Case study

QSense QCM-D in drug formulation and storage
Analysis and quantification of protein adsorption to surfaces and interfaces

Experimental, study 1
• Samples: monoclonal antibodies,
mAb1 and mAb2
• Surfaces: SiO2, PS, AF 1600, Au
• Surfactant: Polysorbate 80
(PS-80)
• Concentrations: 1 mg/ml and
50 mg/ml

Proteins tend to interact with
surfaces and doing so they can
adsorb and unfold. Examples of
surfaces that proteins interact with
in drug manufacturing, storage and
administration stages include glass,
oils, plastic polymers and metals in
concentrators, tubings, containers
or bags. Studying protein interaction
with various surface materials and
at different solution conditions, the
material compatibility can be evaluated and conditions that minimize
adsorption can be identified. Here
we show examples where QSense®
QCM-D analysis was used to do this
assessment.

Characterization of protein
adsorption to surfaces
To ensure a fully functional drug and
to minimize loss, characterization and
understanding of protein-interaction with
surrounding surfaces is an important
and valuable insight. This insight enables
tailoring of formulation additives, such as
stabilizers and surfactants, as well as of the
packaging used in the development and
manufacturing of new protein therapeutics.
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In the four studies here presented, QSense
technology was used to analyze and quantify the adsorption of therapeutic monoclonal antibodies and proteins to different
materials and interfaces. In addition to the
impact of the material, the effect of sample
concentration and presence of surfactants
on the surface uptake was also characterized and quantified.

1. Which conditions will
minimize the adsorption?
Analysis of antibody adsorption to
different surfaces and at different
conditions
In this study,1 the adsorption behavior of
two monoclonal antibodies, mAb1 and
mAb2, with significant differences in
hydrophobicity and self
- oligomerization
behavior were evaluated. The surface
uptake of the two molecules was characterized as a function of surface material,
presence/absence of surfactant, concentration and pH (data not shown).

2. Which surfactant will
minimize the adsorption?
Analysis of protein drug interaction
with silicone oil with and without
surfactant
In the second study,2 the interaction of
a protein drug with a silicone oil/water

Experimental, study 2
• Sample: Abatacept
• Surfaces: Silicone oil coated SiO2
• Surfactant: Polysorbate 80
(PS-80) and Poloxamer 188
• Concentrations: 1 mg/ml and
10 mg/ml

Experimental, study 3
• Sample: Lyzosyme
• Surfaces: PVDF and Borosilicate
glass
• Concentrations: 1 mg/ml and
40 mg/ml

Experimental, study 4
• Samples: monoclonal antibodies,
mAb1, mAb2
• Surface: PDMS (silicone-oil phase
mimic)
• Surfactants: Poloxamer-188
(P188), Polysorbate-20 (PS20)
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interface was analyzed. A common way to store and administer
therapeutic protein to patients is via prefilled glass-syringes. As silicone oil, which is used as a syringe lubricant, could induce protein
loss, the protein-silicone oil interaction is relevant to evaluate. The
adsorption of the protein to a silicone oil/water interface was characterized in the presence and absence of two surfactants.

3. Which material will adsorb the most protein?
Analysis of protein adsorption to glass and plastics at low
and high concentration
In the third study,3 protein adsorption to borosilicate and PVDF at
low and high concentration was evaluated. The surface material
and concentrations used are relevant to study in the context of
protein production.

4. Is the mAb behavior at the oil-water interface linked to an aggregation propensity?
Analysis of monoclonal antibody adsorption to PDMS with
and without surfactant at different concentrations
In the fourth study,4 the overall ambition was to develop a fundamental understanding of the aggregation propensities of mAb
formulations, and to assess if surfactants of different type and
concentration would impact the mAb adsorption and aggregation.
The adsorption of two different monoclonal antibodies, mAb1
and mAb2, with different aggregation propensities, two pharmaceutically relevant surfactants, and a set of antibody-surfactant
mixtures, was analyzed. The surface material, PDMS, served as a
mimic of the silicone-oil coated surfaces encountered in pre-filled
syringes. The surface mass uptake of the different samples
was compared, and correlated, with additional and complementary analysis of the mAb surface activity and aggregation.

Figure 1A. Mass of irreversibly bound mAb1 and mAb2 (1 mg/ml). + and –
represent the presence or absence of the surfactant PS-80.

Results 1: Conditions that minimize adsorption
Influence of molecule: In the antibody study,1 it was concluded
that the amount adsorbed varied with the antibody used. On all of
the four surfaces analyzed, mAb2 showed a higher adsorption than
mAb1 (Fig. 1A).
Influence of surface material: The results showed that the
surface material significantly impacts the amount adsorbed. The
highest amount of adsorption was found on Au, and the lowest
was found on PS (Fig. 1A).
Influence of surfactant: The addition of surfactant significantly
reduced the amount adsorbed for both antibodies. On the Au
surface, both mAb1 and mAb2 adsorbed to a large extent even in
the presence of surfactant (Fig. 1A).
Concentration dependence: There was a pronounced concentration dependence of the adsorption on PS, Teflon and Au surfaces.
The concentration had less impact on the SiO2 surface (Fig. 1B).
Key observations: Combinations of antibody, surface material
and excipient that essentially prevents adsorption were identified.
The effect was most pronounced for mAb1 on PS.
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Figure 1B. Mass of irreversibly bound mAb1 and mAb2 as a function of
concentration. L refers to 1 mg/ml and H refers to 50 mg/ml. All data was
generated in the presence of PS-80. Control measurements provided an
average value for adsorbed surfactant and protein mass has been adjusted
accordingly.
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Results 2: PS-80 works best
Influence of surfactant: In the Abatacept study,2 it was
concluded that the surfactant PS-80 reduced the amount
of adsorption to the silicone oil/water interface whereas
Poloxamer 188 did not alter the binding significantly (Fig. 2).

Figure 2. Changes in estimated mass adsorbed at the oil/water interface
as a function of time upon injection of 10 mg/ml Abatacept without PS-80,
with PS-80 and Poloxamer 188. This data was analyzed with permission
from the authors2.

Results 3: highest adsorption on glass
Influence of surface material: In the lyzosyme study,3 it was
concluded that the surface uptake is higher on glass than on plastic
for both concentrations, Fig 3.
Influence of protein concentration: The surface uptake was
higher on both surfaces at the high concentration, Fig 3.

Figure 3. Protein adsorption, characterized as mass uptake, onto glass and
plastics at two different concentrations, low (1 mg/ml) and high (40 mg/ml).

Results 4: The mAb behavior at the oil-water
interface is linked to aggregation propensity
Antibodies: In the study,4 it was concluded that the surface
mass uptake of mAb1 was higher than that of mAb2. It was also
concluded that the adsorption essentially was irreversible, Fig 4.
Surfactants: TIn the study, it was concluded that he mass uptake
of the surfactants was lower than that of the mAbs. The surfactant
adsorption was partially reversible, Fig 4.
Antibody + surfactant mixtures: It was observed that the antibody and surfactants will co-adsorb, Fig 4.
Key conclusions: In this work, the authors conclude that there is a
direct correspondence between the adsorption of mAbs at oil-water interfaces and aggregation. They also concluded that added
surfactants will competitively adsorb to the oil-water interface, and
thereby lower the mAb aggregation, Fig 4.
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Figure 4. QSense analysis of mAb and surfactant adsorption onto PDMS. In
A) mass uptake of mAb1 and mAb2. In B) mass uptake of mAb1 + surfactant
(P188) mixture, and in C) mass uptake of mAb1 + surfactant (PS20) mixture.
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