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Biologics (recombinant protein drugs) such as cytokines are used in low dose. Consequently, as the production
size is not big, the efficiency of the manufacturing process was not considered important. However, for some
high-dose recombinant monoclonal antibody (mAb) products, an annual production of 1 ton or more is required. In
order to improve the production process of mAb various technologies have been developed. The cell culture process
called the upstream process has been dramatically improved, which results in ten-fold increases in the mAb
concentration over the last 10 years.

Although there have not been epoch-making innovations in the purification process called the downstream
process (DSP), so-called platform DSPs have been established. This is because a product-specific purification
process is not needed as the properties of mAbs are basically similar. Increasing cost pressure requires much
efficient DSPs as they are expensive and increase the total production cost. Platform DSPs usually consist of three
chromatography steps, a capture step by protein A chromatography (PAC) followed by two polishing steps
(ion-exchange chromatography, IEC). Such chromatography packing materials (media, gels or resins) have been
improved remarkably recently. It is now possible to construct an efficient DSP by choosing suitable chromatography
media and proper operating conditions based on mechanistic models.

Protein A chromatography (PAC) is commonly used as a capture step in mAb separation processes. Usually
dynamic binding capacity is used for choosing the right PAC. However, if aggregates can be efficiently removed
during elution, it can make the following polishing steps easier. In chapter 2, a method for choosing the right PAC
media in terms of mAb aggregate removal is proposed. Linear pH gradient elution experiments of two different
mAbs on various PAC columns were carried out, where the elution behavior of aggregates as well as the monomer
was measured. Aggregates of one mAb were more strongly retained compared with the mAb monomer. Another
mAb showed different elution behavior, where the aggregates were cluted as both the weakly and strongly retained
peaks. In order to remove the two types of aggregates by stepwise elution two protocols were tested. The first
protocol A consisted of the sample loading, the wash with the equilibration buffer and the low pH elution. The wash
stage of the second protocol B included the wash with 1.0 M arginine. No detectable peaks were observed during the
wash stage of protocol A whereas significant peaks were monitored during the arginine wash of protocol B. One of
the PAC columns showed a smaller peak during the arginine wash. In addition, both the aggregate removal and the
monomer yield were higher with protocol B compared Mﬁ the other PAC columns. This method was found to be
useful for choosing the right PAC column.

The temperature is not considered a critical parameter in DSPs. However, the manufacturing process is most often
carried out at room temperature whereas the early-stage process development may be performed at low temperatures
in the laboratory. It is also important to know the temperature dependence of chromatography performance for the
process validations. In chapter 3, the dynamic binding capacity (DBC) of model proteins on ion-exchange
chromatography (IEC) was analyzed based on a simplified pore diffusion model in order to develop a simple
method for designing a capture chromatography process. A dimensionless parameter, udpzf(ZDm) was derived from
the pore diffusion model, where u, is the superficial velocity, d, is the particle diameter, Z is the column bed height,
and Dy, is the molecular diffusion coefficient. Breakthrough curves of model proteins (Lysozyme and mAb) were
measured for cation exchange chromatography columns at various temperatures (8, 13, 18, 23 and 28°C). The
DBC/SBC values (column efficiency) was calculated from the experimental data were well correlated to udpzz’(ZDm)
(SBC = static binding capacity). The DBC/SBC - uOdPE/(ZDm) curve was found to be useful for designing efficient
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