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As the development of interferon has become a breakthrough in the treatment of hepatitis, protein drugs with sharp activity have
contributed to the improvement of treatment outcomes in refractory diseases such as cancer and autoimmune diseases as well as
hepatitis. Although there is concern that protein drugs have a poor biological stability in the early stages of development,
bioconjugation with polyethylene glycol (PEG) has improved the biological stability and enabled the clinical application of many
protein drugs. On the other hand, protein drugs, either with or without bioconjugation, have a poor stability under stress, such as
heat and dropping, compared with small molecule drugs. In the current situation where pre-filled syringe formulations have been
widely used, protein drugs in solution are susceptible to dropping or vibrating stress during transportation, and these stress conditions
may induce the formation of protein aggregates or subvisible particles, including silicone oil (SO) droplets in the container. Thus, it
is especially important to control the quality of protein drugs during transportation. In fact, it has been reported that antibodies might
aggregate by dropping or vibrating, and the complexes of SO droplets with antibodies might cause immune responses, suggesting
that changes in the physical properties of proteins can lead to changes in biological responses. Furthermore, it has been implied that
higher concentrations of subvisible particles in the vials of peginesatide (PEGylated peptides binding to the erythropoietin receptor)
might be related to the occurrence of anaphylaxis upon its administration. Many bioconjugation studies using PEG have focused on
the improvement of PEGylated drugs, such as the increase in the half-life of PEGylated proteins in the blood achieved by increasing
the length of PEG or the number of conjugations. Thus, protein drugs comprising long PEG conjugates or many PEG moieties have
been developed. However, changes in physical properties and unintended biological responses of PEGylated proteins under dropping
stress have not been understood. For a properly produced PEGylated protein drug to be administered to patients without reduced
activity and without causing an adverse reaction, it is necessary to understand the physical properties and biological responses of
PEGylated proteins under dropping stress. Here, we prepared four PEGylated ovalbumin (PEG-OVA) molecules conjugated with
different lengths (5 or 20 kDa) and numbers (large [L] or small [S]) of PEG and then analyzed the formation of subvisible particles
regarding changes in physical properties and antibody production/clearance regarding changes in biological responses under
dropping stress.

Under dropping stress, particle concentration analysis using flow imaging demonstrated that the particle concentration of PEG-
OVA solutions was significantly higher than that of OVA solutions. In particular, the particle concentration was higher for the larger
PEG modified OVAs (20 kDa PEG-OVA). It has been reported that protein aggregate is one of the product-related factors to induce
immune responses, such as the production of anti-protein drug antibodies. In addition, it is known that the accelerated blood
clearance (ABC) phenomenon may be observed; that is, excretion of PEGylated proteins by their IgM antibodies induced at their
first administration occurs rapidly upon the second administration, even without aggregate formation. Thus, PEGylated protein
aggregates could conceivably promote antibody production and clearance. Anti-PEG IgM titer analysis after the intravenous
administration of 20 kDa PEG-OVA (L) and (S) into mice, showed that the production of anti-PEG IgM was significantly enhanced
in the groups treated with 20 kDa PEG-OVA (L) or (S) with dropping stress, compared to the groups without dropping stress. In
particular, the titer of anti-PEG IgM antibodies was higher in the group treated with 20 kDa PEG-OVA (L) with dropping stress
compared to the group treated with 20 kDa PEG-OVA (S). Finally, we investigated the effect of dropping stress on clearance of the
second dose from the body. In the condition without dropping stress at the first dose, the PEG-OVA concentration in the 20 kDa
PEG-OVA (S)-administration group was not significantly changed compared to that in the single administration group. On the other
hand, the concentration in the 20 kDa PEG-OVA (L)-administered group was significantly lower than that in the single
administration group. Under the condition of dropping stress at the first dose, both concentrations in the 20 kDa PEG-OVA (S)- and
20 kDa PEG-OVA (L)-administered groups were markedly decreased compared to those in the single administration group. These
findings suggest that the ABC phenomenon might be induced more severely due to the production of anti-PEG IgM antibodies by
the administration of 20 kDa PEG-OVA, containing more particles at the first dose.

These findings could provide insights into proper transportation conditions to ensure the quality of PEGylated protein drugs.
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