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ARTICLE INFO ABSTRACT

Objectives: We have recently shown that detection of CST6 promoter methylation in primary breast tumors
can provide important prognostic information in patients with operable breast cancer and that CST6 promoter is
also methylated in Circulating Tumor Cells (CTC). In this study we evaluated the presence of CST6 promoter
methylation in cell-free DNA (cfDNA) circulating in plasma of breast cancer patients.

Design and methods: Our study material consisted of: a) a pilot testing group of 27 patients with stage I-III
operable breast cancer, 46 patients with verified metastasis and 37 healthy donors and b) an independent cohort
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D%‘{v fnretshylation of 123 consecutive stage I-Ill operable breast cancer patients. Methylated and unmethylated CST6 promoter
Cystatin M sequences were detected by using methylation-specific PCR (MSP). CST6 immunohistochemical detection was
cell free DNA performed in 20 corresponding primary tumor tissues.

breast cancer Results: In the pilot testing group, CST6 promoter was methylated in 8/27 (29.6%) operable breast cancer
CST6 patients, in 6/46 (13.0%) patients with verified metastasis but none of 37 healthy individuals (0%). In the indepen-
Methylation Specific PCR dent cohort, 49/123 (39.8%) operable breast cancer patients were found positive. During the follow up period, 25/

123 (20.3%) patients relapsed and 9/123 (7.3%) died. CST6 was methylated in cfDNA of 13/25 (52%) patients that

relapsed and in 3/9 (33.3%) patients that died.

Conclusions: CST6 promoter is highly methylated in cfDNA of breast cancer patients, but not in healthy in-
dividuals. CST6 promoter methylation in cfDNA, should be prospectively validated as a novel plasma tumor bio-
marker for breast cancer in a large cohort of breast cancer patients.

© 2012 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Introduction

In recent years many teams have focused on the development of
sensitive assays that allow the specific detection of single tumor cells
or small amounts of cell-free tumor DNA in the peripheral blood of
cancer patients. These methods allow the detection and characteriza-
tion of early metastatic spread and will provide unique insights into
the biology of metastatic progression of human tumors, including the
effects of therapeutic interventions [1]. In the past decade a wealth of
information indicating the potential use of circulating nucleic acids for
cancer screening, prognosis and monitoring of the efficacy of anticancer
therapies has emerged. It is now known that DNA, mRNA and microRNA
are released and circulate in the blood of cancer patients. Changes in the
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levels of circulating nucleic acids have been associated with tumor bur-
den and malignant progression. These findings with a specific focus on
the clinical utility of cell-free nucleic acids as blood biomarkers have
been recently very nicely reviewed [1,2].

Cell-free DNA (cfDNA) circulating in plasma of breast cancer patients
was suggested as a very promising tumor biomarker for early detection
and prognosis already since 1999 [3]. Through all these years since then
it has also been clearly shown that DNA methylation is one of the most
frequently occurring epigenetic events in the mammalian genome and
alterations in DNA methylation are very common in cancer cells [4]. In
particular, hypermethylation has been reported as an early event in
breast cancer [5], frequently leading to gene silencing through methyla-
tion of CpG-rich regions near the transcriptional start sites of genes that
regulate important cell functions [6]. Several studies have described
methylation of tumor suppressor genes in serum or plasma samples
and in the corresponding primary breast tumors, while notably DNA
methylation was not detected in plasma or serum of healthy donors
[7]. DNA methylation of particular genes, especially of RASSFIA and
APC, in pre-treatment sera of breast cancer patients, has been shown
to be independently associated with poor outcome, with a relative risk
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for death of 5.7, and a more powerful predictor than standard prognostic
parameters [8]. A number of studies have shown that cell free DNA is
present in the plasma or serum of cancer patients and its methylation
patterns resemble that of the primary tumor DNA [9].

Cystatin M or E/M (encoded by the CST6 gene) is an endogenous
inhibitor of lysosomal cysteine proteases that functions to protect cells
against uncontrolled proteolysis [10]. Cystatin M was first identified
and cloned by Sotiropoulou et al. by differential RNA display as a tran-
script that was significantly down-regulated in metastatic breast cancer
cells when compared to primary breast cancer cells [11]. Later, the
same protein was identified and cloned independently from embryonic
lung fibroblasts and was named Cystatin E [12]. Cystatin E/M is a low mo-
lecular mass protein sharing 27-32% homology with other cystatins.
Cystatin M has been assigned to chromosome region 11q13 [13], which
is the site of loss of heterozygosity (LOH) in several cancer types and
believed to harbor tumor suppressor genes. Cystatin M was shown to
directly inhibit the activity of cathepsins B, V, and L [14,15]. In addition,
cystatin M controls the activity of legumain, which is a known oncogene
and an indicator of poor prognosis in colorectal and breast cancer but was
also found overexpressed in the majority of human solid tumors [16,17].
Thus, imbalance between proteases and their inhibitors cystatins can lead
to tumor development, invasion and metastasis [18]. Analysis of the CST6
gene shows an unusual density of CpGs islands in the promoter and the
exon 1 of the gene (~64 CpGs in a 507 bp segment) [19] and it was
recently shown that this region is a target for DNA methylation, which
concludes to loss of cystatin M expression in breast cancer lines and
breast carcinomas [19-21].

We have demonstrated that CST6 is hypermethylated in breast cancer
tissues and that CST6 promoter methylation provides important prognos-
tic information in patients with operable breast cancer [22]. Moreover we
have recently shown that CST6 is epigenetically silenced in Circulating
Tumor Cells (CTC) isolated from peripheral blood of operable and meta-
static breast cancer patients [23]. In the present study, we examined for
the first time the prevalence of CST6 promoter methylation in cell-free
DNA circulating in plasma of operable and metastatic breast cancer
patients as well as in healthy individuals.

Patients and Methods
Patients

Our study material consisted of a total of 233 consecutively collected
clinical samples: a) one pilot testing group, consisting of 27 patients with
stage I-Ill operable breast cancer, within 2-4 weeks after the removal of
the primary tumor and before the initiation of adjuvant chemotherapy,
46 patients with verified metastasis and 37 healthy female blood donors
(all comparable to the cases with respect to other characteristics aside
from a diagnosis of breast cancer) and b) one independent cohort
consisting of 123 stage I-IIl operable breast cancer patients whose clini-
copathological characteristics and clinical outcome was not known
when the analysis was performed, but were later available to us. The me-
dian follow up (FU) for these 123 patients was 64 months, with a range
of 18-204 months, and the plasma samples were consecutively collect-
ed within 2-4 weeks after the removal of the primary tumor and before
the initiation of adjuvant chemotherapy. For 20 of these operable breast
cancer patients matched formalin fixed paraffin-embedded tissues
(FFPEs) samples were also available. All patients were treated in the
Medical Oncology Unit, Helena Venizelou Hospital. For every patient en-
rolled, a complete diagnostic examination to evaluate the presence or
absence of distant metastasis was performed consisting of chest x-rays,
mammography, ultrasound of the liver and a whole body bone scan.
Computed tomography scans and/or magnetic resonance imaging stud-
ies were performed if clinically indicated. Peripheral blood in EDTA was
centrifuged at 2,000 x g for 10 min at room temperature and 1 mL ali-
quots of plasma samples were stored at — 20 °C. The breast cancer cell
line MCF-7 was used as positive control in MSP reactions for the

detection of CST6 promoter methylation. All patients signed an informed
consent to participate in the study which was approved by the Ethics
and Scientific Committees of our Institution.

Isolation of genomic DNA from paraffin tissues and cell lines

Tissue sections of 5 um containing > 80% of tumor cells were used for
DNA extraction and Methylation-Specific PCR (MSP) analysis. Genomic
DNA (gDNA) from paraffin tissues and from the breast cancer cell line
MCF-7 was isolated with the High Pure PCR Template Preparation kit
(Roche, Germany) according to the manufacturer's instructions.

Isolation of cell-free DNA circulating in plasma

Circulating cell-free DNA was isolated from plasma samples using
the High Pure Viral Nucleic Acid Kit (Roche Diagnostics, Germany).
200pL of plasma were mixed with 200pL of working solution and
50uL proteinase K (18 mg/mL) and incubated for 10 min at 72 °C.
DNA isolation was, then, processed as described in the manufacturer's
protocol. DNA concentration was determined in the Nanodrop ND-
100 (Nanodrop Technologies, USA).

Sodium bisulfite conversion

Extracted DNA was modified with Sodium Bisulfite (SB), in order to
convert all unmethylated, but not methylated-cytosines to uracil. Bisul-
fite conversion was carried out in 1 pg of denaturated DNA using the EZ
DNA Methylation Gold Kit (ZYMO Research Co., Orange, CA), according
to the manufacturer's instructions. The converted DNA was stored at
—70 °C until used. In each SB conversion reaction, dH,O and MCF-7
were included as a negative and positive control, respectively. In order
to avoid false negative results, particularly in cell-free SB-converted
DNA, we performed MSP for CST6 using an unmethylated set of primers,
as previously described [22].

Methylation Specific PCR (MSP)

The methylation status of CST6 in circulating cell-free DNA was
detected by nested MSP as previously reported [22]. Each MSP reaction
was performed in a total volume of 25pL. SB-treated DNA was amplified
in two separate MSP reactions, one with primers specific for methylated
and one with primers specific for unmethylated CST6 promoter se-
quences. Human placental genomic DNA (gDNA; Sigma Aldrich) meth-
ylated in vitro with Sssl methylase (NEB, Ipswich, MA) was used, after
SB conversion, as fully methylated (100%) MSP positive control; the
same unmethylated placental gDNA, was used, after SB conversion, as
a negative MSP control.

For all clinical samples studied, 1uL (~100 ng) of SB-converted DNA
was added into a 24 pL reaction mixture that contained 0.125 L of Taq
DNA polymerase (5U/iL, Go Taq polymerase; Promega), 2.5 pL of the
supplied 5x PCR buffer, 2.0 L of MgCl, (25 mmol/L), 0.5 pL of dNTPs
(10 mmol/L; Fermentas) and 1 pL of the corresponding forward and re-
verse primers (10 pmol/L); finally dH,0 was added to a final volume of
25 L. In the first MSP, SB treated DNA was amplified with a set of exter-
nal primers specific for methylated or unmethylated sequences. Nested
MSP was performed using 1pL of the amplified products and a set of in-
ternal primers that are specific for the methylated sequences or internal
primers specific for the unmethylated sequences, respectively. All primer
sets used were previously described [22]. Similar thermocycling condi-
tions were used for the first and second MSP, when using primers for
methylated sequences: 1 cycle at 95 °C for 15 min, followed by 30 cycles
of 94 °C for 30 s, 60 °C for 1 min and 72 °C for 1 min, with a final exten-
sion cycle of 72 °C for 10 min. Thermocycling conditions for the first and
the second MSP when using primers for unmethylated sequences were
the following: 1 cycle at 95 °C for 15 min, followed by 30 cycles of
94 °Cfor 30 s, 56 °Cfor 1 min and 72 °C for 1 min, with a final extension
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cycle of 72 °Cfor 10 min. MSP products for methylated and unmethylated
CST6 promoter were resolved on 2% agarose gels containing 40 mM
Tris-acetate/1.0 mM EDTA (pH=28.0) and visualized by ethidium bro-
mide staining.

Immunohistochemical detection of cystatin M

In 20 formalin-fixed, paraffin-embedded tissues that were avail-
able from the same breast cancer patients (13 samples from patients
with methylated CST6 promoter and 7 samples from patients with
unmethylated CST6 promoter), an immunohistochemical study was
performed, using a rabbit polyclonal antibody specific for cystatin M
[11,24] at 1:100 dilution. The streptavidin-biotin-peroxidase method
was applied using the Bond Il automated immunohistochemistry sys-
tem (Leica/Menarini).

Statistical Analysis

For the independent cohort (123 consecutive operable breast cancer
patients), all clinicopathological data (including disease free survival and
overall survival) information were available to us after the CST6 methyl-
ation analysis was completed. Correlations between CTS6 promoter
methylation status and clinicopathological features of the patients
were assessed by the Chi-square test. P values<0.05 were considered
statistically significant. Statistical analysis was performed by using the
SPSS Windows version 17.0 (SPSS Inc., Chicago, IL).

Results

Sensitivity and specificity of nested MSP assay for CST6 promoter
methylation

A nested MSP was performed throughout our study, since conven-
tional MSP was not sensitive enough for the detection of CST6 promoter
methylation in cell free DNA. We have previously evaluated in detail
both the sensitivity and specificity of this nested MSP [22]. The sensitiv-
ity was evaluated by initially preparing synthetic samples of fully (100%)
in vitro methylated (through SssI methylase) human placental genomic
DNA and fully unmethylated (100%) human placental genomic DNA.
According to our findings this assay is sensitive enough to detect one
methylated sequence of CST6 in the presence of 20,000 unmethylated
sequences (1:20,000) corresponding to 0.005%. The specificity of nested
MSP assay for CST6 promoter methylation, was tested using SB modified
human placental gDNA that is not methylated, 11 normal breast tissues
obtained from reduction mammoplasty, and 10 breast fibroadenomas
used as benign tumor controls.; no amplification of CST6 promoter was
observed in any case [22].

CST6 promoter methylation in circulating cell-free DNA

The methylation status of CST6 promoter in circulating cell-free DNA
was firstly assessed in the pilot testing group. In this group, CST6 pro-
moter was found methylated in 8/27 (29.6%) patients with operable
breast cancer (Fig. 1A), in 6/46 (13.04%) patients with verified metasta-
sis but not in any of 37 healthy individuals (0%) (Fig. 2A). MSP with
primers specific for the unmethylated DNA was also performed for all
SB-converted samples to exclude failure of PCR reaction when the PCR
reaction specific for the methylated DNA sequences was negative
(Figs. 1B, 2B). Figs. 1 and 2 are reporting only selected representative
samples. These results are supportive for the technical feasibility of
the study and clearly suggest the absence of CST6 promoter methylation
in blood from healthy donors.
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Fig. 1. A: CST6 promoter methylated sequences in cell-free DNA circulating in plasma of
early breast cancer patients: 1) DNA marker 50 bp, 2) Negative control: dH,0,
3,4,5,7,8-11) plasma samples of early breast cancer patients 6) unmethylated breast
cancer plasma sample 12) Positive control: MCF-7. B: CST6 promoter unmethylated se-
quences cell-free DNA circulating in plasma of early breast cancer patients: 1) DNA
marker 50 bp, 2) Negative control: dH,0, 3-10) plasma samples of early breast cancer
patients 11) Positive control: placental DNA.

CST6 promoter methylation in circulating cell-free DNA in an independent
cohort of operable breast cancer patients

The methylation status of CST6 promoter in circulating cell-free DNA
was further evaluated in an independent cohort that consisted of 123
operable breast cancer patients with a median follow up of 64 months,
(range : 18-204 months). In this independent cohort, 49/123 (39.8%)
patients were found positive for CST6 methylation in circulating cell-
free DNA. These patients’ characteristics in relation to the methylation
status of CST6 are presented in Table 1. Chi-square analysis revealed
no statistically significant correlation between CST6 promoter methyla-
tion and the major clinicopathological features of the patients.

During the follow up period, 25/123 (20.3%) patients relapsed. CST6
was methylated in circulating cell-free DNA of 13/25 (52%) patients that
relapsed. During the follow up period, 9/123 (7.3%) patients died as a
consequence of disease progression. CST6 was methylated in circulating
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Fig. 2. A: CST6 promoter methylated sequences in cell-free DNA circulating in plasma of
healthy individuals 1) DNA marker 50 bp, 2) Negative control: dH,0, 3-12) plasma
samples of healthy individuals, 13-14) no sample 15) Positive control: MCF-7.
B: CST6 promoter unmethylated sequences in plasma of healthy individuals 1) DNA
marker 50 bp, 2) Negative control: dH,0, 3-7) plasma samples of healthy individuals,
8) Positive control: placental DNA.
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Table 1

Association of CST6 methylation in cell-free circulating DNA with clinicopathological
features of operable breast cancer patients (n=123). p-values are derived from a

Chi-square test.
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Patients enrolled CST6 Methylation

All Positive Negative P

n (%) n (%) n (%)

123 (100) 49 (39.8) 74 (60.2)
Age, years 0.071
> 51 65 (52.8) 21(32.3) 44 (67.7)
<51 58 (47.2) 28 (48.3) 30 (51.7)
Menopausal status 0.266
Premenopausal 58 (47.2) 26 (44.8) 2 (69.0)
Postmenopausal 63 (51.2) 22 (34.9) 41 (65.1)
Unknown 2 (1.6)
Tumor Size, cm 0.118
T1 (£2) 45 (36.6) 22 (48.9) 23 (511
T2/T3 (>2) 78 (63.4) 27 (34.6) 51 (65.
Grade 0.760
lor2 47 (38.2) 20 (42.6) (57.4)
3 68 (55.3) 27 (39.7) 41 (60.3)
Unknown 8 (6.5)
Lymph nodes 0.661
None 41 (33.3) 15 (36.6) 26 (63.4)
1-3 50 (40.7) 22 (44.0) 28 (56.0)
>4 26 (21.1) 9 (34.6) 17 (65.4)
Unknown 6 (4.9)
ER 0.969
Positive 65 (52.8) 26 (40.0) 39 (60.0)
Negative 58 (47.2) 23 (39.7) 35 (60.3)
PR 0.696
Positive 74 (60.2) 30 (40.5) 44 (59.5
Negative 46 (37.4) 17 (37.0) 29 (63.0
Unknown 3(24)
HER2 0.606
Positive 49 (39.8) 18 (36.7) 3.3)
Negative 70 (56.9) 29 (414) 8.6)
Unknown 4 (3.3)

cell-free DNA in 3/9 (33.3%) of patients that died. As can be seen in
Table 2 however, the incidence of relapses was not significantly higher
in patients with methylated 13/49 (26.5%) than in patients with
unmethylated CST6 promoter 12/74 (16.2%). The same was found in
respect to the incidence of deaths: it was not significantly higher in pa-
tients with methylated 3/49 (6.1%) than in patients with unmethylated
CST6 promoter 6/74 (8.1%).

Cystatin M expression in primary breast tumors

In 20 FFPE tissues that were available from the same breast cancer
patients the expression of CST6 was also studied using an antibody
specific for cystatin M [11]. All tissues of the 20 patients (100%)
showed a diffuse strong cytoplasmic staining for cystatin M indicating
that the expression of the CST6 gene is not lost in primary breast
tumors, irrespectively of the receptor methylation detected in cell
free DNA circulating in plasma. Cystatin M expression was also ob-
served in foci of carcinoma in situ (CIS) as well as in benign breast

luminal epithelium. Myoepithelial cells were negative for cystatin M ex-
pression both in CIS and in the benign structures (Figs. 3A, B and 4). No
apparent difference in the levels of cystatin M immunohistochemical
expression was observed between breast carcinomas from patients
with methylated CST6 and patients with unmethylated CST6 promoter.

Discussion

Concentrations of circulating cell-free tumor DNA are high in cancer
patients compared to healthy individuals [1,2]. Early in tumor develop-
ment, apoptotic and necrotic cells of the primary tumor release DNA
into the bloodstream. Inactivation of tumor suppressor genes by pro-
moter hypermethylation that plays a crucial role in tumorigenesis has
been detected in cell free DNA [1,2]. In this work we report for the
first time that CST6 promoter methylation can be detected early on in
circulating cell-free DNA of breast cancer patients, while it is not present
in healthy individuals.

Cystatin M was originally described as a putative tumor suppressor,
whose expression is often diminished or completely lost in metastatic
breast cancers [11] however its cellular functions are virtually unknown.
Loss of expression is likely associated with the progression of a primary
tumor to a metastatic phenotype, suggesting a role of CST6 as a tumor
suppressor gene [24]. When exogenously expressed in human MDA-MB
435 breast cancer cells, Cystatin M expression significantly alters the
neoplastic phenotype in vitro, resulting in diminished cell proliferation,
loss of migration and reduced cell adhesion [24]. More recently, it was
shown that CST6 is epigenetically regulated by strong hypermethylation
of the CST6 gene promoter in breast cancer cell lines [19], in breast cancer
and metastatic lesions in the lymph nodes [25], in malignant gliomas [26],
in cervical [27] and prostate cancer [28]. Because promoter hyper-
methylation does not account for the loss of CST6 expression in all tumors
alternative modes of CST6 repression are likely. Re-expression of CST6
was observed in cervical cancer cell lines following Trichostatin A (TSA)
treatment, suggesting that histone deacetylation and repressive chroma-
tin structure may be involved [27], since silencing of CST6 has been asso-
ciated with repressive trimethyl-H3K27 and dimethyl-H3K9 histone
marks [29].

Recently, a novel high-throughput mass spectrometry on matrix-
assisted laser desorption/ionization time-of-flight (MALDI-TOF) silico-
chip was used to determine semi-quantitative methylation changes of
22 candidate genes (a total of 42,528 CpG dinucleotides) in 48 breast
tumor and 48 paired normal paraffin-embedded tissues, and methylation
profiles were classified by a two-way hierarchical cluster analysis. CST6
was identified among the 10 hypermethylated genes (APC, BIN1, BMP6,
BRCA1, CST6, ESRb, GSTP1, P16, P21, TIMP3) that distinguish between can-
cerous and normal tissues according to the extent of methylation [30].
Moreover, a whole-genome approach using a human gene promoter
tiling microarray platform to identify genome-wide and gene-specific
epigenetic signatures of breast cancer metastasis to lymph nodes led to
functional associations between the methylation status and expression
of genes CDH1, CST6, EGFR, SNAI2 and ZEB2 associated with epithelial-
mesenchymal transition [31]. In addition, a recent functional epigenetic
study of renal cell carcinoma (RCC) cell lines and primary tumors by

Table 2
Incidence of disease-relapse and disease-related death according to the methylation status of CST6 in circulating cell-free DNA (n=123).
CST6 Methylation status Clinical outcome Total
Relapse No relapse Death Alive p>
n (%) n (%) n (%) n (%) n (%)
Methylated 13 (26.5) 36 (73.5) 0.164 3(6.1) 46 (93.9) 1 49 (39.8)
Unmethylated 12 (16.2) 62 (83.8) 6(8.1) 68 (91.9) 74 (60.2)
Total 25 (20.3) 98 (79.7) 9(7.3) 114 (92.7) 123 (100)

a: Chi square test.
b: Fisher's Exact Test.
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Fig. 3. A: CST6 cytoplasmic immunohistochemical expression in benign luminal epithelium, carcinoma in situ (CIS) and infiltrating breast carcinoma in patients with methylated
CST6 promoter. Myoepithelial cells are negative, B: CST6 cytoplasmic immunohistochemical expression in infiltrating breast carcinoma in patients with methylated CST6 promoter.

(all magnifications: x200).

high-density gene expression microarrays identified CST6 as one of eight
genes that showed frequent (>30%) tumor-specific promoter region
hypermethylation associated with transcriptional silencing (epigeneti-
cally inactivated candidate RCC TSGs). According to this study, re-
expression of BNC1, CST6, RPRM and SFRP1 suppressed the growth of
RCC cell lines [32]. All these recent studies are in support of the impor-
tance of CST6 promoter methylation in metastasis.

In breast cancer, CST6 methylation is an early event since methyl-
ation of the CST6 promoter was reported in 7 out of 28 corresponding
normal tumor-adjacent breast tissues samples [21]. Our group has
shown the prognostic significance of CST6 promoter methylation in
patients with operable breast cancer [22]. According to our findings,
the diagnostic sensitivity and specificity of CST6 methylation as a bio-
marker for prediction of relapses and deaths in operable breast cancer
seems to be quite promising [22]. Moreover, we have recently shown
that CST6 promoter was methylated in Circulating Tumor Cells (CTC)
isolated from peripheral blood of breast cancer patients, in both
groups of early disease and verified metastasis. In operable breast
cancer, the percentage of CST6 promoter methylation was lower but
not significantly different in comparison to that found in the group
of patients with overt metastasis, while for both operable and meta-
static breast cancer this was significantly different in respect to the
control population [23].

In the present study we tested the expression of cystatin M by immu-
nohistochemistry in a limited number of samples where we had both the
primary tumor (FFPE) and circulating cell free DNA. Interestingly, we
found that cystatin M tumor suppressor is not expressed in myoepithelial
cells in CIS and in benign structures in the tumor microenvironment,
which may also contribute to breast cancer development. It should be
noted that, although breast cancer arises mainly from the luminal epithe-
lium, myoepithelial cells express proteins that have been shown to sup-
press transformation of luminal epithelial cells in vivo, thus allowing

myoepithelial cells to act as tumor suppressors in the breast [33]. A recent
study has shown that cystatin M loss may be associated with the losses of
ER, PR, and HER4 in invasive breast cancer [34].

In our study, we found that cystatin M expression could be detected
in the primary tumor of all breast cancer patients tested, regardless of
CST6 promoter methylation status in their circulating cell free DNA.
Therefore, it is likely that loss of CST6 expression primarily occurs in a
small subpopulation of cells in the primary tumor which could not be
detectable by the classical immunohistochemical observation. Epige-
netic silencing of CST6 may be associated to the switch of these cells
to an invasive phenotype. This subpopulation of more aggressive cells
is likely the source of methylated cell-free DNA circulating in plasma.
This hypothesis is supported by our recent findings that CST6 promoter
is highly methylated in DNA isolated from circulating tumor cells from
operable and metastatic breast cancer patients [23]. According to our
data, the present assay could be clinically useful to monitor early relapse
in operable breast cancer patients, however this has to be shown in a
larger number of patients and a longer follow up.

Cell-free DNA circulating in plasma is an optimal source for finding
new tumor biomarkers for early detection, prognosis and probably mon-
itoring of therapeutic response. During recent years numerous studies
have reported methylated cell-free DNA in serum or plasma of breast
cancer patients at diagnosis [4-6,35] for prognosis [8], as a marker for
monitoring the efficacy of chemotherapy [36] and the absence of meth-
ylated DNA in normal controls [1,37]. Circulating DNA in plasma/serum
is a new promising minimally invasive diagnostic and prognostic tool re-
quiring only a blood sample, and overcomes all the difficulties associated
with the use of invasive procedures during screening for breast cancer
[4-8,34,38].

While our study was still ongoing, Radpour et al. have shown that
aberrant DNA methylation patterns might be used as a biomarker for di-
agnosis and management of cancer patients. Using eight genes, among

Fig. 4. A: Immunohistochemical detection of cystatin M in CIS and infiltrating breast carcinoma in patients with unmethylated CST6 promoter. Diffuse cytoplasmic staining is observed.
Myoepithelial cells are negative. B: Immunohistochemical detection of cystatin M in CIS in patients with unmethylated CST6 promoter. Myoepithelial cells are negative, (all magnifica-

tions: x200, except Fig. 4A: x100).
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them CST6, as a panel to develop a blood-based test for breast cancer, they
achieved a sensitivity and specificity of more than 90% in distinguishing
between tumor and normal samples [39]. Moreover, in a very recent
study, Avraham et al. suggest that tumor derived DNA methylation of
RASSF1A in serum may reflect changes in tumor burden and allow early
recognition of responders versus nonresponders to adjuvant chemother-
apy [40].

In this study, we provide evidence for the specific presence of meth-
ylated CST6 promoter sequences in cell-free DNA circulating in plasma of
early breast cancer patients. According to our findings CST6 promoter
methylation in cell-free plasma DNA is a highly specific tumor biomarker
since it was not detected in plasma of healthy individuals. Even if we
found that the incidence of relapses and deaths was not significantly
higher in patients with methylated than in patients with unmethylated
CST6 promoter, we believe that the prognostic significance of these find-
ings could be better evaluated in a larger number of clinical samples with
a known clinical outcome and a long follow up period.

Conclusions

CST6 promoter methylation in cell-free plasma DNA is a highly spe-
cific tumor biomarker since it was not detected in plasma of healthy in-
dividuals. It merits to be further investigated in prospective cohort
studies as a potential epigenetic based predictive and prognostic bio-
marker for breast cancer, since serum DNA methylation has be shown
to be useful for monitoring response to neoadjuvant chemotherapy in
breast cancer patients.
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