Experiment No2:   Animal Cell Culture Technology

Aim:  Preparation of Hybridoma from tumour cell lines.

Introduction:

Antibodies are mainly produced for diagnostic and therapeutic applications. Monoclonal antibodies were discovered in 1975. In 1975, Kohler and Milstein discovered a technique called hybridoma technology for the production of monoclonal antibodies. It is one of the most widely used techniques in modern research and studies. Kohler and Milstein developed a system in which antibody-producing B cells were fused with immortal cancerous cell lines such as myeloma cells(Fig.  1), creating an immortal hybrid cell line that produces antibodies limitlessly.

Hybridoma technology produces monoclonal antibodies (mAbs) specific to antigens. These cell lines can also be cryopreserved for a long period of time. Hybridoma technology has resulted in the production of a variety of different monoclonal antibodies with specificity for a specific antigen. Antigen molecules include enzymes, hormones, internal and external structures of bacteria, viruses, and eukaryotic cells. Monoclonal antibodies produced by this method are highly specific antibodies, which are derived from a single parental B cell clone.

This discovery is considered one of the most important turning points in the field of biotechnology. Hybridoma technology has expanded the discovery and production of antibodies for multiple applications. Researchers mostly prefer hybridoma technology, for monoclonal antibody production over other methods to maintain a convenient, cost-effective, and limitless production of monoclonal antibodies.Antibodies are glycoproteins produced by the B lymphocytes (Fig.  2). These antibodies are referred to as immunoglobulins. Antibodies are heterodimers and are created from 2 structural units, a heavy chain, and a light- chain. The N-terminal end, with approximately one hundred ten amino acids of the light and heavy chains, is referred to as variable regions. It is crucial for antigen recognition. The glycoproteins are classified into five different types on the basis of heavy chains which are in turn based on the structure of crystallizable fragments (Fc) that are linked to antigen-binding fragments. Antibodies are classified into five distinct isotypes based on differences in Fc regions, IgE, IgA, IgD, IgG, and IgM. Antibodies are divided into two types based on their origin from lymphocytes: monoclonal antibodies and polyclonal antibodies. Each polyclonal and monoclonal antibody has advantages and disadvantages that make them equally suitable for various applications.
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Polyclonal antibodies 
Polyclonal antibodies (pAbs) are immunoglobulin molecules created by totally different B cell lineages and these polyclonal antibodies react against multiple epitopes of a particular antigen. Polyclonal antibodies are heterogeneous mixtures of various antibodies with the potential to identify multiple epitopes. Polyclonal production of antibodies will increase the potency of the immune system and offer it the potential to convey a fast and effective response against any bacterial or viral insult. Polyclonal sera have multiple epitope binding properties, which makes them a useful chemical agent for a wide range of applications. Polyclonal sera have been used for many years as a treatment against toxin-producing microorganisms as well as disease-specific microorganisms. The method of manufacturing leads to batch-to-batch variability that poses a risk of transmitting blood-borne diseases. Another disadvantage is that these antibodies have low specificity, and hence, comparatively high doses are needed to achieve the desired result during experimentation. Also, polyclonal antibodies cannot be used to treat chronic diseases. Due to a number of these disadvantages associated with polycomb antibodies, there is a necessity for isolating antibodies that are specific. Therefore, mAbs are created by somatic cell technology, which is sensitive, highly specific.

Monoclonal antibodies 
Monoclonal antibodies are a homogeneous mixture of antibodies that are monospecific in nature. These antibodies have affinity and specificity towards one epitope of a selected antigen (monovalent affinity). In the event of the development of monovalent antibodies, the scope of therapeutic and diagnostic applications has expanded encompassing various fields of biotechnology such as molecular biology, toxicology, biochemistry, and medicine. Out of the several techniques developed over years to produce monoclonal antibodies (single lymph cell amplification or by culturing strategies), hybridoma technology is one of the most important and most commonly used.



Principle

Hybridoma technology is a method for producing large numbers of identical antibodies (also called monoclonal antibodies).This process starts by injecting a mouse (or other mammal) with an antigen that provokes an immune response. A type of white blood cell, the B cell, produces antibodies that bind to the injected antigen. These antibody producing B-cells are then harvested from the mouse and, in turn, fused with immortal B cell cancer cells, a myeloma or tumour cells, to produce a hybrid cell line called a hybridoma, The B-cell have the ability to produce large number of antibodies and  myeloma or tumour cells have indefinite growthBy combining the desired qualities of both the cells, the technology ensures large, antibody production of single specificity.Specific hybridomas (spleen cell and myeloma cell) obtain monoclonal antibodies in artificial media, this technology called as Hybridoma technology
Materials:
1.A  sterile environment in which to prepare and handle cells
2.Laboratory animals like rabbits or mice
3.Given antigen
4.Myeloma cell lines
5.HAT medium ( Hypoxanthine-aminopterin- thymidine ) for selection
6.PEG medium ( polyethylene glycol ) for fusion
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Preparation of monoclonal antibodies using hybridoma technology
1.Immunization
The first step involves injecting the laboratory animals like rabbits or mice with a selected antigen against which the antibodies are raised through a series of injections over a period of several weeks to stimulate B cell diferentiation into plasma B cells and memory B cells. Once a sufficient number of antibodies are created in the animal serum following a few weeks of immunization, the animal is sacrificed. 
2.Isolation of B lymphocytes 
Following sacrifice, the spleen is removed in aseptic conditions to isolate the activated B-cells. This procedure is performed using density gradient centrifugation. The presence of antibodies in the Serum is identified using methods like ELISA or flow cytometry. The serum contains the activated B lymphocytes (that produce antibodies). The activated B lymphocytes are then fused with myeloma cells.
3.Preparation of myeloma cell lines 
Few weeks before the cell fusion, metastatic tumor cells are incubated in 8-azaguanine to get non-functional hypoxanthine-guanine phosphoribosyltransferase (HGPRT) genes in the myeloma cells. Non-functional HGPRT can stop the assembly of nucleotides from the salvage pathway and makes the metastatic tumor cells sensitive to HAT media as the preferred method in hybridoma technology.
4.Cell fusion 
Cell fusion is the process in which the activated B lymphocytes are fused with HAT-sensitive myeloma cells. This step is performed by centrifugation of freshly obtained activated B-cells with HAT-sensitive myeloma cells in a fusion-promoting media. Polyethylene glycol (PEG) is used in this procedure. PEG helps in the fusion of cells by promoting the fusion of the plasma membrane of the myeloma cells with the plasma membrane of the antibody-producing cells, thus giving rise to a cell with more than one nucleus, forming heterokaryon. Another method used for fusion is electrofusion, in which cells are fused under the effect of an electric field. This method is more efficient than the previous method.
5.Hybridoma selection 
In the PEG-containing media, cells are fused to form hybridoma cells but even the most efficient fusion method will allow the formation of only about 1 to 2% of fused hybridoma cells. Furthermore, about 1 in 100 cells will be viable hybrid cells. Therefore, there are a number of unfused cells within the media. This step allows the selection of the fused cells from all the unfused cells. This is achieved by incubating the cell mixture followed by culturing for 10–14 days in HAT media (a selection media). HAT medium contains hypoxanthine-aminopterin-thymidine. Aminopterin present in HAT media blocks the power of cells to synthesize nucleotides by the de novo synthesis pathway. Hypoxanthine and deoxythymidine allow cells with functional hypoxanthine-guanine phosphoribosyltransferase (HGPRT) genes to survive through salvage pathways. Due to a limited life span, unfused B cells perish within a few days. Unfused malignant neoplastic cells die as a result of the lack of the hypoxanthine-guanine phosphoribosyltransferase (HGPRT) gene. The presence of aminopterin blocks their ability to synthesize nucleotides through the de novo pathway Therefore, the remaining viable cells left in the media are the hybrid cells; these hybrid cells have the ability to grow and divide on HAT media because they have functional HGPRT gene from the B lymphocytes, which make them HGPRT positive, and thus, they can grow in unlimited concentration on HAT media.
6.Screening of hybridoma cells 
HAT-selection hybridoma cells are transferred to ELISA plates, where each well houses a single hybridoma cell. This is achieved using the limiting dilution method. The genes of the B cell lineage present in the hybridoma cells produce a specific antibody with a specific epitope; this antibody is known as “monoclonal antibody.” There may be other hybridomas present in other wells producing antibodies specific to another epitope for the same antigen. After the separation and isolation of different hybridomas, screening is performed for selecting hybridomas that produce the desired antibodies targeting specific epitopes for an antigen.
7.Cloning and propagation of hybridoma cell 
Hybridomas producing desired antibodies are selected and are then transferred into large culture vessels or fasks; the hybridoma cell lines are cultured using in vivo or in vitro methods. Tese hybridoma cells can be maintained and preserved in the culture media for the production of monoclonal antibodies.
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Advantages of hybridoma technology

· Hybridoma technology produces highly pure and specific antibodies (monoclonal antibodies). 
· This method is highly reproducible and scalable. 
· This method provides an unlimited production of monoclonal antibodies. 
· It can be used to perform highly sensitive and specific assays.
· There is no need to maintain the animal in the laboratory for the production of antibodies [in vitro method]. 
· In this method, the purity of antigen or immunogen is not a prerequisite. 
· The selection method is useful in the identification of the right clones against a specific antigen.
·  In  vivo production of antibodies ensures the formation of a mixture of variable and constant domains. The generated antibodies have a high affinity towards the epitope of a targeted substance. 
· Antibody reliability is vital to each analysis and assay development and is one of the key features of hybridoma technology. Once hybridoma cells become stable, these offer limitless production of cost-effective, homogenized antibodies.
· The perfect tool for research, in various fields such as toxicology, animal biotechnology, medicine, pharmacology, etc. 
Challenges of hybridoma technology

·  This is a time-consuming method, requiring 6 to 9 months.
· Quite expensive and requires considerable effort in production.
· Not suitable for producing antibodies against small peptides and fragment antigens.
· Hybridoma culture suffers from a high risk of contamination. 
· This system of antibody production is now developed for only mice and rats and researchers are working continuously to develop antibodies of human origin.
· The viable efficiency of cells is quite low. More than 99% of the cells die during the process of cell fusion reducing the efficiency of the method and also reducing the variety of helpful antibodies which will be made against a specific substance. 
· If monoclonal antibodies are generated against a single antigenic determinant, they do not show cross-reactivity with other antigenic determinants. Retroviruses are a common incidence within mammalian chromosomes. Generally, animals like mice that are used in the production of monoclonal antibodies could carry many viruses such as viscus virus, retrovirus, reovirus, herpes virus, and thymic virus, leading to cross-contamination or infection in humans. This poses a major threat for cross disease transfer from mice or rats to the human. 
· Despite purification, there is no guarantee that monoclonal antibodies made using the hybridoma technique are virus-free. 
· The fusion of human lymphocyte and mouse myeloma cells may result in the production of unstable fused cells. 
· In humans, there are no stable myeloma cells, suitable for the process of antibody production that can be used to substitute mouse myeloma cells.

Applications:-

1.Diagnostic testing 
Monoclonal antibodies are commonly employed in the diagnosis of a variety of disorders. It is used to check the presence of any foreign antigen such as toxins, drugs, hormones, or internal and surface proteins of bacteria or viruses.

2.Testing of pregnancy 
Monoclonal antibodies are used to identify the presence of human chorionic gonadotropin [hCG] as a mark for recognition of pregnancy.



3.Radio Immunodetection (RID) of cancer 
Monoclonal antibodies are also used to detect the presence of specific tumor-type in the body. In this technology, antibodies are labeled with radioactive tags to check the presence of any type of carcinomas or cancer-specific cells in the body.

4.Malaria herpes virus testing 
mAbs are used in the diagnosis of various diseases caused by viruses such as malaria herpes viruses.

5.Identifcation of different strains of pathogens 
Monoclonal antibodies can be used to differentiate between different strains of a single pathogen, for example, Neisseria gonorrhoeae.

6.Serological identification of ABO blood groups 
Monoclonal antibodies can also be used in the serological identification of blood groups. The antibodies can be isolated from the sera of a person stimulated by the A or B blood group.

7.Radioimmunotherapy (RIT) of cancer 
This technique is similar to RID; in RIT, monoclonal antibodies are used to target tumor cells; following this, the targeted cells are then killed using a lethal dose of radiation; the advantage of this technique is that it minimizes the radiation exposure by other normal body cells.

8.Cancer treatments through drugs 
Monoclonal antibodies are also used in targeted chemotherapy. A drug named rituximab, sold under the brand name of Rituxan, was approved by FDA for commercial use, for the targeted treatment of cancers mainly lymphomas.

9.Viral disease treatment 
Monoclonal antibodies are also being tested in treatments of previously incurable diseases such as AIDS.

10.Specifc cell identification and their functions 
Monoclonal antibodies can be used to identify and monitor certain cell populations or even molecules in a living system.


11.Organ transplantation 
Monoclonal antibodies are used for the inactivation of T-lymphocytes that play a role in the rejection of transplanted organs. Monoclonal antibodies such as OKT3 play an important role by interfering with T-cell function in graft rejection. It is a monoclonal antibody that targets the CD3 receptor, a membrane protein found on T cell surfaces.

12.Rhesus disease immunization 
The UK Blood Products laboratory has been working on research to develop a possibility of substituting mAb rhesus immunization and replacing it with serum. 

13.Immunopurification 
This technique has been used in the purification of individual interferons and can be used in the purification of proteins and enzymes.
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