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ABSTRACT 
Triple-negative breast cancer (TNBC) is a very aggressive and diverse kind of breast cancer. Drugs that target the 
estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2 are less effective against 
TNBC because it lacks steroid hormone receptors. Recent research has shown that the pathogenesis of TNBC is 
also associated with epigenetic markers that either activate or silence genes, including DNA methylation, histone 
remodeling, and noncoding RNA-mediated regulation. Therefore, TNBC patients may benefit therapeutically from 
epigenetic reprogramming to return these genes to their natural state of expression. Here, we elaborate on the 
epigenetic alterations linked to the etiology of TNBC and potential treatment options. By reversing the identified 
epigenetic modifications, the function of the affected genes may be restored, hence improving the treatment 
response.

INTRODUCTION
Over 2 million cases of breast cancer are diagnosed 

worldwide annually, making it the most common tumor. Nearly 
one-third of cancer cases in females are breast cancer. Six 
percent of breast cancer cases undergo metastasis, while de novo 
metastatic breast cancer has a 5-year survival rate of just 29.0% 
(Rugo et al., 2022). Breast cancer accounts for 19.2% of all 
cancer cases in Indonesia, making it the most prevalent cancer. 
A previous study suggested that most breast cancer patients had 
already had advanced stages of the disease when they sought 
treatment (Gautama, 2022). Breast cancer is a diverse illness with 
various biological characteristics and prognoses (Bertucci et al., 
2012). A multidisciplinary approach to treating breast cancer that 
incorporates elements of surgical oncology, radiation oncology, 
and medical oncology has been linked to a decrease in the death 

rates of breast cancer (Rugo et al., 2022). It is very crucial to 
appropriately identify the earliest stage of breast cancer once 
it has been diagnosed because this information will influence 
therapy suggestions (Pilewskie and Morrow, 2017). The degree 
of expression of the three cellular receptors, estrogen receptor 
(ER), progesterone receptor (PR), and human epidermal growth 
factor receptor-2 (HER-2), that are targets for treatment is used to 
classify the tumor (Burstein et al., 2015).

Historically, the term triple-negative breast cancer 
(TNBC) has been used to refer to tumors that do not express ER, 
PR, or HER2. Compared to ER-positive tumors, TNBCs exhibit 
rapid development and are more likely to be identified clinically 
rather than by mammography (Collett et al., 2005) or as interval 
cancers between mammograms (Phipps et al., 2011). However, 
inherent variations in breast tissue density among individuals 
with TNBC may account for these presentation variations (Collett 
et al., 2005).

TNBC frequently acts in a more combative manner. 
Contrary to other breast cancer subtypes (such as ER-positive or 
HER2-positive subtypes), TNBC patients with high expression of 
programmed cell death ligand 1 (PD-L1) are usually treated with 
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immunotherapy combined with chemotherapy. Nevertheless, no 
approved targeted therapies are currently available for this subtype 
of breast cancer (D’Angelo et al., 2020). Approximately 15% of 
all breast cancer diagnoses globally are considered as this form 
of malignancy (Palmer et al., 2014), which translates to about 
200,000 instances annually (Iwamoto et al., 2012). TNBC is more 
frequently found in women under the age of 40 as compared with 
hormone receptor-positive breast cancer (Palmer et al., 2014). 
According to a study, women under 40 had a twofold higher risk 
of TNBC than those over 50 (Burstein et al., 2015). In the US, 
TNBC is also more prevalent among African American women 
than Caucasian women (Bertucci et al., 2012; Gonzalez-Angulo 
et al., 2011). 

TNBC patients experienced a twofold higher risk for 
recurrence within 5 years after diagnosis than those with other types 
of breast cancer, with a mortality rate above 40%. This situation 
is associated with unclear molecular characteristics of TNBC and 
the unavailability of treatment for TNBC patients. Therefore, the 
development of novel targeted treatments and diagnostic tools 
based on molecular characteristics has become necessary (Burstein 
et al., 2015; Lehmann et al., 2016). TNBC is characterized by high 
heterogeneity and only has standard chemotherapy as the treatment 
option (Zolota et al., 2021). Although it has been proposed that 
classifying TNBC patients based on pathway-specific molecular 
abnormalities may help predict which therapy drugs will be most 
effective, this idea has not been proven useful in routine clinical 
practice (Korsching et al., 2002).

Some risk factors have been linked to the diagnosis 
of TNBC (Phipps et al., 2011). Mutation in tumor suppressor 
BRCA,  especially in BRCA1, is present in around 20% of TNBC 
patients (Bertucci et al., 2012; Gonzalez-Angulo et al., 2011). 
Contrarily, not more than 6% of all breast cancers have BRCA 
mutation as a contributing factor (Zolota et al., 2021). Considering 
this phenomenon, TNBC patients need to be referred for genetic 
testing and counseling to assess the status of BRCA mutation 
(Livasy et al., 2006). Furthermore, BRCA germline testing 
is very important for TNBC patients who are 60 years old or 
younger (Bertucci et al., 2012). Some studies on the population 
have discovered that African American women are more likely 
to develop TNBC than Caucasian women (Palmer et al., 2014). 
Moreover, compared to postmenopausal status, premenopausal 
status has been linked to an increased risk of TNBC occurrence 
(Regan et al., 2006). Obesity and young age at first pregnancy 
have also been considered risk factors for TNBC, whereas the 
number of parity and breastfeeding may lower the risks. However, 
these elements are less consistently reported and are rarely taken 
into account in therapeutic decisions (Palmer et al., 2014).

Noncoding RNAs, posttranslational histone 
modifications, and DNA methylation are epigenetic alterations 
that are very crucial in regulating gene expression in TNBC 
development (Zolota et al., 2021). The extracellular matrix (ECM) 
is a complex arrangement of proteins and other molecules with 
cellular regulatory and structural functions. The ability of the ECM 
to control crucial cancer cell processes is compromised when the 
expression of the matrix components is altered (Piperigkou et al., 
2018; Zolota et al., 2021). According to recent molecular studies, 
the tumor microenvironment and ECM changes play a significant 
role in TNBC, and altering the tumor microenvironment has lately 

been identified as a promising treatment approach (D’Angelo 
et al., 2020; Zolota et al., 2021). One way epigenetics play a 
role in TNBC pathogenesis is by driving the ECM modifications 
(Piperigkou et al., 2018).

According to recent research, epigenetic changes 
contribute to the early and subsequent development of breast 
cancer (Zolota et al., 2021). The ECM experiences major 
structural changes as cancer progresses, while epithelial to 
mesenchymal transition (EMT) is also brought on during this 
process (Moustakas and Heldin, 2014). These actions are strongly 
connected to epigenetic modifiers and other processes. According 
to recent findings, matrix changes in cancer cells can be regulated 
by epigenetics, and these changes may further improve cell 
survival and therapy resistance (Bertucci et al., 2012; Lehmann 
et al., 2011). In line with this, methods for focusing on the tumor’s 
microenvironment and its epigenetic pathways represent potential 
therapeutic approaches (Robertson, 2016).

This review discusses the significance of the molecular 
characteristics of TNBC, including epigenetic modifications 
in relation to diagnosis and treatment. Articles from available 
databases were collected and reviewed to elucidate the nature of 
TNBC, including its clinical and molecular characteristics. We 
also review the epigenetic modifications associated with breast 
cancer, particularly TNBC, and its potential influence on diagnosis 
and treatment. Finally, we summarize hypotheses related to the 
potential use of epigenetic alteration in clinical practice as an 
object for further investigation.

DIAGNOSIS OF TNBC
Although TNBC is not similar to basal breast cancers, and 

there is significant genetic variety in TNBC, the clinical phenotype 
of TNBC consists primarily of basal-like subtypes (Bertucci et al., 
2008, 2012). For instance, a study using genetic and molecular 
profiling discovered four subtypes of TNBCs: luminal androgen 
receptor, mesenchymal, basal-like immunosuppressed, and basal-
like immune-activated (Sher et al., 2022).

In a different study, gene expression profiles that 
identified the basal subtype were correlated with the classification 
of 172 TNBC tumors determined by immunohistochemistry (IHC)  
staining. The basal subtype was only assigned to 71% of TNBCs. 
In a converse examination using 160 tumors, 77% of basal tumors 
were classified as TNBC based on IHC (Iwamoto et al., 2012). 
Molecular and genetic studies, including gene expression and 
mutational analysis, have also implied that the clonal spectra 
in TNBC are highly variable and broad (Bertucci et al., 2012; 
Gonzalez-Angulo et al., 2011). The overexpression of epidermal 
growth factor receptor and cytokeratins 5/6 and the lack of HER2 
and hormone receptors-related genes are distinctive gene clusters 
expressed genomically in basal-like breast cancer (Bertucci et 
al., 2008; Livasy et al., 2006). Gene expression has been used to 
distinguish different subtypes of TNBC (Prat et al., 2010; Zolota 
et al., 2021). 

Other gene expression analyses also indicated that 
tumor suppressor gene p53 and BRCA genes have been found to 
be altered or expressed abnormally in TNBC (Teschendorff et al., 
2007). These molecular characteristics may affect the treatment 
response to platinum and other substances that directly damage 
DNA (Mathe et al., 2016; Stirzaker et al., 2015). These studies 
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have yielded conflicting findings, with different investigators’ 
conclusions (Carey et al., 2006; Sørlie et al., 2001). In addition, no 
study has yet offered any clinical considerations (Lehmann et al., 
2011; Phipps et al., 2011).

Women diagnosed with localized TNBC at age 60 
or younger or with metastatic TNBC at any age are strongly 
recommended to undergo BRCA1 mutation testing, regardless of 
family history, due to its significant correlation with TNBC (Carey 
et al., 2006). Moreover, several studies also unraveled that BRCA 
mutational analysis has major therapeutic advantages for those 
with metastatic TNBC (Sher et al., 2022).

Patients with metastatic TNBC should be confirmed 
by biopsy followed by a comprehensive evaluation of ER, PR, 
and HER2 since primary TNBC might have different features 
compared to the metastatic one (Avery-Kiejda et al., 2017). For 
instance, further analysis of two studies revealed a 28%, 13%, 
and 5% difference in PR, ER, and HER2, respectively, between 
primary and recurrent TNBC (Avery-Kiejda et al., 2017; Zolota 
et al., 2021). The 22C3 pharmDX analysis is a powerful tool 
for evaluating patients who get pembrolizumab. The companion 
immunohistochemical test for SP142, immune cells stably 
expressing PD-L1, has already been utilized to select patients 
receiving atezolizumab (Cortes et al., 2020; Khaled and Bidet, 
2019). The US Food and Drug Administration has already approved 
both tests as companion diagnostics. If the amount of tissue is 
enough, it is also advisable to perform some analysis for tumor 
mutational burden, mismatch repair deficit, and microsatellite 
instability (Djahansouzi et al., 2022; Phipps et al., 2011).

TNBC THERAPY APPROACH

Nonmetastatic disease
Patients with TNBC have similar options for 

neoadjuvant or adjuvant treatment as those with other breast 
cancer characteristics. With regard to all breast cancer subtypes, 
the same general concepts for surgical management and radiation 
therapy alternatives are used. Similar principles govern the surgical 
management of breast cancer, radiation therapy application, 
and systemic treatment (Bertucci et al., 2012; Lehmann et al., 
2011, 2016). Chemotherapy, to be given in either the adjuvant 
or neoadjuvant setting, is advised for patients with TNBC who 
have lymph nodes that are pathologically implicated or a tumor 
that is larger than 0.5 cm in size (independent of tumor size). 
Chemotherapy is more likely to be beneficial for larger tumors 
than smaller ones since the risk of recurrence rises on a continuum. 
Patients with tumors between 1 and 5 mm typically do not require 
chemotherapy, but we carefully discuss the matter with them to 
optimize the benefit for the patients (Liedtke et al., 2008).

Metastatic disease
TNBC falls under many of the general guidelines that also 

apply to other phenotypes of advanced breast cancer. Chemotherapy 
has been considered the main systemic therapy for TNBC because 
endocrine-based therapy and HER2-directed treatments are less 
successful. However, several studies have implied that targeted 
treatments, such as immune checkpoint inhibitors and poly 
[adenosine diphosphate (ADP)-ribose] polymerase inhibitors, 
may yield good outcomes in TNBC. Combination chemotherapy 
may be appropriate in the metastatic setting for patients with 

extensive or rapidly progressing visceral disease, in whom it is 
believed that the higher the chance of response, the higher the risk 
of toxicity. However, no cohort studies are comparing single-agent 
sequential cytotoxic chemotherapy to combination chemotherapy, 
demonstrating an improvement in overall survival (OS) (Cortes 
et al., 2020; Khaled and Bidet, 2019).

In patients with advanced TNBC, a randomized 
trial (KEYNOTE-355) found that adding pembrolizumab to 
chemotherapy marginally increased progression-free survival 
(PFS). Pembrolizumab also increased OS in the subset of tumors 
that expressed PD-L1 and had a combined positive score (CPS) of 
at least 10 (23 vs. 16 months). OS and PFS advantages were seen in 
the CPS 1 subgroup of patients who were PD-L1 positive, though 
neither trend was statistically significant. In light of these findings, 
studies combine immunotherapy with immune checkpoint 
inhibitors for patients with PD-L1-positive TNBC (Bertucci et al., 
2012; Khaled and Bidet, 2019; Phipps et al., 2011).

RECENT INSIGHTS INTO EPIGENETICS
DNA methylation is a heritable epigenetic mark in 

which DNA methyltransferases covalently transfer a methyl 
group to the C-5 of the cytosine ring in the DNA. Anywhere 
along the genome in mammals, cytosines are methylated. Specific 
noninvasive biomarkers that can provide an early diagnosis of 
the disease are still not utilized in treating breast cancer at this 
moment (Khaled and Bidet, 2019; Sher et al., 2022; Zolota et al., 
2021). Environmental exposures have an impact on epigenetic-
sensitive signatures, which are mediated by direct molecular 
mechanisms, primarily controlled by DNA methylation, that 
control the interaction of genetic and nongenetic risk factors 
during cancerogenesis (Djahansouzi et al., 2022). An early stage 
of the development of cancer is marked by the inactivation of 
tumor suppressor genes caused by promoter hypermethylation 
(Stirzaker et al., 2015). Therefore, it seems to be a practical 
clinical strategy for early detection, more precise risk stratification, 
and personalized treatment for patients with breast cancer to use 
liquid-based assays to detect both targeted and genome-wide 
DNA methylation changes. By separating the circulating tumor 
DNA from plasma, a more accessible biospecimen, it is possible 
to map the DNA methylation profile (Bertucci et al., 2012; 
Lehmann et al., 2011; Stirzaker et al., 2015; Teschendorff et al., 
2007). Additionally, gene-specific DNA methylation may affect 
how sensitive a patient is to chemotherapy, hormone therapy, and 
immunotherapy, suggesting new potential drug targets (Mathe 
et al., 2016; Stirzaker et al., 2015). Most notably, in patients who 
have resistance to anticancer treatment, the use of epigenetic drugs 
administered alone or in combination with anticancer therapies 
has recently produced remarkable results (Mathe et al., 2016; 
Zolota et al., 2021). This review aims to inform readers about 
DNA methylation changes that may be related to the onset of 
breast cancer and their potential clinical application in the areas of 
diagnosis, prognosis, and treatment (Koboldt et al., 2012; Zolota 
et al., 2021).

Covalent modifications known as posttranslational 
modifications (PTM) include methylation, phosphorylation, 
acetylation, ubiquitylation, SUMOylation, glycosylation, and 
ADP-ribosylation on histone proteins. PTMs are essential for 
the structure and operation of chromatin. The term “epigenetic 
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markers” has also been applied to histone changes (Regan et al., 
2006). By changing the structure of chromatin, the PTMs that 
occur in histone proteins can have an impact on gene expression 
(Bertucci et al., 2012; Lehmann et al., 2011, 2016). Histone 
modifications play a pivotal role in various cellular activities, 
including DNA damage and repair, mitosis, meiosis, chromosome 
packaging, and transcriptional activation and inactivation (Lin 
et al., 2010). A number of clinical disorders, including cancer, 
have been linked to defects in the PTM pathway. In human breast 
cancer cells, loss of H3K4me2 caused by the histone lysine 
demethylase KDM1A was linked to EMT (Avery-Kiejda et al., 
2017; Zolota et al., 2021). The DNA damage marker γH2AX has 
recently demonstrated its prognostic value. High levels of γH2AX 
in TNBC were linked to poor OS and shorter telomere length (Lin 
et al., 2010).

Most primary transcripts produced by genomic 
transcription but not translated into proteins are noncoding RNAs 
(ncRNA) (Piperigkou et al., 2018). Many studies have already 
reported the potential uses of these previously thought of as 
“junk” molecules, and new understandings have developed (Shah 
et al., 2012). In breast cancer, ncRNAs control intracellular and 
intercellular signaling (Shah et al., 2012) and adjust ER levels and 
activity, cell growth, migration, apoptosis, and stemness to regulate 
various cellular activities (Koboldt et al., 2012; Zolota et al., 
2021). Additionally, ncRNAs can be packaged into exosomes to 
enable local or systemic delivery of microRNAs (miRNAs) and 
long noncoding RNAs (lncRNAs) to cells, enabling intercellular 
communication. Although lncRNAs and miRNAs are thought to 
be therapeutic targets for breast cancer, more research is required 
before the potential for controlling their activities can be put to 
clinical use (Lehmann et al., 2016; Shah et al., 2012).

THE ROLES OF EPIGENETICS IN TNBC
Recent research has shown that genetic and epigenetic 

variables are crucial in the onset and spread of breast cancer 
(Zolota et al., 2021). According to earlier studies, epigenetic 
alterations play an important role in the development and 
spread of breast cancer (Sher et al., 2022). Epigenetic changes 
like DNA methylation and histone modification, which result 
in the silencing of particular genes, make up one of the first 
steps in the cancer-inducing pathway (Sher et al., 2022; Zolota 
et al., 2021). 

DNA methylation
Numerous studies have examined the genetic and 

epigenetic markers that make up the molecular components of 
TNBC (Khaled and Bidet, 2019; Zolota et al., 2021). A genetic 
BRCA1 gene mutation has been connected to TNBC (Moustakas 
and Heldin, 2014). The oncogenic characteristics of cancer may 
be affected by epigenetic alteration (Moustakas and Heldin, 
2014). Breast cancer’s molecular characteristics and histological 
subtypes were connected to alterations in DNA acetylation and 
methylation (Piperigkou et al., 2018). Moderate-to-low levels 
of histone lysine acetylation, lysine methylation, and arginine 
methylation were observed in breast cancer subtypes with poor 
prognoses (Mathe et al., 2016). However, the investigations 
could not establish how the molecular profiles can help the 
TNBC point of care. The use of these molecular markers in 

TNBC and the implications for clinical management as a result 
have not been fully investigated (Khaled and Bidet, 2019; Mathe 
et al., 2016; Zolota et al., 2021).

In recent studies, differentially methylated regions have 
been identified as potential biomarkers (Stirzaker et al., 2015). 
They refer to genomic regions, typically CpGs, where breast 
cancer cells and healthy breast tissue exhibit markedly different 
methylation patterns. Using a cutting-edge method for early 
diagnosis, previous study showed that the detection of circulating 
DNA in blood plasma is useful in identifying patients with 
early-stage breast cancer (Mathe et al., 2016). Like epigenetics, 
miRNAs can alter gene expression in a heritable manner without 
changing the DNA sequence (Mathe et al., 2016). Expression 
dysregulation has been linked to several illnesses, including 
cancer. When the expression levels of miRNAs were analyzed 
in breast cancer cell lines after chemotherapy application, it 
was found that chemotherapy-induced changes in breast cancer-
related miRNAs (Zolota et al., 2021). The results of a pilot study 
with a small number of TNBC patients demonstrated the presence 
of previously identified miRNAs in urine and serum samples 
(Khaled and Bidet, 2019; Zolota et al., 2021). Identification of 
miRNA in urine and plasma may be used for early breast cancer 
diagnosis, according to a recent study that tried to examine a 
breast cancer-specific miRNA panel (Lehmann et al., 2016; Prat 
et al., 2010).

DNA methylation inhibitors (DNMTi) are compounds 
that can activate tumor suppressor genes deactivated by DNA 
methylation. 5-Azacytidine (5-aza-CR; azacitidine) is the first 
DNMTi, a nucleoside analog that binds to RNA and DNA. Only 
DNA can be integrated by the 5-aza-CR deoxy derivative, 5-aza-
2′deoxycytidine (5-aza-CdR, decitabine). Its incorporation into 
DNA suppresses DNA methylation by trapping DNMTi during 
tumor cell replication (D’Angelo et al., 2020; Zolota et al., 2021).

Histone PTM is related to cancer’s abnormal gene 
silencing (Nagelkerke et al., 2011). A common alteration is a 
decrease in histone acetylation levels brought on by increased 
histone deacetylases (HDAC) expression (Zolota et al., 2021). 
Unfortunately, HDAC inhibitors (HDACi), which are used to 
return histone acetylation levels to normal, reduce the acetylation 
of both histone and nonhistone proteins without being selective, 
leading to unfavorable side effects (Zolota et al., 2021).

DNA methylation patterns in TNBCs resemble other 
breast cancer subtypes (Mathe et al., 2016). For instance, CpG 
islands and coastlines exhibit hypermethylation, whereas 
intragenic areas exhibit hypomethylation (Mathe et al., 2016). 
The methylated genes differ between tumor subtypes even if the 
quantity of methylation in CpG islands of TNBC and non-TNBC 
tumors is the same (Koboldt et al., 2012). DNA methylation 
revealed widespread epigenetic changes in the methylome of 
breast cancer, which can be used to categorize various subtypes, 
stages, and outcomes (Koboldt et al., 2012).

A high risk of developing metastatic disease and dying 
has been correlated with hormone-negative breast cancers 
that lack CpG island methylation (Koboldt et al., 2012). 
Hypomethylated TNBC cells were recently revealed to have 
a lower OS rate (Mathe et al., 2016; Stirzaker et al., 2015). 
Despite being one of the first gene-specific DNA methylation 
abnormalities to be identified in cancer, hypomethylation’s 
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causes have only recently been found (Koboldt et al., 2012). A 
number of studies have been carried out recently to learn more 
about the mechanisms of hypomethylation in cancer, particularly 
in hematological cancers (Khaled and Bidet, 2019; Zolota et 
al., 2021). TNBCs provide a chance to learn more about the 
molecular causes of DNA hypomethylation and their connection 
to prognosis (Mathe et al., 2016).

Since a previous study reported that several genes were 
not methylated in TNBC methylation signatures, it was determined 
that TNBC heterogeneity is most associated with other pathways. 
A multiplatform dataset describing genome-wide analyses of gene 
expression, DNA methylation, and miRNA expression in primary 
TNBCs, surrounding healthy tissues, and metastases-related 
organs is required to identify novel indicators implicated in TNBC 
management (Mathe et al., 2016).

A group of genes, including ANKRD30B, IL6ST, and 
MEG3, had differentially methylated probes, indicating that they 
were specific to TNBC (Mathe et al., 2016). An additional group 
of differentially methylated genes was discovered in lymph node 
metastases (Branham et al., 2012; Mathe et al., 2016). Better 
survival was linked to increased methylation levels in several 
genes, such as GREB1, EGR1, and ITIH5, and decreased 
methylation of AMIGO2. The same study found an inverse 
relationship between EGR1 downregulation and its methylation 
(Zolota et al., 2021).

Posttranslational histone modifications
Numerous PTM, including the addition of acetyl, 

methyl, ubiquitin, and phosphor groups, can occur in histones 
(Lin et al., 2010). A lysine residue in the N-terminal tail of 
histones modified by histone acetylation produces a more open 
chromatin structure, while histone deacetylation produces a more 
closed chromatin structure (Lin et al., 2010). These modifications 
are carried out by the enzymes histone acetyltransferase and 
histone deacetyltransferase (Livasy et al., 2006). Gene silencing 
can be associated with DNA methylation along with histone 
deacetylation, whereas gene transcription can be induced 
by the demethylation of DNA and acetylation of histone tail 
(Nagelkerke et al., 2011). 

Figure 1 describes several histone changes connected to 
breast cancer. Researchers have also investigated potential histone 
modification-related molecules linked to EMT in TNBC (Khaled 
and Bidet, 2019; Zolota et al., 2021). Interestingly, previous 
studies revealed an increased level of H3K4me3 and H3K4ac 
level in the MDA-MB-231 TNBC cell line as compared with 
MCF7 luminal cell line, suggesting the importance of those marks 
in breast cancer subtype characterization  (Troester et al., 2006; 
Yahfoufi et al., 2018). 

DNMT1, which can be recruited by EZH2, catalyzes the 
methylation of gene promoter regions that will inhibit this gene 
expression. According to one theory, in basal breast cancer cells, 
EZH2 activates H3K27me3, which is linked to the CDH1 promoter, 
to silence E-cadherin, hence maintaining the mesenchymal cells 
(Khaled and Bidet, 2019; Sher et al., 2022).

Cancer stem cells (CSCs) have been shown to differ from 
non-CSCs in their DNA and histone methylation patterns (Koboldt 
et al., 2012; Prat et al., 2010). H3K4me2 and H3K27me3 marks 
play an important role by modulating Wnt and GnRH signaling in 

the MDA-MB-231 TNBC cell line, increasing their capacity for 
invasion and tumorigenesis both in vivo and in vitro. Although the 
precise mechanism is unclear, breast CSCs are thought to influence 
TNBC aggression (Koboldt et al., 2012; Prat et al., 2010).

The anticancer effect of DNMTis and HDACis was 
recently investigated in TNBC cell line using several assays such 
as viability, apoptosis, migration and invasion, 3D culture, and 
clonogenic assays (Koboldt et al., 2012; Prat et al., 2010). The 
most efficient DNMTi and HDACi were used to treat several types 
of breast cancer cell lines (Khaled and Bidet, 2019; Lehmann 
et al., 2016). DNMTis and HDACis have been reported to have the 
ability to decrease the aggressivity of TNBC by reprogramming 
EMT (Koboldt et al., 2012; Lehmann et al., 2016). Another 
study also unraveled that by modulating EMT, epigenetic-based 
therapies showed some promise for TNBC treatment (Stirzaker 
et al., 2015).

Noncoding RNA–mediated gene regulation
ncRNAs can be classified into small and long ncRNAs. 

Short ncRNAs, or those with fewer than 200 nucleotides, include 
miRNA, piwi-interacting RNA, tiny nuclear RNA, and small-
interfering RNA. Because they cleave messenger RNA (mRNA) 
or stop translation, miRNAs are the most extensively researched 
short ncRNAs in cancer (Sher et al., 2022). Unlike mRNAs, which 
are involved in gene transcription, miRNAs are RNA sequences 
that control the expression of DNA primarily posttranscriptionally 
(Avery-Kiejda et al., 2017; Zolota et al., 2021). They are pivotal in 
oncogenesis, including TNBC (Zolota et al., 2021).

Compared to normal tissue, TNBC microarray profiling 
identified several lncRNAs with distinctive expression patterns 
(Bertucci et al., 2012; Teschendorff et al., 2007). However, their 
roles, connections to other pathways, and significance have not 
yet been determined (Livasy et al., 2006; Prat et al., 2010). A 
microarray analysis study identified that ER dysregulation in 
TNBC is related to lncRNA LINC00993 (Zolota et al., 2021). A 
different lncRNA, MALAT1, has recently been found to contribute 
to TNBC metastasis and has been suggested as a promising marker 
for HER2+ prognosis determination (Djahansouzi et al., 2022). 
Figure 2 depicts the part that epigenetic regulation plays in TNBC 
carcinogenesis and potential treatment options.

Figure 1. Histone methylations and acetylations associated with breast cancer.
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CONCLUSION
Epigenomics can signal breast cancer progression, 

according to a growing body of research. In signaling pathways 
linked to tumor metastasis, abnormal protein expression may result 
from the epigenomic profiles, which include DNA methylation 
and histone modification, and may result in the progression 
of the tumor. Detecting epigenetic information, such as DNA 
methylation and histone modification, is now possible using 
various new techniques, including next-generation sequencing 
and microfluidics. However, based on the pace of advancement, 
single-cell epigenome analysis is currently less advanced than 
single-cell transcriptomics and genome analysis.

TNBC is a malignancy that exhibits a variety of 
histologic and molecular traits. Clinical diagnostics are insufficient, 
especially during the early stages, to identify TNBC. The use of 
these genetic markers is restricted to higher-grade tumors, although 
the available polygenic risk model can aid in disease recurrence 
prediction. Additionally, the genetic mutation of BRCA1/2, the 
primary genetic contributor to breast cancer, is insufficient for 
biomarker application in TNBC diagnosis. To better diagnose 
and treat TNBC patients, more research on potential epigenetic 
variables is important.
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