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Abstract

Monoclonal antibody is an antibody that is specific for one antigen and is
produced by a B-cell hybridoma. The process of producing monoclonal
antibodies was invented by Georges Kohler, César Milstein, and Niels Kaj
Jerne in 1975. By the introduction of hybridoma technology monoclonal
antibodies have come to play an enormous role in biologic research and
applications. They offer the advantages of relative ease of the production
and purification of large quantities of antibodies .Hybridoma technology
has been replaced by recombinant DNA technology, transgenic mice and
phage display .Monoclonal antibodies have had a profound impact on
medicine by providing an almost limitless source of therapeutic and
diagnostic reagents. Therapeutic use of monoclonal antibodies has
become a major part of treatments in various diseases including
transplantation, oncology, autoimmune, cardiovascular, and infectious
diseases.Monoclonal antibody therapy is the use of monoclonal antibodies
to specifically target cells. The main objective is stimulating the patient's
immune system to attack the malignant tumor cells and the prevention of

tumor growth by blocking specific cell receptors.
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INTRODUCTION

Monoclonal antibody is an antibody that is specific for one antigen
and is produced by a B-cell hybridoma (Abbas and Litchman 2007).

The process of producing monoclonal antibodies was invented by
Georges Kohler, César Milstein, and Niels Kaj Jerne in 1975.The key
idea was to use a line of myeloma cells that had lost their ability to
secrete antibodies, come up with a technique to fuse these cells with
healthy antibody producing B-cells, and be able to select for the
successfully fused cells (Kohler and Milstein 2005).

By the introduction of hybridoma technology monoclonal
antibodies have come to play an enormous role in biologic research and
applications. They offer the advantages of relative ease of the production

and purification of large quantities of antibodies (Williame 1998).

Hybridoma technology has been replaced by recombinant DNA
technology, transgenic mice and phage display (Hudson and Souriau
2003).

Monoclonal antibodies have had a profound impact on medicine by
providing an almost limitless source of therapeutic and diagnostic
reagents. Therapeutic use of monoclonal antibodies has become a major
part of treatments in various diseases including transplantation, oncology,
autoimmune, cardiovascular, and infectious diseases (Nissim and
Chernajovsky 2008).

Antibodies are a key component of the adaptive immune response,
playing a central role in the recognition of foreign antigens. The advent of
monoclonal antibody technology has made it possible to raise antibodies
against specific antigens presented on the surfaces of tumors (Janeway
2005).



INTRODUCTION

Monoclonal antibody therapy is the use of monoclonal antibodies
to specifically target cells. The main objective is stimulating the patient's
immune system to attack the malignant tumor cells and the prevention of
tumor growth by blocking specific cell receptors (Waldmann and
Thomas 2003).



INTRODUCTION

AIM OF THE WORK

This study was conducted to clearify
e The new methods for production of monoclonal antibodies

e Application of monoclonal antibodies in diagnostic and therapeutic

approaches.



IMMUNOGLOBULINS

Immunoglobulins (Antibodies) are gamma globulin proteins that
are found in blood and are used by the immune system to identify and
neutralize foreign objects. Antibodies are produced by a kind of white

blood cell called a plasma cell (Eleonora and Papavasiliou 2003).

Basic Unit Structure of Immunoglobulin

Antibodies are heavy (~150kDa) globular plasma proteins .They
are glycoproteins. (Mattu and Pleass 1998).

The basic functional unit of each antibody is an immunoglobulin
(Ig) monomer (containing only one Igunit). (Roux 1999), which isa "Y"-
shaped molecule that consists of four polypeptide chains; two identical
heavy chains and two identical light chains connected by disulfide bonds.
(Woof and Burton 2004). Each chain is composed of structural domains
called Ig domains. These domains contain about 70-110 amino acids.

(Barclay 2003).
Heavy chain

There are five types of mammalian Ig heavy chain denoted by the

Greek Letters: a, 0, €, v, and p. (Janeway and Charles 2001).

The type of heavy chain present defines the class of antibody;
these chains are found in IgA, IgD, IgE, IgG, and IgM antibodies,
respectively. Each heavy chain has two regions, the constant region and
the variable region. The constant region is identical in all antibodies of
the same isotype, but differs in antibodies of different isotypes. Heavy
chains v, a and 6 have a constant region composed of three tandem (in a
line) Ig domains, and a hinge region for added flexibility (Woof and

Burton 2004). Heavy chains p and € have a constant region composed of



IMMUNOGLOBULINS

four immunoglobulin domains. The variable region of the heavy
chain differs in antibodies produced by different B cells, but is the same
for all antibodies produced by a single B cell or B cell clone. The variable
region of each heavy chain is approximately 110 amino acids long and is

composed of a single Ig domain (Janeway and Charles 2001).
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Figure 1: Antibody structure

1. Fab region

2. Fc region

3. Heavy chain with one variable (Vy) domain followed by a constant domain
(Cyl), a hinge region, and two more constant (Cy2 and Cy3) domains.

4. Light chain with one variable (V) and one constant (C; ) domain

5. Antigen binding site (paratope)

6. Hinge regions (Janeway and Charles 2001).
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Light chain

In mammals there are two types of Immunoglobulin light chain,
which are called lambda (A) and kappa (k). A light chain has two
successive domains: one constant domain and one variable domain. The
approximate length of a light chain is 211 to 217 amino acids. Each
antibody contains two light chains that are always identical; only one type
of light chain, k or A, is present per antibody in mammals (Janeway and
Charles 2001).

CDRs, Fv and Fab regions

Some parts of an antibody have unique functions which is called
the Fab (fragment antigen binding) region. It is composed of one constant
and one variable domain from each heavy and light chain of the antibody.
The paratope is shaped at the amino terminal end of the antibody
monomer by the variable domains from the heavy and light chains. The
variable domain is also referred to as the FV region and is the most
important region for binding to antigens. More specifically variable
loops, three each on the light (VL) and heavy (VH) chains are responsible
for binding to the antigen. These loops are referred to as the

Complementarity Determining Regions (CDRs) (Putnam and Liu 1979).
The Immunoglobulin Fold

A b barrel of 7 (Cr) or 8 (VL) polypeptide strands connected by
loops and arranged to enclose a hydrophobic interior. Hypervariable
CDRs (are located on loops at the end of the Fv regions (Leahy et al
2002).
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Figure 2:
Single VL domain A barrel made of a sheet of staves arranged in a
folded over sheet
Fc Region

The base of the Y plays a role in modulating immune cell activity.
This region is called the Fc (Fragment, crystallizable) region, and is
composed of two heavy chains that are formed of two or three constant
domains depending on the class of the antibody (Janeway and Charles
2001). By binding to specific proteins the Fc region ensures that each
antibody generates an appropriate immune response for a given antigen.
The Fc region also binds to various cell receptors, such as Fc receptors,

and other immune molecules, such as complement proteins (Woof and

Burton 2004).

In an experimental setting, Fc and Fab fragments can be generated
in the laboratory. The enzyme papain can be used to cleave an
immunoglobulin monomer into two Fab fragments and an Fc fragment.

The enzyme pepsin cleaves below hinge region, so a F(ab')2 fragment and



