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Breast cancer (BC) is one of the most important cancers worldwide, and usually, chemotherapy can be used in an
integrative approach. Usually, chemotherapy treatment is performed in association with surgery, radiation or
hormone therapy, providing an increased outcome to patients. However, tumors can develop resistance to different

drugs, progressing for a more aggressive phenotype.
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| 1. Introduction

Breast Cancer (BC) is one of the most important cancers in women worldwide, according to the last global cancer
statistics, and it was the second-leading cause of cancer-related deaths in 2018 . Chemotherapy is seldom used
for treating BC, but in specific cases, it may be recommended 2. Usually, BC is classified into molecular subtypes,
and for some of them, chemotherapy is an option. Among the molecular subtypes, triple-negative BC is considered
one of the most aggressive, and its chemotherapy response rate is considered higher when compared to the

others. However, despite adjuvant chemotherapy, the overall survival of these patients is still poor 1.

Since chemotherapy is usually used for triple-negative, inflammatory and advanced-stage BC, new strategies and
molecular predictive markers are required to increase the patient's prognosis 4. New predictive and prognostic
markers can provide valuable information regarding the identification of patients that could benefit from
chemotherapy. Besides that, different strategies can be used to increase drug delivery into tumor cells, including
nanoparticles. Different systems of nanostructured carriers can be effective in cancer chemotherapy and overcome

drug resistance.

| 2. Breast Cancer

Cancer is a common disease, globally distributed and with over 60% growth rate expected for the next 20 years [,
Among the most common types of cancer, BC is the second-most frequently diagnosed, only after lung tumors [,
In women, it is the most common type of cancer, representing about 30% of new cases . In 2018, more than two
million women were affected by this disease, with a mortality rate of 6.6%, resulting in more than 500 thousand
deaths of women LI, There has been a 40% decline in mortality from breast tumors with the evolution of diagnostic

tools and treatments, but since 2010, the reduction in the mortality rate has slowed E1)
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The definitive diagnosis is made by histopathology, and tumors should be classified according to Lakhani et al. &,
For the staging system, the patient's tumor size, nodes and metastasis occurrence are evaluated according to
Giuliano et al. . The most prevalent subtypes of breast cancer are invasive carcinoma (70-75%) and lobular
carcinoma (12—-15%) 8. Each histological subtype has a specific prognosis and treatment protocol &, BC can
also be classified into molecular subtypes according to their expression of estrogen receptors (ER), progesterone
receptors (PR) and human epidermal growth factor (HERZ2). Moreover, Ki67 is a marker used to estimate tumor
proliferation and chemosensitivity and, also, have some prognostic value for certain molecular subtypes =191,

Thus, the patient's diagnosis and prognosis are made based on a multidisciplinary approach.

Tumors can be divided into a luminal A-like subtype (ER+ and/or PR+ and HER2-, low Ki67 index); luminal B-like
subtype HER2+ (ER+ and/or PR+ and HER2+, high Ki67 index) or luminal B-like HER2- (ER+ and/or PR+ and
HERZ2-, high Ki67 index); HER2 subtype (ER-, PR- and HER2 +, high Ki67 index) and triple-negative (ER-, PR- and
HER2-, high Ki67 index) BI2ALL | yminal A tumors are the most common molecular subtype of breast carcinoma
(30—40%), followed by luminal b (20-30%), HER2 overexpressed (12—20%) and triple-negative (10—15%) 111122],

Tumors classified as luminal A are associated with a favorable prognosis and, usually, low-grade luminal B with an
unfavorable prognosis, higher tumor grades and proliferative activity; HER2 are overexpressed with a higher
incidence of local or regional recurrences and triple-negative with a poor prognosis, higher rates of recurrence,
distant metastases and mortality 2112 Triple-negative tumors are considered the most challenging molecular
subtype, once treatment options are scarce, because they have more aggressive and metastatic behavior,
resulting in a shorter disease-free interval and survival time for patients 13 In addition, malignant breast
neoplasms are the major condition leading to the high mortality of women. For these reasons, prevention and new

therapies are essential for a better prognosis 241,

| 3. Neoadjuvant Chemotherapy for Breast Cancer

In general, BC treatments focus on the cure of the disease, higher disease-free survival (DFS) and overall survival
(OS) time and quality of life. Different types of modalities can be associated, such as local, systemic and support
treatments. Local treatments include surgery and radiotherapy, and systemic therapies can be divided into
chemotherapy, immunotherapy and target and hormone therapy I3, The choice of the treatment must consider
the tumor location and size, lymph node commitment, histopathology, molecular subtype and presence of
metastases. Moreover, the patient's health condition, age, hormonal status and preferences should be also
discussed &1,

In patients with nonmetastatic tumors, it is recommended to perform local therapy, with surgical removal of the
tumor and, in some cases, of the axillary lymph nodes with subsequent radiotherapy. Radiation therapy is
recommended for most patients after local surgery with breast conservation. In addition, systemic therapy can be
used as a neoadjuvant and/or adjuvant tool for surgery 2817 |n jJuminal tumors A and B, tumors ER+ and HER2-,
the standard treatment is with adjuvant endocrine therapy. Some patients with this type of tumor can have some

benefits adding chemotherapy. Women with stage 11l tumors and patients with commitments of four or more lymph
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nodes, even if it is a lobular carcinoma and/or grade 1 tumor or luminal A, should receive chemotherapy 181,
HER2+ tumors should be treated with chemotherapy and targeted monoclonal antibody therapy, and triple-negative

tumors are treated mainly with chemotherapy 2611171,

Alkylator and taxane-based regimens with anthracycline are chemotherapy drugs recommended for Luminal A and
B BCs. HER2+ tumors, in stage 2 or 3, should be treated with anthracycline-, alkylator- and taxane-based
chemotherapy in combination with trastuzumab or pertuzumab and stage 1 with paclitaxel and trastuzumab 26!,
The most used treatments for triple-negative breast cancer in women are doxorubicin in combination with
cyclophosphamide, doxorubicin with cyclophosphamide and paclitaxel, and in cases of recurrence and resistance
to doxorubicin, docetaxel can be used together with cyclophosphamide 718119 | patients with triple-negative
tumors and metastasis at the time of diagnosis, the first line of treatment is chemotherapy with taxanes (paclitaxel

and docetaxel), platinum compounds (cisplatin) or anthracyclines (doxorubicin) as a monotherapy L718120],

Triple-negative BC treatment is based on the molecular characteristics of the tumor, and some proposed
treatments are chemotherapy with anthracyclines, taxanes, alkylators and platinum-based, PARP1 inhibition when
the tumor has an absence of or reduced BRCA1 function, antibody treatment when the tumor overexpresses
Epidermal Growth Factor Receptor (EGFR), c-KIT tyrosine kinase inhibitor when it overexpresses c-KIT and
multikinase inhibitors when overexpressing EGFR [“I18]119] Metastatic breast tumors are treated like nonmetastatic

breast tumors; however, the focus is on prolonging the patient's survival using palliative therapy 7.,

Triple-negative tumors do not have specific targets for therapies, nor do they have estrogen and progesterone
receptors for hormone therapy. Thus, treatment options are more restricted. Therefore, even in cases without
metastasis to distant organs or lymph nodes, chemotherapy is always used. In the case of triple-negative breast
tumors with metastases, other treatment options can be used, in conjunction with chemotherapy, such as

immunotherapy and PARP inhibitors and cisplatin or carboplatin 13,

| 4. Breast Cancer Molecular Mechanisms of Chemoresistance

Chemoresistance or drug resistance is described as the low efficiency and efficacy of a drug to produce a
beneficial response in the treatment and, also, is one of the main factors associated with chemotherapy failure 211
(221231 Tymor chemoresistance can be associated with different mechanisms, including interactions among cancer
cells and the tumor microenvironment (Eigure 1), cancer cell heterogeneity, cancer stem cells, cancer-associated
macrophages and immune cells modulation, can modify the tumor microenvironment during chemotherapy, leading
to chemoresistance. Chemoresistance can have intrinsic factors, like tumor heterogeneity, cancer stem cells and
epigenetics and/or extrinsic/acquired factors (Figure 2), that includes pH, hypoxia and paracrine signaling and
other tumor cells (22124 Cell resistance mechanisms in breast cancer involve cell membrane drug absorption,
transport and efflux, transporter proteins, cancer-related genes (oncogenes and tumor-suppressor genes), DNA

repair, cancer steam cells, the tumor microenvironment and epithelial-mesenchymal transitions (EMT) [22125],

https://encyclopedia.pub/entry/6814 3/13



Epigenetics and Breast Cancer Chemoresistance | Encyclopedia.pub

1. Enhancement of cancer "
—ali | cell survival. 1. Ability 1o self-renew themsehves Blood Vessel
2. Upregulation of drug
resistance-related gene. 2. Capacity of differentiate into
cancer  chemoresisiamt  cells. . Cancer Stem call

Cancer-associated
Macrophage (CAM)

@ Tiymphocyte

l Dendritic cell

. Metastatic cell

e

1. Reduced T-cell cytoloxie response
interaction with CAM.

2. Activation of anti-apoptatic
programs.

3. Decreased tumor surveillance
associate with cell proliferation,

Figure 1. Representation of the tumor microenvironment factors associated with chemoresistance. During
chemotherapy, the tumor microenvironment shows cancer-associated macrophages (CAM), cancer stem cells and
other immune cells that induce paracrine signaling, leading to tumor resistance induced by drugs. Usually, the
modulation of the tumor microenvironment after chemotherapy induces the recruitment of CAM and a reduced

cytotoxic response of T cells, leading to a resistance to apoptosis. Figure created in BioRender
(https://biorender.com/).
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Figure 2. Representation of intrinsic chemoresistance in breast cancer (BC). Usually, tumor cells show individual
genetic and epigenetic alterations that lead to chemoresistance (purple cells). In the induced chemoresistance,
tumor cells are sensitive to chemotherapy, and during treatment different factors (such as hypoxia, oxidative stress
and DNA damage) induce a selection of chemoresistant cells that grow after the apoptosis of sensitive cells by
chemotherapy. Then, in a late stage, only chemoresistant cells are growing in the tumor microenvironment. On the
other hand, in the pre-existing chemoresistance, cancer cells at the beginning of the therapy show
chemoresistance and no response to therapy (cells naturally chemoresistant). Figure created in BioRender

(https://biorender.com/).

Chemotherapy resistance is an obstacle for the treatment of neoplasms and compromises the choice of
chemotherapy for cases of recurrence. Therefore, it is increasingly important to choose an accurate and effective
treatment, in a more personalized way, for each patient. Polychemotherapy or adjuvant therapies to conventional
chemotherapy have been used more frequently, due to the heterogeneity of neoplasms and their genomic map 28!,

When tumors become resistant to conventional therapy, new types of treatments are necessary.
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| 5. Epigenetics and Breast Cancer Chemoresistance

Endocrine therapy is one of the first-line treatments for BC, since two-thirds of the cases express an estrogen
receptor (ER) 24, It has been successfully used for luminal BC patients, with significant increased overall survival
(28] However, cancer cell resistance to endocrine therapy can develop, and some of the patients may experience
tumor recurrence 28], Interestingly, the mechanisms involved in resistance to endocrine therapy usually involve the
epigenetic machinery. In the ER-positive cell line, ESR1-promoter hypermethylation was previously associated with
ER downregulation and resistance to endocrine therapy 2929 Besides that, the transcriptional ER regulation may
impact directly on the PR expression, and the parts of the tumor that are positive for ER also express PR Bl The
PR gene presents a CpG island in its first exon, and around 40% of RP-negative BC are associated with RP-
promoter hypermethylation 2. Recently, using a BC cell line model, it was demonstrated that, in a hormone-free
cancer cell, when a decreased PR expression is induced, ESR1 also showed a decreased expression associated
with a hypermethylation of the ESR1 promoter 3. Thus, the ER and PR seem to be regulated by methylation in
human BC cell lines, and also, methylation seems to promote a gene-cross regulation. Thus, new therapeutical

strategies focused on epigenetic modifications can be associated with patients in hormone-negative BC patients.

Fibroblast growth factor receptor 1 (FGFR1) has been linked to the progression, proliferation, migration and
survival of breast tumor cells 24, It can be considered a predictive factor for decreasing patient survival in HR+
tumors and confers a resistance to estrogen. FGFR1 amplification is related to a resistance to ER, PI3K and
CDKA4/6 inhibitors, providing resistance to different drug therapies B4, A high FGFR1 expression has also been
linked to a worse prognosis and overall survival in cases of triple-negative tumors and is a significant gene for
tumor cell survival, with inhibition of the FGFR pathway being an adjunct therapy to chemotherapy and, also, an

alternative to cancers refractory to treatment [321[28],

Another member of the fibroblast growth factor family, FGF-2, is related to chemoresistance in triple-negative
breast tumors. Its super-expression helps to regulate the cell cycle and survival, in addition to assisting resistance
to radiotherapy and metastasis formation 2. FGF-2 overexpression has been reported in subpopulations of
chemoresistant cells, leading to the formation of metastases and a worse prognosis 2. In addition, when targeted
for treatment and downregulated, the cell apoptosis and chemotherapeutic sensitivity of chemically resistant cells

increases 381,

The MAPK8 gene, also known as JNKI1, is related to tumor cell survival by controlling autophagy by
phosphorylation of the antiapoptotic protein BCL-2 39, JNK1 is associated with the chemoresistance of tumor cells,
and its expression stimulates the overexpression of P-glycoprotein, conferring resistance to doxorubicin. Blocking

the JNK or MAPK pathway decreases the expression of the ABCG2 transporter and leads to tumor cell autophagy
[39][40]

Besides gene methylation, microRNA dysregulation has been implied in BC chemoresistance 4142 \When a
microRNA targets a tumor-suppressor gene, its overexpression is expected and induces gene downregulation (221,

In BC patients, miR-27b is associated with tumor invasiveness and migration 43, and miR-200a 44 and miR-155
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(451 \ere previously related to apoptosis inhibition. Since chemotherapy induces cellular apoptosis, miR-200a and
miR-155 overexpression can lead with BC chemoresistance. Interestingly, microRNA overexpression can be a
therapeutic target, and a combination of drug delivery systems with a microRNA inhibitor can increase drug
delivery and enhance the antitumor response. Wang et al. (56) identified several microRNAs associated with BC
resistance using bioinformatics tools and extracted transcriptome data from drug-resistant BC patients (N = 5)
compared to drug-sensitive BC patients (N = 5). In this analysis, 22 dysregulated microRNAs were identified, 12
downregulated and 10 upregulated (Table 1). Among the dysregulated microRNAs, hsa-miR-195a-5p showed the
highest fold change (FC: 5.44) and hsa-miR-4472 the lowest fold change.

Table 1. Dysregulated microRNAs associated with chemoresistant breast cancer patients evaluated by

transcriptome analysis.

MicroRNA Expression Fold Change
hsa-miR-195a-5p upregulated 5.44
hsa-miR-4266 upregulated 3.45
hsa-miR-200b-3p upregulated 3.13
hsa-miR-214-3p upregulated 3.00
hsa-miR-107 upregulated 2.96
hsa-miR-4454 upregulated 2.88
hsa-miR-5100 upregulated 2.41
hsa-miR-23a-3p upregulated 2.30
hsa-miR-23b-3p upregulated 2.29
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0.46

0.44

0.44

0.41

0.41

0.39

0.36

0.30

0.29

0.18

the target

enes. For

this reason, we performed a search on the TargetScanHuman database (http://www.targetscan.org/vert_72/) to

identify the hsa-miR-195a-5p target genes, and we identified 127 genes. Then, we performed a protein-to-protein

interaction (PPI) prediction using the STRING database (https://string-db.org/), and we identified two major PPI

networks. We identified two major networks, and to increase the visibility, we excluded the disconnect nodes and

presented the two networks in Figure 3. Among the genes, we identified FGF2, FGFR1 and MAPKS8. These genes

are regulated by hsa-miR-195a-5p, and they may associate with tumor chemoresistance and can be used as future

targets to new drugs.
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Figure 3. Protein-to-protein interaction (PPI) network based on the prediction of genes regulated by hsa-miR-195a-

5p. Since this microRNA was associated with cancer chemoresistance, these genes may represent important drug

targets. Figure generated with the online tool STRING (https://string-db.org/).
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