AD

Award Number: W81XWH-10-1-1025

TITLE: Role of NF-Kappa B Signaling in X-Box Binding Protein 1 (XBP1)-Mediated
Antiestrogen Resistance in Breast Cancer

PRINCIPAL INVESTIGATOR: Dr. Rong Hu

CONTRACTING ORGANIZATION: Georgetown University
Washington, DC 20057-0001

REPORT DATE: October 2011

TYPE OF REPORT: Annual Summary

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



REPORT DOCUMENTATION PAGE oMo N Do o168

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
October 2011 Annual Summary 25 September 2010 — 24 September 2011
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Role of NF-Kappa B Signaling in X-Box Binding Protein 1 (XBP1)-Mediated 5b. GRANT NUMBER
Antiestrogen Resistance in Breast Cancer W81XWH-10-1-1025
5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
Dr. Rong Hu 5e. TASK NUMBER

5f. WORK UNIT NUMBER
E-Mail: rh335@georgetown.edu

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Georgetown University
Washington, DC 20057-0001

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Most breast cancer patients who undertake antiestrogen therapy eventually suffers from antiestrogen resistance.
Understanding its molecular mechanism is essential for identifying potential targets to overcome antiestrogen resistance.
XBP1-S, an important regulator of the unfolded protein response (UPR), is found highly expressed in antiestrogen resistant
breast cancer cells and tissues. XBP1-S is believed to function as an important antiestrogen resistance mediator as
overexpression of XBP1-S is sufficient to drive resistancy to antiestrogens in MCF7 cells. In this study, we aim to investigate
the mechanism of XBP1-mediated antiestorgen resistance, specifically the involvement of NFkappaB signaling. We found that
XBP1 regulates NFkappaB signaling at least at two levels. One, XBP1-S regulates RelA expression at the mRNA level;
Second, XBP1 regulates NFkappaB transcriptional activity through ERalpha signaling. Furthermore, inhibition of NFkappaB
with either Parthenolide (small molecule inhibitor) or p65/RelA knockdown inhibits cell growth and antiestrogen resistance in
XBP1-S overexpressed MCF7 cells. Taken together, NFkappaB signaling is required for XBP1-S mediated antiestrogen
resistance. Future experiments will be performed in nude mice model to test the role of XBP1-NFkappaB signaling in
antiestrogen resistance in vivo.

15. SUBJECT TERMS
X-Box Binding Protein-1, NF-kappa B, antiestrogen resistance, Breast cancer

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18.NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area

U U U U U 1 3 code)




Table of Contents

Key Research Accomplishments............ccoooiiiiiiiii i

Reportable OUICOMEeS...... ..o e e aeas

(090 3 o3 11 = o ) o T

R = =) 1 L=< 7N

Y o1 o =Y g Lo [ o7 =SS



I. Introduction:

Antiestrogen resistance is a major hurdle for endocrine therapy for ER+ breast cancer patients
(1). The UPR major component XBP1 is a transcription factor that was shown to be up-regulated
in antiestrogen resistant breast cancer cells and tumors (2-4). Overexpression of XBPI is
sufficient to promote resistance to antiestrogens in breast cancer (2). However, the underlying
mechanisms remain to be clarified. NFkappaB signaling is known to be up-regulated in
antiestrogen resistant cells and inhibition of NFkappaB resensitizes cells to antiestrogen (5). We
hypothesize that NFkappaB is downstream of XBP1 signaling and mediates the antiestrogen
resistance signaling.

Il. Research Accomplishment Body:

Aim 1: Determine whether the XBP1-mediated antiestrogen resistance is mediated through
NFkappaB signaling.

SubAim 1: Determine whether XBP1 regulates NFkappaB transcriptional activity.

We determined whether overexpression of XBP1 is sufficient to promote NFkappaB activity by
overexpressing XBP1 in antiestrogen sensitive cells. To understand which isoform of XBP1
regulates NFkappaB activity, I proposed to overexpress XBP1(U) and XBP1(S) individually by
also including a XBP1 nonspliceable mutant (nonS).

However, we are not able to detect exogenous XBP1(U)

unless the cells are treated with proteasomal inhibitor

MG132. It appears that XBP1(U) is degraded too quickly

in MCF7 cells for it to be detected by western blot -even

when overexpressed under the CMV promoter (6). To

ensure we have sufficient exogenous XBP1(U) to

determine its function, we mutated the Lysines that are

important for XBP1(U) ubiquitination and degradation

(XBP1-K2R). The mutations were designed to alter the

coding sequence of XBP1(U) only and remain to produce

wild-type XBP1(S) after splicing (change the RNA splice

site sequence but not the subsequently encoded amino

acid sequence). Enhanced NFkappaB activity is observed

in XBPI1(S) and/or XBPI(U) overexpressed cells,

suggesting both isoforms of XBP1 could regulates NFkappaB signaling (Figure 1).

SubAim 2: Determine how XBP1 regulates RelA.

We measured RelA level in XBP1 overexpressing MCF7 cells. We observed that RelA is up-
regulated when XBP1(S), but not XBP1(U) is overexpressed (Figure 2). This result suggests that
XBP1(S) controls RelA protein expression level in breast cancer cells. In future experiments, I
will examine RelA mRNA level in XBPl-overexpressed cells to determine whether the
regulation is at the mRNA level.



XBP1 is known to interact with ERalpha and can regulate its transcriptional activity (7). As
proposed in the plan, I next determined whether ERalpha is mediating the XBP1 regulation of
RelA. To address this, we overexpressed XBP1 (U) and XBPI(S) in antiestrogen sensitive cells
with or without ERalpha siRNA (Figure 3). NFkappaB transcriptional activity is inhibited by
ERalpha siRNA in XBPI(S) overexpressed cells, and further inhibition was observed in
XBP1(U) overexpressed cells. However, we did not observe a difference in RelA expression,
suggesting XBP1(S) regulation of RelA is independent of ERalpha signaling (Figure 4). Taking
together, XBP1(S) regulates NFkappaB signaling mainly through RelA, whereas XBP1(U)
regulates NFkappaB signaling mainly through ERalpha signaling (Figure 5).
XBP1(U) —> XBPI(S)
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Figure 5. XBP1 regulates NFkappaB signaling
through ERalpha-dependent and —independent
signaling.
SubAim 3: Determine if NFkappaB signaling is required for XBP1l-induced antiestrogen
resistance.
To determine whether NFkappaB signaling is required for XBP1(S)-mediated antiestrogen
resistance, we transfected p65 siRNA to inhibit NFkappaB signaling (Figure 6). We found that
inhibition of NFkappaB re-sensitizes XBP1 overexpressing cells to Tamoxifen. Furthermore,
XBP1 overexpressing cells became strongly dependent on NFkappaB for survival. NFkappaB
depletion alone induces apoptosis in XBP1 overxpressed cells, but not in lacZ control cells.
Further apoptosis induction is observed when cells were co-treated with p65 siRNA and
tamoxifen. These data suggest that NFkappaB signaling is required for XBP1-induced
antiestrogen resistance.



Aim 2: Determine the role of XBP1 in breast cancer antiestrogen resistance in Vivo.

The first step for this aim is to generate MCF7 and LCC1 cell lines that will inducibly
overexpress XBP1 in the presence of doxycycline. First, I infected MCF7 and LCC1 cells with
TetR encoding lentivirus. After selected a single clone with high TetR expression level, |
infected MCF7-TetR cells with XBP1 encoding lentivirus. Unfortunately, the cell lines I
generated start to overexpress XBP1 constitutively, instead of in an inducible manner, after a few
passages. We suspect that the growth advantage given by XBP1 overexpression promoted the
loss of TetR repressor expression. Faced with this setback, I will re-establish the XBPI
inducibility in these cell lines by repetitively re-infecting these cells with TetR encoding
lentivirus. Once I validate the inducible system, cells will be injected into nude mice as describe
in the proposal, and doxycycline will be administered to the mice through drinking water to
induce XBP1 expression.

Over the past year, I was successfully added to my mentor Dr. Robert Clarke’s animal protocol,
and the study I proposed was reviewed and approved by the IJACUC in my host institution
(GUACUC). After I obtain the final approval for NFkappaB inhibitor Parthenolide usage, I will
submit my animal protocol to DOD-IACUC for review. Until 1 was granted with the final
approval from DOD-IACUC, I was and will continue to prepare for the animal study that I
proposed. I have been taking animal training in Georgetown University animal facility to learn
to basic animal handling techniques. In addition, I will learn nude mice injection techniques
with LCC1 and LCC9 cells from other lab members who are experts on animal work.

I11. Key Research Accomplishments
e Depletion of XBP1 inhibits cell growth in antiestrogen resistant cells.

e Inhibition of XBP1 down-regulates NFkappaB signaling in antiestrogen resistant cells.
e XBPI1(U) and XBPI(S) up-regulates NFkappB signaling through ERalpha.



e XBPI(S) regulates p65/RelA expression at the mRNA level, and this regulation is
independent of ERalpha signaling.
e NFkappB signaling is required for XBP1 mediated antiestrogen resistance.

IV. Reportable Outcomes
Conference Abstracts:
1). “XBP1 regulates NFkB Signaling in antiestrogen resistant breast cancer cells”

Rong Hu, Ahreej Eltayeb, Ayesha Shajahan, Rebecca Riggins, Robert Clarke, Georgetown
University Lombardi Comprehensive Cancer Center

Postser Presentation at the 2011 Annual Meeting of the AACR, April 2-6, in Orlando, FL

2).” NFkB Signaling is required for XBP1-mediated antiestrogen resistance in breast cancer”
Rong Hu, Ahreej Eltayeb, Ayesha Shajahan, Rebecca Riggins, Robert Clarke, Georgetown
University Lombardi Comprehensive Cancer Center

Poster Presentation at the Era of Hope Meeting, August 2-5, in Orlando, FL

Manuscripts in preparation:

Hu R., Eltayeb A., Tabor K., Shajahan A., Riggins R., Clarke R. NF[] B Signaling up
regulation is required for XBP1 Mediated Antiestrogen Resistance in Breast Cancer
Cells. Manuscript in preparation.

V. Conclusions

From the first year of the funded research, we have made several positive findings. First, we
confirmed that XBP1 is essential for antiestrogen resistance in breast cancer. Second, we found
that XBP1 positively regulates NFkappaB signaling, partially through ERalpha signaling. Third,
we showed that NFkappaB signaling is required for XBP1-mediated antiestrogen resistance.

Our current data established a link between XBP1 and NFkappaB signaling pathways. However,
detailed mechanisms are still unclear and need to be further investigated. For example, even
though we showed that XBP1(-S) regulates RelA mRNA in an ERalpha-independent manner,
whether this regulation is achieved through direct binding of XBP1-S on RelA promoter or
through a third player is not known. In silico analysis identified three potential binding sites for
XBP1 on RelA promoter. In the follow-up study, I would like to determine whether XBP1
regulates RelA transcription as a direct transcription factor. I will perform ChIP analysis to test
direct binding. I will also further determine the role apoptosis and autophagy played in XBP1-
NFkappaB-mediated antiestrogen resistance.

As a survival signaling pathway that has been activated in many cancer types, NFkappaB
signaling is an active target for therapeutics. According to the data I obtained from my first
year’s study, NFkappaB signaling plays an essential role in XBP1-driven antiestrogen resistance
in breast cancer. Co-treatments that targeting both signaling pathways for synergistic effects
should be examined for antiestrogen resistant breast cancer model. The animal studies as
described in the proposal will serve to test this hypothesis.
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treatment of estrogen receptor-positive (ER+) breast cancer, induces UPR. Upon endoplasmic reticulum stress, three arms of UPR signaling
become activated to cope with stress conditions. One critical player that is regulated by two arms of the UPR signaling is a transcriptional
factor called X-box binding protein 1 (XBP1). XBP1 exists in two forms, the transcriptionally inactive unspliced XBP1(U) and the spliced,
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factor kappa B (NFkappaB) signaling, since we previously showed that NFkappaB expression and activity are up-regulated in antiestrogen
resistant cells, possibly through up-regulation of IKK gamma (NEMO) and RelA (NFkappaB p65). We now show that XBP1 regulates the
expression of RelA in breast cancer cells. Overexpression of XBP1 in MCF7 and LCC1 antiestrogen sensitive breast cancer cells results
primarily in an increase in XBP1(S) and an induction of RelA expression at both the mRNA and protein levels. We also show that
NFkappaB transcriptional activity is upregulated by XBP1 overexpression. Moreover, the antiestrogen resistance conferred by XBP1
overexpression in MCF7 cells requires activated NFkappaB signaling. The presence of small molecule NFkappaB inhibitor, Parthenolide,
sensitizes XBP1 ovexpressing MCF7 cells to Tamoxifen. Depletion of endogenous XBP1 using siRNA in antiestrogen resistant LCC9, LY2,
and MCF7-RR breast cancer cells decreases RelA expression and NFkappaB transcriptional activity. Taken together, our findings establish
a regulatory link between the UPR/XBP1 pathway and pro-survival NFkappaB signaling. Currently, we are actively investigating the role of
XBP1 splicing in regulating NFkappaB signaling and antiestrogen resistance with a non-splicible mutant of XBP1 (XBP1(nonS)). In future
studies, we will identify the pathways induced by XBP1/NFkappaB signals and further delineate their role in antiestrogen resistance in ER+
breast cancer.
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XBP1 REGULATES NFkappaB SIGNALING IN ANTIESTROGEN-RESISTANT BREAST
CANCER CELLS

Hu Rong, Ahreej Eltayeb, Ayesha Shajahan, Rebecca Riggins, and Robert Clarke
Georgetown University

The functional role of the unfolded protein response (UPR) during cancer progression has attracted an
increasing amount of attention recently. As a stress-induced survival mechanism, UPR may be hijacked
by cancer cells to avoid cell death. Upon endoplasmic reticulum stress, three arms of UPR signaling
become activated to cope with stress conditions. Antiestrogen therapy, used in the treatment of estrogen
receptor-positive (ER+) breast cancer, induces UPR. One critical player that is regulated by two arms of
the UPR is the transcription factor X-box binding protein 1 (XBP1). XBP1 exists in two forms: the
transcriptionally inactive unspliced XBP1(U) and the spliced, activated XBP1(S). We have previously
shown that overexpression of XBP1(S) confers estrogen independence and antiestrogen resistance in ER+
breast cancer cells. Others subsequently reported that XBP1(S) expression in ER+ breast tumors
correlates with poor clinical responsiveness to tamoxifen. However, the underlying signaling mechanisms
affected by XBP1(S) that induce antiestrogen resistance remain unclear. We hypothesize that XBP1(S)
mediates antiestrogen resistance in part through regulating nuclear factor kappa B (NFkappaB) signaling
since we previously showed that NFkappaB expression and activity are upregulated in antiestrogen-
resistant cells, possibly through upregulation of IKKgamma (NEMO) and RelA (NFkappaB p65). We
now show that XBP1 regulates the expression of RelA in breast cancer cells. Overexpression of XBP1 in
MCF7 and LCC1 antiestrogen-sensitive breast cancer cells results primarily in an increase in XBP1(S)
and an induction of RelA expression at both the MRNA and protein levels. We also show that NFkappaB
transcriptional activity is upregulated by XBP1 overexpression. Moreover, XBP1-overexpressing LCC1
cells show high dependency on NFkappaB signaling for proliferation as parthenolide, the small-molecule
NFkappaB inhibitor, strongly inhibits cell growth in LCC1 cells overexpressing XBP1. Depletion of
endogenous XBP1 using siRNA in antiestrogen-resistant LCC9, LY2, and MCF7-RR breast cancer cells
decreases RelA expression and NFkappaB transcriptional activity. Taken together, our findings establish
a regulatory link between the UPR/XBP1 pathway and pro-survival NFkappaB signaling. In future
studies, we will identify the pathways induced by XBP1/NFkappaB signals and further delineate their
roles in antiestrogen resistance in ER+ breast cancer.

This work was supported by the U.S. Army Medical Research and Materiel Command under W81XWH-10-1-1025
and the National Institutes of Health.
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