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Abstract

The present thesis focuses on characterization of critical quality attributes (CQA) of
biopharmaceutical products. Assessment of factors affecting process intermediates and final
product quality is a penultimate requirement for designing robust products in the Quality by
Design (QbD) paradigm.

Production of recombinant proteins in microbial systems leads to formation of inactive
aggregated protein deposits known as inclusion bodies (IBs). This phenomenon occurs as
bacterial cells lack the requisite machinery for protein folding. These IBs need to be refolded
to get the bioactive protein. Understanding how the microenvironment, in particular
fermentation growth medium, affects the quality and quantity of the IBs is desirable for optimal
production of proteins. Chapter 3 explores the effect of various chemically defined media
components on IBs using a variety of analytical techniques to establish them as a marker of
final product titre and host cell protein (HCP) content. Expression of a Fab biotherapeutic,
ranibizumab, has been chosen as a case study. A repertoire of nutrients, including but not
limited to carbon and nitrogen sources, vitamins, cofactors, buffering agents and minerals, were
examined. Sucrose, biotin, pantothenate, glutathione, KoHPO4, K2SO4, cyanocobalamin and
CaSO4 were shortlisted based on experimentation. A design of experiments (DOE) study was
performed to identify optimal concentrations of and interactions between these nutrients.
Results reveal that higher concentrations of sucrose, biotin and pantothenate, and lower
concentrations of cyanocobalamin, calcium sulfate (CaSO4) and glutathione, resulted in larger
IBs and greater product expression. Further, dipotassium phosphate (K2HPO4) and potassium
sulfate (K2SOs4) did not seem to have a significant impact on product titre. Medium composition
also greatly influences IB size and corresponding quality of final product. The size of IBs
exhibits a positive correlation with the quantity of product expressed, as well as the purity of
the product, but does not correlate with the total amount of host cell proteins produced. IB size
could be used as a key process attribute during bioreactor optimization, and the otherwise
difficult task of measuring product concentration in the fermentation broth could be avoided.
Chapter 4 focuses on heterogeneity assessment and stability characterization of monoclonal
antibody (mAb) products. Of late, the focus of mAb stability studies has largely been on the
combined evaluation of both size and charge heterogeneity rather than solely focusing on size
heterogeneity. Changes in charge variant profile are known to affect mAb stability and vice
versa. In this chapter we explore the effects of magnesium metal (0.5 mM Mg?*) on stability



of trastuzumab (IgG1 antibody). Mg?* is often used as an excipient (50-100 mM) and lubricant
(5-10% wi/w) in biopharmaceutical formulations. Trastuzumab biosimilar was incubated at
37°C with and without magnesium sulphate. Analytical size-exclusion chromatography (SEC)
and cation-exchange chromatography (CEX) coupled with mass spectrometry (MS) were used
to evaluate the size and charge heterogeneity in the thermal and metal stressed samples and
compared to the control sample (room temperature). The present study unveils that presence of
Mg?* significantly increases the rate of aggregation with 9% aggregation observed in Mg?
stressed samples as compared to that from thermal stress (~2%) or control sample (<1%).
Similarly, a 2-fold elevation in acidic variants was observed both in the presence of Mg?* and
thermal stress, when contrasted with the control sample. Application of stress also led to the
formation of 17 additional chemical modifications (7 due to thermal stress and 10 due to Mg?*
stress) which were not identified in control, predominantly involving deamidation,
isomerization of aspartic acid, oxidation, and succinimide modifications. The results indicate
the need for a detailed analysis of the impact of presence of metals in biotherapeutic
formulations.

Next, we investigate a potential correlation between the two key CQAs that undergo
simultaneous alterations. Aggregation stability of monoclonal antibody (mAb) therapeutics is
influenced by many critical quality attributes (CQA) such as charge variants in addition to
environmental factors. Chapter 5 investigates the potential correlation between charge
heterogeneity and aggregation propensity of prominent mAbs (bevacizumab and trastuzumab)
under a variety of conditions such as thermal stress at 40°C and 55°C, shaking (mechanical),
and low pH stress. Size- and charge-based heterogeneities were monitored using analytical size
exclusion chromatography and cation exchange chromatography, respectively while dynamic
light scattering was used to assess changes in hydrodynamic size. CEX analysis revealed an
increase in cumulative acidic content for all variants of both mAbs post-stress treatment
attributed to increased deamidation. Higher charge heterogeneity was observed in variants
eluting close to the main peak than the ones eluting further away (25-fold and 42-fold increase
in acidic content for main and B1 of bevacizumab and 19-fold for main of trastuzumab,
respectively, under thermal stress; 50-fold increase in acidic for main and B1 of bevacizumab
and 10% rise in basic content of main of trastuzumab under pH stress). Conversely, variants
eluting far away from the main exhibit greater aggregation as compared to close-eluting ones.
Aggregation kinetics of variants followed different order for the different stresses for both
mADs (second order for thermal and pH stresses and zero order for shaking stress). Half-life of

terminal charge variants of both mAbs was 2- to 8-fold less than main indicating increased
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degradation propensity. Since charge variants are an important CQA for protein therapeutics,
this methodology could be beneficial in assessing charge variant mediated stability of other
popular modalities, including but not limited to, Fc-fusion proteins, bispecific antibodies and
antibody-drug conjugates.

Having established charge variants as a key influencer of other product CQAs and overall mAb
stability, we evaluated the biological effects of charge variants as an integral part of mAb
characterization train. While aggregates are believed to be immunogenic, the impact of mAb
charge variants has not received much attention. Chapter 6 aims to assess cytokine levels (IL-
6, IL-10, IL-12, TNF-a, and IFN-y) released by peripheral blood mononuclear cells (PBMC)
and HER2 expressing target cancer cell line upon exposure to trastuzumab charge variants in
an in vitro setting along with anti-proliferation action measurement against target cell line. A
previously published mechanistical model has been utilized to elucidate cytokine expressions.
The results reveal immediate elevation in pro-inflammatory cytokines (IL-6, IL-12, TNF-a) by
PBMCs challenged with charge variants and slow increment in case of cancer cells. This also
led to a corresponding increase in IL-10 levels which is a response to anti-inflammation. Dual
natured I1L-6 showed highest secretion of all cytokines suggesting an initial pro-inflammatory
action with possible maintenance as anti-inflammatory agent. IL-6 also triggers release of TNF-
a and IFN-y. Acidic variants exhibited high levels of pro- and low levels of anti-inflammatory
cytokines compared to basic and main variants along with reduced bioactivity (75% vs 100%
of main). This suggests that acidic variants (asparagine deamidation) display higher
immunogenic tendencies compared to basic variants (aspartate isomerization), likely due to
more significant interactions between different basic-charged, highly glycosylated pattern
recognition molecules. We hope that this investigation offers deeper understanding of how
charge variants impact safety and efficacy of mAb therapeutics.

The results presented in this thesis provide a different characterization outlook of product

CQAs so as to offer insights into structure-function relationship.
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Abstract (Hindi)

au SR AR CHd IdTG! &I HgayUl o [ARINdT3T (CQA) o &N guiH
R hicd | Uichar Teaad! SR Sifod Iare Jora & Ifad B a1 HRPI BT SHe
TUraT gRT f&Sg (QbD) Ui & Holgd Sdiel & fesgd &+ & forw th sifcd
3Ta=RIH I |

ARG Red & g: YN UIcH & IdTe- 9 IShy THid UidH ST &1 Hufor
giaT & foR TaaxE M/ (1B) & U & SIFT STdT g1 I8 UeT dd gidl & ol saciial
DB T W B & AT razads A=i-R &t HH! gidl ¢ | Saefaed Ui ur
TR D AW ST 1B P R J ite A DI ATAAHAT Bt ¢ | WKH & SFAH TG &
fore o5 Tl gis § fob ARmITTarR-He, favy w9 ¥ forves g meH, 1B &
TOTERTT SR AHT BT o YT Rl ¢ | 31eard 3 faft Imafae w0 @ aRyid difsar
Y] & IB IR YHIA B1 Wl Bl g il I3 3ifad IJaTe ergex 3R Aoia Jd Ui
(HCP) Tt & AR & =0 H WU fo5a1 off I | T e SRR Yfed, IS Bt
e ! U HY Tl & &Y H A1 141 g | U dcdl Bt T T, forad Preq 3R
eI Hid, faerfiF, TehR®, THRT Toie 3R Wiet MAd §, &1 ofa &t T8 | WA &
YR TR GehIT, Friife, Yeidae, TR, KoHPO4, KoSO4, TSI 3R CaSO4
DI 1 1| 39 U dodl B 3¥aH Figdl 3R 3% ol RER fobdm &t UgdH &1 &
fore vat &1 U fSWIs (DOE) Srera faran am| uRoms ad1d © fo gepie, srfed SR
AT &1 I Tigdl 3R ARG ISTCTEA, SieRH Tethe (CaS0s) 3R TR o
S TGl & URUTIRGEY 5 B 3R 31 ITg sificafad g5 | SH% SramaT, feuieRrm
BT (K:HPO,) 3R UIRRITH Felbe (K>504) BT IaTe feer W HIE Hea@yul UHTG el
TS| ATead & W1 4 B SR SR SHfTH IUTE HI T T0Taxt ! 9gd THIfad HRll
2| IS BT MHR T IdIE DI AHT & Y-y IAG B! Yl B AT JHRISAD
TedaYy U Rid HRal g, Al Iatfed ASa HIRIGT MK &1 $d AE1 & WY Tgasy
Tt AT 3| TRIRTERR 3gHad & SRM 3Mesl MBR &I Uh W Uithar fa=var &
¥U B ZAT a1 ST qohdl §, 3R fHua- IR & IUTG TigdT & AU & 33U Hig-

ST T §491 o bl g

T 4 HAFAd USITat (mAb) SUTG! Bt [ASHdT Jedie 3R FRURCT A&f07 90 TR
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&%d g1 B 81 H, mAb FRRRAT 3Tl &1 & T8I ¥U ¥ THR 3R 1o fawHdr g1
& Tgad Ui W &1 7, 7 fh Had AR faurar R &9 dHfad w1 W 3M1awr fid
WHTEd H URad mAb RREr & gHIfad w3 & o oM oId § 9k 39 fawdid | 39
3T H gH SXeoHd (IgG1 Tiara) &1 fRuRdr R FRiREW o1 (0.5 mM Mg?*) & THTal
HT UdT TG 8 1 Mg?* T SUANT SRR TRIGHGhd B H Th THRITIUE (50-
100 mM) 3R HEH (5-10% w/w) & =0 & a1 SITa1 8 | SICIHE SIRITHER BT Ay
Jehe & 1Y 3R 3P o1 37°C R IS fovam a1 T | yHa SR o1g -1 arel A1
T THR 3R AT [ATHAT BT e d3 AR 0 T (@R & dT9qH) I a1 HA
& forT ATy Weelad! (@HTY) & A1y Haer fOeivundd SeR-aieshul IR
(ST 3R HIE-THTTS B! (NSTE) & ITANT BT T oT| IdH 3T
T Iadl § b Mg2* &1 IufUfd >Ha a1d (~ 2%) a1 =01 T (<1%) &) Ja1 o
Mg?* T1G ATt T H 9% THATHRUT b 1Y THATHRUI Bl & DI HeayUl 0 ¥ FaIall
g1 3 e, R A & WY A B W, Mg2* 3R YHd d91d qiH1 B Jurifa o
3T aRue & 2 AT 3G Sl 15 | GH1d & 3HTde 9 17 SifaRad e St (dd
I1d & HRUN 7 3R Mg?* T-1d & BRI 10) FT 0T g3fT, IROMHT I Si9-Fiforcita g
T yrgef ! IufRUfA & gHTa & faxgd faawor &t sazaddr &1 ddvd fHadr g

3P §IC, BH & UHW CQAs & did JUTId TgdeYy BT oid B & off T 1 gRaa1
 ToRd g1 AFFaHd Ueaigh (mAb) fafdser fasm &t uasieru fRRdar yafarofig
HRB| P Al Hs HE@YU Juraa faRmarsdl (CQA) S dTet aRie & guifad gkt g
3rem 5 fafte fRufaal S 40 feoht I &R 55 {53l Wiy R yda a9, $o=
@i®), 3R HH UITd a1 & 98d T mAbs (SaTBIHT 3R CIESHa) Bt aTs! fasHdT
3R THAH UgRT & i JHIfad Tgay &1 offd HRal gl SMHR 3IR aTol-Semid
favmarstt & MR HURT: fIRAvoTaTs SR STl HIHCTD! iR Y fafag
DHIHCIUTD! BT SUTNT TR DI T8, STaid SIS HR H URGd- Bl ATHa
DA & forg TTier=itel YopT=T feRaRTd o1 IUANT fobar 1| CEX fa=ewor A a1 IUAR &
q1E GHl mAbs & It afkte o o Tt st Il O gfs o1 o faar, s fé 9¢
gU fSUfezM & SRUT 4TI o7 RRER & Hid v aral aftie 8§ @R Mabva ard alkde
& AT | SHfAF T fATHaT GBI T8 (YHd T1d & dgd, SaTereie & g R &1 &
forg s Irmelt & U 25 THT SR 42 7T gfs SR SgHe & g3 & forg 19 T
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gie; fiwa a & ded Sarbyie & e 3R &1 & g el § 50 T gfg @ik
SN & T &1 gard! It H 10% 3fe) | 59 faudid, T ¥ §gd R FHean aral
IR FAT Fem aral &1 a1 H 31fid Th=iteur UelRid @xd 81 aRue & Tdmau
D 7 G mAbs & T S{eT-3(elT THTal o foIT S{TT-3e T hH &I UTaH o
(e 3R pH TG & foTT GERT 1 3R U a1d & foIe I ) | f Ui fifarean
& foTe =Tel aRUe T HEa@yul iU &, SHleT U Usid 3 Tl dR-dRich! bl =rsi
IRTe TRl FRRAT BT 3THAH B H BACHS 81 Tdhd ¢, orH THl-wge Ui,
TURIh® TCeial 3R UCIEIS-ST hofiic YA &, Afd- 31 ad Sid Tal ol
TTS! ARUC BT 3T IdTE CQAs 3R THIT mAb FRRAT & T UHA UHTaH & &0 H R
HRA & §1G, T mAb TEUT G0 ¢ & 31T 31 % =9 H =1of aRUe & Sifds Tal o1
T fhdT| Safs ey &1 UicReTed® HFT SITdl §, mAb dT5! diXUe & THTE TR
3P & 1! ST T B | 31eHT 6 T I U Yad HHRgfaeraR I3l (PBMC)
3R HER2 e W&d HaR el o131 gRT 37 g AfT #f SgATe 1ol dRUe & dudh o
3 R TRT ESBIZT TR (IL-6, IL-10, IL-12, TNF-a, 3R IFN-y) BT ATHTT BT 8,
Y g A&7 A A1 o RIATH THR-eR fohan A1 &1 g | igeidbre SHfaafaadl &l
WY HA & (o0 Uga ¥ YH1RId U FifAss Aisd BT SUAN fohal 1 51 399 IL-10 &
TR A ft st RE BT 3 g3, S Yor-Aeh Bt ufafthar 81 e WHTE a1 IL-6 7
TqrEclih-g &1 I=dq W19 feam, s goH-et Tole & wU 8 JHIfdd Iedd & 1Y
% URMAE M-Shdes! fohal &1 JIa <al §1 1L-6 TNF-o 3R IFN-y & 919 &I 1t foR
I ¢ | g IRTE A T 3R TB7 IRTE ST o H E-3hiies) dseiih-d &
- 3R 9 TR & 3= TR &1 UeRid fan, Ty & w0 S IfssadT (g &1 75% s
100%) |

¥g Sl & fb i aRUe (@ERFA Siufewm) gRardt aRue @@rde
TSAIRTZOTA) B! a1 & I« FRANHS Ugiy elRfd axd 8 o Jvad: fafte
FT-aTS!, SAfIH TR DRI s Ue Ugd SHU[3f & o 31fid Heayu! sia:fraraft
% BRI BT G|
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