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Accounting for the inherent heterogeneity of monoclonal antibodies is essential to ensure
production of consistent and safe therapeutics and, in light of this, there is an array of
chromatographic and supporting regulatory systems. Robust characterization and analysis of
monoclonal antibodies is becoming a fast and straightforward process thanks to the myriad
technological advances underpinning this rapidly evolving area.
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Characterizing Therapeutic Monoclonal
Antibodies

Ever since hybridoma technology proved to be a viable method of generating monoclonal
antibodies (mAbs) in the 1970s,1 the therapeutic application of immunoglobulins has exceeded
all expectations and there are now hundreds of mAbs in clinical development. Currently,
39 novel mAbs are already in Phase 3 studies that are designed to target diseases including
autoimmunity, inflammation, cancer, and infections.2 At the current approval rate of novel
therapeutics, we can expect approximately 70 marketed mAb products by 2020, along with
$125 billion in combined global sales.3
The success of mAbs as therapeutics stems from their selective and specific binding to
proteins or molecules. However, unlike small molecule drugs, mAbs are produced from
animals, cell lines, and fermentation processes, meaning they lack the purity of a chemically
synthesized product. They can also be subject to possible degradation or chemical
modification (“stresses”) during the manufacturing process that can affect biological activity
and thus efficacy. Analytical and validation techniques, such as high performance liquid
chromatography (HPLC), are essential for mAb quality control (QC) and characterization during
drug development to ensure that they have safe, consistent, and stable properties that meet
regulatory standards.

Chromatographic Characterization of mAbs
There are numerous chromatographic techniques used for the analysis and characterization
of proteins, but the main techniques performed in mAb characterization are size-exclusion
chromatography (SEC), ion exchange chromatography (IEC), and reversed-phase liquid
chromatography (LC).
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Size-Exclusion Chromatography (SEC)
SEC is the method most commonly used for characterizing the molecular weight distribution of
samples and it is frequently used in the analysis of proteins to assess aggregate ratios and in
protein purification. It works on the simple premise of separating molecules based on their
molecular size, where the larger molecules elute first from the column. SEC columns can be
polymer or silica-based, with the more recent columns employing a covalently modified diol
hydrophilic layer that minimizes nonspecific binding of proteins to the underlying silica.
Interactions between the sample and packing material should be avoided in SEC to have a
true size-based separation.

Ion Exchange Chromatography (IEC)
IEC remains a very popular technique in the purification of therapeutic protein drugs. This
technique utilizes the electrostatic interactions between the protein sample and the resin and
can be neatly divided into either cation-exchange chromatography or anion-exchange
chromatography. The choice between these two depends on the isoelectric point (pI) of the
protein of interest and the pH at which the separation is performed. In salt-based elutions, the
pH of the buffers used in the separation needs to be adjusted for every antibody according to
its pI value. However, recent advances in the technology have made a dedicated pH gradient
buffer system (covering a pH range of 5.6 to 10.2) available to perform the charge-based
separation of antibodies on cation-exchange columns. This platform gradient technology is
extremely useful in development environments where samples with a broad range of pIs are
used and optimizing buffer systems for each sample would typically be a time consuming
process. IEC has seen great success in monitoring modifications to proteins that change the
overall charge.4

Reversed-Phase Liquid Chromatography (LC)
Reversed-phase LC has very high resolving power and is often used to separate peptide
mixtures that result from enzymatic digestion of a therapeutic protein. Separation of intact
proteins can also be performed at a high resolution with LC, but requires dedicated columns.
Mobile-phase temperature has also previously been shown to be an important factor for
improving performance as well as limiting adsorption phenomena with mAbs.5 In recent work6
researchers performed LC with a column capable of thermostatting up to 110 ºC. Actively
regulating the thermal balance between the mobile phase and the stationary phase limits the
loss of efficiency because of temperature mismatch between the column and the incoming
solvent. Four commercial antibodies (bevacizumab, cetuximab, rituximab, and trastuzumab)
were eluted with a 10-min linear gradient. In all cases, the elution of the intact antibodies
resulted in very sharp peaks.6
Figure 1. Comparison between a
reference (blank trace) and a stressed
antibody (blue trace). Gradient: 0–100%
in 10 min. (a) Full view and (b) Enlarged
view.
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LC can also be used to assess the stability of an antibody in preliminary studies. To determine
the effects of stress-related degradation on an antibody, researchers ran a simple 10-min
gradient from 0 to 100% B (Figure 1) on a stressed and non-stressed sample.6 The increased
relative area of the impurities eluting before the main peak of the stressed mAb confirmed the
degradation of the sample.

Supporting Techniques
To account for the inherent heterogeneity present not only within mAb production, but also the
characterization steps, there needs to be regulatory guidance. The International Conference on
Harmonization Guideline Q8 (R2) describes particular parameters of biopharmaceuticals,
known as critical quality attributes (CQAs).7 CQAs are defined as physical, chemical, biological,
or microbiological properties or characteristics that should be within an appropriate limit,
range, or distribution to ensure the desired product quality. Identifying CQAs appropriate to
therapeutic mAbs is a challenging but necessary first step in the implementation of quality by
design (QbD). Since mAbs are attributed with multiple important characteristics, such as purity,
strength, potency, and safety, it is preferable to use multiple analytical techniques to identify
these early on in the production process.
Promotion of QbD through early assessment of CQAs and implementation of robust QC
methods can help detect mAb heterogeneity, ensuring safety and efficacy, but also offering
benefits to the industry in terms of guarding against unforeseen incidents and improving time
to market. While HPLC and similar methods can be used to monitor CQAs throughout the
development process, additional supporting techniques such as electrophoresis,
spectroscopy, and sterility testing have essential roles to play. QbD is aligned with concepts
from process analytical technology (PAT), and together these systems help to develop wellunderstood processes that will consistently ensure a predefined quality at the end of the
manufacturing process.8

Conclusion
Numerous techniques and supporting regulatory frameworks have been developed to promote
consistency throughout mAb development and production. Each of the chromatographic
techniques described here for the analysis and characterization of mAbs is associated with
various advantages and limitations, meaning researchers need to be aware of changing trends
and developments within the field to ensure that the selected method best suits their
immediate and long-term goals. LC remains one of the most powerful and versatile techniques
available for the characterization of mAbs and other molecules.
With therapeutic mAbs looking set to continue their success in clinical settings, remaining on
top of the latest chromatography developments is paramount for any researcher.
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