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Points for discussion
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Biopharmaceuticals: Global Status

�� 28 years since ‘Humulin’28 years since ‘Humulin’

�� ~ 220 approved for human use~ 220 approved for human use

�� All except 2 are proteinsAll except 2 are proteins
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�� All except 2 are proteinsAll except 2 are proteins

�� Global market value ~ $70 billionGlobal market value ~ $70 billion

�� More than 2,000 in developmentMore than 2,000 in development



Recombinant expression systems
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�� PTM requirement a primary considerationPTM requirement a primary consideration



Biopharm. Product Evolution

1980 1990 2000 2010 2020
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Biopharms approved 2006-2009

Product categoryProduct category Specific products (by tradename)Specific products (by tradename)

Blood factors, anticoagulants  Blood factors, anticoagulants  
thrombolyticsthrombolytics & related& related

AtrynAtryn , Kalbitor, , Kalbitor, RecothromRecothrom, , XynthaXyntha

AntibodiesAntibodies Arzerra,Arzerra, Cimzia, Cimzia, IlarisIlaris , Lucentis, , Lucentis, RemovabRemovab, , 
RoActemraRoActemra,  ,  VectibixVectibix, , SimponiSimponi, , Soliris, Stelara, Soliris, Stelara, 

HormonesHormones Accretropin, Exubera, Accretropin, Exubera, FertavidFertavid, NovoLog mix, , NovoLog mix, 
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HormonesHormones Accretropin, Exubera, Accretropin, Exubera, FertavidFertavid, NovoLog mix, , NovoLog mix, 
Omnitrope, Omnitrope, PergoverisPergoveris, Preotach, Valtropin, , Preotach, Valtropin, 
Victoza Victoza 

EPO & CSFsEPO & CSFs AbseamedAbseamed, , BinocritBinocrit , , Biopoin,Biopoin, Epoetin alfa Epoetin alfa 
hexalhexal, , EporatioEporatio, Filgrastim hexal, Filgrastim , Filgrastim hexal, Filgrastim 
ratiopharm, ratiopharm, Mircera, Retacrit, Silapo, Mircera, Retacrit, Silapo, Zarzio Zarzio 

InterferonsInterferons Extavia, PEGintron/ribetol combo Extavia, PEGintron/ribetol combo 

AdditionalAdditional ArcalystArcalyst, , ElapraseElaprase, Cervarix, Gardasil/Silgard, , Cervarix, Gardasil/Silgard, 
MyozymeMyozyme, , OpgenraOpgenra,  Nplate,  Nplate



Biopharms approved in 2009
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BiopharmaceuticalBlockbusters (2007)
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Post-translational Modifications

(PTMs)
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(PTMs)



Some ‘native’ PTMs:
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Some specific PTMs
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Some specific PTMs



� -Carboxylation & � -hydroxylation
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�� --Carboxylation of glutamate (Gla)Carboxylation of glutamate (Gla)

�� --hydroxylation of aspartate   (Hya)hydroxylation of aspartate   (Hya)
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� -Carboxylation & � -hydroxylation
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C-terminal Amidation
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Tyrosine O-sulphation
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Disulfide bond formation
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Engineering improved disulfide bond 
formation
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Glycosylation: potential roles/effects
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Approved glycosylated therapeutic proteins
Product categoryProduct category Specific products (by tradename)Specific products (by tradename)

Blood factors, anticoagulants Blood factors, anticoagulants 
& thrombolytics& thrombolytics

Activase, Advate, Atryn, Benefix, Bioclate, Activase, Advate, Atryn, Benefix, Bioclate, 
Helixate/Kogenate, Metalyse/TNKase, Novoseven, Helixate/Kogenate, Metalyse/TNKase, Novoseven, 
Recombinate, Refacto, Recothrom, Xigiris, XynthaRecombinate, Refacto, Recothrom, Xigiris, Xyntha

AntibodiesAntibodies Arzerra, Avastin, Bexxar, Erbitux, Herceptin, Arzerra, Avastin, Bexxar, Erbitux, Herceptin, 
Humaspect, Humira, Ilaris, Mabcampath/CampathHumaspect, Humira, Ilaris, Mabcampath/Campath--
H1, Mabthera/Rituxan, Mylotarg, Neutrospec, H1, Mabthera/Rituxan, Mylotarg, Neutrospec, 
Oncoscint, Orthoclone OKTOncoscint, Orthoclone OKT--3, Prostascint, Raptiva, 3, Prostascint, Raptiva, 
Remicade, Removab, Roactemra, Simponi,  Simulect, Remicade, Removab, Roactemra, Simponi,  Simulect, 
Soliris, Stelera,  Synagis, Tysabri, Vectibix, Xolair, Soliris, Stelera,  Synagis, Tysabri, Vectibix, Xolair, 
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Soliris, Stelera,  Synagis, Tysabri, Vectibix, Xolair, Soliris, Stelera,  Synagis, Tysabri, Vectibix, Xolair, 
Zenapax, ZevalinZenapax, Zevalin

HormonesHormones Gonal F, Luveris, Ovitrelle/Ovidrel, Pergoveris, Gonal F, Luveris, Ovitrelle/Ovidrel, Pergoveris, 
Puregon/Follistim/Fertavid, ThyrogenPuregon/Follistim/Fertavid, Thyrogen

EPO & CSFsEPO & CSFs
Abseamed, Binocrit, Biopoin, Epogen/Procrit, Abseamed, Binocrit, Biopoin, Epogen/Procrit, 
Epoietin alfa Hexal, Eporatio,  Leukine, Mircera,  Epoietin alfa Hexal, Eporatio,  Leukine, Mircera,  
Neorecormon, Nespo/Aranesp, Retacrit, SilapoNeorecormon, Nespo/Aranesp, Retacrit, Silapo

InterferonsInterferons Avonex, RebifAvonex, Rebif

AdditionalAdditional Aldurazyme, Amevive, Arcalyst, Cerezyme, Elaprase, Aldurazyme, Amevive, Arcalyst, Cerezyme, Elaprase, 
Enbrel, Fabrazyme, Inductos, Infuse, Myozyme, Enbrel, Fabrazyme, Inductos, Infuse, Myozyme, 
Naglazyme, Orencia, Osigraft/OPNaglazyme, Orencia, Osigraft/OP--1 implant/ 1 implant/ 
Opgenra, Pulmozyme, Regranex,  ReplagalOpgenra, Pulmozyme, Regranex,  Replagal



Glycoengineering
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Glycoengineering



Advances in understanding the glycocomponent

Biochemistry

Analytical Genomics
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Glycocomponent

Molecular biology

BioinformaticsCell biology/culture



Approaches to glycoengineering
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Engineering the glycosylation capacity of  
producer cell lines

�� General approach: inactivate ‘problematic’  and/or General approach: inactivate ‘problematic’  and/or 
introduce ‘desired’ glycosylation enzymesintroduce ‘desired’ glycosylation enzymes
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Glycoengineering example: Potelligent® cells

-Tyr-Asn297-Ser-Thr-Tyr-

GlcNAc

GlcNAc

Man

Man

Fuc
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Glycoengineering in yeast
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Glycoengineering in plant-based systems
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Some additional ‘PTMs’

�� PostPost--translational engineeringtranslational engineering

PEGylationPEGylation
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Acylation (Levemir)Acylation (Levemir)
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Approved 
PEGylated
products
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Biosimilars approved in the EU
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�� Assessment by comparability studiesAssessment by comparability studies
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Producer cell line/
Expression system

Upstream processing
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Upstream processing

Downstream processing

Formulation

Identical a. acid sequence 
Differences in PTM detail



Points discussed
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