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Which aggregates are the most immunogenic?

How many aggregates are too much?

Why are aggregates immunogenic?
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What happens to IgG aggregates at the site of injection?

Is the biodistribution of aggregates different from monomers?

Is there a difference in early immune response if IgG is aggregated?
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Hairless (not nude)

Immune competent

8 mice/group



70% in aggregated form

Mostly micron-sized aggregates

Hydrophobic aggregates

20µµµµm
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Monomers spread faster than aggregates

Aggregates remain at the site of injection for more than a month
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Accumulation in the liver

Aggregates disappear from circulation faster than monomers
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Injection site - Aggregates remain at higher concentration for longer time

Whole mouse – Aggregates disappear faster
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No statistical difference between monomers and aggregates

Statistical difference between SC and IV routes

Only IL-6 significantly increased with aggregates (IV)
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Freeze-thaw (10 cycles -80°C-RT)

pH-shift (3 cycles pH 6-1-6)
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Heat and pH-shift induced more oligomers and submicron aggregates

Shake and pH-shift induced more micron aggregates

Shake was the only stress inducing visible aggregates
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13 transgenic mice/group (tolerant for human IgG)

13 wild-type mice/group
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Metal-catalyzed oxidized IgG formulation was able to induce high ADA titers in the majority of the mice  
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Aggregates increase the risk of immunogenicity

Not all aggregates pose the same immunogenic risk

The amount and size of aggregates is not directly related with immunogenicity

Oxidated aggregates seem to be the most dangerous aggregated species

‒ Coherent with by IFN-α studies (Hermeling et al., J Pharm Sci, 2006) 

‒

‒

‒ Coherent with IFN-β studies (van Beers et al., Pharm Res, 2011) 

‒ Confirmed by insulin studies (Torosantucci et al.,  J Pharm Sci, 2014)

‒ Contradictory results with IgG2 study by Amgen (Bi et al., JBC, 2013)

‒ Confirmed by a recent unpublished IgG study (Antonio Iglesias, Roche, Switzerland)

metal-catalyzed oxidized > heated ≈ pH-shifted ≈ shaken > freeze-thawed

Immunogenicity ranking of formulations used the this particular study:

Case-by-case approach is still necessary
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