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YM15S5, a selective survivin suppressant, inhibits tumor
spread and prolongs survival in a spontaneous metastatic
model of human triple negative breast cancer
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Abstract. Metastatic triple negative breast cancer [TNBC,
with negative expression of estrogen and progesterone receptors
and no overexpression of HER2/neu (ErbB-2)] remains a
major therapeutic challenge because of its poor overall prognosis
and lack of optimal targeted therapies. Survivin has been
implicated as an important mediator of breast cancer cell
growth and dysfunctions in apoptosis, and its expression
correlates with a higher incidence of metastases and patient
mortality; thus, survivin is an attractive target for novel anti-
cancer agents. In previous studies, we identified YM155 as a
small molecule that selectively suppresses survivin expression.
YM155 inhibits the growth of a wide range of human cancer
cell lines. Tumor regression induced by YMI155 is associated
with decreased intratumoral survivin expression, increased
apoptosis and a decreased mitotic index. In the present study,
we evaluated the antitumor efficacy of YM155 both in vitro
and in vivo using preclinical TNBC models. We found that
YM155 suppressed survivin expression, including that of its
splice variants (survivin 2B, Ex3 and 3B), resulting in decreased
cellular proliferation and spontaneous apoptosis of human
TNBC cells. In a mouse xenograft model, continuous infusion
of YM155 led to the complete regression of subcutaneously
established tumors. Furthermore, YM155 reduced spontaneous
metastases and significantly prolonged the survival of animals
bearing established metastatic tumors in the MDA-MB-231-
Luc-D3H2-LN orthotopic model. These results suggest that
the survivin-suppressing activity of YM155 may offer a novel
therapeutic option for patients with metastatic TNBC.

Introduction

Breast cancer is one of the leading causes of cancer death
worldwide (1). For patients with local disease, breast cancer is
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potentially curable by surgical resection combined with adjuvant
therapy, including radiation, anti-estrogen therapy and Her2-
targeting agents. However, management of metastatic breast
cancer is far less successful than treatment of local disease.
Despite the recent progress in molecular-targeted therapies,
metastatic breast cancer remains the principal cause of breast
cancer death and is a major therapeutic challenge for selecting
optimal treatment (2).

Recent molecular characterization of genetic signatures
for patient stratification revealed that triple negative breast
cancer (TNBC), with negative expression both of estrogen and
progesterone receptors and no overexpression of the Her2
protein, is a high-risk factor with limited therapeutic options.
Retrospective studies suggest that TNBC patients represent
~15% of total breast cancers, and that this cancer type may be
more aggressive, with rapid tumor growth, a high incidence of
metastasis, an increased possibility of distant recurrence, and
a higher mortality rate than other breast cancers (3-5). Metastatic
TNBC patients have a higher response rate than patients with
hormone receptor-positive breast cancer at the initial stage of
chemotherapy (6,7). However, the median overall survival rate
is only 1 year (8). Thus, there is a pressing need to develop
novel therapeutic options that are suitable for this subgroup of
patients.

Survivin is a member of the inhibitor of apoptosis (IAP)
family of proteins. Increased survivin expression is observed
in breast cancer cells, while no survivin transcripts are detectable
in normal breast tissue. Retrospective analyses revealed that
up-regulation of survivin correlates with decreased survival
rates, increased relapse, and a higher frequency of metastases
in breast cancer patients (9-11). Also, survivin is highly
expressed in most cancer cell lines, where its expression
confers resistance to apoptosis induced by various chemothe-
rapeutic agents (12,13). Inhibition of survivin using ribozyme
and a dominant-negative mutant induced spontaneous
apoptosis and decreased the growth rate of breast cancer cells
(14,15). A recent study suggested that upregulation of survivin
(activated by Notch) preferentially promotes apoptosis
dysfunction in human TNBC cells and plays an important role
in the aggressive nature of this disease (16). Considering its
preferential expression in cancer cells, its ability to confer
aggressive tumor behavior, and its correlation with poor patient
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prognosis, survivin stands out as a promising target for cancer
therapy.

In previous studies, we identified the small molecule
(YM155) that suppresses survivin expression using a high
through-put screening assay and a truncated survivin promoter.
We found that YM155 selectively suppresses survivin expres-
sion without affecting other IAP proteins, resulting in apoptosis
induction in hormone refractory prostate cancer cells (17).
In vitro large panel screening revealed that YM155 has nano-
molar antiproliferative activity against a broad range of human
cancer cell lines (18). TNBC cells were among the top three
sensitive cell lines. In the in vivo setting, continuous infusion
of YM155 induces tumor regression and decreases intratumoral
survivin expression, increases apoptosis, and decreases the
mitotic index (19). These results underscore the need for
extensive investigation of the role of YMI155 in breast cancer
treatment and to develop this compound as a novel therapeutic
option for metastatic breast cancer patients.

Given the fact the majority of breast cancer deaths are
caused by metastatic disease in regional and distant sites, such
as lymph nodes, lung, liver, brain and bone, therapeutic options
that inhibit metastatic dissemination would be important
additions to the arsenal of drugs in clinical use. In the present
study, we evaluated the in vitro antitumor efficacy of YM155
against TNBC cells. We also examined the in vivo efficacy of
YM155 on a subcutaneously established xenograft tumor and
in a spontaneous metastases model of human TNBC cancer
cells.

Materials and methods

Cell culture. The human breast cancer cell line, MRK-nu-1
(JCRBO0628), was obtained from Japanese Collection of
Research for Bioresources. The cells were cultured at 37°C in
a 5% CO, atmosphere in RPMI-1640 medium supplemented
with 10% heat-inactivated fetal bovine serum (FBS). The
Bioware® cell line, MDA-MB-231-Luc-D3H2-LN, was derived
from MDA-MB-231 human mammary gland adenocarcinoma
cells by stable transfection of the North American firefly
luciferase gene, the expression of which is driven by the SV40
promoter. MDA-MB-231-Luc-D3H2-LN cells were cultivated
in MEM supplemented with L-glutamine, non-essential
amino acids, sodium pyruvate and 10% FBS.

Reagents. YM155 monobromide (YM155) was synthesized by
Astellas Pharma Inc. (Tokyo, Japan). For the in vitro experi-
ments, test compounds were dissolved in dimethyl sulfoxide
(DMSO) and diluted with culture medium [final concentration
of DMSO in culture medium: 0.1% (v/v)]. For in vivo studies,
the dose of YM155 was expressed as that of the cationic
moiety of the drug. Docetaxel (Taxotere® injection) was
purchased from Sanofi Aventis Co., Ltd. (Bridgewater, NJ,
USA). All drugs were dissolved and diluted in saline just
before administration.

In vitro assay for cell viability and caspase activity. Cell
viability or caspase activity was determined using a
CellTiter-Glo® luminescent cell viability assay or a
Caspase-Glo3/7® luminescent assay (Promega, Madison,
WI, USA). The luminescence of each sample was measured
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in a plate-reading luminometer (EnVision®; Perkin-Elmer,
Waltham, MA, USA) using a 1-min lag time and 0.5 sec/well
read time. The luminescent signals for the drug-treated cells
were normalized to that of the control. The assay was
performed in triplicate, and the mean value was obtained
based on the results of three independent assays.

Total RNA preparation, cDNA synthesis and quantitative
real-time PCR. Total RNA was isolated from the cells using
an RNeasy mini kit (Qiagen, CA, USA) according to the
manufacturer's instructions. cDNA was synthesized from
250 ng of total RNA primed with random hexamers using
High Capacity RNA-to-cDNA Master Mix (Life Technologies
Corporation, CA, USA). Real-time PCR was performed using
the ABI Prism 7900 sequence detection system and Power
SYBR-Green PCR Master Mix (Applied Biosystems, CA,
USA) according to the manufacturer's instructions. The
following primer sequences were designed using the Primer
Express software (Applied Biosystems): human survivin
5'-CTGCCTGGCAGCCCTTT-3' (forward) and 5-CCTCC
AAGAAGGGCCAGTTC-3' (reverse); human survivin 2B
5'-CGCCTGTAATACCAGCACTTTG-3' (forward) and
5'-GACGAATGCTTTTTATGTTCCTCTCT-3' (reverse);
human survivin 8Ex3 5'-CCAGAGTGGCTGCACCACT
TCC-3' (forward) and 5-"ACAGGAAGGCTGGTGGCACC-3'
(reverse); human survivin 3B 5-GGGACTGGAAGCAAAAG
AATTTC-3' (forward) and 5"TCCTCTTCATGTCCAGTTAA
ACAGA-3' (reverse); human 18S rRNA 5-GCCGCTAGAGGT
GAAATTCTTG-3' (forward) and 5-CATTCTTGGCAAAT
GCTTTCG-3' (reverse). Dissociation curve analyses were
done to verify that there was no non-specific amplification or
formation of primer dimers. Values were calculated based on
standard curves generated for each gene. Normalization of
samples was determined by dividing the number of copies of
survivin transcripts by the number of copies of 18S rRNA. All
sets of reactions were conducted in triplicate. The relative
expression levels were expressed as a percentage of the
indicated control.

Western blot analysis. Protein was extracted using RIPA
buffer containing protease and phosphatase inhibitors. Proteins
(20 ug) were resolved on SDS-PAGE gels and transferred onto
PVDF membranes. After blocking at room temperature with
TBS-T buffer containing 10% Blocking One (Nacalai Tesque,
Kyoto, Japan), each membrane was incubated overnight at 4°C
with the following primary antibodies: affinity-purified rabbit
anti-survivin, rabbit-cleaved PARP (Cell Signaling, Beverly,
MA, USA) or rabbit anti-actin (Sigma-Aldrich, MO, USA).
After washing the membranes with TBS-T, they were
incubated with an HRP-conjugated secondary antibody for
1 h at room temperature. Proteins of interest were visualized
by enhanced chemiluminescence using ECL (Amersham,
Arlington Heights, IL, USA).

MRK-nu-1 mouse xenograft model. Animal experiments were
performed in accordance with strict institutional guidelines
and the approval of the internal committee at Astellas Pharma
Inc. MRK-nu-1 cells were mixed with Matrigel® (Becton-
Dickinson Co., Franklin Lakes, NJ, USA) and 3x10¢ cells
were subcutaneously injected into the flanks of five-week-old



INTERNATIONAL JOURNAL OF ONCOLOGY 39: 569-575, 2011

(A)
120
E_ 100
i z3
= g 80
o BE 6o
g 3T e
= = e 40 H
£ 20
S -
; Al ll.m
Control 1 3 10
YM155 (nM)
120
E - 100
g 530
5 CE
i 3 2 60 .
S 2% 49
é‘ Eézo
= - "
2 ) I
E Control 30 100

YM155 M)

571

(B)

Caspase 3/7 activity
(Fold increase)
L
=)

i H
0 | P e Y N
Control 1 3 10
YM155 (nM)
30 .
B 25|
£F
252
- 2 L
g =
== 10}
&
= &5 .
O E
0 — [ .
30 100
YMI1SE (nV)

Figure 1. Effect of YM155 on cell viability, and caspase-3 and -7 activities in the MRK-nu-1 and MDA-MB-231-Luc-D3H2-LN human TNBC cell line. Each
bar represents the mean + SE from three separate experiments. Cells were treated with the indicated concentrations of YM155 for 24h. “p<0.01, Dunnett's
test. (A) Viable cell counts were normalized to that of control cells and expressed as % of control. (B) Caspase activities were normalized to cell number and

expressed as the -fold increase over the control.

female nude mice, CAnN.Cg-Foxnlnu/CrlCrlj (nu/nu). After
the tumors were established, mice were divided into treatment
groups based on tumor volume to minimize intragroup and
intergroup differences in tumor volume and body weight. The
first day of administration was designated as day O, and
observation continued until day 21. YM155 was administered
as a 7-day continuous infusion using a micro-osmotic pump
(Alzet® model 1003D; Durect, Cupertino, CA, USA). Body
weight and tumor diameter were measured once a week, and
tumor volume was determined (length x width? x 0.5). Complete
regression (CR) was defined as tumor regression to below the
limit of palpation.

MDA-MB-231-luc mouse metastasis model from orthotopically
implanted mammary gland tumors. Nine-week-old CB17
SCID females were anesthetized and 20 pl of 1x10°
MDA-MB-231-Luc-D3H2-LN cells were injected into the
mammary gland. Six weeks later, the primary mammary
gland tumor was surgically removed, and the incision was
closed with surgical sutures and tissue glue under anesthesia.
Metastatic tumor growth was monitored by in vivo
bioluminescent imaging of the chest area using IVIS-
Spectrum, with the primary tumor shielded (Caliper Life
Sciences, Hopkinton, MA). The measurements were
performed weekly from the time of primary tumor resection,
and then twice weekly until the end of the study. The treatment
was initiated when detectable metastases developed in the
chest area as determined by biophotonic imaging. Mice were
divided into three groups to minimize intragroup and
intergroup variations in average bioluminescence. The first day
of drug treatment was designated as day 0, and observation
continued until day 32, when >50% of the mice from the
group treated with YM155 were euthanized. During the study,

the body weight and general health of the mice were monitored
daily. Mice were scored as dead if any of the following signs
of suffering occured: cachexia, weakening, or difficulty
moving or eating. Axillary and mesenteric lymph nodes, lung,
liver, brain and femurs were dissected from representative
mice and evaluated by in vivo bioluminescence imaging.

Statistical analysis. Values were expressed as the mean + SE
of the mean (SEM). For the in vitro studies, Dunnett's test was
used for the comparison and determination of statistical
significance between the control and each YM155-treated
group. For the in vivo study, tumor volume and body weight
between the control and YM155-treated group on day 21 were
compared using the Student's t-test. For in vivo biophotonic
imaging, statistical analysis was performed using the Mann-
Whitney U-test. For survival analysis, Kaplan-Meier curves
were generated and the differences between the control and
each drug-treated group were assessed using the log-rank test.
All data analyses were performed using SAS software (SAS
Institute, Cary, NC, USA) and p<0.05 was to be considered
statistically significant.

Results

YM155 inhibits cancer cell growth and activates caspase-3
and -7 in human TNBC cells in vitro. We first evaluated the
in vitro effect of YMI155 on cancer cell growth and caspase
activity in human TNBC cell lines. MRK-nu-1 and MDA-MB-
231-Luc-D3H2-LN cells were treated with YM155 (1-100 nM).
At 24 h post treatment, YM155 significantly decreased the
viable cell count by >50% compared with control cells treated
with DMSO in both cell lines (Fig. 1A). When exposed to
YM155, both TNBC cell lines showed a dose-dependent
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Figure 2. Effect of YM155 on survivin mRNA expression and protein expression in the MRK-nu-1 human TNBC cell line. Each bar represents the mean + SE
from three separate experiments. Cells were treated with the indicated concentrations of YM155 for 48 h. (A) Expression levels of survivin mRNA 48 h post-
treatment were normalized to that of 18S rRNA and expressed as relative expression levels (% of control). (B) Protein expression levels 48 h post-treatment

were determined by Western blotting with the indicated antibodies.
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Figure 3. In vivo antitumor activity of YMI155 in s.c. xenografted MRK-nu-1 human TNBC tumors. YM155 was administered as a 7-day continuous infusion.
Values are expressed as the mean + SE (n=5). Tumor volume and body weight in the control and YM155 groups on day 21 were statistically evaluated using
the Student t-test; “p<0.01 and N.S. (not significant) versus control. Complete regression (CR) was defined as tumor regression to below the limit of palpation.

increase in caspase-3 and -7 activity (Fig. 1B). These results
indicated that YM155 had nanomolar antiproliferative activity
against human TNBC cells and triggered the induction of
spontaneous apoptosis in vitro.

YM155 down-regulates survivin expression and induces
spontaneous apoptosis in human TNBC cells in vitro. We next
examined the in vitro effect of YM155 on endogenous survivin
expression and apoptosis in the MRK-nu-1 cell line. YM155
treatment at 3 and 10 nM for 48 h significantly suppressed
survivin mRNA expression in a dose-dependent manner.
Similarly, suppressed expression of the mRNA for the survivin
splice variants survivin-2B, 0Ex3 and 3B was also observed
(Fig. 2A). Western blot analysis confirmed that YM155 treat-
ment decreased the level of survivin protein and induced an
increase in the amount of cleaved poly ADP-ribose polymerase.
No apparent change was observed in the expression of actin
(Fig. 2B). These results indicated that YM155 abrogated
endogenous survivin expression both at the mRNA and
protein level, and induced spontaneous apoptosis in human
MRK-nu-1 cells.

YM 155 induces tumor regression in subcutaneously established
human TNBC xenograft tumors. The in vivo antitumor activity

of YMI155 was evaluated in established MRK-nu-1
subcutaneously xenografted mice. YM155 was administered
as a 7-day infusion once every 3 weeks at 5 mg/kg/day (n=5).
The continuous infusion of YM155 completely inhibited
tumor growth and induced marked regression of established
tumors. Two out of five mice experienced complete tumor
regression, while continued tumor growth was observed in the
control group. Mice administered YM155 infusions showed
no signs of tumor regrowth or significant body weight loss
during the observation period (Fig. 3). These results suggested
that YM155 induced marked tumor regression in established
human TNBC xenograft tumors without any evidence of
systemic toxicity.

YM 155 decreases in vivo tumor spread and prolongs survival in
a spontaneous metastatic model. The in vivo antitumor efficacy
of YM155 was evaluated in the MDA-MB-231-Luc-D3H2-LN
mouse metastasis model using an orthotopic mammary gland
tumor. After cell implantation in the mammary gland of
female nude mice, all mice developed primary tumors after
mammary gland tumor resection (Fig. 4A). YMI155, or a
vehicle control, was administered as a 7-day infusion at 2 mg/
kg/day. A single dose of docetaxel (15 mg/kg), or a vehicle
control, was administered intravenously on day 0. On day 14
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Figure 4. In vivo antitumor efficacy of YM155 in the MDA-MB-231-Luc-D3H2-LN human TNBC orthotopic metastasis model. (A) Experimental protocol for
the MDA-MB-231-Luc-D3H2-LN orthotopic tumor metastasis study. (B) The metastatic tumor growth on day 14 was monitored by in vivo bioluminescent
imaging of the chest area. A pseudocolor scale bar was used to obtain relative changes at metastatic sites for all images of dorsal views. p<0.05 versus vehicle
control, Mann-Whitney U-test. (C) Kaplan-Meier plot of % survival in control- (vehicle), docetaxel- and YM155-treated groups. p<0.01 versus vehicle control,
log-rank test.
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post-treatment, the mean bioluminescence in the groups
treated with YM155 was clearly lower than that in the vehicle-
treated group, indicating that YM155-treated animals tended
to exhibit fewer total chest metastases than control animals
and a propensity toward reduced metastasis (Fig. 4B).
Metastasis-related mortality began on day 3 in the vehicle-
treated control mice. The median survival times were 14 days
in the vehicle-treated control group, 27 days in the docetaxel
treated group, and 32 days in the YM155 treated group. YM155
and docetaxel significantly prolonged the survival of animals
bearing metastatic tumors compared with the vehicle-treated
group (Fig. 4C). These results showed that YM155 reduced
the frequency of metastasis and prolonged survival in a
spontaneous metastasis mouse model of TNBC breast cancer.

Analysis of metastatic tumor growth in representative mice
by ex vivo bioluminescent imaging of tissues. Given the fact
that breast cancer frequently spreads to the axillary lymph
nodes, bone, lung, liver or brain, we further conducted ex vivo
imaging to clarify the inhibitory effects of YM155 on MDA-
MB-231-Luc-D3H2-LN metastatic tumors. Qualitative
analysis of the bioluminescent imaging results obtained from
the axillary lymph nodes, lung, liver, diaphragm, mesenteric
lymph nodes, brain and femurs (Fig. 5). Bioluminescent
imaging confirmed that the metastatic tumor burden in
mice treated with YM155 was apparently lower than that
of vehicle-treated controls. These results indicated that
MDA-MB-231-Luc-D3H2-LN tumors are aggressively metas-
tatic and intra-vascularly invade the surrounding tissues to
establish metastases. Also, these results suggested that YM155
treatment inhibited the development of metastases and
blocked tumor cell dissemination, even after metastases were
established.

Discussion

In the present study, we evaluated the therapeutic potential of
YM155 in a preclinical human TNBC model both in vitro and
in vivo. We found that YM155 exhibited nanomolar anti-
proliferative activity and induced apoptosis in human TNBC
cell lines in vitro. YM155 also downregulated the expression
of survivin mRNA and protein levels. RT-PCR revealed that
YM155 suppressed the expression of survivin splice variants,
including survivin 2B, 8Ex3, and 3B in human TNBC cells.
YMI155-induced survivin suppression was accompanied by
the induction of spontaneous apoptosis. In the MRK-nu-1
mouse xenograft model, continuous infusion of YM155 induced
complete tumor regression of subcutaneously established
TNBC tumors without any decrease in body weight. Further-
more, we demonstrated that YM155 reduced spontaneous
metastases and significantly prolonged the survival of animals
bearing established metastatic tumors derived from the human
TNBC cell line, MDA-MB-231-Luc-D3H2-LN.

Aberrant cell proliferation and apoptosis resistance are
hallmarks of cancer cells (20). Survivin is an intriguing
protein that facilitates tumor growth, inhibits cancer apoptosis,
and functions as an effector protein downstream of Her2
signaling in breast cancer (12,13,21). Given its prominent
expression in human breast cancer and low expression (or
absence) in most normal tissues, survivin is an ideal target for

YAMANAKA et al: ANTIMETASTATIC EFFECT OF YM155 IN A HUMAN BREAST CANCER MODEL

mono- or combination cancer therapy. Here, we showed that
YM155 exhibits nanomolar antiproliferative activity against
human TNBC cells (Fig. 1). Consistent with the fact that
YMI155 was identified as a selective survivin transcriptional
inhibitor using a truncated promoter region, YM155 suppressed
mRNA expression levels of survivin, including the splice
variants survivin-2B, -8Ex3, and -3B (Fig. 2). To date, four
survivin variants have been described: survivin-2a, -2f3, -0Ex3
and -3B (22). Survivin OEx3 is anti-apoptotic (23), whereas 2a
and 2B are potentially pro-apoptotic (24,25). Although it
remains unclear whether these splicing variants mediate
apoptosis inhibition or induction in TNBC cells, spontaneous
apoptosis induced by YM155 is accompanied with the
suppression of wild-type survivin and its splicing variants
(Fig. 2). The correlation between expression of survivin splice
variants and prognostic significance has been studied in
patients with breast cancer. These studies demonstrated a
correlation between survivin and/or splice variant expression,
the presence of mutant p53, and the absence of estrogen and
progesterone receptors. It is also known that wild-type
survivin is the most dominant transcript in breast tumor
biopsies (26,27). Taken together, therapeutic targeting of the
survivin pathway may be beneficial for the treatment of TNBC
patients.

Metastasis is the terminal event of cancer development
and the principal cause of mortality in patients with breast
cancer. Also, cancer metastasis is often attributed to the
complex and multiphase nature of cancer development,
including invasion into the local surrounding tissues, entry
into the circulatory or lymphatic systems, and transport of the
metastatic cells, which results in the development of distant
micrometastasis. Given these phenotypic changes, breast
cancer cells allegedly acquire several genetic changes, including
apoptosis resistance, as the primary tumor progresses toward
metastasis (28). Consistent with this, chemotherapy of
metastatic breast cancer is far less successful than treatment
of the primary disease (5,29). Particularly for TNBC, poor
prognosis and a lack of therapeutic agents has increased the
demand for novel therapeutic options.

Recently, it was found that estrogen receptor-negative
breast cancer cells preferentially show Notch-mediated
survivin upregulation, which promotes an inherent resistance
to apoptosis (16). In the present study, YM155 induced tumor
regression with negligible systemic toxicity as evidenced by
an absence of body weight loss (Fig. 3). Furthermore, we
provide the first evidence that YM155 may have therapeutic
value in reducing the spontaneous metastasis of human TNBC
cells in vivo (Figs. 4 and 5). Considering the fact that survivin
is overexpressed in high grade invasive and metastatic human
tumors, it is suggested that dysregulation of survivin expression
may confer an ability to evade immune responses and physical
barriers to invasion of normal tissues. Conversely, breast
cancer cells may remain sensitive to apoptosis induction when
survivin is downregulated by YM155, even after distant
metastasis have been established that may have accumulated
additional genetic changes and new blood vessels that nourish
tumor growth.

YM155 protected animals with established metastases and
resulted in a significant survival benefit (Fig. 4). We used
docetaxel, which is effective for the treatment of metastatic
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breast cancer irrespective to HER2 status, as the reference
compound. In the clinical setting, a reduction in metastasis is
expected to improve the quality of life and increase survival
rates. The spontaneous metastatic model is a better represen-
tation of the true clinical situation than subcutaneous tumors,
and offers persuasive evidence for the clinical development of
YM155 as a novel therapeutic option in breast cancer. Further
studies will be worthwhile to establish the best form of
combination therapy and to identify individuals most likely to
respond to YM155-based therapy.

In conclusion, our data show that survivin is a potential
target for breast cancer treatment, and that YM155 may be a
promising therapeutic agent for the treatment of patients with
metastatic TNBC. As a novel survivin suppressor, further
clinical investigation of YM155 is worthwhile. A phase II
open-label study of YM155 in combination with docetaxel in
patients with breast cancer is currently underway.
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