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Protein Aggregation and Emerging Tools to Support Development and
 Characterization
 Danny K. Chou, PharmD, PhD
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Protein Aggregates
 Common Terms Proposed Terminology Size in Diameter
 Oligomers Nanometer aggregates < 50 nm
 High-MW Species Submicron aggregates 50 − 1000 nm
 Subvisible Particles Micron aggregates 1 – 100 μm
 Visible Particles Aggregates >100 μm > 100 μm
 *Narhi et. al., J. Pharm. Sci. 101: 493, 2012
 • Protein aggregates can
 be classified into five
 categories based on size,
 reversibility/dissociation,
 conformation, covalent
 modification, and
 morphology
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Contributing Factors to Protein Aggregation
 •Cell Culture•Purification•Formulation•Filling•Packaging •Shipping •Storage•Administration
 Protein aggregation
 may occur at any stage
 of manufacturing:•Physical/chemical Stresses:
 -pH, ionic strength, temperature, chemical modification,
 light, agitation, mechanic shock, freeze-thaw, etc.
 •Air/Solid-Liquid Interfaces:
 -Protein solution contact with pumps, pipes, vessels,
 filters, columns, etc.
 •Foreign Particles:
 -Stainless steel, glass, plastic, rubber, tungsten, silicone
 oil, etc.
 Protein aggregation can be caused by:
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How Do Particles Impact Patients, Products and Companies?
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Current Regulatory Expectations
 • Immunogenicity of therapeutic proteins must be rigorously assessed during preclinical and clinical studies
 • SEC assays for protein aggregation must be corroborated with Analytical Ultracentrifugation
 • Identify all relevant degradation pathways and develop appropriate assays for SVP quantitation
 • FDA expects sponsors to characterize SVP particles below 10 microns in size (starting at Phase I!)
 • Smaller particles (0.2 to 2 micron) should also be characterized
 • Develop risk assessment & control strategies
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Criteria for Ideal Methodology
 • Detects particles from 0.1 – 100 µmSize Range
 • Allows for validation and setting acceptable limits
 Particle Count
 • Differentiates protein aggregates from others such as silicone oil, metal, rubber and fiber
 Particle Type
 • Records particle image and provides visual identification
 Image of Particle
 • Requires minimal sample preparation (i.e. sample dilution is not required)
 Preparation
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Recommended Orthogonal Methods
 Flow Microscopy Archimedes
 Principle Flow imaging
 microscopy with digital
 image analysis
 Resonant Mass
 Measurement
 by quantification of
 frequency shift
 Size Range 1-70 um 0.3-4 um
 Reproducibility Depends on type of
 sample
 Good
 Status of the
 technique
 R&D and cGMP R&D
 Strengths Visualization of particle
 morphology
 Differentiation of silicone oil
 droplets and protein
 aggregates
 •*Weinbuch D., Zolls S., Wiggenhorn M., Friess W.,
 Winter G., Jiskoot W., Hawe A. Micro–J Pharm Sci
 102:2152-2165•Zolls et al, AAPS NBC poster presentation, 2013
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A Case Study in High Concentration Formulation Development
 • GmAb is stable at 20 mg/mL for IV use; however, there is a business driver to convert the IV formulation to a subQ formulation at >100 mg/mL
 • An in-depth sub-visible particle analyses were conducted
 –Formulation comparison (Study A)
 o Vials were incubated at 5ºC, 25ºC and 37ºC for 2 months
 o FlowCAM and Archimedes were applied
 –Container closure (PFS) comparison (Study B)
 o Glass and plastic (MySafill®) PFS were incubated at 5ºC for 2 months and 37ºC for 1 month
 o Glass and plastic (MySafill®) PFS with and w/o polysorbate were agitated at 5ºC for 2.5 days at 300 RPM
 o SEC, visual inspection, FlowCAM, and Archimedes were applied
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Study A: Formulation B Had More Subvisible Particles than Formulation A (Archimedes)
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Formulation A
 Study A: Particle Count and Size Increased in Formulation B at 25ºC (FlowCAM)
 Formulation B
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Glass PFS Plastic (MySafill®) PFS
 5ºC, 2m 37ºC, 1m 5ºC, 2m 37ºC, 1m
 Study B- Differences in Visual and SEC Results were NOT Observed in Incubated Glass and Plastic PFS
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Study B: Differences in Subvisible Particles were Observed in Incubated Glass and Plastic PFS
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 Particles are protein aggregates or silicone oil droplets?
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Study B- Container Material & Polysorbate Have Impacts on Subvisible Particles upon Agitation (FlowCAM)
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Study B: Subvisible Particles in Agitated Glass PFS (Archimedes)
 control non-agitated (red); agitated w/o PS 20 (blue); agitated with PS 20 (green)
 Negatively buoyant particles Positively buoyant particles
 Particles are protein aggregates or silicone oil droplets?
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Summary of Study A and Study B
 • Sub-visible particle analysis can be a highly valuable tool in the development of high concentration protein formulations
 • Applying orthogonal methods such as flow microscopy and resonant mass measurement can provide detailed analysis of protein aggregation
 • Morphological information from the flow microscopy technique (FlowCAM) can differentiate types of aggregates even in the sample with high protein concentration
 • The ability to differentiate proteinaceous particles from silicone oil proves to be critical for demonstration of product quality
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Conclusions and Take Home Messages
 • Protein aggregates and particles can significantly impact drug products, companies and patients
 • Having the right orthogonal analytical technologies can save company's time and effort in drug product development and increase the chance of success in the future
 • Proper integration of formulation, container-closure, and analytical technologies is essential to the success of developing biologic drug products
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Robustness of Particle Measurement Using RMM
 Formulation B 5oC
 Total
 ParticlesStd Deviation
 Negatively
 BuoyantStd Deviation
 Run 1 4.44 0.225565955 2.37 0.200041662
 Run 2 4.61 2.69
 Run 3 4.94 2.49
 Run 4 4.44 2.29
 Run 5 4.91 2.82
 Run 6 4.8 2.45
 (particle number x 10^7 /ml)
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