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Lady Davis Institute
3755 Cote St Catherine Rd.
Montreal, Quebec
H3T 1E2

June 15th, 1999

Commander
U.S. Army Medical Research and Materiel Command
ATTN: MCMR-RMI-S
504 Scott Street
Fort Detrick, MD 21702-5012

RE: Distribution of Annual Summary Report for Award Number DAMD17-97-1-7167

Dear Commander,

Please note that the Annual Summary report for award number DAMD17-97-1-7167 contains
unpublished data and that the distribution statement should therefore indicate that its
distribution be limited. Thank you for your consideration.

Sincerely,

Caroline Rousseau
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Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

Citations of commercial organizations ana tLca&X.. zn i
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and use of
Laboratory Animals of the Institute of Laboratory Resources,
national Research Council (NIH Publication No. 86-23, Revised
1985).

SFor the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

LP In conducting research utilizing recombinant DNA
technology, the investigator(s) adhered to current guidelines
promulgated by the National Institutes of Health.

U` In the conduct of ressarch utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety
in Microbiological and Biomedical Laboratories.

PI - Signature Date
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INTRODUCTION

This project explores the interaction between the expression of estrogen receptor in
human breast cancer cells and their response to retinoids. It is well documented that
estrogen receptor augments the growth inhibition caused by retinoids. We are currently
studying why estrogen receptor positive cells respond to retinoids and, more generally,
how related steroid hormones may act together to promote or inhibit cell growth. The
proposed research may illuminate mechanisms by which steroid hormone receptors
interact to control transcription, as well as suggest directions for the use of retinoids in
the treatment of breast cancer.

ANNUAL SUMMARY

This research proposes to study the mechanism by which growth of human breast cancer
cells can be inhibited by retinoids. Retinoids are derivatives of Vitamin A which are of
increasing interest in the treatment of cancer patients. Retinoic acid (RA) acts by binding
to a family of nuclear receptors (RARIRXR) which in turn bind as heterodimers to
response elements (RAREs) in the promoters of various genes to activate transcription.
Transcription from retinoid response elements can be modulated by transcriptional
intermediates which can directly stimulate or inhibit transcription in a ligand-dependent
fashion. For example, in the absence of RA, SMRT and N-CoR proteins interact directly
with RAR and RXR in an inhibitory manner to prevent transcription from the RAREs.
Conversely, AMB1, SUGI, TIF2 and CBP are stimulatory intermediates which increase
transcription in the presence of RA.

In general, ER+ breast cancer cells are growth inhibited by retinoids, whereas ER- cells
are resistant. Prior studies in this laboratory have indicated that the retinoid response
observed in ER+ cells is independent of its ligand, estrogen, thereby suggesting an
original molecular mechanism for its interaction with the retinoid response. To
understand the role of the estrogen receptor, we first wished to establish comparable cell
lines. For this purpose, we stably transfected a parental ER- cell line (MDA-23 1) with the
estrogen receptor. Any differences in the retinoid response when comparing these two
cell lines will therefore be due to addition of estrogen receptor.

The role of the estrogen receptor in RA response is further complicated by the recent
discovery of another estrogen receptor, ERP3. ERP3 can heterodimerize with ERa, interact
with the same ligands and shares greater than 90% homology with the DNA-binding
domain of ERax. The level of ERP3 in the ER-negative and ER-positive cells lines was
assessed by RNAse protection assay and found to be equivalent in the cell lines studied.

Task #1 addressed the RA-induced transcriptional activation in ER+ and ER- cell lines.
Thus far, we have tested one reporter plasmid driven by a P3RARE DR5 response element.
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The fold induction from the I3RARE was greater than 100 times higher for the ER-stably
transfected cell line as compared to the parental ER- line. This indicates that ER modifies
the transcriptional response of RAREs to RA and may be a mechanism by which ER
increase the growth inhibitory effects of RA. We are currently evaluating the retinoid
response of other promoters based both on direct repeats and inverted repeats.

The role of transcriptional intermediates was then evaluated in Task #2. Northern blots
were performed to determine the level of expression of the inhibitory and stimulatory
transcriptional intermediates. In all ER- and ER+ cell lines examined, no significant
differences were found at the transcriptional levels. Although Western blots for protein
levels were not yet determined due to the poor quality of antibodies available for these
intermediates, the results of the Northern Blots do not indicate differences in
transcriptional intermediates.

The research over this past year has focused mainly on identifying the functional domain
of ER required to confer retinoid sensitivity (Task #4). For this purpose, ER- cell lines
(MDA-MB-23 1) were stably transfected with estrogen receptor or deletion mutants. The
ER wild-type and mutants were subcloned into a retroviral vector containing a packaging
site, multiple cloning site, internal ribosomal entry site (IRES) and enhanced green
fluorescent protein (GFP) located between two long terminal repeats (LTS). Following
the subcloning step, viral producer cells were transfected with the ER-containing vector.
Positively transfected cells (green fluorescent cells) were cloned and expanded to
maximize the percentage of viral producers. When induced to produce virus, the stably
transfected cells shed virus containing ER-GFP RNA, reverse transcriptase, integrase and
protease. The media containing virus was collected, concentrated and used to infect
MDA-231 target cells. The RNA gets integrated at random sites within the genome and a
mixed population of ER (or deletion mutant)-positive green fluorescing cells is generated.
The GFP does not have any deleterious effect on cellular function and provides and easy
mechanism for detection of infected cells.

Thus far, this technique was used to produce ER (wild-type)-positive cells and 3 deletion
mutants are currently underway. The presence of ER was confirmed by Northen blot and
will also be evaluated by Western. The ER-wild-type stably transfected cells survive both
in stripped and full calf serum. This is in contrast to many reports in the literature which
state that ER-reconstituted cells are growth inhibited by full calf serum and must be
grown in stripped serum only. However, the functionality of the estrogen receptor in
these stable lines will be confirmed using ligand-binding assays and transcriptional assays
using a' estrogen response element (ERE).

The growth rate of ER-transduced cells and the control empty-vector transduced ER-
negative cells was studied to determine if the reconstitution of ER restored the RA
sensitivity. The results from a growth curve comparing the two cell lines indicate that the
ER-transduced cells were growth-inhibited by retinoids, whereas the parental cells were
not. Since the only variation between these cell lines is the presence of ER, then this
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clearly indicated a role for the estrogen receptor in RA-mediated growth inhibition and
retinoid pathways.

The transcriptional response to RA was also observed using a P3RARE reporter construct.
ER-transduced cell lines had a greater fold activation on a RARE than ER-negative cell
lines. This indicates that the presence of ER potentiates RA-mediated transactivation.
Perhaps the expression of ER in breast cancer cells may increase the expression of an
intermediate that stimulates transcription in the presence of RA, or represses transcription
in the absence of the RA ligand. Alternatively, ER may also bind to and recruit an
inhibitory or stimulatory intermediate and thus mediate RA-responsiveness via changes
in the relative expression of the above intermediates. The deletion studies will be useful
to identify the functional domain of ER required to potentiate the retinoid response. The
generation of these cells lines therefore provides a valuable tool for understanding the
role of ER in the RA-mediated response.

When the necessary domain of ER required to confer the RA response is established, I
will use this specific domain in GST pulldown experiments to compare protein-protein
interactions in ER+ and ER- cell lines. Breast cancer cell extracts before and after
retinoid treatment will be compared for binding to RAR/RXR heterodimers. Protein
bands that appear regulated by the presence of ER or by retinoid treatment will be further
studied.

Understanding the interaction of the signaling pathways between ER and retinoids in the
suppression of cell proliferation will provide a strategic approach to the development of
innovative therapies for the treatment or prevention of breast cancer. Understanding how
steroid hormone receptors interact to control transcription and inhibit growth of cancer
cells will suggest directions for the use of retinoids, and hopefully for the development
of novel compounds that will lead to significant advancement in the hormonal treatment
of breast cancer.
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APPENDIX

Key Research Accomplishments

"* Subcloned ER and ER-deletion mutants into retroviral vector.

" Generated ER-wild-type and ER-deletion mutants viral producer cell lines.

" Generated stably-transduced cell lines from the ER-negative parental line MDA-231
by infection with virus containing ER-wild-type, ER-deletion mutants and empty
retroviral vector.

" Observed the transcriptional activation of ER-transduced versus control cell line on a
P3RARE.

" Observed the growth inhibitory effect of retinoids on the ER-transduced versus control
cell lines.

"* Performed Northern blots for expression of transcriptional intermediates

"* Determined the ERP expression by RNAse protection assay in ER-negative and ER-
positive cell lines.

Reportable Outcomes

Cell lines have been developed as described above. Stably-transduced cells derived
from the ER-negative parental line MDA-231 were generated by infection with virus
containing ER-wild-type, ER-deletion mutants and empty retroviral vector.
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