was performed to gain insight into mechanism by which WA treatment caused
suppression of IAP family protein expression. The MDA-MB-231 and MCF-7 cells
exhibited a marked decrease in clAP-2 and Survivin mRNA levels after 24h treatment with
WA when compared with DMSO-treated control (Fig. 2A). Interestingly, the WA-mediated
suppression of Survivin was relatively more pronounced at the lower dose compared with 5
UM concentration in both cell lines (Fig. 2A). On the other hand, expression of XIAP mRNA
was only modestly decreased (20% decrease compared with DMSO-treated control) after
treatment with WA in both MDA-MB-231 and MCF-7 cells (Fig. 2A). However, the
stability of cl AP-2, XIAP or Survivin mRNA was not decreased after treatment with WA as
evidenced by RT-PCR in cells after treatment (6 h, 12 h, and 24 h) with 1 pg/mL
actinomycin D and/or 2.5 uM WA (results not shown). These results indicated that WA
treatment caused transcriptional repression of cl AP-2and Survivin.

We used a proteasomal inhibitor (MG132) to test an alternate possibility that WA-mediated
decrease in levels of XIAP protein was due to its proteasomal degradation. The results were
inconclusive in MDA-MB-231 cells as MG132 was highly toxic to these cells even at 1 uM
concentration (Fig. 2B). In MCF-7 cells, presence of MG132 (10 puM) conferred only partial
protection against degradation of XIAP protein at the 2.5 pM WA dose but this protective
effect was more or less abolished at the 5 uM concentration (Fig. 2B). Because the results
with MG132 were inconclusive in the MDA-MB-231 cell line, we used a different
proteasomal inhibitor (lactacystin) to further probe into this question. Similar to MG132,
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lactacystin (7.5 pM) conferred only partial protection against WA-mediated decrease in
XIAP protein level at the 2.5 uM dose (Fig. 2C). Interestingly, both MG132 (Fig. 2B) and
lactacystin treatment alone (Fig. 2C) resulted in a marked decrease in protein expression of
both clAP-2 and Survivin. Reasons for these intriguing observations are not clear, but
similar effects were observed even at a lower (5 uM) dose of lactacystin (results not shown).
Nevertheless, stability of XIAP or clAP-2 protein was not affected by WA treatment as
evidenced by western blotting experiments using lysates from MDA-MB-231 cells treated
for 6 h, 12 h, and 24 h with cycloheximide in the absence or presence of 2.5 uM WA (results
not shown).

Previous studies have also shown that MDM2 is involved in post-transcriptional regulation
of XIAP protein [35]. As shown in Fig. 2D the WA treatment resulted in a dose- and time-
dependent decrease in protein levels of MDM2 in the MDA-MB-231 cell line. On the other
hand, level of MDM2 protein was increased after treatment with WA in the MCF-7 cell line
especially at the 2.5 M concentration, which may be attributed to expression of wild-type
p53 in this cell line. In summary, these results not only indicated involvement of both
transcriptional and post-transcriptional mechanisms in WA-mediated suppression clAP-2,
XIAP, and Survivin proteins but also highlighted cell line-specific mechanistic complexity
underlying downregulation of IAPs by WA.

3.2. XIAP overexpression conferred protection against WA-induced apoptosis

We next proceeded to determine the functional significance of XIAP protein downregulation
in WA-induced apoptosis. Level of XIAP protein was 2.5-fold higher in MDA-MB-231
cells stably transfected with the XIAP plasmid in comparison with empty pcDNA3.1 vector
transfected control cells (Fig. 3A). The WA-induced release of histone-associated DNA
fragments into the cytosol, which is a well-accepted method for quantitation of apoptotic
cells, was fully attenuated by XIAP overexpression in MDA-MB-231 cells (Fig. 3B).
Similarly, a 6.4-fold overexpression of XIAP protein in MCF-7 cells (Fig. 3C) conferred
significant protection against WA-mediated release of histone-associated DNA fragments
into the cytosol (Fig. 3D). This protection was partial at the 5 uM WA concentration (Fig.
3D). These results indicated that XIAP overexpression significantly attenuated WA-induced
apoptosis in both MDA-MB-231 and MCF-7 cells.

3.3. WA-induced apoptosis was inhibited by overexpression of Survivin and clAP-2

Expression of Survivin protein was higher by 21-fold and 6.1-fold, respectively, in MDA-
MB-231 and MCF-7 cells stably transfected with the pPCMV6-AC-GFP (pCMV®6) vector
encoding for Survivin when compared with the cells transfected with the empty vector (Fig.
4A). Similar to XIAP (Fig. 3), ectopic expression of Survivin conferred partial but
significant protection against WA-induced apoptosis in both cell lines as revealed by DAPI
assay or DNA fragment release assay (Fig. 4B). Consistent with these observations, WA-
mediated cleavage of PARP and caspase-3 was relatively more pronounced in the empty
vector-transfected cells than in Survivin overexpressing cell line (Fig. 4C). It is important to
note that the MCF-7 cell line lacks caspase-3.
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Fig. 5A shows western blotting for clAP-2 protein in MDA-MB-231 and MCF-7 cells stably
transfected with the empty pcDNA3.1 vector and the same vector encoding for clAP-2.
Overexpression of clAP-2 was achieved in both cell lines (Fig. 5A). Stable overexpression
of clAP-2 was also protective against WA-induced apoptosis as judged by DAPI assay or
DNA fragment release assay (Fig. 5B), and western blotting for cleaved PARP and cleaved
caspase-3 (Fig. 5C). Collectively, these results indicated protection against WA-induced
apoptosis by ectopic expression of both Survivin and clAP-2, and this effect was not a cell
line-specific phenomenon.

3.4 WA administration decreased Survivin protein level in MDA-MB-231 xenografts

We have shown previously that WA administration inhibits growth of MDA-MB-231
xenografts in female athymic mice in association with apoptosis induction [17]. We used
archived tumor sections from the same study to determine the effect of WA administration
on expression of AP proteins. Expression of clAP (Fig. 6A) or XIAP (Fig. 6C) did not
differ between tumors from control and WA-treated mice. On the other hand, expression of
Survivin protein was modestly but significantly lower in tumor sections from WA-treated
mice in comparison with control (Fig. 6B). These results demonstrated WA-mediated
suppression of Survivin protein levels in vivo.

4. Discussion

The objective of the present study was to determine the role of IAP family proteins in
regulation of proapoptotic response to WA. The IAP family proteins have emerged as
critical regulators of apoptosis by different stimuli [31,32,36,37]. For example, the IAPs
play an important role in apoptosis resulting from death receptor activation, growth factor
withdrawal, radiation exposure, and genotoxic insults to name a few [31,32,36,37].
Furthermore, the IAP family protein is implicated in adaptive response to cellular stress,
differentiation, motility, and immune response [37]. The IAP proteins are structurally
characterized by baculovirus IAP repeat (BIR) domains [37,38]. The present study reveals
that WA treatment decreases protein expression of XIAP, clAP-2 and Survivin in breast
cancer cells in culture. Moreover, overexpression of all the three IAP family members
confers statistically significant protection against WA-mediated apoptosis in both MDA-
MB-231 and MCF-7 cells.

The present study also reveals mechanistic complexity underlying WA-mediated
downregulation of IAPs. The WA treatment suppresses mRNA levels of Survivin and
clAP-2, but only marginally affects XIAP mRNA level. Stability of clAP-2, XIAP, or
Survivin mRNA is not reduced after treatment with WA at least in the MDA-MB-231 cell
line. Several possibilities exist to explain these results. For example, Survivin and XIAP
proteins have functional resemblance of caspase inhibitory activity [31,32,36], but their
structures are quite different [31,32]. The XIAP protein is structurally characterized by 3
BIR domains (BIR1, BIR2, and BIR3) and a RING-finger domain. The RING-finger domain
functions as an E3 ubiquitin ligase [37,38]. On the other hand, Survivin contains a single
BIR domain (BIR1) and an extended C-terminal helical coiled-coil domain, but lacks the
RING-finger domain [37,38]. Consequently, XIAP is susceptible to auto-ubiquitination and
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proteasomal degradation [38,39]. The WA-mediated suppression of XIAP protein is
partially reversible in the presence of proteasomal inhibitors at the lower dose only. Previous
studies have also shown that MDM2 physically interacts with the internal ribosome entry
segment of the 5’-untranslated region of XIAP, and positively regulates XIAP internal
ribosome entry segment activity [39]. It is possible that WA treatment affects translational
of XIAP at least in the MDA-MB-231 cells as evidenced by downregulation of the MDM?2
protein in WA-treated cells. However, additional work is needed to experimentally validate
this possibility as expression of the MDM2 protein is increased in the MCF-7 cell line
especially at the 2.5 pM dose.

Recent studies have pointed towards important roles of Survivin in both cell cycle regulation
and apoptosis control [40]. Survivin expression is very low or undetectable in most
terminally differentiated normal tissues, but this protein is overexpressed in different tumor
types [40,41]. Survivin overexpression in tumors correlates with aggressive disease and
treatment resistance [40,42]. The present study reveals that WA-induced apoptosis is
significantly attenuated by Survivin overexpression in both MDA-MB-231 and MCF-7 cells.
Furthermore, the WA-mediated inhibition of MDA-MB-231 xenograft growth in vivo is
accompanied by a significant decrease in the levels of Survivin protein consistent with
cellular in vitro data. However, WA administration does not cause a decrease in protein
levels of clAP or XIAP in vivo. The reasons for discrepancy in cellular data and in vivo
results concerning effect on XIAP and clAP-2 are not clear.

In conclusion, the present study indicates that the WA-induced apoptosis in breast cancer
cells is associated with suppression of Survivin protein irrespective of the p53 or the
estrogen receptor status. We also conclude that Survivin protein may be a viable biomarker
to assess WA exposure and possibly response in human clinical investigations.
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Fig. 1. Withaferin A (WA) treatment inhibitsthe expression of inhibitor of apoptosis proteins

(IAP) in human breast cancer cells

(A) Immunoblotting for IAP family proteins using lysates from MDA-MB-231 and MCF-7
cells treated with DMSO (control) and WA for indicated times. Results (number on the top
of each band) are shown as fold changes in expression level relative to corresponding
control. (B) Immunofluorescence microscopy for IAP family proteins (green fluorescence)
using MDA-MB-231 and MCF-7 cells following 24-h treatment with DMSO or 2.5 yM
WA.. DAPI and a-Tubulin staining is indicated by blue and red fluorescence, respectively

(100x% objective magnification).
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Fig. 2. Withaferin A (WA) treatment suppresses Survivin and cl AP-2 mRNA levelsin breast

cancer cells

(A) RT-PCR analysis for mRNA expression of AP using MDA-MB-231 and MCF-7 cells
following 24-h treatment with DMSO or the indicated concentrations of WA. Each gene was
amplified from cDNA with the use of gene-specific primers and PCR product was
normalized to GAPDH level. Numbers on the top of each band are fold changes in mMRNA
levels relative to the corresponding control. (B) Western blotting for AP family proteins
using lysates from MDA-MB-231 and MCF-7 cells after 24-h treatment with WA and/or
MG132 (2-h pre-treatment). Numbers on the top of each band are fold changes in expression

Cancer Lett. Author manuscript; available in PMC 2014 February 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hahm and Singh

Page 14

level relative to the corresponding DMSO-treated control. (C) Western blotting for IAP
family proteins using lysates from MDA-MB-231 cells after 24-h treatment with WA and/or
Lactacystin (1-h pretreatment). Numbers on the top of each band are fold changes in protein
expression levels relative to the corresponding control. (D) Immunoblotting for MDM2
using lysates from MDA-MB-231 and MCF-7 cells treated with DMSO (control) and WA
for indicated times. Numbers on the top of each band are fold changes in expression levels
relative to the corresponding control.
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Fig. 3. Overexpression of XIAP inhibits WA-induced apoptosisin MDA-MB-231 and M CF-7

cells

(A,C) Immunoblotting for XIAP using lysates from MDA-MB-231 and MCF-7 cells stably
transfected with empty vector (pcDNA3.1) or the same vector encoding for XIAP and
treated for 24 h with DMSO or WA. The number above the immunoreactive band represents
change in protein level relative to empty vector transfected cells treated with DMSO (first
lane from the left). (B,D) Histone-associated DNA fragment release into the cytosol in
empty vector-transfected control cells and XIAP-overexpressing cells after 24-h treatment
with DMSO or WA. Results shown are mean + SD (n = 3). Significantly different (P<0.05)
compared with @DMSO-treated empty vector-transfected cells and Pbetween groups at each
dose by one-way ANOVA followed by Bonferroni’s test.
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Fig. 4. Overexpression of Survivin inhibits WA-induced apoptosisin MDA-M B-231 and M CF-7
cells
(A) Immunoblotting for Survivin using lysates from MDA-MB-231 and MCF-7 cells stably

transfected with empty vector (pCMV6-AC-GFP) or the same vector encoding for Survivin
and treated for 24 h with DMSO or WA. The number above the immunoreactive band
represents change in protein level relative to empty vector-transfected cells treated with
DMSO (first lane from the left). (B) Quantitation of apoptosis by DAPI assay (MDA-
MB-231 cells) or histone-associated DNA fragment release into the cytosol assay (MCF-7)
in empty vector-transfected control cells and Survivin-overexpressing cells after 24-h
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treatment with DMSO or WA. Results shown are mean + SD (n = 3). Significantly different
(P<0.05) compared with @DMSO-treated empty vector-transfected cells and Pbetween
groups at each dose by one-way ANOVA followed by Bonferroni’s test. (C)
Immunoblotting for PARP cleavage and cleaved caspase-3 using lysates from cells stably
transfected with empty vector or vector encoding for Survivin and treated for 24 h with
DMSO or WA. Quantitation relative to empty vector-transfected cells treated with DMSO is
shown. In MDA-MB-231 cells, the antibody used recognized both full-length and cleaved
forms of the PARP protein. An antibody specific for detection of cleaved PARP only was
used for the immunoblotting using lysates from MCF-7 cells. The arrows indicate the
cleaved form of PARP or caspase-3.
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Fig. 5. Ectopic expression of cl AP-2 confer s protection against WA-induced apoptosisin M DA-
MB-231 and MCF-7 cells

(A) Immunoblotting for clAP-2 using lysates from MDA-MB-231 and MCF-7 cells stably
transfected with empty vector (pcDNA3.1) or the same vector encoding for clAP-2 and
treated for 24 h with DMSO or WA. The number above the immunoreactive band represents
change in protein level relative to empty vector-transfected cells treated with DMSO (first
lane from the left). (B) Quantitation of apoptosis by DAPI assay (MDA-MB-231 cells) or
histone-associated DNA fragment release into the cytosol assay (MCF-7) in empty vector
transfected control cells and clAP-2-overexpressing cells after 24-h treatment with DMSO
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or WA. Results shown are mean + SD (n = 3). Significantly different (P<0.05) compared
with 8DMSO-treated empty vector-transfected cells and Pbetween groups at each dose by
one-way ANOVA followed by Bonferroni’s test. (C) Immunoblotting for PARP cleavage
and cleaved caspase-3 using lysates from cells stably transfected with empty vector or vector
encoding for clAP-2 and treated for 24 h with DMSO or WA. Quantitation relative to empty
vector-transfected cells treated with DMSO is shown. In MDA-MB-231 cells, the antibody
used recognized both full-length and cleaved forms of the PARP protein. An antibody
specific for detection of cleaved PARP only was used for the immunoblotting using lysates
from MCF-7 cells. The arrows indicate the cleaved form of PARP or caspase-3.
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Fig. 6. Withaferin A (WA) administration suppresses Survivin protein expression in
MDAM B-231 xenogr aftsin vivo
Immunohistochemical analysis for clAP (A), Survivin (B), and XIAP (C) expression in

MDA-MB-231 xenografts from control and WA-treated mice (Scale bar = 100 pm; 20x
objective magnification). The bar graph represents mean expression of protein with standard
deviation (error bars) (n = 6 for control group and n = 7 for 4 mg/kg WA treatment group).
Statistically significant (*P <0.05) compared with control by unpaired Student’s t-test.
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