.

) <

The University of Osaka
Institutional Knowledge Archive

Biophysical characterization of pharmaceutical
Title antibodies_using size-exclusion chromatography
and analytical ultracentrifugation sedimentation
velocity

Author(s) |Krayukhina, Elena

Citation |KFRKZ, 2012, HEHX

Version Type

URL https://hdl. handle.net/11094/59911

rights
%%#b4/9 v NRBEDEFEIMELSNTULWAW
\miwgawﬁ%AﬁLTDi7 23O TFH
Note ﬁ%;%ﬁwt A%, <a

href="https://www.library.osaka—
u.ac. jp/thesis/#closed”> KR KEDIELEHHTIC DL
/& TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



—897—

[49])

x £ Kr;ysLJlI(thTina Ellgr:a

MEOELNTFOL [ & (1L%)

oo & 5 OE 25717 &

FALEE A H k24412 H 18 H

TG o B ARRIE 455 1 EY
TR TR A i St Lo A

A S S Biophysical characterization of pharmaceutical antibodies using
size—-exclusion chromatography and analytical ultracentrifugation
sedimentation velocity
(A BRI AT LTS 74— LBRDEBREEZEAVERREE
D E Y EZ R IERRT )

WXk E £ B ()
E I O
(EI#)
Yo Rl R % B OB R #® B ORE #
oK AR & B T @k % & R %
o /M OER #H B s KHl # ' (F st
o OJEK T G - A R R G & S 2315

£
b3
=
b
S
]
ull

Abstract

In this study, biophysical characterization of a number of commercial pharmaceutical antibodies was performed
by using size-exclusion chromatography (SEC) and analytical ultracentrifugation sedimentation velocity
(AUC-SV). The AUC-SV experiments conducted at different rotational speeds revealed that antibody
conformation can be accurately measured at 20,000 rpm. To account for the observed dependence of antibody
hydration on rotational speed, it is suggested that correction factors should be introduced to the equation
describing the process of sedimentation. A standard operating procedure for the precise quantification of
aggregates in immunoglobulin preparations by using AUC-SV was designed. Following the developed procedure,
it was shown that AUC-SV can be effectively applied to support the results obtained by SEC. Finally, by using
AUC-SV, it was demonstrated that the percentages of higher order aggregates measured by the SEC method
specifically designed for the regulation purposes do not represent the actual values. The findings of this study can
have many important applications in therapeutic antibody research, such as in investigations of the effect of
various formulations conditions on the stability of antibodies.

Chapter 1. General Introduction

Upon exposure to a variety of stresses encountered during manufacturing, pharmaceutical antibodies can
undergo conformational changes. Induced conformational changes affect antibody stability and activity. Moreover,
perturbations of antibody native structure may lead to the formation of aggregates, which cause loss of the
therapeutic efficacy and induce allergic reactions. Therefore, it is essential to perform biophysical
characterization of pharmaceutical antibodies to ensure safety and quality of antibody drug products. Several

analytical techniques can be employed for the biophysical characterization of pharmaceutical samples, including
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size-exclusion chromatography (SEC) and analytical ultracentrifugation sedimentation velocity (AUC-SV). The
objectives of this study are to evaluate the conformational stability of antibodies by using AUC-SV and to assess
the level of antibody aggregates present in the formulations by using AUC-SV to cross-validate the SEC results.
Chapter 2. Effects of rotational speed on the hydrodynamic properties of pharmaceutical antibodies measured by
analytical ultracentrifugation sedimentation velocity (AUC-SV)

In general, the measured by AUC-SV hydrodynamic parameters are assumed to be speed-independent. For this
reason, the influence of rotational speed on the hydrodynamic properties of antibodies has not been investigated.
The objective of the present chapter is to investigate the effect of rotational speed on the hydrodynamic
parameters of antibodies for the conformational analysis. Two antibodies were studied by AUC-SV at five
different rotor speeds, and acquired data were analyzed using SEDFIT and UltraScan computer programs. The
measured frictional ratio and molecular weight were inversely proportional to rotational speed and the most
accurate estimations of both parameters were achieved at 20,000 rpm. It was confirmed that antibody adopted
conformation similar to that revealed by X-ray crystallographic analysis. These findings clearly demonstrate that
AUC-SV is a powerful tool for the accurate conformational analysis of pharmaceutical antibodies.

Chapter 3. Aggregation analysis of pharmaceutical human immunoglobulin preparations using size-exclusion
chromatography (SEC) and analytical ultracentrifugation sedimentation velocity (AUC-SV)

Due to a nonspecific binding of protein aggregates to packing material of the SEC column, which was previously
reported, the results of SEC should be verified using different analytical techniques. The objective of this chapter
is to demonstrate that AUC-SV can effectively be used for the quantification of aggregates in pharmaceutical
immunoglobulin preparations and to confirm the performance of SEC. For this purpose, a standard operating
procedure for the measurements of aggregates using AUC-SV was developed. Following the procedure, seven
formulations, four liquid and three lyophilized, were studied by using AUC-SV and obtained results were
compared with those of SEC under standard conditions. AUC-SV and SEC provided similar results of
quantification of aggregates. Thus, it is demonstrated that AUC-SV can be effectively used for the aggregation
analysis of immunoglobulin preparations and to confirm the performance of SEC.

Chapter 4. Role of analytical ultracentrifugation sedimentation velocity (AUC-SV) in the regulation of
biopharmaceutical drugs

To ensure performance of the optimized SEC method, it is important to evaluate its results using alternative
methods. The objective of this chapter is to confirm the performance of the SEC method specifically designed for
regulation purposes by using AUC-SV. Seven pharmaceutical antibodies formulations, four liquid and three
lyophilized, were studied by using AUC-SV and SEC using optimized elution conditions. The amounts of dimeric
and higher order aggregates determined by the SEC analysis were higher than those estimated by AUC-SV. The
SEC method with optimized conditions provided estimation of higher order aggregates of more than 1.0%.
However, AUC-SV analysis revealed that the actual value was less than 1.0%.

Chapter 5. General conclusion

AUC-SV is a powerful tool for the comprehensive biophysical characterization of pharmaceutical antibodies. It
can yield useful information regarding conformational stability of antibody in various formulations used during
manufacturing steps. AUC-SV provides higher resolution than SEC, particularly for high-molecular weight
aggregates. By using AUC-SV, it is possible to assess whether the optimized SEC method accurately quantifies
aggregates.
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