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Overview

Aggregation in protein solution based therapeutics may yield harmful immunogenicity. Measurement of these aggregates has been possible for the larger sizes, but smaller aggregates in the range of 0.15 to 2 microns have been
difficult to quantify. Dynamic Light Scattering (DLS) techniques can demonstrate the existence of aggregation, but
do not provide any information on the absolute concentration of the aggregates. Single particle optical sizing
(SPOS) can now measure both the size and concentration of aggregated proteins and is becoming a preferred
technique for this application.
ists since it is used for the USP<788> particulate matter
in injections and the USP <729> test to measure the tail
Biotherapeutics can be susceptible to inducing the elici- of lipid emulsions. But classic light obscuration sensors
tation of anti-drug antibodies (ADA). Evidence suggests typically have a lower particle size limit near 1 µm and
that protein aggregates and particles have the ability to have concentration limits too low for many protein aggreenhance immunogenicity and therefore trigger immune
gation samples.
responses to the monomeric form of the protein.
The new PSS AccuSizer FX-Nano system (shown below)
Manufacturers of the biotherapeutic proteins often preis designed to work at smaller particle sizes and at higher
pare the drug for injection though a series of steps
concentration. This is accomplished by using two sensuch as:
sors; the FX-Nano sensor to measure from 0.15-0.6 µm
and the LE400 sen1. Protein synthesis and purification
sor to measure from
0.5-40 µm. The new
2. Lyophylization for stabilization during shipment
FX-Nano sensor
LE sensor
uses a focused
3. Reconstitution prior to injection
beam to reduce the
FX sensor
total volume inWhile lyophilization has the benefit that it stabilizes the
spected, thus inprotein for transportation, it is not clear that the lyophicreasing the conlized protein will return to its monomeric state after recentration limit of
constitution. If a small amount of the protein aggregates as a result of this process, it is possible to induce the sensor. This
sensor is coupled
an immune response in the patient to the therapeutic
with the SIS samcourse of treatment.
pler, modified to
allow for sample
Developing a simple method to measure the degree of
volumes as low as
aggregation enabling display of data in histogram of
size versus concentration following reconstitution would 250 µL. This configuration passes all requirements in USP <787> Subvisible
result in the ability to screen these drugs during the
formulation process. This analysis could ensure that the Particulate Matter in Therapeutic Protein Injections.
reconstitution process results in the release of the monAggregated proteins are sized and counted one at a time
omer without a significant amount of aggregation.
using the two sensors to cover a dynamic range of 0.1540 µm. The LE sensor when used alone can operate from
Particle Counting Techniques
0.5 -400 µm,
making this a
There are few techniques capable of measuring both
particle size and concentration in the size range of inter- very flexible system.
est to quantify protein aggregation. The light obscuration method is familiar to many pharmaceutical scientIntroduction

Example Data 1: IgG Before and After Filtration
Immunoglobulin G (IgG), ~150 kDa, 1% was prepared
in PBS. The sample was measured undiluted using the
AccuSizer FX-Nano with both the FX and LE sensors
and the SIS sampler. The result is shown in Figure 1.
Total # particles counted = 109,343, concentration = 9.7 x
108 particles/mL.

Figure 3: Before (blue) and after (red) filtration.
Example Data 2: IgG Before and After Incubation
The sample preparation was used to investigate the effect of incubation on the IgG protein sample. Figure 4
shows the particle size distribution of the IgG sample
before incubation and then after 1 and 6 hours of incubaFigure 1: Unfiltered IgG
tion at 37 C. The samples were measured using the
AccuSizer FX system alone. Defining the aggregated
The sample was also analyzed on the Particle Sizing Sys- protein as >0.7 µm, the concentration reduced as foltems Nicomp 380 dynamic light scattering (DLS) system , lows: 9.77, 7.75, to 5.08 x 105 particles/mL. Clearly, this
see Figure 2, in order to asses the size of the monomer
extent of aggregation reduced with increased thermal
and to get a rough feel for the size the aggregated proincubation, suggesting improved dissolution. The tail of
tein. Peak #1 (native protein): 14.6nm, 52% intensity
aggregates is expanded in Figure 5 for more detail.
(99.6% total mass). Peak #2 (aggregated tail): 395nm,
48% intensity (0.4% total mass). It is the tail of aggregates at 200-500 nm and greater that the AccuSizer FXNano is being used to study in detail.

Figure 4: Time 0 (blue), 1 hour (red), and 6 hour (black)

Figure 2: DLS Nicomp 380 data for unfiltered IgG
The protein sample was then passed through a 0.2 µm
filter and analyzed again on the AccuSizer FX-Nano system. The results comparing before and after filtration are
shown in Figure 3. The results for the PBS is also shown
in black. The concentration reduced from 9.7 to 3.1 x 108
particles/mL after the filtration step. The decrease in the
tail of aggregated particles is clearly visible and easily
identified by the AccuSizer FX-Nano system.

Figure 5: Expanded view of aggregated protein tail

Example Data 3: Protein under Different Storage and
Processing Conditions
An unknown protein was supplied by a customer. The buffer and three different preparation/storage conditions were
analyzed on the AccuSizer FX-Nano to determine particle
size and concentration of the aggregated protein. The concentration of particles > 0.19 µm for the buffer and protein
samples are shown in Table 1. The graphical results are
presented in the differential count format in Figure 6 and
cumulative format in Figure 7.
Sample

Particles/mL > 0.19 µm

Protein A (red)

4.78 x 108

Protein B (green)

2.36 x 108

Protein C (blue)

1.10 x 108

Buffer (purple)

0.36 x 108

Figure 8: Differential distribution, log scale

Table 1: Particle concentration of buffer and three protein
samples

Figure 9: Cumulative distribution, log scale
Conclusions

Figure 6: Differential distribution

The AccuSizer FX-Nano provides an analytical tool capable of easily quantifying both the size and concentration of protein aggregates. The unique two sensor approach covers the broad dynamic range required to provide a detailed, high resolution view of the tail of aggregated proteins. Accurate count/mL data allows for comparison for results for samples at different concentrations. The SIS sampler can work with the small sample
volumes required for this application. In addition, by removing the FX-Nano sensor, the system could be used
for standard USP <787> and <788>particulate matter in
injections.
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Figure 7: Cumulative distribution
Figures 8 and 9 show the same aggregated protein data
but with the concentration plotted on a log scale for the Y
axis to better show the large concentration range of results.
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