AD

Award Number: W81 XWH-06-1-0579

TITLE: Environmentally Induced Gene Silencing in Breast Cancer

PRINCIPAL INVESTIGATOR: Mitchell Turker

CONTRACTING ORGANIZATION: Oregon Health and Science University
Portland, OR 97239-0398

REPORT DATE: July 2007

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 OMB NG oA 0188

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 (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

01-07-2007 Final 1 Jul 2006 — 30 Jun 2007

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Environmentally Induced Gene Silencing in Breast Cancer 5b. GRANT NUMBER

W81XWH-06-1-0579

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Mitchell Turker 5e. TASK NUMBER

E-Mail: turkerm@ohsu.edu 5f. WORK UNIT NUMBER

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

Oregon Health and Science University
Portland, OR 97239-0398

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

The main goal of the study was to test the hypothesis that a reduction in gene expression (i.e. gene repression) could induce gene silencing (i.e. relatively
stable loss of gene expression) in breast cells. Silencing of a variety of tumor suppressor genes plays a major role in the initiation and progression of breast
cancer and our ultimate goal is to determine if environmentally induced gene repression plays a role as a trigger for the silencing events. The purpose of the
proposed work was to confirm or refute the hypothesis. The anticipated scope of the work was to test tumor suppressor promoters known to silence in breast
cancer for repression-mediated gene silencing, but we soon realized that this scope was too ambitious for a one-year funding period. We therefore changed
the scope somewhat to ensure that during the funding period we could at least test the basic principle of the hypothesis. This approach was successful and we
have now demonstrated that gene repression can induce gene silencing in mammalian cells. Moreover, we have recently acquired functional tumor
suppressor gene promoters that are silenced in breast cancer and can use remaining funds to test these promoters for repression-induced silencing.

15. SUBJECT TERMS
gene repression; gene silencing; environmental exposure; 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 uu 8 code)

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



mailto:turkerm@ohsu.edu

Table of Contents

INTRODUGCTION ... .ottt e e e e e e e e e e e e eennanees 4
BO DY ittt e e e e e e e 4
KEY RESEARCH ACCOMPLISHMENTS ....coiiiiiii e 7
REPORTABLE OUTCOMES. ...ttt 7
CONGCLUSION L.t e e e e e 8
REFERENCES ... ..o e e e e e eanaee N/A
APPENDICES ... e N/A

SUPPORTING DAT A et INCLUDED IN TEXT



INTRODUCTION

The main goal of the study was to test the hypothesis that a reduction in gene expression (i.e.
gene repression) could induce gene silencing (i.e. relatively stable loss of gene expression) in
breast cells. Silencing of a variety of tumor suppressor genes plays a major role in the initiation
and progression of breast cancer and our ultimate goal is to determine if environmentally
induced gene repression plays a role as a trigger for the silencing events. The purpose of the
proposed work was to confirm or refute the hypothesis. The anticipated scope of the work was
to test tumor suppressor promoters known to silence in breast cancer for repression-mediated
gene silencing, but we soon realized that this scope was too ambitious for a one-year funding
period. We therefore changed the scope somewhat to ensure that during the funding period we
could at least test the basic principle of the hypothesis. This approach was successful and we
have now demonstrated that gene repression can induce gene silencing in mammalian cells.
Moreover, we have recently acquired functional tumor suppressor gene promoters that are
silenced in breast cancer and can use remaining funds to specifically test these promoters for
repression-induced silencing. A no-cost extension has been requested.

BODY

Our original plan was to obtain gene promoters for tumor suppressor genes known to be
silenced in breast cancer cells, link these promoters to the selectable HPRT cDNA, transfect
these promoters stably into HPRT deficient MCF-7 breast cancer cells, use environmental
agents to repress promoter function (and thereby reduce HPRT protein levels), and then
determine if reduced HPRT protein levels could persist in the absence of continued promoter
repression. Such a result would demonstrate that gene repression could induce gene silencing
in breast cells. It quickly became apparent, however, that this agenda was too ambitious for a
variety of reasons including the relatively slow growth of the MCF-7 cells and the time required
to clone and test the tumor suppressor gene promoters. My fear was that we would create the
reagents necessary to test the

hypothesis within a year, but not A. HPRT null cells were stably transfected with pTET-OFF. This construct

have sufficient time to create expresses a fusion protein with the DNA and Dox binding domains of the
. . tet-repressor and the VP16 activation domain. Txn

conditions under which we could R - ctivator

actually conduct the test. | , | Tet-R - VP16 AD fusion gene | /

therefore made the decision to A //

modify the scope of the proposed
work to allow us to test the most
important part of the hypothesis,
which is that gene repression can — >
induce gene silencing. The y/: B HPRT L//

system that was developed and

the results obtained are detailed C. Addition of Dox reduces expression from the HPRT promoter by
below. binding activator protein.

B. The fusion protein (Tnx activator) binds to the tet-responsive promoter
and drives HPRT expression.

We used the tet-off system to
create a model in which
expression of a target gene could
be specifically repressed; in this

case by exposure to doxycycline .
(Dox), a tetracycline analog. The Figure 1. Ehe tet-off system. C_Zells are trqns{;;:tid V\é)if[hda )

. . construct that expresses an activator protein (A) that binds to the
target[ gene in this model system tet response element (TRE) on a second construct that expresses
remained the selectable human HPRT cDNA (B). Addition of Dox to the medium leads to removal
HPRT cDNA, which encodes a of the TRE protein from the promoter, and hence a reduction in

gene expression (C).

// HPRT
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protein that converts hypoxanthine and guanine to IMP and GMP, respectively. HPRT deficient
cells can be selected by adding thioguanine (TG) to the culture medium because TG Kkills cells
that express HPRT, whereas HPRT deficient cells can grow in the presence of TG. The Dox
repressible construct expressing HPRT cDNA was transfected stably into a Hprt deficient
mouse cell line termed DIF-6 that also contains the activator protein. Fig. 1 shows both

constructs (1A and B) and how the
system works to express HPRT, or
to repress HPRT (1C) when Dox is
added to the cell culture medium.
Hence, Dox represses transcription
of HPRT and removal of Dox from
the medium leads to rapid
restoration of HPRT expression.

The question we asked first was
whether transient repression of
HPRT transcription would lead to
gene silencing, as predicted by the
hypothesis. For these experiments,
we treated three HPRT expressing
transfectants containing the Dox
repressible construct (HPRT 1, 3,
and 4) for one week with 1 yM Dox.
Following the one-week treatment,
Dox was removed from the medium
to allow HPRT expression to return,

Table 1. Induction of phenotypic gene silencing via
transient repression of HPRT cDNA with Dox".

Cell Line® | Treatment Silencing
Freq 2

HPRT 1° untreated 9.8 X10°
HPRT 1 1 uM Dox (7 days) 9.4 X 10°
HPRT 3 untreated <45X10°
HPRT 3 1 uM Dox (7 days) 2.1X10"
HPRT 4 untreated <4.4X10°
HPRT 4 1 uM Dox (7 days) 1.6 X 10™

1 Doxycycline (Dox) represses transcription of minimal
CMV promoter by removing an activating protein.

2 Each cell line represents an independent transfectant.

3 Silencing frequencies represent the fraction of
thioguanine (TG) resistant clones (see text for more
detail).

4 This cell line gave rise to a single spontaneous TG
resistant clone.

1x10 [: 1uM Dox
and then the cultures were exposed Bl 0 0ox
to TG. The results from a e -
representative experiment are ? 8
shown in Table 1. Although most 3 T
cells died in the presence of TG & 1107
after Dox was removed from the & -
medium, which means these cells 2 1x10¢ [ ]
recovered HPRT expression, some e -1 —
cells became TG resistant cells due % 1x10°
to Dox exposure at frequencies al —
. -3 -4
ranging from 107 to 10™. TG 1X10°
resistant clones were not observed - -
in cultures that did not receive Dox
. . . 3days  5days 1wk 2wk 3wk
treatment, with a single exception. .
. Duration of Dox Exposure
Fig. 2 demonstrates that the
frequency of TG resistant clones Figure 2. Silencing frequency increases as a function
rose as a function of time that HPRT of Dox exposure. HPRT 3 cells (see Table 1) were
; exposed to Dox for the times indicated. After exposure, the
expression was repressed by Dox. cells were plated in the presence of TG to determine
- . ) silencing frequencies. Cells exposed to no Dox (0 dox) for
The ability of the cells to grow into clones in 1 and 2 weeks were also sampled, but neither plating
the presence of TG after Dox was removed yielded TG resistant clones.

suggested that silencing occurred. However,

this initial silencing event was short-lived because most TG resistant cells because most such
clones were unable to sustain growth in TG in the absence of Dox. Nonetheless, approximately
10% of the TG resistant clones exhibited permanent resistance to TG (i.e., they continued to




grow indefinitely in the presence of TG), which suggested that Dox exposure had induced long-
term silencing in these clones. Preliminary work showed that loss of HPRT expression was not
due to loss of expression of activator protein (data not shown), and therefore showed that the

apparent silencing event was occurring

at the HPRT locus itself. Further work Table 2. Reversion Frequencies for TG

was required, however, to distinguish resistant clones induced by Dox.

silencing from mutational inactivation

because of the relatively low percentage TG Cell '—i”ei Reversion Freq 5
HPRT 1-TG1 <04X10

of cells that were stably TG resistant.

-3
The quickest way to distinguish bona fide Eﬁ?i i'ggi'igg gé § 18_3
mutatlon_al events from the S|I_encmg HPRT 3-Dox.TO1 18X 107
process is to measure reversion HPRT 3-DoxTG2 12X 107
frequencies, which detect cells that HPRT 3-Dox-TGL 7 6 X107

reacquire expression of functional HPRT 3-Dox-TG2 16X 107
enzyme; silenced alleles often revert at

1 TG resistant cell lines derived from Table 1.

high frequency, whereas mutant alleles 2 Reversion frequencies measured in HAz
revert at low frequency or not at all. medium.
Stable TG resistant clones induced by This cell line isolated from untreated culture.

Dox exposure (from Table 1) were
expanded and then plated in the
presence of hypoxanthine and azaserine
(HAz medium), which requires HPRT
expression for cell survival. As shown in
Table 2, Dox-induced TG resistant
clones gave rise to spontaneous
revertant clones at high frequencies : ¥
(~ 10 to 10'®) confirming that Dox- __
induced loss of gene expression was due ' 1
to reversible silencing. Restoration of _ '
HPRT mRNA has been demonstrated .

using quantitative RT-PCR (data not

shown). Significantly, treatment of the

TG re_sistant cells cells Wi_th t_ri(_:hOStatin Figure 3. Induction of revertant cells with trichostatin A
A, a histone deacetylase inhibitor, (TSA). A Dox-induced TG resistant subclone of the H3 cell
dramatically increased the frequency of line was exposed to 300 nM TSA for 24 hours and compared

; _ _ with untreated cells (Control) using the reversion assay (Fig.
revertant cells (Figure 3), whereas 5-aza 2). An equal number of cells were plated in both dishes. The

dC, a DNA methylation inhi_bitor’ had no results show a significant induction of revertant cells via TSA
effect (data not shown). This result treatment

demonstrated than an early step in gene

silencing is histone deacetylation and that

it does not require promoter region DNA methylation. The one spontaneous TG resistant clone
(isolated from untreated HPRT 1 cells, Table 1) did not give rise to revertant cells, which
demonstrated that this clone lost HPRT expression via a rare mutational event.

In sum, the results can be interpreted as follows: Reversible gene repression is just that in the
vast majority of cells. After the repressing agent (i.e. Dox) is removed from the medium, HPRT
expression returns in most cells (>99.9%), as reflected by the inability of these cells to form
clones in the presence of TG. In a subset of cells (< 0.1%) persistent gene repression
consistent with gene silencing is observed after Dox exposure because these cells can form
clones in the presence of TG. The majority of these initial TG resistant cells (approximately
90%) eventual lose the ability to grow in the presence of TG. This result indicates that the first



step in silencing is quite unstable. Nonetheless, cells that exhibit stable silencing of the HPRT

construct can arise in
approximately 10% of the
TG resistant clones, thus
demonstrating a second
and more stable step in
the silencing process. The
second step is reversible
by inhibiting histone
deacetylation, which
demonstrates that this
chromatin modification
occurs early in the
silencing process. These
results confirm that
silencing is a multi-step
process and provide the
first system we are aware
of in which silencing can
be induced via a well-
defined mechanism (i.e.,
gene repression).

Finally, during the last year we
have isolated or acquired
functional promoters for the

Relative Light Units

BRCA-1, MLH1, and E-cadherin
tumor suppressor genes and have ligated these promoters to HPRT cDNA for eventual use in
breast cell lines. Fig. 4 shows that these promoters are functional because they can drive
expression of the luciferase reporter gene. (E-cadherin has not yet been tested.) Each promoter
can be repressed by one or more environmental agents that have been linked to breast cancer,
and it is our intention to use remaining funds to demonstrate that environmental repression can
induce silencing following the general strategy described above. A no-cost extension has been

requested.

Luciferase Activity
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Figure 4. Demonstration of promoter activity in cell lines. The human
BRCA-1 promoter linked to luciferase is shown to express in a mouse
cell line (Dif-6), a human fibrosarcoma cell line (HTD114), and a human
breast cancer cell line (MCF7). The MLH1 promoter was only tested in
the MCGY7 cells. The control TRE-Luc construct lacks a promoter. Note
that the Y axis showing luciferase activity is on a log scale.

KEY RESEARCH ACCOMPLISHMENTS

* Demonstrated that gene repression can lead to gene silencing in mammalian cells.
* Demonstrated that silencing is a multi-step process.

* Demonstrated that the earliest step in gene silencing is quite unstable.

* Demonstrated that the earliest step in gene silencing can progress to a more stable

form.

* Demonstrated that an early step in gene silencing is histone deacetylation.
* Obtained functional tumor suppressor gene promoters for use in completion of the

proposed work.

REPORTABLE OUTCOMES
* The data obtained from the Concept Award was use to apply for a three-year IDEA

Award.

* We have created cell lines in which gene silencing can be triggered by adding Dox to the
medium and the silencing process can be dissected and studied.



CONCLUSION

The main significance is that we have demonstrated that gene repression can trigger gene
silencing. To the best of my knowledge, this is the first clear demonstration of a trigger for gene
silencing; the experimental design is strongly suggestive that environmental repression can
induce gene silencing. Thus we have provided the first experimental system in which gene
silencing can be triggered and studied in mammalian cells. Additional work is anticipated to
show similar effects with tumor suppressor promoters known to be silenced in breast cancer
(see Figure 4). An understanding of how gene silencing is triggered can pave the way for
preventing this process, which can thereby help to devise therapies to prevent breast cancer.
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