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Introduction QualitativeStandardsSialicAcidreferencePanel(SRPand Neub,9Ac, Biopharmaceutical Sialic Acid Analysis to Satisfy Regulatory
Over the last two years the vast majority (27 of 28) of the FDAapproved therapeutic biologics have been A sialicacidreferencepanel (SRPgontaininga mixture of sialicacidsfound in humansand animalsis usedasa systemsuitability standard Thesialic Requirements
glycoprotiens(1). Theseglycosylatedtherapeuticsare comprisedof glycoproteinhormones, cytokines,clotting acidreferencestandardcontainsNeubGc,NewbAc,Neuwb, 7Ac,, NelbGOAc,Newb,9Ac,, andNelb,7,(8),9Ac, o - _ _
factors and monoclonalantibodies Sialicacids are terminal, negatively chargedmonosaccharidepresent on o | | o Sialicacidanalysiss a regulatoryrequirementand shouldbe performedthroughoutthe productlifecycle Thekey
many N- and O-glycans Biopharmaceuticalsften containtwo main types of sialicacid N-acetytneuraminicacid Theacceptancecriteria for this standardare that the HPLGrofilesfrom the SRRat the start and end of the sampleset shouldoverlapwith minimal dataacquiredfrom this study:
(NelwbAc, purple box figure 1) and N-glycolytneuraminicacid (NewsGce,blue box figure 1). NewbAcis found in both driit inretentiontime (e.g. + 0.1 min.). TheDMBprofile for the SRHs shownin Figure2A. 1. Identity of eachsialicacidpresent
humanand non-humancells,whereasNeubGcenot presenton humanglycoproteinsand is immunogenic(2). The - _ _ _ o _ _ |
biopharmaceuticalefficacy, serum halflife and immunogenicityare impacted by both the abundanceand the Thepurified Neuwb,9Ac¢, standardis usedto determinethe relativeabundanceof O-acetylatedvs non-O-acetylatedsialicacidresidues(Figure2B). 2. Absoluteamountsof NetbGcand NewbAc
type of sialylation(including O-acetylation)(3). Consequentlysialylationis a glycosylatiorcritical quality attribute 3. RelativePercentagesf NeubGc/NelbAc/Neub,9Ac, (if applicable)
(GCQA)Sialicacid analysigs in the quality guidelinesfor registrationof biopharmaceutical§¢lCH®B) and should
be performedthroughoutthe productlifecycle slalic Acid Relative Fejcent e _ o
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Sialicacid analysisworkflow designedto satisfy the regulatory requirementsfor biopharmaceuticalsialic acid /L DMB-EPO
contentanalysigdo specifythe following: - - —~
YSIS0 Speciv ] QuantitativeStandard{NewbAc,NeubGc)
o _ _ _ _ Figure 6 DMB profile of EPO in comparison to SRP and Neup,9Ac
1. Overall degree of drug sialylation — absolute | Thequantitative standardsare NISTFand USRraceableNeubGcecand NeubAc monosaccharidedispensedo approximatelyl nmole (exactvaluesin C ®
guantitation of sialic acid residues per molecule - of Afor eachbatch) Preparationof serialdilutions of the NeuwbAc and NeubGequantitated standardsprovide calibrationcurves(Figure3A). The peak
(nmol/mgprotein) areasof NeubAcandNeuwbGcein test samplesare comparedto the calibrationcurvesto providequantitativedataon the amountof eachsialicacid EPQ(50 ug Glycoprotein)
: - 1. Amount of Sialic 3. Average Relative
Relativequantitiesof NelbAcNelbGe TheLudgeracceptanceriteriausingin-houseSOPss that the calibrationcurveshouldgive R valuesof >0.99 for both NeusGcand NeusAc (Figure3B) Sialic Acid Acids on Protein 2 AT Of ('::fn”jg Percent (%) of Sialic
3. Identificationand relative percentageof O-acetylated (nmoles/mg protein) JAcids from Peak Are:
S icacid P J y Neu5Gc 4.97 0.25 0.95
=lalicaclds 200000000 Neu5Ac 307.44 15.37 94.17
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Thekit containsthe following (.:Omponents : . . e B & 200000000 . Table2: Quantitative Amount and Relative Percent for sialic acids in EPO
ReagentsDMBDye, 2M AceticAcid,Mercaptoethanolin Aceticacid (1.4 Molar), SodiumDithionite (é:ilsooooooo s A
QuantitativeStandards N-acetylneuramini@cid(1 nmol), N-glycolylneuramini@acid (1 nmol) S o
Reference Standards Sialic Acid Reference Panel containing NeusAc, NeusGe, Neub,7Ac, NelbGc9Ac, 2 0 < 100000000 ImmunoglobulinG (IgG)
Neuwb,8Ac,, Newb,9Ac, andNeub,7,(8),9Ac;, 50000000 ..:::._:'_::::; | - | o o
c000 | 0 & Most therapeuticmAbsare IgGswhere the levelsof sialicacid canimpactthe pharmacokineticsspecificity,and
| o 02 04 0-? 08 1 1.2 anti-inflammatoryactivity (4). Comparedo EPOJ]gGshavelower levelsof sialyationso largeramountsof starting
1 o Iy e materialare required(e.g. 100ug—200ug) (Figure?7, Table3).
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Sialicacidsare releasedfrom glycoproteinsby mild acid hydrolysis(2M aceticacid)usingconditionsthat preserve | | Minutes o o
the N-acetyl, N-glycolyl and O-acetyl groups The o-keto acid of the free sialic acids are derivatisedwith 1,2- Figure 3:A) Overlay of the spectra from NeuSAc and Neu5Gc serial dilutions; B) Calibration curves 250.0 Sl Acid b Amount ol SIale 5 Amount of NeusA«
diamino4,5-methylendioxybenzeng DMB) Typical starting amounts are 50 ug of glycoprotein for a highly 000 (nmoles/mg protein) (nmoles)
sialylatedsampleand up to 200 ug for a glycoproteinwith low levelsof sialylation The DMBlabeledsialicacids ) NeUuSGe d nd.
arethen analysedoy RRHPLGSchemé;, HPLGnd (U)HPL®&unningconditionsin Tablel). 1500 |
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. Positiveprocesscontrol glycoprotein Fetuinglycoprotein(GCF-ET50U) | o | . Table 3 Quantitative amount of Sialic acids in IgG
Il. Positiveprocessguantitativecontrol glycopeptide GPERBQGPERA2G2X2-10U) TheL_u_dger_B o Qu @HER]QH'ntltatlvestandardls ]
| a purified sialylatedglycopeptidestandardusedasa Total nmoles . o
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In two sialic acids and has been quantified using  2s00 | 3 Acceptance Criteria£20% nmofrom C of A
gNMR Thisstandardis usedto checkthe efficiency _ 2000 | Acceptance range = 6.920% Figure 7DMB profiles of sialic acids released frig
0P, coon of glycanrelease Jabelingandrecovery(Figured). W 1500 | 5.58—8.38 nmol
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2 _on _go0n o 2M Aceto Ace_ VNK%Q;LOH — yzayo . MNDQ (which is the amount determined by quantitative Assialylationof therapeuticglycoprotienss criticalto ad r u safetgand efficacy,a sensitive robust and easyto
BT o R o " HO codium diionte. HO NMR+ 20%) Figure 4 Overlay oDMBlabeled Sialic Acid from GRERG2S2 (Triplicate Analysis) implement method to detect both low and high levelsof sialylationis necessaryThebenefitsof usingL ud ger ’
i sialicacidanalysisvorkflow are:
A Satisfieghe regulatoryrequirementsfor biopharmaceuticasialicacid content analysisproviding 1) the overall
_ degreeof drug sialylation(absolutequantitation of sialicacid residuesper moleculg; 2) Relativequantities of
400.0 : _ _ _ _ _ _ _ NelbAcNelbGg and 3) relativepercentagesaind identity of O-acetylatedsialicacids
1000 Validationto |CHQ2 (R].) Guidelineswith FetumGchoprotem A Utilizesmultiple standardsto provide a robust analysismethod includingacceptancecriteria to ensureoptimal
L 0 . . . . rocesgperformance
0 200.0 Thevalidationprotocol followed ICHguidelinesQ2 (RL) to showthat the LudgerStandardoperatingproceduresfor sialicanalysiswere suitablefor Probesd
iheir intended use with both the sialicacid standardsand a glycoprote le(fetuin). Accordingto the ICHguidelineQ2 (RL) (for Analytical A Isvalidatedto an ICHQ standard
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e . y (erythropoietin(EPO)monoclonalantibodies.etc..).
DMB labeled sialic acid standam@® elutedunder the following HPLC conditions:

Column: LudgerSep R1 (Cat. #R(:8.6x150) Range Theworking rangefor starting amount of fetuin glycoproteinthat givesa linear responseis 5 to 100 y gor NeubAc and 25 to 100 y dor
Flow: 0.5 ml/min; Temperature: 3@ Nels5Ge
Solvent A: methanol: acetonitrile: water (7:9:84); Solvent B: acetonitrile
Excitation wavelength: 373 nm Emission wavelength: 448 nm o o _ _ _ _ _ Refe rences
Limit of quantitation: Both NeubAc and NeubGceshow a linear relationshipbetween sampleamount and signalto noiseand are presentat levels
1. https://lwww .fda.gov/Drugs/DevelopmentApprovalProcess/Druglinnovation/681040htm. Novel drug approvals2016,
Scheme 1DMB Release and LabeliMprkflow abovethe LOQ(10* S/N)acrosshe wholerangeof amounts(5to 100u g ) No?/eldrugapprog\]/ aIsZOlg p PP 9 g app
Stability: A common concernis the stability of DMBlabeled | 2. Ghaderi_D, TaylorRE,PngeFKaravain, DiazS,.Varki A. Implicationsof the presenceof N-glycolylneuraminicAcid in
samplesafter derivatisation,to addressthis we monitored the 300,00 ; Eeﬁocrlnbl'\;:?\T—gerapkefﬁ'_‘?_'yco'ot’_te;”i'\'gt”ﬁ b'SOteC.hnIOI?%y201Q§8(8)'t8E63ﬁ67' i the Gireulation The Role of
samplesover 72 hours at 10°C in the dark An overlay of the E . Fukuda,M.N.; SasakiH.; Lopez,L; Fukuda,M. Survivalof Recombinanterythropoietinin the Circulation The Roleo
- - - 0 0 chromatogramsof DMBlabeledsialicacidsreleasedfrom fetuin = CarbohydratesBlood1989 73:84-89
J . L | 4. KanekoY,NimmerjahnF, RavetchlV Anti-inflammatoryactivity of immunoglobulinG resultingfrom Fcsialylation Science
at 0, 24, 48 and 72 hoursafter derivatisationis shownin figure 5. 200.00- 2006
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CVsare lessthan 1% for retention times and lessthan 5% for . ]
19 0.5 100 0 peakareas CVdor the calculatednmol/mg protein are lessthan 15000°
19.5 0.5 10 90 5%for NeubAcand NewbGc I_:romthis datawe concludethat it is 10000 AC kn owledgements
23.5 0.5 10 90 acceptableto store samplesin the darkat 10°Cfor up to 72 hr, :
24 0.5 100 0 providedthat the calibrationstandardshave been storedin the 50.00 The human EPOwas a kind gift from RaquelMontesino and Antonio Vallin from the Centrefor GeneticEngineeringand
20 05 100 0 sameconditionsand are analysedat the sametime. Additionally oo ~ ) _ A BiotechnologyCuba
we havefound that_ samplesstoredin the freezerin the dark are B P Ao o _ _
Table1. 30 min running method for HPLGanalysis suitablefor analysis DMBlabelledsamplescan be frozenfor up Minutes COntact f()r more mformaﬂgn
usinga LudgerSefRl column(4.6 x 150 mm, 3 um to 2 days Figure 5Sample Stability of DMBabelled Sialic acids after Derivatisation
particles) LSR1-4.6x150. (overlay of traces from time points: 0, 24, 48, 72 h) Thankyou for viewingmy postet If y o ulike@ copyor wantto knowmore about [® C
Injectionvolume=25pL our glycomicsworkflow then pleaseemail me (claire. morgan@Iludgeicom) or

connectwith me on LinkedIn ThanksClaire = in| .Iudger.com
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