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ABSTRACT

Prolonged exposure to estrogens is considered a major risk factor for development of breast cancer. When treated with estrogen for 28
weeks, ACI rats develop mammary cancers in over 90% of the population at risk. Genetic crosses between the susceptible ACI rat and
resistant Copenhagen (COP) or Brown Norway (BN) rats identified a region on chromosome 5 (Emcal) that modified the development
of estrogen-iaduced mammary cancer. To define the role of Emcal in the development of estrogen-induced mammary cancer, a
congenic line has been developed (ACI.BN-Emcal) in which the resistant BN allele of Emcal has been introgressed onto an ACI
background. Female ACI.BN-Emcal rats treated with estrogen for 28 weeks exhibit a significant decrease in the incidence of
mammary caicer in the population at risk, a significant delay in the latency to the development of mammary cancer, and a significant
decrease in the number of tumors per rat compared to ACI rats. These data suggest that Emcal is a strong modifier of estrogen-induced
mammary cancer. Additional congenic sublines, in which the Emcal locus has been divided into smaller regions, have been generated
and will be iased to further define the region(s) on chromosome 5. In addition, microarray analysis of 12 week estrogen-treated
mammary tissue from ACI and ACI.BN-Emcal rats was utilized to identify genes and ESTs that were differentially expressed as a
result of estrogen treatment. Analysis of the ACI.BN-Emcal congenic sublines will be used to more clearly identify the region(s) on
chromosome 5 that modify susceptibility to E2-induced mammary cancer, and microarray analysis will be used to identify genes that
are differentially expressed as a result of E2 treatment. These data will provide important information on the mechanism(s) by which
estrogen regulates the development of mammary cancer.
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INTRODUCTION: Prolonged exposure to estrogens is considered a major risk factor for
development of breast cancer. When treated with the naturally occurring estrogen, 1703-estradiol
(E2), ACI rats develop mammary cancers in over 90% of the population at risk. Genetic crosses
between the susceptible ACI rat and resistant Copenhagen (COP) or Brown Norway (BN) rats
identified a region on chromosome 5 (Emcal) that modified the development of estrogen-
induced mammary cancer. The purpose of this research is to determine the role of Emcal in the
development of mammary cancer. To define the role of Emcal in the development of mammary
cancer, a congenic line was developed (ACI.BN-Emcal) in which the resistant BN allele of
Emcal was introgressed onto an ACI background. During the first year of this grant, the
response of ACI.BN-Emcal females to E2 was characterized. When treated with E2, the
ACI.BN-Emcal congenic females develop mammary tumors with a significantly increased
latency and a significantly decreased incidence in the population at risk. In addition, ACI.BN-
Emcal females develop significantly decreased tumors per rat than the parental ACI females.
Statistical and genotypic analysis was also employed in an attempt to localize the region of
interest on chromosome 5. These data were utilized to develop four additional ACI.BN-Emcal
congenic sublines.

This report summarizes progress during the second year of this grant.

BODY: The following accomplishments are documented according to the approved statement of
work:
Task 1: Evaluate the impact of Emcal on the development of estrogen-induced mammary
cancer.

During this reporting period, the response of mammary tissues from ACI, ACI.BN-
Emcal, and BN rats following 12 weeks of E2 treatment was examined.

-Experimental design: Female ACI, BN and ACI.BN-Emcal rats were treated with E2
beginning at nine weeks of age. Following five weeks of treatment, animals were
examined twice weekly for the presence of palpable mammary tumors. Mammary tissues
were collected following 12 of E2 treatment.
- Female ACI (11), ACI.BN-Emcal (12), and BN (9) rats were treated with E2 for 12
weeks.
-Results: There was no difference in the mammary tissue from ACI, ACI.BN-Emcal, or
BN rats sham-treated with empty implants for 12 weeks. No tumors were identified in
any females following 12 weeks of E2 treatment. ACI and ACI.BN-Emcal females
treated with E2 for 12 weeks exhibited no difference in the gross appearance of
mammary glands at necropsy, and there was no discernible difference in whole mounts of
mammary glands from the two rat strains. Importantly, there was also no difference
histologically when comparing mammary tissue from 12 week E2-treated ACI and
ACI.BN-Emcal. However, mammary tissue from 12 week E2-treated BN females was
different from both ACI and ACI.BN-Emcal (Figure 1). These data suggest that Emcal
does not affect the proliferative response of the mammary gland to estrogen. Instead,
Emcal appears to delay the transformation of mammary hyperplasia to mammary cancer.
-Status: Because there was no discernable difference between the mammary glands from
12 week E2-treated ACI and ACI.BN-Emcal females, further analysis of differences in
cell proliferation and focal regions of atypical hyperplasia will be completed during the
final six months of the project, if applicable. Instead, 12 week E2-treated mammary tissue
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is being utilized for analysis of changes in gene expression using the Affymetrix Rat 230
2.0 microarray chip (see Task 2 below).

Figure 1. Rat strain-
specific responsiveness of ta - e

mammary tissue to 12 1 '
weeks of E2 treatment. __

The upper panel shows J (
sham treated mammary / ,U,:\:i
tissue from ACI, ACI.BN- p
Emcal, and BN female , ....

rats. The bottom panel
shows 12 week E2-treated
mammary tissue from the
corresponding strain of
female rats.

Task 2: Establish more precisely the location of the genes that confer and/or modify
susceptibility to estrogen-induced mammary cancer.

Additional genotyping and statistical analysis during the first year of this study did
provide insight into regions on chromosome 5 that could modify E2-induced mammary cancer.
These data were utilized to define regions of interest on chromosome 5 for the congenic sublines.
However, because these analyses could not be utilized to more precisely define the genes within
the Emcal locus that modify susceptibility to E2-induced mammary cancer, microarray analysis
of 12 week E2-treated mammary tissue is being utilized to determine changes in gene expression
and to identify genes within the Emcal locus that are differentially regulated by E2.

-Experimental Design: Total RNA was isolated from approximately 40 mg of 12 week
E2-treated mammary tissue from ACI (5) and ACI.BN-Emcal(5) female rats using the
Absolutely RNA miniprep kit from Stratagene. Two micrograms of RNA was labeled
and hybridized to the Affymetrix Rat 230 2.0 microarray by personnel in the UNMC
Microarray Core Facility.
-Results: Initial analysis of the microarray data eliminated those genes and expressed
sequence tags (ESTs) that were not consistently present or absent in all five samples from
a single rat strain. The remaining data were sorted and genes and ESTs were grouped
according to the following categories: those present in the ACI, but absent in the
ACI.BN-Emcal; those absent in the ACI, but present in the ACI.BN-Emcal; and those
present in both strains and exhibiting at least a two-fold difference in expression. T-tests
were performed on those genes and ESTs with at least a two-fold change to determine the
significance of the change. These analyses identified a total of 40 genes or ESTs that
were changed in the ACI compared to the ACI.BN-Emcal mammary tissue, of which 16
genes or ESTs reside on chromosome 5 within the Emcal locus (Table 1). A complete
listing of the genes and ESTs summarized in Table 1 are included in Appendix I.



Table 1. Summary of changes in gene and EST expression in 12 week E2-treated mammary tissue.

Number of
Total Number Changes on

Description of Changes Chromosome 5

Absent ACI - Present ACI.BN-Emcal 3 0

Present ACI - Absent ACI.BN-Emcal 9 2

Present in both and:
Increased ACI vs ACI.BN-Emcal 23 9
Decreased ACI vs ACI.BN-Emcal 5 5

These analyses indicate that microarray analysis can be utilized to identify genes and
ESTs that are differentially expressed in the mammary tissue of different rat strains.
These analyses provide important tools to identify genes and ESTs, both globally and
within Emcal, that are differentially expressed as a result of E2 treatment. In addition,
other methods, such as quantitative real time PCR, will be utilized to verify the
expression of selected genes.
* Status: Microarray analysis of 12 week E2-treated mammary tissue from BN rats and
matched untreated mammary tissue for ACI, ACI.BN-Emcal, and BN strains will be
completed during the final year. Comparison of gene expression profiles of mammary
tissue from treated and untreated rats will provide a comprehensive list of genes and
ESTs that are differentially expressed as a result of E2 treatment in the susceptible ACI
and resistant BN, including those genes and ESTs within Emcal. Identifying the estrogen
responsive genes will provide insights into the mechanism of estrogen action in the
development of mammary cancer.

Task 3: Characterize additional congenic lines carrying specific intervals of Emcal to
determine the effect of genotype on susceptibility to estrogen-induced mammary cancer.

During this reporting period, a fourth Emcal congenic subline was completed and female
rats from all sublines are currently being treated with E2.

* Experimental Design: Treat females from the four Emcal congenic sublines (ACI.BN-
Emcala, ACI.BN-Emcalb, ACI.BN-Emcalc, and ACI.BN-Emca1-p16; Figure 2) with
E2 for 28 weeks beginning at nine
weeks of age.
Figure 2. Boundaries of the four 25 - ___ E__

Emcal congenic sublines. The Emcal E,.,Io

locus has been divided and multiple 20

congenic lines developed to better
define the region of interest on
chromosome 5. Lines represent the 10
region on chromosome 5 encompassed
by the congenic sublines. 5

0
In
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Results: Because only a limited number of rats from each Emcal subline have been
treated for the full 28 weeks, incidence in the population at risk was analyzed following
20 weeks of E2 treatment, which represents the mean and median latency to the
development of mammary tumors for the susceptible ACI rat. Following 20 weeks of E2
treatment, all Emcal congenic sublines exhibited reduced incidence of mammary tumors
in the population at risk (Table 2), suggesting that multiple modifiers of E2-induced
mammary cancer resides within the Emcal locus. However, a larger population of rats
from each congenic subline, treated for the full 28 weeks, is required to determine
whether or not a modifier of E2-induced mammary cancer resides within the region of
Emcal found in these congenic sublines.

Table 2. Incidence of mammary tumors in the population at risk following 20 weeks of E2 treatment.

Number of Rats Percent Incidence
Strain Treated for 20 Weeks Following 20 Weeks E2

ACI 80 50.4
ACI.BN-Emcal 41 4.9
ACI.BN-Emcala 16 0
ACI.BN-Emcalb 25 13.6
ACI.BN-Emcalc 32 3.2
ACI.BN-Emcal-p16 9 11.1

* Status: Additional females from each of the congenic lines will be treated with E2,
with a goal of treating 40 rats from each of the congenic sublines.

KEY RESEARCH ACCOMPLISHMENTS:

"* Analysis of the proliferative response of the ACI.BN-Emcal congenic line
"* Initial analysis of changes in gene expression in the ACI.BN-Emcal congenic line
compared to the parental ACI (APPENDIX I)
• Initiation of E2 treatment for the ACI.BN-Emcal (26 rats), ACI.BN-Emcalb (35 rats),
ACI.BN-Emcalc (32 rats), and ACI.BN-Emcal-p16 (10 rats)

REPORTABLE OUTCOMES:

Gould, K.A., Murrin, C.R., Flood, L.A., Pennington, K.L., Schaffer, B.S., Tochacek, M.,
McComb, R., Meza, J.L., Wendell, D., and Shull, J.D. Genetic mapping of Eutrl, a locus
controlling E2-induced pyometritis in the Brown Norway rat, to RNO5. Mammalian Genome.
2005 (accepted)

Schaffer, B.S., Tochacek, M., Pennington, K.L., Meza, J.L., and Shull, J.D. Evidence that Emcal
is a genetic determinant of E2-induced mammary tumor incidence and tumor multiplicity in the
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ACI rat. Era of Hope - Department of Defense Breast Cancer Research Program Meeting, 2005
(Oral and Poster)

Gould, K.A., Tochacek, M., Schaffer, B.S., Reindl, T.M., Murrin, C.R., Lachel, C.M.,
VanderWoude, E.A., Pennington, K.L., Flood, L.A., Bynote, K.K., Meza, J.L., Newton, M.A.
and Shull, J.D. Genetic Determination of Susceptibility to Estrogen-Induced Mammary Cancer
in the ACI Rat: Mapping of Emcal and Emca2 to Chromosomes 5 and 18. Genetics. 2004 Dec;
168(4):2113-25,

Strecker, T.E., Spady, T.J., Kaufman, A.E., Shen, F., McLaughlin, M.T., Pennington, K.L.,
Meza, J.L., Schaffer, B.S., Gould, K.A., and Shull, J.D. Genetic Bases of Estrogen-Induced
Pituitary Tumorigenesis: Identification of Genetic Loci Determining Estrogen-Induced Pituitary
Growth in Reciprocal Crosses between the ACI and Copenhagen Rat Strains. Genetics. 2005
Apr; 169(4):2189-97..

Schaffer, B.S., McLaughlin, M.T., Tochacek, M., Pennington, K.L., Meza, J.L. and Shull, J.D.
2004 Confirmation of Emcal, a locus that modifies development of estrogen-induced mammary
tumors, in the ACI.BN-Emcal congenic rat strain. XVth International Workshop on Genetic
Systems in the Rat (Oral).

Schaffer, B.S., McLaughlin, M.T., Tochacek, M., Pennington, K.L., Meza, J.L., McComb, R.D.
and Shull, J.D. 2004 Characterization of estrogen-induced mammary cancer in the ACI.BN-
Emcal congenic rat: evidence that Emcal inhibits mammary carcinoma. San Antonio Breast
Cancer Symposium (Poster).

CONCLUSTIONS:

The ACI.BN-Emcal congenic line exhibited delayed latency to the development of E2-induced
mammary cancer, decreased incidence within the population at risk, and decreased tumors per rat
when compared with the susceptible ACI parental rats. Characterizing the susceptibility of the
additional congenic lines developed in Task 3 will further refine the Emcalinterval and aid in
identifying the genes within Emcal that modify susceptibility to E2-induced mammary cancer.
Analysis of gene expression profiles, utilizing Microarray technology, will provide a global list
of those genes differentially modified as a result of estrogen treatment. Together, these analyses
will provide unique insight into the mechanisms of estrogen action in the development of
mammary cancer. Understanding how estrogen promotes the development of mammary cancer
in the ACI rat could lead to the development of novel treatments, to prevent the development of
breast cancer and to treat existing breast cancer, in humans.
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