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Background: In recent years, DNA methylation as a main epigenetic modification in human cancer is found as 
a promising biomarker in early detection of breast cancer. Possible applications of numerous hypermethylated 
genes have been reported in diagnosis of breast cancer but there has been a little comprehensive study 
on the clinical usefulness of these genes in breast cancer. The aim of the present study was to investigate 
the promoter methylation status of 14-3-3 sigma gene with the goal of developing a diagnostic application 
in breast cancer.
Materials and Methods: Totally 40 cases of cancerous and noncancerous tissues were studied. DNA was 
extracted from tissue samples, and promoter methylation pattern was determined by using methylation-
specific polymerase chain reaction.
Results: Methylation pattern of 14-3-3 sigma promoter significantly differed between control and malignant 
breast tissues (P = 0.001), and there was no remarkable correlation between methylation and age (P > 0.05).
Conclusion: The relationship of promoter methylation of 14-3-3 sigma with development of breast 
cancer found in this study and confirmed the results of previous reports suggests that we can provide 
the foundation for possible application of 14-3-3 sigma as a potential biomarker for early detection and 
monitoring disease status.
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INTRODUCTION

Breast cancer is the most common malignant tumor 
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in women worldwide. According to estimations by the 
World Health Organization (WHO), breast cancer 
leads to about 519,000 deaths per year in the world, 
and is between the top 10 mortal diseases.[1] In Iran, 
breast cancer is one of the growing and important 
women’s health problems, although its statistics is 
very similar to that of the regional countries.[2‑4] Early 
detection and treatment of breast cancer increases the 
chance for survival.[5,6] However, no biomarker has yet 
proven sufficiently sensitive or specific for routine use 
in clinical practice.
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In recent years, the role of epigenetic change as a 
distinct and crucial mechanism to silence a variety of 
methylated tissue‑specific and imprinted genes has 
emerged in many cancer types.[7,8] This epigenetic 
alteration in DNA is heritable that cannot be explained 
by changes in the primary structure of DNA. Also in 
contrast to genetic changes, epigenetic modifications 
are potentially reversible.[9,10]

DNA methylation is the main epigenetic modification 
in human cancer and is found early during 
carcinogenesis.[11] Methylation of promoter CpG 
islands, CG‑rich regions that coincide with the 
promoters of protein coding genes, is an important 
mechanism of gene inactivation in human cancers, 
including breast cancer. These facts have nominated 
the DNA methylation as a promising marker for 
clinical applications in cancer management.[12,13] Thus, 
screening for abnormal methylation patterns seems 
to provide a significant approach for early cancer 
diagnosis.[14‑16] To this aim, identification of genomic 
loci whose methylation patterns represent an early 
diagnostic marker has been a focus of research in the 
recent years.

14‑3‑3 Sigma belongs to the 14‑3‑3 protein family 
and regulates numerous cellular processes that are 
important to cancer development. 14‑3‑3 Sigma is a 
p53‑regulated G2/M inhibitor involved in numerous 
cellular signaling transduction pathways related to 
the cell cycle, DNA repair, and apoptosis.[17,18] Recent 
studies have shown that 14‑3‑3 sigma promoter is 
typically hypermethylated in different cancer such 
as breast.[19‑25] However, in previous studies, the 
methylation of 14‑3‑3 sigma promoter has been 
differently reported. In this study, the methylation 
pattern of 14‑3‑3 sigma promoter in tumor and normal 
tissues of breast was investigated, with the goal of 
determining the clinical significance of its epigenetic 
silencing in breast cancer.

MATERIALS AND METHODS

Patients and Tissue Specimens
Samples of breast cancer tissues were obtained from 
20 women (who had undergone surgery at the Alzahra 
Hospital of Isfahan University of Medical Sciences. The 
age of the patients ranged from 44 to 58 years and gave 
their signed informed consent. Normal breast tissues 
(n = 20) were also taken from the same patients that 
underwent partial or total mastectomy, 3 cm away from 
the site at which the tumor samples were taken. A part 
of each tumor and representative normal tissue was 
kept in formalin for histopathologic characterization to 
confirm the diagnosis. We also studied blood samples 
from 20 healthy individuals to assess methylation in 
these genes in normal population.

DNA Isolation
DNA was extracted from 25 mg frozen breast tissues 
of 20 tumoral and 20 normal samples that were stored 
at ‑80°C using QIAamp DNA Mini Kit (Qiagen, Hilden, 
Germany). The quality and integrity of the extracted 
DNA was checked by electrophoresis on 0.8% agarose 
gel, quantitated spectrophotometrically and stored 
at ‑20°C before use.

Bisulfite Conversion
The treatment of DNA samples performed using 
EpiTect Bisulfite Kit (Qiagen), which converts 
unmethylated but not methylated cytosines to 
uracils and provides efficient DNA deamination and 
purification.[26]

Methylation‑Specific Polymerase Chain Reaction
Methylation‑specific polymerase chain reaction 
(PCR) for 14‑3‑3 sigma gene promoter was 
performed with primers specific for methylated DNA 
[5′‑AATCAATAATACGCTTCTTATCGTC‑3′ (sense) 
and 5′‑ATAGTTATTTTATTAAGGAGGTCGG‑3′ 
(antisense)], and primers specific for unmethylated DNA 
[5′‑AAATCAATAATACACTTCTTATCATC‑3′ (sense) 
and 5′‑GATAGTTATTTTATTAAGGAGGTTGG‑3′ 
(antisense)]. The PCR for methylated primers was 
126 bp and for unmethylated primers was 128 bp 
product. The PCR conditions were as follows: One 
cycle of 95°C for 12 min; 45 cycles of 95°C for 30 s, 
51°C (unmethylated reaction) or 53°C (methylated 
reaction) for 30 s, 72°C for 30 s; and one cycle of 72°C 
for 7 mins. Ten mililiters of each 50 mL methylation 
specific amplified product was loaded directly 
onto nondenaturing 2% agarose gels, stained with 
ethidium bromide, and examined under ultraviolet 
illumination. Samples were scored as methylation 
positive when methylated alleles were present, 
visualized as bands in the methylated DNA, and as 
methylation‑negative when bands were seen only in 
the unmethylated DNA.

We used placental DNA treated in vitro with SssI 
methyltransferase (New England Biolabs, Beverly, 
MA, USA) as a positive control for methylated alleles 
of 14‑3‑3 sigma, and products of PCR reaction on this 
gene and DNA from normal breast tissue was used as 
unmethylated controls.

Statistical Analysis
Statistical analysis of significant methylation of 
gene was performed with Fisher exact test (2‑sided) 
using SPSS Version 16. P value less than 0.05 was 
considered significant.

RESULTS

Methylation status of 14‑3‑3 sigma promoter in tumor 
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and normal samples. Promoter methylation analysis of 
14‑3‑3 sigma gene was carried out in 20 breast cancer 
tissues and 20 normal breast tissues collected from 
breast cancer patients. Patient’s age ranged from 44 
to 58 years with a mean of 51.7 years. Methylation 
analysis of this gene was also carried out in 20 normal 
blood collected from healthy individuals. Among breast 
cancer tissues 70% (14 of 20) were methylated and 
30% (6 of 20) were unmethylated. Three of 20 tumor 
samples showed heterogeneous methylation, that 
is, both the methylation and unmethylated alleles 
were detected that are considered as methylated for 
the analysis.[27] Among normal breast tissues 20% 
(4 of 20) were methylated and 80% (16 of 20) were 
unmethylated [Figure 1]. There were significant 
differences between tumor and normal breast tissues 
in the methylation pattern (P = 0.001) [Figure 2]. 
Methylation status in normal population showed that 
among blood samples 20% (4 of 20) were methylated 
and 80% (16 of 20) were unmethylated. Also there was 
no remarkable correlation between methylation and 
age (P > 0.05).

DISCUSSION

Use of an unbiased approach and predictive factors 
for accurate prognosis are necessary for the optimum 
management of patients with cancer and are especially 
important in breast cancer.

The epigenetic alterations that initiate and drive 
tumourigenesis[25,28] are promising targets for early 
detection because they may precede clinical signs of 
cancer and can be detected at very low levels. However, 
preliminary clinical applications of this approach have 
revealed several shortcomings, including the lack of 
association between hypermethylation of a given gene 
promoter and a specific cancer.

There are several reports on methylation profiles of 
breast cancer patients in various populations. And 

CpG methylation of 14‑3‑3 sigma gene is commonly 
found in breast cancer, including early stages of 
tumor development.[28,29] Also numerous reports 
documented CpG methylation of 14‑3‑3 sigma 
in several common human malignancies, with a 
particularly high prevalence in prostate, breast, and 
ovarian carcinomas.[25]

As described above, 14‑3‑3 sigma is known as 
responsible for instituting the G2 cell cycle check point 
in response to DNA damage in human cell. [30] It was 
reported that 14‑3‑3 sigma has been in downexpressed 
status in breast cancer[19,25,29] and these finding 
associate with hypermethylation status of sigma 
gene promoter, which plays an important role in 
the progression of breast cancer. Therefore, further 
evaluation of sigma gene promoter methylation in 
fine‑needle biopsies, serum free DNA, tumor tissue, 
and premalignant lesions, such as carcinoma in situ, 
can provide the foundation for its development as a 
biomarker for early detection.

Using methylation‑specific PCR techniques, we 
studied the methylation status of 14‑3‑3 sigma 
promoter in 20 breast cancer patients in comparison 
with 20 controls, including normal breast tissues 
from same patients. In our study, the comparison of 
normal and malignant tissues showed a statistically 
significant (P = 0.001) difference in the methylation 
pattern. And 14‑3‑3 sigma was found to be methylated 
in 70% of breast cancer tissues in contrast with 30% in 
normal breast tissues. Luo et al [29] found that 14‑3‑3 
sigma gene was methylated in 90% of sporadic breast 
cancer patients. It has also been demonstrated that 
losing of 14‑3‑3 sigma expression is often accompanied 
by methylation of the CpG island of this gene. Also 
methylation of 14‑3‑3 sigma gene and its association 
with gene silencing have been reported in 91% of 

Figure 1: MSP analysis of T, cancerous and N normal breast tissue 
from one patient by U, unmethylated and M, methylated primers. C, 
control

Figure 2: Comparison of methylation pattern of 14-3-3 sigma promoter 
region in breast cancer and its adjacent normal tissues
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primary breast cancer.[19] Various frequencies of 14‑3‑3 
sigma methylation were observed in different studies; 
whether this variation is due to ethnicity or etiology 
remains to be determined in a larger study.

Results of recent and previous studies suggest that 
methylation of 14‑3‑3 sigma may be a useful biomarker 
for the diagnosis of breast cancer and for improving 
the followup of treatment and evaluation of its 
efficacy. However, the specificity and sensitivity 
values obtained were inadequate for their use in 
prospective screening studies. A combination of 
the several biomarkers may improve prediction 
of the clinical outcome, but other genes must be 
investigated to improve the accuracy of molecular 
diagnosis in cancer.

CONCLUSION

In summary, CpG island promoter methylation 
is an epigenetic change that is early event and 
largely responsible for silencing of the sigma gene 
and occurs in a majority of breast cancers. We 
analyzed the methylation status of 14‑3‑3 sigma 
promoter gene in normal and cancerous tissues. Our 
study showed that there is a significant difference 
in the methylation pattern, indicating the role of 
promoter hypermethylation of 14‑3‑3 sigma in the 
development of breast cancer.

It seems that measurement of circulating methylated 
DNA is a promising and noninvasive approach to 
cancer risk assessment. Therefore, further research 
is required to establish the link between 14‑3‑3 
sigma hypermethylated gene promoter measured 
in the serum of breast cancer patients and grade 
and stage of tumor and response to chemotherapy, 
including control of symptoms and improvement in 
quality of life. This biomarker may be potentially 
useful to monitor disease status and treatment.
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