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Implementation of screening methods led to considerable improvement in early diagnosis, and as a result in mortality of breast cancer. But in spite of that malignant affection of this organ still remains one of the most frequent all over the world. This phenomenon could be partially explained by the lack of description in detail of biological heterogeneity of the mammary carcinomas that would take in consideration such aspects like molecular alterations, cellular content and the sensibility towards the treatment.

Because the histological model has a restricted prognostic utility and is totally valueless from the predictive point of view, the molecular “portrait” of the
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[bookmark: page449]tumor became a stringent necessity worldwide. Initially, molecular techniques revealed the divers genetic profile, and later the heterogeneity of the expressed receptors within the same histological type, as well. The first molecular “portrait” has been realized by Perou et al., which analyzed the pattern of the genetic expression in 65 tumors taken from 42 patients [1]. After the analyzing of genetic subsets characteristic for each patient, based on the molecular profile of the tumor cells, the authors identified 4 distinct groups. These groups were named intrinsic molecular subtypes [1, 2]. This classification revealed the heterogeneity of breast cancer and was the first step in personalized therapy.

Breast cancer, molecular classification, genetic profile, estrogen, progesterone, HER2, metastases, personalized treatment

In the beginning, molecular subtypes have been classified into the groups, based on the expression of receptor for the estrogen (ER):

1. ER negative, which included the following subtypes: a. Basal-like, b.ERBB2+ (or HER2+), c. Normal-like. 

2. ER positive, also called “Luminal”. 

This finding became more intriguing when Sorlie et al. discovered the diverse prognostic potential of each subtype, and the subtype Luminal was divided into Luminal A and B [3, 4]. Due to its specific molecular pattern (ER-, PR-, HER2-), the subtype Basal-like has been named triple-negative. Nowadays, however, the triple-negative subtype has group characteristics and includes at least 4 distinct variants: Basal-like (or Core-basal), 5-NP (with five negative phenotype), Claudin-low and Apocrin-like [5, 6].

A comprehensive met-analysis of genetic expression 2833 cases of breast cancer confirmed the data obtained by Perou et al., thus initiating the using in the routine practice of the genetic signature. At the moment are commercially available 2 genomic test: Oncotype DX and MammaPrint. Both of them are used in clinical trials TAI-LORx (Trial Assigning Individualized Options for Treatment), MINDACT (Microarray in Node-Negative Disease May Avoid Chemotherapy) and RxPONDER (Rx for Positive Node, endocrine Responsive Breast Cancer).

However the sequencing of the genome did not achieve large scale using because of its extremely expensive costs. Up to now, have been elaborated about 50 genetic signatures able to distinguish the molecular subtypes by qRT-PCR (quantitative real time PCR). The results of the studies obtained with these clusters (also named PAM-50) revealed much bigger predictive potential than of clinical variables like tumor size, lymph nodes state, histological grade. As a result the therapeutic sensibility has been improved with 94% especially in ER+/metastases negative cases [7]. Genetic studying of the mammary carcinomas has been continuously improved the apparition of many genetic tests and laboratory procedures with prognostic and predictive role such as aCGH (array-based comparative genomic hybridization), MALDi (matrix-assisted laser desorption/ionization), as a variant of mass spectrometry
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[bookmark: page451]and epigenetic profiling, being based on histones modifications and DNA methylation.

Even if the gene expression is considered to be a “golden standard” in discrimination of the molecular subclasses, have been proposed different schemes of classification based on the using of immunohistochemical (IHC) markers, much cheaper for routine practice. Thus, nowadays are widely accepted in the diagnose of molecular subtypes IHC markers of the hormone receptors ER and PR, for basal (CK5/6) and luminal (CK8/18) cytokeratines, expression of the receptor HER2/neu and of the protein Ki67 as a quantitative marker of cellular proliferation [8].

Molecular subtypes. In contrast to the classic histological concept, contemporaneous achievements define the mammary cancer as a group of pathologic entities that affect the same organ and have the origin in the same anatomical structure. These entities could be discriminate based on the risk factors, clinical features, morphologic peculiarities and therapeutic sensibility [9].
In the classification of the subtypes proposed by Perou et al., there are distinguished two major classes of tumors: ER+ and ER-. ER positive tumors include Luminal A and Luminal B subtypes, whereas those are ER negative – HER2+, Basal-like and Normal-like [1].
The expression of estrogen receptors (especially receptor α) during the differentiation from stem cell to adult cell is very important, because the estrogen represents the main stimulus for cells proliferation. In mice, stem cells are ER negative, meanwhile the same receptor in humans have been identified already on the surface of committed precursors [10]. These cellular populations are defined as long vive cells with diminished mitotic activity. It is thought that these cells control the differentiation of human luminal and myoepithelial cells through the secretion of paracrine factors like Amphiregulin.

The importance of the classifying according to the hormone spectrum is determined by the clinical necessities. It is well known that the women in premenopausal period with ER positive breast cancer benefit of a hormonal treatment with Tamoxifen at least 5 years, if the tumor is sensible. In postmenopausal period the choice of election is also Tamoxifen, but after 5 years is given the Letrozole. Achievement of drug resistance in the cases of ER positive tumors is an indication for chemotherapy.

For patients with hormone-independent tumors (ER, PR negative) chemotherapy is elective treatment. In patients younger than 35 years old, with triple-negative subtype the elective treatment is considered to be the neoadjuvant therapy with anthracyclines and taxanes [11]. Adjuvant chemotherapy is more efficient in ER negative tumors, were the lack of 5 years recurrences was established in 13.2 % of ER - tumors and in 7.6 % ER+ tumors. In women in postmenopausal period the efficiency of chemotherapy is less, especially in ER+ (4.9 %) in contrast to ER-(9.6 %). In the adjacent studies has been mentioned that this rate of distribution among the ER+ and ER- groups does not correlate with the chemotherapeutic agent, and if used preoperative (or neoadjuvant therapy) the cytotoxic effect is about 4 times
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[bookmark: page453]higher in ER- tumors. The mortality in women with ER+ carcinoma is constant along the time, whereas in ER- negative group is initially high but after 7-10 years decreases till the lower values than in the first group [12].

MOLECULAR TYPES USED IN ONCOLOGICAL PRACTICE

For routine using are proposed and studied in detail 4 subtypes: Luminal A, Luminal B,/Ki67 high, Luminal B/HER2neu and Basal-like [8]. Even if Parker et al. consider that molecular subtypes identified with these four markers (ER, PR, HER2 and Ki67) do not completely coincide with intrinsic subtypes determined genetically, using of IHC techniques is justified practically and economically [7]. A recent comparison of ATAC trial results (Arimidex, Tamoxifen, Alone or in Combination) and IHC results that used ER, PR, HER2 and Ki67 markers, has revealed a perfect coincidence.

Luminal A. Is the most frequent subtype with a rate of about 40% [13]. This subtype could be characterized immunohistochemically as ER and/or PR positive, HER2 negative, with low index of cellular proliferation. The index of proliferation “<14 %” is the value that delimitates the forms high/diminished for Ki67, whereas the histological grade “3” is not considered the equivalent of Ki67>14 % [8, 14]. This value (<14 %) has been proposed because coincide the best with genetic expression characteristics specific for Luminal A subtype. Similarly to the number of the PR positive cells, the tumor is considered PR positive if 20% of the cells express the receptor for PR [8, 15]. However these numeric thresholds are in contradiction with the ASCO (American Society of Clinical Oncology) recommendations, according which the tumor is considered to be ER or PR positive if at least 1 % of tumor mass cells express the marker [18]. In some studies could be met other markers with positive expression, but which are generally nonspecific subtype. As a result, this subtype with positive receptors specific for Basal-like subtype, such as CK5/6 and EGFR, results that did not influence negatively the prognostic of the patients [12]. Moreover, the positive expression of these markers in IHC (immunohistochemical) tests requires application of the genetic procedures in order to make differential diagnosis between Luminal A and Basal-like subtypes.

The elective treatment proposed for the Luminal A subtype is hormonal therapy. Using of the cytostatics combined with hormones is indicated in histological grade “3” or/and there are 4 lymph nodes affected by metastases. A half of oncologists considered that age less than 35 years is also an indication for chemotherapy [8]. In women in postmenopausal period, with high risk of recurrences are indicated the inhibitors of aromatase and Tamoxifen. Luminal A subtype along with Luminal B/HER2- have the highest rate 5 years survival – 75 % [13]. In spite of the well-defined schemes of treatment, Subtype Luminal A, as well as Luminal B, has the affect the oftenest the regional lymph nodes [17]

Luminal B. It is considered an ER positive subtype within which the other IHC parameters (PR, HER2, Ki67) do not correspond to the definition of Luminal A subtype [8]. The rate of this subtype in molecular classification is about 20%. Nowadays, this subdivided in:
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1. [bookmark: page455]Luminal B/HER2- - correspond to the classical definition proposed by Perou et al. [1]. Moreover, are necessary at least one of the following parameters: Ki67 equal or higher than 14%, PR negative or less than 20%. The treatment includes cytostatics preferentially with anthracyclines. 

2. Luminal B/HER2+ represents the IHC definition “”ER+ and HER2+” (named also Luminal B/HER2 overexpressed or amplified), where the values for KI67 and PR do not matter. The recommended treatment represents a combination between cytostatics, anti-HER2 therapy and hormones [8]. The prognostic is worse in comparison to the previous 2 subtypes, being statistically appropriate with the HER2 subtype. 

HER2 positive. HER2neu is a proto-oncogene that encodes a 185 kDa protein, member of transmembrane receptor tyrosine kinase family. Once activated this protein is dimerized, and through different signaling pathways inhibits the apoptosis and stimulates cell proliferation. In 1987, Slamon determined that amplifying of this gene correlates with diminished survival rate. 
HER2+ subtype (synonyms HER2 overexpressed or ErbB2) is determined in 10-15% of cases. Is characterized by the abundant expression of receptor HER2, which in 80% is associated with amplification of the gene for HER2. Specific for this subtype is the mutation of the gene Tp53 [18]. In the rest of the cases (20%) positive expression of HER2 is associated with ER and PR receptors expression. In this case the tumor is classified as Luminal B/HER2+. HER2+ subtype has an aggressive clinical evolution with frequent recurrences and unfavorable prognostic. Evaluation of HER2 status of the tumor cells is mandatory for further therapy with Herceptine (Trastuzumab), independent on the ER status, preferentially in combination with cytostatics [8]. Rate of 5 years survival is 50 % [13]. 

Basal-like. Is one of the best studied subtypes which name is given due to the markers expressed by the tumor cells, which are specific in norma for cells basally located and myoepithelial cells: CK5/6, 14, 17, P-Cadherine, caveoline 1 and 2, nestine, EGFR, CD44 [19]. An interesting fact is that this subtype during the carcinogenesis is able acquire atypical markers. Sometimes, this subtypes expresses markers specific proper for luminal epithelium, such as CK 8/18, cKit CD117, the last one being often identified in other ER negative subtypes [20]. In 6-29 % this subtype could be ER and PR positive, and in 9-13 even HER2 positive [2, 6]. These findings allowed concluding that Basal-like subtype originates not only from bipotent stem cell, but also from the Luminal precursors [9, 21, 22]. 

In order to confirm the diagnosis of Basal-like subtype is recommended, in addition to hormone receptors and HER2, to evaluate CK 5/6 and EGFR that are usually positive in this subtype [6]. This method (five marker method or Core basal group) has a sensitivity of 76 % and a specificity of 100 %. But, according to Badve et al., in 10-40 % cases determined with the help of genetic profile do not have an IHC characteristic phenotype and vice versa, in 8-29 % basal-like carcinomas defined with IHC surrogate markers do not coincide with the genetic profile of this subtype [21]. 
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[bookmark: page457]The IHC definition of this subtype has evolved during the last years, as follows:

1. Initially, it has been defined as ER, PR and HER2 negative tumor 

2. Later, was added of at least one of the basal cytokeratins (CK5/6, CK14, CK17). The threshold of CK expression was “>1%” of positive cells. Is to be mentioned that CK5 marker is more sensitive than CK5/6 in determining of basal cytokeratins. 
3. Later, the absence of ER and HER2 expression evolved in concordance with positive expression of CK5/6 or/and EGFR. EGFR+ cases were determined in 54 % associated with CK5/6+, and in 11 % with CK5/6 negative phenotype. The presence of this marker (EGFR) correlates with bad prognosis, independent on the state of lymph nodes. 

4. At the moment, is diagnosed when ER, PR and HER2 are negative in association with CK5/6 and EGFR positive expression. 
5. The definition of Basal-like subtype proposed for clinical use is “ER and PR negative, and HER2 absent” [8]. 

In most of the cases, Basal-like carcinomas, histological are ductal invasive tumors of No Special Type (NST) that might exert peculiarities specific for medullar, metaplastic, secretory, myoepithelial types and for cystic adenoid carcinoma. Recently, has been determined that tumor cells in invasive lobular carcinoma may express CK5/6. Basal-like subtype often is characterized by histological grade G3, high mitotic index, central necrotic areas, pronounced peripheral lymph cells infiltrates, metaplastic areas. Oftener, this subtype affects young women of African and Hispanic origin, and is associated with well-defined risk factors [10]. Morphologic and IHC properties of this subtype are very similar with tumors derived from cellular cultures with BRCA1 and p53 mutations. The treatment is based on the chemotherapy. Its rate represents about 15-20%. The highest rate of recurrences occur after 3 years, 5 years survival is 68%, and 65% do not present metastases in first 5 years. 

MOLECULAR SUBTYPES IN RESEARCH

Triple negative. The IHC profile that defines this subtype is ER, PR, HER2 negative [1-3]. Initially, this subtype was considered synonym for Basal-like. Using the additional markers now this subtype is classified as Basal-like, 5 negative (5-NP) and Claudin-low. Some subtypes derived from triple-negative undergo now the genetic decipherment: Basal-like 1, Basal-like 2, Immunomodulatory, Mesenchymal-like, Mesenchymal stem-like, Androgen Receptor-Positive [23]. For each of the subtypes there is a set of specific genes.

Normal-like. Molecular profile of this subtype includes genetic signature specific for fibroadenomas and normal breast tissue specimens, for adipose tissue and extracellular matrix, with abundant expression of laminine and integrin α7 [24]. Frequently in histological specimens could be found low cellularity. The tumors of this group are not yet well defined, and exists a suspicion that they represent actually an artifact of material collection where
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[bookmark: page459]predominates the normal tissue [7]. According to Perou and Sorlie et al. [1-3], this subtype concerns to ER negative carcinomas, however there are opposite data that classify it to the group of ER positive tumors [7, 25]. With a rate of 10-15%, these tumors express CD36, alcohol dehydrogenase, lipoprotein lipase A, vimentin, TWIST1 [2]. The last two markers (vimentin and TWIST1) in association with the phenotype CD2-/CD44+, suggests its basal source (stem). Although this undifferentiated source, Normal-like subtype, similar to the Luminal A is associated with favorable prognostic. Rate of 5 years survival approaches to 94 %.
Molecular apocrine. This subtype has been named due to the apocrine expression of the cells in the histological specimens: eosinophilic cytoplasm, fine granulation, large nuclei and nucleoli. Usually, these tumors have aggressive evolution, histological grade G3, present lymphovascular invasion and early metastases. Diagnosis is positive when 90% of cells have apocrine expression. The rate of these tumors is about 4%, and the risk increases in elderly. However, the presence of specific histological phenotype does not coincide permanent with specific IHC phenotype. Thus, in the study performed by Lehmann-Che et al., the morphological aspect has been found in only 7% of the cases identified IHC as molecular apocrine subtype [25]. The profile of this subtype is very common with HER2+, with an overexpression of androgen receptors (AR). To be mentioned, that AR+ is determined in about 70 % of mammary carcinomas, being often associated with ER+ and PR+. On the other hand, according to the data related by Celis et al., one of the specific molecular peculiarities of this subtype is the absence of ER expression [26]. In hormone-independent tumors, this marker is identified in 30 %, creating difficulties in differential diagnosis with Basal-like and HER2+ subtypes. Activation of the gene for AR leads to the resistance against hormonal therapy in ER+ cases, whereas the additional overexpression of HER2+ in 50% justifies administration of Trastuzumab. In contrast to the Molecular apocrine, the Basal-like subtype is excluded due to the absence in 100% of AR, HER2 and GCDFP1.

Interferon-rich subtype. This subtype belongs to Triple-negative group, characterized by redundancy and overexpression of the genes regulated by interferon, such as STAT1. Has better prognostic in comparison with Basal-like and HER2+ subtypes [27].

Claudin -low. Herschkowitz et al., compared the genetic profile of human breast cancer with the same tumors derived from genetic modified mice [5]. In this way, it has been determined a new intrinsic subtype, for which is specific diminished expression of genes for Claudin, involved formation of tight intercellular junctions. Expression of the genes responsible for cellular proliferation is low, fact that positions this subtype between Basal-like, HER2+ and Luminal B on one hand, and Luminal A and Normal-like on the other hand. Due to it, these tumors were classified in the group of “slow cycling tumors” [6]. Most of the mice with such tumors were with mutated genes for BRCA1 and p53. Right from the identifying, to this subtype it has been attributed

transcriptome properties, specific for a cancer derived from stem cells [5]. At the moment, its molecular profile is defined as: ER-, PR-, HER2-, CDH1 low/−,
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[bookmark: page461]CLDN low/−, CK8/18-, CK5/6-, E-cadherin-, and frequent CD44+. However, in 15-20% this subtype might be ER + and PR+. Lymph cells infiltration could be highlighted through an abundant expression of markers specific for them (CD4 and CD79a). Similarly to Claudin, in this subtype, cells loose also E-Cadherin. These genetic appearances could create an impression that Claudin-low tumors would belong to lobular invasive carcinoma. Nevertheless, its morphological pattern is rather ductal invasive, metaplastic or medullar, accompanied by abundant lymphocytic infiltration, histological grade being very often G3 [6].

This subtype of cancer is diagnosed in 12-14% [15]. In routine practice it is usually confused with Basal-like. The prognostic for Claudin-low tumors is worse than for Luminal A, being almost the same with the prognostic for Luminal B, HER2 and Basal-like. The treatment is restricted to chemotherapy. The preliminary data regarding its sensibility to adjuvant therapy place this subtype among the Basal-like and Luminal subtypes.
5-Negative Phenotype (5-NP). Molecular profile of this subtype is characterized by the absence of expression of ER, PR, HER2, CK5/6 and EGFR. Survival after 5 years is about 50% [13]. Although this subtype usually is G2, the author mentioned that the prognostic is worse than in Basal-like subtype. Probably the further investigations with new markers are going to classify these tumors to additional subtypes. At the moment, another name of this subtype is “unclassified”, similar to initial name of those tumors that now are named Normal-like.

Concluding remarks. The management of patients with breast carcinoma is still guided by the clinical and pathological peculiarities. In spite of many researches in the field of genetics, only 3 markers have prognostic value and are widely accepted in the defining of therapeutic tactic. The receptors for ER (estrogen) and PR (progesterone) are predictive markers for endocrine therapy, whereas HER2 (Human Epidermal Growth Factor Receptor 2) for therapy with Trasuzumab and Lapatinib. These markers are either implemented in the oncology practice as diagnostic guides (Ex. St Gallen), or are included in multivariable algorithms, required for adjusting the personalized treatment (like Adjuvant!Online). The results obtained from these implementations are contradictory due to the morphological heterogeneity and few markers approved for routine diagnosis in oncology practice. Even if the schemes of treatment seem to be effective, they do not possess yet enough potential to realize one proper personalized therapy.
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Внедрение скрининговых и профилактических программ, а также новых
схем лечения привело к уменьшению смертности из-за рака молочной железы
(РМЖ). Несмотря на успехи в области генной диагностики, заболеваемость РМЖ остается одной из самых высоких среди онкологических заболеваний. Приемлемым объяснением данной ситуации является отсутствие деталь-ного описания биологической разности РМЖ с учетом молекулярных пора-жений, клеточного состава, а также чувствительности опухоли к лечению.
Благодаря тому, что гистопатологическая модель имеет низкую про-гностическую и предиктивную ценность, разработка молекулярного порт-
рета РМЖ стала необходимостью современного медицинского сообщества. С помощью техник молекулярной диагностики был доказан неоднородный характер генетического профиля и различный состав рецепторов присут-
ствующих в одном и том же гистологическом типе РМЖ. Первый молеку-лярный профиль РМЖ был предложен Перу и соавт., который исследовал
генную экспрессию в 65 опухолях 42 пациенток [1]. В результате исследо-
вания молекулярного профиля опухолевых клеток авторы выявили 4 разные группы РМЖ, названные в дальнейшем как внутренние молекулярные подти-пы. Данная классификация доказывает молекулярную неоднородность РМЖ и
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[bookmark: page467]является основой для разработки индивидуальных методов лечения
пациентов страдающих данным заболеванием.
Рак молочной железы, молекулярная классификация, генетический профиль, эстроген, прогестерон, HER2, метастазы, индивидуальное лечение

Впровадження скринінгових та профілактичних програм, а також нових схем лікування призвело до зменшення смертності через рак молочної залози (РМЗ). Незважаючи на успіхи в галузі генної діагностики, захворюваність на

РМЗ залишається однією з найвищих серед онкологічних захворювань. Прийнятним поясненням даної ситуації є відсутність детального опису
біологічної різниці РМЗ з урахуванням молекулярних поразок, клітинного складу, а також чутливості пухлини до лікування.
Завдяки тому, що гістопатологічного модель має низьку прогностичну
і Інтелектуальне цінність, розробка молекулярного портрета РМЗ стала необхідністю сучасного медичного співтовариства. За допомогою технік
молекулярної діагностики був доведений неоднорідний характер генетичного профілю і різний склад рецепторів присутніх в одному і тому ж гістологічному

типі РМЗ. Перший молекулярний профіль РМЗ був запропонований Перу і співавт, Який досліджував генну експресію в 65 пухлинах 42 пацієнток [1]. В результаті дослідження молекулярного профілю пухлинних клітин автори виявили 4 різні групи РМЗ, названі надалі як внутрішні молекулярні підтипи.
Ця класифікація доводить молекулярну неоднорідність РМЗ і є основою для
розробки індивідуальних методів лікування пацієнтів страждають даним захворюванням.
Рак молочної залози, молекулярна класифікація, генетичний про-філь, естроген, прогестерон, HER2, метастази, індивідуальне лікування


