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ABSTRACT

Among the most prevalent neoplasias, breast cancer shows an astonishing tendency. Unfortunately this cancer has a high
mortality worldwide, requiring sustained management of all actors involved in public health in order to get an early diagnosis
and treatment. The methods associated with conventional cytogenetics and molecular cell culture, besides early detection of
gene expression patterns associated with cancer susceptibility, have contributed to identify inherited genes and metabolic
disorders related to obesity, which are also involved in breast cancer. In any case, a broad study of the above mentioned factors
can give a predictive value to support the design of public health models to determine cancer risk in order to decrease the
mortality from this disease. (1) Cell cultures offers a wide range of scientific approach for the study of breast cancer, including
the analysis of biological function of several compounds in search of increasingly effective treatments with fewer side effects
against this malignancy. (2) 

INTRODUCTION

Early studies with cell cultures in the nineteenth century were focused on searching new possibilities for clinical diagnosis of
diseases of diverse origin, but now this is a scientific tool with a wide range of applications, encompassing both disease
conventional diagnosis and molecular cytogenetic techniques such as the ability to improve treatment, prognosis, and patient
life expectancy. (3)
The composition and optimization of culture media used in these technical procedures has been in constant changes since 1950.
The cell culture process has been used in many scientific fields that cover the synthesis of vaccines, transfection of gene
sequences by vectors, gene therapy, models of cell-cell interaction, industrial production and agronomic search for experimental
models to study developmental biology and differentiation, signaling, ecology, cell flow and the production of monoclonal
antibodies for research and clinical diagnostics.
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The study of molecular mechanisms underlying the neoplasia process and the search of its handling or processing in cellular
models could contribute to the treatment of a complex series of biochemical reactions characterized by a deregulation in the
cell cycle. The genetic alterations may be divided in two groups, a) qualitative (abnormal phenotypic product expression) or b)
quantitative (given the reduction or overexpression of a protein involved in the control or cell division that generates the
constitutive and structural modification of the parent cell). (4)
The interaction of positive and negative regulators of cellular cycle allows the continuity of organelles replication and production
of genetic material for their division or indicates the need to contain the cellular machinery. The positive regulator, also known
as oncogenes are genetic sequences that stimulate growth and also control necessary changes for cell division. The negative
regulators are tumor suppressor genes, capable to detect DNA damage and repair it through phosphorylation that activate or
deactivate a particular function. The study of the cellular cycle regulators as markers of the neoplasia process has an important
role in the cancer diagnoses and treatment. (5)

CELL CULTURE CHARACTERISTICS

Conventional cell culture
Pérez et al (6) defines the cell culture technique as an in vitro cell growth (Figure 1), replicating the conditions existing in vivo.
This definition is limited by the conditions of growth and cell proliferation in vitro. The structural parameters of the cells, the
relations in the tissue formation and the three-dimension structure are different. The factors used for in vitro techniques provide
cells of all necessary nutritional supplements for DNA synthesis, cell compartment synthesis and clonal expansion to generate
two daughter cells from a stem cell. 

Cells in suspension obtained from tissues and biological samples, grow as a monolayer facilitating cell-cell binding through
peptide bonds structured in an ordered manner, giving rise to the extracellular matrix and allowing the access to the plate that
supports them. However, they proliferate in an undifferentiated manner, in spite of specialized cells that possess certain genetic
and metabolic characteristics in relation to its function within the organism, in a cell culture they do not express such properties. 
Despite the difficulties, it has been achieved the maintenance of living cells outside the body, leading to specialized cell lines,
this latter an area of particular interest based on the conservation and expression of its biochemical, genetic and physiological
properties. The preservation and expansion of these cell lines requires a complex phenomenon that favors different cellular
mechanisms involved in intracellular processes such as organelle assembly, function and differentiation, as well as the nutritional
needs for the cell population to get the best kinetics to live under stress conditions.
Cell cultures can be classified according to their origin: peripheral blood, organs, tissues or any other body fluids and secretions.
They can also be classified according to the time since it was obtained and whether they have a neoplasia origin.
• Primary: Obtained from an organ or tissue. The life time of these cells is limited, so that clonal expansion is not stable, analysis

and processing is proportional to its usefulness. Occasionally they can be kept for more generations than expected. (7)
• Secondary: Obtained from a primary culture.
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Figure 1
Cells culture model.
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• Primary line: Refers to a culture established from an organ or tissue that is growing constantly but for a limited time.
• Continuous cell line: It is characterized by processes of cell division to be maintained constantly indefinitely. These cell lines

are of particular interest in cancer, in fact they may be derived from tumors.

Conventional cell culture is based on treatment for tissue disintegration, either by enzymatic methods, usually with trypsin and
collagenase which hydrolyze peptide bonds (constitutents of the extracellular matrix) or by mechanical methods; the smallest
fraction of the tissue is called explants. This procedure requires high standards of sterility and quality in processing to avoid
contamination with microorganisms.

Enzymatic digestion
Since 1950 this option represents the gold standard for obtaining viable primary cell cultures. New procedures standardized the
identification of karyotype chromosomal abnormalities associated with a particular genetic pattern and supported the deferential
diagnosis of the disease. 
Trypsin was one of the first enzymes used in cell culture due to its proteolytic activities, hydrolyzing the disulfide bonds linking
the amino acids and disrupting smaller peptides that are digested by other exopeptidases to free amino acids, thus destroying
the extracellular matrix. The trypsinization is still used as the standard method. (8)

Cell culture of explants
This technique requires the mechanical fragmentation of the tissue sample into smaller fragments that are adhered to the
surface of a culture plate or bracket for the proliferation of peripheral cells of the explant. Finally, four or five explants have
contact with the culture medium. The CO2 exchange and the incubation parameters are vital to the success of the explants
vitality, because the cell requires more homologous conditions than when being inside the organism.

Three-dimensional cell culture
This type of culture was developed since 1914 by Harrison (9) followed by Leighton, Curtis, Varde and Bard Elsdale. Until 1977
Bergenholtz developed a millipore membrane method in which fragments of epithelial tissue grow in a controlled manner. This
cell culture is useful in evaluating cell morphology, as well as the toxicity of chemicals in industrial products. (9)

Cell culture importance in the solid tumors diagnoses
The importance of cell culture in cytogenetics and the study of chromosomal aberrations wasn´t always recognized as today.
Before 1970 some cytogeneticists questioned the need to obtain chromosomes which was due to the lack of protocols and
knowledge, so its role was not well defined until the advenment of studies that showed that the rate of metaphases obtained
in culture allowed the exhaustive analysis of the structural changes associated with the disease. (10)
Cytogenetic techniques were developed with different methods depending on the preference of each laboratory, however it
has come a converge in the techniques of tissue sample fragmentation. (10)

Breast cancer characteristics and mammary gland
Breast cancer is the malignant proliferation of cells in normal human mammary gland or in any of their tissues. Osborne (4)
defines the mammary gland as a branching ductal-lobular with 15 to 20 lobes drained by the collecting ducts that converge on
the nipple in a radial fashion. Each lobe in turn is composed of alveoli that form the functional units of the mammary gland
secretion, the terminal duct lobular units (TDLUs). The ducts have a central lumen and are lined with two layers of cells, an inner
layer of epithelial cells luminaries and an outer layer of myoepithelial cells. Around this structure is a basal membrane (BM)
that separates the epithelium from the stroma. The latter is composed of varying amounts of blood vessels, connective tissue,
fat, lymph vessels and nerves (11,12). The malignant transformation model in human solid tumor have three variables;
proliferative capacity, evolution and divergence, alterations during evolution and divergence causes many changes in the
phenotype (Figure 2). 
According to Kopans (6), between 1940 and 1990 the incidence of invasive breast cancer remained largely unchanged, but since
that year, it has been increasing in morbidity and mortality in all women around the world. The report of the GLOBOCAN 2008-
WHO reported breast cancer has high incidence (13,939 cases (21.2%)) and mortality (5,217 cases (13.3%)) per 100,000
inhabitants of all cancers in women in Mexico. (13)
According to McPherson et.al (14), there is a progressive increase in risk with age in ten-year periods until menopause: The
genetic factors associated with inherited cancer are BCRA 1 and 2 genes. Also, genetic polymorphisms associated with the
synthesis and metabolism of estrogens is considered to have 4 to 5 times higher risk in women (15).
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BREAST CANCER MARKERS

Cyclin E
Recently, Liang et al have reported the use of immortalized normal human mammary epithelial cell line to probe interference
RNA (siRNA). This method could effectively inhibit overexpression of both full length and low molecular weight isoforms of cyclin
E. In some research reports, cyclin E is aberrantly expressed in many types of cancer including breast cancer. Others have found
that high levels of these isoforms of cyclin E are correlated with poor prognosis of breast cancer patients. (1) 
Liang et al stabilized this cell line, cultured and transfected with siRNA oligos. The Western blotting, apoptosis and cell cycle
analysis, complemented by immunohistochemistry showed that Cyclin E (CycE) overexpression is suppressed in breast cancer
cells by siRNA targeting and it induced apoptosis and G1 arrest on the cells. (16)
Cyclin E is a member of the cyclin family, this combines with cyclin- dependents kinases (CDK) (17). There are two types: E1 and
E2 located on chromosome 19q12-13. During the G1 phase, CDK2 is activated by cyclin E and via phosphorylation of target
proteins, facilitates the progression into the S-phase. The complex Cyclin E-CDK2 has been studied in various carcinomas,
especially breast cancer where it has been demonstrated an association between cyclin E levels and the cells capacity to progress
through the cell cycle more efficiently. (18)

Pillay et al evaluated in sixty six cases of breast carcinoma the cyclin E levels and p27 concentrations using immunohistochemistry
and demonstrated a statistically significant direct association of cyclin E with distant metastases in all invasive carcinomas. For
that population there wasn´t a prognostic value of cyclin E, but the direct statistical association with the development of distant
metastases reported in previous research may be associated with an aggressive course. (19) Moreover, the cyclin E expression
in breast carcinoma is a determinate factor if comparing the results obtained by Scaltritia et al in BT474 modified cellular lines,
treated with trastuzumab (resistant and sensible). The pharmacological treatment with trastuzumab in patients HER-2 positives,
offers clinical benefits but exist resistance mechanisms mediated by elevated cyclin E expression. Inhibition of cyclin E activity
or CDK 2- inhibitor treatment reduces resistance index and induces apoptosis. (20)
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Figure 2
Malignant transformation model:
1) Transformation, 2) Clonal expansion, 3) Additional changes, 4) Gene Amplification.

Figure 3
The G1 to S restriction point is one of the most studied and overexpression of cyclin E, accelerating progression of the cell cycle into the S
phase. 
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L1 CAM
The L1 CAM gene encodes an axonal glycoprotein belonging to the immunoglobulin supergene family. The cell aggregation is an
indispensable process during neural and organ development, immune response and cellular pathway signals, including cellular
migration and differentiation. Consisting of several immunoglobulin-like domains and fibronectin-like repeats (type III), is linked
via a single transmembrane sequence to a conserved cytoplasmic domain. 
In previous studies, it has been reported important concentrations of soluble L1 CAM in breast cancer cell migratory progress:
In vitro, L1 CAM correlates to the cell adhesion and active migrations. Abnormal level expression has been found with the breast
cancer progression. Yupei et al reported high L1 CAM levels in MDA-MB-231 and MDA-MB-435 cell lines. In this case, this type
of cellular line was used to determine L1 CAM using three different polyclonal antibodies, post reverse transcription and
construction vector; in this case the protein analysis was effected by western blot and immunohistochemistry. A high
concentration of L1 CAM mRNA was reported of this surface protein with molecular weight into the 200-220 kDa range in the
cell lines and showed by microscopy. The use of potent antibodies anti-L1 CAM reduced the cellular migration and activation.
(21)
Yupei et al demonstrated a positive correlation of L1 expression level with breast cancer cell migratory ability. The L1CAM
solubility facilitates cell adhesion and may be a good marker for detection of breast cancer progression and metastatic potential.
(21).
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Figure 4
Progression to G1 a S; HER-2 expressed on the cell surface, increase the AKT and decrease p27 levels stimulating the cyclin E activation mediated
by CDK-2. B. Mechanistic of trastuzumab, decrease AKT and increase p27 levels blocking the cyclin E activation mediated by CDK-2. C. Resistance
to trastuzumab.

Figure 5
A schematic model of L1CAM functions involving both unphosphorylated and phosphorylated states. L1 CAM overexpression is correlated in
breast cancer cell migratory progress.
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EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR)
Epidermal Growth Factor Receptor (EGFR) is a member of the ErbB family of receptors, a subfamily of four closely related tyrosine
kinases receptors: EGFR (ErbB-1), HER2/c-neu (ErbB-2), Her 3 (ErbB-3) and Her 4 (ErbB-4). It appears to be mechanistically
involved in cell growth and ligand activation is mediated by dimerization enabling EGFR to autophosphorylate. EGFR may be
activated by transforming growth factor α (TGFα), but ErbB2 hasn´t a direct activating ligand, so it is possible that becomes
active upon dimerization with other ligands (22,23). The role of EGFR in some tumor process has been controversial, some
authors reported that high levels are not enough for tumor formation. However, others genes has been associated with the
EGFR signal, mediated by the receptor tyrosine kinase (Met) and EGFR tyrosine kinase inhibitors (TKIs) that have clinical uses in
some types of cancer as lung and pancreatic. 
Met has two different activation mechanistic; ligand- independent and ligand- dependent. Overexpression of Met has been
associated with breast carcinoma process. 
Mueller reported the use of SUM22 cells to study the Met expression and the EGFR regulations by gefitinib. (24) The cell lines
used SUM 52, SUM 149, SUM 159, SUM 185, SUM 225, and SUM 229 culture with gefitinib; an EGFR inhibitor. Genetic analysis
was doing with a microarray, after the use of an HGF antibody determinates the difference between two cases, complemented
with immunobloting and immunoprecipitation. The principal results determined the clinical use of EGFR inhibitors. Met Kinase
overexpression stimulates the cell proliferation, but the manipulation of ligand activation may be decreasing the cell activation
levels and the resistance index to gefitinib. (25)

BRCA1 AND BRCA2 GENES

Puntual mutations, insertions and deletions in BRCA1 and BRCA2 genes predispose women to developing breast and ovarian
cancer, BRCA1 genomic rearrangements mainly facilitates malignant cell progression toward cancer. (26) The study of protein
drug resistance in breast cancer (BCRP) associated with multidrug resistance has been studied in more than 50 human tumor
cell lines tested, six cell lines; A549, NCI-H460, KM -12, HT-29, OVCAR-5, and RPMI8226 demonstrating overexpression of BCRP
in the isolation of cDNA in 11 cancer cell lines. Determining polymorphic variant BCRP gene that expresses BCRP C421A in
patients with breast cancer has led to current set resistance mechanism to mitoxantrone and irinotecan. (27)

CONCLUSION

The breast cancer markers are an important diagnostic tool to early detection, prognostic and treatment of patients. Cyclin E is
aberrantly expressed in many types of cancer including breast cancer and L1CAM soluble concentrations has been reported in
breast cancer being both, two possibilities to get news pharmacological perspective. The study of cell cultures is as effective
tool to evaluate the breast cancer prognostics in drugs resistance mechanism.  
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Figure 6
EGFR signal pathway. The EGF- EGFR complex induces cell proliferation, inhibition of apoptosis, angiogenesis, migration, adhesion and invasion.
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