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Abstract

Recombinant production of IgM antibodies poses a special challenge due to the complex
structure of the proteins and their not yet fully elucidated interactions with the immune effec-
tor proteins, especially the complement system. In this study, we present transient expres-
sion of IgM antibodies (IgM617, IgM012 and IgM012_GL) in HEK cells and compared it to
the well-established stable expression system in CHO cells. The presented workflow investi-
gates quality attributes including productivity, polymer distribution, glycosylation, antibody
structure and activation of the classical complement pathway. The HEK293E transient
expression system is able to generate comparable amounts and polymer distribution as IgM
stably produced in CHO. Although the glycan profile generated by HEK293E cells contained
a lower degree of sialylation and a higher portion of oligomannose structures, the potency to
activate the complement cascade was maintained. Electron microscopy also confirmed the
structural integrity of IgM pentamers produced in HEK293E cells, since the conventional
star-shaped structure is observed. From our studies, we conclude that the transient expres-
sion system provides an attractive alternative for rapid, efficient and high-throughput pro-
duction of complex IgM antibodies with slightly altered post-translational modifications, but
comparable structure and function.

Introduction

Immunoglobulinsof subclas#! (IgM) areconsideredasthe main actorsin the protection
againshumoralmicrobialinfectionandin the mediationof celldebrisclearancédy activating
andcontrolling the complementlassicapathwayandinflammation. This crucialrole theoret-
icallymakeghemrelevantfor therapeuticapplicationsAlthoughclinicaltrials of metastatic
melanomapatientswith ahumananti-GD21gM (MORAb-028)werealreadystarted the
studywasterminateddueto alackof productavailability(ClinicalTrials.govdentifier:
NCT01123304ypdate:July2019) Productionof IgMs is acost-intensivendtediousprocess
no matterif isolatedfrom serumor recombinantlyexpresseth stablecelllines[1+3]. The
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challengein recombinantigM productionareanadequatgroductivity,homogenougpoly-
merization,purity, structuralintegrity andbiologicalfunction. Eventhoughpentamersand
hexamerarethe predominantformsof IgM in humanserum,aggregatedr incompletepoly-
mersweredescribedor recombinantlyproducedigMsresultingin reducedproductquality
[2,4£6].Anotherimportant quality attributeis the glycosylatiorsinceit mayaffectigM secre-
tion, cytolyticactivity,immunogenicityor pharmacokinetic§7+10].

In the hereinpresenteastudy,we evaluatedf transientexpressiorsystemproduceaccept-
ablequantity, high qualityandfunctionallgMs andtherebyproviderapid, efficientand high-
throughputalternativego the establishe@xpressiorsystemsThe production of thethree
modelantibodiedgM012,IgM012_GLandlgM617wasinvestigatedn the humanHEK293E
cellline andcomparedo the well-establishetgM producingCHO DG44celllines[1]. The
HEK293Ecellline is afrequentlyusedsystenfor transientexpressiobecausef its properties
suchaseasymaintenancesobustnesseasef transfectionandhigh yield of protein expression
[11+13].CHO DG44cellline representsraditional andthe mostcommonlyusedstablepro-
ducingcellsystemin industrial production of recombinantprotein therapeutic§14]. Our
studyinvestigateand compareghe productivity of both expressionsystemsndseveratjual-
ity attributesithe polymerdistribution and glycosylatiorpatterns aswell asthein vitro func-
tional activity to activatethe classicatomplementpathwayandtheir structuralintegrity by
negativestaintransmissiorelectronmicroscopy(TEM).

Materials and methods
Geneticconstructsand cell lines

ThestablelgM producingCHO DG44celllinesweregeneratedsdescribedn Chromikova

., 2015[1]. In short,two differentpIRESvectorswereusedfor co-transfectiorandrandom
genentegration.ThelgM heavychainanddihydrofolatereductas¢DHFR) genesverecon-
nectedby aninternalribosomeentry site(IRES)sequencand expressednderthe SV40pro-
moter. Thelight chainis expressednderthe cytomegaloviru¢CMV) promoterandfollowed
bythe IRESandjoining chainsequencelhe hostcellline wastransfectedvith two pIREScon-
structscontainingeitherlgM heavychainand DHFR gener light chainandjoining chain
genegS1AFig).

ThetransientigM expressiomwasperformedin HEK293Ecellswith two pCEP4constructs
containingeitherlgM heavychaingeneor light chainandjoining chaingenegS1BFig). The
pCEP4vectorencodeshe genefor episomaplasmidamplificationandthe CMV pro-
moterupstreanthe geneof interest(S1BFig). Thegenesncodingthe IgM chainswereidenti-
calto the constructausedfor stabletransfection.The stableexpressiorof theadenovirusl3S
Elain theHEK293Ecellsenhancesranscriptionof CMV promoter[15].

Production of IgM

StableCHO DG44celllinesand HEK293Ehostcelllineswereseededt 10° cells/mL.Three
parallelculturesof the lgM producingCHO DG44cellswerecultivatedin batchmodefor
eachmodellgM. HEK293Eweretransfectedvith the constructsdescribedn S1BFigusing
polyethylenimine48hoursposttransfectionthe culturesweresupplementedvith 0.5%tryp-
toneN1 (TN1) and5 mM valproicacid (VPA) to increasehe protein synthesisn transient
expressiomp to theyieldsof stableexpressiorsystem$16,17].To quantify IgM titers,cellcul-
ture supernatantsvereanalyzedvith astandard- -ELISA usingtherespectiveurified IgM
antibodyasreferencematerial. Antigen binding activitiesof all IgMs wasalsoevaluatedy
ELISAanddetectionof IgMs depositionovercoatingspecificantigensAs expectedall IgM
preparationsvereableto bind their specificantigen.
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Purification

IgM antibodieswerepurified accordingto Hennicke ., 2017[18]. Briefly, POROSCapture-
Select™ IgM Affinity Matrix (ThermoFisherScientific)wasusedfor affinity chromatography.
ThelgMswereelutedwith 1 M Arginine, 2 M MgCl,, pH 3.5.Asasecondourification step,
theelutedigM samplesvereappliedon aSuperos8” 6 column (GE Healthcare)lgM was
separatedrom nucleicacidcontaminantswith running buffer (0.1M sodiumphosphatgH
5.5,0.2M NacCl) ataflow rateof 0.5mL/min.

SDSPAGE,silver stain and immunoblotting for polymer distribution

Separatiorandidentification of purified IgMs by SDS-PAGEnd Westernblot wasperformed
asdescribedn [1]. Silverstainingwasperformedaccordingto [19]. A goatanti-human -
chainspecificperoxidasantibody(1:2000Sigma)wasusedto detectthe -chain of the IgM
molecule.

Transmissionelectronmicroscopy(TEM)

60+80ng of IgM wasappliedto a Mica Sheetoveredwith evaporateatarbonfilm. Thefilm
wasfloatedoff in ~100 L 2%sodiumsilicotungstatéSST Agar Scientific)andfishedonto a
400meshCu TEM grid (DeltaMicroscopies)imageswveretakenwith aTecnaiF20TEM
microscopeat 200keV.

N-linked glycosylation

Thesite-specifiglycanpatternwasanalyzedisdescribedn [18]. Briefly, purified IgM wasS-
alkylatedwith iodoacetamidenddigestedwith Trypsin (Promega)pr with Trypsinandendo-
proteinaseésluC (Roche)lgM fragmentsvereseparatedvith RP-HPLC(BioBasidC18col-
umn, ThermoFisherScientific)and detectedvith QTOF MS (BrukermaXis4G).MS spectra
wererecordedin DDA (datadependedacquisitionthighegpeaksareselectedor MS/MSfrag-
mentation)modein arangefrom 150+220M@a. Thefive possibleglycopeptidesvereidentified
assetsof peaksconsistingof the peptidemoietyandthe attached\-glycanvaryingin the num-
berof Gal-GIlcNAcunits (antennae)fucoseandsialicacidresiduesThetheoreticamassesf
theseglycopeptidesveredeterminedwith aspreadsheatsingthe monoisotopicmassesor
aminoacidsandmonosaccharides.

Complementactivation-ELISA

Theactivationof the classicatomplementpathwaywasmonitoredby an ELISA-assalased
on detectionof C4bdepositionaccordingto Bally ., 2019[20]. In brief,200ng of IgM were
immobilisedon a96-wellplate(ThermoFisherScientific)andincubatedwith 4%normal
humanserum(NHS), 4%C1qdepletecserum(NHS 1, CompTech)or 4%NHS ireconstituted
with purified humanC1q(4 g/mL) [21]. NHSwasobtainedfrom the EtablissemenfEran&is
du SangRh&ne-Alpes(agreemenhumber 14+1940egardingits usein research)Unspecific
binding waspreventedoy saturationwith 2%bovineserumalbumin (BSA,SigmaAldrich). In
the courseof the classicapathwayactivation,C4is cleavednto C4aand C4b,which deposi-
tion wasdetectedwvith arabbitanti-humanC4 polyclonalantibody(Siemensspecificfor C4b
andananti-rabbit-HRPantibodyconjugatg SigmaAldrich). C4bdepositionwasvisualizedoy
addition of TMB (SigmaAldrich) andaClariostamplatereader(BMG Labtech) Screened
recombinantigM samplesvereproducedby transientHEK293Eand stableCHO DG44and
purified asdescribedabove PolyclonallgM isolatedfrom humanserum(SigmaAldrich) was
usedascontrol.
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Results
Expressionand polymer distribution of IgM

To assest thetransientexpressions asuitablealternativeto stableexpressionproduction of
IgM wasinvestigatedn both systemsComparisonof stableexpressiorin CHO DG44and
transientexpressionn HEK293Eshowedhat similar maximumviablecellconcentrations
resultin comparablemountsof therespectivégM antibodyvariant( . ., approx.8.4 10°
cells/mLin CHO DG44and8.1 1 cells/mLin HEK293Eexpressin@6 g/mL and30 g/
mL IgM012_GL respectivelyfFig 1A), althoughtransientexpressiomften showsreduced
productconcentrationcomparedo stableproduction. Also,transienttransfectionsn
HEK?293Epresenthigh variabilitiesand only the mostefficienttransfectiongor eachigM are
shownin Fig 1A. Moreover,aspreviouslydescribedn Chromikova ., 2015[1] for CHO
production,differencesn antibodyHEK expressiorbehaviorwereobservedor all threelgM
modelsIndeed,similarlyin both systemsproductionof IgM617yieldsin significantlyhigher
producttiters (approx.9-foldin CHO DG44and5-foldin HEK293E)omparedo IgM012
andIgM012_GL[1]. To investigatéheimpactof the expressiorsystenon selectedjuality
attributesof the IgMs, we evaluatedhe polymerformation by gelelectrophoresiandglycosyl-
ationby LC-MS/MS .All IgMs weresuccessfullproducedin both celllinesaspentamersas
themajorIgM fractionfor all modellgMs. However purified IgM012andIgM012_GL
showeddimer formation,indicatingthatthedifferencesn polymerdistribution of theindivid-
ualantibodieswereindependenbf the hostcellline andthe expressiorsystem(Fig 1B).The
presencef dimeric IgM wasalsoobservedn analyticalSEC-HPLCatleastfor IgM012_GL
[22].

Host-specificglycosylationof IgM

IgMs bearfive potentialN-glycosylatiorsites(GS)which canbedividedinto the mainly com-
plexglycosylatedsS1-3andthe primarily oligomannosaype GS4and GS5[23]. Especiallyn
recombinantigM, GS1is partially occupiedalsoby oligomannoser hybrid glycansaswell
[18].

Productionin HEK293Ecellsledto ahighermobility on the SDSgelof all protein fractions
comparedo productionin CHO DG44(Fig 1Band S2Fig). This effectwasespeciallyllus-
tratedby the dimeric portionsof IgM012andIgM012_GL suggestinghatthereis adifference
in the glycosylatiorpatternproducedin thetwo hostcelllines.As additionalquality attribute,

A 30 16 B IgM012  IgM012_GL  IgM617
CHO HEK CHO HEK CHO HEK

w
8
3
.
SR

. (- ' - ' y <— Pentamer

IgM concentration [ug/mL]
°
°
°
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max. viable cell concentration [108 ¢/mL]

CHO  HEK  CHO  HEK  CHO  HEK
1gM012 1gM012_GL IgM617

Fig 1. Expressionand polymer distribution of IgM antibodiesproducedin CHO DG44 and HEK293Ecells.(A)
IgM concentratims areshownasbarsandviablecellconcentratims arerepresentedsdots. Stableexpressioiin CHO
cellswasperforma in triplicates.(B) Silverstainingundernon-reducig conditionsof purified IgM012,1gM012_QG.
andlgM617producedstablyin CHO cellsandtransientlyin HEK cells.Pentameic anddimericformsareindicated
with arrows.

https://i.org/10.1371durnal.por.0229992.¢01
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the glycosylatiorpatternwasanalyzedy LC-MS/MS Although similar glycanpatternswere
foundin IgMs of transientlytransfectedHEK293E differencesn glycosylatiorcomparedo
thereferencecellline CHO DG44wereobservedindaresummarizedn Tablesl and 2.
RecombinantgM stablyproducedin CHO DG44cellscomprisedmainly complextypegly-
cans10+16%hybrid typeglycansand 20+35%pligomannoséypeglycansat GS1.In compari-
son,expressionin HEK293Ecellsshoweda minimum of ~50%oligomannoséypeglycans
andamaximumof approximately30%complextypeglycansat GS1(Tablel). ThelgM012
producedin HEK293Ehad GS1nearlycompletelyoccupiedby oligomannosedypeindicating
thatthe portion of lesgprocessedlycansattachedo GS1is higherin IgM producedin
HEK293Ecells At GS2the CHO DG44cellsattachedoredominantlycomplextypeglycans,
whichweremainly sialylatedvhile the HEK293Ecellsproducedonly 40%sialylateccomplex
glycansput anincreasedraction of oligomannosdypeglycang Tablel). Thistrend waseven
more pronouncedwith IgM012producedby HEK293E GS3wasfully occupiedby complex
typeglycandgor IgM producedin both expressiorsystemsexcepftfor IgM012producedin
HEK293E For our threemodellgMs, transientexpressiorin HEK293Ecellsresultedn a
higherportion of truncatedglycanstructureswith terminal N-acetylglucosamineyhichrepre-
sentlessprocessedomplextypestructures.

Oligomannosaypewasthe predominantglycanstructurefound at GS4and GS5of IgM
producedby both expressiomosts(Table2). Thenumberof attachednannosemoleculesvas
significantlyhigherin HEK293Ecellscomparedo the oligomannossstructuresfoundin
CHO DG44cells.

Tablel. Comparisan of site-spedic glycosyation profile at GS1-3of IgM producedstablyin CHO cellsand transiently in HEK cells. Relativeabundance[%)] of N-
glycantypesis shown.

Glycantype complextype hybrid type Oligomannosetype
model IlgM MGn/ GnGnF galactosylaed sialylated
Glycosylatio sitel
CHO IgM012 1 9 43 13 35
IgM012_GL 1 9 59 10 20
IgM617 0 14 43 16 27
HEK IgM012 0 1 5 1 93
IgM012_GL 3 24 17 50
IgM617 3 24 21 45
Glycosylatio site2
CHO IgM012 47 10 32 0 1
IgM012_GL 6 17 75 0 2
IgM617 2 13 84 0 1
HEK IgM012 15 2 5 0 77
IgM012_GL 19 7 36 0 36
IgM617 27 17 42 0 14
Glycosylatio site3
CHO IgM012 15 31 51 0 3
IgM012_GL 10 21 68 0 0
IgM617 1 18 81 0 0
HEK IgM012 4 4 2 0 90
IgM012_GL 39 34 27 0 0
IgM617 37 34 29 0 0

10%of the found glycosylabn sitewasnot glycosylatd.

https://da.org/10.1371durnal.pon®229992.t001
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Table2. Comparisan of oligomannosestructuresat GS4of IgM producedstablyin CHO cellsandtransiently in HEK cells. Relativeabundancg%] of N-glycan

structureds shown.

Glycosylaton site 4
CHO IgM012
IgM012_GL
IgM617
HEK IgM012
IlgM012_GL
IgM617

https://da.org/10.1371¢urnal.pon®229992.t002

Man4/Man5 Man6/Man7 Man8
33 43 24
24 a7 29
21 49 30
7 10 83
26 32 41
20 39 41

All'in all, glycosylatioranalysigevealedhat transientexpressiorin HEK293Ecellsleadso
alessprocessedlycanpatterncomparedo stableexpressiorin CHO DG44cells.

TEM of IgM variants producedby HEK293E

Thestructuresof IgMs producedby HEK293Ewereanalyzedvith negativestainTEM in
orderto evaluateheir structuralintegrity. The pentameridgMs producedby HEK293E
exhibiteda centralcircular corewith projectingFabunits in astar-shapednanner(Fig 2) asit
isknown for IgMs isolatedirom humanserum[24,25].A high degreeof flexibility of the Fab
units wasobservedisthe Fab-domainsvereonly rarelyvisibleand,in somecasedgesshan
five FabarmsweredetectedThisflexibility leadso avarietyof possibleconformationsthat
aredisplayedy the enlargedsolatedmoleculesn Fig 2. Symmetricandasymmetricshapes
werefound. Moreover,Fig 2 demonstrateshatregionsaroundC 2- andC 3-domainsexhibit
flexibility. A diameterof approximately30+40nm wasfound for pentameridgM, whichwas
alreadydescribedn Czajkowskyand Shao2009r Akhouri ., 2016[25,26].Hence lgMs

Fig 2. Non-processd imagesof negativestain transmissionelectronmicroscopy imagesof IgM antibody. Representéve fieldsof particleswith a100nm scalebar
in the upperpictures Magnifiedviewsof someindividual moleculesareshownin thelowerpaneldor all threemodelantibodiegproducedin HEK293Ecells:(A)

IlgM012,(B) IgM012_GL, (C) IgM617.
https://da.org/10.1371durnal.pon®229992.g0D
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transientlyproducedby HEK293Eshowsimilar structuralpropertiesasdescribedor human
serumderivedigM andasfound for CHO producedigM (S3Fig).All threemodelantibodies
showedgM in its pentameridorm (Fig 2), whereas fewdimeric formsof IgM012and
IgM012_GLmight bevisible(S3Fig). PentameridgM with the appearancef the conven-
tional modelandonly rarelyaggregatesould befoundin all preparations.

Antigen responseof IgM producedin CHO or HEK cells

During recombinantproduction, it is of particularimportancethat the productexhibitsits natural
propertiesln the caseof antibodiestheinteractionwith the antigenis akeyfunction. |gM617
andlgM012_GLwerechoserasarepresentativéo studytheimpactof the hostcellline and
expressiorsystemThebinding affinity of IgM617to its naturalantigensglycosphingolipidsyas
evaluatedy agangliosidé€ELISA.Productsof both expressioostsshowedcomparabléinding
to theganglioside&M1, GD3and GM3 (S4Fig). Moreover binding of IgM012_GLto its antigen
UG37wassimilarfor CHO andHEK producedigM (S5Fig). Thesearesultsindicatethatthe
expressiorsystemandthe resultingbiochemicatharacteristicasglycosylatiorpatternshownin
Tablesl and2,do not affectthe binding propertiesof IgM617andIigM012_GL.

Complementactivation via C1g-IgM interaction

The capacityof the differentrecombinantigM preparationsand polyclonallgM isolatedfrom
humanserum(plgM) to triggercomplemenfactivationwasanalyzecind comparecby ELISA
asdescribedn Bally ., 2019[20]. Theassays basedn the detectionof C4bfragment
depositionafterserumcleavagef C4 by the C1complexboundto coatedgM molecules,
whichis asignaturefor the classicatomplemenfpathwayactivation. Assaysvith C1g-
depletechormalhumanserum(NHS 1) and C1g-reconstitutegerum(NHS i + 4 g/ml C1q)
wereusedascontrolsfor the C1lg/IgM interactiondependencyplgM wasusedasareference.
No significantdifferencesvereobservedetweerplgM andall therecombinantigM samples
(Fig 3),demonstratinghatimmobilizedrecombinantigMs areasactiveasserumderived
IgMsin theseassayonditions,regardlesgheir differencesn polymerdistributionsandglyco-
sylationpatternswhichwould bearesulteitherof their sequencer the hostcell.

Indeed,althoughlgM variants |gM012andIgM012_GL presentl0to 20%of dimers(Fig
1), theydid not showanydecreas@ complemenfctivationlevel(Fig 3). Taylor .,
1994demonstratedhat IgM monomersarenot ableto provokethe activationof complement-
mediatedcytolysig27]. Thus,reductionof complemenfactivationby IgM mixture, asigM012
andlgM012_GLwasexpectedExplanationmight residein the coatedgM dimer ability to
activatethe cascader in the high sensitivityof the ELISAassaysinceafewcoatedpentameric
IgM moleculego the microtiter platecanbesufficientto activatethe complementamplifica-
tion cascadd-urthermore,andsurprisingly the oligopmannosehangest GS4betweerlCHO
DG44andHEK293Eproduction (Table2), althoughminor, do not affectthe activationlevel
(Fig 3). It hasbeenreportedthatthe GS4(Asn402)of IgMs maybeimportant for theC1q
binding andthus,complement-dependeraytolysiq7,28]. The similar extentof com-
plementactivationwhich weobservedndicatedthatthe presenc®f the oligomannosdypes
at GS4is moreimportant for the complementactivationthanthe exactstructureor glycan
composition.

Discussion

Productionof IgM antibodiesconstitutesa challengingaskand newrecombinantproduction
strategiesor developmenbf newtherapeuticandtheir evaluatioraredesperatelypeededin
this study,we presenthe successfutansientexpressiorof IgM antibodiesn HEK cellsand
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Fig 3. Complemert activation via lgM and Clginteraction. IndicatedlgMs werecoatedon the plateandincubated
with normalhumanserum(NHS),NHS depletedf C1q(NHS 1) or NHS i reconstituedwith C1g.PolyclonalgM
(plgM, black)aswellasigM012(blue),IgM012_QG. (green)andIgM617(red) producedstablyin CHO DG44(darker
colors)or transientlyin HEK293Ecells(lighter colors).SerumC4 cleavagbéy the IgM-bound activatedC1 complex
resultsin C4bdepositiondetectedy a C4bspecificantibody.All samplesvereanalysedn duplicates.

https://dbi.org/10.1371durnal.por.0229992.408

comparedt to thetraditional andwell-establishedtableCHO cellsystemIt wasshownthat
both system&nablecomparablespecificproductivitiesand quality attributes, demonstrating
thatthetransientexpressionn HEK cellsrepresentsvaluablealternative.

Firstly,all threemodelantibodiesshowedcomparablespecificproductivitiesin the two cell
systemgFig 1). As previouslydescribedn Chromikova ., 2015tremendoudifferencesn
antibodytitersbetweertheindividual IgM variantswereobservedl]. Especiallyproduction
of IgM012andIgM012_GLchallengedoth celllinesmorethanlgM617production.Indeed,
IgM012andIgM012_GLexpressiomesultedn lowerlgM concentrationsand more dimer
fractionsthanIgM617expressiormaswellasanimpairedglycosylationAdditionally, structural
analysisisingnegativestainTEM and complementactivationassaysvereusedasnew
quality control attributesand confirmedthe structuralintegrity and the functionality of all of
our IgM modelsproducedin both mammaliansystemsindeed,asdescribedn previousstud-
ies[25,26],the conventionaktar-shapegarticlesof IgM pentamersvasobservedor all
modellgMs producedin HEK cells(Fig 2 and S3Fig).

Glycosylatioris oneof the mostimportant quality attributes,astherapeuticapplication
requirescomplexmammalianglycoformssincetheyaredecisivefor the function, folding and
half-life time of protein products.Possibleexplanationgor the differencesn glycanstructures
might beenvironmentalconditions,the hostcellline or stressn courseof thetransienttrans-
fectionmode.While environmentalconditionsareknown to influenceglycosylatiorof glyco-
proteins[29], this aspectanbeneglectedn caseof complexigM antibodieg22]. Although
theexpressiorsystemdedto differentglycanpatternsof the modellgMs, the potencyof
IgM617to the glycosphingolipid&sM1, GD3and GM3 aswell astheresponsef IgM012_GL
to its antigenUG37werenot affected S4and S5Figs).It is broadlyacceptedhat glycosylation
isdependenbn the hostcellline [29]. AlthoughCHO andHEK cellsareboth widelyused
mammalianhostcelllines,theyexhibitvariationin the complexityof their glycanpatterns
[30]. Unexpectedlythe HEK293Ecellline producedahigherportion of truncatedglycan
structureswith terminal N-acetylglucosamineyhichis alessprocessedlycanpattern,
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comparedo the CHO DG44cellline, sinceahumancellline wassupposedby its natureto
enablehuman-likeglycanstructureg Tablel). Furthermore the Man8 glycoformwassignifi-
cantlymorefrequentin GS4of HEK293EderivedigM comparedo the oligomannosestruc-
turesfound on GS4of CHO DG44derivedigM (Table?). Thesdlifferencesouldresultfrom
differentexpressiornevelsof enzymegparticipatingin glycosylatiorin the two hostcelllines
[31,32].In accordancevith Vestrheim ., 2013alowersialicacidcontentwasobservedn
HEK-derivedimmunoglobuling[33]. Thisis highly relevantwhenit comedo therapeutiausage,
assialicacid-rich proteinsexhibit an extendedalf-life comparedo non-sialylatecproteins
[34]. complementactivationassaylid not showanyobservabldifferencedbetween
plgM andtherecombinantigMs, showingthat recombinanigM maybeasactiveasserum
derivedigM (Fig 3). Additionally, the transientlyexpressetgM activatedhe complemensys-
temasefficientlyasthe stablyexpressetgM. This might bedueto the oligomannosidiacarbo-
hydratestructureat GS4(Asn402)whichisimportant for the C1gbinding andcomplement-
dependentytolysig7,35].In contrastto previousobservation$7,33,35]wedid not observe
differencesn effectiveC1qbinding dueto glycosylatiorvariations However sensitivityof the
assaynaynot allowdeterminingminor difference®f activation,asan activefraction of penta-
mersmaybesufficientto provokea high signalandthereforecomplementactivationdid not
reveakexpressiomostdependencyTransienttransfectionposesn attractivemethodfor fast
andefficientlgM screeningandausefultool for fastigM production.However Jow reproduc-
ibility in transienttransfectionsnight contributeto high variabilitiesduring transfectionsasa
resultof variabilitiesin transfectabilityof the hostcellline [36]. Transienttransfectionrmaybe
accompaniedby stresglueto polyethyleneimindreatmentandthereforeresultin lesgprocessed
glycanforms.Intracellularglycan-processingachinerymight sufferfrom the suddenswitchto
intensiveprotein production.Besidesproduct-associatedariationsin posttranslationaiodifi-
cationwereobservedor severatransientlyproducedproteins[30].

Conclusions

In this study,the HEK293HEransientexpressiorsystenis ableto producecomplexmultimeric
proteinslike IgMs andgenerateacceptablamountsand comparablgolymerdistribution as
thewell-establishe@€HO producedigM. However the glycanprofile waslessgprocessed,
which could changehe biologicalpropertiesor pharmacokinetic$37]. Thereforethetran-
sientexpressionn HEK293Eshouldonly beusedfor applicationsn whichthe glycanprofile
is not of specifidnterestor minor changesn the glycanprofile haveno impact.Nevertheless,
the potencyfor complementactivationwasmaintainedand structuralintegrity demonstrated.
Transientexpressiorsystemgposean attractivealternativefor rapid, efficientand high-
throughputproductionof complexigM antibodieswith possiblyimpairedpost-translational
modificationsbut propereffectorproperties.

Supporting information

S1Fig. Schematigplasmid mapsof the geneticconstructs.(A) pIRESplasmidsor stable
transfectioninto CHO DG44hostcellline. Imagewasreprintedfrom Chromikovaetal. [1].
(B) pCEP4plasmiddor transienttransfectioninto HEK293Ehostcellline.

(PDF)

S2Fig. Immunoblotting of IgM012,IgM012_GLand IgM617 producedin CHO DG44and
HEK?293E .Silverstainingandwesterrblotsunderreducingconditionsweredonefor anti-
andanti- chain.

(PDF)
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S3Fig. Non-processedmagesof negativestain transmissionelectronmicroscopyimages
of IgM012 producedin CHO DG 44.Representativield of particleswith a200nm scalebar.
Circledparticlesrepresensideviewsof pentameridgM012.The smallerparticlespointed out
by theyellowarrowsindicatemoleculeghat couldbedimers.

(PDF)

S4Fig. Ganglioside-ELISAof GM1, GD3 and GM3 with IgM617 producedin CHO DG44
and HEK293Ecells.Potencywastestedwith anti-hulgM ( -chain specific)alkalinephospha-
taseaccordingto Zeng ., 2005[38].

(PDF)

S5Fig. Antigen (UG37) binding of IgM012_GLproducedin CHO DG44 (green)and
HEK293Ecells(red). A microtiter platewascoatedwith UG37,washedandincubatedwith
50 L/well of IgM sampleBinding of thelgM to UG37wasdetectedwith anti-kappa-HRP
conjugateand TMB. All samplesvereanalyzedn duplicatesexcepffor the negativecontrol,
whichwasthe lgM617 (blacklines).

(PDF)

S1Rawimages.
(PDF)
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