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Patients with triple-negative breast cancers (TNBCs) typically
have a poor prognosis because such cancers have no effective
therapeutic targets, such as estrogen receptors for endocrine
therapy or human epidermal growth factor receptor 2 (HER2)
receptors for anti-HER2 therapy. As the phosphatidylinositol 3’
kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) cas-
cade is activated in TNBCs, mTOR is a potential molecular target
for anticancer therapy. In this study, we investigated the antitu-
mor activities of everolimus, an oral mTOR inhibitor, in nine TNBC
cell lines. Everolimus effectively inhibited cell growth at concen-
trations under 100 nM (ICso) in five cell lines and even in the
1-nM range in three of the five cell lines. To identify specific
characteristics that could be used as predictive markers of effi-
cacy, we evaluated the expressions of proteins in the mTOR cas-
cade, basal markers, and cancer stem cell markers using western
blotting, fluorescent in situ hybridization (FISH), or immunohisto-
chemistry. All five of the sensitive cell lines were categorized as
a basal-like subtype positive for either epidermal growth factor
receptor (EGFR) or CK5/6, although resistant cell lines were not
of this subtype and tended to exhibit the characteristics of cancer
stem cells, with decreased E-cadherin and the increased expres-
sion of Snail or Twist. In vivo assays demonstrated antitumor
activity in a mouse xenograft model of basal-like breast cancer,
rather than non-basal breast cancer. These results suggest that
everolimus has favorable activity against basal-like subtypes of
TNBCs. Epidermal growth factor receptor and CK5/6 are positive
predictive markers of the TNBC response to everolimus, while
cancer stem cell markers are negative predictive markers. (Cancer
Sci 2012; 103: 1665-1671)

Triple—negative breast cancers (TNBCs) are defined as
estrogen receptor (ER)-negative, progesterone receptor
(PGR)-negative, and human epidermal growth factor receptor
2 (HER2)-negative tumors; these tumors account for 11-23%
of all breast cancers.""® Triple-negative breast cancers follow
a more aggressive clinical course than other forms of breast
cancers and have a poor prognosis."” As TNBCs have no indi-
cations for endocrine therapy or HER?2 inhibitors, which are
the main treatment options for breast cancers, novel molecular-
targeted therapies against TNBCs are crucially needed.
Triple-negative breast cancers are a heterogeneous popula-
tion containing a subgroup that is extremely sensitive to
chemothera[%?/, while another subgroup is resistant to such
therapy.**® For example, familial breast cancers with the
BRCA1/2 germline mutation are freq(uently included in the
TNBC category that is chemosensitive. > In contrast, metaplas-
tic carcinoma of the breast, which often lacks ER, PGR, and
HER?2 expressions, is quite chemoresistant.” Gene expression
profiling can be used to separate breast cancers into five dis-
tinct molecular subtypes: luminal A (ER or PGR positive and
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HER2 negative); luminal B (ER or PGR positive and HER2
positive); HER2 overexpressing (ER or PGR negative and
HER2 positive); normal breast-like; and basal-like.~'?
Recently, Herschkowitz e al."" reported a novel subgroup of
TNBCs — the claudin-low subgroup, which is characterized by
low gene expressions of the tight junction proteins claudin 3,
4, 7, and E-cadherin — which is clearly different from the
basal-like subtype. The claudin-low subtype has been shown to
have cancer-stem-cell-like features because it exhibits a high
CD44/CD24 expression ratio' and the upregulation of snail
and rwist,('3 ) which have been described as specific markers
for cancer stem cells.!*'> Clearly, TNBC subtypes must be
classified to facilitate the development of effective therapies
for individuals and to improve therapeutic outcomes.

Everolimus (RADOO1) is an inhibitor of serine-threonine
kinase mammalian target of rapamycin (mTOR) and has
shown broad antitumor activities in preclinical models.'®'"
Everolimus has been approved for the treatment of refractory
renal cell carcinoma," pror%ressive neuroendocrine tumors of
pancreatic origin (PNET),"™ and subependymal Giant cell
astrocytoma associated with tuberous sclerosis.®” In addition,
several clinical trials have reported the effectiveness of everol-
imus used in combination with trastuzumab or hormone
therapy against HER2-overexpressing or hormone-receptor-
overexpressing breast cancers, respectively.?'?? However, the
effect of everolimus against TNBCs has not yet been exam-
ined. The loss of function of phosphatase and tensin homolog
deleted in chromosome 10 (PTEN) has been reported with
varying frequencies in breast cancers>>** and has been shown
to occur frequently in TNBCs.%**> As PTEN dysfunction
leads to the activation of the phosphatidylinositol 3’ kinase
(PI3K)/Akt/mTOR signaling pathway, mTOR is a potential
molecular target for the treatment of TNBCs.

In this study, we investigated the antitumor activities of
everolimus in TNBC cell lines in vitro and in vivo and identi-
fied predictive markers of the response of TNBCs to everoli-
mus.

Material and Methods

Cell lines and reagents. The following TNBC cell lines were
obtained from the American Type Culture Collection (Manas-
sas, VA, USA) for use in this study: MDA-MB-157, MDA-
MB-231, MDA-MB-436, MDA-MB-468, Hs578T, BT20,
BT549, HCC38, and HCC1937. All the cell lines were cul-
tured in modified Eagle’s medium essential (MEME) or RPMI
medium supplemented with 10% FBS at 37°C and in humidi-
fied 5% CO,. Everolimus was a generous gift of Novartis
Pharma AG (Basel, Switzerland). GDC0914 bismesylate and
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perifosine were purchased from Selleck Chemicals (Houston,
TX, USA). Antibodies against epidermal growth factor recep-
tor (EGFR) (2232; Cell Signaling Technology, Inc, Beverly,
MA, USA), phospho-EGFR (p-EGFR; Tyr 1069) (2234; Cell
Signaling), PTEN (9552; Cell Signaling), Akt (9272; Cell
Signaling), phospho-Akt (p-Akt; Ser473) (9271; Cell Signal-
ing), mTOR (2972; Cell Signaling), phospho-mTOR (p-mTOR;
Ser2448) (2971; Cell Signaling), S6 ribosomal protein (2212;
Cell Signaling), phospho-S6 ribosomal protein (p—S6; Ser235/
236) (2211; Cell Signaling), 4EBP1 (9452; Cell Signaling),
phospho-4EBP1 (p-4EBP1; Ser65) (9451; Cell Signaling),
E-cadherin (4065; Cell Signaling), Snail (ab17732; Abcam,
Cambridge, UK), Twist (Twist2Cla; Bio Matrix Research,
Chiba, Japan), and B-actin (4967; Cell Signaling) were also
purchased.

Cell proliferation assays. Cell proliferation assays were
performed using a Cell Counting Kit-8 assay (CCK-8; Dojin-
do, Kumamoto, Japan) according to the product protocol.
Briefly, cells were plated into 96-well, flat-bottomed plates at
2-3 x 10° cells/180 pL/well. After overnight incubation, trip-
licate wells were treated with varying concentrations of everol-
imus ranging from 0.1 to 500 nM for 96 h. The existing
medium was removed and replaced with 110 pL of fresh med-
ium containing 10 pL. of CCK-8 reagent and allowed to incu-
bate for 4 h. Absorbance was measured for each well at a
wavelength of 450 nm. The percent survival and ICsy-values
were calculated as described previously.*®

Western blotting. Cultured cells were washed with cold PBS
and lysed in M-PER buffer (Pierce, Rockford, IL, USA). The
protein concentration of the supernatant was measured
using the bicinchoninic acid (BCA) protein assay (Pierce). The
membrane was probed with the first antibody and then with
horseradish-peroxidase-conjugated secondary antibody. The
bands were visualized using enhanced chemiluminescence
(ECL Plus Western Blotting Detection Kit; Amersham, Piscat-
away, NJ, USA).

Immunohistochemistry. Cells were cultured in chamber slides
for 48 h. The cultured cells were washed with PBS and fixed
with 100% ethanol. The slides were then treated with 3%
hydrogen peroxide for 30 min. The slides were incubated with
primary antibodies against cytokeratin (CK) 5/6 protein (1:40;
Dako Cytomation, Glostrup, Denmark) for 60 min at room
temperature. Immunoreactions were detected using the EnVi-
son Plus system (Dako).

Fluorescent in situ hybridization analysis. All the cell lines
were cultured in appropriate media supplemented with 10%
FBS; the FISH analyses were outsourced to SRL (Tokyo,
Japan).

DNA sequencing. Sequencmg was performed to detect the
following mutations: in EGFR,*” deletions in exon 19 (del
19) and L858R in exon 21; in PI3KCA,***” ES542K and
E545K in exon 9 and H1047R in exon 20; and in AKT1,5”
E17K in exon 4. Briefly, the total RNAs were extracted from
each cell line using ISOGEN (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s instructions. First-strand
cDNA was synthesized from 1 png of total RNA using the
High-Capacity cDNA Archive Kit (Applied Biosystems, Foster
City, CA, USA). The first-strand cDNA was amplified by PCR
using specific primers for EGFR. Genomic DNA was extracted
from each cell line using the QIAamp DNA Mini kit (Qiagen,
Hilden, Germany), and exon regions were amplified via PCR
using specific primers for PI3KCA and AKTI. DNA sequenc-
ing of the PCR products was performed using the dideoxy
chain termination method and an ABI PRISM 310 Genetic
Analyzer (Applied Biosystems).

Small interfering RNA treatment. Individual small interfering
RNA (siRNA) duplexes specific to human PTEN (Invitrogen,
Carlsbad, CA, USA) or a control siRNA that does not target
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any sequence in the human genome (non-target control; Invi-
trogen) was transfected into MDA-MB-231 and BT20 cells
according to the product protocol. Briefly, for each well trans-
fection, we prepared RNAi duplex—Lipofectamine RNAiMax
Transfection Reagent (Invitrogen) complexes with final a con-
centration of 10 nM and diluted the cells in complete growth
medium without antibiotics. We added 3 x 10 cells to each
well with RNAi duplex—Lipofectamine RNAiMax complexes.
After 24 h of incubation, the medium was removed and
replaced with fresh medium with 10% FBS and antibiotics
containing various concentrations of everolimus for the cell
proliferation assay.

Transfection of wild-type EGFR. Constructs of wild-type
EGFR (EGFRwt) and empty vectors were generously contrib-
uted by Dr Kazuto Nishio (Osaka, Japan). The pVSV-G vector
(BD Biosciences Clontech, Mountain View, CA, USA) for the
constitution of the viral envelope and the pQCXIX constructs
were co-transfected into HEK293 cells (BD Biosciences Clon-
tech) using a FuGENESG transfection reagent (Roche Diagnos-
tics, Basel, Switzerland). Forty-eight hours after transfection,
the culture medium was collected, and the viral particles were
concentrated by centrifugation. MDA-MB-231 and MDA-MB-
436 target cells were infected using a virus-containing medium
according to standard procedures and were used for the cell
proliferation assay.

Xenograft studies. Experiments were performed in accor-
dance with the United Kingdom Coordinating Committee on
Cancer Research Guidelines for the welfare of animals in
experimental neoplasia (second edition).

Suspens1ons of MDA-MB-231 and MDA-MB-468 cells
(5 x 10% were injected subcutaneously into the backs of
5-week-old BALB/cAJcl-nu/nu mice (CLEA Japan, Tokyo,
Japan). After 5 weeks (tumors > 120 mm?), the mice were
randomly allocated into groups of five animals to receive ever-
olimus (10 mg/kg per day, three times per week) or the vehi-
cle only by oral gavage for 3 weeks. The tumor diameter and
body weight of each mouse were measured three times weekly.
The tumor diameters were measured using calipers three times
per week to evaluate the effects of treatment, and the tumor
volume was determlned using the following equation: tumor
volume = ab*2 (mm>) (where a is the largest diameter of the
tumor and b is the shortest diameter). Day “x” denotes the day
on which the effect of the drugs was estimated and day “0”
denotes the first day of treatment. All the mice were killed on
day 22 after measuring their tumors.

Results

Sensitivity to everolimus in TNBC cell lines. We screened nine
TNBC cell lines for sensitivity to everolimus. The ICsq values
for everolimus in the nine cell lines ranged from 0.7 nM to
over 200 nM (Fig. 1). As also shown in Figure 1, everolimus
effectively inhibited growth in five of the nine cell lines at an
IC59 under 100 nM. Among them, MDA-MB-468, Hs578T,
and BT549 were highly sensitive to everolimus, with an 1Csq
of around 1 nM. We examined the induction of apoptosis in
everolimus-sensitive cell lines using three different assays.
However, we did not observe any significant apoptosis events
(data not shown). In addition, we examined the growth-inhibi-
tory effect of GDC0914 (a PI3K inhibitor) and perifosine (an
Akt inhibitor) using MDA-MB-468 and BT549, two everoli-
mus-sensitive cell lines, and MDA-MB-231 and MDA-
MB-157, two everolimus-resistant cell lines. We found no
significant differences in sensitivity to either inhibitor between
everolimus-sensitive cell lines and resistant cell lines with a
sub-puM ICsq concentration (data not shown).

Baseline expressions of proteins in the mTOR cascade. We
measured the protein expressions of PTEN, p-AKT, Akt,
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Fig. 1. 1Cso values for everolimus of nine triple-negative breast
cancer (TNBC) cell lines. Each cell line was treated with the indicated
concentrations of everolimus for 96 h. Viable cell numbers were
relatively quantified using the CCK-8 assay and were expressed as a
percent of the untreated control.

p-mTOR, mTOR, p-S6, S6, p-4EBP1, and 4EBP1 using a wes-
tern blot analysis in the nine TNBC cell lines (Fig. 2a). No
differences in the expression levels of p-mTOR and mTOR,
which are the targets of everolimus, were seen among the
TNBC cell lines. As also shown in Figure 2(a), PTEN was not
detected in five cell lines, among which MDA-MB-468,
BT549, HCC1937, and MDA-MB-436 have been reported to
harbor a somatic mutation of PTEN.®" Among the five cell
lines with a loss of PTEN, MDA-MB-468, BT549, and
HCC38 were sensitive to everolimus; however, HCC1937 and
MDA-MB-436 were resistant to everolimus.

mTOR cascade modulation by everolimus. To observe the
effect of everolimus, we measured the protein expressions of
p-S6 and S6 before and after everolimus treatment in MDA-
MB-468 and BT549, two everolimus-sensitive cell lines, and
MDA-MB-231 and MDA-MB-157, two everolimus-resistant
cell lines. Equivalent reductions of p-S6 and S6 in response to
only 0.5 nM of everolimus were observed in all four cell lines
(Fig. 2b), indicating that everolimus acted on all the cell lines.
We also measured the protein expressions of p-Akt and Akt
and found an elevation in p-Akt after treatment with everoli-
mus in BT549, MDA-MB-231, and MDA-MB-157 cells; how-
ever, this result was not observed in MDA-MB-468 cells.

Basal markers and cancer stem cell markers. Nielsen et al.®?
defined basal-like breast cancers as those showing a positive
expression of EGFR or CK5/6 in TNBCs. In our results, EGFR
was overexpressed in MDA-MB-468, Hs578T, BT549, and
BT20 cells (Fig. 3a), while MDA-MB-468 and BT20 cells
exhibited the gene amplification of EGFR (Fig. 3b). No muta-
tions in the EGFR gene (del E746-A750, L858R) were
detected in any of the cell lines (data not shown). CK5/6 was
positive in MDA-MB-468, BT20, and HCC38 cells based on
an immunocytochemical analysis (Fig. 3c). The status of
basal-cell-like markers in the nine TNBC cell lines is shown
in Table 1. According to the definition by Nielsen et al.,®*
we were able to categorize all five of the sensitive cell lines —
MDA-MB-468, Hs578T, BT549, BT20, and HCC38 - as
basal-like breast cancer. In contrast, the four resistant cell lines
were not characterized as basal-like breast cancer. We also
measured the expressions of the cancer stem cell marker
proteins, E-cadherin, Snail, and Twist in all of the cell lines.
E-cadherin was decreased in Hs578T, BT549, MDA-MB-436,
MDA-MB-231, and MDA-MB-157. The expression of Snail
gradually increased in the more resistant cells (HCC1937,
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MDA-MB-436, MDA-MB-231, and MDA-MB-157). Twist
was overexpressed in MDA-MB-436 and MDA-MB-157 cells.
In summary, the resistant cell lines tended to show characteris-
tics of cancer stem cells, with decreased E-cadherin expression
and the increased expression of Snail or Twist.

Effect of PTEN knockdown or EGFR overexpression on everoli-
mus sensitivity. We used siRNA oligonucleotides to silence the
expression of PTEN in the BT20 and MDA-MB-231 cell lines
to test whether PTEN expression confers everolimus sensitiv-
ity. Before the cell proliferation assay, we determined that
the siRNA oligonucleotides against PTEN selectively reduced
the mRNA expression levels by 80% or more after 48 h and
that the PTEN protein levels were reduced after 72 h, com-
pared with a nonspecific control siRNA. However, the sensitiv-
ity of these cells to everolimus did not change with the loss of
PTEN expression. The results for MDA-MB-231 are shown in
Figure 4(a).

We transfected construct expressing EGFRwt into the
EGFR-silenced cell lines MDA-MB-231 and MDA-MB-436 to
determine the effect of EGFR expression on everolimus sensi-
tivity. However, the overexpression of EGFR did not affect the
sensitivity to everolimus. The results for MDA-MB-231 are
shown in Figure 4(b).

In vivo antitumor effects. To determine whether everolimus
is also effective against basal-like breast cancer in vivo, the
growth inhibitory effect was evaluated against MDA-MB-468,
basal-like breast cancer cell line, and MDA-MB-231, non-
basal-like breast cancer cell line, tumor xenografts. Everolimus
treatment (10 mg/kg day, three times per week for 3 weeks)
significantly suppressed the tumor volumes of the MDA-MB-
468 xenografts, with T/C values of 38.3% (P = 0.016) on day
22 (Fig. 5a). On the other hand, everolimus treatment did not
significantly suppress the tumor volumes of the MDA-MB-231
xenografts, with T/C values of 58.7% (P = 0.35) on day 22
(Fig. 5b). Body weight loss after treatment was not observed
in the MDA-MB-468 and MDA-MB-231 xenograft groups
(data not shown).

Discussion

Patients with TNBCs have relatively poor outcomes and can-
not be treated with endocrine therapy or therapies targeted to
HER?2 receptors.”) The lack of tailored therapies is problem-
atic for the treatment of TNBCs, and the development of novel
therapies is crucial. In this study, everolimus effectively inhib-
ited growth in some TNBC cell lines with a sub-nM ICs, con-
centration in vitro. In previous reports, everolimus has shown
limited growth-inhibitory activities against several human can-
cer cell lines, compared with TNBC cell lines. 33 Our
results suggest that everolimus is a promising therapy for
TNBCs.

The classification of TNBC subgroups is necessary for the
future development of therapies. In this study, we found that
TNBC cell lines classified as basal-like breast cancer were
highly sensitive to everolimus, while cell lines characterized as
cancer stem-cell-like were less sensitive to everolimus. Similar
to the results of the in vitro assay, we found that treatment with
everolimus significantly inhibited tumor growth in basal-like
breast cancers in vivo. In a previous report, EGFR expression
was associated with a poor prognosis and was a significant
indezgendent negative prognostic factor in a multivariate analy-
sis.®? Voduc er al.®> reported that the risk of local and regio-
nal relapse in basal-like breast cancer was higher than those in
other breast cancer subtypes. Our results suggest that everoli-
mus is a promising therapy targeting basal-like TNBC.

Previous studies have suggested that the loss of PTEN
may predict sensitivity to everolimus, since PTEN dysfunction
leads to the activation of the PI3K/Akt/mTOR signaling
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pathway.®®*” In the present study, three of the five cell lines
that were sensitive to everolimus were PTEN-deficient cells,
and the other two sensitive cell lines exhibited normal levels
of PTEN protein expression. Two of the four everolimus-resis-
tant cell lines were PTEN-deficient cells. Furthermore, in the
siRNA experiment, although silencing the expression of PTEN
activated Akt in BT20 and MDA-MB-231 cells, the sensitivi-
ties of these cell lines to everolimus did not change. Our
results indicate that PTEN deficiency does not predict the
response to everolimus in TNBCs. Furthermore, in a clinical
trial with glioblastoma patients, no correlation between PTEN
deficiency and the response to everolimus was observed.®®
Thus, these results suggest that mTOR was not controlled only
by Akt, but also by multiple factors and signaling pathways.
Furthermore, the role of PTEN in the response to everolimus
may differ according to the type of cancer.

In this study, the expression of EGFR was correlated with
the sensitivity to everolimus, and we considered the possibility
that EGFR may be a key molecule in determining efficacy.
EGFR overexpression in breast cancer has been reported in
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lines (MDA-MB-231 and MDA-MB-157).

approximately 20-30% of all cases.***” In TNBCs, EGFR
expression was reported in 41-57% of cases and EGFR
amplification was reported in 18%.°**" However, we found
that EGFR transfection did not affect the sensitivity to everoli-
mus, suggesting that there is another cascade that affects
everolimus sensitivity. We observed an elevation in phos-
phor EGFR after everolimus treatment in a sensitive cell line,
suggesting that a feedback mechanism might influence the
sensitivity to everolimus. We examined the induction of apop-
tosis using three different assays; however, we did not
observe any significant apoptosis events. The difference in
the sensitivity of the TNBCs can likely be explained by
some mechanism of action other than apoptosis. Further stud-
ies are needed to clarify these mechanisms and to elucidate
the mechanism responsible for the sensitivity to everolimus
in TNBCs. Furthermore, we suggest that combination strate-
gies including mTOR inhibitor and PI3K or MEK inhibitor
are needed in future clinical trials to overcome the multiple
cascades or compensatory feedback systems resulting in cell
survival.
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Fig. 3. Determination of breast cancer subtypes using basal markers and stem cell-like characteristics. (a) Protein expressions of p-EGFR, EGFR,
HER2, E-cadherin, Snail, Twist, and B-actin in nine triple-negative breast cancer (TNBC) cell lines. Ten micrograms of protein were prepared
from the indicated cell lines at 60-70% confluence. The cell lines are arranged in order of decreasing sensitivity to everolimus, from left to right.
B-Actin was used as a loading control. (b) Epidermal growth factor receptor (EGFR) gene fluorescence in situ hybridization (FISH) analysis. MDA-
MB-468 and BT20 showed the gene amplification of EGFR. The other seven TNBC cell lines did not exhibit the gene amplification of EGFR. Two
positive cell lines and two negative cell lines are shown. (c) Immunohistochemical analysis of CK5/6. MDA-MB-468, BT20, and HCC38 were posi-
tive for CK5/6, and the other six cell lines were negative. Three positive cell lines and two negative cell lines are shown. Cell membranes were
stained by the CK 5/6 antibody in all MDA-MB-468 cells and in some BT20 and HCC38 cells (indicated by arrows).

Table 1. The status of basal-cell-like markers in the triple-negative breast cancer (TNBC) cell lines

MDA-MB-468 Hs578t BT549 BT20 HCC38 HCC1937 MDA-MB-436 MDA-MB-231 MDA-MB-157

EGFR protein +++ ++ ++ ++ + + + + +
EGFR amplification +++ — — ++ — — _ _ _
EGFR mutationt — = — — - — _ _ _
CK5/6 protein ++ - - + + — — _ _
PIK3CA mutationt - — — H1047R - — _ _ _

AKT1 mutation§ - - - - - - - - -

1EGFR mutations: deletions in exon 19 (del 19) and L858R in exon 21. $+PI3KCA mutations: E542K and E545K in exon 9 and H1047R in exon 20.
§AKT1 mutation: E17K in exon 4.
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Fig. 4. Effect of PTEN or epidermal growth factor receptor (EGFR)

modulation on everolimus sensitivity. (a) MDA-MB-231 and BT20
cells were transfected with siRNA specific to human PTEN or
nonspecific control siRNA. After 24 h, the cells were treated with
the indicated concentrations of everolimus for 72 h. The results for
MDA-MB-231 are shown. (b) MDA-MB-231 and MDA-MB-436 cells
were transfected with retrovirus containing either an empty vector or
an EGFRwt vector and then were treated with the indicated concen-
trations of everolimus for 96 h. The results for MDA-MB-231 are
shown.

Recent reports have indicated that the emergence of cancer
stem cells occurs, in part, as a result of the epithelial-mesen-
chymal transition (EMT).“**® The EMT is characterized by a
decrease in epithelial-specific gene expression, including E-
cadherin, and a gain in mesenchymal-specific gene expression,
including rwist and snail."*'> Our data shows that cancer
stem cell-positive TNBC cells tend to be resistant to everoli-
mus. These EMT-rich TNBCs do not respond to traditional
cytotoxic drugs or targeted therapies that act on signal trans-
duction. Thus, other therapeutic strategies against these
TNBCs, such as stem cell- or EMT-targeted drugs, are
urgently needed.

This study suggests that everolimus is a promising agent for
the treatment of TNBCs, especially basal-like breast cancers.
Basal markers (EGFR and CK5/6) or cancer stem cell markers
(E-cadherin, snail, or twist) may be predictive markers of the
response to everolimus in TNBCs.
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Fig. 5. Effect of RADOO1 on the growth of breast cancer cell lines

in vivo. Athymic nude mice were inoculated with MDA-MB-468
cells (@) or MDA-MB-231 cells (b). When the tumors reached an
average size of 120 mm3, mice were treated with placebo or
10 mg/kg per day RADOO1, three times per week for 3 weeks.
The tumors were measured twice weekly and tumor size was aver-
aged for each treatment group. Points, mean; bars, standard
deviation (SD); *P < 0.05, significantly different from placebo-treated
mice.
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