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Abstract
Epigenetic alterations of the genome such as DNA promoter methylation and chromatin remodeling
play an important role in tumorigenesis. Recent findings indicate epigenetic modifications as key
factors in breast carcinogenesis. These modifications are quite appealing as targets for preventative
care and therapeutics because of their potential for reversal. Future medical care for breast cancer
patients will likely depend upon a better understanding of the roles epigenetic modifications play in
carcinogenesis. Here, we discuss the importance of epigenetics in breast cancer detection, prognosis,
and therapy with an emphasis on mechanisms and epigenetic contributions to field cancerization
effects.
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1. Introduction and Background
Human cancers arise from a multi-step process characterized by tumor initiation and
progression. Much of the research focus on this process has investigated the role of direct
changes or mutations to DNA sequences. Both inherited and de novo mutations are well
established in carcinogenesis. These changes lead to activation of oncogenes and inactivation
of tumor suppressor genes. Studies have begun to evaluate the role of epigenetics in tumor
development. Epigenetics is the inheritance of information on the basis of gene expression
rather then direct changes to sequence composition. Epigenetic alterations include methylation
of CpG dinucletides in promoters and changes in chromatin structure that may lead to silencing
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of tumor suppressor genes. Activation of oncogenes may also be a result of epigenetic changes
through post-translational modifications in histone acetylation or DNA conformation.

There are distinct mechanisms that initiate and sustain epigenetic modifications(1–3). Of these
DNA methylation and post-translational modifications of histone proteins are the best
understood. DNA methylation is a covalent addition of a methyl group to DNA, usually to a
cytosine located 5′ to guanosine (CpG dinucleotide). CpG dinucleotides are under-represented
in the genome except for small clusters, referred to as CpG islands, located in or near the
promoter of greater than 70% of all genes(4–6). Promoter methylation is known to participate
in reorganizing chromatin structure and also plays a role in transcriptional inactivation. It is
believed that the chromatin surrounding an active promoter containing an unmethylated CpG
island is “open” and allows for the access of transcription factors and other coactivators. An
inactive promoter containing methylated CpG dinucleotides is associated with a “closed”
chromatin configuration and results in transcription factors unable to access the promoter. In
addition to promoter methylation, chromatin modification may also contribute to silencing
genes in cancer cells. Post-translational modifications to histone proteins occur after translation
primarily in the NH2 terminal tail of histones and include acetylation, phosphorylation,
ubiquitination, or methylation. Other epigenetic modifiers have been identified, including the
Polycomb group (PcG) proteins and small non-coding RNAs. PcG repressors serve as a
docking platform for DNA methyltransferases and target a gene for permanent silencing by
methylation of hisone H3 on lysine 27 (Figure 1). Reversal of permanent silencing is only
overcome by de-differentiation processes in the germline. Small non-coding RNA molecules,
such as microRNAs, regulate gene expression by targeting RNA degradation (2). These RNAs
have also been found to also target gene promoters and result in transcriptional gene silencing
(4,7).

Breast cancer is the most common cancer among women in the United States. Approximately
200,000 women and 2,000 men are diagnosed with breast cancer each year
(http://www.cancer.org). There are well understood genetic alterations associated with breast
carcinogenesis, including specific gene amplifications, deletions, point mutations,
chromosome rearrangements, and aneuploidy. In addition to these highly characterized
mutations, epigenetic alterations resulting in aberrant gene expression are key contributors to
breast tumorigenesis (8–15).

In this review we will discuss the role and mechanisms of epigenetic alterations in breast cancer
for detection, prognosis, and treatment. We will also focus on the effect of epigenetics on field
cancerization and triple negative breast cancer. Unlike germline mutations, epigenetic
modifications can potentially be reversed making them very appealing for preventative care
and therapeutics. Targeting epigenetic alterations represents an active area for breast cancer
drug investigation and treatment targets.

2.0 BIOMARKERS/DETECTION
2.1 Methods to identify epigenetic alterations

Gene specific epigenetic changes for breast cancer are likely to occur early in tumorigenesis
and have the potential to be used for early detection and prevention (1). DNA methylation as
a biomarker for early detection of breast cancer has several advantages over sequence
mutations. First, incidences of aberrant methylation of specific CpG islands are higher than
those of mutations and methylation can be measured by genome-wide screening. Secondly,
aberrant methylation patterns can be detected even when they are embedded in an excess
amount of normal DNA molecules. Third, techniques for the detection of methylation patterns
are relatively simple(16). As epigenetic modifications become used as biomarkers for
individualized breast cancer treatment and therapeutic intervention, it is important to
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understand the many different techniques available for detecting the presence of methylation,
histone modifications, and microRNAs (4).

New promising high-throughput methylation detection methods are available which allow
researchers and clinicians to identify an “epigenetic signature” specific to breast cancer.
Currently, breast cancer detection relies on various screening methods such as MRI and
mammography. Criteria for diagnosis and characterization of breast cancer status include
abnormal biopsy, tumor size, histological grade, hormone receptor status, and HER2/Neu
amplification. Cytology is the main standard for identification of abnormalities typical of
cellular transformation. Future means to diagnosis breast cancer could incorporate the presence
of aberrantly methylated genes. Quantitative multiplex methylation specific PCR (QM-MSP)
is a highly sensitive method to quantitate cumulative gene promoter hypermethylation in
samples in which there is limited available DNA (17). Using QM-MSP, a panel of nine genes
shown to be commonly methylated in early breast cancer has been tested for its sensitivity and
specificity to detecting premalignant changes. Breast cells were isolated using ductal lavage,
nipple aspiration fluids, and fine needle aspirates. Using this detection panel, the rate of
detection of breast cancer cells rose from 43% sensitivity with cytologic examination alone to
71.4% (17). Hypermethylation of genes commonly methylated in breast cancer in sera in breast
cancer patients has also been used to detect early malignant changes. Sera methylation can be
detected using methylation-specific polymerase chain reaction (MS-PCR). This technique
utilizes primers designed for methylated or unmethylated bisulfite-modified DNA (18), and
early studies indicate that MS-PCR is a promising approach to screen putative cancer patients
(19). For example, RASSF1A gene hypermethylation has been detected using MS-PCR in sera
of ovarian cancer patients with 100% specificity (19).

Whereas epigenetic modifications involving chromatin are not yet used clinically for breast
cancer detection, future panels of epigenetic chromatin modifications may be incorporated into
standard tests. One method used to detect chromatin remodeling is a combination of chromatin
immunoprecipitation (ChIP) and PCR, which allows for quantification of the amount of protein
binding to a specific region of DNA. A large collection of antibodies for specific forms of
methylated and acetylated chromatin exist. ChIP-chip combines chromatin
immunoprecipitation with array technology allowing for interrogation of thousands of
promoter elements. The newest technology ChIP-seq, which combines ChIP with new
generation sequencing, is highly quantitative and not biased by which features are on an array.
Results from ChIP-seq-based studies are already leading to the identification of new genomic
elements, showing epigenetic regulation in cancer(20).

2.2 RASSF1A: A breast cancer biomarker
Allelic losses of 3p, including a critical region at 3p21.3, are frequently detected in many
cancers including breast cancer. The Ras-associated domain family member 1 gene
(RASSF1) maps to the region of frequent loss. It is comprised of eight exons and through
different promoter usage and alternative splicing generates seven unique transcripts, RASSF1A-
G. RASSF1A is transcribed from a CpG island promoter region, and is one of the most
frequently hypermethylated genes thus far described in human cancer. The CpG island of
RASSF1A is hypermethylated in 60–77% of breast cancers [13,22] resulting in gene silencing
in cancer cell lines and primary tissues. Its diverse functions include regulation of apoptosis,
growth regulation, and microtubule dynamics during mitotic progression. Specifically,
RASSF1A is a Ras effector and induces apoptosis through its interactions with pro-apoptotic
kinase MST1. When cells lacking RASSF1A expression are treated with a DNA
methyltransferase, such as 5-aza-2′-deoxycytidine, expression can be reactivated(19). Mouse
knockout studies show that RASSF1A−/− mice are prone to spontaneous development of lung
adenomas, lymphomas and breast adenocarcinomas. These mice are prone to early spontaneous
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tumorigenesis and show a severe tumor susceptibility phenotype compared to that of littermate
wild-type mice (19).

There are two main reasons RASSF1A methylation is a good biomarker for breast cancer. First,
RASSF1A methylation is rare in normal tissue providing a marker with high specificity. Second,
the frequency of methylation is observed in 60 to 77% of cells from a tumor which provides a
high frequency of diagnostic coverage(8,21). In addition to breast tumors, hypermethylation
of RASSF1A can be detected in non-malignant breast cells and patient sera. In one study,
hypermethylation of sera in breast cancer patients was detected in six out of 26 cases (19).
Promoter methylation of RASSF1A was observed in 70% of samples from women at high-risk
of developing breast cancer versus only 29% of samples from women at low-risk. Women with
a previous history of benign breast growths are statistically more likely to have RASSF1A
methylation (22). Thus, hypermethylation of RASSFIA could be used as a form of breast cancer
screening to detect breast cancer at its earliest stages.

3. Field Cancerization/Microenvironment
In breast cancer, multiple genes are hypermethylated compared to non-cancerous tissue (23).
These include genes involved in evasion of apoptosis (RASSF1A, HOXA5, TWIST1), limitless
replication potential (CCND2, p16, BRCA1, RARβ), growth (ERα, PGR), and tissue invasion
and metastasis (CDH1)(3,17,24,25). These genes are not only hypermethylated in tumor cells,
but show increased epigenetic silencing in normal epithelium surrounding the tumor site. The
first observations of this phenomenon were in oral cancer. Slaughter et al (1953) was the first
group to use the term “field cancerization” which refers to the presence of cancer causing
changes in apparently normal tissue surrounding a neoplasm. They theorized the existence of
(pre-) neoplastic processes at multiple sites, with the unproven assumption that these have
developed independently(26). In subsequent years, the presence of field cancerization has been
described in head and neck squamous cell carcinoma, lung, esophagus, vulva, cervix, colon,
bladder, skin, and breast cancers(27). Studies have demonstrated that normal adjacent cells to
tumors frequently harbor loss of heterozygosity, microsatellite and chromosome instability,
and gene mutations(28). Recently DNA methylation has been added to list as hypermethylated
normal tissue immediately adjacent to tumor sites has been found (29).

Epigenetic modifications are believed to be early events in cancer development (30). It is
thought that once epigenetic alterations are established in premalignant tissues, the extent of
modifications will accumulate as the disease progresses. Varying theories have been proposed
on how this field defect arises. One theory is based on the self-metastasis model and the idea
that the primary tumor is composed of multiple self-metastases that form around a seed from
the tumor to itself (31). A second theory has been seen in gastric cancers and is based on cell
methylation profiles influencing H. pylori infection which leads to additional methylation of
promoters in gastric mucosal cells and accompanying increases in risk for gastric cancer (32).
Another theory has supportive evidence in breast cancer and is based on the idea that early
epigenetic changes are associated with a large area of pre-malignant changes, and the
“epicenter” appears to accumulate additional epigenetic changes (27).

The detection of epigenetic events resulting in field cancerization effects will be important for
breast cancer therapy. Before adjuvant radiotherapy, recurrence rates for cancer in the
ipsilateral breast could be as high as forty percent despite apparent negative pathologic margins.
Adjuvant radiotherapy reduces this to less than or equal to ten percent. The high recurrence
rate in breast cancer strongly suggests that residual “normal” breast is in fact at risk for
harboring occult precancerous cells. Yan et al. (2006) identified epigenetic biomarkers
frequently hypermethylated in normal breast tissue immediately adjacent to tumor sites. They
examined four zones of normal breast tissue in the ipsilateral and contralateral breasts of
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patients with invasive breast cancer. Using differential methylation hybridization, they
observed hypermethylation of the promoter and first exon of RASSF1A in the primary tumor
and adjacent breast ducts. Overall levels of RASSF1 methylation in adjacent ducts were lower
than primary tumor, but significantly higher than levels in breast of healthy individuals. In a
subset of patients they observed a gradient pattern of RASSF1A methylation in which a higher
degree of methylation was seen in tissue closest to the tumor compared to tissue two to four
centimeters away. Other genes show this effect. When CYP26A1, KCNAB1, and SNCA were
hypermethylated in primary tumors, the paired normal adjacent tissues showed methylation
70% of the time (27).

Preliminary evidence exists that epigenetically mediated gene silencing in the epithelial
genome can be directed by neighboring fibroblasts (33). One study placed an immortalized
breast epithelial cell line in different settings of primary fibroblasts isolated from breast cancer
patients or cancer-free women. The methylation status of various loci was subsequently shown
to be epigenetically altered when fibroblasts came from breast cancer patients. The findings
suggest that breast cancer patient microenvironments induced epigenetic changes in this
immortalized breast cell line(33).

A better understanding of how field cancerization occurs has practical implications for
predicting the future risk of local recurrence in breast cancer patients undergoing lumpectomy.
Current evaluations rely on pathologic examinations of margins free of gross tumor tissue. The
use of epigenetic markers will be an important adjunct for predicting local recurrence in
histologically normal margins.

4. PROGNOSIS
Breast cancer is heterogeneous. With the availability of an increasing number of therapy
options, it is important to identify ways to predict individual tumor response to a given therapy.
It is also crucial to streamline treatment and spare patients from receiving often toxic and
expensive therapies that are not likely to be effective. The methylation status of many genes
and microRNAs are likely to be important for prognosis. Here, we review two genes,
RASSF1A and BRCA1 which are good indicators of prognosis.

4.1 RASSF1A
As described here, RASSF1A methylation is important in breast cancer detection. Methylated
RASSF1A in breast serum from breast cancer patients is also strongly associated with
metastasis, tumor size, and increased relative risk for death (21). RASSF1A methylation in
serum of breast cancer patients has been identified as a marker for response to adjuvant
Tamoxifen treatment. Methylation post surgery indicates a resistance to Tamoxifen and loss
of methylation indicates a response (34).

4.2 BRCA1
Breast Cancer Gene 1 (BRCA1) is a tumor suppressor genes for both breast and ovarian cancer
(8). It encodes a multifunctional protein with roles in DNA repair, cell cycle check point
control, protein ubiquitization, and chromatin remodeling (10). In vitro experiments showed
that decreased BRCA1 expression in cells led to increased levels of tumor growth, while
increased expression of BRCA1 led to growth arrest and apoptosis. Recent studies indicate that
BRCA1 methylation is an important marker for prognosis. The magnitude of the decrease of
functional BRCA1 protein correlates with disease prognosis(10,13). Tumors with BRCA1
mutations are usually more likely to be higher-grade, poorly differentiated, highly proliferative,
estrogen receptor (ER) negative, and progesterone receptor (PR) negative, and harbor p53
mutations. BRCA1 mutated breast cancers are also associated with poor survival in some studies
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(35–37). Phenotypically, BRCA1-methylated tumors are similar to tumors from carriers of
germline BRCA1 mutations.

BRCA1 is thought to be a classical tumor suppressor gene for which Knudson’s two-hit
hypothesis holds true. About 20% of individuals with a strong personal and family history of
breast and ovarian cancer carry germline mutations in the BRCA1 gene (38,39). A second hit
is thought to be required in the wild-type BRCA1 allele for the development of BRCA-associated
cancer (40–42). However, about 20% of all tumors from BRCA mutation carriers do not show
LOH of the wildtype BRCA1 (40,43). A handful of studies have looked at the rate of BRCA1
methylation in germline carriers. In one study, BRCA1 promoter hypermethylation was
observed in one of two tumors from BRCA1 carriers lacking LOH(44). In a second study of
population-based ovarian tumors, two of eight tumors with germline BRCA1 mutations showed
neither LOH nor promoter methylation(45). Another more systematic study of 47 breast tumors
from hereditary breast cancer families identified three BRCA1 carriers of which two showed
BRCA1 promoter methylation in their tumors(39). These studies suggest that methylation of
BRCA1 may be serve as a second hit in tumors from a subset of BRCA1 mutation carriers.

Xu et al. (2008) were one of the first groups to conduct an epidemiological study on the
prognostic value of BRCA1 methylation. They found BRCA1 promoter methylation was more
frequent in invasive than in situ carcinoma. In a subset of their population they found no
correlation between BRCA1 promoter methylation and ER/PR status. However, they also found
a higher prevalence of BRCA1 promoter methylation in cases with at least one node involved
and with tumor size greater than 2cm. Based on their findings higher methylation levels may
correlate with more advanced tumor stage at diagnosis. They also observed a 45% increase in
mortality of individuals with BRCA1 methylation positive tumors compared to those who had
unmethylated BRCA1 promoters(46). Honrado et al (2007) conducted a familial breast cancer
based study and found contradicting results. They observed no overall correlation of ER, PR,
or grade with hypermethylation of BRCA1 in the tumors from BRCA1 mutation negative
families. However, seven individuals had both promoter hypermethylation and LOH; the
majority of these tumors had a basal-like phenotype and were triple negative (47).

4.3 The role of epigenetic alterations in triple negative breast cancer
The presence or absence of ER expression is another important prognostic indicator for survival
(8,9). ER negative tumors are unresponsive to antiestrogens, more likely to have a more
aggressive clinical course, more likely to be poorly differentiated, have a higher histological
grade and are associated with a higher recurrence rate and decreased overall survival. Along
with other genes, the estrogen receptors, ERα and ERβ, have been implicated in breast cancer
development. ERα is encoded by ESR1, and when estrogen activated, it stimulates cell
proliferation. ERβ is encoded by ESR2 and is known to inhibit the proliferation and invasion
of breast cancer cells. ERα and ERβ both have promoter associated CpG islands that can be
abnormally methylated in breast cancer, but ESR2 methylation is less well studied (8,9).
Estrogen and its receptors play key roles in normal development and reproduction. Upon
estrogen binding, ERα functions as a transcription factor by binding to DNA targets or tethering
to other transcription factors. This activity controls the activity of ERα downstream genes
important to breast epithelium development. There is evidence implicating ERα and its ligand,
estrogen, in the pathogenesis, progression, and treatment of breast cancer. Recent studies have
created a compelling case for dynamic regulation of ERα function in breast cancers through
post-translational modification by acetylation and epigenetic signaling cascades. Almost all
breast cancers show some degree of DNA methylation of the ESR1 gene promoter, but this
methylation is only associated with gene repression in ~30% of tumors (8,9). Approximately
66% of breast cancers express ERα. A fraction of breast cancers that are initially ERα-positive
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lose ER expression during tumor progression, but it is unclear if this is due to methylation or
other causes (9).

The combination of ER, PR, and Her-2/Neu status has been recognized as more informative
then ER status alone for prognosis and prediction for the response to treatment with endocrine
therapy. Triple negative breast cancer (negative ER, PR, and absent Her-2/Neu amplification)
accounts for 10–17% of all breast carcinomas. Triple negative tumors frequently affect younger
patients (<50 years) and are more prevalent in African-American women. They often present
as interval cancers and are significantly more aggressive (48). DNA methylation of certain
genes has been reported to be associated with hormone receptor status. Feng et al. investigated
methylation profiles of 12 genes identified as hypermethylated using genome-wide methylated
CpG island amplification in 90 pairs of breast cancer and normal tissue. They found that ER
status was positively associated with high HIN-1 and RASSF1A methylation but was negatively
correlated to RIL (PDLIM4) methylation levels. (PR status was positively associated with high
HIN-1 methylation levels and negatively associated with high CDH13 methylation levels
(49).) Fifty-eight percent of triple negative cancers exhibit positive correlation to methylation
of RIL/CDH13 and 41% of triple negative breast cancers failed to methylate HIN-1/RASSF1A
(49). These results suggest the existence of an interaction between DNA methylation and
hormone receptor biology.

4.4. Mechanism of epigenetic silencing in triple negative breast cancers
The epigenetic process is complex and the molecular sequence leading to the establishment of
epigenetic gene silencing is not well established. One model suggests that histone
modifications are the primary initiating event in transient repression while a different model
suggests that DNA methylation can actually specify unique histone codes for maintaining the
silenced state of a gene (30). To establish DNA methylation in a subset of genes, polycomb
protein EZH2 must associate with DNMTs (50). It is thought that polycomb proteins could
collaborate with DNMTs by recruiting them to silenced promoters to establish long-term
silencing (51). Leu et al (2004) investigated whether the removal of ERα signaling could cause
changes in DNA methylation and chromatin structure of ERα target promoters. They used
RNAi to transiently disable ERα in breast cancer cells and found that polycomb repressors and
histone deacetylases assemble in the promoter of an ERα target gene. Accumulation of DNA
methylation in these silenced targets like the PR promoter region then occurs and can be stably
transmitted to cell progeny for long-term silencing (Figure 1). Both ERα expression and DNA
demethylation appear to be required to restore PR expression. They also observed a trend that
more ERα negative tumors had more methylated loci than ERα positive tumors (30). This
indicates that dysregulation of normal signaling in cancer cells may result in stable silencing
of downstream targets maintained by epigenetic machinery.

Other post-translational modifications of ERα such as phosphorylation, ubiquitination,
glycosylation, and acetylation are believed to play a role in breast cancer promotion. ERα is
modified by p300 on two lysine residues (302 and 303) located in the hinge region (between
DNA- and ligand binding domains). When these lysine residues are mutated, ERα had
increased hormone sensitivity. Thirty-four percent of atypical breast hyperplasia samples have
mutations of the lysine at 303 (K303R) of the ERα (52–54) suggesting a functional role of
these mutations in breast cancer promotion. A better understanding of the mechanism of
ERα acetylation and deacetylation may lead to better therapies for ER negative and triple
negative breast cancers.

5. TREATMENT/THERAPY
Breast cancer prevention, treatments, and diagnostics are being developed to target epigenetic
changes leading to breast cancer. Treatments for breast cancer currently being evaluated focus
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on reversing aberrant DNA methylation and histone acetylation of tumor suppressor genes and
genes involved in therapeutic response. Combinations of epigenetic targeted therapies with
conventional chemotherapeutic agents may provide a way to resensitize drug-resistant tumors
(reviewed in (55)). Also, combinations of epigenetic drug treatments could potentially work
synergistically in increasing therapeutic affects. Examples of epigenetic drug treatments
currently in clinical use include: 5-Azacytide, Procainamide, and Hydralazine(55).

ER-positive breast cancers can be treated with anti-estrogenic drugs, like Tamoxifen and
Fluvestrant. ER-negative cells are no longer responsive to estrogen, therefore, anti-estrogenic
drugs have no effect (9). A therapy that could restore gene expression of ERS1 (for ER-negative
cancer patients) could reestablish cancer cell growth regulation through estrogen. After re-
expression of ERS1, anti-estrogenic drugs could subsequently be used. A number of drugs
including DNMT inhibitors and HDAC inhibitors are being used to reactivate ER expression.
DNMTs and HDACs work synergistically to silence gene expression of ER. One problem
found in treatments that target DNMTs and HDACs is that alone they may not be enough to
reverse ER promoter hypermethylation. Fan et al. investigated whether long-term treatment
with Tamoxifen or fulvestrant could case changes in DNA methylation. They studied DNA
methylation profiles of Tamoxifen- and Fluvestrant-resistant MCF7 human breast cancer cell
derivatives. Sixteen commonly hypermethylated/hypomethylated promoters were found in
both resistant cell lines. These data suggest that distinct promoters are targeted for epigenetic
modification by each drug, however more promoter hypomethylation was prevalent in
antiestrogen-resistant sublines than MCF7 cells(56).

Tamoxifen is a commonly used drug for hormone-dependent (ERα positive) breast cancers.
Initially, 70% of breast cancer patients with ERα positive lesions benefit from this antiestrogen
therapy. Unfortunately, acquired resistance of Tamoxifen occurs in nearly 40% of patients.
There have been numerous proposed mechanisms for why most patients eventually relapse
with tumors resistant to Tamoxifen. Chang et al. (2005) investigated the proposed mechanism
of the role of methylation of ERα and ERβ effect on Tamoxifen resistance in breast cancer.
They found CpG methylation rate of ERβ gene is lower in Tamoxifen-resistant tumors than
controls. Among the methylated tumors the Tamoxifen-resistant tumors showed denser
methylation of the ERα and ERβ genes than controls. This result suggests that hypermethylation
of the ERβ gene is involved in the development of Tamoxifen-resistance(57). It is important
to identify patients most likely to respond to Tamoxifen and to identify individuals likely to
acquire resistance. One promising biomarker for Tamoxifen response is WWOX. Preliminary
studies show that WWOX expression levels predict Tamoxifen resistance better than the two
previously known biomarkers, PR and HER2 (24). WWOX appears to mediate Tamoxifen
sensitivity, and its expression is reduced in a large fraction (63.2%) of breast cancers (58). The
primary mechanism of down-regulation of WWOX is through DNA hypermethylation of its
regulatory region.

6. CONCLUSION
Epigenetic alterations are clearly involved in breast cancer initiation and progression. Early
studies focused on single genes important in prognosis and prediction, but newer genome-wide
methods are identifying many genes whose regulation is epigenetically altered during breast
cancer progression. Detection of hypermethylation in specific genes like RASSF1A could be
used as a form of surveillance to detect early stage breast cancer, however future studies may
find that the addition of multiple genes and the inclusion of histone alterations to predictive
panels may improve sensitivity and specificity. In addition to the use of epigenetic alterations
as a means of screening, epigenetic alterations in a tumor or adjacent tissues may also help
clinicians in determining prognosis and treatment in breast cancer patients. Analysis of
histologically normal tumor margins for epigenetic alterations and field cancerization will
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increase the ability to remove all “pre-cancerous” tissues and decrease local recurrences. As
we understand specific epigenetic alterations contributing to breast tumorigenesis and
prognosis, these discoveries will lead to significant advances for breast cancer treatment.
Therapeutics that target methylation and histone modifications in breast cancer already exist.
Newer versions of these drugs are likely to play an important role in future clinical treatment.
Since epigenetic modifications can also be used as biomarkers, targeted therapies may some
day be used as preventative measures.
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Figure 1.
Proposed models for epigenetic long-term silencing of a gene. A. Active transcription of a gene
is dependent on transcription factor (TF) binding. Upon removal of the TF through down-
regulation, gene silencing or other means, down-regulation of the targeted gene occurs. In the
absence of activating transcription factors, PcGs, HDACs, and DNMTs are recruited to the
promoter and initiate long-term transcriptional repression. CpG sites adjacent to the promoter
are then methylated (represented by filled circles) and eventually a heterochromatin state of
long-term silencing is established. B. As in panel A transcription of a gene is dependent upon
TF binding. In the absence of TF binding, PcG is recruited to a promoter and initiates long-

Dworkin et al. Page 12

Semin Cancer Biol. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



term transcriptional repression through modification of histones. This can occur in the absence
of CpG islands or methylation.

Dworkin et al. Page 13

Semin Cancer Biol. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


