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Introduction 

Breast cancer is a heterogeneous group of tumors with similar diagnostic, but different 

prognostic profiles that can be subdivided on the basis of histopathological features, 

genetic alterations and gene-expression profiles. The World Health Organization has 

defined a wide range of histopathological subtypes of invasive breast cancer and 

classified these carcinomas into 19 categories, most of which are quite rare [1]. This 

classification into tumor subtypes is based on histopathological characteristics, and 

reflects differences in biological behavior and, in general lines, different outcomes. 

However, the main criticism to this classification is that >80% of the tumor subtypes are 

infiltrating ductal carcinomas not otherwise specified (NOS). For this reason, 

histological grading systems, which do have prognostic value, have been elaborated.   

Using an intrinsic set of 534 genes, Sørlie et al. [2] analyzed the expression profiles of 

115 independent breast tumor samples and categorized breast tumors into five groups: 

1) luminal A; 2) luminal B; 3) human epidermal growth factor receptor-2 (HER2) 

enriched (i.e. tumors that overexpress ErbB2-associated genes but do not express 

genes that define the luminal subtype); 4) normal breast-like; and 5) basal-like. Each 

group of tumors has different prognoses and clinical outcomes. 

 

Histological subtypes of breast cancer 

Luminal A and luminal B tumors 

The traditional division of breast cancers into “endocrine receptor positive or negative” 

helps guide patient management. Luminal subtype A and B tumors express estrogen 

receptors (ER), GATA3, and genes regulated by both ER and GATA3 [3, 4]. Compared 

with luminal B tumors, luminal A tumors express higher levels of ER and GATA3 and 

show more favorable patient outcomes in both the presence and the absence of 

systemic adjuvant therapy [2], whereas luminal B tumors more often express human 

epidermal growth factor receptor-1 (HER1 or epidermal growth factor receptor [EGFR]), 
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HER2, and/or cyclin E1 [2, 5]. Although some luminal B tumors can be identified by 

their expression of HER2 (HER2 positive or HER2+), the major biological distinction 

between luminal A and B is the proliferation signature, including genes such as 

CCNB1, MYBL2, and MKI67 (encoding Ki-67), which have a higher expression in 

luminal B tumors than in luminal A tumors [6]. 

Breast cancers expressing high levels of Ki-67, a nuclear marker of cell proliferation, 

are associated with worse outcomes [7]. As suggested from gene-expression profiling, 

coexpression of HER2 and ER and/or progesterone receptor (PR) can identify some 

luminal B tumors (i.e., the luminal – HER2+ group). However, only approximately 30% 

of luminal B tumors are HER2+, indicating that this clinical marker alone is not sensitive 

enough to identify most luminal B breast cancers [8]. Ki-67 can be added concurrently 

to the standard biomarker panel of ER, PR, and HER2 to identify additional luminal B 

tumors that would not be identified by these three markers [8].  

 

HER2 enriched tumors 

HER2+ tumors fall into at least two distinct expression groups: those which are ER– 

and typically cluster near basal-like tumors (HER2+/ER– subtype), and those which are 

ER+ (which may also be PR+) and cluster with tumors of luminal cell origins as part of 

the luminal B subtype [2, 5]. 

 

Basal-like tumors 

Basal-like tumors typically show low expression of HER2 and ER and exhibit high 

expression of genes that characterize the basal epithelial cell layer, including genes 

responsible for the expression of cytokeratins 5, 6, and 17 [10]. There is some 

confusion in the literature as to what defines a basal-like tumor. The term was 

introduced by Perou et al. [10] as describing a subgroup of tumors defined by their 

great similarity in overall gene-expression pattern of the “intrinsic gene subset” when 
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unsupervised hierarchical clustering was applied. As outlined above, several studies 

have indicated that these basal-like tumors have low mRNA expression of ER, PR and 

HER2 genes, and are usually also negative for expression of ER, PR and HER2 

measured using immunohistochemistry. 

 

Epidemiological data of breast cancer subtypes 

The prevalence among these subtypes of breast cancer in young women varies from 

one study to another [11, 12]. In a study by Lin et al. [11], younger (<50 years) breast 

cancer patients had a higher prevalence of luminal A (67%) and a lower prevalence of 

basal-like (9%) subtype. The higher prevalence of luminal A subtype in this study 

population was mainly attributed to a higher ER and PR expression rate in younger 

patients than in older patients. 

Also in the study by Ihemelandu et al. [12], the luminal A subtype was the most 

prevalent (50%) compared with basal-like (23%), luminal B (14%), and HER2 (13%) 

subtypes. However, when stratified by age groups, results showed that in women 

under 35 years the basal-like subtype was the most prevalent (56%), in comparison 

with 26%, 15%, and 6% for luminal A, luminal B, and HER2 subtypes, respectively. 

Other important results from this study regarding women younger than 35 years of age 

were that P53 mutations were more prevalent in basal-like subtypes compared with 

luminal A subtypes (48% vs 19%). Luminal B subtypes are more likely to overexpress 

the Bcl-2 gene than luminal A subtypes. Though not statistically significant, HER-2/neu 

and basal-cell-like subtypes had the shortest survival time [12]. The high prevalence of 

the basal-like subtype in young premenopausal women aged <35 years may contribute 

to the poorer prognosis observed in this cohort of women. 

The probability of remaining disease-free is significantly different between subtypes; 

patients with luminal A type tumors live considerably longer before they develop 

metastatic disease, whereas the basal-like and HER2 subtypes show much shorter 
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disease-free time intervals [2]. The basal-like subtype has been associated with poor 

clinical outcomes [2, 13], which likely reflect this subtype's high proliferative capacity [2, 

5, 13] as well as the lack of directed therapies, since typically basal-like tumors do not 

express ER or overexpress HER2 [14]. 

 

Histological characterization of basal-like breast cancers 

Among the five intrinsic subtypes, basal-like breast cancers have drawn particular 

attention, because they do not express ER, PR, or HER2 (i.e. triple negative tumors), 

and therefore are not be expected to benefit from anti-estrogen therapies nor from 

trastuzumab [15]. 

Approximately 80% to 90% of triple negative breast cancers are deemed to be basal-

like when appropriately tested for immunohistochemical markers and gene expression. 

Moreover, there is a consistent trend across studies confirming unfavorable clinical 

outcomes associated with the triple negative phenotype and basal-like breast cancer 

[5, 14, 16]. 

Additional efforts have been made to characterize basal-like tumors with standard 

histopathology and immunohistochemical analyses [14, 17]. Nielsen et al. identified a 

panel of antibodies (anti ER, EGFR, HER2 and cytokeratin 5/6) that could accurately 

discriminate basal-like tumors from the other molecular subtypes. They used a panel of 

21 basal-like tumors defined by gene-expression profiling, and correlated their 

immunohistochemical features with those obtained from a series of 663 breast tumors. 

They found that 15% were of the basal-like subtype and all of them stained negative for 

ER, PR and HER2 and positive for cytokeratin 5/6 and/or EGFR [14]. 

In another study, Kim et al. studied 776 breast tumors using immunohistochemistry, 

which were subdivided into five groups based on the pattern of marker expression. 

Basal-like tumors were defined by negative staining for ER, PR and HER2, and positive 
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staining for cytokeratin 5 and/or cytokeratin 14 and/or EGFR and/or cKIT [17]. This 

subtypes were also associated with TP53 mutations [5]. 

Recently, in a microarray study of basal cytokeratin expression and related 

immunohistochemical markers, breast cancers that were positive for cytokeratin 5/6 

were found to be associated with expression of EGFR, with the proliferation marker Ki-

67, with accumulation of p53 and with increased cytogenetic abnormalities [18]. In 

another recent study, the basal-like subtype, as defined by cytokeratin 5/6 expression 

by immunohistochemistry, was also found to be common among breast cancer patients 

with hereditary BRCA1 mutations [19]. 

BRCA1-associated breast carcinomas usually have a basal-like phenotype [10], are of 

higher grade (usually grade 3), have a higher mitotic count, are TP53-mutated, are ER 

and HER2 negative, and are characterized by the expression of basal or myoepithelial 

markers such as basal keratins, P-cadherin and EGFR [19-22]. On the other hand, 

BRCA2-associated breast carcinomas are rarely basal-like phenotype, also are of 

higher grade (usually grade 2/3) than sporadic age-matched controls [21], and tend to 

be ER and PR positive [23]. 

The observation that BRCA1 mutations are strongly associated with a basal tumor 

phenotype indicates a particularly poor prognosis for patients carrying this mutation. 

BRCA1 status in familial cancers has failed to be an independent prognostic factor in 

several studies [24], and is complicated by confounding factors such as frequent 

screening and early diagnosis. 

 

Conclusions 

Breast cancer can be categorized into five histological groups such as luminal A, 

luminal B, HER2+, normal breast-like, and basal-like. Prevalence of breast cancer in 

young women varies from one study to another, but based in its histological 

characteristics is thought that young women have a higher prevalence of basal-like 
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subtype. Patients with luminal A type tumors live considerably longer before they 

develop metastatic disease. The basal-like subtype has been associated with poor 

clinical outcomes, and with a shorter relapse-free and overall survival than luminal 

tumors. 

Basal-like breast cancers do not express ER, PR, or HER2, and therefore are not 

expected to benefit from antiestrogen therapies nor from trastuzumab. Basal-like 

tumors are defined by negative staining for ER, PR and HER2, and positive staining for 

cytokeratin 5, 6 and/or cytokeratin 14 and/or EGFR and/or cKIT, accumulation of p53 

and with the proliferation marker Ki-67. BRCA1-associated breast carcinomas are 

usually of the basal-like subtype. The observation that BRCA1 mutations are strongly 

associated with a basal-like tumor phenotype indicates particularly poor prognosis in 

patients carrying this mutation. 
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