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Epigenetic biomarkers in cancer therapy

The Relevance of Epigenetic Biomarkers for 
Breast Cancer and Obesity for Personalised 
Treatment in Public Healthcare: 
A Systematic Review

ABSTRACT 

Background: Personalised medicine has gained attention as a result of the advances of genomic research in the last 
decade. This includes the rise in epigenetic research, which focuses on the environmental influences on the genome 
and examines biomarkers that might be useful for cancer therapy. This study investigates the epigenetic biomarkers 
for breast cancer and one of its risk factors, obesity, and evaluates their relevance for global public health.
Methods: A systematic search of articles published from 2005 to May 2015 was performed in PubMed for 
epigenetic breast cancer marker. An additional literature search was carried out on the epigenetic markers of obesity.
Results: The search resulted in 77 articles on breast cancer, which demonstrate the various applications of epigenetic 
markers for breast cancer diagnostics, prognostics and treatment. Particularly, non-invasive blood-based diagnostic 
biomarkers and epigenetic therapy could improve the health outcomes of cancer patients using a personalised 
approach. The 14 obesity-related articles highlight the epigenetic link of disease and risk factors and emphasise the 
relevance of nutritional influences.
Conclusion: Although epigenetics offers many opportunities, new discoveries have to be confirmed first in clinical 
settings to ensure advantages over traditional methods. Furthermore, before personalised epigenetic therapy can be 
applied in public health it is crucial to ensure a fair implementation in both high and low-income settings globally.
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INTRODUCTION

Technological advances have always influenced 
progress in public health. In the last decade, the growing 
research in genomics has led to an anticipated shift 
in public health towards more personalised therapy 
approaches. Due to the increase of non-communicable and 
chronic diseases (NCDs) globally, the cost of healthcare 
is rising and new prevention and treatment methods gain 
attention, as vaccines or other traditional drugs fail to 
help. The economic burden of NCDs is high for both 
developed and developing countries and challenges the 
global public health system [1]. New so-called -omic 
studies, such as genomics, epigenomics, metabolomics 
or proteomics, are researching the biological conditions 
and changes related to age, disease or lifestyle and 
emphasise the individual characteristics of diseases [2]. 
Biomarkers are a valuable tool to assess biological 
changes due to age, disease or treatment in a patient and 
thus play a crucial role for personalised medicine. There 
are various biomarkers addressing the different levels of 
carcinogenesis: starting with genetic markers of altered 
gene expression, protein status and the metabolic level 
[3]. Compared to others, epigenetic biomarkers can be 
advantageous as they provide information on the patient’s 
genetic and environmental background [4]. Furthermore, 
genetic mutation markers are mostly relevant in hereditary 
diseases whereas epigenetics has a fundamental function in 
both inherited and sporadic cancers. Epigenomics analyse 
biological changes by assessing DNA, histone or RNA 
alterations that can modify gene expression without a shift 
in the DNA sequence [5]. Research in epigenetic-related 
diseases and treatment offers great promises for various 
chronic diseases and offers new personalised therapy 
options. Although the focus of personalised medicine is on 
genomic research, the exposome, all non-genetic internal 
and external influences that are determining a person’s 
health, plays a crucial role in disease development [2]. 
Epigenetic studies are one way to investigate both the 
genetic background and the environmental exposures.

This study will focus on the epigenetic biomarker 
advances in breast cancer and obesity research and will 
evaluate the opportunities of such biomarkers compared 
to others. Cancer and obesity are major challenges to 
global health and cause a high percentage of the global 
health burden [6,7]. A systematic search of articles will 
provide an extensive list of suggested biomarkers, which 
will be assessed for their use and relevance in clinical 
settings and for global public health. Moreover, epigenetic 
biomarkers could be useful for diet suggestions and the 
field of nutriepigenomics is expected to become relevant 
for improving health and prevent diseases. However, 
many biomarkers have not yet been sufficiently tested for 
their accuracy and more research is necessary to ensure 
that epigenetic biomarkers use will lead to beneficial 
health outcomes. Furthermore, this study will briefly review 

personalised medicine and the challenges that have to be 
overcome before personalised therapy can be applied in 
clinical public health settings in low and middle income 
(LMICs) and high-income countries (HICs).

METHODS

A systematic search was carried out collecting literature 
on epigenetic biomarkers for breast cancer. Additional 
literature on obesity biomarkers was added to highlight 
the role of this risk factor. The systematic search included 
literature from 2005 to May 2015 as this topic is very 
recent and most relevant literature has been written in 
the past decade. For breast cancer biomarkers, PubMed 
was used to search for peer-reviewed literature with at 
least the abstract available based on the search terms: 
“epigenetic(s)”, “breast cancer” in both title or abstract and 
“marker(s)” or “biomarker”. The search was limited to articles 
published in English or German and after 2005. The initial 
PubMed search resulted in 135 articles. Two articles were 
added to the results of the systematic search after reviewing 
reference lists of relevant articles and reviews. Due to the 
focus on prevention and personalised therapy, classification 
and staging markers investigating either the type of breast 
cancer or metastases presence were excluded. After 
applying the exclusion criteria, 81 studies on breast cancer 
biomarker remained. The literature search on obesity 
biomarkers was carried out separately. Several articles 
focused on weight loss success; these were excluded from 
the study. Only a limited number of obesity-related articles 
were suitable for comparison with the results of the breast 
cancer search. Therefore, only 14 articles were included on 
epigenetic changes associated with a high BMI or weight 
changes among breast cancer patients.

RESULTS

The results of the two literature searches are displayed 
in a table available as supplementary information. For each 
publication, the type of biomarker and epigenetic mechanism 
was noted as well as the main results of the study.

Breast Cancer

The breast cancer biomarkers can be classified into 
four categories: non-invasive (blood-based) diagnostic, 
invasive diagnostic, prognostic and therapeutic use.

The diagnostic markers for breast cancer are 
obtained either invasively by using tumour or breast 
tissue or non-invasively with the use of body fluids, 
mainly blood. Twelve studies focused on non-invasive 
methods of the 34 included diagnostic markers. All 
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studies use either serum or plasma to detect potential 
biomarkers and emphasise the screening and early 
diagnostic relevance of the results. Xu et al. find 250 
differently methylated CpG sites in breast cancer patients 
compared to controls, which shows that breast cancer 
is associated with the DNA methylation profile in blood 
[8]. For example, Hoque et al. suggest APC, GSTP1, 
Rassf1A, and RARbeta2 as diagnostic marker and were 
able to detect a third of all early stage tumours in their 
study [9]. Besides blood-based markers, numerous other 
diagnostic markers have been researched which are 
found in breast or tumour tissue. Ordway et al. discover 
50 methylation biomarkers in tumour breast tissue, which 
could be relevant for diagnostic use [10]. The majority 
of the articles focus on single marker for diagnostic use 
such as BRCA1, GHSR, or MGMT methylation [11-13].

The prognostic biomarkers discovered in the literature 
are either associated with tumour aggressiveness, risk for 

relapse or poor survival. The hypermethylation of ER-alpha 
is the only blood-based prognostic marker [14]. Lower 
survival rates and relapse risk are associated for example 
with GASC1-negative types by histone demethylase [15].

The epigenetic treatment biomarker studies aim to reverse 
epigenetic mechanisms and thus improve sensitivity to other 
therapy options or reduce cancer progression. Radpour et al. 
show that demethylation therapy could change the expression 
of several tumour suppressors (including CDKN1A, PTEN, 
CST6, BRCA1 and RASSF1) and oncogenes (such as ETSA, 
CXCL1, CXCL2, CXCL3, ERBB2), as well as affect miRNA 
and protein expression [16]. Several studies focus on the 
epigenetic reversal of certain genes to improve survival, 
re-express tumour suppressor genes or loss of cell growth. 
Other research teams focus on the epigenetic reversal of gene 
expression to increase sensitivity to hormonal treatment with 
tamoxifen and trastuzumab. In other experiments, oestrogen-
receptor-negative breast cancer (ER) is modified with the 

FIGURE 1. PRISMA Flowchart.

e11696-3



ORIGINAL ARTICLESEpidemiology Biostatistics and Public Health - 2016, Volume 13, Number 2

Epigenetic biomarkers in cancer therapy

use genistein, arsenic trioxide and valproic acid to improve 
sensitivity to endocrine therapy [17–19]. Two research 
teams focus on biomarkers for treatment response instead 
of epigenetic therapy [20,21]. Ai et al. show that TGM2 
expression is associated with chemotherapy response and 
can be demethylated to increase sensitivity [21].

Obesity

The literature on obesity marker aimed to discover 
epigenetic markers, which are associated with weight gain 
or loss and breast cancer. For example, IL-6 methylation 
is correlated with body weight [22]. Interestingly, 
hypermethylation of important tumour suppressors such as 
RASSF1A and BRCA1, which are frequently silenced in 
breast cancer, is associated with being overweight [23]. 
Physical activity was related with ER and PR-positive cancer 
and methylation of GSTP1, which has been suggested 
as a diagnostic marker due to its role in cancers [9,24]. 
Furthermore, McCullough et al. demonstrate that global 
DNA methylation is associated with postmenopausal 
breast cancer risk and BMI or physical activity [25].

DISCUSSION

The literature search demonstrates the various 
opportunities of epigenetic biomarker or breast cancer 
treatment. Particularly the non-invasive diagnostic marker 
and the epigenetic therapy options offer potential for novel 
personalised screening and treatment methods. The obesity 
markers highlight the epigenetic link of risk factor and 
disease and indicate the impact of nutritional factors on a 
patient’s health. Although these studies present numerous 
possibilities, none of the suggested biomarkers can be 
used in breast cancer treatment yet.

Similar to the results of this literature search, DNA 
methylations found in serum have been highlighted as a way 
to screen for and detect breast cancer in other studies [26,27]. 
However, some of these diagnostic biomarkers, such as 
RASSF1A or the expression of other tumour suppressors, are 
related to various cancers and their epigenetic modification 
does not necessarily indicate a breast tumour. Thus, it has 
been suggested that methylation can detect cancer but it is 
not specific enough to test for specific cancer types [28]. 
Furthermore, it is important to consider that normal cells may 
show altered methylation without a disease present. This led 
van der Vaart and Pretorius to conclude that DNA methylation 
in blood is currently overrated as a cancer biomarker [28]. Yet, 
current breast cancer screenings benefit only 3-13% of patients 
and tumours are not picked up if they develop during screening 
intervals. Furthermore, over-diagnosis of harmless or slow 
growing tumours can be estimated to be around 35% [27]. 
Therefore, diagnostic biomarkers could help to develop better 
screening methods for early and accurate tumour detection.

A way to improve screening is to establish a set of 
markers by combining genomic information. An optimal 
set of biomarkers would include not just epigenetic 
information but combine genetic, noncoding RNA and 
other markers. By combining cross-disciplinary research, 
it would be possible to detect breast cancer with greater 
certainty. According to Van De Voorde et al. [26], a panel 
of biomarkers is essential to achieve a higher sensitivity 
with high specificity. A study, which included almost 
55,000 papers from PubMed on 36 types of cancer, 
aimed to find such a set of markers to distinguish between 
cancer types [29]. The result was a combination of ten 
markers, which were able to differentiate 35 out of 36 
types of cancer; only penile and testicular cancer could 
not be distinguished. Future research should thus focus 
on developing a standardised set of markers, which can 
detect breast cancer through early blood-based screenings.

Despite the numerous possibilities epigenetic therapy 
holds, its implementation in public health settings comes with 
challenges. Demethylating agents may lack specificity and 
could affect multiple genes besides the targeted onco- or 
tumour suppressor genes [30]. Furthermore, DNA methylation 
is a normal process and the reversal of gene expression 
may have unexpected results [5,30]. Methylation can occur 
randomly without indicating tumour development; this could 
lead to overdiagnosis [30]. It is thus necessary to analyse each 
marker case by case and assess its relevance for public health.

The literature search on obesity marker demonstrates 
that epigenetic alterations caused by a high BMI 
may affect tumour-related genes and thus increase 
breast cancer risk [22–24]. Due to the impact of 
nutrition on health through epigenetic mechanisms, 
the field nutriepigenomics has gained attention. This 
field is linked to nutrigenomics, which focuses on how 
an individual’s genetic make-up is influenced by diet 
and how health can be improved by making dietary 
adjustments [31,32]. High-fat diets have been shown to 
be positively associated with risk of developing cancer 
for over two decades [33]. Although additional factors 
such as lifestyle and BMI could interact with cancer risk, 
obesity, which is often connected with a high fat and 
Western diet, has widely been accepted as a major 
risk factor for breast cancer [33,34]. Another nutritional 
factor is genistein from soybeans, which has been shown 
to epigenetically affect silenced tumour suppressors and 
has been demonstrated to reactivate p16INK4, RARbeta 
and MGMT [31]. Li et al. suggest the use of genistein 
in combination with anti-oestrogen therapy for breast 
cancer patients [18]. Although high soy consumption 
seems to have a preventive effect in Asian populations, its 
impact for breast cancer therapy requires further research 
[18,33]. Nutriepigenomics should not be understood as 
a treatment method on its own but rather as a support to 
other treatment approaches or to be applied for preventive 
use. Lindroth estimates that 80% of chronic diseases can 
be prevented through healthy diet and lifestyles [31]. As 
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chronic diseases are becoming increasingly burdensome 
worldwide, personalised nutrition could be a crucial 
factor to improve health and prevent NCDs [31,32]. 
Clinical settings should thus focus on a cross-disciplinary 
approach and include nutritional factors, which may help 
the patient along with established therapy methods.

In the literature, the opportunities of epigenetics for 
breast cancer are mostly demonstrated in combination with 
the possibilities of personalised medicine. Napieralski even 
states that “[they] believe that within a few years no breast 
cancer patient will receive anything other than tailored cancer 
therapy to allow personalised cancer care” [35]. Personalised 
approaches offer opportunities as standardised treatment 
options can be a problem with some drugs working for only 
30% of all patients and with some medication causing adverse 
drug reactions [36]. Thus, genomic medicine has been widely 
debated as a revolutionising shift for public health, which will 
help to cope with the increasing burden of NCDs [37]. Yet, 
there has also been criticism as most funding for genomic 
health goes into the initial stage of discovery but not into the 
application of this knowledge [38]. This can also be seen in 
the results of this literature analysis. None of the studies presents 
an established diagnostic biomarker that can accurately 
detect breast cancer. It is thus important to move away from 
novel discoveries and towards the next stages of genomic 
research and to establish evidence for the effectiveness of 
the proposed markers. Another challenge of personalised 
medicine is to make it a global public health goal and share 
the research information with poorer countries [38]. Supporters 
of individualised treatment even argue that this approach 
could become more economical than traditional medicine and 
could thus significantly help LMICs [39,40]. Therefore, several 
steps have to be taken before epigenetic markers can benefit 
global public health. Firstly, a set of markers for diagnosis 
has to be established so that the results of such markers can 
accurately indicate breast cancer. Secondly, a multidisciplinary 
approach is necessary to validate such a set and make use of 
genetic, epigenetic and other genomic knowledge. This cross-
disciplinarity is also important to assess potential risk factors. 
Thirdly, the impact of nutrition is only one aspect that can 
influence breast cancer risk, other environmental factors such 
as lifestyle or environmental toxins should be considered. Brand 
emphasises the importance of “the shift in healthcare towards a 
systemic and holistic understanding of the aetiology of diseases 
or health outcomes (‘systems thinking’)” as a scientific revolution 
[41]. This approach will make it possible to improve disease 
prevention and combine traditional medicine with genomic 
information. 

A limitation of this study is that it only provides an 
overview of the research done in the last ten years. Searching 
for peer-reviewed articles on biomarkers may also overstate 
their relevance as studies with positive results are more 
often published. It is possible that research, which could 
not present positive results regarding the use of biomarkers, 
is missing from these results. Due to the amount of results 
from the literature search, articles cannot be reviewed 

individually for their quality and relevance. Therefore, it will 
be necessary for future studies to highlight the advantages 
of specific markers compared to others. This will include the 
focus on clinical trials of such biomarkers and their effect on 
a patient. Only by bringing research further towards clinical 
trials, it will be possible to investigate the potential use of 
epigenetic screening or treatment approaches.

The literature search demonstrated the varied use 
of epigenetic markers for breast cancer treatment. The 
studies included numerous ways to help patients by 
potentially improving diagnostics, prognostics and 
treatment. Furthermore, looking at the obesity biomarkers 
demonstrates that this risk factor is clearly linked to breast 
cancer through epigenetic mechanisms. This highlights 
the impact of lifestyle factors such as diet on cancer risk 
and emphasises the applicability of nutriepigenomics. The 
personal genomic background could thus inform patients 
on dietary choices to improve their health. This personal 
approach will also play a crucial role in therapy and in 
the development of personalised medicine approaches. 
The shift towards personalised healthcare could bring a 
range of opportunities for public health. Yet, before the 
implementation of individualised methods, it is important 
to test the use of epigenetic biomarker in clinical trials. For 
global health, it is important that such medical advances 
reach both HICs and LMICs to improve health equally.
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