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1975-1995: Combination of monoclonal antibody with
genetic engineering technology

Human

Humanized

Chimeric

No mouse protein
Mouse

10% mouse protein

34% mouse protein

100% mouse protein

Hybridoma > Recombinant



Fc-fusion protein (immunoadhesin)

Protein of interest
Receptor
Cytokine
Enzyme

....... Peptide

CH2 Fc region

FcyR binding —— ADCC
b 4 ‘ Clg binding —— CDC
FcRn binding ——  Half-life

CH3




1989 Report describing the first Fc-fusion protein
CD4IgG as therapeutic

Capon ef al., Nature 337, 525-531 (1989)
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Design of CD4IgG

Chamow et al., Biochemistry 29, 9885-9891 (1990)
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Structural variety of Fc-fusion proteins

2008--At least 40 Fc-fusion cytokines described
Jazayeri and Carroll, Biodrugs 22, 11-26 (2005;)



34 Therapeutic monoclonal antibody/Fc-fusion protein approvals—USA

Technology

Year Approval

Chimeric

Mouse

2011

2010

2009

2008
2007

2006

2005

2004 Erbitux

2001

2000

1997 Rituxan

1994 ReoPro* *Fab or (Fab” ), antibody fragment

**Immunoconjugate

1984 Orthoclone OKT3 8




USA-approved Fc-fusion proteins
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Enbrel etanercept | Immunex/ | 1998 TNFR2 | Y1 Fc | 150 CHO TNFa Rheumatoid
Amgen arthritis;
juvenile
idiopathic
arthritis;
psoriasis
Amevive | alefacept Biogen- 2003 LFA3 Y1Fc | 92 CHO CD2 Psoriasis
Idec
Orencia | abatacept BMS 2005 CTLA4 | Y1Fc | 92 CHO CD28 Rheumatoid
(indirect) arthritis;
juvenile
idiopathic
arthritis
Arcalyst | rilonacept Regeneron | 2008 IL1- Y1 Fc | 251 CHO IL1 Cryopyrin-
RI=>IL associated
1RACP periodic
syndromes
Nplate romiplostim | Amgen 2008 Peptide | Y1 59 E. coli | TPOR Chronic
mimeti | Fc, idiopathic
c of fusion thrombocytop
TPO at C enic purpura

term




Potential production issues with Fc-fusion proteins

« Upstream
— Folding and secretion
— Disulfide bond formation
— Glycosylation
« Non-Ig domains bring addition glycosylation
 Downstream
— Acid lability
« Use of Protein A---High pH for elution
— Rea et al.,, BioPharm Int’l, Mar supplement (2008)

« Virus inactivation
— Solvent/detergent

— Reduced Protein A chromatographic capacity

« Ghose et al.,, Biotechnol. Bioeng. 96, 768-779 (2006)
— Increased proteolysis
— Aggregation

« Hydrophobic interaction chromatography

— Glycoform heterogeneity
« Highly sialylated forms often desirable
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Fc-fusion proteins in development

Receptor Fc-fusion

— VEGF Trap

» VEGFR:Fc, binds to VEGF-A, VEGF-B and PIGF,
aflibercept, Ph 3, Regeneron/Sanofi-Aventis

Economides et al.,, Nat. Med. 9, 47-52 (2003)
— Atacicept
Receptor for BLyS and APRIL, Merck-Serono

— Belatacept
CTLA4 binds to B7, Bristol Myers Squibb
Differs from abatacept by 2 amino acids

Peptide Fc-fusion (“peptibody”)
— AMG 386

« peptide inhibitor of TIE2/ANG2:Fc, I-SPY 2
RIAL adaptive design in breast cancer, Amgen

Enzyme Fc-fusion
— Factor VIII-Fc

Biogen-Idec
— Factor IX-Fc

Biogen-Idec

See JM Reichert, Mabs 3, 76-99 (2011)
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Presentations

Engineering a CHO cell line for enhanced production of Fc fusion
proteins and blood clotting factors
— Pierre-Alain Girod, CSO, Selexis SA, Geneva, Switzerland

Assessment of Regeneron’s cytokine trap technology

— Kevin Bailey, VP, Regeneron, Tarrytown, NY, USA

Product quality challenges during process improvements for an
Fc fusion protein

— Barbara Woppmann, Sr. Engineer, Biogen-Idec, Cambridge, MA, USA
Challenges in upstream and downstream processing for Fc

fusion proteins
— Michiel Ultee, CSO, Laureate Bioservices, Princeton, NJ, USA
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