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Abstract 

The molecular characteristics of breast carcinomas have provided information on their 
behavior and have allowed the establishment of more effective strategies for their treatment. 
Transcription factors have been the target of study in neoplasms because they act in the 
modulation of genes that encode oncogenic proteins or tumor suppressors. In this broader 
context, the SOX transcription factors have been appreciated as potential prognostic and 
survival markers, as they are included in the list of emerging tumor biomarkers for breast 
cancer. Studies involving genes and proteins of the SOX family in breast cancer may provide 
important clues for the pathophysiology, diagnosis, and treatment of the disease. 
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Resumo 

As características moleculares dos carcinomas mamários têm disponibilizado informações 
sobre seu comportamento e permitido estabelecer estratégias mais eficazes para seu 
tratamento. Fatores de transcrição tem sido alvos de estudo nas neoplasias por atuarem na 
modulação de genes que codificam proteínas oncogênicas ou supressores tumorais. Nesse 
amplo contexto, os fatores de transcrição SOX têm sido apreciados como potenciais 
marcadores de prognóstico e sobrevida, por estarem incluídos no rol de biomarcadores 
tumorais emergentes para câncer de mama. Estudos envolvendo genes e proteínas da família 
SOX no câncer de mama poderão fornecer pistas importantes para a fisiopatologia, 
diagnóstico e tratamento da doença.  
 
Palavras-chave: SOX; HER-2; Câncer de Mama; IHQ; Carcinoma Ductal Invasor; 
Prognóstico. 
 

INTRODUCTION 

Breast cancer is a multifactorial disease, triggered, fundamentally, by the loss of balance 
between the activity of oncogenes and tumor suppressor genes, which results in altering the 
control of cell proliferation (VAN’T VEER, 2002; VIALE, 2012). In addition, it is 
increasingly understood as a heterogeneous disease, because neoplasms of similar 
morphology may have different molecular profiles, not detectable by conventional 
histopathological examination. It is speculated that each tumor is unique and that its DNA 
contents are individually distinct (BARROS; LEITE, 2015; PEROU et al., 2000).  
 
Characteristics such as age, ethnicity, lifestyle, eating habits, changes in reproductive factors, 
family history, presence of mutations in the BRCA1 and BRCA2 genes (breast cancer genes- 
tumor suppressors) and use of hormone replacement are factors that interfere in the diagnosis 
and development of breast cancer (FENG et al., 2018). 
 
Despite advances in research, breast cancer is still the malignant neoplasm that most affects 
women, except for non-melanoma skin cancer. On the other hand, the breast cancer mortality 
rate is quite different between developed and developing countries. In developed countries 
there has been a significant reduction in mortality in recent years, however it remains the 
second leading cause of death in women aged 45 to 55 years in the United States (APURI, 
2017). In developing countries, on the other hand, there was stability or even a continuous 
increase in mortality from this cancer (TORRES et al., 2017). This discrepancy can be 
attributed to the differences in policies for early detection of the disease, since breast cancer is 
the tumor that most presents scientific evidence on the impact of screening on reducing 
mortality (HARRIS, 2013). 
 
The neoplasm, if diagnosed early and treated appropriately, has a good prognosis, with an 
average five-year survival of 83% to 92%, reaching 98% in cases of localized disease. Thus, it 
is necessary to develop new studies aimed not only at the diagnosis of breast cancer in the 
early stages and effective treatment, but also at the quality of life and the reduction of post-
treatment morbidity (ASSI et al. 2013; IARC 2015; TAO et al., 2015). 
 
Breast cancer is less frequent in women under the age of 40, however the mortality rate is 
higher in this group of patients, when compared to postmenopausal women. It is not 
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uncommon for the disease to present itself in women under 40 with a higher histological 
grade, greater lymph vascular invasion, negative estrogen (ER) and progesterone (PR) 
receptors and increased expression of type 2 human epidermal growth factor receptor (HER2 
or CERBB2), these women have a greater chance of local and systemic recurrence, and a 
lower overall survival rate. It was demonstrated, through genomic analyzes, that tumors in 
young patients represent a distinct biological entity, characterized by unique molecular 
patterns and a worse prognosis (CANCELLO et al., 2010). 
 
Thus, treatment for breast cancer has required a multidisciplinary approach (with surgery, 
chemotherapy, radiotherapy, targeted therapy, and hormone therapy), and has been 
experiencing a period of rapid evolution due to advances in the genomic field, tumor biology 
and immunology. These areas have provided valuable information on the heterogeneity 
between breast tumors, key to the oncogenic pathway and the role of the immune system in 
the natural history of the disease. Although the diagnosis of the neoplasm is mainly 
histological, auxiliary tests support its diagnosis, classification, prognosis, and prediction of 
response to therapy. The elementary morphological classification widely used in the 
classification of breast cancer has become insufficient to describe these tumors. 
The identification and differentiation of molecular phenotypes in breast cancer through the 
analysis of the immunohistochemical profile is important in relation to the prognosis of the 
disease. The expression of these markers is causally related to the appropriate treatment for 
each type of cancer (CHEN et al., 2014; CHENG et al, 2013). 
 
Tumor markers are tissue, plasma, and genetic components capable of defining different 
characteristics of a pathology (SATO et al. 2014). Through the study of tumor markers, it is 
possible to have a better understanding of the molecular and cellular bases of cancer initiation 
and progression (GOBBI, 2012). Studies show that the positivity of the markers ER, PR, 
HER-2, Cytokeratin 5/6 (Ck5/6), monoclonal antibody Ki-67 (Ki67) and epithelial growth 
factor receptor (EGFR) have a prognostic and predictive factor, related to the disease. In 
contrast, cancers negative for such tumor markers give patients a worse prognosis, as they 
have clinical characteristics linked to the larger tumor size, high degree staging and high risk 
of developing distant metastasis (BRUFSKY et al., 2014; O-CHAROENRAT, 2015).  
 
Molecular methods undoubtedly provide prognostic and predictive information and may help 
identify new therapeutic targets, and the interest in molecular classifiers and their potential 
application is perfectly understandable, one important carcinogenesis route that has been 
studied in relation to breast cancer is the expression of members of the SOX (SRY-related 
HMG-box genes) family pathway. SOX genes encode proteins that act as transcription factors 
with an important role in embryonic development and carcinogenesis. The SOX family 
represents 20 genes responsible for regulating the gene expression patterns of cell lines and 
tissue, controlling various developmental processes, including cell differentiation, sexual 
differentiation, and organogenesis. As is the case with many genes involved in the regulation 
of development, SOX genes are often deregulated in cancer (THU et al., 2014). Members of 
the SOX family can act as oncogenes, tumor suppressor genes, or both, depending on the 
cellular context, and can be activated or inactivated through a variety of genetic and 
epigenetic mechanisms, including changes in the number of DNA copies, changes in 
methylation of DNA and aberrant miRNA expression (CASTILLO; SANCHEZ-CESPEDES, 
2012; GRIMM et al., 2019). 
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Several studies have demonstrated the functions performed by members of the SOX family, 
even in very early embryonic stages, playing a critical role in the biology of stem cells, in 
organogenesis and in animal development (GUTH; WEGNER, 2008; LEFEBVRE et al., 
2007; LOVELL-BADGE, 2010). As examples of the oncogenic roles of SOX family proteins, 
it was possible to observe the expression of SOX2 in 43% of breast carcinomas of the Basal-
like type and strongly correlated with Ck5/6, EGFR and vimentin immunoreactivity, 
suggesting that SOX2 should play a role in the development of a less differentiated phenotype 
of these tumors (DEY et al., 2019; RODRIGUEZ -PINILLA et al., 2007). 
 
Therefore, it can be inferred that breast cancer is a heterogeneous disease, which is reflected 
in its molecular classification, morphology, clinical course and response to treatment 
(SEONG et al., 2015; VAN SCHOONEVELD et al., 2015). Nevertheless, despite the range of 
discoveries surrounding breast cancer, the clinical outcome of affected patients remains 
unsatisfactory. This is mainly due to the incomplete understanding of the molecular 
mechanisms involved in the development and behavior of this carcinoma, making it urgent to 
explore them more deeply. Research on the molecular characteristics of breast carcinomas has 
provided a lot of information on the behavior of these tumors and, with this, has allowed to 
establish more effective treatment strategies (GRALOW et al., 2008). 

In this context, it is imperative that one should investigate in breast tumors, the transcription 
factors of the SOX family, including the SOX2, along with other members of the SRY genes. 
The present review focus on the importance correlating genomics and proteomics with other 
tumor characteristics of prognosis and predictors of response to treatment that have already 
been validated in the literature, and thus encourage thoughts on the development of new 
putative target genes and therapeutic strategies. 

 

BREAST CANCER IN BRAZIL AND THE WORLD 

The World Health Organization (WHO) classifies cancer in the group of non-communicable 
diseases, along with heart disease, infarction, chronic respiratory diseases and diabetes, with 
this group being the main cause of death in the world (WHO, 2019). According to the 
International Agency for Research on Cancer, in 2018 2.1 million new cases of breast cancer 
were diagnosed worldwide, representing almost one in four cancer cases among women. With 
an index of 630,000 deaths from the same disease, which is still the main cause of cancer-
related deaths in women in Europe and worldwide (BRAY et al., 2018). 

For Brazil, approximately 60,000 new cases of breast cancer are estimated for each year of the 
2018-2019 biennium, with an estimated risk of ~ 56 cases per 100,000 women (Table 1). 
Without considering non-melanoma skin tumors, this type of cancer is also the first most 
frequent in women in the South (~ 73/100 thousand), Southeast (~ 70/100 thousand), Midwest 
(~ 52/100 thousand) and Northeast (~ 40/100 thousand). In the Northern Region, it is the 
second most incident tumor (~ 19/100 thousand). In 2018 16,724 women died in Brazil due to 
breast cancer, corresponding to 16.1% of all cases of death in women affected by neoplasms, 
almost 5% more cases of death in relation to the runner-up (INCA, 2018).  

The detection of breast cancer has increased considerably since the introduction of 
mammographic screening and continues to grow with an aging population. The most 
important risk factors include genetic predisposition, exposure to estrogens (endogenous and 
exogenous, including long-term hormone replacement therapy), ionizing radiation, low parity, 
high breast density and a history of atypical hyperplasia.Western-style diet, obesity and 
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alcohol consumption also contribute to the increasing incidence of breast cancer. As in all 
epithelial neoplasms, the incidence of breast cancer increases rapidly according to age, 
gradually increasing until menopause and decreasing after menopause (ARAGÓN et al., 
2014; CAPLAN, 2014). Due to the increasing worldwide incidence, high mortality rates and 
high cost of treatment, breast cancer has been considered a public health problem in several 
countries.  

 

Table 1 - Proportional distribution of the ten most common types of cancer estimated for 
2018 by sex, except non-melanoma skin. 
 

Primary 

location 
Cases %   

Primary 

location 
Cases % 

Prostate 68.220 31,7% 
 

Female Breast 59.700 29,5% 

trachea 
Bronchus, 
Lung 

18.740 8,7% Colon/Rectum 18.980 9,4% 

Colon/Rectum 17.380 8,1% Cervix 16.370 8,1% 

Stomach 13.540 6,3% 
trachea 
Bronchus, Lung 

12.530 6,2% 

Oral cavity 11.200 5,2% Thyroid gland 8.040 4,0% 

Esophagus 8.240 3,8% Stomach 7.750 3,8% 

Bladder 6.690 3,1% Uterus 6.600 3,3% 

Larynx 6.390 3,0% Ovary 6.150 3,0% 

Leukemias 5.940 2,8% 
Central Nervous 
System 

5.510 2,7% 

Central 
Nervous 
System 

5.810 2,7% Leukemias 4.860 2,4% 

Source: INCA (2018) 

 

THE HETEROGENEITY OF BREAST CANCER 

 
The human breast is composed of a branching of duct networks containing luminal epithelial 
cells, and myoepithelial cells (Figure 1) that are enclosed in small ductal structures called 
terminal lobular ductal units (TDLU). The ductal epithelial cells form the ducts, the alveolar 
epithelial cells are the milk-producing cells and the myoepithelial cells, are contractile cells 
that line the ducts and alveoli (KAKARALA; WICHA, 2008). The mammary stroma is 
formed by adipose and connective tissue involving TDLU, blood vessels and lymphatic 
vessels (AMERICAN CANCER SOCIETY, 2012). 

 

 

 

MALE                FEMALE 
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Figure 1 - Terminal duct-lobular unit of normal breast tissue. 

   

 Representative slide of mammary tissue, prepared by conventional technique of clinical 
pathology, stained with eosin-hematoxylin. Optical microscopy (400µm). Source: R.C. 
Rodrigues, 2019 (personal archive). 
 

Nevertheless, the mammary gland derived from the epidermis has its development dependent 
on the stroma-epithelium interactions that modulate the normal development of the breast and 
also participate in the malignant transformation of the tissue, regulating the growth, survival, 
migration and differentiation of the breast epithelium (KASS et al., 2007). The tumor 
formation process is complex and involves multiple factors that facilitate mutations in cells, 
which determines the expression of oncogenes and the suppression of genes that prevent its 
development. The different mutations confer several selective advantages for tumor cells, 
allowing their growth (HANAHAN; WEINBERG, 2011). 
 
The natural history of breast cancer is still not well understood, as its evolutionary behavior 
does not reproduce uniformly in all women. We seek to explain this behavioral divergence of 
some tumors that have the same clinical characteristics, with the knowledge acquired through 
the prognostic factors that involve the general context of breast cancer. Thus, in addition to 
the diagnosis of the disease itself, there are aspects of clinical and biological findings that are 
associated with differences in disease-free time and overall survival. 
 
PATHOLOGICAL CLASSIFICATION OF THE TUMOR-NODE-METASTASIS 

SYSTEM (TNM - AJCC) 

Prognostic factors in breast cancer include clinical characteristics of patients and pathological 
and biological aspects of tumors that determine the clinical evolution of the disease, that is, 
the probability, at the time of diagnosis or surgical treatment, of recurrence of the neoplasia 
and the patient's overall survival without adjuvant treatment. Predictive factors, in contrast, 
are clinical, pathological, and biological characteristics (Figure 2), used to estimate the 
likelihood of response to a specific type of adjuvant therapy. Prognostic and predictive 
markers must be technically validated, have statistical significance proven by clinical tests 
and influence clinical decision (GOLDHIRSCH et al., 2009; SOERJOMATARAM et al., 
2008).                                                                                             

 

 

 

 



 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

56 

 

Figure 2 - Surgical Management of the Breast 

                

Lumpectomy (a), macroscopic image of the tumor, surgical piece stained with Patent Blue V, 
a lymphatic marker used to identify the sentinel lymph node in oncological surgeries (b). 
Source: R.C. Rodrigues, 2019 (personal archive). 
 

Clinical-pathological variables have a profound impact on survival and are responsible for 
most of the differences in clinical outcome between patients with breast cancer and are best 
illustrated by the clinical stage of the disease based on physical examination and imaging 
findings. The TNM staging system by the American Joint Committee of Cancer (AJCC) / 
International Cancer Control Union (UICC), incorporates tumor size, regional lymph node 
status and distant metastases (Table 2) (HORTOBAGYI, 2017). 

 

Table 2 - Pathological classification of the tumor-node-metastasis system. 

Brest    

Tis Carcinoma in situ   

T1 ≤ 2cm   

T1mic ≤ 0,1cm   

T1a ˃ 0,1cm-0,5cm   

T1b ˃ 0,5cm-1cm   

T1c ˃ 1cm-2cm   

T2 ˃ 2cm- 5cm   

T3 ˃ 5cm   

T4 Chest wall / skin   

T4a Chest wall   

T4b 
Edema / ulcer, 

satellite skin nodules 
  

T4c T4a + T4b   

a b 
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T4d 
Inflammatory 

Carcinoma 
  

N1 
Mobile axillary 

lymph nodes (ALN) 
pN1mi Micromestasis ˃0,2mm ≤2mm 

  pN1a 1-3 ALN 

  pN1b 
Microscopic metastasis in LN of 

internal mammary 

  PN1c 

1-3 axillary lymph nodes + 

internal mammary LN with 

micro metastasis 

N2a Fixed ALN  pN2a 4-9 ALN+ 

N2b 

Internal breast LN 

clinically apparent 

(MI) 

pN2b LNMI + ALN - 

N3a LN infra-clavicular pN3a ≥ 10 LNA + ou infra-clavicular + 

N3b ALN + e LNMI + pN3b  

N3c LN supraclavicular pN3c LN supra-clavicular 

M Distant metastasis  
Most common sites: bones, liver, 

lung 

Source: https://cancerstaging.org/. < access in oct.09.2020. 

 

Morphological heterogeneity is one of the characteristics of malignancy and forms the basis 
for the histopathological classification of breast cancer. Since infiltrative ductal and lobular 
carcinomas, either in their pure form or in combination with other types of tumor, are the 
most common forms of breast cancer. Invasive ductal carcinoma (ICD) of a non-special or 
otherwise unspecified type (NOS) is the most common histological type (40-75%) of invasive 
breast cancer. Although common, the WHO classification defines ICD NOS by exclusion, as 
“the heterogeneous group of tumors that do not have sufficient characteristics to achieve 
classification as a specific histological type”. 
In addition to the CDI NOS, the WHO classification includes 21 subtypes with distinct 
morphological characteristics, of which invasive lobular carcinoma (CLI) is the most frequent 
(5–15%) (LAKHANI et al., 2012). The other special subtypes of breast carcinoma are rare 
and differ significantly in prognosis and response to adjuvant treatment. Tubular, mucinous 
and papillary carcinomas usually have excellent clinical results compared to ICD and CLI and 
are not always treated with chemotherapy. Mildly differentiated metaplastic carcinomas and 
ICD NOS have significantly worse results and are routinely treated with systemic 
chemotherapy (COLLEONI, 2011). Patients with infiltrative ductal tumors generally have a 
higher incidence of positive axillary lymph nodes and worse clinical prognosis than patients 
with less common types of infiltrative tumor (ALBAIN; ALLRED et al., 1994). 

https://cancerstaging.org/
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The histological grade also highlights the tumor heterogeneity in breast cancer. The grade is 
assessed according to a three-rank system (low grade, intermediate grade, high grade), based 
on the assessment of three parameters: percentage of tumor arranged in the tubular structures 
of the gland, the degree of nuclear pleomorphism and the mitotic rate (ELSTON; ELLIS, 
1991). The degree of breast carcinoma is a strong prognostic factor and is one of the tools 
incorporated in decision making, as well as the Nottingham Prognosis Index and Adjuvant! 
Online (PETIT, 2012).  

Breast cancers of different degrees also show different profiles by proteomic, genomic, and 
transcriptomic analysis (SOTIRIOU et al., 2011). In multivariate models that include gene 
signatures, the degree remains an independent prognostic factor for positive ER tumors. 
Grade 1 and 3 breast carcinomas probably represent two quite different diseases, and 
molecular data indicate that progression from low to high grade carcinoma is exceedingly rare 
(NATRAJAN et al., 2009). 

Consequently, the standard treatment of breast cancer has been based on the characteristics of 
the tumor, including tumor stage, histopathological characteristics and profile of biomarkers, 
and is affected by the patient's age, menopausal status and the patient's general health 
(HARRIS, 2013). 

 

MOLECULAR CLASSIFICATION IN BREAST CANCER AND ITS RELEVANCE  

Breast cancer is such a complex genetic disease that, it is characterized by the accumulation 
of multiple molecular changes. It constitutes a heterogeneous group of neoplasms, consisting 
of several histological types, which differ in clinical manifestations, evolution and therapeutic 
response. Until recently, the classification of breast carcinomas was essentially based on their 
morphological aspects (ELSTON; ELLIS, 1991). However, tumors classified under the same 
descriptive term can have varied molecular aspects and biological evolution. The molecular 
heterogeneity of breast cancer, which is not morphologically evaluable, represents a major 
challenge to the study and treatment of this disease (GOLDHIRSCH et al., 2011). Although 
heterogeneity at the cellular level has been recognized in breast cancer since the 19th century, 
its clinical relevance was first established about 30 years ago, with the introduction of 
estrogen receptor testing. 

Gene expression profile studies have suggested that molecular tests could perform better than 
traditional histopathology, being used as a "gold standard" in terms of prognosis and 
prediction of response to treatment (PEPPERCORN; PEROU; CAREY, 2008). 

Due to the costs, time and technical knowledge required for molecular assays, alternative 
methods have been developed for indirect assessment of the molecular subtypes that can be 
used in most laboratories. The immunohistochemistry staining panel comprising ER, PR, 
HER2, Ki-67, EGFR and Ck5/6 can identify the molecular subtypes of breast cancer with 
satisfactory and reproducible precision. 

There are currently three molecular prognostic / predictive factors validated for routine 
clinical use in the treatment of patients with breast cancer. They are the hormonal receptors 
for estrogen (ER) and progesterone (PR) and the epidermal growth factor type 2 (HER) 
receptor. -2). The expression of ER, PR and HER2 are routinely evaluated in all invasive 
breast carcinomas by immunohistochemistry (IHC), according to the recommendations of the 
American Society of Clinical Oncology / College of American Pathologist (ASCO / CAP). 
Such biomarkers are already well-established prognostic and predictive factors and their 
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expression in breast carcinomas is essential to guide treatment. In addition to these, other 
markers have been used adding information to the molecular profile of breast cancer, such as 
Ki-67, p53, vascular markers, p63, CK5 and P-cadherin (FASCHING et al., 2011). 

ER and PR are expressed in approximately 80% and 60-70% of breast carcinomas, 
respectively. Although ER positive tumors co-express PR (ER + / PR +) in 70-80% of cases, 
some breast carcinomas are ER + / PR- or, rarely, ER- / PR + (Figure 2). The response to 
hormonal treatment also varies, showing a better response (approximately 60% rate) in ER + / 
PR + tumors and lower rates in ER + / PR− and ER− / PR + tumors. 

HER2 is a proto-oncogene that encodes a transmembrane receptor protein with tyrosine 
kinase activity involved in cell growth, differentiation, apoptosis and metastasis (YARDEN, 
SLIWKOWSKI, 2001). Overexpression of the HER-2 protein is found in approximately 18-
20% of breast cancers, with gene amplification being the main mechanism of gene 
overexpression (Figure 2). This overexpression is associated with high-grade tumors, with 
impairment of the lymphatic chain (BURSTEIN et al., 2011), and a high rate of recurrence 
and mortality (WOLFF et al., 2013). Although HER2-positive breast carcinomas have a more 
unfavorable prognosis, they have shown a high rate of response to targeted anti-HER2 
therapy, the so-called monoclonal antibodies, as documented by the complete response to 
post-neoadjuvant treatment in about 50 to 60% of patients with HER2 positive tumors 
(COTAZAR et al., 2014). 

With regard to hormone receptors, we know that they act in the growth and differentiation of 
the normal mammary epithelium. The estrogen receptor gene encodes a nuclear transcription 
factor activated by estrogen and the progesterone receptor is a gene regulated by estrogen. 
They are used as an indicator of hormonal therapy, improving patient survival. The nuclear 
protein Ki-67, encoded by the MKI67 gene (antigen identified by monoclonal antibody), is 
associated with cell proliferation, being expressed in all phases of the cell cycle, except G0. 

Breast carcinomas that do not express ER, PR and HER2, are called "triple-negative" and 
constitute an extremely heterogeneous group of tumors both histologically and genetically and 
in relation to the prognosis for response to treatment. 

Perou et al. (2000) demonstrated that the phenotypic diversity of breast tumors was associated 
with the corresponding diversity of gene expression. To reach this conclusion, the authors 
analyzed 65 tissue samples and selected a subset of 456 genes, called "intrinsic" gene subset, 
and consisted of genes with significantly greater expression variation between different 
tumors than between paired samples of the same tumor. Using this subset, the authors were 
able to identify 4 different molecular subtypes of breast cancer: positive for estrogen receptors 
(ER) / luminal type A, basal breast, positive and normal HER2. Subsequent data expanded the 
classification to distinguish between luminal A and luminal B. These 5 molecular subtypes 
have been confirmed in independent data sets and, mainly, the gene expression subtype 
appears consistent between primary tumors and metastatic lesions that occur years later. 
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Figure 3 – Overexpression of ER, PR and HER2 in invasive breast carcinomas by 
immunohistochemistry. 

    

 

(a) ER expressed positive; (b) PR expressed positive; (c) HER-2 positive. Source: R.C. 
Rodrigues, 2019 (personal archive). Optical microscopy (a, b = 400µm; c = 1 nm). 

 

In addition, subtypes are associated with differences in clinical outcome. In a subsequent 
study by the same group of authors, they examined a subset of 49 patients with locally 
advanced breast cancer who were treated with doxorubicin and had an average follow-up of 
66 months, found that disease-free survival and overall survival differed significantly between 
subtypes of breast cancer, luminal tumors A had longer survival times compared to the basal 
and HER2 subtypes having these shorter survival times, whereas luminal tumors B had 
intermediate survival times (SORLIE et al., 2001). 
 
Therefore, the analysis of gene expression classifies breast cancer into four large intrinsic 
molecular subtypes with prognostic and therapeutic implications: luminal A, luminal B, 
enriched with HER2 and basal. Subtypes A and B luminal exemplify tumor heterogeneity of 
ER-positive breast carcinomas and have better survival than subtypes enriched with HER2 or 
basal. Both luminal subtypes express ER, but luminal B tumors are characterized by increased 
expression associated with gene proliferation and have a worse prognosis than luminal A 
tumor (WIRAPATI et al., 2008). 
 
The basal subtype is enriched for genes expressed in basal epithelial cells and is triple 
negative in 70% of cases. Additional subtypes include tumors with a low level of claudin with 
signature of the stem cell type and RA-positive apocrine molecular tumors (PRAT; PEROU, 
2011). The study of gene expression suggests that the prognostic impact of different 
signatures is related to the genes associated with proliferation. Although gene expression 
profiles can predict the response to chemotherapy and risk of recurrence, classification of 
breast carcinoma based on gene expression is hampered by clinical factors and molecular 
heterogeneity. 
Patients with breast carcinoma of the same molecular subtype and who received identical 
treatments have different clinical outcomes and / or acquire resistance to therapy (EBCTCG, 

a b 

c 
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2011). More recent studies have produced other molecular subgroups, including a molecular 
classification based on integrated transcriptomic genomics of 2,000 breast tumors, producing 
10 new breast cancer subtypes with distinct clinical outcomes (ALI et al., 2014). 
However, it is important to understand the limitations and above all to critically assess the 
role of molecular classification in improving the prognosis of breast cancer above and beyond 
traditional variables in a practical and economical way. Bearing in mind that there are 
numerous lines of evidence to suggest that these molecular tests complement and do not 
replace traditional pathological variables, such as the Nottingham Graduation System and thus 
define the ideal therapy for breast cancer patients (WEIGELT; GEYER; REIS- FILHO, 
2010). 
 
SOX PROTEINS AND THEIR RELATIONSHIPS WITH NEOPLASMS 

The first SOX gene to be successfully cloned was the SRY gene, and it remains the defining 
member of the family (GUBBAY et al., 1990). However, as human SOX genes have been 
cloned, they have become potential candidates in the genesis of the most varied diseases and 
mutation analyzes have helped to correlate structural domains with their biological functions 
(PRIOR; WALTER, 1996). 
 
Until recently, investigations of the functions of SOX proteins have focused on embryonic 
development and information on their physiological functions in adult tissues. However, since 
the beginning of the last decade, several correlations have been found between the 
transcription factors of the SOX family and cancer, albeit with considerable uncertainty as to 
how these proteins exert their oncogenic or tumor suppressive potential (KUMAR; MISTRI, 
2019). 
 
The role of the SOX gene family in carcinogenesis has been attributed to its properties 
involved in the regulation of cell differentiation, proliferation and survival in multiple 
essential processes (CHOU et al., 2013). Different members of the SOX family can play the 
most varied roles in many malignant tumors. Some of them demonstrate oncogenic potential 
to promote the development of cancers while others behave as tumor suppressor genes, acting 
to block the growth of carcinomas (SONG et al., 2016). SOX genes are potent modulators 
involved in embryonic development and cell fate, organogenesis, stem cell maintenance and 
carcinogenesis in multiple processes. The role of SOX genes in carcinogenesis has been 
attributed to their properties involved in the regulation of cell diffusion, proliferation and 
survival (KAMACHI, 2000). 
 
Increasing evidence shows that SOX proteins play essential roles in various cellular processes 
that mediate or contribute to oncogenic transformation and tumor progression. In the context 
of breast cancer, SOX function as oncogenes and tumor suppressor genes, demonstrating to be 
associated with the degree and stage of the tumor as well as a more reserved prognosis. It has 
been noticed that a subset of SOX proteins regulates critical aspects of the biology of breast 
cancer, including cancer stenosis and other various signaling pathways, leading to altered cell 
proliferation, epithelial-mesenchymal transition, cell migration with consequent tumor 
development and metastasis. 
 
SOX 2 PROTEIN AND ITS INTERACTION WITH BREAST CANCER 
SOX2 is known as SRY (sex determining region Y) -box 2, an embryonic transcription factor 
gene located on chromosome 3q26.3-q27, belonging to the SRY-SOX family, members 
essential to the development and maintenance of stem cells, as well as cell proliferation and 
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differentiation. (LENGERKE et al., 2011). SOX2 protein has 3 main domains: N-terminal 
domain, a high mobility group domain and a transactivation domain. An increasing number of 
studies have shown that SOX2 is related to a variety of tumors. Silencing SOX2 can induce 
the transcription of p21Cip1 and p27Kip1, leading to cell cycle arrest and: inhibition of cell 
growth (KELBERMAN et al., 2006). 
 
Studies carried out in recent years have shown that the SOX2 protein plays an important role 
in inhibiting apoptotic cell and promoting cell proliferation, mediates the aggressiveness and 
migration of phenotypes by activating MMP3, MMP2 and PI3K / AKT / mTOR, indicating 
that SOX2 also plays a role in tumor invasion and metastasis. Therefore, it promotes cell 
proliferation in breast, prostate and cervical cancers, and involves the escape of apoptotic 
signs in prostate, gastric and non-small cell lung cancer (Figure 2). Thus, the SOX2 protein 
appears to be overexpressed in a variety of different breast cancer phenotypes and has been 
found sporadically in basal molecular carcinomas and more frequently in the most common 
molecular types in women in recent post-menopause (FENG, LU , 2017). 
 
Lengerke et al. (2011), evaluated the expression of SOX2 in 95 patients with primary post-
menopausal breast carcinomas and reported its association with various types of early post-
menopausal breast cancer and lymph node metastases. Like Rodriguez-Pinilla (2007), based 
on statistics, demonstrated high expression of SOX2 in basal breast cancers. When these 
researchers investigated the association of SOX2 with the basal type in 226 sporadic invasive 
breast cancers with negative lymph nodes, 43.3% showed immunoreactivity to SOX2, while 
the expression SOX2 was found only in 13.3% of the HER2-positive and 10.6% of luminal 
tumors by immunohistochemical analysis. They reported that the expression SOX2 is directly 
related to the size of the tumor, Ck5/6, epidermal growth factor receptor and expression of 
vimentin and that when the expression of SOX2 is increased, there is a decrease in the 
expression of ER and PR. 
 
It appears that SOX2 expression is closely related to tumor size, histological grade, lymph 
node metastasis and triple negative invasive phenotype, when analyzing the relationship 
between SOX2, tumor pathology and clinical parameters of breast cancer patients (NOVAK, 
2019; ZHANG et al., 2012). They believed that detecting the expression SOX2 could be of 
great value in determining the diagnosis and prognosis of patients with breast cancer. 
 
The SOX2 protein has different importance in the prognosis of the 5 molecular subtypes of 
breast cancer: basal, luminal A, luminal B, HER2 + and normal breast, however, the 
mechanisms by which high levels of SOX2 regulate the progression and metastasis of breast 
cancers, remain largely unexplored. The determination of the presence and quantification of 
the SOX2 protein in breast cancer (Figure 4) with its likely suppressive or activating 
oncogenic potential, may create early diagnosis pathways, improve response to treatment, 
leading to increased survival, disease-free time and impact positive about all its comorbidities. 
In this regard, recently our laboratory has demonstrated the association between SOX2 
transcription factor and tumors with worse TNM staging, as well as its overexpression in 
positive HER-2 tumors. (RODRIGUES, 2020). 
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Figure 4 – Slide representative of SOX2 protein overexpression in BC tumor cells. 
 

 

(*) SOX2 immunostaining of nuclei of tumor cells in dark brown. Source: R.C. Rodrigues, 
2019 (personal archive). Optical microscopy (1200µm). 
 
 

FINAL CONSIDERATIONS AND DISCUSSION 

 

Breast cancer represents one of the main causes of death in women. Statistics indicate an 
increase in the frequency of this neoplasia, both in developed and developing countries. 
According to data in the literature, the probability of developing breast cancer increases with 
age, and although it has a higher prevalence in postmenopausal women, the disease occurs in 
practically all age groups from reproductive age (REGINELLI et al., 2014). In a study being 
developed in our laboratory (RODRIGUES, 2020), the mean age at diagnosis of breast cancer 
and positivity for SOX2 agreed with the world literature. 
 
The natural history of breast cancer is still not well understood, as its evolutionary behavior 
does not reproduce uniformly in all women. We seek to explain the behavioral divergence of 
some tumors that have the same clinical characteristics, with the knowledge acquired through 
the prognostic factors that involve the general context of breast cancer (ELOMRANI et al., 
2015). 
 
A growing body of evidence is building up support for the hypothesis that cancer stem cells, 
or tumor-initiating cells, direct and maintain many types of human malignancy (DIEHN et al., 
2009). Normal and cancerous stem cells share phenotypes that may reflect the activity of 
common signaling pathways, with high expression of SOX2 among others (SIMOES et al., 
2011). The role of SOX2 in the organogenesis or function of the breast is still not well 
understood, however in healthy breast tissue there is no significant expression of SOX2. 
Already in breast cancer cells it was overexpressed both in quantitative analysis of mRNAs in  
 
RT-PCR and by Western blotting (CHEN et al., 2014). 
In agreement with these findings, we have verified recently (RODRIGUES, 2020) that all 
samples of invasive ductal carcinoma show strong nuclear marking for SOX2 by 
immunohistochemical analysis, overexpressed in more than 40% of the samples. An active 
role for SOX2 during breast tumorigenesis is further supported by data collected in breast 
cancer cell lines, where SOX2 promotes cell proliferation and tumorigenesis in vivo, partially 
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facilitating the G1 / S transition and regulating, together with β -catenin, the expression of 
effector genes, such as CCND1 (CHEN et al., 2008). 
 
High levels of SOX2 appear to be closely correlated with various processes during tumor 
development, including initiation, maintenance, invasion and metastasis. Therefore, SOX2 
seems to play a role in tumor invasion and metastasis, since the expression of the transcription 
factor SOX2 is closely related to the increase in tumor size and grade, lymph node metastasis 
and high invasiveness of neoplastic cells (FENG; LU, 2017). 
 
Consistently, our work showed an intimate relationship between vascular invasion, lymphatic 
embolization and lymph node metastasis and more importantly, we were able to identify the 
positive relationship of SOX2 with these markers of worse prognosis and in patients with 
worse TNM staging in the initial diagnosis of the disease. This is mainly due to lymph node 
involvement, since in this study the transcription factor SOX2 is overexpressed in patients 
with lymph node metastasis (RODRIGUES, 2020). 
 
Approximately 70-75% of breast cancer cases express the estrogen alpha receptor (ERa), and 
are related to a better prognosis, however, it has been reported that breast stem cells do not 
have ER or express it at very high levels. (CLAYTON et al., 2004). In a previous study it was 
shown that cancer stem cells, which express high levels of SOX2, lack or express very low 
levels of ER and therefore will be more resistant to tamoxifen, giving a less differentiated 
phenotype of the cancerous disease (PIVA et al, 2014). In our recent study, we were unable to 
demonstrate a significant difference between hormone receptor expression and SOX2 
expression. On the other hand, results of our lab were encouraging when it came to the HER2 
oncogene, which consistently identified the overexpression of SOX2 in HER2 positive tumors 
(RODRIGUES, 2020).  
 
It is already known that 15 to 20% of breast cancers express HER2 and this oncogene is 
linked to the prognosis and the therapeutic response, having a substantial role in global and 
disease-free survival. As previously explained, in our study the presence of HER2 in 
cancerous samples was accompanied by the positivity of the transcription factor SOX2. 
Differing in part from another study that demonstrated a significantly higher expression of 
SOX2 in basal or triple negative tumors (RODRIGUES-PILLA et al., 2007). Probably, this 
discrepancy may be related to the sample used by the author, which involved a greater 
number of pre-menopausal patients with BRCA1 genetic alterations. 
 
Breast cancer is classified into three main subtypes based on the presence or absence of 
molecular markers for estrogen or progesterone receptors and human epidermal growth factor 
2 (HER2). Triple negative breast cancer has higher recurrence rates than the other two 
subtypes, with 85% survival in 5 years for stage I versus 94% to 99% for positive hormone 
receptors and HER2 positive, whereas the mean global cancer survival of metastatic tri-
negative breast is approximately 1 year versus approximately 5 years for the other 2 subtypes. 
Here our team identified SOX2 overexpressed in the HER2 molecular subtype and negative in 
the subtypes where hormone receptors are present, collaborating with previous findings that 
list SOX2 to tumors with a worse therapeutic response, indicating that the levels of SOX2 are 
higher in patients after endocrine therapeutic failure and also in tumors of these patients 
compared to respondents (WUEBBEN; RIZZINO, 2017). 
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Finally, we can see that the transcription factor SOX2 has been seen as a potential marker of 
prognosis and survival, and should be included in the list of emerging tumor biomarkers for 
breast cancer in the future, therefore more studies like ours involving the SOX2 protein and 
breast cancer can provide important clues for the diagnosis and treatment of the disease.  
 
Acknowledgements 

This work is part of the MSc work of R. C. RODRIGUES, through the Graduate Program in 
Health and Development in the Midwest Region of School of Medicine (FAMED/UFMS), 
Federal University of Mato Grosso do Sul, Campo Grande, MS, Brazil. Financial aid: IAPES 
(Institute of Assistance and Research in Education and Health), CAPES (Coordination for the 
Improvement of Higher Education Personnel) and CNPq (National Council for Scientific and 
Technological Development). 

 

REFERENCES 

ALBAIN K.S.; ALLRED D.C.; CLARK G.M. Breast cancer outcome and predictors of 
outcome: Are there age differentials?Journal of the National Cancer Institutte 

Monographs,v.16,p.35.1994.<hptts:link.springer.com/article/10.1023/A:1005733404976. 
Accessed February, 2020. 

 

ALI H. R.; PROVENZANO E.; DAWSON S.-J; BLOWS F. M.; LIU B.; SHAH M. 
Association between CD8+ T-cell infiltration and breast cancer survival in 12 439 
patients. Annals of Oncology, v. 25, p.1536–.2014.                                  
https://www.annalsofoncology.org/article/S0923-7534(19)34826-4/fulltext. Accessed 
February, 2020. 

 

AMERICAN CANCER SOCIETY. Global cancer statistics, 2012. Disponível em: 
http://www.cancer.org. Accessed February, 2020. 

 

AMERICAN JOINT COMMITTEE ON CANCER. AJCC 7th Ed Cancer Staging Manual, 
2010. https://www.cancerstaging.org.  Accessed February, 2020. 

 

APURI S. Neoadjuvant and adjuvant therapies for breast cancer. Southern Medical 

Journal., v.110, n. 10, p. 638-642. 2017 <https://sma.org/southern-medical 
journal/article/neoadjuvant-adjuvant cancer. doi: 10.14423/SMJ.0000000000000703> 
Accessed February, 2020. 

 

ARAGÓN F.; PERDIGÓN G.; DE MORENO DE BLANC A. Modification in the diet can 
induce beneficial effects against breast cancer. World Journal Clinic 

Oncology,v.5,n.3,p.455-464.2014.                                                                                                                            
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127615/pdf/WJCO-5-455.pdf. Accessed 
February, 2020. 

 

https://www.annalsofoncology.org/article/S0923-7534(19)34826-4/fulltext
http://www.cancer.org/
https://www.cancerstaging.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Apuri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28973704
https://www.ncbi.nlm.nih.gov/pubmed/28973704
https://www.ncbi.nlm.nih.gov/pubmed/28973704
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127615/pdf/WJCO-5-455.pdf


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

66 

 

ASSI H.A.; KHOURY; K.E.; DBOUK, H.; KHALIL L.E.; MOUHIEDDINE T.H.; EL 
SAGHIR N.S. Epidemiology and prognosis of breast cancer in young women. Journal of 

thoracic disease, v.5 Suppl 1, p.S2–8.2013.                                               
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3695538/pdf/jtd-05-S1-S2.pdf. Accessed 
February, 2020. 

 

BARROS A.C.S.D.; LEITE K.R. Classificação molecular dos carcinomas de mama: uma 
visão contemporânea/Molecular. Revista Brasileira de Mastologia, v 25, n 4, p. 146-155. 
2015. Accessed February, 2020. 

 

BRAY F.; FERLAY J.; SOERJOMATARAM I. et al. Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. 
Cancer Journal Clinical, v. 68, p.394- 424. 2018 
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21492. Accessed February, 
2020. 

 

BRUFSKY A.M.; BHARGAVA R.; DAVIDSON N.E. Prognostic/Predictive 
Immunohistochemistry Assays for Estrogen Receptor. Positive Breast Cancer: Back to the 

Future, v. 30, n. 36, p. 4451–4453. 2014. Accessed February, 2020. 

 

BURSTEIN H.J. Bevacizumab for advanced breast cancer: all tied up with a RIBBON? 
Journal Clinical of Oncology, v. 29, p.1232–1235. 2011. 
https://ascopubs.org/doi/pdf/10.1200/JCO.2010.33.2684. Accessed February, 2020. 

 

CANCELLO G.; MAISONNEUVE P.; ROTMENSZ N. et al. Prognosis and adjuvant 
treatment effects in selected breast cancer subtypes of very young women (\35 years) with 
operable breast cancer. Annals Oncology, n.21, p. 1974–81. 2010.< 
https://www.annalsofoncology.org/article/S0923-7534(19)39576-6/fulltext. Accessed 
February, 2020. 

 

CAPLAN L. Delay in breast cancer: implications for stage at diagnosis and survival. Frontier 

in Public Health, v. 29, n. 87, p. 1-5. 2014.                              
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4114209/pdf/fpubh-02-00087.pdf. Accessed 
September, 2020. 

 

CASTILLO S.D.; SANCHEZ-CESPEDES M. The SOX family of genes in cancer 
development: biological relevance and opportunities for therapy. Expert Opinion Ther 

Targets; n. 16, p. 903- 919. 2012.                                
https://www.tandfonline.com/doi/full/10.1517/14728222.2012.709239. Accessed September, 
2020. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3695538/pdf/jtd-05-S1-S2.pdf
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21492
https://ascopubs.org/doi/pdf/10.1200/JCO.2010.33.2684
https://www.annalsofoncology.org/article/S0923-7534(19)39576-6/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4114209/pdf/fpubh-02-00087.pdf
https://www.tandfonline.com/doi/full/10.1517/14728222.2012.709239


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

67 

 

CHEN Y, SHI L, ZHANG L, LI R, LIANG J, YU W, SUN L, YANG X, WANG Y, ZHANG 
Y, SHANG Y. The molecular mechanism governing the oncogenic potential ofSOX2 in 
breast cancer. Journal Biology of Chemistry, v.283, p.17969–78, 2008. 
https://www.jbc.org/content/283/26/17969.long. Accessed September,2020. 

 

CHEN C.; YUAN J.P.; WEI W.; TU Y.; YAO F.; YANG X-Q. et al. Subtype classification 
for prediction of prognosis of breast cancer from a biomarker panel: Correlations and 
indications. International Journal of Nanomedicine, v. 9, n 1, p. 1039–1048. 2014. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937188/pdf/ijn-9-1039.pdf. Accessed 
August, 2020. 

 

CHENG Y.S.; KUO S.J.; CHEN D.R. Sparing sentinel node biopsy through axillary lymph 
node fine needle aspiration in primary breast cancers. World Journal of Surgical Oncology, 
v9, p1039-1048, 2013. https://wjso.biomedcentral.com/articles/10.1186/1477-7819-11-296. 
Accessed August, 2020. 

 

CLAYTON H, TITLEY I, VIVANCO M. Growth and differentiation of progenitor/stem cells 
derived from the human mammary gland. Experimental Cell Research, v.297, p.444 – 460, 
2004. 
https://www.sciencedirect.com/science/article/abs/pii/S0014482704001685?via%3Dihub. 
Accessed August, 2020. 

 

COLLEONI M. Adjuvant therapies for special types of breast cancer. Breast; v. 20 (Suppl 1), 
p.15-40. 2011. https://linkinghub.elsevier.com/retrieve/pii/S0960-9776(11)70315-0. Accessed 
August, 2020. 

 

CORTAZAR, P. et al. Pathological complete response and long-term clinical benefit in breast 
cancer: the CTNeoBC pooled analysis. Lancet, v. 384, p.164–172. 2014. 
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62422-
8/fulltext?version=printerFriendly. Accessed August, 2020.   

 

DEY P, RATHOD M, DE A. Targeting stem cells in the realm of drug-resistant breast cancer. 
Breast Cancer (Dove Med Press), v.11, p115-135. 2019. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6410754/pdf/bctt-11-115.pdf. Accessed 
August, 2020. 

 

DIEHN M, CHO RW, CLARKE MF. Therapeutic implications of the cancer stem cell 
hypothesis. Seminars in Radiation Oncology, v.19, p.78 – 86, 2009. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2789266/. Accessed August, 2020. 

 

EARLY BREAST CANCER TRIALISTS’ COLLABORATIVE GROUP (EBCTCG); 
DAVIES C.; GODWIN J. et al. Relevance of breast cancer hormone receptors and other 

https://www.jbc.org/content/283/26/17969.long
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937188/pdf/ijn-9-1039.pdf
https://wjso.biomedcentral.com/articles/10.1186/1477-7819-11-296.%20Accessed
https://wjso.biomedcentral.com/articles/10.1186/1477-7819-11-296.%20Accessed
https://www.sciencedirect.com/science/article/abs/pii/S0014482704001685?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0960-9776(11)70315-0
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62422-8/fulltext?version=printerFriendly
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62422-8/fulltext?version=printerFriendly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6410754/pdf/bctt-11-115.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2789266/


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

68 

 

factors to the efficacy of adjuvant tamoxifen: patient level meta-analysis of randomised trials. 
Lancet, v.378, p.771-784. 2011. https://www.thelancet.com/action/showPdf?pii=S0140-
6736%2811%2960993-8. Accessed August, 2020. 

 

ELOMRANI F, ZINE M, AFIF M, L'ANNAZ S, OUZIANE I, MRABTI H, ERRIHANI H. 
Management of early breast cancer in older women: from screening to treatment. Breast 

Cancer (Dove Med Press) v.7, p.165-71, 2015. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500607/pdf/bctt-7-165.pdf. Accessed 
August, 2020. 

 

ELSTON C.W.; ELLIS I.O. Pathological prognostic factors in breast cancer. I. The value of 
histological grade in breast cancer: experience from a large study with long term follow-up. 
Histopathology, v.19, p. 403–10. 1991. 
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-2559.1991.tb00229.x. Accessed 
August, 2020. 

 

FASCHING P.A.; HEUSINGER K.; HAEBERLE L.; NIKLOS M.; HEIN A.; BAYER C.M.; 
RAUH C.; SCHULZWENDTLAND R. Ki67, chemotherapy response, and prognosis in 
breast cancer patients receiving neoadjuvant treatment. BMC Cancer, v.11, p. 486. 2011. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3262864/. Accessed August, 2020. 

 

FENG, Y.; SPEZIA, M.; HUANG, S.; YUAN, C.; ZENG, Z.; ZHANG, L.; JI, X.; LIU, W.; 
HUANG, B.; LUO, W.; ET AL. Breast cancer development and progression: Risk factors, 
cancer stem cells, signaling pathways, genomics, andmolecular pathogenesis. Genes Dis, v. 5, 
p.77–106. 2018 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6147049/pdf/main.pdf. 
Accessed August, 2020. 

 

FENG X, LU M. Expression of sex-determining region Y-box protein 2 in breast cancer and 
its clinical significance. Saudi Medical Journal. v38, P. 685–90, 2017. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5556274/pdf/SaudiMedJ-38-685.pdf. 
Accessed August, 2020.  

 

GOLDHIRSCH A.; WOOD W.C.; COATES A.S.; GELBER R.D.; THÜRLIMANN B.; 
SENN H.J. Strategies for subtypes-dealing with the diversity of breast cancer: highlights of 
the St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 
2011. Annals of Oncology, v. 22, p. 1736-47. 2011. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3144634/pdf/mdr304.pdf. Accessed August, 
2020. 

 

GRALOW J.; OZOLS R.F.; BAJORIN D.F.; CHESON B.D.; SANDLER H.M.; WINER 
E.P.; et al. Clinical cancer advances 2007: major research advances in cancer treatment, 
prevention, and screening. A report from The American Society of Clinical Oncology. 

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2811%2960993-8
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2811%2960993-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500607/pdf/bctt-7-165.pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1365-2559.1991.tb00229.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3262864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6147049/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5556274/pdf/SaudiMedJ-38-685.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3144634/pdf/mdr304.pdf


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

69 

 

Journal Clinical of Oncology, v 26, n. 2, p.313-25, 2008. 
https://pubmed.ncbi.nlm.nih.gov/18086794/. Accessed August, 2020. 

 

GRIMM, D.; BAUER, J.; WISE, P.; KRÜGER, M.; SIMONSEN, U.; WEHLAND, M.; 
INFANGER, M.; CORYDON, T.J. The role ofsox family members in solid tumours and 
metastasis. Semin. Cancer Biol. 2019. 
https://www.sciencedirect.com/science/article/pii/S1044579X1830141X?via%3Dihub. 
Accessed August, 2020. 

 

GUBBAY J.; COLLIGNON J.; KOOPMAN P.; CAPEL B.; ECONOMOU A.; 
MUNSTERBERG A. et al. A gene mapping to the sex-determining region of the mouse Y 
chromosome is a member of a new family of embryonically expressed genes. Nature, v. 346, 
p. 245–50. 1990. https://www.nature.com/articles/346245a0. Accessed August, 2020. 

 

GUTH S.I.; WEGNER M. Having it both ways: Sox protein function between conservation 
and innovation. Cellular Molecular Life Sciences, v. 65, p. 3000–18. 2008. 
https://link.springer.com/article/10.1007/s00018-008-8138-7. Accessed August, 2020. 

 

KAMACHI Y.; UCHIKAWA M.; KONDOH H. Pairing SOX off: with partners in the 
regulation of embryonic development. Trends in Genetics, v. 16, p.182–187. 2000. 
https://linkinghub.elsevier.com/retrieve/pii/S0168-9525(99)01955-1. Accessed August, 2020. 

 

KAKARALA M.; WICHA M.S. Implications of the cancer stem-cell hypothesis for breast 
cancer prevention and therapy. Journal Clinical of Oncology, v.26, p.2813-2820. 2008. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2789399/pdf/nihms137312.pdf.Accessed 
August, 2020. 

 

KASS L.; ERLER J.T.; DEMBO M.; WEAVER V.M. Mammary epithelial cell: Influence of 
extracellular matrix composition and organization during development and tumorigenesis. 
International Journal Biochemistry Cell Biology, v.39, n.11, p.1987- 1994. 2007. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658720/. Accessed August, 2020.  

 

KELBERMAN D, RIZZOTI K, AVILION A, BITNER-GLINDZICZ M, CIANFARANI S, 
COLLINS J, et al. Mutations within Sox2/SOX2 are associated with abnormalities in the 
hypothalamo-pituitary-gonadal axis in mice and humans. Journal Clinical Investigate, 
v.116, p. 2442-2455. 2006. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1551933/. 
Accessed August, 2020. 

 

KUMAR P, MISTRI TK. Transcription factors in SOX family: potent regulators for cancer 
initiation and development in the human body. Semin Cancer Biol. 2019. doi: 
10.1016/j.semcancer.2019.06.016. 

https://pubmed.ncbi.nlm.nih.gov/18086794/
https://www.sciencedirect.com/science/article/pii/S1044579X1830141X?via%3Dihub
https://www.nature.com/articles/346245a0
https://link.springer.com/article/10.1007/s00018-008-8138-7
https://linkinghub.elsevier.com/retrieve/pii/S0168-9525(99)01955-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2789399/pdf/nihms137312.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658720/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1551933/


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

70 

 

https://www.sciencedirect.com/science/article/abs/pii/S1044579X18301846?via%3Dihub. 
Accessed August, 2020.  

 

HANAHAN D.; WEINBERG R.A. Hallmarks of Cancer: the next generation. Cell 144, v.5, 
p. 646–674. 2011. https://www.cell.com/fulltext/S0092-8674(11)00127-9. Accessed August, 
2020. 

 

HARRIS, A L. Breast screening remains a controversial issue. Breast Journal Cancer, 
v.108, p.2197. 2013. https://www.nature.com/articles/bjc2013259 Accessed August, 2020. 

 

HORTOBAGYI G.N.; D’ORSI C.J.; EDGE S.B.; MITTENDORF E.A.; RUGO H.S.; SOLIN 
L.J. et al. AJCC Cancer Staging Manual. Breast. 8th. 2017. 
https://cancerstaging.org/references-
tools/deskreferences/Documents/AJCC%20Cancer%20Staging%20Form%20Supplement.pdf. 
Accessed August, 2020. 

 

HUANG YH, LUO MH, NI YB, TSANG JY, CHAN SK, LUI PC, YU AM, TAN PH, TSE 
GM. Increased SOX2 expression in less differentiated breast carcinomas and their lymph 
node metastases. Histopathology, v. 64, p. 494–503, 2014. 
https://onlinelibrary.wiley.com/doi/abs/10.1111/his.12257. Accessed October , 2020. 

 

IARC - INTERNATIONAL AGENCY FOR RESEARCH ON CANCER. 2015. 
Disponível em: http://www.iarc.fr/  Accessed October , 2020.  

 

INSTITUTO NACIONAL DE CÂNCER. José Alencar Gomes da Silva. Estimativa 2019: 
incidência de câncer no Brasil. Rio de Janeiro. INCA, p.123, 2018. http://www.epi.uff.br/wp-
content/uploads/2013/08/estimativa-incidencia-de-cancer-no-brasil-2018.pdf. Accessed 
October , 2020. 

 

LAKHANI S.R.; ELLIS. I.O.; SCHNITT S.J.; TAN P.H.; VAN DE VIJVER M.J. World 
Health Organization classification of tumor of the breast: IARC; 2012. 
https://publications.iarc.fr/581. Accessed October , 2020.   

 

LEFEBVRE V.; DUMITRIU B.; PENZO-MÉNDEZ A.; HAN Y.; PALLAVI B. Control of 
cell fate and differentiation by Sry-related high-mobility-group box (Sox) transcription 
factors. International Journal Biochemical Cellular Biology, v. 39, p. 2195–214. 2007. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2080623/pdf/nihms32778.pdf. Accessed 
October , 2020. 

 

LENGERKE C.; FEHM T.; KURTH R. et al. Expression of the embryonic stem cell marker 
SOX2 in early-stage breast carcinoma. BMC Cancer. v.11, p.42. 2011. 

https://www.sciencedirect.com/science/article/abs/pii/S1044579X18301846?via%3Dihub
https://www.cell.com/fulltext/S0092-8674(11)00127-9
https://www.nature.com/articles/bjc2013259
https://cancerstaging.org/references-tools/deskreferences/Documents/AJCC%20Cancer%20Staging%20Form%20Supplement.pdf
https://cancerstaging.org/references-tools/deskreferences/Documents/AJCC%20Cancer%20Staging%20Form%20Supplement.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/his.12257
http://www.iarc.fr/
http://www.epi.uff.br/wp-content/uploads/2013/08/estimativa-incidencia-de-cancer-no-brasil-2018.pdf
http://www.epi.uff.br/wp-content/uploads/2013/08/estimativa-incidencia-de-cancer-no-brasil-2018.pdf
https://publications.iarc.fr/581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2080623/pdf/nihms32778.pdf


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

71 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3038979/pdf/1471-2407-11-42.pdf. 
Accessed October , 2020. 

 

LOVELL-BADGE R. The early history of the Sox genes. International Journal 

Biochemical Cellular Biologic, v. 42, p. 378–380, 2010. 
https://linkinghub.elsevier.com/retrieve/pii/S1357-2725(09)00356-2. Accessed October , 
2020. 

 

NATRAJAN R.; LAMBROS M.; RODRÍGUEZ-PINILLA S.; MORENO-BUENO G.; TAN 
D.; MARCHIÓ C. et al. Tiling Path Genomic Profiling of Grade 3 Invasive Ductal Breast 
Cancers. Clinical Cancer Research, v. 15, p. 2711- 2722, 2009. 
https://clincancerres.aacrjournals.org/content/15/8/2711. Accessed October , 2020. 

 

NOVAK D.,et all. SOX2 in development and cancer biology Seminars in Cancer Biology, v. 
18, p. 30185-8, 2019.  
https://www.sciencedirect.com/science/article/pii/S1044579X18301858?via%3Dihub   

 

O-CHAROENRAT P.P. Triple Negative Breast Cancer. Breast Cancer: Targets and 

Therapy, p.239–243. 2015. Accessed October , 2020. 

 

PEPPERCORN J.; PEROU C.M.; CAREY L.A. Molecular subtypes in breast cancer 
evaluation and management: divide and conquer. Cancer Investigat, v.26, p.1-10. 2008. 
https://www.tandfonline.com/doi/full/10.1080/07357900701784238. Accessed October , 
2020. 

 

PEROU C.M.; SORLIE T.; EISEN M.B.; VAN DE RIJN M.; JEFFREY S.S.; REES C.A. et 
al. Molecular portraits of human breast tumours. Nature, v. 17, p.747-52. 2000. 
https://www.nature.com/articles/35021093. Accessed October , 2020. 

 

PETIT T. Adjuvant! Online. In: Cancer du sein. Springer, Paris. 2012. 
https://doi.org/10.1007/978-2-8178-0245-9_23. Accessed October , 2020. 

 

PIVA M.; DOMENICI G.; IRIONDO O.; RÁBANO M.; SIMÕES B.M.; COMAILLS V.; 
BARREDO I.; LÓPEZ-RUIZ J.A.; ZABALZA I.; KYPTA R.; VIVANCO M.M. Sox2 
promotes tamoxifen resistance in breast cancer cells. Molecular Medicine, v. 6, n. 1, p. 66–
79. 2014. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3936493/pdf/emmm0006-
0066.pdf. Accessed October , 2020. 

 

PRAT A.; PEROU C.M. Deconstructing the molecular portraits of breast cancer. Molecular 

Oncology, v. 5, n. 1, p. 5-23. 2011. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5528267/. Accessed October , 2020. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3038979/pdf/1471-2407-11-42.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1357-2725(09)00356-2
https://clincancerres.aacrjournals.org/content/15/8/2711
https://www.sciencedirect.com/science/article/pii/S1044579X18301858?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/07357900701784238
https://www.nature.com/articles/35021093
https://doi.org/10.1007/978-2-8178-0245-9_23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3936493/pdf/emmm0006-0066.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3936493/pdf/emmm0006-0066.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5528267/


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

72 

 

PRIOR H.M.; WALTER M.A. Sox genes: architects of development. Molecular Medicine, 
v.2, n. 4, p. 405-412. 1996. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2230175/pdf/molmed00040-0015.pdf. 
Accessed October , 2020. 

 

REGINELLI A., CALVANESE M., RAVO V., DI FRANCO R., SILVESTRO G., GATTA 
G., SQUILLACI E., GRASSI R., CAPPABIANCA S. Management of breast cancer in 
elderly patients. International Journal Surgery., v.12 (Suppl 2), p. S187-S192, 2014. 
https://www.openaccessjournals.com/articles/management-of-breast-cancer-in-elderly-
patients.pdf. Accessed October , 2020. 

 

RODRIGUES, R. C. Evaluation of the expression and immunolocalization of the SOX2 
transcription factor in breast cancer. 2020. 61 f. Dissertação (Mestrado em Saúde) – PPGSD, 
Universidade Federal do Mato Grosso do Sul, Campo Grande. Accessed October , 2020. 

 

RODRIGUEZ-PINILLA S.M.; SARRIO D.; MORENO-BUENO G.; RODRIGUEZ-GIL Y.; 
MARTINEZ M.A.; HERNANDEZ L.; ET AL. Sox2: a possible driver of the basal-like 
phenotype in sporadic breast cancer. Modern Pathology, v. 20, p.474–481. 2007. Accessed 
September, 2020. https://www.nature.com/articles/3800760 Accessed October , 2020. 

 

SIMOES BM, PIVA M, IRIONDO O, COMAILLS V, LOPEZ-RUIZ JA, ZABALZA I, 
MIEZA JA, ACINAS O, VIVANCO D. Effects of estrogen on the proportion of stemcells in 
the breast. Breast Cancer Research and Treatment, v.129, p.23 – 35, 2011. 
https://europepmc.org/article/med/20859678 Accessed September, 2020. 

 

SOERJOMATARAM I.; LOUWMAN M.W.; RIBOT J.G.; ROUKEMA J.A.; COEBERGH 
J.W. An overview of prognostic factors of long-term survivors of breast cancer. Breast 

Cancer Research and Treatment, v.107, p.309-330. 2008. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2217620/pdf/10549_2007_Article_9556. 
Accessed September, 2020. 

 

SONG L.; LIU D.; HE J.; WANG X.; DAI Z.; ZHAO Y.; KANG H.; WANG B., SOX1 
inhibits breast cancer cell growth and invasion through suppressing the Wnt/beta catenin 
signaling pathway, Journal of Pathology, Microbiology and Immunology, v.124, n. 7. 
2016.  https://doi.org/10.1111/apm.12543. Accessed September, 2020. 

 

SORLIE, T.  PEROU C.M., TIBSHIRANIE R., AASF T., GEISLERG S., JOHNSENB H., et 
al. Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical 
implications. Proceedings of the. National Academy of the United States of America, v. 
98, p. 10869–10874 ,2001. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC58566/pdf/pq010869. Accessed September, 
2020.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2230175/pdf/molmed00040-0015.pdf
https://www.openaccessjournals.com/articles/management-of-breast-cancer-in-elderly-patients.pdf
https://www.openaccessjournals.com/articles/management-of-breast-cancer-in-elderly-patients.pdf
https://www.nature.com/articles/3800760
https://europepmc.org/article/med/20859678
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2217620/pdf/10549_2007_Article_9556
https://doi.org/10.1111/apm.12543
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC58566/pdf/pq010869


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

73 

 

TAO Z.; SHI A.; LU C.; SONG T.; ZHANG Z.; ZHAO J., Breast Cancer: Epidemiology and 
Etiology. Cellular Biochemistry and Biophysics, v. 72, n. 2, p.333–338. 2015. 
https://link.springer.com/article/10.1007/s12013-014-0459-6. Accessed September, 2020.  

 

THU K.L.; BECKER-SANTOS D.D.; RADULOVICH N.; PIKOR L.A.; LAM W.L.; TSAO 
M.S., SOX15 and other SOX family members are important mediators of tumorigenesis in 
multiple cancer types. Oncoscience, v. 1, p. 326–35. 2014.   
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4278306/pdf/oncoscience-01-0326. Accessed 
September, 2020.  

 

TORRES Á, OLIVER J, FRECHA C, MONTEALEGRE A, L, QUEZADA-URBÁN R, 
DÍAZ-VELÁSQUEZ C, E, VACA-PANIAGUA F, PERDOMO S., Cancer Genomic 
Resources and Present Needs in the Latin American Region. Public Health Genomics, v.20, 
p.194-201. 2017. https://europepmc.org/article/med/27479996   Accessed September, 2020.  

 

VAN SCHOONEVELD E.; WILDIERS H.; VERGOTE I.; VERMEULEN P.B.; DIRIX 
L.Y.; VAN LAERE S.J. Dysregulation of microRNAs in breast cancer and their potential role 
as prognostic and predictive biomarkers in patient management. Breast Cancer Research, n. 
17, p. 21, 2015. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4332424/pdf/13058_2015_Article_526. 
Accessed September, 2020.  

 

VAN’T VEER L.J.; DAI H.; VAN DE VIJVER M.J.; HE Y.D.; MAO M. et al. Gene 
expression profiling predicts clinical outcome of breast cancer. Nature, v. 415, p. 530-6, 
2002. https://www.nature.com/articles/415530a.  Accessed September, 2020. 

 

VIALE G. The current state of breast cancer classification. Annals of Oncology, v. 23, p. 
207-210. 2012. https://www.annalsofoncology.org/article/S0923-7534(19)41779-1/fulltext. 
Accessed September, 2020  

 

WEIGELT.B.; GEYER F.C.; REIS-FILHO J.S. Histological types of breast cancer: how 
special are they? Molecular Oncology, v.4, p. 192–208. 2010. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527938/pdf/MOL2-4-192.pdf.. Accessed 
September, 2020  

 

WIRAPATI P. SOTIRIOU C.; KUNKEL S. et al. Meta-analysis of gene expression profiles 
in breast cancer: toward a unified understanding of breast cancer subtyping and prognosis 
signatures. Breast Cancer Research, v. 10, R65.2008. https://breast-cancer-
research.biomedcentral.com/articles/10.1186/bcr2124. Accessed September, 2020  

 

WOLFF A. C., HAMMOND M.E., HICKS D.G., DOWSETT M., MCSHANE L.M., 
ALLISON K.H., et al. Recommendations for human epidermal growth factor receptor 2 

https://link.springer.com/article/10.1007/s12013-014-0459-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4278306/pdf/oncoscience-01-0326
https://europepmc.org/article/med/27479996
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4332424/pdf/13058_2015_Article_526
https://www.nature.com/articles/415530a
https://www.annalsofoncology.org/article/S0923-7534(19)41779-1/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527938/pdf/MOL2-4-192.pdf
https://breast-cancer-research.biomedcentral.com/articles/10.1186/bcr2124
https://breast-cancer-research.biomedcentral.com/articles/10.1186/bcr2124


 

Revista NBC - Belo Horizonte – vol. 10, nº 20, dezembro de 2020. 

74 

 

testing in breast cancer: American Society of Clinical Oncology/College of American 
Pathologists clinical practice guideline update. Journal Clinical of Oncology, v. 31, p. 3997–
4013. 2013. https://ascopubs.org/doi/pdf/10.1200/JCO.2013.50.9984.  Accessed October, 
2020 

 

WUEBBEN E. L., RIZZINO A. The dark side of SOX2: cancer - a comprehensive overview. 
Oncotarget, v. 8, (No. 27), p: 44917-44943. 2017 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5546531/pdf/oncotarget-08-44917. Accessed 
October, 2020. 

 

WORLD HEALTH ORGANIZATION (WHO). Global status report on noncommunicable 
disease 2019. Accessed October, 2020.                                                

 

YARDEN Y.; SLIWKOWSKI M. X. Untangling the ErbB signalling network. Nature 

Reviews Molecular Cell Biology, v. 2, p.127–137. 2001. 
https://www.nature.com/articles/35052073 Accessed October, 2020. 

 

ZHANG J.; LIANG Q.; LEI Y.; YAO M.; LI L.; GAO X.; FENG J.; ZHANG Y.; GAO H.; 
LIU D.X. et al. SOX4 induces epithelial-mesenchymal transition and contributes to breast 
cancer progression. Cancer Research, v. 72, p. 4597–4608. 2012. 
https://cancerres.aacrjournals.org/content/72/17/4597.long. Accessed October, 2020. 

https://ascopubs.org/doi/pdf/10.1200/JCO.2013.50.9984
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5546531/pdf/oncotarget-08-44917
https://www.nature.com/articles/35052073
https://cancerres.aacrjournals.org/content/72/17/4597.long

