
Discovery and Production of Recombinant Human Oligoclonal Antibodies

hƭƛƎƻŎƭƻƴƛŎǎϰ

hƭƛƎƻŎƭƻƴƛŎǎϰ clones have stable 
growth characteristics

Non-fed batch cultures were started for each subclone from the
suspensionculturesafter ~15, ~30and~60populationdoublings.
Total IgG expressionand IgG expressionof the three individual
specificitiesare stablefor 10 of 12 testedclones. Thetable (total IgG)
andgraphs(individualIgG)showdatafor subcloneB38.1 asexample.

hƭƛƎƻŎƭƻƴƛŎǎϰ ŎƭƻƴŜǎ ǎǘŀōƭȅ ŜȄǇǊŜǎǎ ŀƭƭ 
three antibody specificities

hƭƛƎƻŎƭƻƴƛŎǎϰ ŀǊŜ ƎŜƴŜǊŀǘŜŘ Ǿƛŀ          
co-transfection of suspension cells
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hƭƛƎƻŎƭƻƴƛŎǎϰ  Production

Single VL repertoire discovery using phage display

- a singleVL genein germlineconfigurationwaschosenon the basisof its frequentutilization in humanimmuneandnaïverepertoires

- bloodwasharvestedfrom two tetanustoxoid (TT)vaccinateddonors

- VH genesfrom all familieswereharvestedandcombinedwith the singleVL genein a phagemidvector

- Fabphagelibrarieswereselectedfor bindingto tetanustoxoid andthe resulting129uniqueclonesanalyzed

- 53uniqueVH regionrearrangements(VH-DH-JH recombinationevents)were identified
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Single VL TT repertoire diversity is very similar to repertoires in which cognate 
pairing was retained 

Blackbars,the singleVL TTrepertoire; white bars,the combinedSymplexTT01/TT02 repertoires2,3, darkgrey,rabiesvirusrepertoire4;
light grey,WestNilevirusrepertoire5.

Single VL TT repertoire affinities are similar to the affinities of TT repertoires in 
which cognate pairing was retained 

On-rates (ka M-1 s-1), off-rates (kd, s-1) and affinities (KD,pM) of TTIgGand Fabfragments. IgG,singleVL TTrepertoire IgG; Fab,singleVL TT
repertoireFab; TT01andTT02, SymplexTTFabrepertoires2,3. Theblackbarsshowthe medianvaluesof eachdataset.
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ELISAusingimmobilizedantigens(T,H and F)showedthat 27% of 433
analyzedG418-resistantclonesexpressall three specificities; the other
clonesexpresstwo, oneor no specificities.
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Abstract

Preclinicalandclinicalevidenceindicatesthat mixturesof therapeutic
antibodies provide improved efficacy; however the research,
manufacturing and regulatory costs of developing multiple mAbs
poses a barrier to the use of antibody combination therapies. To
addressthis issue,we developedthe hƭƛƎƻŎƭƻƴƛŎǎϰTechnology,as a
platform for the productionof mixturesof mAbsby singleclonalcell
lines.

ToavoidVH-VL mispairing,mAbsin anhƭƛƎƻŎƭƻƴƛŎϰ-producingcell line
are encodedby a singleVL region and multiple different VH regions.
For proof-of-concept of the ΨǎƛƴƎƭŜVL ŀǇǇǊƻŀŎƘΩΣa phage display
repertoire wasconstructedfrom a singleVL geneand VHregionsfrom
tetanustoxoid vaccinateddonors. Theresultsshowthat large,diverse
andhighaffinity antibodyrepertoirescanbe madeusingonly a single
light chain.

Clonal Per.C6® cells producinghƭƛƎƻŎƭƻƴƛŎǎϰwere obtained by co-
transfection with three plasmids encoding different mAbs. Batch
cultures of clonal cell lines were analyzedafter up to 60 passage
doublings. Resultsshow that the clonesare stable with respect to
growth, total IgG production and expressionof the individual IgG
specificities.

Conclusion

We concludethat the hƭƛƎƻŎƭƻƴƛŎǎϰTechnologyyieldsstablecell lines
expressingmultiple antibodiesand that ΨǎƛƴƎƭŜVLΩmAbssuitable for
hƭƛƎƻŎƭƻƴƛŎǎϰarereadilyidentified.

Polyclonals: cutting edge technology in the 1900Ωǎbut have
disadvantages of batch-to-batch variation, donor supply and
contaminationfrom bloodborneinfectiousagents

mAbs: successfully introduced in 1987, solve many of the
manufacturing issuesbut lack the broad coverageand synergistic
potencyaffordedby polyclonals

Oligoclonicsϰ: combinethe manufacturingadvantagesof mAbswith
the synergyandbreadthof polyclonals

Introduction
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B38.1 
viable cells viability pdt

Clonesexpressingall three specificitieswere subclonedby limiting
dilution in the absenceof G418. Culturesof twelve lead cloneswere
grownfor 3 monthsin suspensionto reach~70populationdoublings.
Observedgrowth characteristicsare in line with single IgG-producing
Per.C6®clones. Thegraph showsdata for subcloneB38.1 as example;
red arrows indicate the time points at which non-fed batch cultures
werestarted(seeboxbelow).
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Anti-hemoglobulin activity Anti-thyroglobulin activity Anti-fibrinogen activity

after 15 passage doublings

after 31 passage doublings

after 62 passage doublings

hƭƛƎƻŎƭƻƴƛŎǎϰ  !ƴŀƭȅǎƛǎ

Bispecific IgG are detected by ELISA

BispecificIgG in hƭƛƎƻŎƭƻƴƛŎǎϰare detected by sandwichELISAusing
biotinylated and non-biotinylated antigens. The graph shows an
exampleof a clonewith stableproductionof three bispecificIgG.

LƎD ƛƴ hƭƛƎƻŎƭƻƴƛŎǎϰ ŀǊŜ ǉǳŀƴǘƛŦƛŜŘ ōȅ a{

Nativemassspectrometry(MS)is usedto identify and quantify mono-
andbispecificIgGwithin hƭƛƎƻŎƭƻƴƛŎǎϰ. Thegraphshowsanexampleof
anhƭƛƎƻŎƭƻƴƛŎǎϰsamplecontainingtwo mono- andtwo bispecificIgG.
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Threeplasmidseachencodingoneheavychainconferringspecificity,an
identicallight chainand neomycin/G418resistancewere co-transfected
into suspensionPer.C6® cells, followed by limiting dilution in the
presenceof G418.

hƭƛƎƻŎƭƻƴƛŎǎϰ clones expressing 
multiple IgG are generated efficiently

# culture days 
at start of 

batch culture

# population 
doublings at start 
of batch culture

IVC at maximum 
IgG concentration 

(109 cells/hr/L)

qAb= specific 
antibody productivity                                      

(pg/cell/day)

maximum volumetric 
IgG concentration 

(mg/L)

21 15 530 9.5 122

40 31 568 10.5 188

79 62 627 9.4 154
IVC = integral viable 
cell concentration


