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Introduction

The discovery of hybridoma technology by Kohler & Milstein 
for the production of monoclonal antibodies (1975) revolutionized 
Medicine and biological sciences by enabling the use of highly 
specific monoclonal antibodies in basic research, diagnostic 
applications, and therapeutic molecules. Antibody engineering is a 
new area of biotechnology which combines molecular biology and 
recombinant protein production [1].

Chimeric antibodies and humanization

Antibody engineering started with chimerization in 1984. 
Chimeric antibodies are produced by combining the variable 
domain of an antibody from an animal like mouse with the 
constant domain of an antibody from human being. The discovery 
techniques developed in 1990s and onwards for the production of 
humanized antibodies include transgenic mice, phage display, and 
B cell sequencing [2]. 

Phage display

A gene coding for a protein is introduced into a phage coat 
protein gene, allowing a direct link between the DNA sequence and 
protein [3]. 

Antibody fragments

Following the advent of antibody engineering techniques, 
researchers started looking at generation and production of 
recombinant antibody fragments for a cleaner and easier production 
process [4]. Three main fragments were developed that became the 
building blocks of many alternative formats: i. Recombinant Fab, 
ii. Single chain variable fragment (ScFv), iii. There are two types 
of single domain antibodies (sdAb) or nanobodies. V-NAR from 
cartilaginous fishes such as sharks and VhH from camelid species 
[5]. 

Enhancing half-life

In certain situations, one of the key advantage of IgG as 
therapeutic is the long serum half-life. Serum half-life is dependent 
on protein size, glycolysation, receptor mediated clearance, and 
FcRn mediated recycling. A number of mutations have been 
reported for enhanced half-life and could lead to reduced frequency 
of dosing [6].

Bispecific antibodies

They can simultaneously bind to two different antigens at the 
same time. Bispecific antibodies are used in the treatment of cancer 
[7]. Catumaxomab, the first bispecific, was approved for use in 
Europe in 2009 for malignant ascites, but later withdrawn in 2017. 
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Other FDA approved drugs include Blinatumomab for lymphoblastic 
leukemia, Emicizumab for hemophilia, Amivantamab for non-
small-cell lung cancer, and Faricimab for macular degeneration and 
diabetic macular edema [8]. 

Heavy chain heterodimerization

In this technique, CH3-CH3 interface responsible for heavy 
chain pairing [9]. Quadroma and knobs-into-holes technologies are 
available.

Antibody drug conjugates (ADCs) 

Antibody–drug conjugates (ADC) combine monoclonal 
antibodies specific to surface antigens present on particular tumor 
cells with highly potent anti-cancer agents linked via a chemical 
linker. The monoclonal antibody binds to specific proteins or 
receptors found on cancer cells. The linked drug enters these cancer 
cells and kills them without harming other cells, and used for the 
treatment of cancer [10].

Fc fusion proteins

Non-antibody proteins suffer from short serum half-life, in 
the range of a few minutes to hours. Fusion proteins are proteins 
created through the joining of two or more genes which originally 
coded for separate proteins. Translation of this fusion gene results 
in a single polypeptide with functional properties derived from 
each of the original proteins [6].

Immunokines

Antibody-cytokine fusions (immunokines) are being developed 
with the antibody targeting tumor associated antigens. Cytokines 
can act as modulators of the immune system, some such as IFN-
alpha and IL-2 are approved therapies [11].

Conclusion

Antibody engineering is an emerging branch of biotechnology 
which combines molecular biology and recombinant protein 
production and has wide range of applications in medicine for the 
production of therapeutic drugs and molecules.
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