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Tribute to Wim Jiskoot

• Role of aggregates in the immunogenicity of biopharmaceuticals
• The use of immune tolerant transgenic animals in immunogenicity

studies
• Breaking of tolerance as main mechanism in immunogenicity of 

human homologues
• What caused Eprex associated PRCA
• Biosimilars and beyond



The road to aggregates

The interferon alpha case



The Assumption

• During the clinical trials with interferon alpha 2 in patients it become 
clear that about 20-30% of the patients produced antibodies after 6-
12 month of treatment

• We started to test an interferon alpha B/D, an unnatural hybrid 
molecule. The prediction was: it would be immunogenic in patients



The results

• Interferon alpha B/D proved to be relatively highly 
immunogenic in rhesus monkeys

• A clinical trial was performed in Chronic Hep C. 
Treatment of 6 months: no antibodies

Why is a natural IFN alpha 2 
immunogenic and a non-natural IFN 
alpha non-immunogenic?



Another part of the puzzle
the Roferon case



Antibodies and type of interferon alpha 2
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Natural Hu IFN alpha-2



Two main IFN alpha-2 preparations

Generic Commercial Aa position Natural
name name 23 alelle

Hu IFN Roferon Lys No
alpha-2a

Hu IFN Intron Arg Yes
alpha-2b
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Roferon immunogenicity

• Highest incidence of immunogenicity: freeze-dried HSA containing
formulation stored at room temperature

• Storage at room temperature led to oxidation of IFN alpha 2 molecule
• Oxidated molecules lead to aggregates of interferon alpha 2 and HSA
• Aggregates break tolerance in IFN alpha 2b transgenic mice



First funding of immunogenicity studies

• EU concerted action: funding for meetings and coordination of 
studies of immunogenicity of biopharmaceuticals

• EU consortium developing new freeze- drying technology needed a 
biological read-out for level of aggregates



A: wildtype mice B: immune tolerant transgenic animals





N: native interferon alpha 2
M: oxidized by metal catalysis
G: glutaraldehyde treated
H: H2O2  oxidized
B: boiled



Wildtype mice



Transgenic immune- tolerant mice



Human interferon beta
transgenic mice



Albumin control

Treated with IFN beta 1b
Treated with IFN beta 1a





Rebif

Avonex

Betaseron



Different doses

Number of injections

Consecutive injections



Other immune tolerant transgenic mice

• Human insuline

• Human Ig



Transgenic

Non-transgenics

NP= insulin bound to polystyrene particles

OA= oxidized and aggregated insulin

O= oxidized insulin









History of the medical use proteins

§ Proteins of animal origin (e.g. equine antisera, 
porcine/bovine insulin): foreign proteins

§ Human derived proteins (e.g.growth hormone, factor 
VIII): no immune tolerance

§ Recombinant human proteins(e.g.insulin, interferons, 
GM-CSF): ??



Conclusion 1: Nearly all  
biopharmaceuticals induce 

antibodies

Conclusion 2: There are two mechanisms
lReaction to neo-antigens (foreign proteins)
lBreakdown of immune tolerance



Types of immune reaction against 
biopharmaceuticals
Reaction to foreign proteins

Type of product Products of microbial 
or animal origin

Characteristics of 
antibody production

Fast, often after a 
single injection, 
neutralising antibodies, 
long duration

Cause The presence of 
foreign antigens



Types of immune reaction against 
biopharmaceuticals
Breaking of self-tolerance

Type of product Human homologues

Characteristics of 
antibody production

Slow, after long 
treatment, binding 
antibodies, disappear 
after treatment

Cause Mainly impurities and 
aggregates



Survival/Proliferative Signals

Fate of Auto-Reactive B Cells 
After Encountering Conjugated VLPs

Toleragenic Signals

Oligomerization of BCR/self-Ag
Signaling Complexes

Monomeric BCR/self-Ag Complexes

Q’s: Qualitative or Quantitative differences in signaling?
Involve initial activation of B cells or reactivation of anergic B cells?









Pure red cell aplasia 
associated with EPO 

treatment

Immunogenicity became an important issue 
in therapeutic protein development 



Pure red cell aplasia associated with anti-EPO 
antibodies

Nicole Casadevall 

- 1996 PRCA case with natural antibodies
- 2002 13 cases with antibodies associated with

epoetin treatment



Epoetin Alfa PRCA Cases
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Removal of human serum albumin 
stabilizer from epoetin alfa (outside USA)

Johnson & Johnson Pharmaceutical Research & Development LLC. Summary of PRCA case reports. 
Available at: http://www.jnj.com/news/jnj_news/1021024_095632.htm. Accessed December 15, 2003. 
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• Recent concern over use of HSA in 
Europe because of potential 
transmission of infectious viruses or 
BSE prions

• In 1998, HSA was replaced with 
polysorbate 80 in prefilled syringes 
of Eprex® distributed 
ex-US

Product formulation
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