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The methylation levels of ZNF577 in breast tumors has been previously identified

as a possible epigenetic mark of breast cancer associated with obesity. The aim

of the current study was to investigate differences in methylation levels of ZNF577

depending on obesity, menopausal state and dietary pattern in blood leukocytes,

a non-invasive sample. The methylation levels of ZNF577 of two CpG sites (CpGs)

located in promoter and island previously identified as differentially methylated according

to adiposity and menopausal state by 450 k array (cg10635122, cg03562414) were

evaluated by pyrosequencing in DNA from the blood leukocytes of breast cancer patients

[n = 90; n = 64 (71.1%) overweight/obesity and n = 26 (28.9%) normal-weight]

and paired tumor tissue biopsies (n = 8 breast cancer patients with obesity; n =

3/5 premenopausal/postmenopausal women). Differences in methylation levels were

evaluated at each CpGs individually and at the mean of the two evaluated CpGs.

Adherence to the Mediterranean diet was evaluated using the MEDAS-validated

questionnaire, and the consumption of food groups of interest was also evaluated using

the recommended intakes of the Sociedad Española de Nutricion Comunitaria. The

methylation levels of ZNF577 were correlated between paired leukocytes and breast

tumor biopsies (r = 0.62; p = 0.001). Moreover, higher methylation was found in

leukocytes from patients with obesity (p = 0.002) and postmenopausal patients (p =

0.022) than patients with normal-weight or premenopausal, respectively. After adjusting

for the body mass index and age, higher levels of ZNF577methylation were also found in
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women with greater adherence to the Mediterranean diet (p = 0.017) or specific foods.

Relevantly, the methylation levels of ZNF577 showed a good ability for fish consumption

detection [area under the ROC curve (AUC) = 0.72; p = 0.016]. In conclusion, the

association between methylation of ZNF577 and adiposity, menopausal state, and

adherence to the Mediterranean diet can be detected in the blood leukocytes. The results

guarantee the need of performing further studies in longer longitudinal cohorts in order

to elucidate the role of ZNF577 methylation in the association between breast cancer,

adiposity and dietary patterns.
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INTRODUCTION

Breast cancer is the leading form of cancer diagnosed in
women (1, 2). Excess adiposity and dietary habits occupy a
prominent position among the most relevant risk factors of
breast cancer (3–5). Increasing scientific evidence demonstrates
that environmental factors modulate the expression of genes by
regulating epigenetic mechanisms (6, 7). Therefore, the effect of
excess body weight and dietary factors on the promotion of breast
cancer may be mediated by epigenetic regulation (8).

Our previous studies have recently evaluated the associations
between the body mass and DNA methylation in obesity-related
diseases (9–12). In the context of breast cancer, an epigenetic
signature of obesity-related breast cancer has been identified
in breast tumor biopsies, being ZNF577 the most represented
gene (10).

The functional role of ZNF577 is unknown; however,
some members of the zinc finger proteins (ZNFs) family,
which regulate gene transcription, have been found to
be often hypermethylated and silenced in different types
of tumors, suggesting that it may represent a commonly
disrupted epigenetic pathway in cancer progression (13).
In a metabolic and nutritional context, family members of
the ZNFs have been associated with adipogenesis (14–16),
type 2 diabetes, insulin resistance (17, 18), the regulation of
hepatic lipogenesis (19, 20), and in the control of muscle
function (21). Moreover, the expression of some ZNFs
is regulated by nutritional status such as fasting (22) or
under a high-fat diet (23, 24). Recently it was observed
that the consumption of fruit and vegetables concentrates
modulate the expression of a ZNFs gene in overweight/obese
subjects (25). However, to the best of our knowledge, few
studies have evaluated the effect of food consumption on
the regulation of the expression of genes encoding ZNFs
in humans.

Elucidating potential effect of adiposity and dietary patterns
on the epigenetic regulation of breast cancer may lead to a
better understanding of this disease. Epigenetic mechanisms are
involved in the pathogenesis of breast cancer and considering
that obesity is a risk factor of breast cancer, changes of diet
or body weight might reduce the risk of disease remodelating
epigenetic marks. This is especially important as the global
prevalence of obesity continues to rise (26, 27). In the area
of nutrigenomics/nutriepigenomics, recently published studies

have provided evidence of the suitability of studying DNA
methylation in the blood leukocytes (11, 28–37).

In this study we evaluate the methylation levels of ZNF577
because it was among the genes of the episignature of obesity-
related breast cancer previously identified (10) and it could be
a potential player in the link between obesity and breast cancer.
Therefore, this study was first aimed to evaluate the capacity of
circulating leukocytes to reflect the DNA methylation pattern of
ZNF577 in the breast tumor tissue. Furthermore, this study also
aimed to assess the relationship between the adherence to the
Mediterranean diet and effects of its specific constituents on the
methylation and expression pattern of ZNF577.

SUBJECTS AND METHODS

Study Participants
A total of 101 women newly diagnosed with histologically
confirmed invasive breast cancer during 2010–2011 were
included from the Complejo Hospitalario Universitario de
Santiago de Compostela (CHUS). Patients were excluded if
they had other disease different of breast cancer such as
cardiovascular, renal or infectious disease. Among these patients,
samples, complete clinical data and information on dietary habits
were obtained for 90 women, and they were included in this
study. Leukocytes were obtained from blood samples in the
90 women. Moreover, paired samples from breast tumor tissue
biopsies were obtained in 8 breast cancer women with obesity
(n = 3 premenopausal women and n = 5 postmenopausal
women). Breast cancer human paraffin embedded (FFPE) tissue
blocks were obtained from the Biobank of the Complejo
Hospitalario Universitario de Santiago de Compostela (CHUS)
(PT13/0010/0068), integrated in the Spanish National Biobanks
Network and they were processed following standard operating
procedures with the appropriate approval of the Ethical and
Scientific Committees (ref 2009/076) (10).

Pre-diagnosis body weight, height, age, andmenopausal status
were retrieved from medical records for all participants in the
study. Additionally, a questionnaire on the dietary habits was
also obtained along with the blood samples in fasting. Body
mass index (BMI) was calculated as weight in kg divided by
the squared height in meters and was further categorized using
the World Health Organization (WHO) criteria: normal/under-
weight, BMI < 25 kg/m2; overweight, 25 ≤ BMI < 30 kg/m2;
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and obese, BMI≥ 30 kg/m2 (38). Then, the overweight and obese
patients were classified together as obese (BMI > 25 kg/m2), and
the others as non-obese (BMI ≤ 25 kg/m2) to evaluate the effect
of excess body weight on the methylation patterns.

All participants provided informed consent, and the
informed consent and the study protocols were approved
by the Institutional Review Boards of the participating
institution (Comité Ético de Investigación Clínica, CEIC,
de Galicia; Ref:2009/076).

Dietary Assessment
The dietary intake of patients was evaluated using a validated
self-referenced Food Frequency Questionnaire (FFQ). The
questionnaire included 49 food and beverage items, as well as
a small questionnaire about the type of oil used for cooking
and dressing. Subjects were asked to specify their frequency
of consumption for each food item on a daily, weekly, or
monthly basis.

Intakes were then converted to daily frequencies and a
manual for household measures was used to convert intake
frequencies to grams of food intake/day (39). Considering the
recommendations of food intakes of the Sociedad Española de
Nutricion Comunitaria (SENC) (40), two groups were established
for each food item (lower consumption than recommended &
higher consumption than recommended). Also, with the data
obtained in the FFQ, adherence to the Mediterranean diet was
assessed based on 12 questions from the MEDAS-validated
questionnaire (41). Under this condition two groups were
established. First, patients who secured higher than 7 points from
the 12 questions of theMEDAS questionnaire were categorized as
the groupwith high adherence to theMediterranean diet. Second,
patients who secured 7 points or less were included in the group
with low adherence to the Mediterranean diet.

DNA Preparation and Bisulfite Conversion
Genomic DNA was isolated from fresh-frozen (FF) leukocytes (n
= 90) and paired breast cancer human paraffin embedded (FFPE)
tissue blocks (n= 8).

Genomic DNA was isolated from FF leukocytes by
using the MasturePureTM DNA purification kit (Epicentre
Biotechnologies, Madison, WI, USA), while paraffin samples
(FFPE) (10 sections of 14µm) were processed using the E.Z.N.A.
FFPE DNA kit (Omega Bio-Tek), with a xylene wash to remove
the paraffin. For each sample of tumor tissue, subsequent
sections were stained with hematoxylin and eosin for histologic
confirmation of the presence (>50%) of tumor cells (10). The
obtained DNA was treated with RNase A for 1 h at 45◦C (Qiagen,
Hilden, Germany). All DNA samples were quantified using the
fluorometric method (Quan-iT PicoGreen DsDNA Assay, Life
Technologies) and were assessed for purity using a NanoDrop
2000c (Thermo Fisher Scientific) with 260/280 and 260/230 ratio
measurements. High-quality DNA samples (500 ng of FF and
300 ng of FFPE) obtained were selected for bisulfite conversion
using the EZ-96 DNA Methylation kit (Zymo Research Corp.)
following the manufacturer’s recommendations.

Pyrosequencing Analysis
Pyrosequencing was used to assess the methylation levels of
ZNF577. The primer sequences used in this analysis were
designed using Qiagen’s PyroMark Assay Design 2.0 software to
hybridize to CpG-free sites to ensure methylation-independent
amplification. Briefly, polymerase chain reaction (PCR)
was performed using standard conditions with biotinylated
primers, and the Swift MaxPro thermalcycler (Esco Healthcare,
Singapore) was used to prepare single-stranded PCR products
according to the manufacturer’s instructions. Pyrosequencing
reactions and methylation quantification were performed
in a PyroMark Q24 System version 2.0.7 (Qiagen), using
appropriate reagents and recommended protocols. The primer
sequences used were (all given 5′ > 3′): ZNF577 prePCR
forwad: GGGTAGAGGYGAGTGTTTAGAGAT, ZNF577 pre-
PCR reverse: [Btn] CTCCCTACCCCTAAAACAT; ZNF577
seq: TTTAGTAGTGGAGATAGG). These primers allowed to
quantify the methylation levels of two CpG corresponding to
the target IDs cg03562414 and cg10635122 of the Infinium
Human Methylation 450 BeadChip array (mapinfo 52391078
and 52391090, respectively, according to GRCh37/hg19 from
UCSC Genome Browser). These CpG sites were previously
identified as differentially methylated in breast tumor tissues
depending on menopausal and adiposity state (10). Both CpG
sites are located at the promoter region and island of ZNF577
(Figure 1A). Promoter region was defined as the sequence from
1,500 bps upstream of transcription start site (TSS) to 1st exon
(42, 43).

Gene Expression Assessment
For data analysis, gene expression levels were normalized
GAPDH as internal control, and they were expressed as the
average value for the control group according to the 2−11Ct

method. RT-qPCR experiments were performed in compliance
with the Minimum Information for Publication of Quantitative
Real-Time PCR Experiments guidelines (http://www.rdml.org/
miqe).

RNA was isolated from peripheral blood mononuclear
cells (PBMCs) using Trizol (Invitrogen) according to the
manufacturer’s recommendations. Extracted total RNA was
purified with DNase treatment using a DNA-free kit as a
template (Ambion) to generate first-strand cDNA synthesis
using the High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems). The expression of ZNF577 was assessed
using TaqMan real-time PCR and a Step One Plus system
(Applied Biosystems, USA) with specific primers and probes
for the ZNF577 gene that were obtained from inventoried
TaqMan Gene Expression Assays (Applied Biosystems, USA).
All reactions were performed using the following cycling
parameters: 50◦C for 2min, 95◦C for 10min, followed by
40 cycles of 95◦C for 15 s, 60◦C for 1min. All experiments
were performed in duplicate and gene expression levels were
normalized using GAPDH as an internal control. The fold
change in gene expression was calculated using the 2−11Ct

relative quantitation method according to the manufacturer’s
guidelines (Applied Biosystems), and data are reported as mean
± standard error of the mean (SEM). RT-qPCR experiments
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FIGURE 1 | Analysis of methylation levels of ZNF577. (A) Map of a DNA fragment from the promoter of ZNF577 gene with 200 nucleotides upstream (–) and 200

nucleotides downstream (+) of transcription start site (TSS) containing the examined CpG sites. Points 1 and 2 represent CpG sites located at the mapinfo 52391078

and 52391090, respectively, according to GRCh37/hg19 from UCSC Genome Browser and correspond to the target IDs cg03562414 and cg10635122 of the

Infinium Human Methylation 450 BeadChip array. These CpG sites were previously identified as differentially methylated in breast tumor tissues depending on

menopausal and adiposity state (10). The promoter region was defined as the sequence from 1,500 bps upstream of TSS to 1st exon (42, 43) (B) Scatterplot

representing the correlation of ZNF577 methylation levels of CpG1, CpG2 and mean in leukocytes and breast tumor tissue biopsies. The center line represents the

linear regression trendline. The lines above and below the center line represent the upper and lower bounds of the 95% confidence interval around the trendline. r,

correlation coefficient evaluated by the Pearson test; p, p-value.

were performed in compliance with the MIQE (Minimum
Information for Publication of Quantitative Real-Time PCR
Experiments) guidelines (http://www.rdml.org/miqe). The
commercially available and prevalidated TaqMan primer/probe
sets used were as follows: glyceraldehyde-3-phosphate
dehydrogenase (GAPDH, Hs02758991_g1, Applied Biosystems)
and zinc finger protein ZNF577 (ZNF577, Hs00971281_m1;
Applied Biosystems).

Statistical Analyses
The sample size of the current study was calculated to obtain
differences in the methylation levels of ZNF577. It was calculated
for an α = 0.05, and a power (1-β) of 80%. The normal
distribution of variables was explored using the Kolmogorov-
Smirnov and the Shapiro-Wilk tests. The Chi-square (X2) test
was used to compare the prevalence of obesity in different food
consumption groups. The Student’s t-test was used to study the
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TABLE 1 | Anthropometric and body composition according to adiposity and menopausal state.

Normal-weight Overweight/Obese

Premenopausal

(n = 13)

Postmenopausal

(n = 13)

p-value Premenopausal

(n = 15)

Postmenopausal

(n = 49)

p-value

Body weight (kg) 58.0 ± 7.2 58.6 ± 7.0 0.827 73.5 ± 8.1 77.5 ± 12.6 0.253

Height (m) 1.62 ± 0.08 1.58 ± 0.06 0.171 1.63 ± 0.07 1.56 ± 0.05 <0.001

BMI (kg/m2 ) 22.0 ± 1.9 23.4 ± 1.7 0.073 27.5 ± 1.9 31.7 ± 4.7 0.001

Age (years) 42.4 ± 4.8 59.9 ± 6.6 <0.001 43.5 ± 4.5 61.1 ± 8.5 <0.001

Waist circumference (cm) 75.3 ± 8.1 80.4 ± 9.4 0.175 90.8 ± 10.5 98.3 ± 12.7 0.061

Hip circumference (cm) 108.0 ± 14.5 99.2 ± 9.7 0.089 102.9 ± 10.7 103.6 ± 12.1 0.830

WHR 0.72 ± 0.11 0.81 ± 0.12 0.085 0.88 ± 0.13 0.96 ± 0.19 0.179

WHtR 0.46 ± 0.05 0.51 ± 0.04 0.027 0.55 ± 0.06 0.63 ± 0.08 0.002

Data show as the mean ± standard deviation. P-value is calculated by Student’s t-test. BMI, body mass index; WHR, waist-hip ratio; WHtR, waist-height ratio. Bold means statistially

significant results (p < 0.05).

differences between the groups and the differences were further
evaluated by a univariant ANCOVA, adjusted for BMI and age.

The analysis of the difference in methylation levels of ZNF577
between the different groups was performed with the two CpG
sites separately and also with themean value of the two CpG sites.

The potential association between the methylation levels
of ZNF577 with anthropometric- and body composition-
parameters, and food consumption was evaluated using the
Spearman coefficient test. Also, the Spearman coefficient test
was performed to evaluate the correlation between ZNF577
methylation levels in leukocytes and in breast tumor tissue
biopsy. Multivariate linear regression models were fitted to
assess the potential association between the methylation levels
of ZNF577 and food consumption, adjusted for BMI and age.
Three regression models were performed. Model 1 included
all variables of food groups consumption, model 2 included
variables of vegetables, legumes and fish consumption, and
model 3 included the variable of fish consumption. Additionally,
a receiver operating characteristic (ROC) curve analysis was
performed to prove that the regression model including fish
consumption alone is the best predictive tool to identify patients
with high level of ZNF577 methylation. These results are often
interpreted as negligible efficiency (<20%), minimal (20–40%),
moderate (41–60%), good (61–80%) and excellent (>80%).

Statistical analyses were performed using the SPSS version
22.0 software (SPSS Inc., Chicago, IL, USA) for Windows XP
(Microsoft, Redmond, WA, USA). A p ≤ 0.05 was considered
statistically significant.

RESULTS

Characteristics of Patients
Among the 90 patients with primary breast cancer included in
this study, 64 patients (71.1%) were classified as overweight/obese
and 26 (28.9%) were classified to have normal-weight and 62
(68.9%) patients were postmenopausal (Table 1). The mean
BMI was 25.0 ± 3.4 in premenopausal patients and 30.0 ±

5.5 in postmenopausal patients. The mean waist perimeter
was 83.7 ± 12.2 for premenopausal patients and 93.8 ± 14.2

for postmenopausal patients. Likewise, the mean WHR was
0.81 ± 0.14 for premenopausal patients and 0.92 ± 0.07
for postmenopausal patients. These differences according to
the menopausal state were statistically significant (p < 0.05).
In fact, the highest BMI and waist-to-height ratio (WHtR)
was observed among overweight/obese postmenopausal women
(Table 1). The characteristics of tumors were not found to be
different depending on the adiposity (Table 2).

To evaluate the association between obesity-related features
among breast cancer patients and dietary habits, the food
frequency questionnaire was analyzed in the context of adherence
to the Mediterranean diet and the consumption of the most
important food groups (vegetables, legumes, fish and read meat
and sausages) (Table 3). Statistical analysis post BMI adjustment
yielded no significant differences in the context of adherence
to the Mediterranean diet, and consumption of vegetables
and legumes (Table 3). Significant differences were observed
in the height, age, and waist circumference in relation to the
consumption of red meat and sausages. Age of the patient
and its association with fish consumption was also found to
be statistically significant. Women with breast cancer who
consumed higher than the recommended amounts of red meat
and sausages were taller than patients who consumed lower than
the recommended amounts of meat. Also, women with breast
cancer who consumed higher than recommended amounts of
fish were older than patients who consumed lower than the
recommended amounts of fish.

Methylation and Expression Levels of
ZNF577 Based on Adiposity, Menopausal
Status, and Food Consumption
A direct correlation was found between ZNF577 methylation
levels of paired leukocytes and breast tumor tissue biopsies from
8 breast cancer women considering data from CpG1, CpG2, and
mean (Figure 1B; r = 0.62; p = 0.001). Accordingly, ZNF577
methylation levels in the leukocytes from women with breast
cancer were higher in patients with obesity than in patients with
normal-weight (p = 0.002; Figure 2A), and in postmenopausal
than in premenopausal women (p = 0.022; Figure 2B). The
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TABLE 2 | Tumor characteristics and associated p-value chi-square test

according to body mass index (BMI).

BMI

<25 ≥25 p chi-square

Stage at diagnosis 0.636

I/II 15 (57.7) 43 (67.2)

III/IV 5 (19.2) 8 (12.5)

Unknown 6 (23.1) 13 (20.3)

Receptor status

Estrogen receptor (ER) 0.595

Positive 21 (80.8) 48 (75.0)

Negative 2 (7.7) 10 (15.6)

Unknown 3 (11.5) 6 (9.4)

Progesterone receptor (PR) 0.604

Positive 19 (73.1) 42 (65.6)

Negative 4 (15.4) 16 (25.0)

Unknown 3 (11.5) 6 (9.4)

Hercept test 0.893

Positive 2 (7.7) 7 (10.9)

Negative 20 (76.9) 48 (75.0)

Unknown 4 (15.4) 9 (14.1)

Histology 0.966

Invasive ductal carcinoma 20 (76.9) 48 (75.0)

Other 4 (15.4) 10 (15.6)

Unknown 2 (7.7) 6 (9.4)

Tumor size (cm) 0.343

≤2 13 (50.0) 41 (64.1)

>2 11 (42.3) 17 (26.6)

Unknown 2 (7.7) 6 (9.4)

Data show as the sample size (percentage) of each group according to adiposity.

results were in a similar direction of that previously published
in breast tumor tissue biopsy (10).

In order to evaluate the effect of promoter methylation on
its function, the expression levels of ZNF577 was assessed and
an inverse correlation was found with statistical significance
between transcript levels and methylation levels in CpG1 and
mean of both CpGs (CpG1: r = −0.28; p = 0.023, CpG2: r
= −0.18; p = 0.143, Mean: r = −024; p = 0.05). In fact, the
expression of this gene in the leukocytes from women with
breast cancer was lower in women with obesity than that in the
women with normal-weight (p= 0.039; Figure 2C), and lower in
postmenopausal women than that in the premenopausal women
(p= 0.007; Figure 2D).

Upon analysis of the methylation levels of ZNF577 in
relation to adherence to the Mediterranean diet, it was
observed that women who have greater adherence to the
diet showed higher levels of methylation, as evidenced
by the statistically significant differences in CpG1 and
in the mean of the two evaluated CpG sites (Figure 3A).
Notably the differences in methylation levels according to the
adherence to the Mediterranean diet was inversely correlated
with differences in the gene expression of ZNF577. These T
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FIGURE 2 | Methylation and gene expression of ZNF577 according to adiposity and menopausal state. Methylation levels of ZNF577 in leukocytes from patients in

this study according to (A) adiposity, and (B) menopausal state. Gene expression of ZNF577 in peripheral blood mononuclear cells (PBMCs) according to (C)

adiposity, and (D) menopausal state. Data are presented as the mean; error bars represent the standard error. Asterisk (*) denotes statistically significant differences (p

< 0.05) in relation to normal-weight or premenopausal state evaluated by Student’s t-test.

differences were observed with statistical significance (p= 0.007,
Figure 3B).

Further analysis was performed by individual evaluation of
the food groups of the Mediterranean diet in relation to the
methylation levels of ZNF577. Statistically significant differences
were observed in specific items (Figure 3C). The methylation
levels of ZNF577 were higher in women who consumed more
than the recommended amounts of vegetables and fish. The
results obtained were statistically significant in CpG2 and in the
mean of the two evaluated CpGs in vegetable consumption, in
CpG1 and in the mean of CpGs adjusted for age and BMI in
the consumption of legumes, and in CpG1, CpG2 and in the
mean of CpGs in fish consumption. No statistically significant
results were obtained in relation to the consumption of red meat
and sausages (Figure 3C). Despite the differences in methylation
levels according to specific foods, differences in the expression
of ZNF577 depending on specific foods were not detected with
statistical significance (Supplementary Table 1).

Particularly, methylation levels of ZNF577 correlated directly
with fish consumption (Figure 4A), while no statistically
significant correlation was found between methylation levels
and consumption of vegetables, legumes, and meat. Moreover,
linear regression models revealed that 16% of the variability in
the ZNF577 methylation levels, adjusted for age and BMI, was
conjointly explained by the consumption of vegetables, legumes,
and fish (Table 4). In fact, a receiver operating characteristic
(ROC) curve determine the ability of ZNF577 methylation
levels in leukocytes to discriminate patients according to the
consumption of fish with an area under the ROC curve (AUC)
of 0.72 (p < 0.001) (Figure 4B).

DISCUSSION

Obesity-related breast cancer has been previously associated with
the methylation levels of the promoter region of ZNF577, a
specific methylation pattern identified among a potential epi-
signature of breast cancer in obese women (10). In the current
study, the methylation levels of ZNF577 were measured in
the blood leukocytes, to evaluate if the identified methylation
levels in breast tumors can be reflected in a non-invasive
and easily obtained source of DNA. In this context, it was
demonstrated that the methylation levels of ZNF577 were
also observed in association with adiposity and menopausal
status, and the direction of differences in methylation levels
were inverse to that in expression of this gene in the blood
leukocytes. Dietary habits are also a risk factor for developing
cancer and obesity, as well as both factors were related to
the regulation of the methylation profile (44–46). Thus, when
the methylation levels of ZNF577 were evaluated according
to the dietary habits, breast cancer patients who adhered to
a Mediterranean diet and who specifically consumed higher
amounts of vegetables, legumes, and fish showed the highest
levels of methylation in ZNF577, independently of menopausal
and obesity status. As far as we know, the current work is
the first to evaluate the effect of a food consumption pattern
on the methylation level of the ZNF genes in women with
breast cancer. Therefore, further studies will be needed to
elucidate if the effect of dietary factors on the modulation
of methylation levels of ZNF577 is also reflected in the
function of this gene, and the role of this regulation on breast
cancer progression.
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FIGURE 3 | Methylation and gene expression of ZNF577 according to dietary patterns. (A) Mehylation levels of ZNF577 in leukocytes from patients in this study

according to adherence to the Mediterranean diet. (B) Gene expression of ZNF577 in peripheral blood mononuclear cells (PBMCs) in patients in this study according

to adherence to the Mediterranean diet. (C) Methylation levels of ZNF577 in leukocytes from patients in this study according to food groups of the Mediterranean diet.

Data are presented as the mean; error bars represent the standard error. Asterisk (*) denotes statistically significant differences (p < 0.05) in relation to low adherences

to the Mediterranean diet or lower consumption than recommended of Mediterranean diet food groups evaluated by Student’s t-test. ‡denotes statistically significant

differences (p < 0.05) in relation to low adherence to the Mediterranean diet or lower consumption than recommended of Mediterranean diet food groups evaluated

by univariant ANCOVA adjusted for body mass index (BMI) and age.

Adherence to Mediterranean diet has been associated with a
lower incidence of cancer (47–49). In fact, specific compounds
contained in foods included in the Mediterranean diet are able to
modulate the methylation levels of several genes in the context
of disorders like cardiovascular disease (50–52), stroke (51, 53),
and cancer (54, 55). In agreement with these previous reports,
the adherence to Mediterranean diet has been related to higher
methylation levels of ZNF577. When the association between
methylation levels of ZNF577 were evaluated according to the
consumption of specific foods included in the Mediterranean
diet, the highest methylation levels of ZNF577 were shown in
the breast cancer patients who consumed the recommended
amounts of vegetables, legumes, and fish. However, differences
were not observed in the ZNF577 methylation profile in
association with meat consumption.

The International Agency for Research on Cancer (WHO-
IARC) classified consumption of red meat as “probably
carcinogenic to humans” (56). This classification is based mainly
on the evidence found with colon cancer; however, previous
studies have observed that a high consumption of red meat has

been also associated with an increased risk of breast cancer and
other types of cancer (57, 58).

Relevantly, the association analysis demonstrated that the
consumption of fish was the highest contributor to the
modulation of the ZNF577 methylation levels. These results are
in agreement with the beneficial effects of fish consumption
on the promotion of health. Fish contain bioactive compounds
such as omega-3 polyunsaturated fatty acids (n-3 FAs), specially
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).
These compounds have significant multiple antitumor activities
and have been used as immune-nutrients (59, 60). Epigenetic
modifications are among the mechanisms by which the fish-
related bioactive compounds induce healthy effects. Differentially
methylated CpG sites have been identified in the blood
leukocytes from overweight and obese subjects after a 6-week
supplementation with n-3 FAs (61) and also after 6 months of n-3
FAs supplementation in patients with Alzheimer’s disease (62).

Because Mediterranean diet and fish consumption is a
protective factor and obesity is a risk factor of breast cancer,
the association between high ZNF577 methylation levels and
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FIGURE 4 | Association between methylation levels of ZNF577 and fish

consumption. (A) Scatterplot representing the association between ZNF577

methylation levels in leukocytes from patients in this study and fish

consumption in grams per day. The center line represents the linear regression

trendline. The lines above and below the center line represent the upper and

lower bounds of the 95% confidence interval around the trendline. r,

correlation coefficient evaluated by the Pearson test; p, p-value. (B) Receiver

operating characteristic (ROC) curves for ZNF577 methylation levels to

discriminate the patients according to the fish consumption.

Mediterranean diet adherence or fish consumption together with
obesity and menopausal state found in the current study could be
considered counterintuitive and requires further investigation.

The strength and novelty of the current work has been
represented by the use of blood cells, since circulating leukocytes
constitute an easy and non-invasive tool to obtain nucleic acids
in a clinical setting and perform nutrigenomic/nutriepigenomic
studies, instead of invasive biopsies of the target tissue. In fact,
previous results observed in the biopsies from breast cancer
tumors, in association with obesity and menopausal state (10),
were similar to the results obtained in leukocytes in the present
study. The magnitude of the DNA methylation differences
between the groups may be considered small. An explanation
may be attributed to the cellular heterogeneity of the sample used
for evaluating the methylation levels of a gene in a single cell

TABLE 4 | Independent effects of vegetables, legumes, fish and read met

consumption on Methylation levels of ZNF577 in leukocytes from breast cancer

women at the moment of diagnosis.

Standardized coefficients β

(95% CI)

P-value

Model 1

Vegetables

consumption

0.159 (−2.4;9.21) 0.246

Legumes consumption 0.201 (−1.25;8.88) 0.137

Fish consumption 0.183 (−2.21;10.43) 0.197

Read meat and

sausage consumption

0.148 (−2.38;7.95) 0.284

Corrected R2 = 0.15 0.027

Model 2

Vegetables

consumption

0.168 (−2.18;9.33) 0.218

Legumes consumption 0.187 (−1.44;8.50) 0.160

Fish consumption 0.189 (−1.99;10.48) 0.178

Corrected R 2 = 0.16 0.019

Model 3

Fish consumption 0.278 (0.18;12.34) 0.044

Corrected R2 = −0.11 0.029

Adjusted for age and body mass index (BMI).

type. Also, it may be because patients with the same pathology
were grouped only according to food consumption patterns
based on established recommendations, instead of evaluating the
effect of a specific intervention in a longitudinal study. On the
other hand, clinical and pathological characteristics of tumors
and therapeutic strategies were not used to stratify and explore
the population study and these parameters could influence
the methylation levels. However, the clinical characteristics of
tumors in the studied cohort were mostly homogeneous with
most of tumors were invasive ductal carcinoma in first state,
small size, positive RE and PR and negative hercept test.
Therefore, the results of the present study are of the foremost
relevance because differences in the methylation levels were
observed under a narrow range of intergroup differences in the
nutritional behavior.

In conclusion, the current work demonstrates that the
methylation pattern of ZNF577 previously identified in breast
cancer tissue according to the adiposity and menopausal status
(10), can be also detected in leukocytes from the peripheral
blood. Relevantly, a specific dietary habit such as adherence
to Mediterranean diet specifically fish consumption appears to
modulate the methylation levels of ZNF577 in blood leukocytes
independently of the BMI and age. Therefore, ZNF577 may
be a biomarker for the effect of environmental factors such
as adiposity, age, and diet on breast cancer, and a suitable
therapeutic target in precision nutrition and medicine.
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