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Protein & Interfacial Stresses M

Aggregation of Proteins

Therapeutic proteins are inherently aggregation-prone especially in their
unfolded or partially unfolded states
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Roberts CJ. Therapeutic protein aggregation: mechanisms,
design, and control. Trends Biotechnol. 2014 Jul:32(7):372-80.



Protein & Interfacial Stresses M

Folding of Proteins

All Proteins can be UNFOLDED by any type of stresses

Native Protein/ Folded Protein Denatured Protein / Unfolded Protein
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Protein & Interfacial Stresses

Denaturation of Proteins

M

All Proteins can be DENATURED by any type of stresses

- Therapeutic Proteins (e.g. Antibody) are the same as Egg Protein (e.g. Albumin)
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I Protein & Interfacial Stresses CHUGAI

Hot spot / Interfaces in Therapeutic Protein Drug =~

All Hydrophobic Interfaces can be “Hot spots for Aggregation”.
“AIR —liquid Interface”
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I Protein & Interfacial Stresses M

Mechanical Stresses / Trigger of particle formation =

« Importance of Desorption step and Trigger of the step are often
discussed in many literatures.
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I Protein & Interfacial Stresses

Mechanical Stresses / Trigger of particle formation

« Ex. Moving Air bubble, mechanical stress by needle
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Gerhardt A, Mcgraw NR, Schwartz DK, Bee JS,
Carpenter JF, Randolph TW. Protein aggregation and
particle formation in prefilled glass syringes. J Pharm
Sci. 2014 Jun;103(6):1601-12. doi: 10.1002/jps.23973.

\ Epub 2014 Apr 11. PMID: 24729310.
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Mehta SB, Lewus R, Bee JS, Randolph
TW, Carpenter JF. Gelation of a
monoclonal antibody at the silicone
oil-water interface and subsequent
rupture of the interfacial gel results
in aggregation and particle formation.
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Figure 1. Interfacial gel rupture, no rupture, and no needle setup.
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I Protein & Interfacial Stresses m
Uncertainty/Complexity/Ambiguity of Mechanism =~

« All protein can form aggregates, especially on the interface.
- However, a wide variety of worst cases/root causes can be considered.
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« [tis impossible to remove all interfaces & all stresses.
= Surfactants can reduce a wide variety of stresses.
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Surfactants

Surfactants for Interfacial Properties

Surfactants are used to stabilize Therapeutic Proteins.
« Polysorbate 20/80, Poloxmer188

Polysorbate 20 Polysorbate 80
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Poloxamer 188
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B0 4T C: PX188

Lukas Bollenbach, Julia Buske, Karsten Mader, Patrick Garidel,
Poloxamer 188 as surfactant in biological formulations — An alternative for polysorbate 20/807?,
International Journal of Pharmaceutics,Volume 620,2022,121706
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Surfactants

Surfactants for Interfacial Properties

Mechanism of Stabilization by surfactants is frequently discussed.

PX188

@ Hydrophobic Interface
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Case Studies of effectiveness of PX188

Characterization of PX188

CHUGAI

Roche Group

- A method to characterize the PPO(polypropylene oxide) block length.
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Poloxamer 188 (P188) is formulated in proteinaceous therapeutics as an alternative surfactant to polysor-
bate because of its good chemical stability and surfactant properties, which enable interfacial protection,
preventing visible and sub-visible particle formation. However, due to the nature of polymer heterogene-
ity and limited analytical approaches to resolve the superimposed components of P188, the impact of its
quality variance on protein stability is still not well understood. In this study, we developed an analytical
method to evaluate the components of P188 as a function of the length of polypropylene oxide (PPQO), by
maintaining polyethylene oxide (PEO) at the critical point of adsorption (CPA) to eliminate its chromato-
graphic interference. The effectiveness of the separation was confirmed by nuclear magnetic resonance
(NMR) spectroscopy and mass spectroscopy (MS) of the individual fractions corresponding to each peak.
Additionally, a design of experiments (DoE) and method qualification were carried out to identify and
optimize the key operation parameters, including column temperature and evaporative light scattering
detector (ELSD) settings that need to be strictly controlled for reliable analytical results. In conclusion,
this method is sensitive and reliable to compare the quality variance of commercial P188 and is suitable
for routine quality control purposes. The application of this method could help in further understanding
the Critical Material Attributes (CMA) that may affect the quality attributes of proteins in formulations.

© 2021 Elsevier B.V. All rights reserved.

Fig. 3. The chromatograms of P188, batch 1 (black curve) and batch 2 (blue curve). Fraction numbers of the highest peak per batch are assigned with an arrow.
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Characterization of PX188

M
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« Surface Tension depends on the Chromatographic characteristics

« Lot-to-lot variability was confirmed.
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PX(1) Kolliphor P188 (Lot A)

PX(2) Kolliphor P188 (Lot B) 500

PX(3) Kolliphor P188 (Lot C)

PX(4) Kolliphor P188 Bio
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Case Studies of effectiveness of PX188 m

Impact of PX188 variability for HMWS by SE-HPLC <«

« No clear impact for HMWS (high molecular species (e.g. dimer))

HMWS (%) evaluated by SE-HPLC.

m#Ab Formulation Imitial 5°C 25°C 40°C 5°C + shaking & dropping
3 months & months 3 months 6 months 3 months & months 3 months & months
mAhl PXi1) .1 02 n2 03 04 13 3.0 02 02
X2 0.0 02 02 03 0.4 1.4 33 0.2 0.2
PX(3 0.0 02 0.1 03 0.4 1.4 35 0.2 0.2
PX(4) 0.0 02 02 03 0.4 1.4 35 0.2 0.2
P 5) 0.0 02 02 03 0.4 1.4 3.5 0.2 0.2
PG 0.0 02 n2 03 0.4 1.3 3.5 0.2 0.2
PX(7) a1l 02 0.1 03 0.4 1.4 3.5 0.2 0.2
mab2 PXi1) 03 0.3 0.4 0.7 0.8 22 48 0.4
PX(2) 03 0.4 0.4 0.6 0.8 23 46 0.4
/ PX(3) 03 0.4 0.4 0.6 0.8 2.1 49 0.4
“ﬁ P 4) 03 0.4 0.4 0.6 0.8 210 53 0.4
PX(5) 03 0.4 04 0.7 0.8 22 53 0.4
P &) 03 0.4 04 0.6 0.8 1.9 53 04

PX(7) 03 03 0.4 0.6 08 1.8 53 0.4
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Case Studies of effectiveness of PX188 M

Impact of PX188 variability for SvP by Flow imaging <

« A minor trend but not conclusive.

a 25°C storage b 40°C storage c 5°C + shaking & dropping
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Case Studies of effectiveness of PX188 M

Impact of PX188 variability for VP by visual inspection---

« VP occurrence depends on the PX188 characteristics.

/

- bdeg, 6 months: No VP observed S,

- 2bdeg, 6 months mAb1 mAb2
Formulation Protein-only VPs Protein—PDMS VPs Proteinaceous VIPs Protein-only VPs Protein—PDMS VP Proteinaceous VIPs

(n (2) (1)+(2) (1) (2) (1)+(2)

PX(1 010 010 010 0/10 0/10 010
X2 110 2/10 310 010 1/10 I{IU%
PX(3 2/10 2/10 4/10 /10 0/10 010
PX(4) o/10 0/10 o1 o/10 o/ 010
PX(5 1/10 0/10 1/10 0/10 0/10 0/10
I=K(E%$3 010 5/10 5{10% 0/10 2/10 2/10 2;’:3
PX(T) 010 1/10 110 T [1] 0/ 10 /10

- 40deg, 6 months mAD1 mAb2
Formulation Protein-only VPs Protein—PDMS VPs Proteinaceous VIPs Protein-only VI's Protein—PDMS VPs Proteinaceous VPs

(1 (2) (1)+(2) (n (2) (1)+(2)

PX(1) 010 010 /1 1/10 1/10 2/10
PX(2) 1/10 010 11 1/10 4/10 5/1
PX(3) 1/10 2010 3/10 010 7/10 7/10
PX(4) 010 010 0/10 010 1/10 1/10
PX(5) 010 010 /1 010 3/10 31
PX(6) 010 910 9;1%&; 1/10 7/10 s,ﬂ&&?
PX(7) 010 010 010 of10 2/10 2110

Note = Raman spectroscopy was used for particle identification
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Case Studies of effectiveness of PX188 M

Conclusion of the Case Study

« Higher hydrophobic PX188 can reduce the risk of Proteinaceous Pericles.

higher hydrophobic/longer PPO lower hydrophobic/shorter PPO

Air-Water interface

M
liquid /\ Q«

PDMS layer e, 7 & ¥

solid surface %
Oil-Water interface (PMDS = Silicone oil
Solid-Water interface

air
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Proteinaceous Visible Particle in Liquid Monoclonal Antibody Formulations M

Message

« Protein unfolding/aggregates/particles might be unavoidable.
- However, they can be controlled by appropriate/practical strategies.

Ultimate

Limitation
Goal

Stresses

/ero

Aggregation Particle

Protein_ Science Regulatory Science
Understanding of Product Practically Free/Essentially Free
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INNOVATION BEYOND IMAGINATION

el
8 Q
s | Z
g (2]
£ =
o

22



