Cell Culture Grow
Cell culture is a widely used technique. Cell culture is the method by which prokaryotic, eukaryotic or plant cells are removed, and continued to grow by providing nutrients and growth factors under controlled conditions. The cells divide by mitosis and the cell population continue to grow until restricted by some factor such as nutrient depletion. Cell culture is quite different from organ culture. Organ culture involves the maintenance of whole organs or fragments of tissue retaining some all the histological features of the tissue in vivo. Organ culture is an extremely complex technique because of the variance in growth potential of individual cell types contained by the tissue.

At the moment the culture of individual cells is the ideal technique as conditions can be controlled to let some degree of stability and reproducibility in cell growth. The progress of cell culture proved most useful to the two most important branches of medical research: the production of antiviral vaccines and the understanding of neoplasia. Tissue culture technology has also contributed greatly in medicine and industry.

History

In 1885, Wilhelm Roux removed a portion of the medullary plate of an embryonic chicken and maintained it in a warm saline solution, establishing the principle of tissue culture [Butler, 2004]. Harrison, published results of his experiments from 1907-1910, showing frog embryo nerve fibre growth in vitro establishing the methodology of tissue culture [Davis, 2002].

Alexis Carrel, in 1912 cultured connective tissue cells for long periods and demonstrated chick embryo heart muscle tissue contractility over two to three months [Davis, 2002]. In 1948, Katherine Sanford and co-workers showed that the single cells could be grown in culture [Mather and Roberts, 1998]. Cell culture techniques were highly developed extensively in the 1940s and 1950s. Viruses were grown in cell cultures thus allowing preparation of purified viruses for the manufacture of vaccines. The polio vaccine was one of the first products mass-produced using cell culture techniques [Butler, 2004]. Later in 1955, Harry Eagle demonstrated that the tissue extracts, clots, etc used to grow cells could be replaced by an random mixture of amino acids, vitamins, co-factors, carbohydrates, and salts, with small amount of serum protein [Mather and Roberts, 1998].

Concepts in animal cell culture

A tissue culture laboratory [Doyle and Griffiths, 1997]

Tissue culture laboratories are dissimilar from general biomedical research laboratories as it is essential to allow sterile handling of cultures. Figure 1 shows the work areas in a best tissue culture facility. In the preparation area (A), positive-pressure high-efficiency particulate air (HEPA) systems are used for sterile procedures, preparation of sterile equipment, media and microbiological quality control reagents, filtration of media components. Cell lines must not be handled in this area. There may be positive or negative HEPA-filtered system in the main tissue culture facility (B) depends upon the nature of the material being handled. In the primary cell reception (C), all the external material from primary sources or other laboratories are handled and tested. After the tests, the cells are transferred to the main tissue culture facility area (B). All the other procedures with cell lines should be carried out in work areas (D).
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Figure 1. Flow diagram of work areas in a best tissue culture facility [Doyle and Griffiths, 1997]

Isolation of cells [Davis, 2002]

It is difficult to obtain cells of interest which are organized into solid tissue e.g. skin or liver than the cells present in the circulation which can be simply obtained from blood. It is essential to release and purify the cell type of interest. Prior to isolation of the cells, the tissue should be washed free of blood and the fat and also damaged tissue should be removed. Various ways to isolate cells are as follows:

(1) Enzyme digestion: Tissue is incubated in proteolytic enzymes. Trypsin is the most commonly used enzyme for digestion of tissue except for fibrous collagenase tissue. Other enzymes used are elastase, hyaluronidase, pronase, dispase, or combination of enzymes.

(2) Perfusion: It is a kind of enzymatic digestion in which proteolytic solution is pumped through the tissue and the cells are collected in the enzyme solution and stripped off. It is commonly used for isolation of cells from organs like liver.

(3) Mechanical disaggregation: This method is faster than enzymatic digestion, but it may result in damage to the cells. It involves isolation of spleen cells by squeezing the cells through a wire mesh or forcing the soft tissue such as brain through a series of reducing mesh size sieves.

(4) Explant cultures: It is the slowest method and only small amounts of material are available.

Maintenance of cell in culture

After the cells are isolated from animal tissues, cells are inoculated into sterile growth medium. Cells should be inoculated at a density of 104-105 cells/ml on a solid surface for 3-4 days; this will allow the growth to around 106 cells/ml. Due to accumulation of a toxic metabolite or a lack of growth surface or nutrient depletion may stop the cell growth. When cells stop growing in cultures, new cultures are prepared by inoculating some cells into fresh medium; this is called subculturing or passaging. It is important to subculture the cells before they lose their viability. Before re-inoculation of the cells into fresh medium it is necessary to detach the cells from the growth medium and this is done by a proteolytic enzyme like trypsin which will breakdown the proteins that binds the cell to the culture surface. Cultures are given a passage number, indicating the number of sub-cultures carried out from the time when the cells were obtained or isolated. [Butler, 2004]

Culture Media:

Cells are cultured in a chemically complex liquid medium appropriate for growth for quite a few generations.

Physicochemical properties of media [Freshney 2000]:

pH: The optimum pH for cell growth varies depending upon the different cell strains. Most of the cell lines grow well at pH 7.4. Phenol red is used as an indicator which is red at 7.4 and gradually changes colour with the change in pH

CO2 and Bicarbonate: A concentration of bicarbonate in the medium (24mM) maintains equilibrium with CO2 at a partial pressure in the gas phase of 40 mmHg. In some formulation higher concentration upto 48mM may be essential.

Buffering: Culture media must be buffered to stabilize the pH.

Oxygen: Cultures vary in their oxygen requirement.

Osmolarity: Most cultured cells have quite large tolerance for osmotic pressure. It is assumed that since the osmolarity of human plasma is about 290 mOsm/kg, the optimum osmolarity for human cells in vitro is the same, although it may vary. Osmolarity between 260-320 mOsm/kg ±10 mOsm/kg are most adequate for most cells.

Temperature: The optimal temperature for cell culture depends on the body temperature of the animal from which the cells were isolated. Thus, the most recommended temperature for most human and warm-blooded animal cell lines is 370C. To get reproducible results, temperature should be consistent.

Viscosity: The viscosity of a culture medium depends on the serum content. In low-serum concentrations, the viscosity is increased with carboxymethylcellulose or polyvinylpyrrolidone.

Surface Tension and Foaming: Foaming arises when 5% CO2 in air is bubbled through medium containing serum. Foaming can be prevented by addition of 0.01-0.1% silicone antifoam or Pluronic F68 by reducing surface tension and also protects cells against shear stress.

Basic components of a typical culture medium [Butler, 2004]:

Carbohydrates like glucose are included in the majority of the formulations as a source of energy and precursor for biosynthesis. Alternative carbohydrates like fructose may be used, which results in a decreased lactic acid production and more stable culture pH.

Essential amino acids with cysteine and tyrosine are included at a concentration of 0.1-0.2 mM as a precursor for protein synthesis. Glutamine is required by most cells and is included in higher concentrations of about 2-4 mM, as it acts as a precursor for the TCA cycle intermediates and as a source of energy and carbon.

Salts of Na+ , K+ , Mg2+ , Ca2+ , Cl͞ , SO42͞ , PO43͞ , and HCO3͞ are included so that the solution is isotonic and has no imbalance with the intracellular contents.

Vitamins and hormones are present in low concentrations and are added in serum-free media.

Organic supplements including proteins, peptides, nucleosides, citric acid cycle intermediates, pyruvate, and lipids are present in complex media. They are present when serum concentration is low.

Antibiotics are also included to reduce the frequency of contamination. On the other hand, major number of bacterial strains are resistant to antibiotics, so the control they make available is by no means absolute.

Numerous formulations have been developed to support the growth of different types of cells. For e.g. Eagle's media for high density cell culture, Ham's 12 a rich media for low density cell culture; while some formulations are for specific type of cells such as William's for hepatocytes and MCDB 152 for keratinocytes [Davis, 2002].

Establishing a cell line

Primary cultures are obtained directly from animals and can keep the differentiated state for a short period i.e. less than a month, until the first subculture. Functionally differentiated primary cell cultures have a narrow life span, and even if maintenance of the differentiated properties has been improved by chemical addition to the culture medium, cell specific functions will be lost ultimately. Majority of the cell culture studies are performed using established cell lines because primary cell cultures are time consuming. Also it requires the use of live animals or fresh tissue. [Mathers and Roberts, 1998]

Subsequent to the first subculture, it is referred as secondary subcultures, and subsequently, if continued passage is possible, it is cell line. Cell lines can be obtained in vitro from the cells that divide rapidly in vivo for e.g. animals having high incidence of tumors can be used to establish cell lines [Mathers and Roberts, 1998]. Cell lines are vulnerable to genetic change as they are grown continuously. It is of great importance to monitor the genetics characteristics of the cell line at regular intervals since the cells grown from several passages in culture may be different from those derived from the primary culture [Butler, 2004].

The tests performed to identify a cell line or to verify the species of origin are [Butler, 2004]:
· karyotype;

· isozyme patterns;

· antibody labelling and

· DNA fingerprinting.
Karyotyping finds out the extent of gross chromosomal changes in line or if any chromosomal damages have occurred. Isozyme identifies the origin of cell line with high degree of assurance and is a more rapid technique as compared to karyotyping. In this method gel electrophoresis is performed, with specific activity stains used to develop band of isozymes, which is characteristic of a particular cell line. Another method to identify cell line is by the use of fluorescent-labelled antibody particularly for a membrane antigen. The DNA fingerprinting is well known in forensic science. [Butler, 2004]

Application

Cell culture has come into its own area of significant industrial importance in numerous biotechnology and pharmaceutical companies. Mammalian cell culture has led to synthesis of enormous range of compounds. There have been three major innovations in the development of mammalian cell cultures for the production of biologicals, these include:
· Vaccines for polio, measles, mumps, rubella, and chickenpox by the capability to grow viruses in cell cultures.

· Monoclonal antibodies, lymphokines, interleukins and anticancer agents by generating hybridomas by cell fusion.

· Recombinant proteins by transfecting cells with isolated genes and intensify to allow high level of expression of the equivalent proteins.

· Used to predict toxicities in humans.
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