Review Article - Ubersichtsarbeit

Breast (are

Breast Care 2010;5:66-73

Published online: April 23, 2010

DOI: 10.1159/000309138

Epigenetic Signatures in Breast Cancer:

Clinical Perspective

Paola Parrella

Laboratorio di Oncologia, IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo (FG), Italy

Key Words
Breast cancer - DNA methylation - Early detection

Summary

There is now a compelling body of evidences sustaining
the importance of epigenetic mechanisms in the devel-
opment and progression of cancer. DNA methylation,
post-translational histone and other protein modifica-
tions, microRNA expression, and nucleosome position-
ing, all act together to exert their cellular effects. The epi-
genome is responsible for controlling gene expression
thus defining cell differentiation and tissue specificity.
This review will focus on DNA methylation and histone
modification because these epigenetic events are widely
implicated in cancer development and progression. We
will in particular address the translational aspects of
breast cancer epigenomics including the development of
biomarkers and the prospects for epigenetic based phar-
macologic treatments. The analysis of DNA methylation
has the advantage over other molecular methods (e.g.
single gene mutation, microsatellite analysis) that it can
be detected with a very high degree of specificity even in
the presence of excess unmethylated DNA. Furthermore,
the presence of specific CpG methylation signatures
makes methylation-based markers attractive diagnostic,
prognostic, and predictive tools for better management
of breast cancer patients.

Schliisselwdorter
Mammakarzinom - DNA-Methylierung - Fritherkennung

Zusammenfassung

Es gibt inzwischen eindeutige Hinweise darauf, dass epi-
genetische Mechanismen fiir die Entwicklung und Pro-
gression von Krebserkrankungen von grof3er Bedeutung
sind. DNA-Methylierung, posttranslationale Modifikation
von Histonen und anderen Proteinen, microRNA-Expres-
sion und Positionierung der Nukleosomen wirken alle
zusammen, um so Einfluss auf die Zellen zu nehmen.
Das Epigenom ist fir die Kontrolle der Genexpression
verantwortlich und definiert damit Zelldifferenzierung
und Gewebespezifitat. Diese Ubersichtsarbeit konzent-
riert sich auf DNA-Methylierung und Histonmodifikation,
da diese epigenetischen Ereignisse eng mit der Entwick-
lung und Progression von Krebserkrankungen verbun-
den sind. Wir sprechen insbesondere die translationalen
Aspekte von Brustkrebs-Epigenomics einschlieRlich der
Entwicklung von Biomarkern und den Aussichten fur
pharmakologische Behandlungen basierend auf epige-
netischen Prinzipien an. Die Analyse der DNA-Methylie-
rung hat im Vergleich zu anderen molekularen Metho-
den (z.B. Einzelgenmutationen, Mikrosatellitenanalyse)
den Vorteil, dass sie mit hoher Spezifitat detektiert wer-
den kann, selbst in Gegenwart eines UbermaRes an un-
methylierter DNA. Des Weiteren macht die Gegenwart
von spezifischen CpG-Methylierungssignaturen methy-
lierungsbasierte Marker zu attraktiven diagnostischen,
prognostischen und pradiktiven Werkzeugen fir ein ver-
bessertes Management von Brustkrebspatienten.
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Introduction

Epigenetics refer to heritable changes in gene expression that
are not associated with modifications in DNA sequences.
CpG island aberrant methylation together with post-tran-
scriptional histone modification play a pivotal role in gene ex-
pression regulation and are largely involved in the inactiva-
tion of cancer-related genes [1]. In this review, we address the
translational aspects of epigenomics in breast tumours with a
main focus on the use of epigenetic changes as biomarkers for
cancer detection, prognosis, and treatment prediction.

Epigenetics and Gene Expression

Methylation of promoter CpG islands is frequently associated
with transcriptional silencing of imprinted genes, repeated se-
quences, and genes on the inactive chromosome X. In healthy
cells, the DNA methylation patterns are conserved through
cell division allowing the expression of the particular set of
cellular genes necessary for that cell type and blocking the ex-
pression of exogenous-inserted sequences. Cytosine methyl-
ation occurs after DNA synthesis by enzymatic transfer of a
methyl group from the methyl donor S-adenosyl-methionine
(SAM) to the carbon-5 position of cytosine. Cytosines are
methylated in the human genome mostly when located 5’ to a
guanosine (CpG dinucleotide). Interestingly, CpGs are not
equally distributed throughout the genome but are preferen-
tially located in stretches of DNA, ranging from 500 up to
2,000 base pairs in length named CpG islands, located within
and around the promoter region of mammalian genes [2].
CpG DNA methylation is carried out by DNA methyltrans-
ferases (DNMTs) with SAM as the methyl donor. Three dif-
ferent DNMTs are involved in establishing and maintaining
DNA methylation patterns. A fourth methyl transferase
DNMT?2 can also be found but its function is still unknown [3,
4]. Tt is unclear how DNA methylation participates in regulat-
ing gene expression. Early studies suggested that some tran-
scription factors might be unable to recognize methylated se-
quences. However, it now seems that this model can only ex-
plain a limited number of cases. An alteration of chromatin
structures mediated by repressive histone modifications is an-
other mechanism that may explain the observed transcrip-
tional silencing of methylated genes [5]. Chromatin can exist
in an open or closed configuration, the latter is hard to access
for the transcriptional machinery. Methylation of the CpG
islands is often associated with chemical modifications in his-
tones suggesting that these proteins are involved in gene ex-
pression regulation. The most common studied histone post-
translational modification is the acetylation of a lysine residue
of the N-terminal tails. This modification leads to a more
open chromatin structure that is more accessible for the tran-
scriptional machinery [6]. Another modification associated
with open chromatin status is methylation of histone 3 (H3) at
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lysine 4 (K4), whereas methylation of H3 and lysine 9 (K9) or
27, and of H4 at lysine K20, is associated with transcriptional
repression [1]. Moreover, a histone variant known as H2a.Z
was associated with active chromatin structure and was absent
in epigenetically inactivated genes [7]. Histone acetylation is
mediated by a group of proteins called histone acetyltrans-
ferase (HAT), and the acetyl groups are removed by histone
deacetylase (HDAC). These proteins are involved in the reg-
ulation of the expression of several genes that play pivotal
roles in maintaining cellular homeostasis [8].

Epigenetics and Cancer

It has been increasingly recognized over the past several years
that CpG islands of a large number of genes, which are mostly
unmethylated in normal tissue, are methylated to varying
degrees in human cancers, thus representing tumour-specific
alterations. In cancer cells, there is a deregulation of DNA
methylation patterns that lead to genome-wide hypomethyla-
tion and hypermethylation of CpG islands associated with
cancer-related genes. In addition, a large group of cancers are
also associated with aberrant HDAC expression [2]. A recent
interesting hypothesis suggests that epigenetic modifications
may precede the accumulation of genetic events during car-
cinogenesis. Evidence suggests that adult stem (or stem-like)
cells are the target of multiple mutation and epigenetic dereg-
ulation that will affect the balance between self-renewal and
differentiation leading ultimately to tumour development and
progression [9]. Widschwendter et al. [10] have reported that
genes targeted by the stem cell Polycomb Repressor Complex
2 (PRC2) are particularly predisposed to cancer-specific DNA
hypermethylation. Polycomb group genes define a dynamic
cellular identity through the tight regulation of specific gene
expression patterns. Thus, epigenetic silencing of specific
genes associated with differentiation and development would
predispose the stem (or stem-like) cell to carcinogenesis
through the acquisition of further genetic events, such as mu-
tations and deletions and additional epigenetic deregulation

(fig. 1).

Epigenetics and Cancer Treatment

An important characteristic of epigenetic events is that they
are potentially reversible. Since complete gene silencing re-
quires DNA methylation and histone modifications, both
demethylating agents and HDAC inhibitors are necessary to
restore expression. The first epigenetic drugs identified were
the DNMT-inhibiting nucleoside analogues 5-azacytidine
(azacitidine) and 5-aza-2’-deoxycytidine (decitabine). These
compounds bind the DNA methyltransferase enzyme in a
covalent complex with the DNA resulting in a loss of DNA
methylation with each round of cell division [11]. Several
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Fig. 1. Mammary gland carcinogenesis. Carci-
nogenesis is the result of genetic and epigenetic
‘hits” affecting progenitors (stem) cells, deter-
mining an initial growth advantage that,
through clonal selection processes, leads to the
development of pre-invasive lesions leading
ultimately to invasive breast cancer and meta-
static disease.
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studies have demonstrated that re-expression with demethyl-
ating drugs of silenced genes has a strong inhibitory effect on
proliferation of cancer cells both in vitro and in vivo. How-
ever, the clinical use of azacitidine and decitabine is compli-
cated because they are chemically unstable in water, and
highly toxic for blood cells of the myeloid lineage. Zebularine
and 5-fluoro-2’deoxycidine are also nucleoside analogues but
more stable in the aqueous phase and less toxic compared
with azacitidine. Zebularine is very promising because it
seems to be more selective on cancer cells than non-malignant
cells [12]. The demethylating potential of non-nucleoside ana-
logue DNMT inhibitors was described for several drugs (e.g.
procainamide, hydralazine, epigallocatechin-3 gallate), but
decitabine still remains the more effective DNMT inhibitor.
Many HDAC inhibitors have been described so far, and many
others are currently under clinical trials [13]. The majority of
them are designed to interfere with the enzyme catalytic do-
main thus blocking substrate recognition and inhibiting gene
expression [14, 15]. Currently, only one HDAC inhibitor
called vorinostat has been approved for treatment of cutane-
ous T-cell lymphomas [16].

DNA Methylation-Based Markers in Breast Cancer

The analysis of methylation profiles in human cancer indi-
cates that hypermethylation of some of the CpG islands is
shared by multiple tumour types, whereas others are methyl-
ated in a tumour type-specific manner [17-21]. Moreover,
promoter-aberrant methylation seems to be an early event in
tumorigenesis, and an increase in the number of methylated
genes during progression has been observed in several tumour
types including breast cancer [22, 23]. In a recent study, we
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found differences in the patterns of methylation in pre-inva-
sive breast lesions (atypical ductal hyperplesia, ADH and
ductal carcinoma in situ, DCIS) as compared with invasive
breast cancers [24]. These data further suggest that DNA
methylation may represent an interesting target for the devel-
opment of new molecular markers for the detection of breast
cancer cells in tumours and bodily fluids. The most widely
used analytical approach for the determination of methylation
status is methylation-specific polymerase chain reaction
(PCR) (MSP). This method is based on bisulphite conversion
of unmethylated cytosin to thymidine while methylated cy-
tosines are protected from conversion. PCR primers are de-
signed to specifically amplify the modified methylated se-
quence. Semiquantitative approaches which combine the ad-
vantages of MSP (high sensitivity, applicability to any CpGs)
and real time PCR (rapidity, small quantity of starting DNA,
large dynamic range) were also developed and used for meth-
ylation detection in tumours and bodily fluids [25, 26].

Early Detection Markers

The recent decline in the breast cancer mortality rate is due,
in part, to early diagnosis by screening mammography. How-
ever, given the well recognized limitations of mammography,
further advances for early breast cancer detection are clearly
needed for a better management of this highly prevalent neo-
plasm [27]. Table 1 summarizes the potential DNA methyla-
tion-based biomarkers for breast cancer early diagnosis. A
number of studies have reported the ability to detect breast
cancer cells by DNA methylation analysis in fine needle aspi-
rations (FNAS), nipple aspirates, and ductal lavages. FNA cy-
tology is currently implemented in the diagnostic evaluation
process of suspicious breast lesions. However, this procedure
has false-negative rates ranging from 5 to 30%. In fact, the ac-
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Table 1. Potential DNA methylation based markers for breast cancer early detection

Tissue or body fluid Methylated gene Samples, n Analytical Sensitivity, % Specificity, % Ref.
analyzed method
Benign breast lesions, RARPB2, RASSF1A, 36 tissues, 21 DCIS, MSP 67 100 [29]
DCIS, IDC, FNA CCND2 451DC, 17 FNA
FNA CCND2, RASSF1A, 109 tissue, 123 FNA MSP 67 78 [30]
APC, HIN1
Nipple aspirate CCND2, RARP2, 20 breast cancer, MSP 85 95 [31]
TWIST 45 healthy
Breast tumor and paired RASSFIA, APC, 34 MSP N/A 100 [33]
preoperative serum DAPK
DNA
Breast cancer tissue, RASSF1A, RARB2 20 MSP 88 100 [34]
normal tissue, serum
Breast cancer tissue, TMS1, BRCAL1, 50 MSP N/A N/A [35]
normal tissue, serum ERa,
PRB
Serum plEMNKAA p14ARE, 36 MSP N/A N/A [36]
CCND2, SLIT2
BM aspirates, paired RARB2, MGMT, 33 QMSP N/A N/A [37]
serum samples RASSF1A, APC
Plasma DNA APC, GSTP1, 93 tumours, 73 controls QMSP 62 87 [38]

RASSF1A, RARB2

DCIS = Ductal carcinoma in situ; IDC = infiltrating ductal carcinoma; FNA = fine needle aspiration; BM = bone marrow;
MSP = methylation-specific polymerase chain reaction; QMSP = quantitative methylation-specific polymerase chain reaction;

N/A = not applicable.

curacy of the analysis depends on the ability of the operator
to collect the sample and on the proficiency of the cytopathol-
ogist in performing the morphological examination [28]. Al-
though aberrant promoter methylation was detected with
high concordance between FNAs and primary tumours, not
always the molecular analysis showed better sensitivity and
specificity as compared to cytological examination [29, 30].
Most breast cancers arise from the ductal epithelium, thus
atypical and malignant cells can be found in ductal lavages or
spontaneously produced ductal fluid (nipple aspirate). Cyto-
morphological analysis of these specimens is often unsatisfac-
tory because of the small amount of cells recovered. The anal-
ysis of promoter methylation of CCND2, RARPB2 and Twist
in ductal lavages allowed the identification of promoter hy-
permethylation in 17 of 20 fluids from women with a diagnosis
of invasive carcinoma, and in 2 of 7 fluids from patients af-
fected by DCIS, whereas only 5 of 45 ductal lavage fluids from
healthy women showed methylation at any of the genes
tested. Pathologically confirmed breast cancer was subse-
quently diagnosed in 2 cases with abnormal cytology and
methylated genes in the ductal lavages [31]. Serum and
plasma are more readily accessible bodily fluids, and collec-
tion of the sample does not require the presence of a specialist
as with FNAs, nipple aspirates, and ductal lavages. The pres-
ence of abnormally high DNA concentrations of methylated
DNA in the serum or plasma of patients was demonstrated in
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various malignant diseases. Although it remains unclear
whether release of tumour DNA into plasma is associated
with tumour necrosis, apoptotic cell death, or other selective
cellular processes, there is evidence that DNA containing the
methylation of a specific gene originates from the primary tu-
mour and is not an artefact in the plasma/serum DNA [32].
Dulaimi et al. [33] determined the methylation status of
RASSF1A, APC, DAPK in 34 breast cancers and paired sera.
Aberrant methylation of one or more genes was found in 32
of 34 (94%) breast tumour DNA. APC was hypermethylated
in 15 of 34 cases (47%), RASSF1A in 22 of the 34 tumours
(65%), and DAPK in 17 of 34 (50%) tumours. Methylation in
the sera was detected in 26 (76% ) of the corresponding serum
DNA including DCIS, lobular carcinoma in situ (LCIS), stage
I invasive ductal carcinoma, and lobular carcinoma patients.
Methylation of APC, RASSF1A, or DAPK was not observed
in serum DNA from normal healthy women and patients with
inflammatory breast disease or non-neoplastic breast tissue
specimens. A gene unmethylated in the tumour DNA was al-
ways found to be unmethylated in the matched serum DNA
(100% specificity). Shukla et al. [34] found RASSF1A meth-
ylation in 17 of 20 (85%) breast tumours, and RARB2 meth-
ylation in 2/20 (10%) breast tumours. Sera from 15 of 20
(75%) patients showed concordant methylated RASSF1A,
with a sensitivity of 88%. In both cases, a gene unmethylated
in the tumour DNA was always found to be unmethylated in
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Table 2. Potential prognostic and predictive methylation based biomarkers for breast cancer

Tissue or body fluid Methylated gene Samples, n Correlation with outcome Ref.
analyzed
Breast cancer tissue Cystatin M (CST6) 93 significant association with DFI and OS [39]
Breast cancer tissue Kallikrein 10 (KLK 10) 93 significant association with DFI and OS [40]
Breast cancer tissue RASSF1A 93 significant association with DFI [41]
Breast cancer tissue SFRPS5 133 reduced OS (HR =4.55) [42]
Breast cancer tissue 1D4 170 significant association with worst RFS and risk for lymph [43]
node metastasis
Serum APC, 122 significantly worst outcome [44]
RASSF1A
Serum ESR1, APC, HSD17B4, 86 increased risk of death for RASSF1A and/or APC [45]
HICI1, RASSF1A methylation (RR =5.7)
Serum BRCAL, pl6 122 RR of 6.0 if BRCAL1 and/or p16 serum DNA methylated [46]
Breast cancer tissue PSAT]I out of a panel 200 predicts tamoxifen therapy response and PFS [47]
of 117 candidate genes
Breast cancer tissue CYP1B1B 148 predicts response to tamoxifen therapy (48]
Serum RASSF1A 148 increased risk of relapse (RR =5.1) and death (RR =6.9) [49]
during treatment
Breast cancer tissue NEUROD1 74 cells; ER-negative breast cancers 10.8-fold more likely to [50]
and serum 44 core biopsies,  respond to chemotherapy; in serum associated with relapse
107 serum after chemotherapy (RR = 6.2) and death (RR = 14)
Breast cancer tissue PITX2 412 higher risk to develop distant metastasis (HR = 1.71) [51]
and worst OS
Breast cancer tissue PITX2 109 increased risk of distant metastases. [52]
Breast cancer tissue PITX2 241 significant association with high risk of distant recurrence [53]

(HR =1.66), poor DFS (HR =1.47) and OS (HR =2.07)

DFI = Disease-free interval; OS = overall survival; HR = hazard ratio; RFS = relapse-free survival; RR = response rate;
PFS = progression-free survival; ER = oestrogen receptor; DFS = disease-free survival.

the matched serum DNA yielding a specificity of 100%. Mirza
et al. [35] determined the promoter methylation status of
TMS1, BRCA1, ERa, and PRB promoter regions in 50 breast
cancer and paired sera. Thirty-six of 50 (72% ) tumours and 32
of 50 (64%) paired sera showed methylation for at least one
of these genes. Methylation of 3 genes was detected in 17 of
50 (34%) tumours and 12 of 50 (24%) sera. Sharma et al. [36]
investigated the methylation status of CCND2, p16INK4A,
p14AREF, and Slit2 in 36 breast cancer and paired sera. Thirty-
one (86%) tumours and 30 (83%) paired sera showed meth-
ylation of at least one of these 4 genes. Methylation frequen-
cies varied from 27% for CyclinD2, 44% for p16INK4A, 47%
for pl4ARF to 58% for Slit2. There was concordance be-
tween DNA methylation in tumour and paired serum DNA
for each gene. Taback et al. [37] evaluated whether RARB2,
MGMT, RASSF1A, and APC methylation could be identified
in bone marrow (BM) aspirates and paired serum samples
from 33 early-stage breast cancer patients. Methylation was
identified in 7 (21%) of 33 BM aspirates and 9 (27%) serum
samples. In 3 patients, BM and serum were both positive for
hypermethylation. The most frequently detected hypermeth-
ylation marker was RASSF1A occurring in 7 (21%) patients.
Concordance was present between gene hypermethylation de-
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tected in BM or serum samples, and paired primary tumours.
In another study using a semiquantitative approach, Hoque et
al. [38] determined the frequency of aberrant methylation of
the genes APC, GSTP1, RASSF1A, and RARP2 in plasma
from 93 women with breast cancer and 76 controls. Cut-off
values for positive methylation status were determined by
maximizing the sensitivity and specificity for detection of
breast cancer in a training set represented by 46 breast cancer
cases and 38 controls. The sensitivities and specificities of the
optimal cut-off values were then evaluated in an independent
validation data set. Methylation of at least one of the 4 genes
of interest was detected in 29 of 47 plasma samples from can-
cer cases (sensitivity 62%) and in 5 of 38 control patient sam-
ples (specificity 87%).

DNA Methylation-Based Prognostic and Predictive Markers

The potential prognostic and predictive value of DNA methyl-
ation-based markers have been investigated in tumour tissue
or sera obtained from breast cancer patients (table 2). Meth-
ylation status of cystatin M (CST6), kallikrein 10 (KLK10),
and RASSF1A was investigated on a cohort of 93 patients in
3 separate studies [39-41]. Multivariate analysis revealed that
positive methylation status of these 3 genes was significantly
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associated with disease-free interval (DFI) and overall survival
(OS). Veeck J et al. [42] analyzed promoter methylation status
of the SFRPS gene in a series of 168 primary breast cancers,
finding methylation in 73% of the cases. SFRP5 methylation
was also associated with reduced OS. The prognostic role of
ID4 methylation status was evaluated in 170 breast cancer
cases. Methylation was detected in 69% of the tumours and
was associated with unfavourable recurrence-free interval
(RFT) and increased risk for lymph node metastasis (p = 0.030)
[43]. By using MethyLight, a high-throughput DNA methyla-
tion assay, Muller et al. [44] analyzed 39 genes in a gene evalu-
ation set, consisting of 10 sera from metastasized patients, 26
patients with primary breast cancer, and 10 control patients.
Multivariate analysis showed methylated RASSF1A and/or
APC serum DNA to be independently associated with poor
outcome. In another study, APC and RASSF1A were proved
to also be independent prognostic parameters in breast cancer
patients [45]. Methylation status of BRCAI, p16, and 14-3-3
sigma was examined in the sera of 122 sporadic breast cancer
patients and healthy serum controls. Multivariate analysis
showed methylated BRCA1 and/or p16 serum DNA to be in-
dependently associated with poor outcome [46].

Predicting resistance to endocrine therapy is crucial to im-
prove the management of breast cancer patients. Martens et
al. [47], by using a microarray-based technology, analyzed the
DNA methylation status of 117 candidate genes in a cohort of
200 steroid hormone receptor-positive tumours of patients
who received the antiestrogen tamoxifen as first-line treat-
ment for recurrent breast cancer. Positive methylation status
of the PSAT1 promoter region was associated with favourable
clinical outcome, and this result was confirmed by an inde-
pendent quantitative DNA methylation detection method.
The analysis of ESR1 and CYP1B1 promoter regions in 148
breast cancers indicated that ESR1 methylation was a better
predictor of clinical response in patients treated with
tamoxifen than steroid hormone receptor status, whereas pro-
moter methylation of the CYP1B1 gene was able to predict
response differentially in tamoxifen-treated and tamoxifen-
untreated patients [48].

Adjuvant systemic therapy is a strategy that targets poten-
tial disseminated tumour cells after complete removal of the
tumour that has improved survival of cancer patients. To
date, no tool is available to monitor efficacy of these thera-
pies, unless distant metastases arise. Fiegl et al. [49] analyzed
RASSF1IA DNA methylation in pretherapeutic sera and
serum samples collected 1 year after surgery from 148 pa-
tients with breast cancer, who were receiving adjuvant
tamoxifen. RASSF1A methylation status determined 1 year
after surgery was an independent predictor of poor outcome
suggesting that measurement in serum is able to monitor the
efficacy of adjuvant therapy. In another study, promoter
methylation of the NEURODI1 gene was able to predict the
response to neoadjuvant and adjuvant chemotherapy. NEU-
ROD1 methylation was determined in 74 breast cancer tissue
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samples, two independent sets of pretreatment core biopsies
of 23 (training set) and 21 (test set) neoadjuvantly treated
breast cancer patients, and pre-therapeutic and post-thera-
peutic serum samples from 107 breast cancer patients treated
with adjuvant chemotherapy. Oestrogen receptor-negative
breast cancers with high NEUROD1 methylation were 10.8-
fold more likely to respond with a complete pathologic re-
sponse following neoadjuvant chemotherapy. Patients with
persistent positive NEUROD1 methylation after chemother-
apy were at higher risk of relapse and showed a worse OS
and increased relative risk for death [50]. In a study con-
ducted by the European Organisation for Research and
Treatment of Cancer (EORTC) PathoBiology group, the
analysis of 117 candidate genes using a methylation micro-
array in hormone receptor-positive tumours from 109 breast
cancer patients treated with adjuvant tamoxifen identified
PITX2 as the strongest predictor of distant recurrence [51].
This association with patient outcome was confirmed in two
subsequent studies by analyzing 412 lymph node-negative
hormone receptor-positive breast cancer patients who had
not received any adjuvant systemic treatment, and 241 breast
cancer specimens respectively [52, 53].

Histone Modification-Based Markers in Breast Cancer

A number of studies have investigated the use of histone
modifications as biomarkers in tumours [54-57]. In breast
cancer, Elsheikh et al. [58] analyzed by immunohistochemis-
try a series of histone lysine acetylation (H3K9ac, H3K18ac,
H4K12ac, and H4K16ac), lysine methylation (H3K4me2 and
H4K20me3), and arginine methylation (H4R3me2) in 880
human breast carcinomas. Correlation with clinicopathologi-
cal characteristics demonstrated a highly significant correla-
tion between histone modification status, tumour biomarker
phenotype, and clinical outcome. High relative levels of glo-
bal histone acetylation and methylation were associated with
a favourable prognosis, and were detected almost exclusively
in luminal-like breast tumours (93%). Moderate to low levels
of lysine acetylation (H3K9ac, H3K18ac, and H4K12ac),
lysine (H3K4me2 and H4K20me3), and arginine methylation
(H4R3me2) were observed in tumours characterized by
poorer prognosis (e.g. basal-like tumours and HER-2-positive
tumours). Clustering analysis identified 3 groups of histone
status patterns which correlates with clinical outcome.

Future Prospectives

The search for epigenetic-based markers in breast cancer has
come a long way in recent years, but no single identified
marker has made the transition into the clinic. In the case of
early detection markers, the principal limitation of this ap-
proach seems to be the underperformance of the majority of
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known markers for a sensitive and specific detection of cancer
cells. Thus, an expansion of the currently known methylation
markers to other relevant and specific tumour suppressor
genes is likely to increase the sensitivity and specificity of the
detection. Another aspect that still needs to be addressed is

invasive’.

the development of robust panels able to distinguish epige-

netic patterns between malignant and non-malignant cells and

tumours at different stages. With regard to the prognostic and

predictive value of epigenetic changes, larger clinical trials are
needed to validate results so far obtained.
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