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Quantification of Monoclonal Antibody Stability
Change After Forced Degradation Studies

Introduction

The development of new antibody biologics requires maximizing the stability of antibodies so that
functionality is not lost due to the product aggregating or degrading over time. Improving the
stability of the antibody can be done via alteration of the antibody polypeptide sequence (antibody
engineering), and by changing the solution conditions the antibody is suspended in
(formulations).[1], [2]

Further insight into the stability of the antibody can be gained by looking at the products from
degradation samples.[2], [3] Within formulations, degradation studies are used to identify solution
conditions that predict long term stability. The limits of instability can also be determined when
using different solution conditions. Degradation studies are also used to mimic observations of a
formal stability study under ICH (International Council for Harmonization) conditions.[3]
Degradation studies are used throughout the development process and is a requirement for
certain regulators.[1], [2]

Types of degradation study include agitation, photolytic, glycation, hydrolysis, thermal, and
oxidation.[2], [4] A review of forced degradation studies has been done by Nowak, et al, where
they focused on recombinant antibodies.[2] In this study, the change in stability of a monoclonal
antibody (mAb) is quantified after degradation via deamidation, glycation, and oxidation. Chemical
denaturation experiments were performed on the antibody before and after degradation to assess
the change in stability.

Along with investigating stability changes after degradation, the dataset illustrates the kinds of
changes observed when comparing similar antibody constructs. For example, when selecting
stable candidates amongst mutant variants of a parent antibody.[5]

Deamidation Degradation of IgGl mAb

104 Samples
® Controf
B 7days, 40°C

Fraction Unfolded

00 7

Denaturant Concentration (M)

Figure 1—- Denaturation curves comparing the deamidation sample with the control sample. The trendline
was fitted with a three-state function. Incubating the IgG1 mAb has significantly lowered the stability of the
antibodly as the transition regions appear at lower denaturant concentrations.
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Glucose Degradation of 1gGl mAb
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Figure 2 — Denaturation curves comparing the control sample with the 1 day and 7 days glycation samples.
Both glycation curves show a significant decrease in stability, compared to the control sample. However,
there is little change between the 1 day and 7 day samples, which implies that the glycation process was

over shortly after 1 day.

Results

The denaturation curve for the deamidation sample is compared to the control sample in Figure 1.
It shows a significant reduction in stability highlighted by the transition regions having shifted to
lower denaturant concentrations. The data is also of sufficient resolution to distinguish two
transition regions. Fitting of a three-state model to the data confirmed the reduction in mAb
stability as the Crvalues for both transition regions, listed in Table 1, dropped by 0.60 M and 0.76 M,
after the deamidation process.

Incubating the mAb in a 50 mM glucose solution, for one day, has resulted in a reduction in the
stability of the antibody as the transition regions (shown in Figure 2) occur at lower denaturant
concentrations than the control sample.

Comparing the 1 day and 7 days glycation samples show little change (0.01 M for Cm1and 0.04 M
for Crz). The glycation process for the 7 days sample would be near completion as this sample was
incubated for longer than the 1day sample, but also used 40 times higher concentration of glucose
(2 M). Given the similarity between the 1day and 7 days sample, the data implies that the glycation
process was near complete for both samples.

Comparing the denaturation curve of the oxidized sample to the control sample (Figure 3) reveals
a more subtle change in mAb stability. The three-state behaviour is still present, but only one of
the transition regions has changed after treatment with hydrogen peroxide. The Cn, value for the
first transition region decreases by 0.19 M while the second transition region only changes by
0.03 M. The Gibbs free energy for the second transition region shows a change of 2.73 kJ mol' while
AG® decreases by 15.56 kJ mol™.

Table 1 - Fitted parameter values for solvent conditions that stabilised the Trastuzumab. The standard
deviations from fits were determined to be less than 0.1°C and 1.5 kJ mol’.

Sample AG°; (k) mol?) Cm1 (M) AG°; (k) mol?) Cm2 (M)
Control 42.79 2.39 51.85 3.18
Deamidation 39.73 1.79 52.02 2.42
Glycation (1 day) 57.76 1.93 51.92 2.72
Glycation (7 days) 50.67 1.94 47.44 2.68
Oxidation (H,0,) 27.23 2.20 49.12 3.21
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Peroxide Degradation of IgGl mAb
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Figure 3 — Denaturation curves comparing the peroxide degradation sample with the control sample. The
plot shows a significant change in stability for the first transition region with the second transition region
remaining mostly unaffected.

Conclusion

Forced degradation studies are routinely employed during the development of new biologics.
Along with providing evidence for the mechanisms by which a mAb can degrade, the change in
stability mimics the observations when comparing different antibody constructs.

The change in stability of an IgG1 mAb was measured via chemical denaturation before and after
deamidation, glycation, and oxidation studies. Samples prepared in 384-well microplates were
measured with the SUPR-CM fluorescence plate reader.

Deamidation and glycation samples decreased the stability of the mAb significantly when
compared to the control sample. However, the gradients of the transitions do not change greatly
when compared to the control sample. This implies that both transition regions were affected to a
similar extent. This contrasts with the oxidation sample, which showed a decrease to only the first
transition region, which implies that the other transition region is the more stable of the two.

The data acquired with only 300 ng of antibody per well is shown in Figure 4 and shows the
fraction unfolded values from three repeat measurements of the plate. The consistency of the data
points between the different scans is low, with a standard deviation averaging 0.015. Despite the
small amount of antibody used, the fraction unfolded plot of Figure 4 still show the three-state
behaviour that is expected with this IgG; mAb. Fitting of a three-state model converged, and Gibbs
free energy values and midpoint inflection points where obtain and shown in Table 2.
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Figure 4 — Denaturation curve of IgGr mAb where each well only used 300 ng of antibodly. Plate was
measure three time and the plotted together along with the three-state function fitted trendline.
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Table 2 - values for the Cibbs Free Energy and the midpoint of inflection from three-state fitting of low
sample usage data in Figure 4.

Sample AG°; (k) mol?) Cm1 (M) AG°; (k) mol?) Cmz (M)
Low Protein

. 27.13 2.45 91.02 3.04
Concentration

Methodology

Preparation of Degradation Samples

Four samples of IgG1 mAb were prepared in PBS to a final concentration of 1.5 ™%,.. One sample
contained 2 M glucose, while another contained 50 mM glucose. The third sample contained 0.3%
hydrogen peroxide. The unaltered sample and the 2 M glucose sample were incubated in a water
bath, at 40°C, for 7 days. The 50 mM glucose sample was incubated at room temperature for 1 day,
while the peroxide sample was incubated for 3 hours at room temperature. A control sample of
1.5 "9, IgGl mAb in PBS was made and underwent the same buffer exchange process as the other
samples.

After incubation, the samples had their buffers exchanged via centrifugal filtration to remove the
glucose and peroxide. All samples had their buffers exchanged with PBS to maintain consistency
in the method of preparation. Amicon Ultra 4 centrifugation filter tubes (30 kDa) were used to
exchange the buffers in five rounds of centrifugation. The filters were centrifuged at 2800 xg for
10 mins.

Dispensing and Measurement
Samples were dispensed into the wells of a 384-well microplate (Greiner) by the Mantis® liquid
handler (Formulatrix®). The samples were prepared in triplicate and used 24 denaturant
concentrations frormm O M to 6 M.

Microplates were measured with the SUPR-CM fluorescence plate reader (Protein Stable™) and
used a 500 ms well measurement time. The total time to read the plate was 2.5 minutes. The
intrinsic fluorescence spectra were used to generate the denaturation curve by calculating the
ratio of intensities at 355 nm and 330 nm. Denaturation curves were fitted to a three-state function,
with the Gibbs free energy (AG°) and mid-point of inflection (Cn) being used to quantify the
stability of the antibody.
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