ABSTRACT

Introduction: Selinexor is an oral, first-in-class SINE compound that binds to the primary nuclear exporter
XPO1/CRM1. XPO1 exports include major tumor suppressor proteins (TSPs) leading to their inactivation.
Inhibition of XPO1 results in nuclear retention of TSPs and restores their normal functions. Here we tested the
hypothesis that inhibition of HER2 signaling with trastuzumab synergizes with selinexor in a xenograft mouse
model of breast cancer (BC) as both mediators (PI3K-AKT and Ras-Raf-MEK pathways) and effectors
(FOXO3A, MDM2) of the HER2 pathway are among direct cargos of XPO1.

Methods: The effects of selinexor and trastuzumab alone or in combination on cell viability were tested on
the BT474 HER2+ BC cell line using MTT assays. Total RNA and whole protein cell lysates were extracted
and analyzed by gPCR and by immunoblots. In-vivo, BT474 cells were used to derive a xenograft mouse
model. Mice were treated with sub-therapeutic doses of selinexor and trastuzumab alone or in combination
and with the therapeutic dose of selinexor. Tumor growth (TG) was monitored for 60 days. Xenografts were
harvested and analyzed by immunohistochemestry (IHC).

Results: Selinexor-trastuzumab combination was highly effective in-vitro and in-vivo. In MTT assays, both
selinexor and trastuzumab demonstrated low |C,, values and when combined, they synergistically inhibit
proliferation. In-vivo, the combination resulted in significant survival benefit and enhanced TG inhibition of
88% compared to the monotherapy groups 57% (selinexor) and 25% (trastuzumab). Interestingly, an increase
in pro-survival cytoplasmic FOXO3A protein was observed in the trastuzumab-treated group however, in the
combination group, FOXO3A, which is an XPO1 cargo, was restricted to the nucleus where it can trigger
apoptosis. Indeed, apoptosis was evident in the combination group by an increase in total PH2AX protein in
the treated cells and an increase in cleaved caspase 3 IHC staining of the derived xenografts. In addition, a
synergistic increase in p27 protein, the G1 phase arrest regulator as well as a reduction in the proliferation
marker KI67 IHC staining was observed in the selinexor-trastuzumab-treated group.

INTRODUCTION

Figure 1. Mechanisms of action of
selinexor (A) and trastuzumab (B)
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RESULTS

Selinexor-trastuzumab Combination Treatment Shows Synergistic
Reduction in Viability in BT474 Cells
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The effects of selinexor and trastuzumab alone or in combination on cell viability were
tested on BT474 breast cancer cells using MTT assay.

Induction of Cell Cycle Regulatory and Apoptosis Proteins in

Selinexor-trastuzumab

ombination Treated BT474 cells

BT474 cells were treated with selinexor and trastuzumab alone or in combination for
24hrs. Total, nuclear and cytoplasmic protein cell lysates were extracted and analyzed by

Western-blots.
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Figure 2. Enhanced effects of selinexor and trastuzumab in induction of cell cycle
arrest and apoptosis proteins in BT474 cells in vitro. Note increase in nuclear FOXO3A
and p27 in cells treated with selinexor and trastuzumab. In addition, total CDK2 increased in
cells treated with selinexor alone or selinexor in combination with trastuzumab and an
increase in the DNA damage marker pH2AX in cells treated with selinexor alone or selinexor

in combination with trastuzumab.

Selinexor-trastuzumab Combination Treatment is Synergistic in a
BT474 Mouse Xenograft Model
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Figure 3. Synergistic antitumor effect of selinexor
and trastuzumab in BT474 breast cancer mouse
models. Tumor growth inhibition (TGI) of the
selinexor and trastuzumab combination treatment
group was 88% on day 53 of study, whereas the TGl
for selinexor alone was 57% and the TGl for
trastuzumab alone was 25%.

Selinexor-trastuzumab Combination Treatment Improved Survival
of Mice Carrying BT474 Xenografts
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Figure 4. Survival curve of mice carrying BT474 xenografts treated with selinexor and
trastuzumab alone and in combination. All mice treated with selinexor low dose and selinexor
low dose in combination with trastuzumab survived the whole study period, better than the groups
treated with vehicle, high dose selinexor or tratsuzumab alone.

Website: v

Py

Vehicl Selinexor Selinexor Trastuzumab Selinexor
ehicle 5 mglkg 10 mglkg 20 mg/kg & Trastuzumab
(o0 ]
@D
o
o
w
[27]
e
o
S
>4
<<
ol
><
o
L
~
o

Figure 5. Inmunohistochemistry analysis of BT474-derived mouse xenografts treated with
selinexor and trastuzumab alone and in combination. Note induction of apoptosis (cleaved
caspase 3 and nuclear FOXO3A) and decreased cell proliferation (decreased Ki67 and increased
nuclear p27) in combination-treated xenografts.

Selinexor-trastuzumab combination treatment resulted in elevated FOXO3A protein levels in the
nucleus. FOXO3A act as a tumor suppressor by promoting cell cycle arrest and apoptosis.
Indeed, pH2AX, which is phosphorylated in response to apoptotic signals and is required for DNA
fragmentation during apoptosis, was elevated by selinexor treatment alone and to a higher extent
in the combination treated cells. Increased expression of FOXO3A resulted in activation of the cell
cycle inhibitor p27. Although treatment with selinexor contributed to elevated levels of the G1to S
transition regulator CDK2, it is thought that up regulation of p27 in the combination treatment
group enforces CDK2 inhibition.

Conclusion: Selinexor-trastuzumab combination is a novel candidate therapy to HER2+ BC. It
synergizes to induce survival benefit and TG inhibition. These data provide rational support for
study of selinexor-trastuzumab combination in clinical trials.




