1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Mol Carcinog. Author manuscript; available in PMC 2019 July 01.

-, HHS Public Access
«

Published in final edited form as:
Mol Carcinog. 2018 July ; 57(7): 831-841. doi:10.1002/mc.22804.

Timosaponin A-lll inhibits oncogenic phenotype via regulation of
PcG protein BMI1 in Breast Cancer Cells

Joseph E. Gergely, Armond E. Dorsey, Goberdhan P. Dimri*, and Manjari Dimri"
Department of Biochemistry and Molecular Medicine, School of Medicine and Health Sciences,
The George Washington University, Washington, DC

Abstract

Polycomb group (PcG) protein BMI1 is an important regulator of oncogenic phenotype and is
often overexpressed in several human malignancies including breast cancer. Aberrant expression
of BMI1 is associated with metastasis and poor prognosis in cancer patients. At present, therapy
reagents that can efficiently inhibit the expression of BMI1 are not very well known. Here, we
report that Timosaponin A-I11 (TA-111), a steroidal saponin obtained from the rhizomes of an herb,
Anemarrhena asphodeloides, strongly inhibits expression of BMI1 in breast cancer cells.
Treatment of breast cancer cells with TA-111 resulted in inhibition of oncogenic phenotypes such as
proliferation, migration and invasion, and induction of cellular senescence. Inhibition of these
oncogenic phenotypes was accompanied by downregulation of BMI1 expression and histone
posttranslational modification activity of PRC1. The mechanistic analysis of TA-Il1-induced
inhibition of oncogenic activity and BMI1 expression suggests that downregulation of c-Myc
mediates TA-I11 effect on BMI1. We further show that exogenous BMI1 overexpression can
overcome TA-Ill-induced inhibition of oncogenic phenotypes. We also show that TA-111 induces
expression of tumor suppressive miR-200c and miR-141, which are negatively regulated by BMI1.
In summary, our data suggest that TA-I11 is a potent inhibitor of BMI1 and that it can be
successfully used to inhibit the growth of tumors where PcG protein BMI1 and PcG activities are
upregulated.
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Introduction

Polycomb group (PcG) proteins are a family of proteins that act as transcriptional repressors
and play an important role in the regulation of many biological processes during
development [1,2]. These processes include cell fate and lineage decisions, cellular memory,
stem cell function, and tissue homeostasis [1,2]. Abnormal overexpression of PcGs, in
particular BMI1 (B lymphoma Mo-MLV Insertion region 1) and EZH2 (Enhancer of Zeste
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Homolog 2) has been associated with the development of several different malignancies
such as leukemia, and breast, prostate and lung cancers [3-14]. As a result of this
overexpression, cellular senescence is bypassed in malignant cells, and their replicative
lifespan is extended [15-18]. PcG proteins form multi-subunit complexes called polycomb
repressive complexes (PRCs), which maintain chromatin in a transcriptionally inactive state
and repress expression of tumor suppressors [1,2]. BMI1 is main constituent of PRC1,
which catalyzes the mono-ubiquitination of histone H2A at lysine 119 (H2AUDb), while
PRC2 catalyzes the trimethylation of histone H3 at lysine 27 (H3K27me3) [1]. Inhibition of
activity of either complex or their constituents is very likely to activate expression of tumor
suppressors that are repressed by PcGs or inhibit expression of oncogenic factors that act
downstream of PRCs. While many known inhibitors of EZH2 and therefore PRC2 such as
DZNep, GSK126 and GSK343 are in preclinical and clinical trials [19], at present, very little
is known about therapeutic reagents that can effectively target PcG protein BMI1 or PRC1
activity.

Timosaponin A-111, a steroidal saponin derived from the rhizomes of an herb Anemarrhena
asphodeloides, is used in traditional Chinese medicine, primarily for its proposed anti-
inflammatory and anti-pyretic effects [20,21]. Recently, there has been increasing evidence
that saponins are able to inhibit tumor cell proliferation and act as chemotherapeutic agents
[20,21]. Timosaponin A-111 is thought to induce autophagy and subsequent mitochondrial-
dependent apoptotic cell death, mediated by increased production of reactive oxygen species
(ROS), and related mitochondrial dysfunction [21,22]. Timosaponin A-111 mediated cell
death may also involve the disruption of the mTOR pathway [23]. The detailed mechanism
of TA-111 induced inhibition of cell proliferation and oncogenic phenotypes is poorly
understood. It is also not clear whether TA-111 may induce other notable tumor suppressive
phenotypes such as cellular senescence [24].

BMIL1 is overexpressed in many cancers and known to upregulate oncogenic phenotypes
including cancer stem cell (CSC) phenotype [25-27]. BMI1 is also known to regulate
cellular senescence via regulation of p16INK4a [16], and p16INK4a-independent targets
including WNT inhibitors and certain tumor suppressive miRNAs [28-30]. We hypothesized
that TA-111 may inhibit BMI1 expression and/or PRC1 activity, which may result in
inhibition of cancer growth by TA-II1. Here we studied the regulation of BMI1 expression
and modulation of BMI1 induced oncogenic phenotypes by TA-111 in breast cancer cells.
Breast cancer is a heterogenous disease that consists of distinct subtypes based on the
molecular profiles [31]. The most aggressive subtype known as triple negative breast cancer
(TNBC) is characterized by the absence of estrogen, progesterone and Her2/neu receptors,
and is refractory to the receptor blocking therapies [32]. At present, very little is known
about the TNBC targeting therapeutics [32]. Hence, we studied the growth inhibitory effect
of TA-I11 in both non-TNBC and TNBC cell lines. We report that TA-I11 strongly inhibits
BMI1 expression, and that inhibition of BMI1 by TA-111 mediates its tumor suppressive
activities in both TNBC and non-TNBC cells. BMI1 is transcriptionally regulated by well-
known oncogenic factor c-Myc [33]. Our studies further suggest that TA-I11 likely targets c-
Myc expression resulting in downregulation of BMI1 expression. Recently, we reported that
tumor suppressive miR-200c/141 locus is a target of PcG protein BMI1 and that a reciprocal
relationship exists between the expression of miR200c/miR-141 cluster and BMI1 [30],
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suggesting that TA-I11 induced BMI1 inhibition may induce upregulation of miR200c/141
and consequently cellular senescence.

Materials and Methods

Cell Culture and Reagents

MDA-MB-231 and MCF7 cells were procured from American Type Culture Collection
(ATCC) (Manassas, VA) and cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
with 5% Fetal Bovine Serum (FBS), 2mM L-Glutamine, 1mM sodium pyruvate (Corning
Cellgro), and 1% MEM nonessential amino acids. Cells were cultured at 37°C and 5% CO»,
[28,29]. Timosaponin A-I11 (TA-I11) was obtained from Sigma Aldrich (St. Louis, MO),
dissolved in DMSO (dimethyl sulfoxide), and added to the cell culture medium as needed.

Antibodies and Western Blot Analysis

The BMI1 mouse monoclonal antibody (mAb) and a p-actin mAb were obtained from
Invitrogen (Carlsbad, CA) and Sigma-Aldrich (St Louis, MO), respectively. Rabbit
polyclonal antibodies (pAbs) against H3 and H2A were obtained from Cell Signaling
Technology (Danvers, MA). H3K27me3 and H2AK119Ub pAbs were obtained from
Millipore (Billerica, MA). MDA-MB-231 and MCF7 cells were plated on 100 mm dishes
and treated with mock, 2 uM, or 4 uM of Timosaponin A-111. 72 hours after treatment, cells
were lysed with Radio Immunoprecipitation Assay (RIPA) buffer, sonicated, and quantified
using BCA protein assay kit (Thermo Scientific). 50 pg of whole cell lysate was run on 12%
SDS-PAGE gel to determine the expression of BMI1, c-Myc and p-actin by Western blot
analysis. Histone H2A and H2AK119Ub were analyzed by Western blot as described
[29,30].

Expression vectors, promoter-reporters, transient transfections, retrovirus and lentivirus
production, and luciferase assays

Stable MDA-MB-231 cell line expressing BMI1 was generated by expressing BMI1 using
pBabe-puro retroviral vector overexpressing wild type BMI1 as described previously
[28,29]. Wild type and E-box mutant version of BM/1 promoter-reporter has been described
previously [33]. The promoter-reporter constructs were transiently transfected into 293T
cells using calcium phosphate method, cells were then treated with TA-111, and promoter-
reporter assays were performed using Dual-Luciferase® Reporter Assay System (Promega,
Madison, WI) as described [28,29].

ChIP and gRT-PCR assays, and miRNA Analysis

The ChIP Assay was carried out using a kit from Millipore (Burlington, MA). Briefly, cells
were treated with 1% formaldehyde for 20 min at room temperature. The cross-linked
chromatin was isolated and sonicated to yield 200-500 bp fragments. Immunoprecipitations
(1Ps) were carried out using a c-Myc antibody (9E10) (Millipore, Burlington, MA), and a
control 1gG. The c-Myc and 1gG- bound chromatin were amplified by quantitative real-time
PCR (gPCR) as described using the primers (5 ACGGGCCTGACTACACCGACACT 3’
and 5’ CTGAAGGCAGAGTGGAAACTGACAC 3’) that flank the c-Myc binding site of
the BMI1 promoter [33]. The expression levels of BMI1 mRNA were determined by

Mol Carcinog. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gergely et al. Page 4

quantitative real-time PCR (qRT-PCR) with the QuantiTect SYBR® Green RT-PCR kit from
Qiagen. Total RNA was extracted using TRIZOL RNA Isolation Protocol according to the
manufacturer’s protocol (Invitrogen). cDNA was synthesized with an oligo dT primer mix
using 1.0ug of total RNA. The cDNA was PCR amplified with primers specific for BMI1
and GAPDH. The gRT-PCR was run as follows; an initial activation at 50°C for 2 minutes,
95°C for 20 seconds, followed by 40 cycles of 95°C for 1 second and 60°C for 20 seconds.
gRT-PCR was conducted in a Step One Plus Real-Time PCR system from Applied
Biosciences. The comparative Cr (AA Ct) method was used to determine mRNA
expression. GAPDH was used as a control. For miRNA analysis, total small non-coding
RNA was extracted using a Qiagen kit, and used to prepare cDNA with a miRNA cDNA
synthesis kit. The miRNA cDNA synthesis kit as well as miR-141, miR-200c, and RNU6B
specific primers were obtained from Quanta Biosciences. The PCR amplification was
carried out as described previously [29,30].

Proliferation, Migration Invasion, and wound healing Assays

The effect of Timosaponin A-I11 on proliferation was determined by an MTT assay.
Migration and Invasion assays were carried out as described [29,30]. Briefly, MDA-MB-231
and MCF7 cells were plated in 24-well Corning Transwell Migration and BioCoat Matrigel®
Invasion chambers, treated with Timosaponin A-111 for 72 hours. 50,000 cells in 0.2 ml
medium were added to the top chambers, and 1 ml DMEM was added to the bottom wells.
After incubating overnight at 37°C, cells were fixed with methanol at —20°C, and stained
with Diff-Quik stain (Dade Behring, Deerfield, IL). Unmigrated cells were removed from
the top of the well, migrated cells were counted, and images were taken in multiple fields
with a Nikon Eclipse Ti microscope under 10x magnification. For wound healing assay,
MDA-MB-231 cells were cultured to confluence in 6 well plates and wound was made using
a pipette tip and images were taken. Cells were either mock treated or treated with
Timosaponin A-111 (2 and 4 uM) and imaged again after 12 hr and 24 hr using a Nikon
Eclipse Ti microscope under 10x magnification.

Senescence Associated p-galactosidase assay and EdU Co-staining

MDA-MB-231 and MCF7 cells were treated with Timosaponin A-111, and after 48 hours,
EdU (5" ethynyl -2’-deoxyuridine, a thymidine analog) and SA-B-Gal (Senescence
Associated beta galactosidase) co-staining was performed as described [34,35]. Images were
taken, and cells were counted with a Nikon Eclipse Ti microscope under 10x magnification.

Statistical Analysis

All experiments were performed in triplicates for each cell type and treatment, and all results
are presented as the mean +S.D. The statistical Significance was determined by the
Student’s ttest, and p < 0.05 was considered significant.

Results

Timosaponin A-lll inhibits oncogenic phenotypes and induces premature senescence

It has been reported that TA-111 is cytotoxic and that it can inhibit cell growth of certain
types of cancer cells [20,21,36]. To determine whether TA-111 can inhibit growth of breast
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cancer cells, we used both TNBC (MDA-MB-231) and non-TNBC (MCF7) cells. Based on
receptors and keratin profiles, these breast cancer cell lines are also classified as basal
(MDA-MB-231) and luminal (MCF7). First, we determined the 1C50 of TA-I1I in both of
these cell lines. Using a dose-response experiment, the IC50 of TA-I11 in these cell lines was
determined to be 2 uM (Suppl. Fig. 1). Next, cells were treated with 2 and 4 um TA-111 for
48 hr, and cell proliferation was measured using MTT assay (Fig. 1A). The results showed
that TA-111 strongly decreased cell proliferation of both cell lines in a dose-dependent
manner (Fig. 1A). Next, we examined whether TA-111 inhibits oncogenic/transformed
phenotypes such as growth in soft-agar, migration and invasion of breast cancer cells.

First, we examined the ability of control and TA-I1I-treated MDA-MB-231 and MCF7 cells
to form colonies in soft agar. The cells were plated on soft-agar and were either mock-
treated or treated with TA-111 as described in the Methods section. The results showed that
TA-I11 strongly inhibits ability of breast cancer cells to form colonies in soft-agar (Fig. 1B).
Next, we determined the effects of TA-IlI-treatment on migration and invasion of MDA-
MB-231 cells, which are known to be highly invasive and migratory. The assays were
performed as described [30]. The number of migrated and invaded cells were counted per
high power field (HPF), and images were captured (Fig. 1C, 1D). The results show that TA-
I11 strongly inhibits both migration and invasion of MDA-MB-231 cells in a dose-dependent
manner. The inhibitory effect of TA-I11 on migration was further confirmed by wound
healing assay (Suppl. Fig. 2). The assay further showed that TA-111 effect on migration is
noticeable even at 12 hr of treatment. Thus, TA-I11 is able to inhibit multiple oncogenic
phenotypes of breast cancer cells.

Induction of replicative or premature cellular senescence is considered a strong tumor-
suppressive growth response [24]. To determine whether TA-I11 can induce premature
senescence, we treated MDA-MB-231 and MCF7 cells with TA-I11 and performed
senescence-associated-beta galactosidase (SA-B-gal) assay together with EdU (5” ethynyl
-2 -deoxyuridine, a thymidine analog) co-staining as described [34,35]. MDA-MB-231 and
MCEF?7 cells were treated with TA-I11 for 48 hours, and co-stained with SA-B-gal and EdU,
and nuclei were stained with DAPI (4',6-diamidino-2-phenylindole). The number of the
stained cells were then counted and plotted (Fig. 2). The results indicate that TA-111 strongly
induces senescence in both MDA-MB-231 and MCF7 cells.

Timosaponin A-lll downregulates expression of PcG protein BMI1

PcG protein BMI1 is known to promote cell proliferation and important oncogenic
phenotypes such as migration, invasion, breast cancer stem cell (BCSC) characteristics and
metastasis, and inhibit cellular senescence [8,16,25,27,30]. Hence, we examined the
possibility that TA-111 may inhibit expression of BMI1 and H2A ubiquitination activity of
PRC1 associated with BMI1. First, we performed a Western blot analysis of mock and TA-
Il treated MDA-MB-231 and MCF7 breast cancer cells. The data indicated that indeed TA-
I11 strongly inhibits expression of BMI1 and H2AUD in a dose-dependent manner indicating
that TA-111 may inhibit oncogenic phenotypes via downregulation of PRC1 activity (Fig.
3A).

Mol Carcinog. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gergely et al.

Page 6

Next, to determine the possible mechanism of BMI1 downregulation by TA-111, we
examined expression of BM/1 gene at the transcription level by gRT-PCR analysis of mock
and TA-Ill-treated breast cancer cells. The results indicated that TA-111 downregulated
mRNA levels of BMI1 (Fig. 3B). The c-Myc oncoprotein, a b-HLH transcription factor is
known to positively regulate expression of BMI1 at the transcription level [33]. Hence, we
hypothesized that TA-111 may inhibit BMI1 expression via downregulation of c-Myc in
breast cancer cells. To examine this hypothesis, we analyzed expression of c-Myc in mock-
and TA-II1I treated breast cancer cells using a Western blot analysis. The data indicated that
indeed TA-111 inhibits expression of c-Myc in a dose-dependent manner suggesting that TA-
I11 may inhibit BMI1 expression via downregulation of c-Myc (Fig. 3C).

Next, to examine the possibility of TA-111 regulating expression of BMI1 via c-Myc
downregulation, we performed BMI/1 promoter-reporter and ChIP (chromatin
immunoprecipitation-linked PCR) assays. We have previously shown that c-Myc regulates
transcription of BM/1 gene via an E-box (c-Myc binding site) in its promoter [33]. We
analyzed luciferase activity of a wild type BM/1 promoter- reporter in TA-111- and mock-
treated breast cancer cells. We also analyzed luciferase activity of BM/1 mutant promoter-
driven reporter, in which c-Myc binding site (E-box) has been mutated [33]. The results
indicated that while wild type BM/1 promoter activity is decreased by TA-III treatment in a
dose-dependent manner, the activity of the mutant promoter is not altered by TA-I11
treatment (Fig. 3D). The ChIP assay was performed as described in the Methods section.
The cross-linked chromatin from control and TA-111- treated cells was prepared and
imumunoprecipitated using c-Myc mAb or IgG control as described in the Methods section.
The primer set flanking c-Myc binding site of the BMI1 promoter, and a control primer set,
which does not flank any c-Myc binding were used in PCR amplification of the Myc or IgG
immunoprecipitated cross-linked chromatin. The ChIP analysis confirmed that TA-I11
treatment downregulated c-Myc binding to the E-box of the BM/1 promoter (Fig. 3E).
Collectively, these data suggest that TA-I11 inhibits BMI1 expression via downregulation of
c-Myc.

BMI1 overexpression overcomes inhibitory effects of Timosaponin A-llI

As BMI1 appears to be the transcriptional target of the TA-111 inhibition via c-Myc
downregulation, we hypothesized that the BMI1 overexpression using a heterologous
promoter may overcome TA-111 inhibition as such promoter would not be inhibited by TA-
I11, and still express BMI1 regardless of TA-I1l induced Myc downregulation. Hence, in
order to define the role of BMI1 in TA-IlI-induced inhibition of oncogenic phenotypes, and
induction of premature senescence by TA-111, we generated MDA-MB-231 cells
overexpressing an exogenous BMI1 using retroviral expression. MDA-MB-231 cells were
infected with pBabe-puro or pBabe-BMI1 retroviral vectors and stable cell lines were
generated. The control (MDA-MB-231-B0) and BMI1 overexpressing (MDA-MB-231-
BMI1) cells were analyzed for the expression of BMI1, c-Myc, total H2A and H2AUb
expression after mock- or TA-111 treatment. In parallel, cell proliferation was determined
using MTT assay. The results indicated that TA-I11 had no significant effect on the
proliferation in exogenous BMI1 overexpressing MDA-MB-231 cells, while proliferation of
control BO cells was inhibited as expected (Fig. 4A). The Western blot analysis indicated
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that there was no downregulation of c-Myc by TA-111 in exogenous BMI1 overexpressing
cells. There was no significant downregulation of BMI1 and H2AUb in exogenous BMI1
overexpressing cells, while control cells exhibited significant dose-dependent
downregulation of c-Myc, BMI1 and H2AUb by TA-111 treatment (Fig. 4B). We also
analyzed effect of TA-111 on BMI1 mRNA in control BO and exogenous BMI1
overexpressing cells. Consistent with Western blot analysis, control but not BMI1
overexpressing cells exhibited downregulation of BMI1 (Fig. 4C). The slight downregulation
of BMI1 mRNA in BMI1-overexpressing cells likely reflect TA-111 effect on endogenous
BMI1.

Next, we examined whether exogenous BMI1 overexpression can overcome the inhibitory
effect of TA-I11 on the oncogenic phenotypes in MDA-MB-231 cells (Fig. 5). The results on
migration, invasion and soft-agar colony formation assays showed that as expected TA-I11
strongly inhibits these phenotypes in control cells, but there is no inhibitory effect of TA-I11
on these oncogenic phenotypes in exogenous BMI1 overexpressing MDA-MB-231 cells
(Fig. 5A, 5B, 5C). We also examined premature senescence induction by TA-I1I in control
and exogenous BMI1 overexpressing MDA-MB-231 cells using SA-p-gal assay and EdU
co-staining. The results indicated that there is no significant induction of senescence in
exogenous BMI1 overexpressing cells as determined by counting the number of either SA-
B-gal or EAU positive cells by TA-111 treatment in MDA-MB-231-BMI1 cells. However, TA-
I11 treatment resulted in increase in number of SA-p-gal positive and corresponding decrease
in EdU positive cells in MDA-MB-231-B0 (control) cells (Fig. 6). Based on these results,
we conclude that TA-I11 primarily inhibits oncogenic phenotypes and promotes cellular
senescence in cancer cells via downregulation of PcG protein BMI1 and inhibition of the
PRC1 activity.

Timosaponin A-lll induces expression of miR-141/200c cluster

Recently, several studies have established oncogenic and tumor suppressive role of various
miRNAs. One of the well-known tumor suppressive miRNA cluster, miR-141/200c, which
encodes miR141 and miR200c is known to regulate oncogenic phenotypes such as
migration, invasion, EMT, cancer stem cell phenotype and metastasis [30,37]. We and others
have recently shown that BMI1 represses the expression of miR-141/200c locus [30], and
that repression of miR-141 and miR200c contributes to oncogenic activities of BMI1
[29,30]. Hence, here we determined whether TA-111, which downregulates BMI1 modulates
the expression of miR-141/200c cluster. MDA-MB-231 and MCF7 breast cancer cells were
treated with different doses of TA-I11 and the expression of miR-141 and miR-200c was
examined by gRT-PCR. The results show that in both breast cancer cell types, TA-I11
strongly induces miR-141 and miR-200c (Fig. 7A). We also determined whether exogenous
BMI1 overexpression, which can overcome anti-oncogenic effects of TA-II can attenuate
the induction of miR-200c and miR-141 by TA-I1I. To test this possibility, control and
exogenous BMI1 overexpressing MDA-MB-231cells were treated with TA-111 and the
expression of miR-200c and miR-141 was determined by qRT-PCR analysis. The data
showed that there was no induction of miR-141 and miR-200c in exogenous BMI1
overexpressing MDA-MB-231 cells (Fig. 7B). Thus, our data strongly suggest that BMI1
overexpression attenuates induction of miR-200c and miR-141 by TA-III in breast cancer
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cells. In summary, TA-I11 exhibits strong anti-cancer effects, which is mediated by its
inhibitory effect on the expression of PcG protein BMI1 and its targets miRNAs, in
particular miR-141 and miR-200c.

Our results can be summarized in a schematic representation depicted in Figure 8. TA-I1I
appears to strongly inhibit c-Myc expression and its binding activity. The exact mechanism
of c-Myc inhibition by TA-I1I remains to be explored, which may involve transcriptional or
posttranscriptional regulation. By inhibiting c-Myc expression, TA-I11 downregulates BMI1,
which is positively regulated by c-Myc at the transcription level. As described above, BMI1
downregulation results in derepression of miR-200c/141 locus, which is known to act as a
tumor suppressor locus. Upregulation of miR-200c and miR-141 likely mediate the
induction of known tumor suppressive activities, such as inhibition of migration, invasion
and proliferation, and induction of senescence by TA-I1I (Fig. 8). Interestingly, miR-200c
and miR-141 are known to inhibit BM/1 expression by a posttranscriptional feedback
mechanism, which should result in further BMI1 downregulation. Thus, the tumor
suppressive activities of TA-I11 are further augmented by upregulation of miR200c and
miR-141, and additional inhibition of BMI1 by these miRNAs.

Conclusion

PRCs and their constituent PcG proteins are important players of epigenetic regulation in
higher organisms (2, 6). It has been very well established that these proteins, in particular
BMI1 and EZH2 are overexpressed in cancer cells, and that their overexpression regulates
various oncogenic phenotypes. Aberrant expression of BMI1 also enables cells to bypass
cellular senescence, an important growth inhibitory phenotype involved in tumor
suppression [8,16,25,27,30]. Because of its overexpression in cancer cells, and its functional
role in promoting oncogenic phenotypes, BMI1 is clearly an important therapeutic target of
cancer prevention and treatment. There are very few reagents known that can efficiently
inhibit BMI1 expression. We are interested in exploring the potential BMI1-inhibitory
activity of chemopreventive and traditional medicinal compounds. Timosaponin A-I11 is a
steroidal saponin derived from the rhizomes of a herb A. asphodeloides, that has been shown
to specifically inhibit tumor cell proliferation and oncogenic phenotype [20,21]. In this
study, we examined the ability of TA-111 to induce senescence and control the oncogenic
phenotypes of breast cancer cells by down regulation of BMI1. Consistent with published
data, we found that TA-I11 strongly inhibited proliferation of breast cancer cells and various
oncogenic phenotypes such as migration, invasion and ability to form colonies in soft agar.

Although TA-I1I is known to induce autophagy and cell death [20,21], and these properties
of the TA-I11 may account for some of the anti-oncogenic or tumor suppressor activity of the
TA-I11, we reasoned that it may also induce premature cell senescence, which is a well-
known tumor suppressor phenotype [24]. Furthermore, it has been shown that TA-I11 induces
mitochondrial reactive oxygen species (mtROS) [20,21], which can also result in cell
senescence. Hence, we reasoned that TA-111 may function to inhibit oncogenic activities via
induction of cell senescence in breast cancer cells. Indeed, our data show that TA-111
strongly induces cell senescence in MDA-MB-231 and MCF7 breast cancer cells. Because
TA-I1I can induce senescence in both triple negative breast cancer cell (TNBC) type (MDA-
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MB-231) and non-TNBC cell type (MCF7), TA-111 induced inhibition of oncogenic
phenotypes and induction of cell senescence appears to be independent of ER and PR, two
important growth receptors associated with breast cancer. Furthermore, while MCF7 are p53
positive cells, MDA-MB-231 cells express mutant p53, hence senescence induction by TA-
I11 is also independent of p53 in breast cancer cells. We have previously shown that
inhibition of BMI1 either by RNA interference (RNAI) or treatment with HDACs strongly
induces senescence in breast cancer cells regardless of p53 or receptor status [38]. Hence,
the PcG protein BMI1 appears to be a logical target of TA-111 in cancer cells. Our studies
confirmed that TA-111 strongly inhibits expression of BMI1.

Further mechanistic studies suggest that the BMI1 inhibition by TA-I11 is transcriptional and
likely mediated by downregulation of c-Myc, which is an important oncogenic factor.
Although it is possible that BMI1 can regulate oncogenic phenotypes via non-PRC
mechanisms, most of the BMI1 epigenetic regulation depends on PRC1 activity. Consistent
with this notion, and published literature, we found that TA-I11 inhibits PRC1 activity. The
downstream targets of BMI1 include known tumor suppressors such p16INK4a, p21,
pl4ARF, and WNT inhibitors [16,28]. Another important category of downstream targets of
BMI1 are non-coding RNAs (ncRNAs) such as miRNA-141 and miRNA-200c [29,30].
These miRNAs also regulate oncogenic phenotypes and act as tumor suppressive mMiRNASs
[29,30]. As the INK4a/ARF locus is deleted or methylated in most breast tumors and breast
cancer cells that are studied in cell culture including MCF7 and MDA-MB-231 cells that are
being used in our study, the miRNA targets of BMI1 are likely to be much more relevant for
breast cancer therapy. Hence, here we focused on miR-141/200c cluster and found that TA-
I11 induced expression of both miR-141 and miR-200c as a consequence of BMI1 inhibition
by TA-I1I. Collectively, our data show that TA-111 inhibits expression of c-Myc, BMI1 and
PRC1 activity, and BMI1 inhibition by TA-I11 leads to inhibition of oncogenic phenotypes,
and induction of cellular senescence. Based on our results, we suggest that TA-111 exhibits
strong tumor suppression activity via modulation of Myc-BMI1-miR-200c/141 pathway
(Fig. 8), which is highly relevant to breast cancer development. BMI1 and c-Myc are
important therapeutic targets of strong interest to cancer researchers and oncology clinicians.
Studies presented here may help in developing new range of pharmacological inhibitors of c-
Myc and BMI1 based on TA-111 and related phytochemicals and their derivatives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Timosaponin A-111 inhibits cell proliferation and oncogenic phenotypesin breast
cancer cells

(A). MDA-MB-231 and MCF7 cells were treated with indicated dose of TA-I1I for 48 hrs,
and cell proliferation measured using MTT assay as described in Methods. (B). MDA-
MB-231 and MCF7 cells were plated on top of soft agar and treated with TA-111 for 7 days.
Colonies were photographed using a Nikon inverted light microscope. (C). MDA-MB-231
cells were plated, treated with Timosaponin A-111 at indicated dose for 24 hrs in the
Transwell chambers. The cells were then fixed in cold methanol and stained with Diff-Quik.
The images were taken under a Nikon Eclipse- Ti microscope under 10x magnification, and
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the number of migrated cells were counted and plotted as described in Methods. (D). Effects
of TA-111 on cell invasion in MDA-MB-231 cells was determined by plating cells in Invasion
chambers and invaded cells were stained, counted and plotted as described above. The
experiments were done in triplicates. Error bars represent +S.D. * p <0.05.
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Figure 2. Timosaponin A-111 induces premature senescence in breast cancer cells
MDA-MB-231 (A) and MCF7 (B) cells were treated with TA-111 for 48 hours and co-stained

with SA-B-gal and EdU to determine induction of premature cell senescence as described in
the Methods section. The number of SA-p-gal positive cells and EdU positive cells were
counted and plotted as a graph. The experiment was done in triplicates. The error bars
represent +S.D. * p <0.05.
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Figure 3. Timosaponin A-I11 inhibits expression of BMI1
(A). MDA-MB-231 (left panel) and MCF7 (right panel) cells were treated with indicated

doses of TA-I1I. Cell lysates were prepared 48 hours after treatment, and the Western blot
analysis was performed to detect the expression of BMI1, H2AK119Ub, total H2A using
specific antibodies as described in the Methods section. (B). The expression of BMI1 in
mock and TA-111 treated MCF7 and MDA-MB-231 cells was determined by gRT-PCR
analysis as described in the Methods section. The error bars represent +S.D. * p <0.05. (C).
MDA-MB-231 (left panel) and MCF7 (right panel) cells were treated with indicated doses
of TA-111. Cell lysates were prepared 48 hours after treatment, and the expression of c-Myc
and pB-actin was determined by the Western blot analysis using specific antibodies as
described in the Methods section. (D). 293T cells were transiently transfected with either
wild type BMI1 promoter-reporter (pGL4.8-BM/1 WT Pr) or E-Box mutant BMI1
promoter-reporter (pGL4.8-BM/1 Mut Pr) and pTK-Luc plasmids, after 24 hrs cells were
treated with TA-I11 with indicated doses for 48 hrs, and normalized relative luciferase
activity was determined and plotted using a dual luciferase kit as described in the Methods
section. The experiments were done in triplicates and the error bars represent £S.D., * p
<0.05. (E). ChlIP assay was performed to determine in vivo binding activity of c-Myc in
control and TA-Ill-treated cells. MDA-MB-231 cells were treated with 0 (mock) and 2 uM
TA-111 for 48 hr, cross linked chromatin prepared and immunoprecipitated either with 1gG or
c-Myc mAb, and PCR amplified as described in the Methods.
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Figure 4. Exogenous BM 11 overcome Timosaponin A-I11 effects on cell proliferation
(A). The control (B0) and exogenous BMI1 overexpressing (BMI1) MDA-MB-231 cells

were generated using infection of pBabe-puro vector and pBabe-BMI1 retroviruses followed
by selection of cells in puromycin as described in the Methods section. The cells were
treated with TA-111, and cell proliferation was determined by the MTT assay as described in
Fig. 1A. (B). Expression of BMI1, c-Myc, H2AK119UDb, total H2A and p-actin was
determined in MDA-MB-231 -B0 (control) and MDA-MB-231-BMI1 cells by Western Blot
analysis after the treatment with TA-I11 as described in Fig. 3A. (C). Expression of BMI1 in
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MDA-MB-231 -B0 (control) and MDA-MB-231-BMI1 cells was determined by gRT-PCR
analysis using specific primers for BMI1 as described in Fig. 3B.
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Figure 5. Exogenous BM 11 over comesinhibitory effects of Timosaponin A-111 on oncogenic
phenotypes

Migration (A), Invasion (B) and Soft agar colony formation (C), assays using MDA-
MB-231-B0 (control) and MDA-MB-231-BMI1 cells, mock or TA-IlI-treated, were carried
out as described in Fig. 1B-Fig.1D.
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Figure 6. Exogenous BMI 1 inhibits premature senescence induction by Timosaponin A-I11 in
breast cancer cells

MDA-MB-231-B0 (control) and MDA-MB-231-BMI1 cells were mock- or TA-I11 treated,
and the induction of premature senescence was determined by SA-p-gal and EdU co-
staining as described in Fig. 3.
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Figure 7. Timosaponin A-I11 induces expression of miR-200c and miR-141, and exogenous BM 11
inhibitsinduction of miR200c/141 cluster by TA-I11

(A). MDA-MB-231 and MCF7 cells were treated with different doses of TA-111 for 48 hrs.,
and expression of mir-200c and miR-141 was examined by qRT-PCR analysis as described
in the Methods section. (B). Expression of miR-200c (left panel), and miR-141 (right panel)
was determined by gRT-PCR analysis in MDA-MB-231-B0 (control) and MDA-MB-231-
BMI1 cells that were either mock- or TA-I11- treated as indicated. The experiments were
done in triplicates and the error bars represent £S.D., * p<0.05.
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Figure 8. Schematic representation of mechanism of TA-I11 induced tumor suppressive activity

in breast cancer cells

TA-I1I treatment inhibits c-Myc expression, which results in induction of tumor suppressive
phenotypes via BMI1-miR-200c/141 pathway in breast cancer cells.
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