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Abstract
Background: Breast cancer is a major cause of cancer mortality worldwide. In Mexico, most cases are diagnosed in locally advanced
stages, which is associated with a poor prognosis. Recent studies have suggested that 5-hydroxymethylcytosine (5hmC) levels could be
a prognostic marker in cancer. However, the role of 5hmC as a predictor of histopathological alterations in breast cancer have not been
fully studied. Results: We evaluated samples from patients with breast cancer (N=141), with a mean age of 50.12 yrs. (standard deviation
[SD]: 9,54 yrs.), tumors showed a mean diameter of 6.53 cm (SD: 3.06 cm) at diagnosis, most of the patients showed overweight or obesity
(77.3%) and most of them were locally advanced stage (n=111). A statistically significant and negative correlation between 5hmC levels and
age in ER/PR-negative tumors (β = -0.028, 95% confidence interval [95%CI]: -0.045, -0.010, p-value = 0.005) and in triple negative tumors (β
= -0.023, 95%CI: -0.044, -0.001, p-value = 0.046) was observed using mixed effects linear models. We also observed a negative correlation
between 5hmC levels and an increased levels of cell proliferation markers, including Ki67 (r = -0.16, p-value < 0.01) and minichromosome
maintenance complex component 2 [MCM2] (r = -0.21, p-value = 0.03). Finally, and using mixed effects models, we determined that the
5hmC level was an independent predictor of advanced histological grade in locally advanced breast cancer patients (β = -0.077, 95%CI
-0.142, -0.011, p = 0.022). We did not observe differences associated with complete pathological response or free-relapse survival according
to 5hmC level. Conclusions: This study suggests that low 5hmC may serve as potential marker of adverse histopathological characteristics
in locally advanced breast cancer patients, highlighting its potential as a useful clinical biomarker.
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Background
Worldwide, breast cancer is the leading cause of cancer
among women and is one of the most common causes of
cancer-related death [1]. In developed countries, breast
cancer is most frequently diagnosed at an early stage [2, 3]
but in less developing countries, more than half of breast
cancer cases are diagnosed as either locally advanced
breast cancer (LABC) or as advanced breast cancer with
distant metastases, which often involve the bones, liver,
lungs or central nervous system [4-7]. LABC comprises
clinical stages IIB to IIIC and is characterized by bulky
tumors accompanied by regional lymph node metastases
[8]. Compared with patients in early stages, patients with
LABC have a higher recurrence risk and lower overall
survivorship. According to the data from the Surveillance,
Epidemiology and End Results (SEER) Program of the
National Institutes of Health (NIH), the 5-yr. overall survival

rate for LABC patients is 85.3% but is 98.7% for patients
with early stage disease. Moreover, 5-yr. survivorship
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in advanced breast cancer reaches only 27.0% [9], the
diagnosis of breast cancer cases sometimes is challenging,
because it is difficult to differentiate benign lesion only
for clinical and some breast tumors have a high potential
for metastatic spread in a short time following diagnosis.
The effect of the histologic subtype on prognosis has been
studied, but the results have been contradictory. Evidence
has also been reported implying that the histologic subtype
does not have a statistically significant role as a prognostic
factor (5-yr. Disease Free Survival [DFS] rate), 71.8% for
spindle cell, 63.4% for squamous cell carcinoma, 69.2%
for mesenchymal, 66.7% for fibromatosis-like, and 66.7%
for mixed; 5-year over-all (OS) rate, 76.2% for spindle cell,
75.5% for squamous cell, 80.8% for mesenchymal, 100%
for fibromatosis-like, and 100% for mixed) [10]. Therefore,
the discovery of new potential biomarkers that can be used
for the early diagnosis and prediction of poor prognosis
in LABC patients will improve the survival rates for these
patients.
In general, there are three well-studied epigenetic markers,
including histone modification, DNA methylation, and
noncoding RNA-mediated silencing [11]. In cancer, the
methylation of cytosine residues (5mC) in DNA is a wellstudied epigenetic process [12]. Global hypomethylation in
malignant tumors and hypermethylation in regions densely
populated with CpG dinucleotides (CpG islands), especially
in the promoter regions of tumor suppressor genes, are
now considered hallmarks of cancer [13-15]. Furthermore,
a recently described epigenetic marker derived from the
oxidation of 5mC to 5-hydroxymethylcytosine (5hmC),
has been associated with malignancy, as well as with
other physiological and pathological processes in humans
[16]. 5hmC is produced from the enzymatic activity of
the ten-eleven translocation family of enzymes (TET1,
TET2, and TET3), which catalyze the oxidation of 5mC
to 5-hydroxymethylcytosine, 5-formylcytosine, and
5-carboxylcytosine [17, 18]. Although the exact role of 5hmC
has yet to be determined, 5hmC has been reported to play
a critical role in the differentiation of pluripotent stem cells
and progenitor cells, as well as in active demethylation of
DNA [19-27].
An association between low 5hmC levels and cancer
progression has been reported in hematologic malignancies
[28, 29] and in solid tumors in organs such as the brain, lung,
kidney, and liver [30-33]. Furthermore, 5hmC levels have
also been reported to be lower in prostate, breast, and colon
cancer tissues than in their normal tissue counterparts
[30]. These data together suggest that the alteration of
5hmC could potentially contribute to tumorigenesis and
progression of tumors [32]. In the clinical setting, low levels
of 5hmC have been associated with poor outcomes, such
as long-term prognosis and early recurrence, in different
solid tumor cancers, including kidney cancer, esophageal
cancer, and breast cancer [34-37].
A recent retrospective study published by Tsai et al., in
which a semiquantitative technique (immunostaining) was
used to measure 5hmC levels, reported an association
between decreased 5hmC levels and poorer rates of
disease-free survival and disease-specific survival in
breast cancer patients, particularly patients with the triple

negative subtype [35]. In this study, we used a quantitative
technique (enzyme-linked immunosorbent assay, ELISA)
to determine the association between relevant clinical and
histopathological characteristics and 5hmC levels in fresh
frozen tissue samples from a cohort of locally advanced
and advanced breast cancer patients treated at the
National Cancer Institute (NCI) in Mexico City.

Methods
Experimental subjects
The cohort included patients with LABC and advanced
breast cancer treated at the NCI in Mexico City. The
patients were recruited from 2013-2015 (N = 141). The
inclusion criteria included histopathological confirmation
of breast adenocarcinoma, disease at a clinical stage
of IIB to IV and an age of 18 yrs or older. The exclusion
criteria included the absence of palpable tumor on clinical
evaluation, disease of a histopathological type other than
adenocarcinoma and early stage disease. This study was
performed in accordance with the Declaration of Helsinki.
All patients provided written informed consent and the
study was approved by the institutional IRB (Comité de
Investigación y Comité de Ética en Investigación – Instituto
Nacional de Cancerología, 012/048/IMO/CB/806).
Quantification of 5hmC in tumor DNA (initial biopsy)
Fresh tissue samples were obtained from all patients at the
time of the initial biopsy and were frozen at -80oC. For this
analysis, the samples were thawed and homogenized for
genomic DNA extraction, which was performed with the
DNeasy Blood & Tissue Kit (Qiagen, USA) using standard
protocols. For 5hmC quantification, we used the Quest
5hmC DNA ELISA Kit (Zymo Research, USA). According
to manufacturer, a very good correlation between ELISA
and mass spectrometry results for 5hmC levels exists. The
anti-5hmC antibody was diluted with the coating buffer,
added to each well and incubated. After the wash steps
were performed, the DNA was denatured at 98oC and
was immediately placed on ice for 10 min to prevent the
formation of double strands. The positive and negative
control samples (provided by the kit manufacturer) were
diluted to a final concentration of 1 ng/µl in the 1X ELISA
buffer. One hundred microliters of each sample was added
to each well in duplicate, and the plates were incubated
for 1 hr. After the detection step was performed, the
absorbance was read at 405-450 nm. The 5hmC levels were
determined from positive samples by linear regression
models and were analyzed as continuous variables
[see Supplementary Figure 1; after log-transformation Supplementary Figure 2].
Histopathological assessment
The histopathological assessment of the initial biopsy
samples included an assessment of histological type,
histological grade (according to the Nottingham
classification), presence of inflammatory cells, presence or
absence of an in situ component, lymphovascular invasion,
perineural invasion, and other parameters. In addition, for
the patients with locally advanced disease who received
neoadjuvant treatment prior to surgery, the residual tumor
burden was evaluated using the Miller-Payne grading
system [38]. We used standard protocols to analyze the
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cell proliferation markers Ki67 (anti-Ki67, RTU, clone MIB-1;
Dako North America, CA, USA) and MCM2 (anti-MCM2,
1: 200; clone MS-1726-P0/ US; Lab Vision Corporation NeoMarkers, Fremont, CA, USA). The immunostaining was
evaluated visually, and the proportion of positive cells was
scored by three independent experts and recorded. The
intensity was recorded based on the recommendations of
Detre et al. [38]. The presence of Ki67 was evaluated, and
the index of cellular proliferation was expressed as the
ratio of positive-stained nuclei to total nuclei in malignant
cells.
Statistical analysis
A left-skewed, non-normal distribution was demonstrated
(p-value < 0.05, Shapiro-Wilk test [39, 40]) for the raw
5hmC levels; therefore, the data were log-transformed
[see Supplementary Figure 1]. We explored the potential
association between the variables using the Χ2 test for
the categorical variables and nonparametric tests for the
continuous variables. After determining the variables
potentially associated with 5hmC level, we ran mixed
models including random intercepts for the replicates,
using the following formula:
Yji = b0 + b0j + b1X1ji + εji
where, b0j random intercept for individual, j = 1,..., N, i = 1,
…, t, Y = histological grade (G3 vs. G1-G2); j (IDs) = 1, ..., N;
b0 = intercept; b1 = estimate; X1 = 5hmC level (continuous,
log-transformed variable); b0i = random intercept for the
sample, measured in duplicate; and i (time) = 1, ..., t. We
determined the association of 5hmC with high histological
grade (low/intermediate vs. high); age (continuous variable),
Ki67 proportion (continuous variable), and histological type
(ductal vs. non-ductal adenocarcinoma) were included as
covariates. For the survival analysis, the 5hmC levels were
dichotomized from the log-transformed values according
to the median distribution (low vs. high levels of 5hmC). A
two-sided alpha value of 0.05 was considered the level of
significance.

Results

positive; and 19%, triple negative. We observed a median
5hmC level of 0.23% (SD: 0.59) (Table 1).
Table 1 Demographic, clinical and histopathologic characteristics of breast
cancer patients* (N = 141).
Continuous variables

Mean

SD

Age, yr

50.12

9.54

Tumor size, cm

6.53

3.06

Total 5hmC level, %

0.23

0.59

Ki67, %

13.09

7.06

MCM2, %

75.9

12.73

n

%

Diabetes mellitus

15

10.94%

Arterial hypertension

23

16.75%

Postmenopausal

74

52.40%

Normal (19-24.9)

32

22.70%

Overweight (25-29)

50

35.46%

Obesity I (30-34)

36

25.53%

Obesity II (35-39.9)

17

12.06%

Obesity III (> 40)

6

4.26%

Infiltrating ductal carcinoma

120

85.10%

Infiltrating lobular carcinoma

11

7.80%

Mixed

2

1.40%

Other

8

5.70%

Categorical variables
Comorbidities

Menopausal status

BMI (kg/m2)

Histological type

Histological grade**

Patients

1

18

12.80%

Table 1 summarizes the demographic, histopathological,
and clinical characteristics of the patients included in the
final analysis. The mean age of the cohort population was
50.12 yrs. (standard deviation [SD]: 9.54 yr) and the mean
tumor size was 6.53 cm (SD: 3.06 cm). The incidence of
diabetes mellitus type 2 was 10.94%, and the incidence
of arterial hypertension was 16.75%. Postmenopausal
status was observed in 52.4% of the patients, and we
found a high incidence of overweight (35.46%) and obesity
(41.85%) in our population; the mean body mass index
was 29.26 kg/m2. The most frequently observed clinical
stage was IIIA (40.42%), followed by stage IIIB (19.85%) and
stage IIB (14.18%). The most common histological type was
infiltrating ductal carcinoma (85.1%). A high tumor grade
was observed in 53.90% of the patients, followed by an
intermediate grade in 33.33%, and a low grade in 12.8%.
According to the immunohistochemical analysis, 80.85%
of the patients were found to be estrogen receptor and
progesterone receptor (ER/PR)-positive; 5.67%, HER2-

2

47

33.33%

3

76

53.90%

ER/PR (+)

114

80.85%

HER2 (+)***

8

5.67%

Triple negative***

19

13.47%

Phenotype

ER: estrogen receptor; PR: progesterone receptor; SD: standard deviation.
*Treated at the National Cancer institute - Mexico, 2013-2015. **Using the
Nottingham scoring system. ***Percentage from all the population.

5hmC levels correlated negatively with age
We observed a negative correlation between 5hmC levels
and age, and this correlation was statistically significant in
ER/PR-negative tumors (r = -0.38, p-value < 0.01) (Figure 1)
and triple negative tumors (r = -0.32, p-value = 0.046). By
bivariable analyses using a mixed effects linear model, we
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confirmed this association between age and 5hmC levels
in ER/PR-negative tumors (β = -0.028, confidence interval
95% [CI 95%]: -0.045, -0.010, p-value = 0.005) and in triple
negative tumors (β = -0.023, CI 95%: -0.044, -0.001, p-value
= 0.046) in the overall cohort [see Supplementary Table].
r=-0.38, p-value < 0.01

-2

5hmC levels were lower in tumors with a high histological
grade
We observed lower 5hmC levels in tumors with a high
histological grade than in tumors with a low/intermediate
grade in all samples (Figure 2, Panel A, p-value = 0.003)
and in samples from only LABC patients (Figure 2, Panel B,
p-value = 0.008). Furthermore, by evaluating the association
between histological grade and 5hmC levels with mixed
effects logistic regression models, we observed that this
association extended to ER/PR-positive tumors both in all
samples (β = -0.243, CI 95%: -0.470, -0.015, p-value = 0.037)
and in the subset of LABC samples (β = -0.36, CI 95%:
-0.608, -0.111, p-value = 0.005) (Table 2).
5hmC levels were negatively associated with the cell
proliferation markers Ki67 and minichromosome maintenance
compex component 2 (MCM2) but not with tumor size, nodal
status or clinical stage

-3

-4
40

50
Age (years)

60

70

Figure 1 Correlation between age and 5hmC level in initial biopsy samples
from estrogen and progesterone receptors (ER/PR)-negative tumors.

We also found a negative correlation between 5hmC levels
and the proliferation markers Ki67 (r = -0.16, p-value =
0.005) and MCM2 (r = -0.21, p-value = 0.030) (Figure 3). The
correlation between 5hmC levels and MCM2 was evaluated
only in a subset of samples (N = 50, random samples) with

p= 0.003
-1

(a)

(b)

5hmC log

5hmC log

-2

-3

-4

Low/Intermediate

High

Low/Intermediate

Histological grade

High

Histological grade

All samples

Locally advanced breast cancer samples

Figure 2 5hmC level by histological grade, assessed according to the Nottingham classification and dichotomized as high vs. low/intermediate grade. (a) shows
the results from all the samples. (b) shows the results from the locally advanced breast cancer (LABC) samples only. Right panel shows the mixed effects
logistic regression model showing the association between 5hmC levels and histologic grade in patients from the full cohort and LABC subset.
Table 2 The table shows the *Estimate for the association using mixed effects logistic regression model including random intercept for repetition
(Association between 5hmC levels and histological grade).
N

β*

CL 95%

p value

141

-0.287

(-0.486, -0.087)

0.005

ER/PR (+)

114

-0.243

(-0.470, - 0.015)

0.037

ER/PR (-)

27

0.16

(-0.394, 0.714)

0.573

HER2 (+)

8

0.005

(-0.882, 0.892)

0.991

Triple negative

19

0.696

(-0.715, 2.107)

1.341

111

-0.41

(-0.631, - 0.188)

< 0.001

ER/PR (+)

92

-0.36

(-0.608, - 0.111)

0.005

ER/PR (-)

19

0.136

(-0.493, 0.765)

0.675

HER2 (+)

6

0.158

(-0.874, 1.190)

0.77

Triple negative

13

0.475

(-0.834, 1.784)

0.484

Full cohort

LABC subset

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal receptor 2; LABC: locally-advanced breast cancer; CI 95%: confidence interval
95%. Bold: Statistically significant variables associated with the dependent variable.
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available MCM2 levels. We did not observe any association
between 5hmC levels and tumor size (p-value = 0.881),

nodal status (p-value = 0.224), or clinical stage (p-value =
0.441).
(b)

5hmC log

(a)
-1

-1

-2

-2

-3

-3

-4

r=-0.16, p=0.005

0

25

50

-4

r=-0.21, p=0.03

75

0

25

50

Ki67 (%)

75

100

MCM2 (%)

Figure 3 Correlation between 5hmC levels and the level of the cell proliferation markers Ki67 and MCM2, at baseline (diagnosis) in all samples. (a) 5hmC vs.
Ki67; (b) 5hmC vs. MCM2.

Low 5hmC levels were independently associated with
histopathological grade in LABC
Based on our exploratory findings, we ran a multivariable
analysis (adjusted for age, Ki67 level, and histological type)
to determine whether 5hmC levels independently predict
advanced histological grade. The following formula was
used: Yji = b0 + b0j + b1X1ji +… + b4X4ji + εji, where, b0j random
intercept for individual, Y = histological grade, b1-3 = estimate,
X1 = 5hmC level (continuous, log-transformed variable), X2
= Ki67 level (continuous variable), X3 = age (continuous
variable), X4 = histological type (ductal vs. non-ductal),
and b0i = random intercept for the sample, measured in
duplicate. We did not find any significant association in the
evaluation of all samples. However, in the evaluation of the
subset of LABC samples, we found that histological grade
(β = 0.156, CI 95%: 0.018, 0.294; p-value = 0.028), and age
(β = -0.006, CI 95%: -0.001, -0.013; p-value = 0.095) were
independently associated with the presence of low levels
of 5hmC (Table 3). Furthermore, we decided to determine
whether 5hmC level was an independent predictor of
histological grade. By running the model in reverse to
determine whether 5hmC level can independently predict
histological grade, we also found that low 5hmC levels
were independently associated with advanced histological
grade (β = -0.077, CI 95%: -0.142, -0.011; p-value = 0.022)
(Table 4).
Table 3 Association between characteristics of tumor and low level of
5hmC in the LABC patient subset*.

grade and Ki67 level) and low levels of 5hmC in the LABC patient subset.
LABC: locally advanced breast cancer. aHigh grade vs. low/intermediate
grade. bContinuous variable. cDuctal infiltrating carcinoma vs. non-ductal
carcinoma. *n = 111. Bold: Statistically significant variables associated with
the dependent variable.
Table 4 Multivariable regression model for the association between 5hmC
level and high histological grade* in LABC patients** (n = 111).
β

CI 95%

p-value

Histological grade

-0.077

(-0.142, -0.011)

0.022

Ki67

0.022

(0.014, 0.030)

<0.001

Agea

-0.001

(-0.007, 0.004)

0.637

Histological typeb

-0.013

(-0.176, 0.150)

0.875

a

LABC: locally advanced breast cancer. 5hmC: 5-hydroxymethylcytosine.
Continuous variables (log-transformed for 5hmC). bDuctal infiltrating
carcinoma vs. non-ductal carcinoma. *Dependent variable (histological
grade) was dichotomized (grade 3 vs. grades 1 and 2). **Treated at the
National Cancer institute - Mexico, 2013-2015. Bold: Statistically significant
a

variables associated with the dependent variable.

5hmC level and prognosis
The median follow-up time of the patients in the cohort
was 43 mons. During the follow-up period, we observed
disease relapse in 16.3% and death in 9.9% of the total
cohort population. We found a pathologic complete
response (PCR) in 19.9% of the LABC patients, and we did
not observe a difference in 5hmC level among the patients
who experienced PCR. We did not find any differences
in survival prognosis according to 5hmC level [see
Supplementary Figures 3 and 4].

β

CI 95%

p-value

Histological gradea

0.156

(0.018, 0.294)

0.028

Discussion

Ki67b

0.010

(-0.001, 0.021)

0.054

0.006

(-0.001, 0.013)

0.095

-0.050

(-0.259, 0.160)

0.643

In the past decade, increasing evidence has suggested
that epigenetic regulation plays a vital role in the initiation
and progression of human cancer. Not merely a transient
intermediate in the DNA active demethylation process,
5hmC is reported to be enriched and stable in mammalian
tissues and recognized by specific 5hmC-binding proteins

Age

b

Histological type

c

Multivariable regression model for the association between clinical (age)
and histopathological characteristics of tumor aggressiveness (histological
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[37]. In the present study, we found a statistically
significant association between lower level of 5hmC and
important histopathological characteristics of breast
cancer tumors that define prognosis. These characteristics
include parameters such as high tumor grade, invasive
ductal carcinoma subtype, and expression of the wellknown marker of cell proliferation, Ki67, and also, MCM2.
Furthermore, these findings were determined by using a
reliable quantitative technique not susceptible to subjective
interpretation to analyze a set of fresh frozen tissue
samples from a prospective cohort of locally advanced and
advanced breast cancer patients at a large cancer-devoted
institute. Thus, the bias in data acquisition was reduced
due to the homogeneity in patient recruitment and the
high standards followed during sample processing.
These results support the current identity of low 5hmC
level as an important factor present in different highly
aggressive cancers, such as melanoma, gastric cancer,
and, as shown in our study, breast cancer. Furthermore,
our results expound on the role of 5hmC as an important
prognostic factor by showing that a low 5hmC level is
associated with higher histological grade and higher levels
of the cellular proliferation markers Ki67 and MCM2. To
our knowledge, this is the first report of an association
between this recently identified epigenetic mark and
histopathological characteristics of locally advanced and
advanced breast cancer patients at the time of diagnosis.
This association suggests that the loss of 5hmC is linked to
a more aggressive phenotype and is associated with worse
outcomes.
Epigenetic changes in somatic cells have frequently been
associated with the carcinogenic process and tumor
progression in an array of different neoplasms. In this
regard, cytosine methylation at the carbon 5 position,
which results in the formation of 5-methylcytosine (5mC),
has been a relevant epigenetic change to date [39, 41, 42].
Cytosine methylation is a key process in gene transcription.
In human cancer, global hypomethylation is a hallmark of
disease, along with hypermethylation in specific areas in the
promoter regions of tumor suppressor genes that render
these genes silenced. In addition, 5-hydroxymethylation
has been shown to be not only an intermediate step
in the process of 5mC demethylation but also an actual
epigenetic phenomenon in its own right [25, 43, 44].
The role of 5hmC in normal cellular processes is beginning
to be elucidated. Research has suggested that 5hmC plays
a significant role in the transcriptional regulation of genes
related to the differentiation process [27]. Furthermore,
5hmC level in cancer cells have been shown to be altered in
hematological malignancies [28, 29] and in different solid
tumors [30-33]. Similarly, Chen and colleagues reported
significantly lower levels of 5hmC in renal cell carcinoma
tissue than in normal kidney tissue samples. Interestingly,
low levels of 5hmC were also associated with shorter
overall survival. Moreover, Tsai and colleagues found that
low levels of 5hmC was associated with poor diseasespecific survival and disease-free survival in breast cancer
patients, particularly in those with ER/PR-negative tumors
[35]. Additionally, Larson and colleagues suggested that,

in melanoma, a decrease in 5hmC is associated with an
increasing dysplasia grade and higher histological grade
[31, 45]. Ultimately, these data are consistent with our
finding that a decrease in 5hmC level is correlated with a
higher histological grade, as reported by Larson et al. for
melanoma, and with a worse clinical outcome, as reported
by Tsai et al. [35] for breast cancer.
Most studies evaluating 5hmC levels in cancer tissue
samples have been performed using non-standardized
immunohistochemical staining [30-35]. Mastery of the
standardization and interpretation of the staining patterns
generated by this method requires a considerable learning
curve, and reports have shown frequent inter- and
intraobserver variability regarding positive and negative
staining patterns [46]. In contrast, our immunohistochemical
analysis was performed on fresh frozen tissue samples
using a highly specific quantitative technique, that has
been shown to be equivalent to quantification of 5hmC
by mass spectrophotometry (the current gold standard).
This technique, besides being accurate and sensitive to
very low amounts of 5hmC, requires small quantities of
free DNA, as advised by the manufacturer. Additionally,
the ELISA method used is very simple and straightforward;
therefore, it can be applied in the laboratory setting without
the need for high-end technology. Moreover, our analysis
was performed using strict technical controls to ensure
the validity and accuracy of the 5hmC measurements. In
addition, the clinical data were retrieved from a prospective
cohort of locally advanced and advanced breast cancer
patients, thus reducing recall bias, recollection bias, and
recruited patient heterogeneity. To our knowledge, this is
the first report of the use of a quantitative technique to
determine 5hmC levels in fresh frozen tissue from initial
biopsies in a prospective cohort of breast cancer patients.
The main limitation in our current study is the follow-up
time of only 3 yrs., which made the analysis of results
regarding relevant clinical endpoints such as diseasespecific survival, relapse-free survival, and overall survival
difficult. Another limitation of the current study is the small
number of cases of specific tumor subtypes; our cohort
of patients mainly comprised ER/PR-positive and ER/PRnegative patients in locally advanced and advanced clinical
stages, and the generalizability of the results is thus limited.
However, despite this limitation, we were able to observe
associations that correlate biologically (namely, higher
tumor grade and increased levels of proliferation markers).
On the other hand, ELISA measurements may show
technical concerns regarding to the poor reproducibility
of the results; however, manufacturer guarantees similar
and reproducible results obtained with this kit and mass
spectrometry, which give us a level of confidence in our
measurements.

Conclusions
Overall, this study supports the hypothesis that the loss
of 5hmC has prognostic value as a marker of adverse
prognosis in locally advanced and advanced breast cancer
patients and that low 5hmC level correlate well with a
more aggressive phenotype, as determined by a higher
histological grade and higher levels of the proliferation
markers Ki67 and MCM2. Further studies involving the
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specific genes affected by the loss of 5hmC and the pathways
involved are currently underway, and these studies should
help elucidate the role of this novel epigenetic biomarker.
Ethics approval and consent to participate
This study was performed in accordance with the
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