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Abstract

effects of selinexor in vitro and in vivo.

TNBC patient-derived xenografts (PDXs).

ratios of 27% and 12%, respectively).
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Background: Selinexor (KPT-330) is an oral agent that has been shown to inhibit the nuclear exporter XPO1. Given
the pressing need for novel therapies for triple-negative breast cancer (TNBC), we sought to determine the antitumor

Methods: Twenty-six breast cancer cell lines of different breast cancer subtypes were treated with selinexor in vitro. Cell
proliferation assays were used to measure the half-maximal inhibitory concentration (ICso) and to test the effects
in combination with chemotherapy. In vivo efficacy was tested both as a single agent and in combination therapy in

Results: Selinexor demonstrated growth inhibition in all 14 TNBC cell lines tested; TNBC cell lines were more sensitive
to selinexor (median IC5o 44 nM, range 11 to 550 nM) than were estrogen receptor (ER)-positive breast cancer cell lines
(median ICsq > 1000 nM, range 40 to >1000 nM; P=0.017). In multiple TNBC cell lines, selinexor was synergistic with
paclitaxel, carboplatin, eribulin, and doxorubicin in vitro. Selinexor as a single agent reduced tumor growth in vivo in
four of five different TNBC PDX models, with a median tumor growth inhibition ratio (T/C: treatment/control) of 42%
(range 31 to 73%) and demonstrated greater antitumor efficacy in combination with paclitaxel or eribulin (average T/C

Conclusions: Collectively, these findings strongly suggest that selinexor is a promising therapeutic agent for TNBC as a
single agent and in combination with standard chemotherapy.

Background

Normal cell homeostasis depends on the cell’s ability to
compartmentalize proteins. During carcinogenesis, nu-
clear export is disrupted and as consequence multiple
tumor-suppressor proteins that usually trigger apoptosis
and cell cycle arrest in the nucleus are transported to
the cytoplasm where they are subsequently targeted for
degradation [1]. The nuclear exporter Exportinl or
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CRM1 (XPO1) is one of at least seven exportins that
mediate the transport of over 200 proteins, including sev-
eral key regulators of the cell cycle (e.g., p53, STAT3, sur-
vivin, FoxO3a, BRCA1, and others) [2, 3]. XPO1 interacts
with cargo proteins through a nuclear export sequence
(NES), and it is dependent on the small GTPase protein
Ran in its guanine triphosphate (GTP)-bound form, which
binds to XPO1 together with export cargos [4].

Increased XPO1 expression has been linked to poor
prognosis in multiple solid and hematologic malignan-
cies [5-7], and therefore inhibition of XPOI1 is being
pursued as a promising target for cancer therapy. Seli-
nexor (KPT-330) is an oral agent that has been shown to
inhibit XPO1 [8] and is currently in clinical trials for
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treatment of hematologic and solid malignancies, with
promising results.

Approximately 15% of all breast cancers are catego-
rized as triple-negative breast cancer (TNBC) [9]. Given
that there is no specific targeted therapy, systemic
chemotherapy is usually the first line of treatment [10].
However, currently available chemotherapy regimens for
advanced TNBC often fail to achieve disease control.
Given the poor prognosis for patients with TNBC, there
is a pressing need for novel therapies. XPO1 mediates
nuclear export of several proteins that have been linked
to TNBC [11], and there have been efforts to show
breast cancer growth inhibition by several selective in-
hibitors of nuclear export [12]. We therefore sought to
determine the antitumor effects of selinexor on breast
cancer by testing multiple cell lines in vitro and in mul-
tiple patient-derived xenograft (PDX) models in vivo,
with a particular focus on TNBC. From there, we sought
to determine the best possible combination with cyto-
toxic chemotherapies.

Methods

Cell lines and culture conditions

Twenty-six breast cancer cell lines were obtained from the
American Tissue Culture Collection (ATCC, Manassas,
VA, USA): BT-20, BT-474, BT-483, BT-549, CAMA-1,
HCC-38, HCC-1143, HCC-1395, HCC-1419, HCC-1569,
HCC-1806, HCC-1937, HCC-1954, HCC-70, MCE-7,
MDA-MB-134vi, MDA-MB-157, MDA-MB-175, MDA-
MB-231, MDA-MB-361, MDA-MB-436, MDA-MB-453,
MDA-MB-468, SK-BR-3, SUM-159PT, and T-47D. Cells
were cultured in Dulbecco’s modified Eagle’s medium/F-
12 supplemented with 10% fetal bovine serum at 37 °C
and humidified 5% CO..

Drugs and reagents

Selinexor was obtained from Karyopharm Therapeutics
Inc. as a generous gift. For in vivo experiments, selinexor
was prepared in 0.6% w/v Pluronic F-68 surfactant and
0.6% w/v PVP K-29/32 polymer. Paclitaxel, carboplatin,
and gemcitabine were purchased from Selleck Chemi-
cals. Doxorubicin and eribulin were acquired from the
MD Anderson Cancer Center pharmacy. Dimethyl sulf-
oxide (DMSO) was from Sigma-Aldrich. For in vitro
studies, all drugs were dissolved in DMSO.

Cell proliferation assays

Cells were seeded in 96-well plates at densities of 3000
to 6000 cells per well depending on the growth cha-
racteristics of each cell line. After cells had adhered
overnight, titrating concentrations of the designated
drug were added to the wells in triplicate and incubated
at 37 °C for 72 hours. Cell viability was then measured
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using sulforhodamine B (SRB) staining. The half-
maximal inhibitory concentration (ICso) was determined
based on a dose-response curve generated using Graph-
Pad Prism software, v6.05. All experiments were per-
formed at least three times.

Colony formation assay

Cells were plated at a density of 2 x 10 cells on 60-mm
plates in triplicate for each treatment group. Cells were
treated the next day with the indicated concentrations of
selinexor, paclitaxel, eribulin, vehicle control (DMSO),
or a combination of selinexor and paclitaxel or eribulin
for 2 weeks. The culture medium was changed every
7 days. The colonies were then fixed in 10% formalin
and stained with 0.05% crystal violet in 25% methanol.
Percent surface area was measured using NIH Image]
software, v.1.48.

Western blot analysis

Cells were washed with cold PBS and lysed in Laemmli
buffer. The protein was quantified using the Pierce BCA
protein assay kit (ThermoFisher) before loading onto the
gel. After SDS-PAGE, the protein was transferred to a
0.2-pum nitrocellulose membrane (Bio-Rad Laboratories).
Membranes were blocked with 0.1% casein in Tris-buffered
saline. Immunoblotting was performed with anti-p-catenin,
anti-cyclin D1, anti-XIAP, and anti-survivin (Cell Signaling
Technology), anti-p-actin, XPO1 (Santa Cruz Biotechnol-
ogy), followed by secondary antibody anti-rabbit IgG Alexa
fluor 680 (Sigma). The immunoblots were visualized using
the Odyssey IR imaging system (Li-Cor Biosciences). Image
Studio software, v4.0 was used to analyze the bands. Each
band was normalized to its respective [-actin band. Re-
presentative blots of at least two independent experiments
are shown. Results were analyzed using Student’s unpaired
t test, with two-tailed P values. Values are presented as
mean + SEM.

Apoptosis and cell cycle assays

Cells were plated and treated the following day with
DMSO or with selinexor and/or paclitaxel in triplicate.
After 72 hours, both floating cells and attached cells
were collected. Apoptosis was identified by using the
annexin V apoptosis kit (Roche cat. no. 11858777001)
according to the manufacturer’s protocol. The samples
were analyzed by flow cytometry at the Flow Cytometry
and Cellular Imaging Core Facility at MD Anderson. For
cell cycle analysis, cells were collected after 72 hours of
treatment, and DNA content was determined with flow
cytometry using propidium iodide (Roche cat. no.
11348639001) following the manufacturer’s protocol.
Each experiment was performed at least three times.
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In vivo studies

All animal experiments were approved by the Institutional
Animal Care and Use Committee of MD Anderson.
TNBC PDX models have been previously described [13].
Tumors were implanted into female BALB/c nu/nu mice,
6 to 8 weeks old, under isoflurane anesthesia. A skin inci-
sion (approximately 0.3 c¢cm) was made with a subcu-
taneous pocket on the mid back. One tumor piece
(approximately 27 mm?) was inserted into a pocket and
the skin was then closed. The mice were treated when the
tumor diameter reached at least 200 mm?. The mice were
killed when the diameter reached 1.5 cm, and the individ-
ual relative tumor volume (RTV) was measured. RTV was
defined as Vx/V1, where Vx is the volume in mm? at a
given time and V1 is the volume at the start of treatment
[14, 15]. The statistical analyses were performed by com-
paring RTV in the treatment arms with RTV in the
vehicle arm. Tumor growth inhibition ratios (T/C: treat-
ment/control) were calculated using the formula:

[(Median tumor volume of treated group)/(Median
tumor volume of control group)] x 100.

Activity was defined as a T/C ratio <40% [16, 17].

The BCX 10 mice were treated with vehicle or seli-
nexor via oral gavage 12.5 mg/kg twice a week (2 weeks
on, 1 week off); the BCX 6 and BCX 11 mice were
treated with selinexor via oral gavage 12.5 mg/kg once a
week. The dose for these experiments was decreased to
model a clinical trial that was being run in parallel. Mice
in the three models were also treated with paclitaxel
10 mg/kg intravenously weekly (2 weeks on, 1 week off),
eribulin 1 mg/kg intravenously weekly (2 weeks on,
1 week off), carboplatin 75 mg/kg intraperitoneally
weekly (1 week on, 2 weeks off), or a combination of
selinexor with each individual drug.

Results

Selinexor has potent antitumor efficacy in breast cancer
cells in vitro

To test the effects of selinexor in breast cancer, we se-
lected 26 breast cancer cell lines representing different
subtypes that included TNBC and estrogen receptor
(ER)-positive (ER+) and human epidermal growth factor
receptor (HER2) + cell lines, with various genomic al-
terations including PIK3CA, TP53, and PTEN mutations
as described in Additional file 1. Cell growth was mea-
sured after 72 hours of treatment using the SRB colori-
metric assay. Sensitivity was evaluated by calculating the
ICs using isobologram curves. The sensitivities among
the cell lines varied, with an overall median ICsy of 66
nM (range 11 to >1000 nM) (Fig. 1). Sensitivity was
defined as <1000 nM, which is a physiologically achiev-
able dose based on previous phase I studies [18]. All 14
of the TNBC cell lines tested were significantly more
sensitive to selinexor (median ICsq of 44 nM, range 11

Page 3 of 10

1000
 ER+ HER2+

800 m ER+ HER2-

B ER- HER2+

600 . TNBC

1C50 nM

400

200

[o/olole] MDA-MB-157 {——

I i .....nnlii
SRTO2sPeANgI AT 000 An o000
B33 ERu BB RECERILRIRRE
mth?dhE§W?T§dmmT8hm5?787
Songopn=m ¥XOOTSSSOEFmMsS QOOFO
g °234 P22354448 4 2927°¢2

a <0 »00Q0 a

= EE === =
P53 i...‘ 1000 .Q. Q..Q
PTEN [ICIIN) 10K ) [ ] [ K ) oele [ ]
piaca (@[ @[OO] [efe[o[®[®] o/o[o/o[®o[0/®[@(0[®[O]
as) o/ejefe o/o/o/o/o/o/c/0o/0o/0o/0/0o/0/0o/0/0/0/0/®®

Fig. 1 Effects of selinexor on cell proliferation in vitro. Twenty-six
breast cancer cell lines representing varying hormone receptor status
were treated with selinexor at 10 concentrations based on a fivefold
dilution series (range 0 to 100 uM). Cell growth was measured after
72 hours of treatment using the sulforhodamine B assay, and half-
maximal inhibitory concentration (ICsy) was then calculated using
isobologram curves, with an overall median ICs, of 66 nM (range 11 to
>1000 nM). Sensitivity was defined as ICsg < 1000 nM, a physiologically
achievable dose based on previous phase | studies. TP53, PTEN, PIK3CA,
and Ras/Raf status is shown. Green circle wild type, red circle mutation/
deletion or frameshift. £R estrogen receptor, HER2 human epidermal
growth factor receptor, TNBC triple-negative breast cancer

to 550 nM) than were ER+ cell lines (median ICs, of
>1000 nM, range 40 to >1000 nM) (P =0.017).

To assess the effects of selinexor on XPO1 expression,
we chose an array of breast cancer cell lines representing
varying hormone receptor status and representing dif-
ferent levels of sensitivity to selinexor. Seventy-two
hours after treatment with or without 800 nM selinexor
(a physiologically achievable concentration [18]), cells
were lysed and immunoblotted. The intensities of XPO1
bands were quantified and normalized to their respective
B-actin bands. Selinexor reduced the levels of XPO1 and
of survivin in all cell lines. XIAP (an inhibitor of apop-
tosis protein) and p-catenin (a known regulator of
survivin [19, 20]) were lower in MDA-MB-436 and
MDA-MB-468, both TNBC cell lines that are sensitive
to selinexor (Fig. 2). These effects were more robust
when the dose of selinexor was increased to 5 pM
(Additional file 2).

Selinexor in combination with standard chemotherapy
enhanced antitumor efficacy in vitro

To determine the effects of selinexor in combination
with standard chemotherapy, we selected several com-
monly used agents: paclitaxel (a microtubule stabilizer),
carboplatin (DNA-binding alkylating agent), eribulin
(microtubule inhibitor), doxorubicin (topoisomerase in-
hibitor), and gemcitabine (pyrimidine analogue), all with
various mechanisms of action. Four TNBC cell lines



Arango et al. Breast Cancer Research (2017) 19:93 Page 4 of 10

a
Selinexor Sensitive Selinexor Resistant
SUM-159 MDA-MB-436 MDA-MB-468 SKBR3 MDA-MB-175 CAMA1 BT474
- + - + - + - ¥ - ¥ - ¥ -+ Selinexor 800nM
i — — e e [ XPO1
e . —— | XIAP
e U — R Survivin

-----..

B-Catenin

. .o “
: ‘
S8 S -

m B-Actin
XPO1 Survivin
1.0 = 1.0
3 g
2 =
o - OMS0 £ == DMSO
X5 mm Selinexor (300nM) @ 05 mm Selinexor (800nM)
2 e
5 ®
3 T
= o
0.0 0.0
NN g O PRIt
O E RS N R P
& N N g N S N d
SFE S T N
p Catenin XIAP
T 1.0 1.0
g T
£ 3
B mm Selinexor (300nM) s = DMSO
S 05 mm DMSO S5 = Selinexor (800nM)
2
H g
3 2
= -
0.0 0.0
A D A9 N ad AT T - T S A
P g RSN N S
g il i & & S & &
TIE SFE S

Fig. 2 Effects of selinexor in breast cancer models. a Seven breast cancer cell lines were treated with vehicle or 800 nM selinexor, a physiologically
achievable dose. Cells were lysed and blotted with the indicated antibodies. b The bands were quantified and normalized to their respective -actin
controls. Values are shown as relative protein levels vs vehicle control of cell lines treated with selinexor

with different genomic backgrounds were studied: SUM-
159PT (HRAS, PIK3CA, and TP53 mutant), MDA-MB-
436 (PTEN and BRCA mutant), MDA-MB-231 (KRAS
and TP53 mutant), and MDA-MD-157 (TP53 mutant);
all cell lines were XPO1 wild-type. Cells were treated
with serial concentration dilutions of selinexor in com-
bination with serial concentration dilutions of the vari-
ous chemotherapy agents. After 72 hours of treatment,
growth inhibition was assessed using the SRB assay and
ICsy was calculated for single-agent treatment alone and
the combinations. Combination index (CI) values were

then calculated using the method of Chou and Talalay,
where a CI value <0.8 indicates synergism, a CI of 0.8 to
1.2 indicates addition, and a CI >1.2 indicates anta-
gonism [21, 22]. Synergistic effects were found for all
four cell lines when selinexor was combined with doxo-
rubicin and paclitaxel and for SUM-159PT and MDA-
MB-231 when combined with carboplatin or eribulin
(Fig. 3a).

Using the colony formation assay, we then assessed
the effects of selinexor in combination with paclitaxel
and with eribulin. The TNBC cell line SUM-159PT was
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(See figure on previous page.)

Fig. 3 Effects of selinexor in combination with standard chemotherapy in vitro. a Four different triple-negative breast cancer cell lines were
treated with selinexor in combination with paclitaxel, doxorubicin, gemcitabine, carboplatin, and eribulin. Cell growth was measured after 72 hours
of treatment using the Sulforhodamine B (SRB) assay, and the combination index (Cl) was then calculated using the method of Chou and Talalay
[20]. A Cl value <0.8 indicates synergism, a value equal to 1 indicates addition, and a ClI significantly >1.2 indicates antagonism. b, ¢ SUM-159PT
cells were trypsinized, counted, and plated at a density of 2 x 10% cells in 60-mm plates in triplicate for each treatment group. Cells were treated
for 2 weeks with vehicle, selinexor (50 nM), paclitaxel (0.5 nM), or eribulin (1 nM) or in combinations of selinexor with paclitaxel and selinexor with
eribulin. Colonies were then fixed and stained with crystal violet. Percent surface area was calculated using NIH Image J v.1.48 software. Values
are presented as mean + SEM (*P < 0.005 vs control, **P < 0.001 combination paclitaxel vs selinexor alone, P=0.0013 combination eribulin vs selinexor
alone). d, e SUM-159PT cells were treated with 0.5 nM paclitaxel alone, 400 nM selinexor alone, and the combination of both. After 72 hours,
annexin-V-positive cells were determined by fluorescence-activated cell sorting FACS analysis. (*P < 0.001 selinexor alone vs vehicle control,
**P = 0,004 combination vs selinexor alone). Each individual experiment was performed in triplicate. DMSO dimethy! sulfoxide, FITC, fluorescein isothiocyanate

treated with either vehicle control (DMSO), 50 nM seli-
nexor, 0.5 nM paclitaxel, 1 nM eribulin, or with a com-
bination of selinexor with paclitaxel or selinexor with
eribulin. After 2 weeks of treatment, cell colonies were
stained with crystal violet. Plates were then scanned and
the percentage of stained surface area was quantified
(Fig. 3b and c). Treatment with selinexor in combination
with paclitaxel and in combination with eribulin resulted
in a dramatic decline in cell growth compared with
treatment with either drug alone (P <0.001 for combin-
ation paclitaxel vs selinexor alone and P=0.0013 for
combination eribulin vs selinexor alone).

Once we established that there was significant synergy
between selinexor and paclitaxel, we wanted to deter-
mine whether apoptosis was induced. We treated SUM-
159PT cells with selinexor, paclitaxel, or selinexor in
combination with paclitaxel for 72 hours with a physio-
logically achievable dose of the compounds. To assess
for apoptosis, the harvested cells were analyzed by
fluorescence-activated cell sorting (FACS) using the
annexin V apoptosis kit. Notably, our results showed an
increased number of annexin-V-positive cells when
treated with selinexor alone compared with vehicle con-
trol (P <0.001). The percentage of cells that were posi-
tive for annexin V was significantly higher when
selinexor was used in combination with paclitaxel com-
pared with vehicle control (P<0.001) and compared
with selinexor alone (P=0.004) (Fig. 3d and e). In a
similar fashion, cell cycle analysis was performed on
SUM-159PT and MDA-MB-468 cells. The results
showed a significantly greater number of cells in sub-G1
phase (P =0.003) when selinexor was used in combin-
ation with paclitaxel compared with either treatment
alone, as shown in Additional file 3.

Selinexor has in vivo efficacy in TNBC PDX models

To test the effects of selinexor in vivo, we selected five
different TNBC PDX models: BCX 6, BCX 10, BCX 11,
BCX 22, and BCX 51, with varying status for TP53 and
PIK3CA [13] and gene expression subtypes. Molecular
characteristics of these PDX models are listed in
Additional file 4 (detailed manuscript on PDXs under

review). Mice implanted with these PDX models were
treated either with vehicle or selinexor via oral gavage
12.5 mg/kg twice a week (2 weeks on and 1 week
off). We observed that, in four of five PDX models,
mice treated with selinexor had significantly lower
tumor growth (P <0.001), with a median T/C score of
42% (range 31 to 73%) (Fig. 4). The mice tolerated
the drug well, with no weight loss during treatment
(Additional file 5).

Next, we compared the effects of selinexor in vivo in
combination with standard chemotherapy agents, in-
cluding paclitaxel, eribulin, and carboplatin, on BCX 6,
BCX 10, and BCX 11 models, all with various degrees of
sensitivity to these agents (Fig. 5). In vivo, BCX 10 and
BCX 6 were relatively resistant to carboplatin, and al-
though the combination with selinexor was significantly
more effective than carboplatin alone (P <0.02), it was
not significantly more effective than selinexor alone.
However, selinexor in combination with paclitaxel or eri-
bulin had significant antitumor efficacy, with T/C ratios
<40% for all three PDX models. For BCX 11, selinexor
in combination with paclitaxel compared with either
agent alone was significantly more effective (P < 0.003),
and selinexor in combination with eribulin was signifi-
cantly more effective than either agent alone in BCX 10
(P <0.001), and BCX 11 (P = 0.005).

Discussion

TNBC occurs in approximately 15 to 20% of patients
with breast cancer and is associated with an unfavorable
prognosis [10]. Although patients with TNBC who
achieve complete pathological response have better
survival [23], patients who have significant residual dis-
ease are at high risk of relapse and have limited options
upon recurrence. Therefore there is a great need for su-
perior therapy options for TNBC. Here we showed the
antitumor efficacy of selinexor, as a novel approach for
TNBC therapy.

XPO1 compartmentalizes tumor suppressors and cell
cycle regulators, which are dependent on location to
exert their apoptotic/proliferative functions [24]. Many
of these have been linked to the elusive molecular
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Fig. 4 Effects of selinexor on tumor growth of triple-negative breast cancer (TNBC) patient-derived xenograft (PDX) models. Mice bearing BCX 6,
BCX 10, BCX 11, BCX 22, and BCX 51 TNBC patient-derived xenografts were treated with vehicle or selinexor 12.5 mg/kg twice a week. Values are
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were analyzed by two-way analysis of variance to determine statistical significance. Tumor growth inhibition (7/C) ratios were calculated using the for-
mula: [(Median tumor volume of treated group)/(Median tumor volume of control group)] x 100. Activity was defined as a T/C % ratio <40%

network in TNBC [11], providing a rationale for explor-
ing XPO1 inhibition as a potential target for cancer ther-
apy. Our findings have established the antitumor efficacy
of selinexor, a selective inhibitor of nuclear export, on
breast cancer. We have shown that selinexor effectively
inhibits cell proliferation and cell growth both in vitro
and in vivo at biologically relevant drug concentrations.
Our experiments suggest that there is enhanced sensitiv-
ity of TNBC cell lines to selinexor compared with ER+
cells. Treatment with selinexor as a single agent resulted
in enhanced tumor growth inhibition in four of five
TNBC PDX models in vivo. We also demonstrated that
treatment with selinexor induced apoptosis. Concor-
dantly, treatment with selinexor decreased levels of sur-
vivin, XIAP, and fB-catenin. Furthermore, while survivin

has been previously reported as a possible explanation
for the mechanism of action of selinexor [3, 25], by test-
ing a wide array of breast cancer cell lines in this study,
we have shown that selinexor decreases XPO1 expres-
sion and survivin expression not only in selinexor-
sensitive cell lines but also in selinexor-resistant lines.
We have also shown that selinexor is effective independ-
ent of PTEN, PIK3CA, TP53, or Ras/Ras status. Al-
though we did see greater sensitivity in TNBC cell lines
compared to other subtypes, we have not tested the
sensitivity of ER+ and HER+ cancers in vivo, and we
have not determined the mechanism behind the differ-
ential sensitivity between subtypes in vitro. Further stud-
ies are needed to identify pharmacodynamic markers of
response and mechanisms of intrinsic resistance. The
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Fig. 5 Effects of selinexor on tumor growth in combination with standard chemotherapy. Mice bearing three different triple-negative breast cancer
patient-derived xenografts were treated with vehicle, selinexor 12.5 mg/kg twice a week for BCX 10 and once weekly for BCX 6 and BCX 11, paclitaxel
10 mgrkg weekly, eribulin 1 mg/kg, carboplatin 75 mg/kg weekly, and combinations of selinexor with each chemotherapy agent. a Values are
presented as mean + SEM. The tumor volumes at the conclusion of the experiment were compared with vehicle, and the data were analyzed by
two-way analysis of variance to determine statistical significance. b Tumor growth inhibition (7/C) ratios were calculated using the formula: [(Median
tumor volume of treated group)/(Median tumor volume of control group)] x 100. Activity was defined as a T/C % ratio <40%

inherent complexity of the mechanism behind XPO1 in-
hibition involves the ability of XPO1 to interact with
several different tumor suppressors and cell cycle regula-
tors, therefore potentially targeting multiple pathways.
One of the most common examples is the role of XPO1
inhibition leading to the accumulation of TP53 in the
nucleus, an exciting finding of a possible mechanism

explaining its anti-proliferative effects in leukemia,
lymphoma, prostate cancer, melanoma, and hepatocellu-
lar carcinoma [26-28]. In our study, however, most cell
lines tested were TP53 mutant yet differed in their seli-
nexor sensitivity. Thus, XPO1 inhibition is effective in-
dependent of the TP53 status as we have shown here,
consistent with what has been previously shown for
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sarcoma, non-small cell lung cancer, multiple myeloma,
and mesothelioma [29-32].

Selinexor also had enhanced efficacy when combined
with standard chemotherapy agents. Four different
TNBC cell lines showed notable synergy in vitro, in par-
ticular with doxorubicin and paclitaxel (median CI
values of 0.6 and 0.5, respectively), agents used com-
monly in the neoadjuvant or adjuvant treatment of
TNBC, and to some extent with carboplatin and eribulin
(median CI values of 0.8 and 0.7, respectively). At the
same time, the combination of selinexor with paclitaxel
enhanced apoptosis. Further, selinexor showed enhanced
antitumor activity in vivo when combined with paclitaxel
and eribulin, with T/C ratios <40% in three different
TNBC PDX models.

Conclusions

Altogether, these results provide preclinical evidence
that selinexor is a promising agent in the treatment of
TNBC, with enhanced antitumor activity in combination
with chemotherapy. The safety and tolerability of seli-
nexor combined with chemotherapy are being explored
in ongoing clinical trials (NCT02419495), with planned
expansions in breast cancer.

Additional files

Additional file 1: PIK3CA, PTEN, TP53 and Ras/Raf status of cell lines in
panel. A panel of breast cancer cell lines was tested with selinexor, and

cell growth was measured after 72 hours of treatment using the SRB assay.
ICso was then calculated using isobologram curves. The mutation statuses

for PIK3CA, PTEN, TP53, and Ras/Raf status are reported. (DOCX 23 kb)

Additional file 2: Effects of selinexor in breast cancer models. A Eight
breast cancer cell lines were treated with vehicle or 5 uM selinexor. Cells
were lysed and blotted with the indicated antibodies. B The bands were
quantified and normalized to their respective -actin controls. Data are
shown as relative protein levels vs vehicle control of cell lines treated
with selinexor. (DOCX 397 kb)

Additional file 3: Effects of selinexor on the cell cycle. SUM-159PT and
MDA-MB-468 cells were treated with 1 nM paclitaxel alone (2 nM for
MDA-MB-468), 400 nM selinexor alone, and the combination of both. After
72 hours, cells were stained with propidium iodide and analyzed via flow
cytometry. (DOCX 514 kb)

Additional file 4: Actionable DNA alterations in PDXs. BCX 6, BCX 10,
BCX 11, and BCX 22 were analyzed by targeted exome sequencing of
202 cancer-relevant targets and whole-exome sequencing. BCX 51 was
analyzed using targeted exome sequencing of 265 genes that included
XPO1. HDEL: copy number <1, HAMP: copy number >4. (DOCX 15 kb)

Additional file 5: Tolerance of selinexor in vivo. Body weight-time
curve is shown. Data are presented as mean + SEM. (DOCX 126 kb)
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Cl: Combination index; DMSO: Dimethy! sulfoxide; ER: Estrogen receptor;
FACS: Fluorescence-activated cell sorting; ICso: Half-maximal inhibitory
concentration; NES: Nuclear export sequence; PBS: Phosphate-buffered saline;
PDX: Patient-derived xenografts; SRB: Sulforhodamine B; T/C ratio: Tumor
growth inhibition ratio; TNBC: Triple-negative breast cancer; XPO: Exportin’
or CRM1
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