UNCLASSIFIED

AD NUMBER

ADB266113

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Proprietary Information;
Aug 2000. Other requests shall be referred
to U.S. Army Medical Research and Materiel
Command, 504 Scott Street, Fort Detrick,
MD 21702-5012.

AUTHORITY

USAMRMC ltr, 28 Aug 2002

THIS PAGE IS UNCLASSIFIED




AD

Award Number: DAMD17-98-1-8170
TITLE: Transcriptional Regualtion of BRCAl

PRINCIPAL INVESTIGATOR: Sanjay Thakur, Ph.D.
Carlo Croce, Ph.D.

CONTRACTING ORGANIZATION: Thomas Jefferson University
Philadelphia, Pennsylvania 19107

REPORT DATE: August 2000
TYPE OF REPORT: Annual Summary

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

DISTRIBUTION STATEMENT: DISTRIBUTION STATEMENT: Distribution
authorized to U.S. Government agencies only (proprietary
information, Aug 00). Other requests for this document shall be
referred to U.S. Army Medical Research and Materiel Command, 504
Scott Street, Fort Detrick, Maryland 21702-5012.

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.

20010515 079




NOTICE

USING GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER
DATA INCLUDED IN THIS DOCUMENT FOR ANY PURPOSE OTHER
THAN GOVERNMENT PROCUREMENT DOES NOT IN ANY WAY
OBLIGATE THE ©U.S. GOVERNMENT. THE FACT THAT THE
GOVERNMENT FORMULATED OR SUPPLIED THE DRAWINGS,
SPECIFICATIONS, OR OTHER DATA DOES NOT LICENSE THE
HOLDER OR ANY OTHER PERSON OR CORPORATION; OR CONVEY
ANY RIGHTS OR PERMISSION TO MANUFACTURE, USE, OR SELL
ANY PATENTED INVENTION THAT MAY RELATE TO THEM.

LIMITED RIGHTS LEGEND

Award Number: DAMD17-98-1-8170
Organization: Thomas Jefferson University
Location of Limited Rights Data (Pages):

Those portions of the technical data contained in this report marked as
limited rights data shall not, without the written permission of the above
contractor, be (a) released or disclosed outside the government, (b) used by
the Government for manufacture or, in the case of computer software
documentation, for preparing the same or similar computer software, or (c)
used by a party other than the Government, except that the Government may
release or disclose technical data to persons outside the Government, or
permit the use of technical data by such persons, if (i) such release,
disclosure, or use is necessary for emergency repair or overhaul or (ii) is a
release or disclosure of technical data (other than detailed manufacturing or
process data) to, or use of such data by, a foreign government that is in the
interest of the Government and is required for evaluational or informational
purposes, provided in either case that such release, disclosure or use is made
subject to a prohibition that the person to whom the data is released or
disclosed may not further use, release or disclose such data, and the
contractor or subcontractor or subcontractor asserting the restriction is
notified of such release, disclosure or use. This legend, together with the
indications of the portions of this data which are subject to such
limitations, shall be included on any reproduction hereof which includes any
part of the portions subject to such limitations.

THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION.

ﬂﬁmw O &/21761
/ @, 7




Form Approvea

REPORT DOCUMENTATION PAGE OMB No. 074-0188

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 Washington Headquarters Services, Directorate for inforration Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

August 2000 Annual Summary (20 Jul 99 - 19 Jul 00)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Transcriptional Regualtion of BRCAl DAMD17-98-1-8170

6. AUTHOR(S)
Sanjay Thakur, Ph.D.
Carlo Croce, Ph.D.

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

Philadelphia, Pennsylvania 19107

E-MAIL:

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) ' 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

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

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
DISTRIBUTION STATEMENT: Distribution authorized to U.S. Government agencies only (proprietary information,
Aug 00). Other requests for this document shall be referred to U.S. Army Medical Research and Materiel Command,

504 Scott Street, Fort Detrick, Maryland 21702-5012, J5iiupmealefopis shimpeeigiarye e

13. ABSTRACT (Maximum 200 Words)

Suppression of BRCA1 transcription may contribute to the development of a subset of breast cancers.
Previously, we described a positive regulatory region (PRR) in the BRCA 1 promoter (J. Biol. Chem,
274,8837). Deletion of the PRR resulted in a significant loss of BRCA1 promoter activity. In
continuing studies we observed that the minimal BRCA1 promoter extends from —202 to —156 (therefore
excludes the start site). The promoter (with the PRR) primarily consists of two discrete functional
domains- (i) A polypyrimidine/polypurine (Py/Pu) tract and (ii) A CREB- (cAMP response element
binding) like binding site, Mutations in either of the domains severely reduced transcriptional and
binding activity. Additional results strongly suggest that estrogen exerts its indirect, positive effect on
BRCA transcription through the PRR. Furthermore, employing protein purification protocols, we
have obtained enriched fractions containing PRR-binding activity. Focus of the work involves
purification and identification of PRR binding factors.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Breast Cancer 23

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. 239-18
298-102




Table of Contents

COVET .t iririareresisrasssncntereressssmsssssssssasasssanssaseseseressseresessrsssssssssnsnsorassans

SF 208..cucuuireeiuiereiiaitnimenssreiirsrascrasesssrasesssssssssssssssassssrosnssnasssssossnne. .
Table of Conten—ts ...................................................................... 4
IntrodUction...........coiiiiii e 5
4T 7
Key Research Accomplishments............coiiimiiiiiiiiini e e 9
Reportable Qutcomes......cccoeiiiiiiiiir 9
CONCIUSIONS... ..t s s e s e s rn s e s e v nnrens 10
References.. ..o e e 1
Y o o T= g T L= 15




INTRODUCTION

Breast cancer is a major cause of mortality among American women and contributes to over
50,000 deaths every year. Approximately, 1 in 11 American women contract breast cancer during their
lifetime. Women with two or more first-degree relatives with breast cancer have an estimated 13-fold
increased risk over the general population (1). Although 95% of breast cancers are caused by somatic
mutations (sporadic breast cancers), a minority of cases (2-5%) were determined to be due to inherited
mutations (familial breast cancers) (2) (Reviewed in (3)). It was also determined that families with a
history of breast cancer have an inheritance pattern consistent with a highly penetrant autosomal dominant
breast cancer allele, which was localized to chromosome 17 (4). These seminal studies aided in the
identification and cloning of the breast cancer gene BRCA1 (5) and it has been observed that mutations in
the BRCA1 gene are associated with the development of mostly high grade breast cancers (5, 6).
Surprisingly, despite the presence of BRCA1 mutations in approximately 45% familial breast cancer (2),
the occurrence of somatic mutations in sporadic breast cancers are rare (7). The high penetrance of
inherited BRCA1 mutations, and the lack of somatic BRCA1 mutations in sporadic breast cancer, prompted
proposals that loss of function/expression of BRCA1 may be mediated by epigenetic mechanisms.
Consistent with this notion, several laboratories have observed CpG methylation of the BRCA1 promoter in
sporadic breast cancers, as opposed to the lack of the promoter methylation in normal breast cells (8-
12).This suggested that suppressed transcription of the BRCA1 gene played a role in breast cancer
causation, at least in a subset of sporadic breast cancers. Furthermore, decreased expression of BRCA1
gene products were reported in high grade, invasive sporadic breast cancer and these lower levels may have
occurred due to inhibition of BRCA1 transcription in a subset of cancers (13-15). Implicit in these
observations is that BRCA1 may play a broader role in breast cancer causation than initially appreciated
and that suppressed BRCAL transcription may contribute to increased breast cancer risk. Some information
regarding regulation of BRCA1 transcription was published (16-19). Our laboratory identified a positive
regulatory region (PRR) in the BRCA1 promoter (20). Deletion of the positive regulatory region (PRR)
resulted in a significant loss of BRCAL transcriptional activity. In addition, the PRR exhibited strong and

specific affinity for nuclear factors. Recently, these results were confirmed by Suen and Ross, wherein




they showed the importance of the region encompassing the PRR in the positive regulation of BRCA1
transcription (21). In the present report we present a detailed characterization of the PRR of the BRCA1
gene. We show that the PRR consists of two distinct domains, each of which possesses specific protein
binding activity. Subtle deletion and point mutations in the PRR resulted in the decrease in affinities for
binding proteins (data not shown) and are accompanied with concurrent decrease in the transcriptional
activities of the BRCA1 mutant promoters. These results hint that the downregulation of BRCA1
expression in sporadic breast cancers could be as a result of disruption of the PRR, either by methylation or
disruption of the transcription complexes assembling on the PRR. Furthermore, our results also suggest
that the BRCA1 promoter positive response to the proliferative effects of estrogen in breast cells is
mediated by the PRR. In addition, employing affinity purification protocols, we obtained highly enriched

fractions with specific binding activity for the Py/Pu region of the PRR.
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EXPERIMENTAL PROCEDURES
Mutants of the Positive Regulatory Region (PRR)- The isolation of the BRCA1 promoter, as well

as the conditions used for generation of BRCA1 promoter mutants have been described previously (20).
Systematic deletion and point mutants of the PRR were constructed utilizing polymerase chain reaction
(PCR) amplification.

Transfections and Electrophorectic Mobility Shift Assays (EMSA)- All the experiments were
performed with MCF-7 breast cancer cells. Cell cultures, transfections, luciferase assays, normalization of
transfection efficiencies, preparation of nuclear extracts and EMSA were essentially performed as
described previously (22) (20). For testing BRCA1 promoter response to B-estradiol, MCF-7 cells were
maintained in medium containing charcoal stripped serum purchased from Hyclone for at least three days
(to deplete endogenous cellular estrogen). To elicit a proliferative response, MCF-7 cells were treated with
10-7 M B-estradiol.

Protein purification- The Py/Pu binding proteins were enriched from 293-cell nuclear extracts
using affinity purification adapted from previously described procedures (23) (24).

RESULTS
Domains of the positive regulatory region (PRR)-

Schematic representation of PRR on the promoter and also the domains of the PRR are indicated
in Fig. 1. Previously, the role of PRR in regulating BRCA1 promoter activity was described (20).
Deletion of the 36 bp DNA segment consisting of the PRR resulted in a significant loss of the BRCA1
promoter activity. Additional investigations were initiated to characterize the BRCA1 PRR.

Sequence analysis of the PRR revealed that two potential domains exist within the PRR (Fig. 1).
The 5’ domain consists of over 96% homopyrimidine/homopurine (Py/Pu), wherein 26 out of 27 bases are
Py/Pu. Interestingly, the domain has a symmetric structure, and the 26 Py nucleotides (when the sense
strand is viewed) are evenly distributed on either side of the purine nucleotide, guanine. The second
domain contains the consensus-binding site for the cyclic AMP response element binding (CREB) protein.

In addition, our previous mutation studies indicated that sequential deletion of the Py/Pu and the CREB
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domain resulted in a stepwise loss of BRCA1 promoter activity (19). These data strongly suggested that
the Py/Pu and CREB sites acted synergistically or in concert to regulate BRCALI transcription and indicated
a bipartite nature of the PRR structure.

The prospect of a bipartite constitution of the PRR was tested by electrophoretic mobility shift
assay (EMSA). The protein binding activities of the Py/Pu and CREB sites were assayed when both were
present as a single unit (the PRR) as well as discrete sites (Fig. 2). The PRR site bound factors, which were
detected as diffuse DNA-protein complexes (Fig. 2a; lane 2). Non-specific competition had no effect on
the protein-DNA complexes (lane 3). Specific competition with an excess amount of double-stranded,
unlabelled PRR abrogated the protein-DNA complex (lane 4). Competition with excess Py/Pu
oligonucleotides resulted in decreased intensity of a higher mobility DNA-protein complex (arrow; lane 5).
Similar competition studies with the CREB site resulted in a decrease in the lower mobility band (long
arrow; lane 6). These experiments indicated that: (1) The proteins binding the PRR have specific affinity,
(2) the higher mobility complex contained proteins with affinity for the Py/Pu site and that (3) the lower
mobility complex contained proteins which bound the CREB site.

Experiments involving EMSA with discrete DNA probes derived from Py/Pu and CREB
sequences were performed to further characterize the factors that bound these sites individually. With
regard to the Py/Pu tract and the CREB site we observed a distinct, specific band for each probe (Fig. 2 ¢
and d), although the CREB binding protein exhibited variable intensity of binding, perhaps reflecting
regulation of its expression or processing. The CREB binding was also observed in Fig. 3b with the
deletion mutants of the PRR with disrupted Py/Pu sites and intact CREB sites (-186 to -178).

The data indicated that specific factors bind the Py/Py domain and the CREB site respectively
Transcriptional activity of the Py/Pu mutants-

Systematically deleted mutants of the PRR site on the BRCA1 promoter were transfected in MCF-7 cells
and the promoter activity was measured. Its was observed that there is a dramatic loss of activities with
systematic deletion of bases.

Electrophoretic mobility shift assay (EMSA) with progressively deleted PRR probe revealed a

gradual decline in the affinity of the probe for the binding proteins. The decrease in the binding affinity




was symmetric with the loss of promoter activity. These experiments reinforce the importance of the intact
Py/Pu domain for the normal activity of the BRCA1 promoter.

Transfection of the point mutants revealed the bases that are potentially important for
transcription. The 5’ end as well some of the core bases in the PRR region were important for normal
transcription of BRCA1 (Fig. 4a and b). BRCAI promoters with altered Py/Pu sites demonstrated
decreased transcriptional activities (Fig. 4a). Alteration of these bases resulted in a significant loss of
luciferase activity.

Preliminary experiments with mutated CREB site also resulted in a loss of tenascriptional
activity. Therefore, both the Py/Pu domain as well as the CREB site were found to be essential for
transcriptional activity of BRCA1 promoter.

PRR mediated effect of estrogen on BRCA1 transcription
MCEF-7 cells, which were maintained in stripped serum for at least 3 days, were transfected with BRCA1
promoter constructs with intact and disrupted PRR (Fig. 5). On addition of physiological amounts if -
estradiol, a modest though reproducible increase of the BRCA1 promoter (with intact PRR) activity was
observed. In contrast, there was no estrogen response by the BRCA1 promoter lacking intact PRR.
Enrichment of Py/Pu binding factors-
Affinity purification using the Py/Pu oligomers as a bait was used to purify the binding factors. The Py/Pu
binding activity eluted in 2M Nacl. We are scaling up the procedure in order to obtain adequate quantities
of the protein to enable identifiaction by protein sequencing.

KEY RESEACH ACCOMPLISHMENTS
- BRCA1 PRR is bipartite with a Py/Pu domain and CREB site.
- The estrogen effect on BRCAL transcription is mediated by the PRR.
- Factors binding the Py/Pu domain have been enriched several hundred fold.

REPORTABLE OUTCOMES

A manuscript based on the results is being prepared for publication.




CONCLUSIONS
The results of the research is contributing to the understanding, with regards to the downregulation of the
BRCAL1 expression frequnetly observed in breast cancer cells. Elucidation of the factors (both cis and
trans), involved in BRCALI transcription, may contribute to the understanding of the pathology of breast

cancer.
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APPENDICES
Figures and Figure Legends:
Fig. 1. Schematic representation and sequence of the of the Positive Regulatory Region (PRR) of the
BRCA1 promoter. The Py/Pu and the CREB sites are indicated. The single purine base (G) in the Py/Pu

site is indicated with an arrow and the 13 pyrimidine bases flanking the G are marked.

Fig. 2. PRR has two distinct functional domains. a) EMSA with probes designed from the PRR. The
PRR probe used is indicated in Fig. 1. Competitions were performed with 100 fold excess of double-
stranded, annealed and unlabeled PRR, Py/Pu (5’-TTC TTC CTC TTC CGT CTC TTT CCT TTT-3’) and
CREB (5’-CCT TTT ACG TCA TCC GGG GGC AGC T-3") oligomers. EMSA with (¢) Py/Pu and (d)
CREB probes were also performed. The non-specific competitor used was a synthetic oligomer, 5’-GTC

ACT ATG GCT TTC AAT TGG CCC GGC ATA G-3’ annealed to its complementary sequence.

Fig. 3. Analysis of the deletion mutants of the PRR. (a) Transcriptional activities of the systematic

deletion mutants of the Py/Pu domain. The 5’ deletion mutants as well as the normalized luciferase

activities are indicated. (b}-DNA-bindimg-analysis of the systematically-deleted PRR.

Fig. 4. Point mutants of the PRR. (a) Point mutants of the PRR were generated by PCR and subcloned in
the pGL3 basic vector. The transcriptional activities (as measured by luciferase activities) of each mutant

is indicated.

Fig. 5. Estrogen response of BRCALI transcription is mediated by the PRR region. (a) The positive
response to estrogen by BRCA1 promoter is mediated by the PRR. MCF-7 cells were transfected with
BRCA1 promoters with intact PRR (-202) and disrupted PRR (-180). The transfected cells (which were
maintained in media with stripped serum) were treated with 10'7 M B-estradiol where indicated.

Normalized luciferase activities are indicated.
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Fig. 6. Enrichment of Py/Pu binding proteins. Approximately 29, 750 mL, flasks of 293 cells were utilized
to make nuclear extracts as previously described (20). A column containing agarose beads linked to Py/Pu
DNA (prepared as described in [1996 #1234]) was used to enrich a partially purified extract (utilizing size
fractionation; data not shown) (a) The partially purified sample was passed over the column (by size

fractionation; data not shown) and washed with increasing salt concentration.
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