
AD 

GRANT NO:  DAMD17-94-J-4495 

TITLE:  New Therapeutic Approaches and Prognostic Assays for 
Breast Cancer:  Radiolabeled Ligands and Antibodies and 
Quantitative PCR 

PRINCIPAL INVESTIGATOR(S):  Robert E. Taylor, M.D., Ph.D. 
Indra Poola, Ph.D. 

CONTRACTING ORGANIZATION:  Howard University Medical School 
Washington, DC 20059 

REPORT DATE:  August 28, 1995 

TYPE OF REPORT:  Annual 19951018 158 
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. 

DTI® wasa***«» 9 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 

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 the 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 Information 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 

August  28,   1995 
3. REPORT TYPE  AND DATES COVERED 

Annual  (30  Sep  94 - 29  Sep  95) 
4. TITLE AND SUBTITLE 
New Therapeutic Approaches and Prognostic Assays for 
Breast Cancer: Radiolabeled Ligans and Antibodies and 
Quantitative PCR  

6. AUTHOR(S) 
Indra Poola, Ph.D. and Robert E. Taylor, M.D., Ph.D. 

5. FUNDING NUMBFR« 

DAMD17-94-J-4495 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Howard University Medical School 
Washington, DC 20059 

8.  PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

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

10. SPONSORING /MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION /AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

Our research proposal is on developing highly sensitive, rapid, cost-effective molecular assays 
for quantitating the transcripts of prognostic factors in breast cancer. In the first granting 
period, our goals were to establish the conditions for quantitating the transcripts of wild type-, 
and variant types of estrogen receptor (ER) using breast cancer cell lines in culture. We have 
designed PCR primers which can amplify various portions of ER mRNA. We tested the 
primers first on a plasmid cDNA (pIC-ER-F) which contains full length coding sequences of 
ER to establish the optimum PCR conditions. We have then used them to amplify various 
exons of ER cDNA prepared by reverse transcribing the RNA from MCF-7 cells. We are 
currently in the process of quantitaing the ER transcripts in MCF-7 cells by competition assay. 

14. SUBJECT TERMS 
Prognostic factors, estrogen receptor transcripts 
quantitative and PCR  Breast Cancer 

15. NUMBER OF PAGES 
13 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



GENERAL INSTRUCTIONS FOR COMPLETING SF 298 

The Report Documentation Page (RDP) is used in announcing and cataloging reports. It is important 
that this information be consistent with the rest of the report, particularly the cover and title page. 
Instructions for filling in each block of the form follow.  It is important to stay within the lines to meet 
optics! scanning requirements. 

Block 1. Agency Use Only (Leave blank). 

Block 2.   Report Date. Full publication date 
including day, month, and year, if available (e.g. 1 
Jan 88). Must cite at least the year. 

Block 3. Type of Report and Dates Covered. 
State whether report is interim, final, etc. If 
applicable, enter inclusive report dates (e.g. 10 
Jun87-30Jun88). 

Block 4,   Title and Subtitle. A title is taken from 
the part of the report that provides the most 
meaningful and complete information. When a 
report is prepared in more than one volume, 
repeat the primary title, add volume number, and 
include subtitle for the specific volume. On 
classified documents enter the title classification 
in parentheses. 

Blocks.  Funding Numbers. To include contract 
and grant numbers; may include program 
element number(s), project number(s), task 
number(s), and work unit number(s). Use the 
following labels: 

C    - 
G    - 
PE  - 

Contract 
Grant 
Program 
Element 

PR 
TA 
WU 

Project 
Task 
Work Unit 
Accession No. 

Blocke. Author(s). Name(s) of person(s) 
responsible for writing the report, performing 
the research, or credited with the content of the 
report. If editor or compiler, this should follow 
the name(s). 

Block?.  Performing Organization Name(s) and 
Address(es). Self-explanatory. 

Block 8.  Performing Organization Report 
Number. Enter the unique alphanumeric report 
number(s) assigned by the organization 
performing the report. 

Blocks. Sponsoring/Monitoring Agency Name(s) 
and Address(es). Self-explanatory. 

Block 10.   Sponsoring/Monitoring Agency 
Report Number. (If known) 

Block 11. Supplementary Notes. Enter 
information not included elsewhere such as: 
Prepared in cooperation with...; Trans, of...; To be 
published in.... When a report is revised, include 
a statement whether the new report supersedes 
or supplements the older report. 

Block 12a.  Distribution/Availability Statement. 
Denotes public availability or limitations. Cite any 
availability to the public. Enter additional 
limitations or special markings in all capitals (e.g. 
NOFORN, REL, ITAR). 

DOD 

DOE 
NASA 
NTIS 

See DoDD 5230.24, "Distribution 
Statements on Technical 
Documents." 
See authorities. 
See Handbook NHB 2200.2. 
Leave blank. 

Block 12b.  Distribution Code. 

DOD 
DOE 

NASA 
NTIS 

Leave blank. 
Enter DOE distribution categories 
from the Standard Distribution for 
Unclassified Scientific and Technical 
Reports. 
Leave blank. 
Leave blank. 

Block 13. Abstract. Include a brief (Maximum 
200 words) factual summary of the most 
significant information contained in the report. 

Block 14.  Subject Terms. Keywords or phrases 
identifying major subjects in the report. 

Block 15.   Number of Pages. Enter the total 
number of pages. 

Block 16.  Price Code. Enter appropriate price 
code (NTIS only). 

Blocks 17. -19.  Security Classifications. Self- 
explanatory. Enter U.S. Security Classification in 
accordance with U.S. Security Regulations (i.e., 
UNCLASSIFIED). If form contains classified 
information, stamp classification on the top and 
bottom of the page. 

Block 20. Limitation of Abstract. This block must 
be completed to assign a limitation to the 
abstract. Enter either UL (unlimited) or SAR (same 
as report). An entry in this block is necessary if 
the abstract is to be limited. If blank, the abstract 
is assumed to be unlimited. 

Standard Form 298 Back (Rev. 2-89) 
*U.S.GPO:1993-0-358-779 



Grant  No.   DÄMD17-94-J-4495 

FOREWORD 

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

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

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

(NA) Citations of commercial organizations and trade names in this 
report do not constitute an official Department of the Army endorsement or 
approval of the products or services of these organizations. 

(NA) 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 
Animal Resources, National Research Council (NIH Publication No. 86-23, 
Revised 1985) . 

(NA) For the protection of human subjects, the investigator(s) have 
adhered to policies of applicable Federal Law 32 CFR 219 and 45 CFR 46. 

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

Robert E. Taylor, M/J/. , Ph.D. & Indra Poola, Ph.D.     8/28/95 

Principal Investigator's Signature Date 



GRANT REPORT TABLE OF CONTENTS 

A. Introduction. 

1. 
2. 
3. 
4. 
5. 

Hormone receptors  
Growth factor receptor superfamily  
Proteins which are involved in invasive or metastatic phenotype 
Current prognostic factor evaluation and their disadvantages. 
Development of new prognostic assays  

.1 

1 
1 
1 
2 
2 

B. Specific Aims 2. 

C. Body of the Report (studies and results) 3 

1. Procuring and culturing of estrogen receptor positive and 
negative cancer cell lines  
2. RNA isolation from tissue culture cell lines   
3. Reverse transcription of RNA  
4. Design and testing of PCR primers  

a. testing on plasmid cDNA (pIC-ER-F)  
al. Primer set ER1S and ER1A  
a2. Primer set ER2S and ER2A  
a3. Primer set ER3S and ER3A  

b. Testing of Primers on cDNA prepared by RT 
reverse transcription of RNA  

5. Quantitäten of estrogen receptor transcripts  

D. Conclusions. 

E. References. 

F. Appendix... 

3 
3 
3 
4 
4 
4 
4 
5 

5 
5 

.5 

.6 

.7-9 

Accesion  For 

NTIS     CRA&I 
DÜC     TAB 
Ui)dil;'0!i; c^d 

Justification 

By  
Distribution/ 

Availability Codes 

Dist 

A- 

Avail and/or 
Special 



GRANT REPORT 
Robert E. Taylor, M.D.,Ph.D 

and 
Indra Poola, Ph.D 

A. INTRODUCTION 

Breast cancer is a tumor of the mammary gland epithelium affecting about 176,000 
women in the western hemisphere and killing about 50,000 people every year in the United 
States. A substantial body of epidemiological, experimental, and clinical evidence indicates that 
exposure to the natural hormones, estrogen, progesterone and prolactin, which are important 
for the normal development and function of the breast tissue, play a major role in the growth 
of breast cancer cells and may even contribute to the development of breast cancer. 

Prognostic factors in breast cancer .Once diagnosed with breast cancer, therapeutic 
approaches, survival rate and disease recurrence depend upon the expression of the prognostic 
factors, hormone receptors, growth factor receptor superfamily and proteins involved in 
invasive metastatic phenotype in the tumor tissues. 

1. Hormone receptors. The most important among prognostic factors is the estrogen 
receptor (ER). The presence of ER in tumors indicates a good prognosis and the patients 
respond to anti-estrogen therapies. The expression of various molecular forms of ER was 
studied in several breast cancer cell lines and tissues. The results have revealed very interesting 
findings. Analysis of the estrogen receptor mRNA has shown that it undergoes alternate / 
inaccurate splicing in the tumor tissues giving rise to several aberrant (variant) forms of the 
receptor molecules1. These studies raise the possibilities of various species of ER which have 
mutations/truncations in the 1) estrogen binding region (exons 4-8), 2) DNA binding region 
(exons 2-3) and 3) other portions of the receptor molecule. In T47D cells, several variant 
mRNA species and their protein products lacking exons 2, 3, or 7 representing 25% of the ER 
mRNA were recognized2. To study the effect of the above mutated\truncated (variant) 
species, cDNAs corresponding to wild type and variant forms were expressed in cell lines 
and the estrogen-, and DNA binding properties were evaluated. It was found that the 
variant species interfere with the normal wild type ER for its binding with estrogen 
response elements (ERE) on the DNA- and hormone binding and estrogen induced gene 
transcription presumably by heterodimer formation3. 

2. Growth factor receptor superfamily. In the last five years, it was shown that 
several other proteins participate in the aberrant growth of breast cancer cells and influence 
disease prognosis. These include EGF-receptor, IGF-I receptor, and erbB2. 

3. Proteins which are involved in invasive or metastatic phenotype. In addition to 
hormone and growth factors receptors several other gene products are implicated in the 



prognosis of breast cancers. Important among them are nm 23, laminin receptor and p53. 

4. Current prognostic factor evaluation and their disadvantages. The presence of 
ER and other prognostic factors in the tumor tissues are currently evaluated by 
immunochemical methodologies in clinical laboratories. While these provide information on 
the presence of ER, they are 1) very cumbersome, 2) time consuming, 3) not highly sensitive, 
4) require a large sample to evaluate all prognostic factors, 5) do not yield quantitative 
information, 6) not suitable to evaluate in fine needle aspirations and 7) very expensive to the 
patient. Most importantly, immunohistochemical assays cannot distinguish between the 
wild type and variant forms of ER, therefore, cannot predict hormone therapy responders 
precisely. Because of the therapeutic considerations, there is an urgent need to rapidly 
quantitate and get a profile of wt and vt of ER to predict hormone therapy responders 
and disease prognosis. 

The essence of our proposal is to develop highly sensitive cost effective quantitative 
PCR assays to measure a multitute of hormone receptors and other diagnostic and 
prognostic factors in breast cancers. 

5. Development of new prognostic assays. In our grant, we proposed to develop highly 
sensitive, rapid, cost-effective PCR based methods to quantitate all the prognostic factors in 
a small amount of clinical samples. The developed assays could be used virtually in every 
clinical lab to diagnose and evaluate prognosis of breast cancers. The significance of this assay 
is that patients could then be identified who are most likely to respond to hormone therapy and 
that the overall prognosis may be assessed on the basis of many indicators. At present, only 
one or a few, prognostic markers are tested on a given patient sample. 

B. SPECIFIC AIMS. 

The specific aims of our proposal are to develop highly sensitive PCR methods for 
rapid, specific, diagnosis of breast cancers on the basis of their estrogen- and progesterone 
receptor expression. To achieve these goals our proposed to conduct the following. 

1. Quantitation of wild type and variant forms of estrogen receptor in estrogen 
responsive cell lines: a) RNA extraction, b) reverse transcription, c) primer selection, d) PCR, 
e) relative quantitation and f) absolute quantitation. 

2. Correlation of the transcript number with functionally active estrogen receptor 
molecules in estrogen responsive cell lines: a) estrogen binding activity and b) 
DNA (ERE) binding activity 

3. Quantitation of wild type and variant types of estrogen receptor in breast tumor 
tissues 

4. Comparison of estrogen receptor mRNA levels and functionally active protein levels 
in patient samples 

5. Quantitation of other prognostic factor transcripts and 
6. Application of RTP asssay to predict prognosis in patients. 



C. BODY OF THE REPORT (STUDIES AND RESULTS). 

During the first year of granting period, we have focussed on achieving 
our first goal: quantitating the wild type and variant forms of estrogen receptor. In the first 
granting period we have 1) achieved in procuring and culturing the estrogen receptor positive 
breast cancer cell lines 2) establishing the PCR conditions for amplifying the various portions 
of estrogen receptor mRNA in estrogen responsive cell lines and 3) started quantitating 
estrogen receptor transcripts from MCF-7 cell lines. 

1. Procuring and culturing of estrogen receptor positive and negative cancer cell 
lines. We have obtained estrogen responsive cell lines, MCF-7 and T47D from ATCC and 
established them in culture in our laboratory. As well, we have obtained estrogen receptor 
negative cell line from ATCC, and HCD-57, a murine erythroleukemia cell line from Dr. D. 
Hankins of Johns Hopkins University Medical School. 

2. RNA isolation from tissue culture cell lines. In order to quantitate RNA transcripts 
by PCR, which amplify DNA, it is critical that both the RNA extraction and reverse 
transcription of RNA are quantitative as well. We have extensively tested various RNA 
isolation procedures and found the procedure described below to be most quantitative. We 
found that it is extremely reproducible and accurate with small number of cells. The procedure 
we have standardized is essentially the modification of procedure published by Gouch4. 
Briefly, 5 X 108 cells from culture were rinsed with phosphate buffered saline pH 7.4 (PBS) 
and resuspended by gentle mixing in 200 ul of solution A (10 mM Tris (pH 7.5), 0.15 raM 
NaCl, 1.5 mM MgCl2, 0.65 % Nonidet P-40) then incubated on ice for 5 min to allow cells to 
lyse. Samples were vertexed, pelleted and the supernatant transferred to a fresh tube containing 
200 ul of solution B ( 7 M urea, 1% SDS, 0.35 mM NaCl, 10 mM Tris pH 7.5 and 10 mM 
EDTA). Samples were then extracted with 400 ul of PCI (one part isoamy alcohol to 24 parts 
chloroform mixed equally with phenol), once with 400 ul of Cl (one part of isoamyl alcohol 
to 24 parts of chloroform) then ethanol precipitated by standard methods5. The isolated RNA 
was tested for on 1% agarose gels. 

3. Reverse transcription of RNA. To make cDNA from RNA samples, 1 ug of total 
RNA was reverse transcribed using random hexamers as primers in a 20 ul of reaction mix 
(10 mM Tris-HCl, pH 8.3, 5 mM MgCl2, 50 mM KC1, 1 mM each dNTP, 2.5 uM random 
hexamer, 1 U/ul RNAse inhibitor, 2.5 U/ul reverse transcriptase (Perkin Elmer Cetus, Norwalk 
CT). This was incubated at room temperature for 10 min at 42° C for 15 min and 4° C for 5 
min using the thermal cycler for all but the room temperature incubations (Mj Research, Inc. 
Programmable Thermal Controller Model PTC-100). 

4. Design and testing of PCR primers which can specifically amplify various 
portions of estrogen receptor mRNA. The genomic and cDNA sequences of the human 
estrogen receptor have been published6. Because of the observations that estrogen receptor is 
expressed as truncated and mutated (variant) forms in breast cancer tissues, we have designed 
several primer sets encompassing exons 2-8, so that all the variant forms can be amplified and 



quantitated. The primer sets are given in the Table. 1. A probe was also synthesized (Table. 1), 
which has the sequence in the exon 4 region, so that it can recognize the PCR products of all 
the primers. We have tested the above primers first with cloned human estrogen receptor 
cDNA gene, pIC-ER-F, which contains the full length coding sequences (obtained from 
ATCC). After establishing the optimum conditions we have tested the primers on cDNA 
prepared by reverse transcribing the RNA isolated from MCF-7 and T47D cell lines. 

TABLE 1: PCR PRIMERS FOR THE HUMAN ESTROGEN RECEPTOR (hER) 

PRIMER PAIRS LOCATION 

ER1S 5'ATGACCATGACCCTCCACACC3' 
ER1A 5'GGTCAGTAAGCCCATCATCG3' Exons 1-4 

ER2S 5'GGAGACATGAGAGCTGCCAAC3' 
ER2A5'CCAGCAGCATGTCGAAGATC3' Exons 4-6 

ER3S 5'GCCCGCTCATGATCAAACGC3' 
ER3A 5'TCAGACTGTGGCAGGGAAACC3' Exons 4-8 

PROBE 
5'CTGGCCTTGTCCCTGACGGCCGACCA- 
GATGGTCAGTGCCTTGTTG 3' Exon  4 

a. Testing the primers on plasmid (pIC-ER-F) cDNA. All the above three 
pairs of primers were first tested to optimize the PCR conditions. 

al. Testing the primer set ER1S and ER1A. We have tested this set 
of primers which can amplify in the region of the exons 1-4 on pIC-ER-F for optimum Mg++ 

concentration, primer concentration, denaturation-, annealing-, and extension conditions. We 
have found that the optimum Mg++ion concentration is between 0.75-1 mM, denaturation at 
94°C for 1 min, annealing at 45°C, and extension at 72°C for 3 min for 35 cycles. The resulting 
PCR product of size 1041 bp could be visualized on agarose gels (shown in Fig.l). 

a2. Testing the primer set ER2S and ER2A. As described in the above 
table this set amplifies the segment of mRNA in the region of exons 4-6. We have tested this 
set for optimum PCR conditions as described above for ER1S and ER1A. We found that the 
optimum Mg++ion concentration is between 2-2.5 mM, denaturation at 94°C for 1 min, 
annealing for 2 min at 58°C , and extension at 72°C for 3 min. The resulting PCR product of 
size 438 bp can be seen in Fig.2 



a3. Testing of primer set ER3S and ER3A. This primer set amplifies the mRNA in 
the region of exons 4-8. The optimum PCR conditions we have obtained are Mg++ion 
concentration at 1 mM, denaturation at 94°C for 1 min, annealing for 2 min at 45°C , and 
extension at 72°C for 3 min. The resulting PCR product of size 920 bp can be seen in Fig.3 

b. Testing of the primers on cDNA prepared from reverse transcription of 
MCF-7 cell RNA. After standardizing the PCR conditions for the above primers using the 
plasmid cDNA, we went on to test them on the cDNA prepared by reverse transcribing the 
RNA. Total RNA was isolated and reverse transcribed as described. We found that using the 
same PCR conditions described as above, we could amplify the sequences of reverse 
transcribed RNA of the exons 1-4, 4-6 and 4-8. We have obtained similar results as seen in 
Figs 4-6 respectively. In each case we have included a primer set which amplified mRNA of 
constitutively expressed protein, glyceraldehyde 3-phosphate dehydrogenase (GAPDH). 

5. Quantitation of estrogen receptor transcripts. Our main goal of the proposal is to 
quantitate the transcripts of estrogen receptor and various other prognostic factors. Having 
established the PCR amplification of estrogen receptor, we began the experiments on the 
quantitation of wild type and variant types of estrogen receptor transcripts by competition 
assay. Briefly, we will quantitate the transcripts by precisely determining the number of 
specific RNA transcripts by template competition7. In this approach, two templates which are 
specific for the same primers are used in the PCR reactions. The templates are amplified at the 
same efficiency and the ratio of the two PCR products will reflect the starting ratio of the two 
template DNAs. This means that if the amount of a competitor DNA is known then the amount 
of unknown template can be precisely determined by measuring the two PCR products. This 
requires that the products generated by the two different templates must be distinguishable from 
each other. 

Designing the competitor for the absolute quantitation of estrogen receptor. 
We have designed a competitor plasmid as described in the Fig.7. As described in the Fig.7 
each set of primers in Table. 1 flanks an unique HindlH site within exon 4. A 125 bp Hindlll 
fragment from bacteriophage lambda DNA was inserted into the site. We will use this construct 
as a competitor to quantitate estrogen receptor transcripts. When this si used as a competitor 
template in a PCR reaction for the estrogen receptor, it will generate a product that is 125 bp 
larger than the normal product and easily distinguishable on an agarose gel. We are currently 
in the final stages of obtaining the competitor cDNA. We anticipate that in the next couple of 
weeks we will conducting the trancript quantification experiments. 

D. CONCLUSIONS 

The results we have obtained indicate the feasibility of developing the quantitative 
molecular assays for breast cancer. Estrogen receptor transcripts could be quantitated by PCR 
in breast cancer cell lines. 
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