AD

AWARD NUMBER: W81XWH-09-1-0553

TITLE: Studies on the Role of the Ah Receptor (AhR) on the Etiology of Breast
Cancer: A Novel Idea of Identifying this Receptor as a New Therapeutic Target

PRINCIPAL INVESTIGATOR: Fumio Matsumura

CONTRACTING ORGANIZATION: University of California, Davis
Davis, CA 95618

REPORT DATE:  September 2010

TYPE OF REPORT: Final

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

1 September 2010 Final 1 Sep 2009 — 31 Aug 2010
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Studies on the Role of the Ah Receptor (AhR) on the Etiology of Breast Cancer: A 5b. GRANT NUMBER

Novel Idea of Identifying this Receptor as a New Therapeutic Target WB81XWH-09-1-0553

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Fumio Matsumura 5e. TASK NUMBER

E-Mail: fmatsumura@ucdavis.edu 5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
University of California, Davis NUMBER

Davis, CA 95616

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

In this project we have carried out, first, laboratory experiments on cultured human breast cancer cells, particularly an MCF10AT1-derived
P20E breast cancer cells which are over-expressing AhR, to ascertain that their expressions of the genetic markers of carcinogenic
transformation are essentially identical to those already identified in the AhR over-expressing and ERa under-expressing type of breast
tumor samples Second, we have conducted laboratory experiments in vitro to test the efficacies of several known AhR blocking agents on
those AhR over-expressing breast cancer cells, and found that the most potent phytochemical suppressors of cell proliferation of P20E cells
were curcumin (10 pM approximately 80 to 90% suppression), zerumbone (10uM, 70 to 90% suppression),.and luteolin (5uM, 70 to 85%
suppression). The potencies of these naturally occurring chemicals were then compare to a well established blocker of AHR, MNF (10uM)
and a suppressor of DNA-methylation, 5-aza-2-deoxycytidine (AZ, at 0.5M). It was found that MNF causes only 50% suppression, while AZ
could induce about 70 to 80% suppression. Of those only luteolin and MNF showed consistent inhibitory actions on the function of AhR in
vitro. Preliminary studies, on the effects of those chemicals in suppressing the effect of TCDD in live mice, showed that luteolin was the most
reliable chemical consistently reducing the action of TCDD in vivo. Finally by using the cultured, AhR over-expressing P20E breast cancer
cells, we tested their tumorigenic growth in vivo in athymic nude mice.

15. SUBJECT TERMS
None provided.

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 uu code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




TABLE OF CONTENTS
Page

INtrodUucCtion .....ceinei e ———— 4
BOdY ... —————————
Key Research Accomplishments..........ccccoiiiiiiiiiiiic e

Reportable OUtCOMES.........cccciiiiiiir e e res e e s e e e e e ennns

010101-5

{02 Y 3 1o 11 1= o Y o



Final Report on W81XWH-09-1-0553 entitled, Significance of overexpressed
arylhydrocarbon receptor on progression of mammary epithelial cells into
malignant phenotype

Prepared by Fumio Matsumura, principal investigator, University of California Davis

Introduction

Human breast cancer is a disease that is tremendously affected by the environment.
We have discovered recently that ERa-nagative and RelB-positive type of breast
tumors show high expressions of the Ah receptor (AhR), which has been known for its
role to mediate toxicity of dioxin. To study this phenomenon in the laboratory, we have
obtained several AhR overexpressing breast cancer cell lines. Treatments of those
cells with known AhR antagonists have clearly eliminated their transformation
phenotypes such as increased proliferation, anchorage-independent growth,
invasiveness into matrigel, epithelial to mesenchymal transition and resistance to
apoptosis. Preliminary studies have shown that all of these phenotypic expressions of
these cells are significantly reduced by several potent blockers of AhR. Although the
existence of this type of inflammatory breast cancers has been known for some time
(Van Laere et al. 2006), no one knew the prominent role of AhR plays. Therefore, this
finding has provided an opportunity for us to test the possibility of utilizing AhR as the
potential therapeutic target.

Hypothesis/Rationale: We hypothesize that AhR is essential in assuring the survival
and growth of this type of tumor cells, and that blocking the function of AhR would
result in the reduction of the tumor development.

Objectives: (1) To screen a number of AhR blockers to suppress the expression of
cancer phenotypes of those AhR overexpressing, human breast cancer cells, and (2)
by using the athymic nude mouse model, test the possibility of suppressing the breast
tumor growth and metastatic migration of xenografted, AhR overexpressing, human
breast cancer cells.

Methods: Methods: Our basic plan has been to test the possibility of using those AhR
antagonists as possible therapeutic agents, for the first time. We have done so by
testing the effectiveness of a number of phytochemicals from edible plants known to
block AhR in attenuating the expression of high rates of cell proliferation and
resistance to UV-irradiation induced apoptosis such as: luteolin curcumin, zerumbone
and resveratrol. Second we tested the effectiveness of a selected number of those
phytochemicals, by xenografting those AhR overexpressing human breast cancer cells
into athymic nude mice, and by treating them in vivo with these AhR antagonists, and
then after 8 to 10 weeks assessing the extent of reduction of tumor growth.

Results.

In this project we have carried out, first, laboratory experiments on cultured human
breast cancer cells, particularly an MCF10AT1-derived P20E breast cancer cells which
are over-expressing AhR, to ascertain that their expressions of the genetic markers of
carcinogenic transformation are essentially identical to those already identified in the
AhR over-expressing and ERa under-expressing type of breast tumor samples.
Second, we have conducted laboratory experiments in vitro to test the efficacies of



several known AhR blocking agents on those AhR over-expressing breast cancer cells
(Fig.1), and found that the most potent phytochemical suppressors of cell proliferation
of P20E cells were curcumin (10 uM approximately 80 to 90% suppression),
zerumbone (10uM, 70 to 90% suppression),and luteolin (5uM, 70 to 85% suppression).
The potencies of these naturally occurring chemicals were then compared to a well
established blocker of AHR, MNF (10uM). . Of those only luteolin and MNF showed
consistent inhibitory actions on the function of AhR in vitro. Preliminary studies, on the
effects of those chemicals in suppressing the effect of TCDD (=dioxin, the most
powerful and persistent activator of AHR used here as the acid test) in live mice (in
vivo), showed that luteolin was the most reliable chemical consistently reducing the
action of TCDD in vivo (Fig. 2A). Other inhibitors, including CH223191(a well known
blocker of AhR) and zerumbonedid not reduce the action of TCDD (dioxin) in vivo (Fig.
2B), despite their effectiveness in vitro on P20E cells,. Finally by utilizing the cultured,
AhR over-expressing P20E breast cancer cells, we tested their tumorigenic growth in
vivo in athymic nude mice. This was done by initially transplanting
(i.e.xenografting)those laboratory cultured human breast cancer cells into the fat pad of
the breast tissue of live athymic nude mice, and treating them with luteolin, the
promising AhR inhibitor (Fig. 3). The effectiveness of luteolin in suppressing tumor
growth was studied by conducting continuous physical examinations through out the
10 weeks observation period on luteolin treated, P20E xenographted mice, along with
control mice which received only the vehicle used. The differences found between
luteolin treated and vehicle-treated (=control) mice in terms of the extents of
development of tumors during this observation period were clearly significant.

Key Research Accomplishments

1) Identification of zerumbone, luteolin, curcumin, MNF and 5-aza-2-deoxychtidine
as 5 most potent suppressors of cell proliferation of P20E human breast cancer
cells in vitro.

2) Final selection of luteolin to be the most potent blocker of the function of AHR in
live mice.

3) Establishment an in vivo model of human breast tumor growth by transplanting
(xenografting) P20E human breast cancer cells into athymic nude mice.

4) Confirming the effectiveness of luteolin in retarding tumor growth of human
breast cancer cells in the above in vivo hude mouse model.

Reportable Outcome

We are in the process of preparing a manuscript based on the above findings.
However, we still need additional experiments to confirm these results. As soon as it is
completed, reviewed and become a scientifically sound manuscript, which can be
submitted to a reputable scientific journal, we will provide that pre-publication material
to the sponsor of this project.

Conclusion.
Luteolin, a naturally occurring product from broccoli and other edible plants, has been
found to block the function of the arylhydrocarbon receptor (AHR) in live mice.




Furthermore, treatment of athymic nude mice with luteolin clearly retarded the growth
of breast tumors that were originated from transplanted AHR overexpressing human
breast cancer cells.

Figures
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Fig. 1 AhR overexpressing MCF10AT1cells (P20E),
along with control cells (P20C), were treated with
curcumin (10 uM), luteolin (5 uM), resveratrol (10 uM)
or zerumbone (5 uM) for 48 h, respectively.
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Average tumor size in the nude mice injected with or zerumbone. *, significantly different
breast cancer cells (MDA-MB-231, AhR overexpressing from the control samples; #, significantly
P20E, and P20E plus luteolin). The difference different from the TCDD alone sample
between P20E versus P20E+luteolin on week (P<0.05).
7,9and 10 were significant at p<0.05.




