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IDENTIFICATION AND CHARACTERIZATION OF PREGNANCY-
ASSOCIATED GENETIC SIGNATURES AND USE THEREOF FOR
DIAGNOSIS AND TREATMENT OF BREAST CANCER

By
Jose Russo
Irma H. Russo
Pursuant to 35 U.S.C. §202(c), it is acknowledged that the U.S. Government

has certain rights in the invention described, which was made in part with funds from

the National Institutes of Health, Grant Number CA093599.

FIELD OF THE INVENTION

This invention relates to the fields of molecular biology, genetics and breast
cancer. More specifically, the invention provides a genetic signature associated with
reduced risk of breast cancer. Methods and kits for using the sequences so identified
for diagnostic and therapeutic treatment purposes are also provided, as are therapeutic

compositions for treatment of breast cancer.

BACKGROUND OF THE INVENTION

Several publications and patent documents are cited throughout the
speciﬁcatioin in order to describe the state of the art to which this invention pertains.
Each of these citations is incorporated herein by reference as though set forth in full.

More than 300 years elapsed since a striking excess in breast cancer mortality
was reported in nuns, in whom the increased risk was attributed to their childlessness
[1] until MacMahon et al. [2], in a landmark case-control study found an almost linear
relationship between a woman's risk and the age at which she bore her first child. This
work, that included areas of high, intermediate and low breast cancer risk in seven
parts of the world, confirmed that pregnancy had a protective effect that was evident
from the early teen years and persisted until the middle twenties [2]. Other studies
have reported that additional pregnancies and breastfeeding confer greater protection
to young women, including a statistically significantly reduced risk of breast cancer in
women with deleterious BRCAI mutations who breast-fed for a cumulative total of
more than 1 year [3,4]. Our studies, designed for unraveling what specific phenomena
occurred in the breast during pregnancy for conferring a lifetime protection from

developing cancer, led us to the discovery that endogenous endocrinological or
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environmental influences affecting breast development before the first full term
pregnancy were important modulators of the susceptibility of the breast to undergo
neoplastic transformation [5,6]. The fact that exposure of the immature breast of
young nulliparous females to environmental physical agents [7] or chemical toxicants
[8, 9] results in a greater rate of cell transformation has been demonstrated through
the identification of the cell of origin of chemically induced mammary cancer in
rodents [10] and the stem cell of breast cancer in women’s breast, and confirmed by
studies in an in vitro model [5, 6].

The protection conferred by pregnancy, however, is age-specific, since a delay
in childbearing after age 24 progressively increases the risk of cancer development,
which becomes greater than that of nulliparous women when the first full term
pregnancy (FFTP) occurs after 35 years of age [2,11]. The higher breast cancer risk
that has been associated with early menarche [12] further emphasizes the importance
of the length of the susceptibility “window” that encompasses the period of breast
development occurring between menarche and the first pregnancy, when the organ is
more susceptible to either undergo complete differentiation under physiological
hormonal stimuli, and hence to be protected from breast cancer, or to suffer genetic or
epigenetic damage that might contribute to increasing the lifetime risk of developing
breast cancer [9,13].

The damage caused by a single or a combination of putative cancer causing
agents might, in turn, be amplified by the genetic make up of the patient, such as the
inheritance of the BRCAI or BRCA2 susceptibility genes, which influences the pattern
of breast development and differentiation and is responsible for at least 5% of all the
breast cancer cases [14-16]. This postulate is supported by our observations that the
architectural pattern of lobular development in parous women with cancer differs
from that of parous women without cancer, being similar to that of nulliparous women
with or without cancer. Thus, the higher breast cancer risk in parous women might
have resulted from either a failure of the breast to fully differentiate under the
influence of the hormones of pregnancy [17,18] and/or stimulation of the growth of

foci of transformed cells initiated by early damage or genetic predisposition [9,13,15].

SUMMARY OF THE INVENTION
In accordance with the present invention, we have performed genetic profiling

analyses to identify genes associated with the protective effects conferred by
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pregnancy on the development of breast cancer. These genes are listed in the tables
presented herein. We have identified a specific genomic profile that is still identifiable
in parous women at post-menopause. Our data also reveal that this genomic signature
is constituted by genes that cluster differently than those genes expressed in the
epithelial cells of parous and non-parous women with breast cancer as well as from
nulliparous women without breast cancer. This genomic signature has enabled us to
evaluate the degree of mammary gland differentiation induced by pregnancy and
identify the genetic signature associated with development of the beneficial Stem Cell
2 phenotype. Moreover, further characterization of the fully differentiated condition
of the breast epithelium that is associated with reduced cancer risk and the genetic
signature associated with this condition, provides a useful molecular tool for
identifying those patients in which pregnancy has been protective, and for identifying
women at risk irrespective of their pregnancy history. In a preferred embodiment, the
differentially expressed nucleic acids are provided in Tables 2, 3 or 4, said differential
expression being associated with a reduced risk of breast cancer conferred by full

term pregnancy, said signature comprising at least 4, 5 or 10 of the differentially

_ expressed nucleic acids in the aforementioned tables. A plurality of protein products

encoded by the nucleic acids set forth in Table 2, 3 or 4 are also provided in the
present invention. Such protein products provide new targets for use in screening
assays to identify therapeutic agents useful for the treatment of breast cancer.

Thus, in yet another aspect of the invention, methods are provided for
identifying agents which modulate the activity of differentially regulated genes that
are involved in cancer progression in the breast. The invention also encompasses
agents identified using the aforementioned methods and methods of use of such
agents alone and in combination for the treatment of breast cancer.

In yet another embodiment, a method for diagnosing a reduced risk for the
development of breast cancer in a patient is also disclosed. An exemplary method
comprises obtaining a sample of breast cells from said patient; determining
differential expression levels of nucleic acids isolated from said cells thereby
obtaining a genetic signature from said patient; and comparing the genetic sigﬁature
from said patient to the genetic signatures of provided in Tables 2, 3 or 4, wherein
when said signatures are comparable, said patient has a reduced risk for developing

breast cancer.
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Finally, kits for practicing the method described above are also encompassed

by the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Unsupervised hierarchical clustering analysis performed using the
expression profiles of 2,541 globally varying genes across the nulliparous and parous
data sets representing red lines- Parous controls, green lines- Parous cases, blue lines-
Nulliparous controls, and yellow lines- Nulliparous cases. The clustering procedure

used to derive the dendrogram is described in the Methods section.

Figure 2, (a) and (b): Unsupervised hierarchical analysis of subsets of 18
matched breast epithelia from the parous control specimens shown in figure 1 that
were microdissected and hybridized independently as biological replicates. The
combined parity / absence of breast cancer data generated a distinct genomic profile
that differed from those of the breast cancer groups, irrespective of parity history, and

from the nulliparous cancer free group. Groups identified as for Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

Breast cancer risk has traditionally been linked to nulliparity or late first full
term pregnancy, whereas young age at first childbirth, multiparity, and breast-feeding
are associated with a reduced risk. Early pregnancy confers protection by inducing
breast differentiation, which imprints a specific and permanent genomic signature in
experimental rodent models. For testing whether the same phenomenon was
detectable in the atrophic breast of postmenopausal parous women, we designed a
case-control study for the analysis of the gene expression profile of RNA extracted
from epithelial cells microdissected from normal breast tissues obtained from 18
parous and 7 nulliparous women free of breast pathology (controls), and 41 parous
and 8 nulliparous women with history of breast cancer (cases). RNA was hybridized
to cDNA glassmicroarrays containing 40,000 genes; arrays were scanned and the
images were analyzed using ImaGene software version 4,2. Normalization and
statistical analysis were carried out using LIMMA and GeneSight software was used
for hierarchical clustering. The parous control group contained 2,541 gene sequences

representing 18 biological processes that were differentially expressed in comparison
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with the other three groups. Hierarchical clustering of these genes revealed that the
combined parity / absence of breast cancer data generated a distinct genomic profile
that differs from those of the breast cancer groups, irrespective of parity history, and
from the nulliparous cancer free group, which has been traditionally identified as a
high risk group.

The signature that identifies those women in whom parity has been protective
will serve as a molecular biomarker of differentiation for evaluating the potential use
of preventive agents.

The following definitions are provided to facilitate an understanding of the
present invention.

The phrase “genetic signature” refers to a plurality of nucleic acid molecules
whose expression levels are indicative of a given metabolic or pathological state. The
genetic signatures described herein can be employed to characterize at the molecular
level the fully differentiated condition of the breast epithelium that is associated with
a reduction in breast cancer risk, thus providing a useful molecular tool for predicting
when pregnancy has been protective, for identifying women at risk irrespective of
their pregnancy history, and for use as an intermediate biomarker in assays for
evaluating cancer preventive agents.

For purposes of the present invention, “a” or “an” entity refers to one or more
of that entity; for example, “a cDNA” refers to one or more cDNA or at least one
¢DNA. The terms “a” or “an,” “one or more” and “at least one” can be used
interchangeably herein. It is also noted that the terms “comprising,” “including,” and
“having” can be used interchangeably. Furthermore, a compound “selected from the
group consisting of” refers to one or more of the compounds in the list that follows,
including mixtures (i.e. combinations) of two or more of the compounds. According
to the present invention, an isolated, or biologically pure molecule is a compound that
has been removed from its natural milieu. As such, “isolated” and “biologically pure”
do not necessarily reflect the extent to which the compound has been purified. An
isolated compound of the present invention can be obtained from its natural source,
can be produced using laboratory synthetic techniques or can be produced by any
such chemical synthetic route.

The term "genetic alteration" as used herein refers to a change from the wild-

type or reference sequence of one or more nucleic acid molecules. Genetic alterations
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include without limitation, base pair substitutions, additions and deletions of at least
one nucleotide from a nucleic acid molecule of known sequence.

The term "solid matrix" as used herein refers to any format, such as beads,
microparticles, a microarray, the surface of a microtitration well or a test tube, a
dipstick or a filter. The material of the matrix may be polystyrene, cellulose, latex,
nitrocellulose, nylon, polyacrylamide, dextran or agarose. “Sample” or “patient
sample” or “biological sample” generally refers to a sample which may be tested for a
particular molecule, preferably a genetic signature specific marker molecule, such as a
marker shown in the tables provided below. Samples may include but are not limited
to cells, body fluids, including blood, serum, plasma, urine, saliva, tears, pleural fluid
and the like.

The phrase “consisting essentially of”” when referring to a particular nucleotide
or amino acid means a sequence having the properties of a given SEQ ID NO. For
example, when used in reference to an amino acid sequence, the phrase includes the
sequence per se and molecular modifications that would not affect the functional and
novel characteristics of the sequence.

With regard to nucleic acids used in the invention, the term "isolated nucleic
acid" is sometimes employed. This term, when applied to DNA, refers to a DNA
molecule that is separated from sequences with which it is immediately contiguous (in
the 5' and 3' directions) in the naturally occurring genome of the organism from which
it was derived. For example, the “isolated nucleic acid” may comprise a DNA
molecule inserted into a vector, such as a plasmid or virus vector, or integrated into
the genomic DNA of a prokaryote or eukaryote. An "isolated nucleic acid molecule”
may also comprise a cDNA molecule. An isolated nucleic acid molecule inserted into
a vector is also sometimes referred to herein as a recombinant nucleic acid molecule.

With respect to RNA molecules, the term “isolated nucleic acid” primarily
refers to an RNA molecule encoded by an isolated DNA molecule as defined above.
Alternatively, the term may refer to an RNA molecule that has been sufficiently
separated from RNA molecules with which it would be associated in its natural state
(i.e., in cells or tissues), such that it exists in a “substantially pure” form. By the use
of the term “enriched” in reference to nucleic acid it is meant that the specific DNA or
RNA sequence constitutes a significantly higher fraction (2-5 fold) of the total DNA

or RNA present in the cells or solution of interest than in normal cells or in the cells
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from which the sequence was taken. This could be caused by a person by preferential
reduction in the amount of other DNA or RNA present, or by a preferential increase in
the amount of the specific DNA or RNA sequence, or by a combination of the two.
However, it should be noted that “enriched” does not imply that there are no other
DNA or RNA sequences present, just that the relative amount of the sequence of
interest has been significantly increased.

It is also advantageous for some purposes that a nucleotide sequence be in
purified form. The term "purified" in reference to nucleic acid does not require
absolute purity (such as a homogeneous preparation); instead, it represents an
indication that the sequence is relatively purer than in the natural environment
(compared to the natural level, this level should be at least 2-5 fold greater, e.g., in
terms of mg/ml). Individual clones isolated from a cDNA library may be purified to
electrophoretic homogeneity. The claimed DNA molecules obtained from these
clones can be obtained directly from total DNA or from total RNA. The cDNA
clones are not naturally occurring, but rather are preferably obtained via manipulation
of a partially purified naturally occurring substance (messenger RNA). The
construction of a cDNA library from mRNA involves the creation of a synthetic
substance (cDNA) and pure individual cDNA clones can be isolated from the
synthetic library by clonal selection of the cells carrying the cDNA library. Thus, the
process which includes the construction of a cDNA library from mRNA and isolation
of distinct cDNA clones yields an approximately 10°°-fold purification of the native
message. Thus, purification of at least one order of magnitude, preferably two or
three orders, and more preferably four or five orders of magnitude is expressly
contemplated. Thus, the term "substantially pure" refers to a preparation comprising
at least 50-60% by weight the compound of interest (e.g., nucleic acid,
oligonucleotide, etc.). More preferably, the preparation comprises at least 75% by
weight, and most preferably 90-99% by weight, the compound of interest. Purity is
measured by methods appropriate for the compound of interest.

The term "complementary" describes two nucleotides that can form multiple
favorable interactions with one another. For example, adenine is complementary to
thymine as they can form two hydrogen bonds. Similarly, guanine and cytosine are
complementary since they can form three hydrogen bonds. Thus if a nucleic acid
sequence contains the following sequence of bases, thymine, adenine, guanine and

cytosine, a "complement" of this nucleic acid molecule would be a molecule
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containing adenine in the place of thymine, thymine in the place of adenine, cytosine
in the place of guanine, and guanine in the place of cytosine. Because the
complement can contain a nucleic acid sequence that forms optimal interactions with
the parent nucleic acid molecule, such a complement can bind with high affinity to its
parent molecule.

With respect to single stranded nucleic acids, particularly oligonucleotides, the
term "specifically hybridizing" refers to the association between two single-stranded
nucleotide molecules of sufficiently complementary sequence to permit such
hybridization under pre-determined conditions generally used in the art (sometimes
termed "substantially complementary"). In particular, the term refers to hybridization
of an oligonucleotide with a substantially complementary sequence contained within a
single-stranded DNA or RNA molecule of the invention, to the substantial exclusion
of hybridization of the oligonucleotide with single-stranded nucleic acids of non-
complementary sequence. For example, specific hybridization can refer to a sequence
which hybridizes to any specific marker gene or nucleic acid, but does not hybridize
to other human nucleotides. Also polynucleotide which “specifically hybridizes” may
hybridize only to a specific marker, such a genetic signature-specific marker shown in
Tables 2, 3 and 4. Appropriate conditions enabling specific hybridization of single
stranded nucleic acid molecules of varying complementarity are well known in the
art.

For instance, one common formula for calculating the stringency conditions
required to achieve hybridization between nucleic acid molecules of a specified
sequence homology is set forth below (Sambrook et al., Molecular Cloning, Cold
Spring Harbor Laboratory (1989):

Tm = 81.5°C + 16.6Log [Na+] + 0.41(% G+C) - 0.63 (% formamide) -
600/#bp in duplex

As an illustration of the above formula, using [Na+] = [0.368] and 50%
formamide, with GC content of 42% and an average probe size of 200 bases, the Tr, is
57°C. The Tr, of a DNA duplex decreases by 1 - 1.5°C with every 1% decrease in
homology. Thus, targets with greater than about 75% sequence identity would be
observed using a hybridization temperature of 42°C.

The stringency of the hybridization and wash depend primarily on the salt

concentration and temperature of the solutions. In general, to maximize the rate of
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annealing of the probe with its target, the hybridization is usually carried out at salt
and temperature conditions that are 20-25°C below the calculated Ty, of the hybrid.
Wash conditions should be as stringent as possible for the degree of identity of the
probe for the target. In general, wash conditions are selected to be approximately 12-
20°C below the Ty, of the hybrid. In regards to the nucleic acids of the current
invention, a moderate stringency hybridization is defined as hybridization in 6X SSC,
5X Denhardt’s solution, 0.5% SDS and 100 pg/ml denatured salmon sperm DNA at
42°C, and washed in 2X SSC and 0.5% SDS at 55°C for 15 minutes. A high
stringency hybridization is defined as hybridization in 6X SSC, 5X Denhardt’s
solution, 0.5% SDS and 100 pg/ml denatured salmon sperm DNA at 42°C, and
washed in 1X SSC and 0.5% SDS at 65°C for 15 minutes. A very high stringency
hybridization is defined as hybridization in 6X SSC, 5X Denhardt’s solution, 0.5%
SDS and 100 pg/ml denatured salmon sperm DNA at 42°C, and washed in 0.1X SSC
and 0.5% SDS at 65°C for 15 minutes.

The term "oligonucleotide" or “oligo” as used herein means a short sequence
of DNA or DNA derivatives typically 8 to 35 nucleotides in length, primers, or
probes. An oligonucleotide can be derived synthetically, by cloning or by
amplification. An oligo is defined as a nucleic acid molecule comprised of two or
more ribo- or deoxyribonucleotides, preferably more than three. The exact size of the
oligonucleotide will depend on various factors and on the particular application and
use of the oligonucleotide. The term "derivative" is intended to include any of the
above described variants when comprising an additional chemical moiety not
normally a part of these molecules. These chemical moieties can have varying
purposes including, improving solubility, absorption, biological half life, decreasing
toxicity and eliminating or decreasing undesirable side effects.

The term "probe" as used herein refers to an oligonucleotide, polynucleotide
or nucleic acid, either RNA or DNA, whether occurring naturally as in a purified
restriction enzyme digest or produced synthetically, which is capable of annealing
with or specifically hybridizing to a nucleic acid with sequences complementary to
the probe. A probe may be either single-stranded or double-stranded. The exact
length of the probe will depend upon many factors, including temperature, source of
probe and use of the method. For example, for diagnostic applications, depending on

the complexity of the target sequence, the oligonucleotide probe typically contains
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15-25 or more nucleotides, although it may contain fewer nucleotides. The probes
herein are selected to be complementary to different strands of a particular target
nucleic acid sequence. This means that the probes must be sufficiently
complementary so as to be able to "specifically hybridize" or anneal with their
respective target strands under a set of pre-determined conditions. Therefore, the
probe sequence need not reflect the exact complementary sequence of the target. For
example, a non-complementary nucleotide fragment may be attached to the 5' or 3'
end of the probe, with the remainder of the probe sequence being complementary to
the target strand. Alternatively, non-complementary bases or longer sequences can be
interspersed into the probe, provided that the probe sequence has sufficient
complementarity with the sequence of the target nucleic acid to anneal therewith
specifically.

The term "primer" as used herein refers to an oligonucleotide, either RNA or
DNA, either single-stranded or double-stranded, either derived from a biological
system, generated by restriction enzyme digestion, or produced synthetically which,
when placed in the proper environment, is able to functionally act as an initiator of
template-dependent nucleic acid synthesis. When presented with an appropriate
nucleic acid template, suitable nucleoside triphosphate precursors of nucleic acids, a
polymerase enzyme, suitable cofactors and conditions such as a suitable temperature
and pH, the primer may be extended at its 3' terminus by the addition of nucleotides
by the action of a polymerase or similar activity to yield a primer extension product.
The primer may vary in length depending on the particular conditions and
requirement of the application. For example, in diagnostic applications, the
oligonucleotide primer is typically 15-25 or more nucleotides in length. The primer
must be of sufficient complementarity to the desired template to prime the synthesis
of the desired extension product, that is, to be able anneal with the desired template
strand in a manner sufficient to provide the 3' hydroxyl moiety of the primer in
appropriate juxtaposition for use in the initiation of synthesis by a polymerase or
similar enzyme. It is not required that the primer sequence represent an exact
complement of the desired template. For example, a non-complementary nucleotide
sequence may be attached to the 5' end of an otherwise complementary primer.
Alternatively, non-complementary bases may be interspersed within the

oligonucleotide primer sequence, provided that the primer sequence has sufficient
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complementarity with the sequence of the desired template strand to functionally
provide a template-primer complex for the synthesis of the extension product.

Polymerase chain reaction (PCR) has been described in US Patents 4,683,195,
4,800,195, and 4,965,188, the entire disclosures of which are incorporated by
reference herein.

An “siRNA” refers to a molecule involved in the RNA interference process for
a sequence-specific post-transcriptional gene silencing or gene knockdown by
providing small interfering RNAs (siRNAs) that has homology with the sequence of
the targeted gene. Small interfering RNAs (siRNAs) can be synthesized in vitro or
generated by ribonuclease III cleavage from longer dsSRNA and are the mediators of
sequence-specific mRNA degradation. Preferably, the siRNA of the invention are
chemically synthesized using appropriately protected ribonucleoside
phosphoramidites and a conventional DNA/RNA synthesizer. The siRNA can be
synthesized as two separate, complementary RNA molecules, or as a single RNA
molecule with two complementary regions. Commercial suppliers of synthetic RNA
molecules or synthesis reagents include Applied Biosystems (Foster City, CA, USA),
Proligo (Hamburg, Germany), Dharmacon Research (Lafayette, Colo., USA), Pierce
Chemical (part of Perbio Science, Rockford, I11., USA), Glen Research (Sterling, Va.,
USA), ChemGenes (Ashland, Mass., USA) and Cruachem (Glasgow, UK). Specific
siRNA constructs for inhibiting elevated mRNA levels associated with breast cancer
may be between 15-35 nucleotides in length, and more typically about 21 nucleotides
in length.

The term "vector" relates to a single or double stranded circular nucleic acid
molecule that can be infected, transfected or transformed iﬁto cells and replicate
independently or within the host cell genome. A circular double stranded nucleic acid
molecule can be cut and thereby linearized upon treatment with restriction enzymes.
An assortment of vectors, restriction enzymes, and the knowledge of the nucleotide
sequences that are targeted by restriction enzymes are readily available to those
skilled in the art, and include any replicon, such as a plasmid, cosmid, bacmid, phage
or virus, to which another genetic sequence or element (either DNA or RNA) may be
attached so as to bring about the replication of the attached sequence or element. A
nucleic acid molecule of the invention can be inserted into a vector by cutting the

vector with restriction enzymes and ligating the two pieces together.
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Many techniques are available to those skilled in the art to facilitate
transformation, transfection, or transduction of the expression construct into a
prokaryotic or eukaryotic organism. The terms "transformation", "transfection", and
“transduction” refer to methods of inserting a nucleic acid and/or expression construct
into a cell or host organism. These methods involve a variety of techniques, such as
treating the cells with high concentrations of salt, an electric field, or detergent, to
render the host cell outer membrane or wall permeable to nucleic acid molecules of
interest, microinjection, peptide-tethering, PEG-fusion, and the like.

The term "promoter element" describes a nucleotide sequence that is
incorporated into a vector that, once inside an appropriate cell, can facilitate
transcription factor and/or polymerase binding and subsequent transcription of
portions of the vector DNA into mRNA. In one embodiment, the promoter element of
the present invention precedes the 5' end of the breast cancer specific marker nucleic
acid molecule(s) such that the latter is transcribed into mRNA. Host cell machinery
then translates mRNA into a polypeptide.

Those skilled in the art will recognize that a nucleic acid vector can contain
nucleic acid elements other than the promoter element and the breast cancer protective
specific marker gene nucleic acid molecule(s). These other nucleic acid elements
include, but are not limited to, origins of replication, ribosomal binding sites, nucleic
acid sequences encoding drug resistance enzymes or amino acid metabolic enzymes,
and nucleic acid sequences encoding secretion signals, localization signals, or signals
useful for polypeptide purification.

A "replicon" is any genetic element, for example, a plasmid, cosmid, bacmid,
plastid, phage or virus that is capable of replication largely under its own control. A
replicon may be either RNA or DNA and may be single or double stranded.

An "expression operon" refers to a nucleic acid segment that may possess
transcriptional and translational control sequences, such as promoters, enhancers,
translational start signals (e.g., ATG or AUG codons), polyadenylation signals,
terminators, and the like, and which facilitate the expression of a polypeptide coding
sequence in a host cell or organism.

As used herein, the terms "reporter," "reporter system", "reporter gene," or
"reporter gene product” shall mean an operative genetic system in which a nucleic
acid comprises a gene that encodes a product that when expressed produces a reporter

signal that is a readily measurable, e.g., by biological assay, immunoassay, radio
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immunoassay, or by colorimetric, fluorogenic, chemiluminescent or other methods.
The nucleic acid may be either RNA or DNA, linear or circular, single or double
stranded, antisense or sense polarity, and is operatively linked to the necessary control
elements for the expression of the reporter gene product. The required control
elements will vary according to the nature of the reporter system and whether the
reporter gene is in the form of DNA or RNA, but may include, but not be limited to,
such elements as promoters, enhancers, translational control sequences, poly A
addition signals, transcriptional termination signals and the like.

The introduced nucleic acid may or may not be integrated (covalently linked)
into nucleic acid of the recipient cell or organism. In bacterial, yeast, plant and
mammalian cells, for example, the introduced nucleic acid may be maintained as an
episomal element or independent replicon such as a plasmid. Alternatively, the
introduced nucleic acid may become integrated into the nucleic acid of the recipient
cell or organism and be stably maintained in that cell or organism and further passed
on or inherited to progeny cells or organisms of the recipient cell or organism.
Finally, the introduced nucleic acid may exist in the recipient cell or host organism
only transiently.

The term "selectable marker gene” refers to a gene that when expressed
confers a selectable phenotype, such as antibiotic resistance, on a transformed cell.

The term "operably linked" means that the regulatory sequences necessary for
expression of the coding sequence are placed in the DNA molecule in the appropriate
positions relative to the coding sequence so as to effect expression of the coding
sequence. This same definition is sometimes applied to the arrangement of
transcription units and other transcription control elements (e.g. enhancers) in an
expression vector.

The terms “recombinant organism,” or “transgenic organism” refer to
organisms which have a new combination of genes or nucleic acid molecules. A new
combination of genes or nucleic acid molecules can be introduced into an organism
using a wide array of nucleic acid manipulation techniques available to those skilled
in the art. The term "organism" relates to any living being comprised of a least one
cell. An organism can be as simple as one eukaryotic cell or as complex as a
mammal. Therefore, the phrase “a recombinant organism” encompasses a

recombinant cell, as well as eukaryotic and prokaryotic organism.
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The term “isolated protein” or “isolated and purified protein” is sometimes
used herein. This term refers primarily to a protein produced by expression of an
isolated genetic signature nucleic acid molecule of the invention. Alternatively, this
term may refer to a protein that has been sufficiently separated from other proteins
with which it would naturally be associated, so as to exist in "substantially pure"
form. "Isolated" is not meant to exclude artificial or synthetic mixtures with other
compounds or materials, or the presence of impurities that do not interfere with the
fundamental activity and that may be present, for example, due to incomplete
purification, addition of stabilizers, or compounding into, for example, immunogenic
preparations or pharmaceutically acceptable preparations.

A “specific binding pair” comprises a specific binding member (sbm) and a
binding partner (bp) which have a particular specificity for each other and which in
normal conditions bind to each other in preference to other molecules. Examples of
specific binding pairs are antigens and antibodies, ligands and receptors and
complementary nucleotide sequences. The skilled person is aware of many other
examples. Further, the term “specific binding pair” is also applicable where either or
both of the specific binding member and the binding partner comprise a part of a large
molecule. In embodiments in which the specific binding pair comprises nucleic acid
sequences, they will be of a length to hybridize to each other under conditions of the
assay, preferably greater than 10 nucleotides long, more preferably greater than 15 or
20 nucleotides long.

“Sample” or “patient sample” or “biological sample” generally refers to a
sample which may be tested for a particular molecule or combination of molecules,
preferably a combination of the genetic signature marker molecules , such as a
combination of the markers shown in Tables 2, 3 and 4. Samples may include but are
not limited to cells, body fluids, including blood, serum, plasma, nipple aspirates,
urine, saliva, tears, pleural fluid and the like.

The terms "agent" and “test compound” are used interchangeably herein and
denote a chemical compound, a mixture of chemical compounds, a biological
macromolecule, or an extract made from biological materials such as bacteria, plants,
fungi, or animal (particularly mammalian) cells or tissues. Biological
macromolecules include siRNA, shRNA, antisense oligonucleotides, small molecules,

antibodies, peptides, peptide/DNA complexes, and any nucleic acid based molecule,
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for example an oligo, which exhibits the capacity to modulate the activity of the
genetic signature nucleic acids described herein or their encoded proteins. Agents are
evaluated for potential biological activity by inclusion in screening assays described

herein below.

The term "modulate” as used herein refers increasing or decreasing. For
example, the term modulate refers to the ability of a compound or test agent to either
interfere with, or augment signaling or activity of a gene or protein of the present

invention.

METHODS OF USING THE GENETIC SIGNATURES OF THE INVENTION

Genetic signature containing nucleic acids, including but not limited to those
listed in Tables 2, 3, and 4 may be used for a variety of purposes in accordance with
the present invention. The genetic signature associated with a reduction in breast
cancer risk (e.g., the plurality of nucleic acids contained therein) containing DNA,
RNA, or fragments thereof may be used as probes to detect the presence of and/or
expression of these specific markers in a biological sample. Methods in which such
marker nucleic acids may be utilized as probes for such assays include, but are not
limited to: (1) in situ hybridization; (2) Southern hybridization (3) northern
hybridization; and (4) assorted amplification reactions such as polymerase chain
reactions (PCR).

Further, assays for detecting the genetic signature may be conducted on any
type of biological sample, but is most preferably performed on breast tissue. From the
foregoing discussion, it can be seen that genetic signature containing nucleic acids,
vectors expressing the same, genetic signature encoded proteins and anti-genetic
signature encoded protein specific antibodies of the invention can be used to detect
the signature in body tissue, cells, or fluid, and alter genetic signature containing
marker protein expression for purposes of assessing the genetic and protein
interactions involved in breast cancer.

In most embodiments for screening for genetic signature containing nucleic
acid(s), the sample will initially be amplified, e.g. using PCR, to increase the amount
of the template as compared to other sequences present in the sample. This allows the

target sequences to be detected with a high degree of sensitivity if they are present in
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the sample. This initial step may be avoided by using highly sensitive array
techniques that are becoming increasingly important in the art.

Alternatively, new detection technologies can overcome this limitation and
enable analysis of small samples containing as little as 1ug of total RNA. Using
Resonance Light Scattering (RLS) technology, as opposed to traditional fluorescence
techniques, multiple reads can detect low quantities of mRNAs using biotin labeled
hybridized targets and anti-biotin antibodies. Another alternative to PCR
amplification involves planar wave guide technology (PWG) to increase signal-to-
noise ratios and reduce background interference. Both techniques are commercially
available from Qiagen Inc. (USA).

Thus, any of the aforementioned techniques may be used to detect or quantify
genetic signature expression and accordingly, diagnose patient susceptibility for

developing breast cancer.

KITS AND ARTICLES OF MANUFACTURE
Any of the aforementioned products can be incorporated into a kit which may
contain genetic signature polynucleotides or one or more such markers immobilized
on a Gene Chip, an oligonucleotide, a polypeptide, a peptide, an antibody, a label,
marker, or reporter, a pharmaceutically acceptable carrier, a physiologically
acceptable carrier, instructions for use, a container, a vessel for administration, an

assay substrate, or any combination thereof.

METHODS OF USING THE GENETIC SIGNATURE FOR DEVELOPMENT
OF THERAPEUTIC AGENTS

Since the genetic signature identified herein has been associated with the
etiology of breast cancer, methods for identifying agents that modulate the activity of
the genes and their encoded products should result in the generation of efficacious
therapeutic agents for the treatment of a cancer, particularly breast cancer.

The nucleic acids comprising the signature contain regions which provide
suitable targets for the rational design of therapeutic agents which modulate their
activity. Small peptide molecules corresponding to these regions may be used to
advantage in the design of therapeutic agents which effectively modulate the activity
of the encoded proteins. Molecular modeling should facilitate the identification of

specific organic molecules with capacity to bind to the active site of the proteins
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encoded by the genetic signature nucleic acids based on conformation or key amino
acid residues required for function. A combinatorial chemistry approach will be used
to identify molecules with greatest activity and then iterations of these molecules will
be developed for further cycles of screening. In certain embodiments, candidate
agents can be screening from large libraries of synthetic or natural compounds. Such
compound libraries are commercially available from a number of companies
including but not limited to Maybridge Chemical Co., (Trevillet,Cornwall, UK),
Comgenex (Princeton, NJ), Microsour (New Milford, CT) Aldrich (Milwaukee, WI)
Akos Consulting and Solutions GmbH (Basel, Switzerland), Ambinter (Paris, France),
Asinex (Moscow, Russia) Aurora (Graz, Austria), BioFocus DPI (Switzerland),
Bionet (Camelford, UK), Chembridge (San Diego, CA), Chem Div (San Diego, CA).
The skilled person is aware of other sources and can readily purchase the same. Once
therapeutically efficacious compounds are identified in the screening assays described
herein, they can be formulated in to pharmaceutical compositions and utilized for the
treatment of breast cancer.

The polypeptides or fragments employed in drug screening assays may either
be free in solution, affixed to a solid support or within a cell. One method of drug
screening utilizes eukaryotic or prokaryotic host cells which are stably transformed
with recombinant polynucleotides expressing the polypeptide or fragment, preferably
in competitive binding assays. Such cells, either in viable or fixed form, can be used
for standard binding assays. One may determine, for example, formation of
complexes between the polypeptide or fragment and the agent being tested, or
examine the degree to which the formation of a complex between the polypeptide or
fragment and a known substrate is interfered with by the agent being tested.

Another technique for drug screening provides high throughput screening for
compounds having suitable binding affinity for the encoded polypeptides and is
described in detail in Geysen, PCT published application WO 84/03564, published on
September 13, 1984. Briefly stated, large numbers of different, small peptide test
compounds, such as those described above, are synthesized on a solid substrate, such
as plastic pins or some other surface. The peptide test compounds are reacted with the
target polypeptide and washed. Bound polypeptide is then detected by methods well
known in the art.

A further technique for drug screening involves the use of host eukaryotic cell

lines or cells (such as described above) which have a nonfunctional or altered breast
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cancer associated gene. These host cell lines or cells are defective at the polypeptide
level. The host cell lines or cells are grown in the presence of drug compound. The
effect on cellular morphology and/or proliferation of the host cells is measured to
determine if the compound is capable of regulating the same in the defective cells.
Host cells contemplated for use in the present invention include but are not limited to
bacterial cells, fungal cells, insect cells, mammalian cells, particularly breast cells.
The genetic signature encoding DNA molecules may be introduced singly into such
host cells or in combination to assess the phenotype of cells conferred by such
expression. Methods for introducing DNA molecules are also well known to those of
ordinary skill in the art. Such methods are set forth in Ausubel et al. eds., Current
Protocols in Molecular Biology, John Wiley & Sons, NY, N.Y. 1995, the disclosure
of which is incorporated by reference herein.

Breast cells and breast cell lines suitable for studying the effects of genetic
signature expression on cellular morphology and signaling methods of use thereof for
drug discovery are provided. Such cells and cell lines will be transfected with genetic
signature encoding nucleic acids described herein and the effects on breast cell
functions and/or breast cell apoptosis can be determined. Such cells and cell lines can
also be contacted with the siRNA molecules provided herein to assess the effects
thereof on malignant transformation. The siRNA molecules will be tested alone and
in combination of 2, 3, 4, and 5 siRNAs to identify the most efficacious combination
for down regulating target nucleic acids.

A wide variety of expression vectors are available that can be modified to
express the novel DNA or RNA sequences of this invention. The specific vectors
exemplified herein are merely illustrative, and are not intended to limit the scope of
the invention. Expression methods are described by Sambrook et al. Molecular
Cloning: A Laboratory Manual or Current Protocols in Molecular Biology 16.3-17.44
(1989). Expression methods in Saccharomyces are also described in Current
Protocols in Molecular Biology (1989).

Suitable vectors for use in practicing the invention include prokaryotic vectors
such as the pNH vectors (Stratagene Inc., 11099 N. Torrey Pines Rd., La Jolla, Calif.
92037), pET vectors (Novogen Inc., 565 Science Dr., Madison, Wis. 53711) and the
pGEX vectors (Pharmacia LKB Biotechnology Inc., Piscataway, N.J. 08854).
Examples of eukaryotic vectors useful in practicing the present invention include the
vectors pRc/CMV, pRc/RSV, and pREP (Invitrogen, 11588 Sorrento Valley Rd., San

18



10

15

20

25

30

WO 2009/089102 PCT/US2009/030031

Diego, Calif. 92121); pcDNA3.1/V5&His (Invitrogen); baculovirus vectors such as
pVL1392, pVL1393, or pAC360 (Invitrogen); and yeast vectors such as YRP17,
YIP5, and YEP24 (New England Biolabs, Beverly, Mass.), as well as pRS403 and
pRS413 Stratagene Inc.); Picchia vectors such as pHIL-D1 (Phillips Petroleum Co.,
Bartlesville, Okla. 74004); retroviral vectors such as PLNCX and pLPCX (Clontech);
and adenoviral and adeno-associated viral vectors.

Promoters for use in expression vectors of this invention include promoters
that are operable in prokaryotic or eukaryotic cells. Promoters that are operable in
prokaryotic cells include lactose (lac) control elements, bacteriophage lambda (pL)
control elements, arabinose control elements, tryptophan (trp) control elements,
bacteriophage T7 control elements, and hybrids thereof. Promoters that are operable
in eukaryotic cells include Epstein Barr virus promoters, adenovirus promoters, SV40
promoters, Rous Sarcoma Virus promoters, cytomegalovirus (CMV) promoters,
baculovirus promoters such as ACMNPV polyhedrin promoter, Picchia promoters
such as the alcohol oxidase promoter, and Saccharomyces promoters such as the gal4
inducible promoter and the PGK constitutive promoter, as well as neuronal-specific
platelet-derived growth factor promoter (PDGF.

In addition, a vector of this invention may contain any one of a number of
various markers facilitating the selection of a transformed host cell. Such markers
include genes associated with temperature sensitivity, drug resistance, or enzymes
associated with phenotypic characteristics of the host organisms.

Host cells expressing the genetic signature of the present invention or
functional fragments thereof provide a system in which to screen potential compounds
or agents for the ability to modulate the development of breast cancer

Another approach entails the use of phage display libraries engineered to
express fragment of the polypeptides encoded by the genetic signature containing
nucleic acids on the phage surface. Such libraries are then contacted with a
combinatorial chemical library under conditions wherein binding affinity between the
expressed peptide and the components of the chemical library may be detected. US
Patents 6,057,098 and 5,965,456 provide methods and apparatus for performing such
assays.

The goal of rational drug design is to produce structural analogs of
biologically active polypeptides of interest or of small molecules with which they

interact (e.g., agonists, antagonists, inhibitors) in order to fashion drugs which are, for
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example, more active or stable forms of the polypeptide, or which, e.g., enhance or
interfere with the function of a polypeptide in vivo. See, e.g., Hodgson, (1991)
Bio/Technology 9:19-21. In one approach, discussed above, the three-dimensional
structure of a protein of interest or, for example, of the protein-substrate complex, is
solved by x-ray crystallography, by nuclear magnetic resonance, by computer
modeling or most typically, by a combination of approaches. Less often, useful
information regarding the structure of a polypeptide may be gained by modeling
based on the structure of homologous proteins. An example of rational drug design is
the development of HIV protease inhibitors (Erickson et al., (1990) Science 249:527-
533). In addition, peptides may be analyzed by an alanine scan (Wells, (1991) Meth.
Enzym. 202:390-411). In this technique, an amino acid residue is replaced by Ala,
and its effect on the peptide’s activity is determined. Each of the amino acid residues
of the peptide is analyzed in this manner to determine the important regions of the
peptide.

It is also possible to isolate a target-specific antibody, selected by a functional
assay, and then to solve its crystal structure. In principle, this approach yields a
pharmacophore upon which subsequent drug design can be based.

One can bypass protein crystallography altogether by generating anti-idiotypic
antibodies (anti-ids) to a functional, pharmacologically active antibody. As a mirror
image of a mirror image, the binding site of the anti-ids would be expected to be an
analog of the original molecule. The anti-id could then be used to identify and isolate
peptides from banks of chemically or biologically produced banks of peptides.
Selected peptides would then act as the pharmacophore.

Thus, one may design drugs which have, e.g., improved polypeptide activity
or stability or which act as inhibitors, agonists, antagonists, etc. of polypeptide
activity. By virtue of the availability of the genetic signature containing nucleic acid
sequences described herein, sufficient amounts of the encoded polypeptide may be
made available to perform such analytical studies as x-ray crystallography. In
addition, the knowledge of the protein sequence provided herein will guide those
employing computer modeling techniques in place of, or in addition to x-ray
crystallography.

In another embodiment, the availability of genetic signature containing nucleic
acids enables the production of strains of laboratory mice carrying the signature of the

invention. Transgenic mice expressing the genetic signature of the invention provide
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a model system in which to examine the role of the protein(s) encoded by the
signature containing nucleic acid in the development and progression towards breast
cancer. Methods of introducing transgenes in laboratory mice are known to those of
skill in the art. Three common methods include: (1) integration of retroviral vectors
encoding the foreign gene of interest into an early embryo; (2) injection of DNA into
the pronucleus of a newly fertilized egg; and (3) the incorporation of genetically
manipulated embryonic stem cells into an early embryo. Production of the transgenic
mice described above will facilitate the molecular elucidation of the role that a target
protein plays in various cellular metabolic processes. Such mice provide an in vivo
screening tool to study putative therapeutic drugs in a whole animal model and are
encompassed by the present invention.

The term "animal" is used herein to include all vertebrate animals, except
humans. It also includes an individual animal in all stages of development, including
embryonic and fetal stages. A "transgenic animal" is any animal containing one or
more cells bearing genetic information altered or received, directly or indirectly, by
deliberate genetic manipulation at the subcellular level, such as by targeted
recombination or microinjection or infection with recombinant virus. The term
"transgenic animal" is not meant to encompass classical cross-breeding or in vitro
fertilization, but rather is meant to encompass animals in which one or more cells are
altered by or receive a recombinant DNA molecule. This molecule may be
specifically targeted to a defined genetic locus, be randomly integrated within a
chromosome, or it may be extra-chromosomally replicating DNA. The term "germ
cell line transgenic animal” refers to a transgenic animal in which the genetic
alteration or genetic information was introduced into a germ line cell, thereby
conferring the ability to transfer the genetic information to offspring. If such
offspring, in fact, possess some or all of that alteration or genetic information, then
they, too, are transgenic animals.

The alteration of genetic information may be foreign to the species of animal
to which the recipient belongs, or foreign only to the particular individual recipient, or
may be genetic information already possessed by the recipient. In the last case, the
altered or introduced gene may be expressed differently than the native gene. Such
altered or foreign genetic information would encompass the introduction of genetic

signature containing nucleotide sequences.
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The DNA used for altering a target gene may be obtained by a wide variety of
techniques that include, but are not limited to, isolation from genomic sources,
preparation of cDNAs from isolated mRNA templates, direct synthesis, or a
combination thereof.

A preferred type of target cell for transgene introduction is the embryonal stem
cell (ES). ES cells may be obtained from pre-implantation embryos cultured in vitro
(Evans et al., (1981) Nature 292:154-156; Bradley et al., (1984) Nature 309:255-258;
Gossler et al., (1986) Proc. Natl. Acad. Sci. 83:9065-9069). Transgenes can be
efficiently introduced into the ES cells by standard techniques such as DNA
transfection or by retrovirus-mediated transduction. The resultant transformed ES
cells can thereafter be combined with blastocysts from a non-human animal. The
introduced ES cells thereafter colonize the embryo and contribute to the germ line of
the resulting chimeric animal.

One approach to the problem of determining the contributions of individual
genes and their expression products is to use genetic signature associated genes as
insertional cassettes to selectively inactivate a wild-type gene in totipotent ES cells
(such as those described above) and then generate transgenic mice. The use of gene-
targeted ES cells in the generation of gene-targeted transgenic mice was described,
and is reviewed elsewhere (Frohman et al., (1989) Cell 56:145-147; Bradley et al.,
(1992) Bio/Technology 10:534-539).

Techniques are available to inactivate or alter any genetic region to a mutation
desired by using targeted homologous recombination to insert specific changes into
chromosomal alleles. However, in comparison with homologous extra-chromosomal
recombination, which occurs at a frequency approaching 100%, homologous plasmid-
chromosome recombination was originally reported to only be detected at frequencies
between 10 and 10>, Non-homologous plasmid-chromosome interactions are more
frequent occurring at levels 10°-fold to 10% fold greater than comparable homologous
insertion.

To overcome this low proportion of targeted recombination in murine ES
cells, various strategies have been developed to detect or select rare homologous
recombinants. One approach for detecting homologous alteration events uses the
polymerase chain reaction (PCR) to screen pools of transformant cells for
homologous insertion, followed by screening of individual clones. Alternatively, a

positive genetic selection approach has been developed in which a marker gene is
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constructed which will only be active if homologous insertion occurs, allowing these
recombinants to be selected directly. One of the most powerful approaches developed
for selecting homologous recombinants is the positive-negative selection (PNS)
method developed for genes for which no direct selection of the alteration exists. The
PNS method is more efficient for targeting genes which are not expressed at high
levels because the marker gene has its own promoter. Non-homologous recombinants
are selected against by using the Herpes Simplex virus thymidine kinase (HSV-TK)
gene and selecting against its nonhomologous insertion with effective herpes drugs
such as gancyclovir (GANC) or (1-(2-deoxy-2-fluoro-B-D arabinofluranosyl)-5-
iodou- racil, (FIAU). By this counter selection, the number of homologous
recombinants in the surviving transformants can be increased. Utilizing genetic
signature containing nucleic acid as a targeted insertional cassette provides means to
detect a successful insertion as visualized, for example, by acquisition of
immunoreactivity to an antibody immunologically specific for the polypeptide
encoded gehetic signature nucleic acid(s) and, therefore, facilitates screening/selection
of ES cells with the desired genotype.

As used herein, a knock-in animal is one in which the endogenous murine
gene, for example, has been replaced with human genetic signature -associated
gene(s) of the invention. Such knock-in animals provide an ideal model system for
studying the development of breast cancer.

As used herein, the expression of a genetic signature containing nucleic acid,
fragment thereof, or genetic signature fusion protein can be targeted in a "tissue
specific manner" or "cell type specific manner" using a vector in which nucleic acid
sequences encoding all or a portion of genetic signature-associated protein are
operably linked to regulatory sequences (e.g., promoters and/or enhancers) that direct
expression of the encoded protein in a particular tissue or cell type. Such regulatory
elements may be used to advantage for both in vitro and in vivo applications.
Promoters for directing tissue specific expression of proteins are well known in the art
and described herein.

Methods of use for the transgenic mice of the invention are also provided
herein. Transgenic mice into which a nucleic acid containing the genetic signature or
its encoded protein(s) have been introduced are useful, for example, to develop
screening methods to screen therapeutic agents to identify those capable of

modulating the development of breast cancer.
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PHARMACEUTICALS AND PEPTIDE THERAPIES

The elucidation of the role played by the gene products described herein in
breast cancer progression facilitates the development of pharmaceutical compositions
useful for treatment and diagnosis of breast cancer. These compositions may
comprise, in addition to one of the above substances, a pharmaceutically acceptable
excipient, carrier, buffer, stabilizer or other materials well known to those skilled in
the art. Such materials should be non-toxic and should not interfere with the efficacy
of the active ingredient.

Whether it is a polypeptide, antibody, peptide, nucleic acid molecule, small
molecule or other pharmaceutically useful compound according to the present
invention that is to be given to an individual, administration is preferably in a
“prophylactically effective amount” or a “therapeutically effective amount” (as the
case may be, although prophylaxis may be considered therapy), this being sufficient
to show benefit to the individual.

As it is presently understood, RNA interference involves a multi-step process.
Double stranded RNAs are cleaved by the endonuclease Dicer to generate nucleotide
fragments (siRNA). The siRNA duplex is resolved into 2 single stranded RNAs, one
strand being incorporated into a protein-containing complex where it functions as
guide RNA to direct cleavage of the target RNA (Schwarz et al, Mol. Cell. 10:537
548 (2002), Zamore et al, Cell 101:25 33 (2000)), thus silencing a specific genetic
message (see also Zeng et al, Proc. Natl. Acad. Sci. 100:9779 (2003)).

Pharmaceutical compositions that are useful in the methods of the invention
may be administered systemically in parenteral, oral solid and liquid formulations,
ophthalmic, suppository, aerosol, topical or other similar formulations. These
pharmaceutical compositions may contain pharmaceutically-acceptable carriers and
other ingredients known to enhance and facilitate drug administration. Thus such
compositions may optionally contain other components, such as adjuvants, e.g.,
aqueous suspensions of aluminum and magnesium hydroxides, and/or other
pharmaceutically acceptable carriers, such as saline. Other possible formulations,
such as nanoparticles, liposomes, resealed erythrocytes, and immunologically based
systems may also be used to administer the appropriate agent to a patient according to

the methods of the invention. The use of nanoparticles to deliver agents, as well as
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cell membrane permeable peptide carriers that can be used are described in Crombez
et al., Biochemical Society Transactions v35:p44 (2007).

In order to treat an individual having breast cancer, to alleviate a sign or
symptom of the disease, the pharmaceutical agents of the invention should be
administered in an effective dose. The total treatment dose can be administered to a
subject as a single dose or can be administered using a fractionated treatment
protocol, in which multiple doses are administered over a more prolonged period of
time, for example, over the period of a day to allow administration of a daily dosage
or over a longer period of time to administer a dose over a desired period of time.

One skilled in the art would know that the amount of agent required to obtain an
effective dose in a subject depends on many factors, including the age, weight and
general health of the subject, as well as the route of administration and the number of
treatments to be administered. In view of thése factors, the skilled artisan would
adjust the particular dose so as to obtain an effective dose for treating an individual
having breast cancer.

In an individual suffering from breast cancer, in particular a more severe form
of the disease, administration of agent can be particularly useful when administered in
combination, for example, with a conventional agent for treating such a disease. The
skilled artisan would administer the agent alone or in combination and would monitor
the effectiveness of such treatment using routine methods such as mammography,
radiologic, immunologic or, where indicated, histopathologic methods. Other
conventional agents for the treatment of breast cancer include anti cancer agents, such
as herceptin and tamoxifen. Administration of the pharmaceutical preparation is
preferably in an “effective amount” this being sufficient to show benefit to the
individual. This amount prevents, alleviates, abates, or otherwise reduces the severity
of breast cancer symptoms in a patient.

The pharmaceutical preparation is formulated in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form, as used herein, refers to a
physically discrete unit of the pharmaceutical preparation appropriate for the patient
undergoing treatment. Each dosage should contain a quantity of active ingredient
calculated to produce the desired effect in association with the selected
pharmaceutical carrier. Procedures for determining the appropriate dosage unit are

well known to those skilled in the art.
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Dosage units may be proportionately increased or decreased based on the
weight of the patient. Appropriate concentrations for alleviation of a particular
pathological condition may be determined by dosage concentration curve calculations,

as known in the art.

The following examples are provided to illustrate certain embodiments of the

invention. They are not intended to limit the invention in any way.

EXAMPLE 1

In order to understand how the dramatic modifications that occur during
pregnancy in the pattern of lobular development and differentiation [17, 18], cell
proliferation and steroid hormone receptor content of the breast [19] influence the
cancer risk even after their regression after weaning and further after menopause, we
have analyzed the pattern of gene expression occurring during and after pregnancy in
rodents [20, 21]. Hierarchical cluster analysis of the genomic profile of rat mammary
glands in the 15th and 21st days pregnancy and at 21 and 42 days post partum
revealed four different patterns of expression in relation to the time of pregnancy [21].
During pregnancy, genes related to the secretory properties of the mammary
epithelium (Cluster A) become upregulated, decreasing to control values after 21 and
42 days post-partum. Cluster B includes genes related to the apoptotic pathways, the
fatty acid binding protein and cathecol-O-methyltransferase, among others, which
become upregulated from the end of pregnancy until the 21st day postpartum,
decreasing thereafter. Cluster C represents differentiation-associated genes whose
level of expression continuously and progressively increases with time of pregnancy,
reaching their highest levels between 21 and 42 days post-partum, and Cluster D
comprises genes upregulated around the 15th day of pregnancy and become
progressively down-regulated from the end of pregnancy until the 42nd day post-
partum. These observations confirm at genomic level our previous morphological and
physiological findings that indicate that temporal and sequential changes have to
occur in the development of the mammary gland for accomplishing a protective
degree of differentiation [20, 21,24]. The importance of identifying a specific
signatures by 42 days post-partum is highlighted by the observations that

administration of the polycyclic hydrocarbon 7,12-dimethylbenz(a)anthracene
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(DMBA) [22] or the alkylating agent N-methyl-N-nitrosourea (NMU) [23] to parous
rats results in a markedly reduced tumorigenic response, supporting the concept that
the differentiation induced by pregnancy results in a shift of the susceptible Stem Cell
1 to the refractory Stem Cell 2 [5,6].

The universality of this phenomenon has been further confirmed in various
strains of rats and mice [24] and using different platforms for global genome analysis
[21,25,26]. Studies in experimental animal models have been useful for uncovering
the sequential genomic changes occurring in the mammary gland in response to the
multiple hormonal stimuli of pregnancy that lead to the imprinting of a permanent
genomic signature. Work reported here was designed with the purpose of testing
whether a similar phenomenon occurs in the atrophic breast of postmenopausal parous
women, specifically in the epithelium of lobules type 1 (Lob 1), the site of origin of
breast carcinomas [5,6]. Our results support our hypothesis that parous women after
menopause who had not developed breast cancer exhibit a genomic “signature” that
differs from that present in the breast of parous postmenopausal women with cancer
or in nulliparous women, who traditionally represent a high breast cancer risk group
[1-6].

The following materials and methods are provided to facilitate the practice of

Example L.

Patients and Methods for Sample Collection

For this three-center hospital-based study patients were enrolled from the
American Oncologic Hospital of the Fox Chase Cancer Center in Philadelphia,
Pennsylvania, Christiana Care Health System, Newark, Delaware, and Somerset
Medical Center, Sommerville, New Jersey. The study protocol had been approved by
the Institutional Review Board of each participating institution, and written informed
consent was obtained from every participant. Patients were eligible for the study if
they met the following criteria: Postmenopausal women that were 50 years old or
greater and whose menses had naturally ceased one year before enrollment. Excluded
from this study were women whose ovaries had been surgically removed, who had a
history of cancer other than non-melanoma skin cancer, who were taking medications
that could interfere with the study protocol such as estrogens (including Tamoxifen

and Raloxifene); progestins, androgens, prednisone, thyroid hormones, insulin), and
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women with Alzheimer’s disease or severe cognitive deficit and were unable to give

informed consent.

Participant Identification:

Potential participants were identified by a trained research nurse that
performed daily searches of surgical breast consultation visit summaries at the Breast
Evaluation Clinic of the three participating hospitals. Those women that fulfilled the
eligibility criteria listed above and that their treating breast surgeon recommended a
breast biopsy were selected for the study. Information included in visit summaries
such as age, menopausal status, history of cancer, and current medications were used
to determine if a woman was potentially eligible for this study. A letter was sent to
each potential participant describing the study and informing them of their eligibility,
which was confirmed in a telephone interview placed within two weeks of initial

clinical evaluations when biopsies were recommended.

Data and Specimen Collection:

Data were collected at pre-operative clinic visits before biopsies and during
breast biopsy procedures. At the pre-operative visits, informed consent was obtained,
participants were asked to complete a study questionnaire and height and weight were
measured. Each one of the participating hospitals was provided specifically designed
kits for breast tissue collection that included tissue specimen containers partially filled
with 70% ethanol, blood collecting tubes, copies of the eligibility criteria, patient data
questionnaires, and labels with coded numbers for the biospecimens and
questionnaires. All patients were accessed to a FCCC database using the originally
assigned coded numbers. Patient names and medical record numbers were known
only by the treating physician and authorized personnel at each participating hospitals.
Breast tissue specimens were obtained by the operating surgeon following standard
procedures for surgical breast biopsies at each site only after tissues were evaluated
for presence of tumor, and if present, assessment of tumor size, margin identification,
and adequacy of the tissue available for pathological diagnosis. Normal appearing
tissues were taken from areas at a distance equal or greater than 2 cm from any
grossly identifiable lesion and immediately fixed in 70% ethanol for eight-hours,
followed by dehydration, paraffin embedding, sectioning and staining for histological

analysis and laser capture microdissection (LCM) following procedures previously
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described [27]. Histopathological diagnosis of tumor type was made by Pathologists
at each site. Only women diagnosed with invasive breast cancer (cases) or benign
breast disease without hyperplasia or atypia (controls) were included in the study.
From the 74 postmenopausal women that fulfilled the criteria of eligibility for this
study, there were 59 (80%) parous and 15 (20%) nulliparous. Eighteen of the parous
women that had benign breast biopsies but were free of cancer served as controls. At
the time of biopsy they ranged in age from 50 to 78 years old (mean 63.23 + 8.78),
and had had their first full term pregnancy between 17 and 34 years of age (mean age
24.23 £ 4.93). Forty one women that had a diagnosis of breast cancer ranged in age
from were selected as cases. The mean age at the time of breast cancer diagnosis was
69.35 +9.21 and the first pregnancy occurred at 24.97 + 4.06 years of age. Among the
nulliparous women, 7 were free of cancer (controls), and 8 had breast cancer (cases)
in whom biopsies were performed when they had an average of 56.71 £ 5.65 and 66.0
+12.43 yéars of age, respectively (Table 1). The number of cases per group represents

the distribution of cases at each one of the participating hospitals.
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Table 1: Profile of the Four Groups of Patients* and Diagnosis of
Breast Lesions from which Normal Lobule type 1 Epithelium was
Obtained by Laser Capture Microdissection (LCM)

Case ID | Ageat | Ageat Breast biopsy Parity status | RNA aaRNA' Ratio
Diag- first diagnosis [ng)® {ng] 260/280
nosis birth

1 81719 50 33 Fibrocystic changes Parous 28.90 997.80 1.99
Control
2 84453 59 25 - | Ductal hyperplasia Parous 58.10 896.10 20t
Control
3| 110887 55 22 | Fibroadenoma Parous 54.60 938.20 2.02
Control
4 | 119747 61 25 | Fibrocystic changes Parous 23.90 961.10 2.04
Control
3| 131682 55 17 | Ductal hyperplasia, Parous 25.80 725.10 1.99
mild Control
6 134134 61 34 Fibroadenoma, Parous 80.90 6072.00 2.00
adenosis Control
7 | 135125 52 31 | Adenosis, ductal Parous 22470 1483.30 2.03
ectasia Control
8 | 135447 77 23 | Apocrine metaplasia Parous 28.90 865.00 2.05
Control
9 [ 135990 64 27 | Adenosis Parous 47.90 901.40 2.03
Control
10 [ 136383 71 24 | Adenosis Parous 46.50 3823.00 2.02
Control
11} 136880 59 20 | Papilloma Parous 39.70 968.30 2.03
Caontrol
12| 137340 63 18 | Ductal hyperplasia, Parous 35.80 235.40 2.01
mild Control
13| 139641 61 21 Stromal fibrosis Parous 49.70 1468.20 1.99
Control
14 [ 141007 77 21 | Adenosis Parous 40.60 1283.50 2.02
Control
15 ] 141300 78 24 | Adenosis Parous 161.90 2358.10 2.02
Control
17 | 143793 72 27 | Adenosis Parous 20.30 439.30 201
Control
18 | 148115 60 20 | Benign breast disease Parous 46.30 412.40 2.00
Control
19| 131453 71 17 Invasive Ductal Parous Case 52.50 2115.60 2.03
carcinoma
20| 132370 61 26 | Invasive Ductal Parous Case 20.10 65.00 2.05
Carcinoma
21| 132452 55 26 | Invasive Ductal and Parous Case 5L10 1225.80 2.07
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lobular carcinoma

22| 132454 60 25 Invasive ductal Parous Case 46,30 544.40 2.02
carcinoma

23| 132456 72 19 Invasive ductal Parous Case 100.50 53.20 2.03
carcinoma

24 | 133360 57 19 Invasive ductal Parous Case 54.90 1534.00 2.01
carcinoma

251 133931 74 26 Invasive ductal and Parous Case 22.20 1682.90 2.00
lobular carcinoma

361 134133 75 26 Invasive ductal Parous Case 41.70 6421.80 2.00
carcinoma

27 | 154835 75 25 Invasive ductal Parous Case 32.50 5432.00 2.00
carcinoma

28 | 135984 76 20 Mucinous Parous Case 21.90 1443.80 2.00
adenocarcinoma

29 | 137805 78 23 Mucinous Parous Case 401.40 1235.00 2.02
adenocarcinoma

30| 138206 59 28 Invasive Ductal Parous Case 45.40 1574.20 2.00
carcinoma & DCIST

31| 138993 76 26 Invasive Ductal Parous Case 83.40 7473.40 2.04
carcinoma

321 139128 84 31 Invasive ductal Parous Case 79.30 1310.20 2.00
carcinoma

33| 140569 67 24 Invasive ductal Parous Case 4110 1093.00 2.00
carcinoma

34| 141008 55 29 Invasive ductal Parous Case 2970 1405.60 2.00
carcinoma & DCIS

35 141299 75 27 Invasive ductal Parous Case 42.90 762.30 2.05
carcinoma & DCIS

38 | 145563 65 23 Invasive ductal Parous Case 17.90 764.00 2.00
carcinoma

39 | 145564 74 25 Invasive ductal Parous Case 28.50 828.20 2.00
carcinoima

40 | 145565 62 28 Invasive ductal Parous Case 26.10 682.60 2.02
carcipoma & DCIS

41 | 146980 65 26 Invasive ductal Parous Case 17.10 411.60 2.02
carcinoma

42 | 147715 81 25 Invasive ductal Parous Case 106.30 416,70 2.2
carcinoma & DCIS

43| 149911 56 32 Invasive ductal Parous Case 107.30 1425.76 2.02
carcinpma & DCIS

44 | 153163 82 30 Invasive lobular Parous Case 377.90 1326.24 2.00
carcinoma

45 | 153556 65 30 Invasive ductal Parous Case 309.10 1427.00 2.00
carcinoma

46 | 154250 76 20 Invasive ductal Parous Case 310.10 1428.24 2.11
carcinoma & DCIS

47 | 155065 79 28 Invasive ductal Parous Case 1003.40 1129.98 2.00
carcinoma

48 | 155844 75 26 Invasive duactal Parous Case 1537.70 1430.24 2.06
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carcinoma

49 | 155845 82 21 Invasive ductal Parous Case 310,10 1531.00 2.00
carcinoma
501 156062 58 26 Invasive ductal Parous Case 31LIO 1432.24 2.08
carcinoma
51 156105 73 26 Invasive lobular Parous Case 305.80 1233.24 2.00
carcinoma & LCIS%
521 157584 70 23 Invasive lobular Parous Case 325.80 1434.00 2.20
carcinoma
53| 157678 92 19 Invasive lobular Parous Case 1784.00 1635.24 2.00
Carcinoma
541 158532 70 25 Invasive ductal Parous Case 1655.80 1146.94 2.00
carcinoma
55 158972 60 3 Invasive ductal Parous Case 966.90 1437.50 2.01
carcinoma & DCIS
56| 158973 61 19 Invasive ductal Parous Case 1011.90 1444.24 200
carcinoma
S7 | 160038 60 16 Invasive ductal Parous Case 429.80 1439.24 2.00
carcinoma
58 | 160039 66 30 Invasive ductal Parous Case 1783.50 1440.00 2.01
carcinoma & DCIS
591 160827 63 8 Invasive ductal Parous Case 355.70 1441.24 2.00
carcinoma & DCIS
60 15737 65 N/A | Adenosis Nulliparous 579.00 1342.67 2.00
Control
61 45853 62 N/A | Fibroadenoma Nulliparous 131.90 1443.24 2.04
Control
62 | 131161 58 N/A | Papilloma Nulliparous 51.10 2005.80 2.00
Control
63 | 132404 51 N/A | Fibroadenoma, Nulliparous 81.20 2006.80 2.00
papilloma Control
64 | 141009 53 N/A | Stromal fibrosis Nulliparous 108.80 977.40 2
Control
65 | 143964 50 N/A | Apocrine metaplasia, Nulliparous 56.60 618.10 2.00
stromal fibrosis Control
66 | 149204 58 N/A | Adenosis Nulliparous 31.10 401.60 2.00
Control
67 | 132372 53 N/A | Invasive ductal Nulliparous 20.90 557.50 2.05
carcinoma Case
68 | 132382 68 N/A | Invasive ductal and Nulliparous 27.60 386.60 2.00
lobular carcinoma Case
69 | 132402 77 N/A | Invasive ductal Nulliparous 776.70 387.60 2.00
carcinoma Case
70 | 136596 74 N/A | Invasive ductal Nulliparous 5170 891.60 1.99
carcinoma Case
71 | 142667 87 N/A | Invasive ductal Nulliparous 37.10 1217.50 2.00
carcinoma Case
72 | 144166 57 N/A | Invasive ductal Nulliparous 646.70 1218.50 2.00
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carcinoma Case

73| 135938 57 N/A | Invasive lobular Nulliparous 150.50 1219.50 2.08
carcinoma Case

741 156622 55 N/A | Invasive ductal Nulliparous | 433.60 1220.50 2.00
carcinoma Case

*Groups of Patients: Parous Controls, women with benign breast biopsies; Parous Cases, women
with breast cancer; Nulliparous Control, childless women with benign breast biopsies, and
Nulliparous Cases, Childless women with breast cancer.

TDCIS, Ductal carcinoma in situ

*LCIS, Lobular carcinoma in sifu

YRNA [ng], total amount of RNA in nanograms obtained by LCM from each sample.
"3aRNA, amplified RNA

cDNA Human Microarray Analysis

RNA isolation and amplification from LCM samples were performed as
previously described [27]. Microarrays were prepared by the Fox Chase Cancer
Center NClI-supported Microarray Facility. Mirror glass slides were utilized for
robotically spotting 40,000 cDNAs representing 28,000 distinct human transcripts,
10,000 identified by ESTs, and 2,000 controls and blank spots. Probe construction
using direct labeling with random hexamer primer and purification using the QIA-
quick PCR purification kit (Qiagen) were performed as previously described [27].
After the last centrifugation at 13,000 rpm for 1 min the concentration of the eluted
material was determined, then partially dried in a vacuum centrifuge and resuspended
in 15 pl of hybridization buffer containing 20x saline—sodium citrate (SSC) and 0.6 pl
of 10% (wt/vol) SDS. Thereafter the probes were denatured at 95°C, centrifuged for 3
minutes at 13,000rpm and the products were pipetted onto pre-hybridized arrays; the
slides were coverslipped and placed in hybridization chambers (Gene Machine).
Arrays were incubated in a 42°C water bath for 1618 h, and subsequently washed
with 0.5 x SSC, 0.01% (wt/vol) SDS, followed by 0.06 x SSC, at room temperature
for 10 min each. The slides were centrifuged for 8 min at 800 rpm (130g) at room
temperature. The glass microarrays were hybridized placing in the red channel
(labeled with Cy5) the amplified RNA from the breast samples and in the green
channel (labeled with Cy3) the human universal reference amplified RNA (Stratagene
Technologies, Inc., La Jolla, CA). Each hybridization compared Cy5-labelled cDNA
reverse transcribed from amplified RNA isolated from each patient with the Cy3-
labelled cDNA reverse transcribed from a universal human reference amplified RNA

sample. Equal amounts of fluorescent probes were used to hybridize the cDNA
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microarrays in triplicate and after quality verification in the Nanodrop, replicates from
the same sample were combined an re-distributed into 3 separate tubes in order to
have identical replicates. Arrays were read in an Affymetrix 428 fluorescent scanner
(MWG, CA) at 10 um resolution, with variable voltage of the photomultiplier tube
(PMT) for obtaining the maximal signal intensities with <1% (wt/vol) probe
saturation. The resulting images were analyzed using ImaGene software version 4,2
(Biodiscovery, El Segundo, CA).

Data Analysis

Normalization and statistical analysis of the expression data were carried out
using Linear Models for Microarray Data (LIMMA) [28-30]. For detecting the
differential expression of genes that might not necessarily be highly expressed,
background correction using the "normexp" method in LIMMA was performed for
adjusting the local median background estimates, a correction strategy that avoids
problems with background estimates that are greater than foreground values and
ensures that there were no missing or negative corrected intensities. An offset of 100
was used for both channels to further damp down the variability of log-ratios for low-
intensity spots. The resulting log-ratios were normalized by using the print-tip group
Lowess method with span 0.4, as recommended by Smyth et al. [30].

Moderated t-statistic was used as the basic statistic for significance analysis; it
was computed for each probe and for each contrast [30]. False discovery rate (FDR)
was controlled using the BH adjustment of Benjamini and Hochberg [31,32]. All
genes with p value below a threshold of 0.05 were selected as differentially expressed
(DE), maintaining the proportion of false discoveries in the selected group below the
threshold value, in this case 5% [33]. Hierarchical clustering was done using

GeneSight software (BioDiscovery Inc., El Segundo, CA) version 2.4).

Gene Validation by RT-PCR amplification

Genes that were found to be upregulated in the parous control breast were
validated by real time RT-PCR using nucleotide sequences that were found using the
gene accession number obtained from the cDNA glass microarrays and searching the
NCI-Blast website on the world wide web at ncbi.nlm.nih.gov/BLAST/. Tagman

primer and probe sets sequences are listed in Table 3. The sense and antisense primer
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sequences were designed using Primer3 software found on the world wide web at
//frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi, and synthesized by the DNA
Sequencing Facility at the Fox Chase Cancer Center. A beta actin primer was
included as a control for gene expression. Primers were labeled with SyBroGreen dye
(Applied Biosystems, Foster City, CA); for avoiding competition in the multiplex
PCR reaction tube primer concentrations were limited and standardized. All RT-PCR
reactions were performed on the ABI Prism 7000 Sequence Detection System using
the fluorescent SyBro Green methodology (SYBRO Green Rt-PCR Master Mix
Reagents, all from Applied Biosystems (Foster City, CA). For each RT-PCR reaction
100 ng of amplified RNA in a total volume of 50 ul were used. Primer and probe
concentrations for target genes were optimized according to the manufacturer's
recommended procedure. The following thermal cycling conditions were used: 30
min at 48°C, 10 min at 95°C, and 40 cycles of 15 seconds, denaturalization at 95°C
for 60 seconds and annealing at 60°C. Each gene was analyzed in triplicate,
normalized against beta actin and expressed in relation to a calibrator sample. Results
were expressed as relative gene expression (RGE) using the Ct method, as previously
described [27].

RESULTS

Identification of differentially expressed genes in breast epithelium

For the analysis of the effect of parity on the genomic profile of epithelial cells
from Lob 1, cDNA microarray expression profiling of the 74 breast tissue samples
described in Table 1 was performed. Genes whose expression changes differed by at
least 1.2-fold and that were considered to be statistically significant between
nulliparous and parous women with and without cancer using established algorithms
were selected for further analysis [32]. A total of 2,541 gene sequences were found to
be differentially expressed (t test with false discovery rate p<0.05) in the breast
epithelium of the parous control group in comparison with. nulliparous control and
cases and parous cases. The parous control group had 126 genes up-regulated and 103
downregulated (Table 2) with respect to the nulliparous control and case groups and

to the parous group with breast cancer (cases).
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Table 2: Genes Differentially Expressed in the Breast Epithelium of Parous Control Women

Gene name

Apoptosis
BCL2-asscciated X protein
TIAT oy ic granub toct RNA
binding protein

TNF receptor-associated factor
TNFRSF1A. lated via death domal
CASP2 and RIPK1

Protein phosphatase tF

Programmed cell death

Mdm4

Antiapoptosis

Baculovisal AP repeat-containing 6
BCL2-associated athanogene 4

Cell adhesion

Sema domain

1nt; L 1 A J, 3 Ex 3
Epitholial Vdke antigen 1

Fibulin 8

Formin binding protein 4

Sideldck homolog 1 (chicken)
Nouropilin 1

Down synd coll adhesion molecul
Discs, large homolog 5 {Drosophila)
Collagen, type XVI, alpha 1

Laminin, gamma 1 {fomerly LAMB2)
Colt signaling-signal transducdon

Egf-iike moduls containing
Ankyrin 2, neuronal

Insulin moeptor substrate 1
Comnichon homolog 2 {Drosophila)
Chimein (chimaerin) 2
Low donshty lipoprotel

P lated protein 5
G prowl pled receptor kinase | 1
Galanin receptor 2

Neuropeptide Y receptor Y1

Rap guanine nuckotide exchange factor (GEF) 6
RAB2TA, member RAS ancogene family
Collad-coil domaln contalning 132

BRCA2 and CDKNIA interacting protein

Small inducibde cytokine subdamily E
Neuropeptide S receptor 1

Ankyrin mpeat and death domain containing 1A
Endothelin receptor type A

GIPC PDZ domai ining family, bor 1
Development and differenti

enhancing factor 2

Call cyclo and growth

DnaJ (Hep40) homolog, subfamily A, ber 2
Homeodamaln interacting proteln kinase 2
Retinoblastoma binding protein &

Dynactin 1 (p150, glued homalog, Drosophila)
Katanin pB0 subunit A 1

Transforming, acidic colled-zoll containing
protain 1

Sestiin 3

G1 o S phase transition 1

Protsin phosphatase 2

LATS, large tumor suppressor, homolog 1
Transmembrane and colled-coll domains 7

Responss to exogenous agents
Retinol dehydrogenase 11 (all-trans/§-cis/ 11-cis)

Gene ID

Al565203

Reze78
R71681
AA916206
AA295065
AA806330
AA416757
Al310969

H10434
Hazezs

AA436152
Was068
AABBBY7
H17615
N49573
N23g40
AADSEBET
N5a145
AA478949
AApes202
AABSH006

Ali74266
Al018106
AA456308
R42919
AlD26829
Re303s
Alo75118
N78478
R43B17
AAS11005
Al308108
R49442
Al033172
Ho5323
He1700
Al053438
AASO9960
AlDg4798

Al054006

Al273537
Nasag1
AA388302
AA488188
T47814

AAS98706
Al190194
RB24852
H09640
Al023733
Alos7241

Hs2421

Symbol

BAX

TiA1
TRAF1
TRADD
CRADD
PPMIF
POCDS
MOM4¢

BIRCS
BAG4

SEMASA
JCAM3
EVAT
FBLNS
FNBP4
SDK1
NRPY
DSCAM

COL16AT
LAMC:

EMR2
ANK2
IRS1
CNiH2
CHNz2
LRPS
Gt
GALR2
NPYIR
RAPGEFs
RAB27A
ccocts2
BCCIP
SCYEY
NPSRA1
ANKDD1A
EDNRA
GIPCY

DDEF2

DNAJA2
HIPK2
RBBPS
DCTN?
KATNAY

TACCt
SESN3
GSPT1
PPP2R18
LATSt
TMCO7

RDH11

36

GO number

GO:0006915

GO:0006915
GO:0008918
GO:0006915
GO:0042981
GO:0006915
GO:0006915
GOr0008915

GO:.0008918
GO:0006916

GO:0007155
GO:0018337
GO:0007 155
GO:0007 160
GO:0007 155
GC:0007 155
GO:0007 185
GO:0007 155
GO:0016337
GO:0007185
GO:0007 155

GO:0007165
GO:0007 165
GO:0007 185
G0:0007 242
GO:0007 242
GO:0016055
GO:0008277
GO:0007186
GO:0007 168
GO:0007 264
GO:0007264
GQ.0000160
GO:0000079
GO:0007 287
GO:0007 185
GO:0007165
GO:0007 188
GO:0007 186

GO0043087

GO:0000074
G0:0000074
GO:0000074
GO:0007087
GO0007048

G0:.0007048
G0:0007050
GO:0000082
GO:0000074
GO:0000086
GO0007076

GO:0008152

PCT/US2009/030031
Molecular Fold
Function AdjP increase/
GO number decrease
GO0006515 0.0230 268500
GO0000186 00173 1.5600
GO0006461 0017 1.7200
GO0008E15 0.027 1.4200
GO0006515 0.0041 1.89G0
GO:0018787 0.0142 1.3500
GO0008584 0.0013 -2.1500
GO0004842 0.0134 -1.2500
GO0004840 0.0138 -1.2600
GO0005057 0.0267 -1.2700
GO0004872 0.050 1810
GO0005178 00189 17000
GOV0S515 00110 1.2600
GO0004888 4.0100 1.7900
GO0006198 0.0279% 1.2900
GO0005615 0.0287 1.2600
GO0004872 9.0170 1.2500
GO:0008515 00126 ~2.1000
GO0005515 0.0138 -1.8000
GO:0005198 0.0102 -1.7600
GOR008515 0.0015 -2.9100

GO0OL04872 00115 15100
GO:0005200 0.0142 1.2800
GO:0004871 0.0220 1.2900
GC0008554 0.0108 1.2500
G0:0005008 40111 1.3000
GO:0004872 0014 14000
GOQ005096 00128 1.3500
GO:0004986 0.0802 1.2000
GO0001584 0019 -1.480

GO:0005085 0.0020 -1.4000
GO:0000168 0.0054 -1.8454
GO0000155 4.0020 -3.8868
GO0008654 a.0070 -1.3792
GO0005125 0.0020 2.8681
GGO0604872 00140 -1.4600
GO0o08515| 00087 -2.3100
GO:0001599 00119 -1.4500
GO0008515 00112 -1.5800
GO0005096 00130 -1.3000
GO:0008270 00020 1.5600
GO0000168 0.007¢ 1.8700
GOOD03sTS 00120 1.5800
GO0003774 0.0t1 1.4800
GO0000166 0.0056 -2.6600
GO0006615 00079 21700
GOO00E654 0.0028 -1.9000
GO0000166 0.0000 -3.5000
GO0000158 00189 -2.3500
GO0000166 0.0092 -1.9800
GODO05488 0.0110 -1.6000
GO0016491 0.0168 1.6428
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Epoxide hydrolase 1, microsomal (renobiotic)

Thioredoxin reductase 1
Immunoglobutin (CO73A} binding protsin 1
Calcium binding atopy-rslated autoantigen

Toll-interleukin 1 receptor

Scavenger receptor class A, member 3
Glutathione S-transforaso theta 1

Epoxide hydrolase 1, microsomal {(xenobiotic)
Ch ‘10 opan '* gfra'gm 59

Call wanspon

Translocated prormoter region

Transkocation protein 1
UDP-N-acetyl-alpha-D-galactosamine
Amnadillo repeat containing 1

Translent racoptor potential cation ch |
Chlaride channel &

HIV-1 Rev binding prowin

SH3KBP1 binding protein 1

Tweety homolog 1 (Drosophila)

Solute carrler family 19, member 3

Solute canter family 22

Stonin 2

Gamma-aminobutyric acid (GABAY A receptor
Ficolin {collagenffibrinogen domain containing) 1
Ras-GTPase-activating protein SH3-domain-
binding

Frequenin homolog (Drosophila)
Acyl-Cosnzyme A oxidase 1, palmitoyl
Cytochrome b reductase 4

PAP1E, member of RAS oncogene family
Dysbindin & ining

Solute carrer family 20 (phosphate transporiar)
Kelch-like 2, Mayven (Drosophila)

Sorting nexin 11

Chromatin Modification
Histone cluster 1, H2ac

SET domain containing 1A
Davalopmem-Morphogenssis

Dishevelled, dsh homolog 2 {Drosophila)
Latent transfoiming growth factor beta binding
protein 4

Dopey family member 2

Ephrin-B3

DiGeorge syndrome critical ragion gene 14
Fibroblast growth factor 11

Twist homolog 1

Protein inhibitor of activated STAT, 2

i il jatod protain 1B

{iual specifisity phosphatase 22

Tropomyosin 3

Cystoine rich b BRP regulator 1
Split handioot malformation (sctrodactyly) type 1
Hepatic leukemia factor

Bruno-like 4, ANA binding protsin (Orosophila)
DA repair and replication

RAD51-like 3 (S. comvisias)

Excislon repair cross-comph ing rodent
repalr deficiency

Polymerase (DNA -directed)

Ankyrin repeat domain 17

Translin

Nth endonuclease Hi-like 1 (E. coll)

Three prime repair exonuckase 1
Ubiguitin-activating enzyme E1

Structural mai of ch 2
Miscollaneous processes
Carcincambryonic antigen-related coll adhesion

AABILES1
Ahde4849
AAdE3408
AA992324
Al279454
Ri0675
Te4889
AAB38601
Al083491

Al460128

AAOB4TTE
Tos628
AAS9884G
AA490502
Al167481
Hrazzz
AAB2TE04
AA4STT23
R56769
AA7OTBES
AAT705565
AAg92626
R43452
Al34g250

AAS98E28
Hige21
AlT9148
AlD53851
AA598864
AA598870
AASITTE
Alz4sa18

H1e467
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Unsupervised hierarchical clustering performed using the expression profiles

of 2,541 globally varying genes across the nulliparous and parous data sets

representing the four groups revealed that samples clustered primarily based on parity

status (Fig. 1). This suggested that the principal source of global variation in gene
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expression across these data sets was due to genetic differences between women due
to reproductive history. This observation suggested that determining which parity-
induced gene expression changes were conserved among these highly divergent
groups could represent a powerful approach to defining a parity-related gene
expression signature. Results of clustering set depicted in Figures 2a and 2b indicate
that the combined parity and absence of breast cancer data generate a distinct genomic
profile that differs from the breast cancer groups, irrespective of parity history and
from the nulliparous cancer free group, which has been traditionally identified as a

high risk group.

Gene Functional Category Analysis

We measured the relevance of Gene Ontology (GO) terms [34] belonging to
the category of biological processes in the breast epithelium of parous women and
analyzed the biological significance of those terms that were found to be deregulated
in response to an early reproductive event with high statistical significance (Tables 2,
3 and 4). Among the 18 categories identified to be contain deregulated genes the most
highly represented biological process was gene transcription, in which 21 genes
(64%) were upregulated and 12 genes (36%) were downregulated. Higher gene
expression was observed in 11 processes that included proteolysis and ubiquitination,
cell adhesion, response to exogenous agents, metabolism, DNA repair and replication,
RNA processing, apoptosis, miscellaneous processes, antiapoptosis, and chromatin
modification, in which the ratios of up to down regulated genes ranged from 1.75 to
11 (Table 2).

A greater number of genes with lower level of expression was observed in
seven processes, cell transport, protein biosynthesis and metabolism, cell signaling-
signal transduction, biological process unknown, and biological process and
molecular function unknown. The genes comprised in these categories are listed in
Table 2. A number of genes that in the arrays of the parous control breast epithelial
cells were either significantly upregulated or not modified by the reproductive process
were confirmed by RT PCR. They included: TNFRSF1A-associated via death domain
(TRADD), eukaryotic translation initiation factor 44, isoform 3 (EIF4A3), Suppressor
of Ty 5 homolog (S. cerevisiae) (SUPTSH) [35], SRY (sex determining region Y)-box 5
(SOX35), Carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAMI),
Homeobox D1 (HOXDI), Ephrin B3 (EFNB3), p300/CBPassociated factor (PCAF),
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Inhibitor of DNA binding 4 (ID4), and Surfeit (Table 3). All genes detected as

differentially expressed by the microarray platform were confirmed to be

differentially expressed by RT-PCR (p value <0.5), whereas those that did not differ

among parous and nulliparous control and cases, such as Surfeit, did not differ either

in the level of expression by RT-PCR (Table 3).

Table 3. RT-PCR validation of genes upregulated in the breast epithelinm of parous women

Nulli
Gene Parous parous | Parous Nulli

Gene Name Symboel Primer Sequence control control case | parous case

TNERSF1A-

associated via death 11488.00 + 057 218+

domain TRADD gatgecctiagggticetic 985.00 0.33 1.57 1.89 £ 1.85

Eukaryotic translation

initiation factor 4A, aagaaaggtgpactppcty | 382218 1 1.09 £ 229+ 1297 ¢

isoform 3 EIF4A3 a 764.10 104 272 27.51

Suppressor of Ty 5

homolog (S. 151776 £ 026 |1684%

cerevisiae) SUPT5H | ctiigagggpaaccgtiaca 234.55 0.12 2609 | 29012315

SRY (sex determyining agpgaciccegagagetta | 267.61 % 079+ 273+

region Y-box 5 SOXS g 24.87 071 3.05 | 6042571

Carcinoembryonic

antigen-related cell 197+ | 0642

adhesion molecule 1 CEACAM! | acccacctgeacagtactoe | 12,58 £ 1.04 0.16 0.06 | 1.74+0.14
2.57% 264 2

Homeo box D1 HOXD! | ticagcaccaageaactgac | 9.49 £3.15 3.54 23 | Lzl
LI 07+

Ephrin B3 EFNB3 cticccaapateteectiee | 3.63£3.23 0.08 0.59 | 117 +£0.84

pAOWCBP-associated 98.36 + 1.38¢ 9.87 %

factor PCAF acglicaccigetggtocaa 2144 0.33 376 | 2951534

Inhibitor of DNA 830.28 £ 021+ |33.80%

binding 4 D4 atgggatgagganatgollg 100.33 0.23 6344 | 3.37+3.83
1L75% 135

Surfeit 5 Swrfeir | cotgectgeaggtiagaaag | 1,12+ 113 0.08 0.67 | 1531216

DISCUSSION

The present work is the first demonstration that an early first full term

pregnancy imprints in the involuted breast lobules of postmenopausal parous women

free of breast cancer a specific genomic signature that significantly differs from that

of parous women with cancer, and nulliparous women with or without the disease.
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The ¢cDNA microarray analysis of epithelial RNA of completely involuted lobules,
represented by Lob 1, obtained by laser capture microdissection, revealed that these
cells express a genomic signature comprised of 232 deregulated genes representing 18
functional categories.

The signature is comprised of both upregulated and downregulated genes.
Deregulated genes predominated in the category of transcription, in which 63% were
upregulated and 37% downregulated. The fact that the number of downregulated
genes was slightly higher in the cell transport, protein biosynthesis metabolism, cell
signaling/signal transduction, development and morphogenesis, cell cycle and growth,
as well as in those categories in which the biological process and the molecular
functions are unknown indicates that downregulation or silencing of gene expression
plays an important role in terminal differentiation [36].

Twenty three genes were found to be significantly upregulated in the parous
breast epithelium in the categories of transcription and chromatin modification, an
indication that modifications in transcriptional activity during pregnancy plays an
important role and become a permanent component of the genomic signature
imprinted by this physiological process in the postmenopausal breast epithelium.
greater than two-fold significant increase (p<0.05) over control values, was observed
in the Bromodomain PHD finger transcription factor (BPTF), SUPTS5, which has 50%
similarity to yeast SPT5 and is part of a protein complex involved in transcriptional
repression by modulating chromatin structure [35], and zinc finger protein 498
(ZNF498), that is involved in the regulation of nucleobase, nucleoside, nucleotide and
nucleic acid metabolism. The expression of BPTF has been reported to be lost or
significantly reduced in primary carcinomas and in cell lines established from
different human carcinomas, supporting our postulate that this gene may play a role in
suppression of tumors originating from epithelial tissue [37,38].

ID4, a member of the ID family of proteins (Id1-1d4) that function as
dominant negative regulators of basic helix-loop-helix transcription factors, was
increased in the parous women epithelium, as confirmed by RT-PCR that detected
significant increase in the levels of expression from 0.21 + 0.23 in nulliparous
controls to 830.28 + 100.33 in parous controls (Table 3). ID4 mRNA has been
reported to be expressed in normal breast epithelium and myoepithelium, but to be
absent in estrogen receptor alpha (ER-a) positive invasive carcinomas, in sporadic

breast cancers expressing both ER-a and BRCA1 [39], in ductal carcinomas in
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situ(DCIS), and atypical ductal hyperplasias (4DH) [40]. Epigenetic inactivation of
ID4 has been reported in human leukemia [41], colorectal cancer [42], and gastric
adenocarcinoma [43]. Its complete or partial epigenetic inactivation also occurs in
both ER-a positive and negative cells, i.e., T47D, MCF-7, and HBL-100, BT20,
BT549, and BR2, respectively [44]. These findings support the role of this gene as a
putative tumor-suppressor gene and as a key regulator of cell differentiation.

The fact that SRY (sex determining region Y)-box 10 or SOX10, a gene that is
methylated in the breast cancer cell line MCF7 [45], is significantly upregulated in the
breast of parous women indicates that it may play an integral role in the specification
and transcription of the terminal differentiation that has been reported in other
systems, such as astrocytes and oligodendrocytes [46]. In contrast, SRY (sex
determining region Y)-box 3 (SOX3), that is involved in the regulation of embryonic
development and determination of cell fate [47], and is essential for the maintenance
of spermatogonial stem cells [48], is downregulated in the parous breast. These
observations suggest that these genes might play in the breast a role similar to that
described in neural and male reproductive organs, respectively.

Transcription factors also associated to co activators and chromatin
remodeling, such PCAF, which we have previously found to be significantly up-
regulated in breast epithelial cells of parous women [6,21,25,26], seem to play an
important role in the genomic signature induced by pregnancy in breast epithelial
cells. The p300/CBP family of coactivators can interact with the isolated A/B domain
of the ER-q, enhancing its AF-1 activity, thus contributing to ligand-independent
activity of the receptor under the stimulus of steroid receptor coactivator-1 (SRC-1)
[49]. Interestingly, p300/CBP is recruited by SRC-1 and cofactors such as
transcription intermediary factor 2 (TIF2) and amplified in breast cancer 1 (AIB1),
that interact with nuclear receptors in a ligand-dependent manner for enhancing
transcriptional activation by the receptor via histone acetylation/methylation [50].
PCAF is also a co activator of the tumor suppressor p53 and participates in p53-
mediated transactivation of target genes through acetylation of both bound p53 and
histones within p53 target promoters [51]. The up-regulation of PCAF in the
differentiated breast epithelial cells of parous women might be associated with an
increase in the protein levels of the histone acetyl transferases p300, while CBP

suppresses the level of histone deacetylase and increases the level of acetylated
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histone H4, as it has been reported for metastatic breast cancer cells after treatment
with transretinoic acid (ATRA), which also up-regulates the expression of BAX [52], a
proapoptotic gene that is also up-regulated in the parous breast epithelial cells.

The general transcription factor IIB (GTF2B) that encodes one of the
ubiquitous factors required for transcription initiation by RNA polymerase II and
HOXDI, is also upregulated in the parous breast. Of great interest is the fact that
transcription factors encoded by the HOX genes that play a crucial role in Drosophila,
Xenopus, and mammalian embryonic differentiation and development, up-regulate
HOXC6, HOXD1, and HOXDS expression in human neuroblastoma cells that are
chemically induced to differentiate, an indication that HOX is associated with
maturation toward a differentiated neuronal phenotype {53].

Two protein inhibitors of activated STAT (PIAS) were found to be deregulated
in the breast epithelium of parous women; PI4S] was upregulated and PI4S2 (also
called PIASx), was down-regulated. Members of the PIAS protein family have been
identified as negative regulators of STAT signaling and of transcription factors such
nuclear factor kappa B and p53 [54]. PIAS members have small ubiquitin-like
modifier (SUMO) E3-ligase activity, PIAS1 exerting a direct inhibition of STATI
DNA binding, whereas PIAS2 recruiting histone deacetylase 3 (HDAC3) for
repressing STAT4-dependent transcription. Several PIAS can also cause STAT
sumoylation, which is likely to inhibit STAT signaling [55]. The downregulation of
PIAS? is interesting, since the extent of PIAS and SUMO family expression in breast
tissues remains unclear, although preliminary evidence suggests that dysregulation of
PIAS expression does occur in human breast cancers.

Among the genes that are downregulated in the involuted lobular epithelium
of postmenopausal parous women are kistone deacetylase 8 (HDACS) and methyl-
CpG binding domain protein 3 (MBD3). The importance of the downregulation of
these two genes is highlighted by the facts that histone deacetylases (HDACs) interact
with DNA methyltransferases (DNMT) and methyl CpG-binding domain (MBD)
proteins, which are associated with CpG island methylation, another epigenetic
modification involved in transcriptional repression and heterochromatin remodeling
[56-59]. The inhibition of HDAC by trichostatin A (TSA) induces terminal
differentiation of mouse erythroleukemia cells and apoptosis of lymphoid and
colorectal cancer cells. In addition, TSA treatment of cells expressing the PML zinc

finger protein derepresses transcription and allows cells to differentiate normally.
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These findings have led to the development of HDAC inhibitors as potential agents
for the treatment of certain forms of cancer [57]. Interestingly, the deacetylase activity
of HDACS is inhibited by PKA mediated phosphorylation, resulting in the
hyperacetylation of histones H3 and H4, a phenomenon similar to that induced by
human chorionic gonadotropin (hCG) in the human breast [58], and that represents a
novel mechanism of regulation of the activities of human class I HDAC by protein
kinases [56]. MBD3 is one of the five members of the MBD family that recruits
various HDAC containing repressor complexes leading to silencing by generating
repressive chromatin structures at relevant binding sites. It plays an important role in
mediating the HDAC-specific small-molecule inhibitors (HDI)-induced gene
regulations associated with cancer-selective cell death, imparting HDI-induced
selectivity in cancer cells via differential transcriptional regulation [59]. Silencing of
MBD3 abrogates HDI-induced transcriptional reprogramming and growth inhibition
in HDI-treated lung cancer cells but not in normal cells. In response to HDI treatment
MBD3 relocalizes within cells in a different manner in cancer and normal cells, an
indication that the relocation of MBD3 to the nucleus may facilitate its recruitment to
the genome and allow MBD3 to function as a regulatory molecule [59]. Our ongoing
studies have been designed for clarifying whether intracellular relocation plays a role
in differential transcriptional reprogramming in response to pregnancy induced
differentiation.

We found of great interest our findings that genes that are involved in the
metabolism of xenobiotic substances and oxidative stress were significantly
upregulated in the breast epithelium of postmenopausal parous women. Among them
are the Epoxide hydrolase or EPHXI, which plays an important role in both the
activation and detoxification of exogenous chemicals such as polycyclic aromatic
hydrocarbons found in cigarette smoke [60], and thioredoxin reductase 1 or TXNRD
[61], a member of the pyridine nucleotide family of oxidoreductases and one of the
major antioxidant and redox regulators in mammals. TXNRD1 protein reduces
thioredoxins and other substrates, playing a role in selenium metabolism, protecting
against oxidative stress, and supporting the function of p53 and of other tumor
suppressors. The upregulation in the parous breast epithelium of Glutathione S-
transferase (GST) theta 1 (GSTT1), which belongs to a family of important enzymes
involved in the detoxification of a wide variety of known and suspected carcinogens,

including potential mammary carcinogens identified in charred meats and tobacco
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smoke is of importance because a substantial proportion of the Caucasian population
has a homozygous deletion (null) of the GSTM1I or GSTT] gene, which results in lack
of production of these isoenzymes and a significantly elevated risk of breast cancer
associated with cigarette smoking [62]. N-acetyltransferase 2-arylamine N-
acetyltransferase (NAT2), that is involved in the metabolism of different xenobiotics,
including potential carcinogens [63], indicates that the lifetime sequel of the
differentiation of the breast by an early pregnancy is the activation of a system of
defense that makes the parous breast cells less vulnerable to genotoxic substances.

This contention is supported by in vitro data demonstrating that breast
epithelial cells from parous women do not express phenotypes of cell transformation
when treated with chemical carcinogens, whereas those from nulliparous women do
[64].

Seven DNA repair controlling genes were found to be significantly
upregulated in the Lob 1 of the parous breast, an indication that an improved DNA
repair system was involved in the protective effect induced by pregnancy, as we have
previously demonstrated in the rodent experimental model in which mammary
epithelial cells of parous animals remove 7-12 dimethylbenz (a) anthracene (DMBA)
DNA adducts more efficiently than those of virgin animals [65]. DNA repair is central
to the integrity of the human genome and reduced DNA repair capacity has been
linked to genetic susceptibility to cancer, including that of the breast [66]. . Among
the genes that were upregulated in the epithelial cells of the parous breast were
RADS51-like 3, or RADSI1D, that is of the five RAD51 paralogs that are required in
mammalian cells for normal levels of genetic recombination and damaging agents
[67]. We have previously reported that the X ray repair complementing defective
repair I (XRCC4) gene is up-regulated in breast epithelial cells of parous women
[6,15,19,20]. XRCC4 is DNA repair factor that is essential for the resolution of DNA
double strand break during V(D)J recombination, acting as a caretaker of the
mammalian genome in both normal development and suppression of tumors,. In the
present study we found in the same cells the upregulation of Excision repair
crosscomplementing rodent repair deficiency, complementation group 8 (ERCCS),
also known as CSA [68], which interacts with with CSB. And when mutated impair
transcription-coupled repair (TCR), a DNA repair defect found in Cockayne
syndrome [68]. The ankyrin repeat domain 17 or ANKRD17, the translin or TSN, that

encodes a DNA-binding protein which specifically recognizes conserved target
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sequences at the breakpoint junction of chromosomal translocations [69] , and the
three prime repair exonuclease 1 (TREX1) are also upregulated in the parous control
group. The protein encoded by this latter gene uses two different open reading frames
from which the upstream ORF encodes proteins which interact with the ataxia
telangiectasia and Rad3 related protein, a checkpoint kinase. The proteins encoded by
this upstream ORF localize to intranuclear foci following DNA damage and are
essential components of the DNA damage checkpoint [70,71] . These data indicate
that the activation of genes involved in the DNA repair process is part of the signature
induced in the mammary gland by pregnancy, confirming previous findings that in
vivo, the ability of the cells to repair carcinogen-induced damage by unscheduled
DNA synthesis and adduct removal is more efficient in the post pregnancy mammary
gland [65].

Among the genes that control apoptosis eight were deregulated, six were up-
and 2 downregulated. The former included the BCL2 associate X protein or BAX , a
proapoptotic gene that belongs to the BCL2 protein family whose transcription is
stimulated by the active p53 and the pro-apoptotic and cell cycle regulator gene p21
[72]. To the same category belongs the cytotoxic granule-associated RNA binding
protein (TIA1), tumor necrosis factor TNF receptorassociated factor 1 (TRAFI),
TRADD, CASP2 and RIPK1 domain containing adaptor with death domain or
CRADD, and Protein phosphatase 1F (PPMIF). TIAI possesses nucleolytic activity
against cytotoxic lymphocyte (CTL) target cells inducing in them DNA fragmentation
[73].

TNFRI can initiate several cellular responses, including apoptosis that relies
on caspases,and necrotic cell death, which depends on receptor-interacting protein
kinase 1 (RIP1) [74,75]. TRADD protein has been suggested to be a crucial signal
adaptor that mediates all intracellular responses from TNFR1 [76]. Caspase-2 is one
of the earliest identified caspases engaged in the mitochondria-dependent apoptotic
pathway by inducing the release of cytochrome ¢ (Cyt ¢) and other mitochondrial
apoptogenic factors into the cell cytoplasm [77]. PPMIF encodes a protein that is a
member of the PP2C family of Ser/Thr protein phosphatases; overexpression of this
phosphatase has been shown to mediate caspase-dependent apoptosis [78]. Two
apoptotic and two antiapoptotic genes are downregulated in the breast epithelium of
parous women: the programmed cell death 5 or PDCD35- and the transformed 3T3
cell double minute 4 (MDM4) in the former and Baculoviral inhibition of apoptosis
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protein (IAP) repeat-containing 6 (BIRC6) and BCL2-associated athanogene 4
(BAGH4) in the latter. . The Mdm4 gene that encodes structurally related oncoproteins
that bind to the p53 tumor suppressor protein and inhibit p53 activity is amplified and
overexpressed in a variety of human cancers [79]. The Split hand/foot malformation
(ectrodactyly) type 1- encodes a protein with a BIR (baculoviral) domain and UBCc
(ubiquitin-conjugating enzyme E2, catalytic) domain [80]. This protein inhibits
apoptosis by facilitating the degradation of apoptotic proteins by ubiquitination.
BAG#4 is a member of the BAG1-related anti-apoptotic protein family that functions
through interactions with a variety of cell apoptosis and growth related proteins
including BCL-2, Raf-protein kinase, steroid hormone receptors, growth factor
receptors, and members of the heat shock protein 70 kDa family. This protein was
found to be associated with the death domain of tumor necrosis factor receptor type 1
(TNF-R1) and death receptor-3 (DR3), and thereby negatively regulates downstream
cell death signaling [81]. Altogether these clusters of genes seem to maintain the
programmed cell death pathway very active in the parous breast epithelium when
compared with the epithelium obtained from the breast of parous women with cancer
and from nulliparous women with or without cancer. Supporting evidence for this
statement comes from data obtained from experimental models [6,21,22] and from
reduction mammoplasty normal breast tissue of parous women [25- 27], in which
genes involved in the pathway of apoptosis are significantly deregulated. Another
cluster of genes that are upregulated in the parous control group are those related to
immunosurveillance. We have previously reported that breast epithelial cells from
parous women significantly overexpressed genes related to the immune system [82],
therefore this category will not be further discussed here.

A preferred genetic signature comprises the nucleic acids encoding the protein

products listed in Table 4.

Molecular
Function
Gene name Gene ID Symbol GO number GO
number
GO0:000551
BCL2-associated X protein Al565203 BAX GO:0006915 5
GO0:000430
Epoxide hydrolase 1, microsomal (xenobiotic) AAB38691 EPHX1 GO0:0006805 1
Excision repair cross-complementing rodent GO0:000370
repair deficiency N49276 ERCCS G0:0006281 2
RADS51L G0:000552
RAD51-iike 3 (S. cerevisiae) N29765 3 G0:0006284 4
G0:000370
Homeobox D1 W68537 HOXD1 G0:00068355 0
0.0013687
p300/CBP-associated factor N74637 PCAF G0:0006350 35
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G0:000371
Inhibitor of DNA binding 4 AA464856  ID4 G0:0006357 4
GO0:000371
Suppressor of Ty 5 homolog (S. cerevisiae) R21511 SUPTSH GO:0000122 1
G0:000440
Histone deacetylase 8 Al053481 HDAC8  GO:0000122 7
G0:000367
Methyl-CpG binding domain protein 3 Al017865 MBD3 G0:0006350 7

Altogether our data indicate that the first full term pregnancy induces in the
breast epithelium a specific genomic profile that is still identifiable in parous women
at postmenopause. Furthermore, this genomic signature is constituted by genes that
cluster differently than those genes expressed in the epithelial cells of parous and
nulliparous women with breast cancer as well as from nulliparous women without
cancer. This genomic signature allowed us to evaluate the degree of mammary gland
differentiation induced by pregnancy and could become the signature postulated for
the Stem Cell 2 (31, 66-68). Of importance is the fact that this signature serves for
characterizing at molecular level the fully differentiated condition of the breast
epithelium that is associated with a reduction in breast cancer risk, thus providing a
useful molecular tool for predicting when pregnancy has been protective, for
identifying women at risk irrespective of their pregnancy history, and for its use as an

intermediate biomarker for evaluating cancer preventive agents.
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While certain of the preferred embodiments of the present invention have been
described and specifically exemplified above, it is not intended that the invention be
limited to such embodiments. It will be apparent to one skilled in the art that various
changes and modifications can be made therein without departing from the scope of

the present invention, as set forth in the following claims.
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What is claimed is:

1. A genetic signature of differentially expressed nucleic acids, said
differential expression being associated with a reduced risk of breast cancer conferred
by full term pregnancy, said signature comprising at least 4, 5 or 10 of the

differentially expressed nucleic acids provided in Tables 2 or 3.

2. A genetic signature of differentially expressed nucleic acids, said
differential expression being associated with a reduced risk of breast cancer conferred
by full term pregnancy, said signature comprising at least 4, 5 or all of the

differentially expressed nucleic acids provided in Table 4.

3. The genetic signature of claims 1 or 2 obtained by comparing hybridization

profiles from cells of

i) parous women with breast cancer;

i1) nulliparous women with breast cancer;

iii)  parous women without breast cancer

iv) nulliparous women without breast cancer, said genetic
signature associated with a reduced breast cancer risk, and comprising those particular
nucleic acid sequences which are differentially expressed between said parous and

nulliparous women with and without breast cancer.

4. A plurality of protein products encoded by the nucleic acids set forth in
Table 2, 3 or 4.

5. A method for identifying agents which alter the activity of at least one
protein product encoded by the nucleic acids present in the genetic signature of claims
1 or 2, comprising;

a) contacting breast cells from parous and nulliparous women with said agent;

b) assessing said cells for a parameter associated with malignant
transformation, agents which alter said parameter being effective to alter the activity

of said at least one breast cancer genetic signature biomarker.
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6. The method of claim 6, wherein said parameter is selected from the group
consisting of altered cellular proliferation rate, altered apoptosis, altered cellular

morphology, and altered cellular viability.

7. An agent identified by the method of claim 5.

8. An agent as claimed in claim 7, wherein said agent is selected from the
group consisting of a small molecule, an antibody, a protein, an oligonucleotide, or an
siRNA molecule.

9. A method for diagnosing a reduced risk for the development of breast
cancer in a patient comprising;
a) obtaining a sample of breast cells from said patient;
b) determining differential expression levels of nucleic acids isolated
from said cells thereby obtaining a genetic signature from said patient; and
¢) comparing the genetic signature from said patient to the genetic
signatures of claims 1 or 2, wherein when said signatures are comparable, said patient

has a reduced risk for developing breast cancer.

10. A kit for practicing the method of claim 8, said kit comprising a
microarray comprising at least the nucleic acids provided in Table 2, means for
isolating nucleic acids from breast cells, means for incorporating detectable labels into
said isolated nucleic acids, and reagents suitable for conducting a hybridization

reaction.
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