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In June 1986, muromonab-CD3 became the first monoclonal antibody approved by the
U.S. Food and Drug Administration (FDA) for treating human patients. Since then, the
market for antibody therapeutics has grown exponentially, and there are now more than
100 approved products, comprising multiple formats and being used to treat a broad
range of disease states. With demand for antibody therapeutics continuing to rise, high-
quality research reagents are essential to support their development. Read on for a brief
look at the journey of therapeutic antibodies.

Muromonab-CD3 was a gamechanger

Muromonab-CD3 (marketed as Orthoclone OKT®3) is a monoclonal mouse IgG2a antibody that targets T
cell co-receptor CD3, effectively blocking all cytotoxic T cell function. It was originally approved to help
prevent acute rejection after renal transplantation, and its indications were later extended to include other
solid organ transplants. However, the frequency of severe adverse reactions, including cytokine storm
syndrome, led to muromonab-CD3 being withdrawn from the market in 2010, when these challenges had

largely been addressed by advances in antibody engineering1,2.

Chimeric monoclonal antibodies address adverse effects

The main reason for the adverse effects seen following treatment with muromonab-CD3 is that it is a
mouse antibody,  meaning that the protein is identified as foreign by the patient’s immune system. To try
and circumvent this issue, researchers developed chimeric monoclonal antibodies, which are formed by
replacing the constant region of a parent murine monoclonal antibody with a human equivalent. Early
examples of approved chimeric monoclonal antibodies include abciximab (ReoPro®), a glycoprotein IIb/IIIa
receptor antagonist which was approved in 1993 to lessen the risk of heart attack by preventing platelet
aggregation, and rituximab (Rituxan®), a CD20-directed cytolytic antibody approved in 1997 for treating

relapsed or refractory non-Hodgkin’s lymphoma3,4.

Humanization limits the number of foreign epitopes

Despite successes in the clinic, many chimeric monoclonal antibodies failed to reach the market due to the
associated production of anti-drug antibodies (ADAs) and unwanted side effects. This prompted the
development of humanized monoclonal antibodies, in which all but the complementarity-determining
regions (CDRs) are replaced with human counterparts. Daclizumab (Zenapax®) is a humanized
monoclonal antibody that binds the alpha subunit (CD25) of the IL-2 receptor to inhibit various T-cell
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functions. It was approved in 1997 to prevent transplant organ rejection, although its use was suspended

in 2018 following reports of serious inflammatory brain disorders5. A more recent example, otelixizumab, is

currently in phase III clinical trials for treating type I diabetes6.

Introducing fully human monoclonal antibodies

As antibody engineering technologies have evolved, it has become possible to generate fully human
monoclonal antibodies. These are typically produced in one of two ways: via phage display or by
engineering mice such that they carry human antibody genes. Adalimumab (Humira®) is an example of
the former, which was first approved in 2002 for treating rheumatoid arthritis. As adalimumab’s various

patents have expired, several biosimilars have been developed7. Panitumumab (Vectibix®) is a fully
human monoclonal antibody produced in transgenic mice, which was approved in 2006 for treating

patients with epidermal growth factor receptor (EGFR) positive metastatic colorectal carcinoma8.

Targeted delivery with antibody-drug conjugates (ADCs)

As well as being engineered to limit adverse effects, monoclonal antibodies have been modified to exhibit
additional functions. Antibody-drug conjugates are produced using chemical ligands to couple effector
molecules to thiols, amines, or carbohydrates, and are mainly used for targeting cancer cells. Examples
include gemtuzumab ozogamicin (Mylotarg®), which was approved in 2000 and delivers a calicheamicin to
CD33-positive cells to treat acute myeloid leukemia, and tisotumab vedotin (Tivdak®), which was granted
accelerated approval in 2021 and targets monomethyl auristatin E to the tissue factor expressing tumors

presented by patients with recurrent or metastatic cervical cancer9,10.

Bispecific antibodies

Bispecifics are therapeutic antibodies with two different binding sites directed at two distinct antigens or
two epitopes on the same antigen. Currently, there are three bispecific antibodies on the market. Two of
these harness the cells of the immune system to treat cancer– catumaxomab (Removab®), which binds
EpCAM and CD3 and was approved in 2009 for treating malignant ascites caused by metastasizing tumors,
and blinatumomab (Blincyto®), which binds CD3 and CD19 and was approved in 2014 for treating
relapsed or refractory precursor B-cell acute lymphoblastic leukemia. The third approved bispecific,
emicizumab (Hemlibra®, approved in 2017), restores the function of missing activated factor VIII (FVIII) by

bridging FIXa and FX to treat bleeding due to hemophilia A11. More recently, trispecific antibodies have
been investigated as an alternative approach to anticancer immunotherapy. For example, earlier this year,
an antibody capable of binding HER2, CD3, and CD28  was shown to stimulate the regression of breast

cancers in a humanized mouse model by inhibiting tumor cell cycle progression12.

Future perspectives

The 2022 ‘Antibodies to Watch’ article offers an easily digestible overview of current trends within the field

of antibody therapeutics13.  It covers the primary indications in the United States and European Union, of
which oncology, immune-mediated disorders, and infectious diseases rank highest, and includes an



Jan 11 23
The Rise of Antibody Therapeutics | 3

overview of common therapeutic targets. Notably, the authors suggest that 2022 may be the year in which
the record number of US and EU approvals (13) is exceeded.

Jackson ImmunoResearch specializes in producing secondary antibodies for life science applications. Our
portfolio encompasses a wide selection of products that are validated for common research applications,
including many techniques used during therapeutic antibody development.

Todd, P A, and R N Brogden. “Muromonab CD3. A review of its pharmacology and therapeutic1.
potential.” Drugs vol. 37,6 (1989): 871-99.
doi:10.2165/00003495-198937060-00004https://pubmed.ncbi.nlm.nih.gov/2503348/
“Muromonab-CD3.” LiverTox: Clinical and Research Information on Drug-Induced Liver Injury,2.
National Institute of Diabetes and Digestive and Kidney Diseases, 28 December 2020.
https://pubmed.ncbi.nlm.nih.gov/31643905
Cohen, S A et al. “Potential future clinical applications for the GPIIb/IIIa antagonist, abciximab in3.
thrombosis, vascular and oncological indications.” Pathology oncology research : POR vol. 6,3
(2000): 163-74. doi:10.1007/BF03032368 https://pubmed.ncbi.nlm.nih.gov/11033455
Grillo-López, A J et al. “Overview of the clinical development of rituximab: first monoclonal antibody4.
approved for the treatment of lymphoma.” Seminars in oncology vol. 26,5 Suppl 14 (1999): 66-73.
https://pubmed.ncbi.nlm.nih.gov/10561020/
Cohan, Stanley L et al. “Daclizumab: Mechanisms of Action, Therapeutic Efficacy, Adverse Events5.
and Its Uncovering the Potential Role of Innate Immune System Recruitment as a Treatment
Strategy for Relapsing Multiple Sclerosis.” Biomedicines vol. 7,1 18. 11 Mar. 2019,
doi:10.3390/biomedicines7010018 https://pubmed.ncbi.nlm.nih.gov/30862055/
https://clinicaltrials.gov/ct2/show/NCT009462576.
Lu, XiaoQin et al. “Efficacy and Safety of Adalimumab Biosimilars: Current Critical Clinical Data in7.
Rheumatoid Arthritis.” Frontiers in immunology vol. 12 638444. 6 Apr. 2021,
doi:10.3389/fimmu.2021.638444 https://pubmed.ncbi.nlm.nih.gov/33889152/
Jakobovits, Aya et al. “From XenoMouse technology to panitumumab, the first fully human antibody8.
product from transgenic mice.” Nature biotechnology vol. 25,10 (2007): 1134-43.
doi:10.1038/nbt1337 https://pubmed.ncbi.nlm.nih.gov/17921999/
Fenton, Caroline, and Caroline M Perry. “Gemtuzumab ozogamicin: a review of its use in acute9.
myeloid leukaemia.” Drugs vol. 65,16 (2005): 2405-27. doi:10.2165/00003495-200565160-00014
https://pubmed.ncbi.nlm.nih.gov/16266206/
Markham, Anthony. “Tisotumab Vedotin: First Approval.” Drugs vol. 81,18 (2021): 2141-2147.10.
doi:10.1007/s40265-021-01633-8 https://pubmed.ncbi.nlm.nih.gov/34748188/
Ma, Jiabing et al. “Bispecific Antibodies: From Research to Clinical Application.” Frontiers in11.
immunology vol. 12 626616. 5 May. 2021, doi:10.3389/fimmu.2021.626616
https://pubmed.ncbi.nlm.nih.gov/34025638/
Seung, Edward et al. “A trispecific antibody targeting HER2 and T cells inhibits breast cancer growth12.
via CD4 cells.” Nature vol. 603,7900 (2022): 328-334. doi:10.1038/s41586-022-04439-0
https://pubmed.ncbi.nlm.nih.gov/35197632/
Hélène Kaplon, Alicia Chenoweth, Silvia Crescioli & Janice M. Reichert (2022) Antibodies to watch in13.
2022, mAbs, 14:1, DOI: 10.1080/19420862.2021.2014296 

https://pubmed.ncbi.nlm.nih.gov/2503348/
https://pubmed.ncbi.nlm.nih.gov/2503348/
https://pubmed.ncbi.nlm.nih.gov/2503348/
https://pubmed.ncbi.nlm.nih.gov/2503348/
https://pubmed.ncbi.nlm.nih.gov/2503348/
https://pubmed.ncbi.nlm.nih.gov/31643905
https://pubmed.ncbi.nlm.nih.gov/31643905
https://pubmed.ncbi.nlm.nih.gov/31643905
https://pubmed.ncbi.nlm.nih.gov/31643905
https://pubmed.ncbi.nlm.nih.gov/31643905
https://pubmed.ncbi.nlm.nih.gov/11033455
https://pubmed.ncbi.nlm.nih.gov/11033455
https://pubmed.ncbi.nlm.nih.gov/11033455
https://pubmed.ncbi.nlm.nih.gov/11033455
https://pubmed.ncbi.nlm.nih.gov/11033455
https://pubmed.ncbi.nlm.nih.gov/10561020/
https://pubmed.ncbi.nlm.nih.gov/10561020/
https://pubmed.ncbi.nlm.nih.gov/10561020/
https://pubmed.ncbi.nlm.nih.gov/10561020/
https://pubmed.ncbi.nlm.nih.gov/10561020/
https://pubmed.ncbi.nlm.nih.gov/30862055/
https://pubmed.ncbi.nlm.nih.gov/30862055/
https://pubmed.ncbi.nlm.nih.gov/30862055/
https://pubmed.ncbi.nlm.nih.gov/30862055/
https://pubmed.ncbi.nlm.nih.gov/30862055/
https://pubmed.ncbi.nlm.nih.gov/30862055/
https://clinicaltrials.gov/ct2/show/NCT00946257
https://pubmed.ncbi.nlm.nih.gov/33889152/
https://pubmed.ncbi.nlm.nih.gov/33889152/
https://pubmed.ncbi.nlm.nih.gov/33889152/
https://pubmed.ncbi.nlm.nih.gov/33889152/
https://pubmed.ncbi.nlm.nih.gov/33889152/
https://pubmed.ncbi.nlm.nih.gov/17921999/
https://pubmed.ncbi.nlm.nih.gov/17921999/
https://pubmed.ncbi.nlm.nih.gov/17921999/
https://pubmed.ncbi.nlm.nih.gov/17921999/
https://pubmed.ncbi.nlm.nih.gov/17921999/
https://pubmed.ncbi.nlm.nih.gov/16266206/
https://pubmed.ncbi.nlm.nih.gov/16266206/
https://pubmed.ncbi.nlm.nih.gov/16266206/
https://pubmed.ncbi.nlm.nih.gov/16266206/
https://pubmed.ncbi.nlm.nih.gov/16266206/
https://pubmed.ncbi.nlm.nih.gov/34748188/
https://pubmed.ncbi.nlm.nih.gov/34748188/
https://pubmed.ncbi.nlm.nih.gov/34748188/
https://pubmed.ncbi.nlm.nih.gov/34748188/
https://pubmed.ncbi.nlm.nih.gov/34025638/
https://pubmed.ncbi.nlm.nih.gov/34025638/
https://pubmed.ncbi.nlm.nih.gov/34025638/
https://pubmed.ncbi.nlm.nih.gov/34025638/
https://pubmed.ncbi.nlm.nih.gov/34025638/
https://pubmed.ncbi.nlm.nih.gov/35197632/
https://pubmed.ncbi.nlm.nih.gov/35197632/
https://pubmed.ncbi.nlm.nih.gov/35197632/
https://pubmed.ncbi.nlm.nih.gov/35197632/
https://pubmed.ncbi.nlm.nih.gov/35197632/
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296
https://doi.org/10.1080/19420862.2021.2014296
https://www.tandfonline.com/doi/full/10.1080/19420862.2021.2014296


Jan 11 23
The Rise of Antibody Therapeutics | 4

Learn more: Do more:
Colorimetric western blotting Spectra Viewer
Chemiluminescence western blotting Antibodies for signal enhancement
Fluorescent western blotting

https://www.jacksonimmuno.com/technical/products/groups/anti-his
https://jacksonimmuno.com/secondary-antibody-resource/immuno-techniques/colorimetric-western-blotting/
https://www.jacksonimmuno.com/technical/products/conjugate-selection/fluorophore-selection#spectra
https://jacksonimmuno.com/secondary-antibody-resource/immuno-techniques/fluorescent-western-blotting/
https://jacksonimmuno.com/technical/products/groups/signal-enhancement
https://jacksonimmuno.com/secondary-antibody-resource/immuno-techniques/fluorescent-western-blotting/

