
Production of therapeutic
proteins

Monoclonal antibodies (mAb)



Immunoglobulins (Ig) are formed by 4 
polypeptide chains:
• 2 Heavy chains (H) ca. 50 kDa
• 2 Light chains (L) ca. 25 kDa
Each chain contains a variable domain V
where the antigen binding site is found
(CDR: complementarity-determining
region) and constant domain(s) C
necessary for the effector funtions. 

Five classes of Ig depending on the 
heavy chain:
• IgG, IgE, IgD monomeric
• IgA dimeric
• IgM pentameric

Structure of antibodies



Structure of antibodies

A robust b-barrel
structural scaffold
with loops where the 
CDR is located



Effector functions of antibodies

• Complement-dependent cytotoxicity (CDC)
complement proteins bind the Fc region of the antibody
bound to the target cell and the cell is lysed

• Antibody-dependent cellular cytotoxicity (ADCC)
the Fc region of the antibody bound to the target cell is
recognized by receptors on effector cells and cell-mediated
lysis takes place



The immune response is polyclonal!

How is antibody diversity generated?



Gene organization of Ig
Somatic recombination of V-(D)-J regions generates the antibody diversity
that leads to production of antigen-specific antibodies.



1. How to select specific monoclonal antibodies? 

•Hybridoma technology (1975)
• G. Kohler and C. Milstein

• Phage display technology (1990)
• G. Smith and G. Winter



Monoclonal antibodies produced in stable cell lines: 
Hybridomas

• Mice immunization with the antigen.
• Antibody-producing B lymphocytes + 

HGPRT- murine myeloma cells in the 
presence of a fusion agent.

• Growth on selective HAT medium 
(hypoxanthine, aminopterine, thymine).

• Aminopterine inhibits de novo
synthesis of nucleic acids. 
Hypoxanthine and thymine allow
survival of HGPRT+ cells that can use 
biosynthetic salvage pathways.

HGPRT is an enzyme of the purine salvage
pathway.



ELISA assay to identify mAbs
with high affinity for the antigen



Phage display to obtain specific
scFv antibodies

scFv: single-chain variable domains

• Display of peptides or proteins on the surface
of a phage

• Coding sequences are fused to the sequence
of a phage coat protein

• Filamentous phage M13 and the pIII protein
are the most widely used

• Antibody VH and VL sequences are easily
amplified by RT-PCR with flanking primers and 
cloned in phagemid vectors to produce pIII
fusion proteins



Phage display to obtain specific scFv antibodies



Different antibody formats



2. How to produce recombinant monoclonal
antibodies?

• Choice of the ‘format’ of the antibody and cloning of the 
coding sequence
• Full-length, scFv, nanobody, bispecific antibodies
• Murine, chimeric, humanized and human mAbs

The choice of the ‘format’ depends on the application
• Therapeutic application
• Research and diagnostic application



Monoclonal antibodies are typically of murine origin!

• Chimeric Antibodies (80% human): murine C domains are replaced with human 
corresponding domains of the k light chain  and IgG1 heavy chain, the most efficient Ig 
isotype for complement and effector cell activation

• Humanized Antibodies (95% human): murine CDR are inserted in human antibody 
scaffolds

• Human Antibodies: transgenic mice with human Ig genes (HuMabMouse and XenoMouse)
• The conventions used in nomenclature of monoclonal antibodies indicate whether they 

are mouse (-omab), chimeric (-ximab), humanized (-zumab) or fully human (-umab).

Murine                      Chimeric Humanized



2. How to produce recombinant monoclonal
antibodies?

• Expression system
• Hybridomas
• Mammalian cell lines: CHO and NS0
• Yeast: Pichia pastoris
• Bacteria: E. coli

• Purification
• Affinity chromatography on protein A, protein G, protein L 

(bacterial proteins that bind the Fc region of antibodies)



Antibodies are 
post-translationally
modified

Post-translational modifications:
- disulfide bridges
- glycosylation

Glycosylation on Asn297 of the 
CH2 domain.

Murine and hamster cells produce 
oligosaccharide chains slightly
different from human cells.



Development of cell lines: CHO and NS0



Selection markers to improve expression



Expression vectors

• Plasmids
• Strong constitutive promoters (CMV, EF1a)
• Selection markers DHFR, GS

• Virus-based vectors
• lentivirus

Expression of light and heavy chains using two vectors or a single 
vector with two promoters or a single promoter and an IRES 
(internal ribosome entry site)



Dual expression vectors for IgG heavy and light 
chains

The vectors lack the variable domains VH and VL that can be added
with the antigen-specificity of choice



Purification of mAbs: affinity chromatography



Production of antibodies (IgG) in the yeast
Pichia pastoris

• Glycoengineered strain to 
produce Man5GlcNAc2
oligosaccharides.

• Expression under control of 
the AOX1 promoter.

• Yield 1.26 g/l after 146 hours 
with biomass about 400 g/l 
wet cell weight (8.6 mg/l/h).



Production of antibodies (IgG) in the 
yeast Pichia pastoris



Therapeutic monoclonal antibodies

• Clinical applications
• Cardiovascular diseases
• Inflammatory and autoimmune diseases
• Immunosuppression
• Hematologic and epithelial neoplasies

• Anti-cancer therapy: (ideal) properties of the target
• Stable and homogeneous expression on tumour cells, negligible 

on healthy cells
• High expression
• Lack of circulating forms
• Capacity to activate cell death processes





Trastuzumab (Herceptin)
Antibody IgG1 humanized against HER2
• HER2 is a proto-oncogene encoding the tyrosine-kinase receptor for human 

epidermal growth factor (EGF)
• The HER2 receptor is a transmembrane protein present in many epithelial

tissues; it is hyper-expressed in 20-30% cases of breast tumours (>2 million
copies compared to 20000-50000 in normal epithelial cells). Hyper-
expression is generally due to gene amplification

• Trastuzumab binds HER2 with high affinity and it induces receptor
internalization and blocks signal transduction

• Tumours with hyper-expression of HER2 are identified by immunochemistry
(positive to HER2-3) or by FISH (evidences the presence of gene 
amplification)

• It was the first monoclonal antibody approved by FDA for treatment of 
solid tumours. It is recognized as single treatment in second-line therapy of 
metastatic HER2+ breast tumours.



Rituximab
Antibody IgG1 chimeric against CD20. It was the first successful
monoclonal antibody for therapy of non-Hodgkin lymphoma, 
approved by FDA in 1997. 

CD20 is a transmembrane protein with the following properties:
• It is highly expressed on 95% of lymphoma B cells, but not on 

other cells
• It is expressed on healthy B lymphocytes but not on their

immature precursors (this allows reconstitution of B cells after
therapy) and on plasma cells (this allows continuous production of 
Ig)

• Following binding of the antibody it remains on the cell surface
• It is essential for maturation and proliferation of B lymphocytes

Complement activation is critical for antibody efficacy together
with induction of apoptosis through calcium influx.



Rougé et al., Science 367, 1224–1230 (2020) 



Emicizumab: a 
bispecific antibody for 
hemophilia treatment

Bispecific antibody for FIXa and 
FX mimics the role of FVIIIa






