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Points for discussion




Biopharmaceuticals: Global Status

28 years since ‘Humulin’

~ 220 approved for human use
All except 2 are protell

Global market value ~ $70 billion

More than 2,000 in development




Recombinant expression systems

PTM requirement a primary consideration




Biopharm. Product Evolution

1990




Biopharms approved 2006-2009

Product category

Spsuiic odiucts ({iDy theaaEmeame)

Blood factors, anticoagulants
thrombolytics & related

Atryn , Kalbitor, Recothrom, Xyntha

Antibodies

Arzerra, Cimzia, llaris, Lucentis, Removah
RoActemra, Vectibix, Simponi, Soliris, Stelara,

Hormones

Accretropin, Exubera, Fertavid, NovoLog mix,
Omnitrope, Pergoveris Preotach, Valtropin,
Victoza

EPO & CSFs

Abseamed Binocrit, Biopoin, Epoetin alfa
hexal, Eporatio, Filgrastim hexal, Filgrastim
ratiopharm, Mircera, Retacrit, Silapo, Zarzio

Interferons

Extavia, PEGintron/ribetol combo

Additional

Arcalyst, Elaprase, Cervarix, Gardasil/Silgard,
Myozyme, Opgenra, Nplate




Biopharms approved in 2009

1 (Epoetin theta; rhEP! Kalbitor (Ecallantide; plasma
1 CHO cells) kallikrein inhibitor, produced in P.
pastoris) cells)

( thet: i zenra (eptot , Victoza (liraglutide: a glucagon
n CHO cells) produced in CHO cells) like peptide-1 analogue with
attached fatty acid. Produced in
S. cerevisiae)

follitropin beta: rhFSH | Removab (Catumaxomab: a Zarzio (Filgrastim; thG-CSF
| in CHO cells) bispecific engineered antibody produced in £. coli)

Filgrastim hexal (Filgrastim; RoActemra (Tocilizumab; a
rhG-CSF produced in E. coli) humanized Mab produced in CHO




Biopharmaceutical Blockbusters (2007)

Product/Category

Sales
($ billion)

Companies
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Post-translational Modifications

(PTMSs)




Some ‘native’ PTMSs:




Some specific PTM




-Carboxylation & -hydroxylation
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-Carboxylation of glutamate (Gla)
-hydroxylation of aspartate (Hya)
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-Carboxylation & -hydroxylation
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Serine Protease




C-terminal Amidation

#!
(




Tyrosine O-sulphation




Disulfide bond formation




Engineering improved disulfide bond
formation




Glycosylation: potential roles/effects




Approved glycosylated therapeutic proteins

Product category

Speuiic roadiucs ((by teadEmeames)

Blood factors, anticoagulants
& thrombolytics

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

Antibodies

Arzerra, Avastin, Bexxar, Erbitux, Herceptin,
Humaspect, Humira, llaris, Mabcampath/Campath-
H1, Mabthera/Rituxan, Mylotarg, Neutrospec,
Oncoscint, Orthoclone OKT-3, Prostascint, Rajptiva,
Remicade, Removab, Roactemra, Simponi, Simulec
Soliris, Stelera, Synagis, Tysabri, Vectibix, Xola,
Zenapax, Zevalin

Hormones

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

EPO & CSFs

Abseamed, Binocrit, Biopoin, Epogen/Procrit,
Epoietin alfa Hexal, Eporatio, Leukine, Mircera,
Neorecormon, Nespo/Aranesp, Retacrit, Silapo

Interferons

Avonex, Rebif

Additional

Aldurazyme, Amevive, Arcalyst, Cerezyme, Elaprase
Enbrel, Fabrazyme, Inductos, Infuse, Myozyme,
Naglazyme, Orencia, Osigraft/OP1linmpdatnt/ 4

Opgenra, Pulmozyme, Regranex, Replagal




Glycoengineering




Advances In understanding the glycocompo

Biochemistry

Analytical Genomics

Glycocomponent

Cell biology/culture Bioinformatics

Molecular biology




Approaches to glycoengineering

1)




Engineering the glycosylation capacity of
producer cell lines

General approach: inactivate ‘problematic’ and/«
Introduce ‘desired’ glycosylation enzymes
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Glycoengineering example: Potelligent® cell
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Glycoengineering In plant-based systems




Some additional ‘PTMS’

P ost-tirams Etiomal emgimeenimg)

PEGylation

Acylation (Levemir)




H(OCH,CH,),OH




Approved
PEGylated
products




Biosimilars approved in the EU









