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Biotherapeutics comprise a diverse class of protein-based drugs with intricate structural and functional characteristics. They exhibit inherent heterogeneity
arising from various sources, including manufacturing processes, formulation conditions, and storage. Comprehensive understanding and characterization
of these product-related variants are important to ensure the safety, efficacy, and quality of biotherapeutics, as well as for timely regulatory approval.
Characterization typically involves isolating charge, size, and hydrophobicity variants, and identifying and quantifying their relative abundances in the drug
product. This is achieved using advanced analytical tools such as semi-preparative chromatography, size- and charge-based HPLCs technologies, mass
spectrometry (MS), CE-SDS, among others. Additionally, functional assessments are performed using cell-based assays and binding assays to evaluate the
impact of variants on bioactivity. Our work highlights various techniqgues employed to elucidate the complexity of product-related variants in
biotherapeutics, with a primary focus on a pegylated cytokine and monoclonal antibody.

o o 16Aug21 QE TX04 thermoGluC N-termmPEG ISF75 350 2000mz #3159 RT- 3431 AV 1 NL 202E5 o o o o
Intact Mass Analysis of a PEGylated Cytokine N0 Bl 120 dFams 5 50200 1 5o 01 Characterization of Monoclonal Antibody Variants
z=1 4
1003 g " y14 . . . .
: : . : . E / 1536,35 18 Recombinant monoclonal antibodies (mAbs) display structural
PEGylation of biotherapeutics increases their molecular weight NE / =2 100 03 : : . .(. . ) display )
e : . 80 1.48 v10 =1 variants, like post-translational modifications, fragmentation,
(MW), resulting in reduced kidney clearance and protection . 703 e | c . . .
: : 2P a2 b10 dimerization, or aggregation. Common modifications include
from proteolytic degradation. PEGs are polymers formed by g 603 14367,/ \ . 92 : L :
L . : C =y a asparagine deamidation, aspartate isomerization, C-terminal
polymerization of ethylene glycol, consisting of ethylene oxide B 0192 b7 Q \ : . L
) : : . 5 40 va b2 119865 |, 146282 | g5, 3 lysine loss, N-terminal cyclization, among others. To
(C,H,0) repeating units. Primary structure analysis involves LE 19225 s N N =1 y16 £ | y19 : : :
o : E =1 g3 i =1, bs 168989 187605 | 2001 08 characterize mAb variants, drug substance, as well as in-
determining the intact molecular mass of the PEGylated 0922512 gy Ot 88830 yi1 % 2 = = b2
) ) iy 0327 =0 129072 | 5 l 2120 18 process and forced degraded samples, are used as sources for
prOteIn' RPLC-MS mEthOd’ Wlth pOSt-COIlJmn addltlon Of DEJELH'*'|l“l|1','Ll,Jldl'llll"Jh,'|l|h||'",”|l'!"|'\lll' 'll'ﬁ',hl'l'llL,”,-|“l|'|"L il enriched Variants Once the Variants are isolated Several
triethylamine, provides both the MW and distribution, known 400 500 00 10000 00 60 IR0 2000 2200 . ) ’ :
. L A advanced analytical techniques are used for comprehensive
as the polydispersity index (P H 1 15 ) L
P | Peak 1 H—OCH,CH,—O—CH,CH,CH—M'TP...LLK"’CLE structural and functional characterization.
CH;—O0~{CH,CH,04-CH,CH,C40 __H,N—R n=20 . . .
MITPLGPASSL PQSFLLKI7CLE n Table 2 Starting materials and analytical methods used for
2 35 methoxy PEG Propionaldehyde -H,Q l mAb product-related variant characterization
QZRK IQGDGA ALQEK3SLCATY ' Peak 2 H+OCH2CHﬁ-_(go—CHQCHQCH—K%LCATYKmL...L P
K4LLCHPEELVL LGHSLGIPWA PLSSCPSQAL CHy— O~ CH,CH, 0} CH,CH,E=N—R n= i A Source of Enriched e
Lt SElR OB, QU EELSIAEL " wm | Fig. 2 (E) Annotated HCD-MS/MS spectrum of the peptide ype ot variants Variants nalytical viethods
GPTLDTLALDVADFATTIWQ precursor ion with 20 EO units. Note: The al fragment ion aggregate | mAD DS stressed at 65°C,7D | oo
QM'2?EELGM*2’APA LOPTQGAM'3*PA o indi i HMWS | dimer  [mAb DS stressed with 0.01N > o R
CH,— O~ CH,CH,0}-CH,CH,C— N—R indicates PEG attached to Metl, which also undergoes a Size CE-SDS-LIF:
FASAFQRRAG GVLVASHLQS FLEVSYRVLR 3 2LH, t A : : : : | (trimer) |NaOH, 5D . o
! diagnostic Met side chain loss of 48 Da (CH,SH). variants o Peptide mapping, disulfide
Aol - LMWS mAb DS stressed at 65°C, 7D mapping, and PTMs by
Wa¥L . « _a o - LMW2 RPLC-MS/MS,
L Tiethylamine — Isolation and Characterization of Oxidized Variants Acidic species | mAb DS stressed at 30°C for 2Win | nea ol o
T: l:l'ulgi -:-AplESI 5id=;02.DU£EI1:L|IIms[1E-IJIII.UIIIIIIIJ—60IIIIII.IIIIIIIIIU] — - . i - - Charge pH 4’ pH 6, and pH 8 RPLC-MS
N Oxidation of methionine can hinder receptor binding and variants | Basicspecies  |mAb DS stressed at 65°C, 2D Cell-based potency assay,
o Tk e reduce the potency of PEGylated cytokine. Therefore, oxidation ,,, In-process MMCF fractions and FcRn binding by SPR
5w 03434 . . . . . . . . Oxidation variants mAb DS H,0, stressed
§ is @ major product related impurity requiring careful monitoring Released glycan analysis by
and control throughout the drug product’s manufacturing and Glycosylation variants mAb DS/DP HILIC-FLD and Glycopeptide
""""""""""" 2 -- storage process. The impact of site-specific oxidation on analysis by LC-MS/MS
) i1 TH04 TEASpe /:J,_J biological activity was assessed using H,O,-stressed samples. 255 o MoneT D //
+ ]|D o L 1 0] s Semi-preparative HPLC was used to fractionate the individual A (main peak) LMW2 N\ 7
80 3339.27 4094979 4 80 - e 3%1—9-0 H0ee3 1 H H ’ ’ 1901 aggregate \ ||I
: ) S DRI — aoases variants followed by analysis using in-vitro cell-based potency | |\tvwa, /
5 &0 306243 s012 S g0 393107, 40940 5 100 | Toredl | Sfeadll
P e e s assays. | I\ A i
2 4 5 00 388255 412048 50 ] J ~
% i & iy 41475 3 200 — — - — ]I t“' - = { %}
10 2040.1423?&15 EU_: | 2% | E Main Peak D': d — min b
D1suu 2000 2500 3000 3500 4000 4500 5000 5500 6000 12_‘ M.. I .J H. J. | J R MINR L IHM 150; 2.-:-:; -% _EU'_S!U 100 150 200 250 280 Non-reduced
. 39000 39500 40”0[-?-159;5 40500 41000 41500 o] E e \ (}___<) M
Fig. 1 (A) Mass spectrum of a pegylated cytokine, (B) LC-MS 100l 150 LM 5 I Fab Fefab oo
setup with post-column addition of triethylamine via a syringe | o |4 1 " ||| / ] |8 // 1| B
. . 504 ] = min ] B % Ly
pump, (C) Mass spectrum of a pegylated cytokine with 5% TEA I R A A T A A - " M (g = |
o o . - E'U__LMWE A m | ||_ o Fab o
infusion at 5 pL/min, and (D) Deconvoluted zero-charge 5 _ | rawe — 0 L i
SpeCtrum obtained by Combining Charge state distributions 0w wB | mw | nm | mw | B mw | % B [Main peak - | /k i | g |
. . -0.9-
shown ]'cn panel C. The a‘frsgi MV\Z/HO‘; tthe piﬁylated cytokmef Fig. 3 Overlaid reversed phase UV chromatograms of control e o
ranges from approximately 3s.7to 41.7 kDa. The mass error o (black) and H,O,-treated (blue) PEGylated cytokine. Inset:
the cytokine conjugated with PEG containing 483 ethylene Zoomed view ] (
. o . . . 7.54
oxide (EO) units is 0.7 Da. (Theoretical MW of PEGylated T ; g« gz
cytokine with 483 EO units is 40148.8 Da.) mmoe cmi ves o i |
ERLAER e R o " 1 : 254 2} & As: 2]
2,11 . ) 5 5
Characterization | e ] a LC -
° ° ° | 0.7 - Fd V2 Fc
Characterization of PEGylated Variants 43 T — . ‘” . e
. . . . Purity Ana lysis Plate Reader . . .
The PEGylation reaction may generate variants with i | OHICY s E Fig. 6 (A) Overlaid SEC chromatograms of unfractionated mAb
modifications at undesired sites or result in the formation of T 1 . Vs (black), and fractions of aggregate (blue), main peak (magenta),
. . . .. . 3 _l : : Spectrophotometer
multi-pegylated species. It is critical to localize and ensure the T BT ol LMW1 (maroon), and LMW?2 (dark blue) collected after stress at
correct site of PEGylation. To achieve this, we performed MS S'Tvx Concentiation | _ = ¥ 65°C, 7D. (B) & (C) Overlaid non-reduced and reduced CE-SDS
analysis with a combination of in-source fragmentation (ISF) Bjﬁer k// e electropherograms of the monomer (main peak), LMW1, and
and higher-energy collision dissociation (HCD-MS/MS) on Glu- LFEE schange ‘ e LMW?2 fractions, (D) Expected species following mAb hinge
C digests of the pegylated cytokine. ISF generates peptide " g region fragmentation.
precursor ions with smaller PEG fragments, while MS/MS . o %emge L p—
dissociates the peptide bonds, facilitating the localization of Fig. 4 Semi-Preparative HPLC Fractionation Workflow o] Deamidation LC-N30
' I 1 Intact Pegylated . . R . . . T Sialicacid . Isomerization HC-
PEGylation sites. s [ Cytokine ] Table 1 Characterization of oxidized variants by peptide mapping 1 [Deamidationtcao N g tion HE-D102
RT: 4.95-50.29 . Glu-C Digesti . . o] -term pyro-Glu < _term Lysine
100 5 2057 [ ¥ 7-cucDigestion Type of | Observed | AMW | Oxidation e | |lomensation Ac-0102 | —>| Cotorm proline amidation
o Peak 1 [ Peptides | ] Oxidation Sites wo | « o profine 2
2 80] ¥ Variants | MW (Da) (Da) Status ] |peamidationicaso na g | B1 idd
g 60— . 2 ] Glycation = —> N-term leader extension
[LRPLCass | ouree Peak 1 | 40163.7 16 Single Met? 2 w0 | S
% 407 ‘ Fragmentation | Deamidation N-term Ieac.lerextf_-nsif:m
g 207 1582 1850 39.20 " ShortenedPEG | Peak 2 40179.9 32 Double Met!, Met!3® 00 | | Hones HeN392 Citerm proline amidation
ol |8|-9|0| E— M{l NI VAT #Ql-ﬁ_sl_;fro’l.q?l | Units (EO units <30) ]
5 10 15 20 25 30 35 40 45 ‘ 3.Hi.gher-ene.rgy . Peak 3 401801 32 DOUble Metl, Met127 | | Deamidation N-term leader extension
Time (min) p Collisional Dissociation 100 1 | LC-N30, HC-N55 <_|
16Aug21 QE TX04 thermoGIuC NEtermmPEG ISF75 3]50_2000mz 430733264 RT- 33423536 AV 19 NL-10s5e7)  Fragmentation of Metl’ Met127’ T A5 Bfl"':
T. FTMS + p ESI sid=75.00 Full ms [350.0000-2000.0000 117763 \ PEGylated Pe ptidES ) .
02 g . T Peak 4 40194.6 48 Triple Metl38 .

80

T T T T T T T T T T T T T T T T T T T T T T T ]
Localization of 200 220 240 min 26.0 280 30.0 3141

[F’EGwationsitES] Reetrctsd Nodel Restrictod Model Fig. 9 CEX-HPLC chromatogram of in-house 1gG1 mAb showing

40— 397.24 44127 — _

Relative Abundance

] ﬂ N l \ e TR 0 | e 0 M0 1037 e A - .| B acidic and basic product related variants.

- I]I4|[|IO]II ll IIJ Il5[d£lll IJ | lrﬁé}OI JII i I+l?ltl}l] 800 900 1000 1100 1200 1300 1400 1500 1600 1700 - 1800 1900 ;O-DO -] Relative : Relative
_‘ll_Gl“‘:\%?j?é +QF!EE£)|(2i=é:t_p§r[rj'%o|(:%Lu”Cm;ﬂigeggnggj%%golosgggo8]50_2000m2 #3073-3264 RT: 33_42-35_36m:\/: 19 NL: 1.05E7 le 80t3egcy - §§t7e(;(:y
100- | - ylo% 177.63 E . 5.3% 8 3 - ./ /0 o
e - B Conclusions
V4
4444/ . y s e f are % Biotherapeutics commonly exhibit multiple variants. A
® s0asay |l {49225 |44, a0 TR Ta0as 793.48 952 52 9 — 3 » s10m0000 H : :

Erl L41|5.25|45h9_28 \J 54{.33 y\ |63F.38 e;(j;.ru Vft lmF_mL 83?]_50\3311_53 9251.56 \ | 1o1|3_51 tmyftfﬁ?l‘ ]11|4|5.69L |. ES”E:L;‘ v =l t’]orough understa nd|ng Of these Var|ant5 galned through

350 400 450 500 550 600 650 700 750 m N L L S P S T j _'e. j i T i ) %_ ' ] T cha racterization’ not On]y enha nces product deve]opment but
PR e P Il -2 T2 T 526950 A0 10 w120 . o also ensures regulatory compliance and supports the

ke b nd| R, S Y18 - _ Fig. 5 Four parameter logistic (4-PL) continuous improvement of manufacturing processes.
8 803 1360.24 T 1492 82 25 190003 o . 1H+i - . . : H
Boo] 291 o |02 2 s 1 C fitting curves from cell-based Ultimately, this contributes to the production of safe and
2 125077 431080 24 1668.42 12 0s . . . .
8 R I Relative poteqcy assays of the PEGylated effective biopharmaceuticals.
LS R P R : 1| potency cytokine: (A) Unstressed, (B) H,0,

[‘1200 1250 1300 1350 1400 1450 1500 1550 12?20 1650 1700 1750 1800 1850 1900 1950 2000 % 60'7% St ressed’ u nfra Ctio n ated’ a nd (C) Refe re n Ce °

: : : : ] H,O, stressed, fractionated Peak 4. . ' L . . .
Fig. 2 (A) TIC of a Glu-C digest of a diPEGylated cytokine, (B) : z ; szle ztriply oxio’lized variant shows 1. Rauniyar N et al. Characterization of PEGylation sites in
Mass spectrum after ISF of Peak 1 in Fig 2 (C) A zoomed-in e ] : SN Neulasta and a biosimilar candidate with a combined
view ofpm/z 350-1200 showing PEG fragrfenti zznd peptide y- S relative potency of 60.7%, indicating fragmentation strategy in mass spectrometry analysis. J. of
: : L : —————————————— g reduction of almost 40% 5 &Y PeCtr Y ysls. A
ion series. (D) A zoomed-in view of m/z 1200-2000 showing L N Mass Spectrometry 2024 (DOI: 10.1002/jms.5017)

peptide precursor ions with different numbers of EO units. compared to unstressed conditions.



	Slide 1

