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Abstract

Monoclonal antibodies (mAbs) have undergone significant evolution since
their initial development in the 1970s. Starting from fully murine antibodies,
advancements in genetic engineering have led to the development of chimeric,
humanized, and fully human antibodies with improved efficacy and reduced
immunogenicity. This paper reviews the technological progression of monoclonal
antibody engineering, focusing on structural modifications, production systems, and
clinical implications. Special attention is given to the transition from murine to
humanized antibodies and the associated improvements in pharmacokinetics and

therapeutic performance.

1. Introduction

Monoclonal antibodies represent one of the most important classes of
biopharmaceuticals used in oncology, autoimmune diseases, and infectious diseases.
The original method for producing mAbs was established through hybridoma
technology, which enabled the production of antibodies with predefined specificity.
However, early murine antibodies were limited by immunogenic responses in

humans, leading to the development of engineered antibody formats.
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2. Murine Monoclonal Antibodies

2.1 Development via Hybridoma Technology

Murine monoclonal antibodies are produced by fusing B-lymphocytes from
immunized mice with immortal myeloma cells. This technique, pioneered in 1975,
allowed continuous production of identical antibodies.

2.2 Structural Characteristics

. 100% mouse-derived protein

. Composed of murine variable (V) and constant (C) regions

2.3 Limitations

. High immunogenicity (Human Anti-Mouse Antibody, HAMA response)

. Rapid clearance from human circulation

. Reduced therapeutic efficacy

3. Chimeric Antibodies

3.1 Genetic Engineering Approach

Chimeric antibodies were developed by combining murine variable regions
with human constant regions using recombinant DNA technology.

3.2 Composition

. ~65—70% human

. Murine antigen-binding regions retained

3.3 Advantages

. Reduced immunogenicity compared to murine antibodies

. Improved interaction with human immune effector systems

3.4 Limitations

. Residual immunogenicity due to murine sequences

4. Humanized Monoclonal Antibodies
4.1 CDR Grafting Technology
Humanized antibodies are generated by grafting complementarity-determining

regions (CDRs) from murine antibodies onto human antibody frameworks.
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4.2 Structural Composition
. ~90-95% human
. Only antigen-binding loops are murine-derived

4.3 Benefits

. Significantly reduced immunogenicity
. Improved pharmacokinetics (longer half-life)
. Enhanced clinical compatibility

4.4 Challenges
. Potential loss of binding affinity

. Requirement for structural optimization

5. Fully Human Antibodies
5.1 Production Technologies

. Phage display libraries

. Transgenic mice expressing human immunoglobulin genes
5.2 Advantages

. Minimal immunogenicity

. Optimal therapeutic performance

6. Comparative Analysis
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7. Clinical Implications

The evolution from murine to humanized antibodies has significantly improved
therapeutic outcomes. Humanized antibodies are widely used in:

. Oncology (e.g., HER2-targeting therapies)

. Autoimmune diseases (e.g., rheumatoid arthritis)

. Infectious diseases

Reduced immunogenicity leads to better patient tolerance and repeated dosing

capability.

8. Future Perspectives

Emerging trends include:

. Bispecific antibodies

. Antibody-drug conjugates (ADCs)

. Nanobodies and fragment-based therapeutics

. Al-assisted antibody design

9. Conclusion

The transition from murine to humanized monoclonal antibodies represents a
critical advancement in biotechnology and medicine. Humanization strategies have
successfully addressed the limitations of early antibody therapies, enabling safer and
more effective treatments. Continued innovation is expected to further enhance

specificity, reduce costs, and expand therapeutic applications.
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