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Abstract

Protein biotherapeutics are becoming an important part of human health and are being used for
treatment of wide number of severe diseases like various cancer forms, diabetes and ebola. Due
to such high demand of these molecules, there is such a surge in the production and growth of
these therapeutics that they are overtaking the net production and demand of small drug
molecules. Despite the success of these biotherapeutics, there are hurdles that need to be
overcome for ensuring smooth growth of biotherapeutics industry. A major issue is that of the
stability of these biotherapeutics (Chapter 1).

The source of instability in biotherapeutics is multifaceted, which could be from production or
fermentation during upstream processing, from purification or separation methods used during
downstream processing or during filling, storage and shipping. Care must be taken at these
different stages of production of biotherapeutics by appropriate monitoring to ensure consistent
quality of drug product. The instabilities which are common in protein therapeutics are protein
aggregation and fragmentation. These instabilities can reduce the safety and efficacy of the
drug product by enhancing the product’s immunogenicity or toxicity. The level of these
instabilities has to be controlled below certain level in the final product to ensure safe and
effective drug product release in the market. Therapeutic proteins encounter a range of
environmental conditions such as extreme pH, buffers, temperature ranges and exposure to air-
liquid interfaces which could make the protein product more labile to these degradations.
Removing aggregation from a batch protein therapeutics, especially mAbs is a challenging task
and involves extra cost incurrence (Chapter 2).

Kinetic modelling of protein using the quantification data obtained from SE-HPLC could be
helpful for understanding the mechanism of aggregation. Studying kinetic modelling could
help in controlling the rates of aggregation in drug product in various buffer conditions via
their early prediction. We have attempted to use kinetic modelling of aggregation to predict the
rate of aggregation in conditions prevailing during downstream purification of mAb
therapeutics (Chapter 3). Lumry Eyring model and its modifications (Extended Lumry Eyring
and Nucleated Polymerization) and Finke-Watzky model have been used successfully to
predict the aggregation rates in the buffer conditions of mAbs purification. The rate of
aggregation and aggregate formation mechanism have been understood by subjecting the mAb
therapeutics to various buffer types, temperature conditions, pH and salt concentrations. The
results obtained from experimental data have been compared to the model predicted values to

identify the best fit model.
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Apart from aggregation, another product instability impacting protein therapeutics’ quality is
fragmentation. Fragmentation leads to breakage of protein therapeutics into smaller entities
having either no or limited functionality as well as huge impact on immunogenicity if
introduced into patient’s blood stream. Fragmentation study of mAbs was targeted at gaining
knowledge about non-enzymatic fragmentation under extreme temperature conditions as the
time progresses and mechanism development for the same (Chapter 4). Kinetics of
fragmentation degradation was observed by incubating IgG1 based mAb products at high
temperature of 50°C in PBS at pH 6.5 and sampling at regular time intervals. Samples were
analysed using range of characterization tools like SE-HPLC, DLS, MS and SDS-PAGE. Mass
spectrometry was used to measure the exact molecular weights of the fragmented species
during course of study. Results obtained from experiments were fitted with different
fragmentation mechanisms for obtaining better fit and calculating corresponding kinetic rate
constants. Apart from this the model was also applied for another phosphate buffer system with
different ionic strength. Temperature dependency of the model was verified using Arrhenius

law.

For monitoring protein degradation, especially when the degraded products vary in their sizes,
different analytical characterization tools are available which are routinely used by
pharmaceutical scientists working in the domain of protein formulation development and
stability. Manufacturers of biotherapeutic products spend a considerable time and resources
on ways to avoid product degradation, monitor aggregate levels at different process points and
the final product, and design their processes so as to reduce or remove aggregates and thereby
ensure that the final product meets the desired specifications. We have performed a detailed
investigation involving the analysis of a complete spectrum of aggregate species, from few
nanometres sized oligomers to millimetre sized multimeric precipitates (Chapter 5). This was
achieved by using three analytical tools, namely Size Exclusion Chromatography (SE-HPLC)
(1 nm - 25 nm), Dynamic Light Scattering (DLS) (10 nm - 5 um), and Micro Flow Imaging
(MFI) (2 pum - 300 pm). Since each characterization tool covers a particular size range, data
from multiple tools was collected in the “handover” regions to demonstrate accuracy of the
platform. The proposed platform would be of utility to those engaged in formulation

development as well as other aspects related to stability of biotherapeutic products.

During processing of biotherapeutics, especially mAbs , protein degradation in terms of
aggregation by forming particles of various sizes and morphologies when subjected to physical,

mechanical, and/or chemical stresses during manufacturing, storage, filling, formulation



development, and shipping. While there is widespread consensus that protein aggregation can
enhance immunogenicity and affect the activity and cytotoxicity of the concerned product, the
underlying immunological and biological mechanisms are not completely understood. We have
investigated how invisible and sub visible particles generated by a variety of mechanical,
thermal and chemical stresses impact biological activity of the product (Chapter 6). Amongst
the various stresses considered, those generated when exposing the sample to stirring and
extreme pH or temperature were seen to significantly impact product stability and
immunogenicity, as confirmed by detailed analytical and biological characterization of the
samples. Increased aggregation resulted in enhanced immunogenic response, as confirmed by
cytotoxicity assays (ADCC and CDC) and reduced activity of the drug product, as confirmed
by antigen binding assays (SPR). It was observed that extreme pH (pH 3.5 and pH 11.0),
stirring (1D and 3D stir), and oxidation via CuSO4 have the most impact on aggregate
formation as well as potency of the therapeutic. In contrast, stresses from pipetting, milder pH
(4.3 and 8.5), oxidation via H>O,, freeze-thaw (-80 °C and LN>) have relatively less effect on
potency of the mAb biotherapeutic. The results affirm that understanding of the mechanism of

aggregation is critical for achieving consistent product quality.

It is hoped that the insights presented in this thesis would assist with adequate planning for
examining, monitoring and controlling product degradation during production and storage so

as to increase the shelf life and maintaining the activity of the drug product.
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H THATNOT T T T 3THTST o3 & TIT Teh=IehOT o ITTcloT HTSTAT T IUHNT el
T T 81 AR ST Aise 3R $H GAUEAT (TFAESS oA $IRT U wfdordes
qiferARrgaresT) R fheh-doicat Alse T 3UAeT Ahalargas Heaw Qe T g eufaat
# UehaTehOT & T 3TeTHTST ST & Torw fonam aram 8| Tafdest e Jene, cToreTeT 1 [y,

diwer 3R 85 Fiedl & T Aa Rifhcda & 3efieT gaRT Th=lor iR el TS o Hr

e T GHSIT I1AT § | TAcHP mﬁwmﬁwmmﬁfﬁgﬁ@r
TEHTeT el o [T AT ATS I Jolell 7 T 715 &

TehaTehI0T & 37eTTdl, Wl RTGfeard T JUTEHT I THITAT Fal dlell Ueh 3 3l
HTELRAT & | Tt & Q9T 1 Tl YaTg & & glet OX AT et WA A1 DA et 761
Blel oh SHROT WIENT RTGfeard Tl geall gl § 3R ARGl (SR TAET) T AR
THTT ISl &1 FHI &Y 9orfay 3R a7 AP & THT (3T 4) & ded AT & A@sT
T I AT AIATA FAfaTt 7 TS [a@s & IR # AT 9Ied el & Tl
aferd fear ar ¥rl R@sd e & FAdew w@ dww 65 A
@RT HEHE IR H 50 3l fcaaa & 3oa aadAa W 3misie | 3maid A9 3camer
I FEATS 3R AATAT TAZ 3Tl I FHA SaRT S@T 91T AT| FHeA T AT THe-
T, STevH, TATH 3N THSITH-UST S oT&T0T quTe] 3Uehiull &t IoT sl 3urer
b fHIT IAT AT AT TAFSIALET T ITINT AT & GRIT Tisd Jofadl & Téran
3MoTfaes HR & AT & Torw fomam aram 21| gaven & gred aRume SgaR fthe ured i3t 3R
Tefard a1fast e FEeRie Y 07T & foIT 3rerer-370reT fa@ssT a7 & a1y five fhw 71w |
Shh 3TATAT g HAlsol 37T TS dlehd & AT Teh 3R BIEthe I [Tes & forw off
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