Targeting nuclear transport pathways to overcome
endocrine resistance and recurrence
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ABSTRACT

Currently, around 75% of patients with breast tumors test positive for XPO-1 inhibitor, KPT 330 (Selinexor), inhibit cell proliferation

KPT 330 (Selinexor) increases ERK5 nuclear localization of

estrogen recept_nr alpha (ERG) and are treated with endocrine therapies, (A) and abrogate 4-9H-‘I_'amnxifen induced cell cycle ERK5 in tamoxifen resistant BT474 cells.
such as tamoxifen. One-third of the breast tumors eventually become progression in BT474 cells (B).

refractﬂry,_reducing the suwiva_l rate for _affecti_ed pgtient_s. A combination A DAPI pERK5 Overl ay
of alternative endocrine therapies and kinase inhibitors is currently used "1 MCF.7 Cells *® Br474 Cells
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in such patients. However, after an initial period of therapy response,
these tumors relapse in a more aggressive form. Further, the alternative
therapies are not optimal in terms of pharmacological properties, are
poorly tolerated, and have side-effects that severely decrease quality of

life of the patient. Thus, there is a critical need for novel, targetable, s
mechanism-based therapeutic strategies that 1) re-sensitize ERa (+) e ;éclua:;mfm, * .._';{L.Ta:;mfm )

=
=

OD{Abs 490 nm)
(=
on

o
=

tumors to endocrine therapies, and 2) include diagnostic methods to B, 1004 i
select patients likely to benefit from this approach. 0 62
Our objective in this study is to validate a group of nuclear transport 2 -
genes as biomarkers for endocrine resistance, and to evaluate their 2 =
inhibition as a novel means to enhance the effectiveness of endocrine ° 4-OH-Tam
therapies. Our central hypothesis is that high expression of these genes .|
in ERa (+) tumors serve as a viable biomarker for risk of endocrine & & L& DS
therapy failure. We focused on XPO-1, the main nuclear export protein, & &
which exports ERKS from the nucleus to the cytoplasm and we used KPS0
selinexor (KPT-330), the inhibitor of XPO-1, which is already used in Figure 4: (A) Cells were treated with increasing doses of 4-OH-Tamoxifen in the
clinical trials for solid and hematological cancers. Our experiments show presence and absence of 1 ym KPT 330. Cell numbers were examined using MST "
that estradiol induces nuclear localization of ERKS, which otherwise assay at day 6. Values are the mean SEM from at least 2 independent Vehicle
. . , . : o experiments. (B) Cells were treated with VEH or 107 M 4-OH-Tamoxifen in the +
would contribute t',D increased 'nvas’,weness and metastatic thEl?ltlall i presence and absence of 1 ym KPT 330. Cell numbers were analyzed with FACS
the cytoplasm. Selinexor (KPT 330) increases ERKS nuclear localization analysis. KPT-330
iIn tamoxifen resistant breast cancer cell lines. Our hypothesis is that
sequestering ERKS in the cell nucleus and blocking its recycle into the XPO-1 is required not for ERa mediated gene transcription in
nucleus by selinexor is directly associated with the improved response to estrogen, but required for 4-OH-Tamoxifen
transcriptional response to endocrine therapies. The nuclear export preferential gene expression.
pathways have not previously been implicated in the development of 4-OH-Tam
endocrine resistance, and given the need for better strategies for
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selecting patients to receive endocrine reagents and improving therapy KPT-330
response of relapsed ERa (+) tumors, our findings show high and ) T w7 + W Veh
G .prDmiS.E 19 -uncﬂve-r og e Jole of Uiese: DRty A0 E‘En- | i & '“L S E?JHT Figure 8: KPT 330 (Selinexor) induces relocalization of pERKS into nucleus in
demonstrating their use in reducing cancer recurrences. < E 15- - - BT474 cells. Immunofluorescence microscopy was performed after 45 minutes of
nE: S 41 10 M 4-OH-Tamoxifen and 30 minutes KPT 330 (Selinexor) treatment in BT474
RESU LTS “!é 2y cells with an antibody specific to pERKS. Nuclei were stained with DAPI.
s HT'| 2 .T‘ '[__|_1:,
- 1 i s : ,
Nuclear transport gene signature is upregulated in BT474 cells Ve KPT0 U cil KPT330 x_':fr: "f_"b'tlﬂ: I;IZT 330 (Sellv:t‘lﬁx_oria_??;ks 4-0H-Tfatmox:lfein
(Luminal B type) compared to MCF-7 cells (Luminal A type). Figure 5: XPO-1 inhibitor, KPT 330 (Selinexor) blocks 4-OH-Tamoxifen gene (TAM) stimulated tumor growth in LA

expression (A), but not E2 preferential gene expression (B) in MCF-7 cells. Cells

were treated with 10° M E2 and 107 M 4-OH-Tamoxifen in the presence and
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= OH-Tamoxifen in the presence and absence of 1 ym KPT 330. Values are the
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£ 05 _I_ (B) 4-OH-Tamoxifen treatment increases XPO-1 expression in tumors. (C) KPT
O ® e A o . ) _ 330 resensitizes BT474 xenografts to Tamoxifen treatment.
5 o i 5 XPO-1 inhibitor KPT 330 (Selinexor) decreases cell proliferation
“-“'—r q; i in combination with 4-OH-Tamoxifen in both Tamoxifen CONCLUSION
> 2 q}f .a.'-':'b sensitive MCF-7 cells and Tamoxifen resistant BT474 cells. _ _
&Q\ ésqx QF'{' D> Acquired Resistance
D : o
. v Estrogen / \
Cell Proliferation Cell Proliferation '
Figure 2: mRNA is obtained from 10 tumor samples per subtype and XPO1 (MCF7 Cells) (BT474 Cells)
mRNA expression is analyzed by Q-PCR. One way ANOVA, Bonferroni post-test, ] 0.31 e Tk
“*_ P.yalue<0.0001 gl b + Conr | [CONSOE. SRR
c el E 0.2 - KPT330
E“‘ m : iﬁrpgguasi:-wm Ei s " u — KPT 330 & siXPO1
Overexpression of XPO1 in Tamoxifen responsive MCF-7 cells 8] 1 NS gos{ T '
increases activation of pro-proliferative kinase signaling e S ’
- - 14 12 -10 -8 & 4 -14 -12 -10 -8 ] -4
pathways and cell proliferation. logTamoxiten], M ogTamoxifer, M < womry
| Control | KPT330 | siXPO1 | KPT 330 & siXPO1 Gontol | sWPOT | KPT330 | KPT 330 & sXPOT RTie. L S e INVASWVENESS
|__1C50 | 3.410e-010 | 1.205¢-010 | 7.308¢-012 | 1.180e-009 EC50 | 2.735e-011 | 2.760e-011 | 6.623e-008 | 1.607e-009 !
A Ad-CMV Ad-XPO1 B  cell Proliferation ERa (+) Tumors Therapy Resistant Tumors
Cell Proliferati Cell Proliferation . ;
XPO1 06, _ tMcFTCale) (@n4cele Overall, results of our studies should validate XPO1 as a target whose
p-90RSK £ ol ¥ R ~ r ok, I?ﬁﬁium inhibition should enhance the effectiveness of endﬂc:rme. theraplesf in
Y §'~* 5 oo B ' wsenan breast cancer subtypes that are more refractory to endocrine therapies.
p44laz MAPK g %10 : ] s S O Validation of XPO1 inhibition as a cancer treatment will lead us to
0-AKT é’ X ©0s ° devise, in the future, clinical trials for combination of two clinical
a 0 N T o therapeutic agents, 4-OH-Tamoxifen and KPT 330 (Selinexor) for
p-S6 ¢ log{Tamonifor, M KoL therapy resistant breast cancers.
0.0 | Control | XPO1 Adenovirus | KPT 330 bF T30 % ; Control 1' XPO1 Adenovirus | KPT 330 ais ;lnmli s
B-Aﬂtiﬂ p"_'"—'_' 5'.-@1 Q{Jh IC50 | 2.007e-009 | 1.013e-009 21770089 ?ﬁ%?;aﬂ?;mms EC50 | 5.505¢-012 ] 1586011 ' 3.057e-012 | f.?g;:giz USDA Uinitlad Stalas Department of Agricullure
= AR == National Institute of Food and Agriculture

Figure 7: MCF-7 and BT474 cells were treated with increasing doses of 4-OH-
Tamoxifen in the presence and absence of 1 um KPT 330. Cell numbers were
examined using WST1 assay at day 6. Values are the mean £SEM from at least 2
independent experiments.
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Figure 3: (A) MCF-7 cells were transduced with XPO-1 Adenovirus and pro-
proliferative kinase protein levels were determined. (B) The impact of XPO-1
transduction on MCF-7 cell proliferation was determined by WST1 assay.
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