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4.1

Introduction and Overview of Fc-Fusion Proteins

Fc-fusion proteins are created by joining the coding sequence for the Fc region of a

monoclonal antibody (mAb) to the coding sequence for another protein [1].

Translation produces a single polypeptide with functional properties derived from

both fusion partners. Many different fusion partners are used for the expression of

recombinant proteins in the laboratory, including the His6 tag, the FLAG epitope,

and the glutathione-S-transferase (GST) tag [2]. However, Fc-fusion proteins are the

only ones to be used thus far in approved biopharmaceutical products.

The Fc region offers several advantages as a fusion partner. Many biologically

active peptides and proteins have a short serum half-life, reflecting their rapid

clearance through the kidneys. The Fc region can bind to the neonatal Fc receptor

(FcRn) to extend the half-life of antibodies, and the same benefits are conferred on

fusion partners [3]. The Fc region is also readily soluble in aqueous solutions and

can improve the solubility of more sparingly soluble proteins such as membrane

proteins [4]. The Fc region is recognized by staphylococcal protein A, which means

Fc-fusion proteins can be recovered easily even at low concentrations by protein A

affinity chromatography. Fc-fusion constructs are widely used during fundamental

drug discovery research [5]. The Fc fusion also lends itself to other creative

therapeutic platforms such as polymeric structures with hexameric protein

units [6].

Seven Fc-fusion proteins are commercially available as approved biopharmaceu-

ticals and these are listed in Table 4.1 [1,7]. At least two of them (Enbrel1 and

Orencia1) have already achieved blockbuster status with sales of over US$1 billion

per year, and Etanercept (Enbrel) is one of the most successful drugs ever released,

with annual sales of more than US$7 billion [1]. Etanercept was initially indicated

for rheumatoid arthritis but also has approvals for ankylosing spondylitis, psoriatic

arthritis, and psoriasis. It combines the IgG1 Fc region with tumor necrosis factor

(TNF) receptor 2, and works by binding excess TNFa, a key proinflammatory

cytokine that triggers a variety of autoimmune conditions [8]. Abatacept (Orencia)
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combines the IgG1 Fc region with the extracellular domain of CTLA4 (cytotoxic

T lymphocyte antigen 4), which is found on the surface of T cells. The interaction

between CD86 on the surface of antigen-presenting cells and CD28 on the surface

of T cells results in the activation of Tcells and is a key step in the immune cascade,

but this can be interrupted by CTLA4 because it has a higher affinity for CD86

and can outcompete the binding of CD28. Abatacept is an effective

alternative treatment for patients that do not respond to TNFa inhibitors such as

etanercept [9].

Rilonacept (Arcalyst1, IL-1 Trap) is a dimeric fusion of the ligand-binding

regions of the IL-1 receptors (IL-1R1 and IL-1R accessory protein) linked to the

IgG1 Fc region [10]. It is approved for the treatment of cryopyrin-associated

periodic syndrome (CAPS). Alefacept (Amevive1), which combines the LFA-3

antigen with the IgG1Fc region, is an antagonist of T-cell activation approved for

the treatment of psoriasis [11]. Belatacept (Nulojix1) is, like abatacept, a fusion

between CTLA4 and the IgG1 Fc region, but it has two amino acid substitutions

that result in slower dissociation from CD86 and thus increased potency. The

immunosuppressive properties of this drug resulted in an approval for use to

extend graft survival for renal transplant patients [12]. Romiplostim (Nplate1),

which stimulates thrombopoiesis, has been approved for the treatment of chronic

idiopathic thrombocytopenic purpura (ITP) [13]. Finally, aflibercept (VEGF Trap-

eye, approved as Eylea1) is an inhibitor of vascular endothelial growth factor

(VEGF) that combines the IgG1 Fc region with the second binding domain of

VEGFR-1 and the third binding domain of VEGFR-2 [14].

Table 4.1 Commercial therapeutic Fc-fusion proteins.

Trade

name

Company Fusion

partner 1a)

Fusion

partner 2a)

Clinical indication Year of

launch

Enbrel Amgen IgG1 Fc TNFR Rheumatoid arthritis 1998

Amevive Biogen-Idec IgG1 Fc LFA-2 Psoriasis 2003b)

Orencia Bristol-Myers

Squibb

IgG1 Fc CTLA4 Rheumatoid arthritis 2005

Nplate Amgen IgG1 Fc TPO receptor

binding peptide

Chronic idiopathic

thrombocytic purpura

(ITP)

2008

Arcalyst Regeneron IgG1 Fc IL-1R Cryopyrin-associated

periodic syndrome

(CAPS)

2008

Nulojix Bristol-Myers

Squibb

IgG1 Fc CTLA4

(engineered)

Organ transplant rejec-

tion

2011

Eylea Regeneron IgG1 Fc VEGFR-1 and

VEGFR-2

Age-related macular

degeneration

2011

a) All human sequences.

b) Voluntarily withdrawn in 2011, no safety concerns.
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A steady growth in the clinical applications of Fc-fusion proteins and other

antibody-based therapeutics is anticipated, with several products already in the later

stages of clinical development [1,7,15,16].

4.2

Biochemistry of Fc-Fusion Proteins

A typical construct for an Fc-fusion protein places the Fc region (hinge-CH2-CH3

domains) at the C-terminus of the fusion partner (Figure 4.1). The hinge region

can form intermolecular disulfide bonds, allowing Fc-fusion proteins to be

expressed as covalently bound dimers. The hinge region can be omitted so that the

Fc-fusion proteins are expressed as monomers; however, in some cases, additional

cysteine residues can be placed in the body of the Fc region to allow the formation

of dimers without the hinge.

Hinge

CH2

CH3

Protein of interest

Receptor extracellular domain

Cytokine

Enzyme

Peptide

Fc region

FcγR binding → ADCC

C1q binding → CDC

FcRn binding → Half-life

Examples: Enbrel, Amevive, Orencia

Figure 4.1 Structure of an Fc-fusion protein.

The protein of interest can be any of a variety of

functional types, including receptor

extracellular domains, cytokines, enzymes, and

peptides. The immunoglobulin Fc-region

(hinge, CH2, CH3) imparts in vivo stability via

FcRn binding, among other potential effector

functions.

4.2 Biochemistry of Fc-Fusion Proteins 99

Regeneron Pharmaceuticals, Inc.     Exhibit 2030     Page 3 
Celltrion, Inc. v. Regeneron Pharmaceuticals, Inc.     IPR2023-00462 



Regeneron Pharmaceuticals, Inc.     Exhibit 2030     Page 4 
Celltrion, Inc. v. Regeneron Pharmaceuticals, Inc.     IPR2023-00462 



Following capture, orthogonal polishing steps are used to remove any remaining

process-related impurities such as host cell proteins (HCPs) and DNA, as well as

product-related impurities such as high-molecular-weight (HMW) aggregates.

Several different strategies have been used as summarized in Figure 4.2. One

common approach is cation-exchange (CEX) chromatography as the first polishing

step followed by a second step determined by the unique properties of the product,

for example, anion-exchange (AEX) chromatography in flow-through mode if HCP

and HMW aggregates have already been removed to satisfactory levels and the only

remaining significant impurity is host cell DNA. Use of this strategy clearly

depends on the protein pI and is usually successful for proteins with a basic

pI if the CEX step is operated in a bind-and-elute mode. Membrane-based AEX

chromatography offers the advantage of a single-use format operated under

high flow rates, resulting in excellent process throughput; however, AEX

packed-bed chromatography has also been employed in a weak partitioning

mode to partially retain the product on the column to improve the clearance of

HCP and HMW aggregates [25]. Other alternatives for the second polishing

step include hydrophobic interaction chromatography (HIC) and mixed-mode

chromatography. HIC is often selected when the level of HMW aggregates is

significant; it exploits hydrophobic interactions between the aggregates and the

resin driven by high concentrations of salt (e.g., ammonium sulfate or sodium

citrate). However, the conditions must be optimized carefully for each product

because high salt concentrations can also induce aggregation, resulting in

significant yield losses. HIC resins typically have a low binding capacity and

are therefore operated in flow-through mode at moderate salt concentrations to

ensure that HMW aggregates are retained more strongly because of their

larger size and greater propensity for “salting out.” Flow-through mode also

ensures efficient HCP clearance. Higher column loading is possible because

only the aggregates take up the binding capacity of the resin, which also favors

the use of smaller, disposable devices with convective media such as

membranes and monoliths.

Mixed-mode resins [29] typically combine several different types of interac-

tions to improve selectivity, such as electrostatic (AEX or CEX) and

hydrophobic or in the case of hydroxyapatite chromatography, AEX and CEX

along with metal chelate interactions. This can help to remove HCP and

leached protein A ligand. Elution from mixed-mode resins typically involves

higher salt concentrations and more extreme pH conditions than standard

resins (e.g., Capto adhere resin combines AEX with hydrophobic interactions

and is eluted under low pH conditions, often in combination with elevated salt

concentrations). Hydroxyapatite resin is composed of calcium phosphate. It

has poor packing properties and is unstable under pH 6 and must often be

discarded after several operational cycles. This makes it an unfavorable choice

for large-scale operations, but it is often used as a polishing step when other

chromatography modes do not offer comparable selectivity for the removal of

HCP, DNA, or HMW aggregates.
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Figure 4.2 Platform approach for the puri!cation of Fc-fusion proteins.
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cell homogenization, inclusion bodies are recovered using a series of washing and

centrifugation steps. They tend to contain the denatured protein in a relatively pure

form, which circumvents the need for a highly selective capture step such as

protein A chromatography. The refolding of inclusion bodies is the most intensive

phase of this process because it relies on empirical testing rather than a

standardized procedure [44–46]. The inclusion bodies are typically solubilized in

high-pH buffers containing high concentrations of chaotropes such as urea, along

with reducing agents to break the scrambled disulfide bonds. The inclusion bodies

are then refolded by dilution in a refolding buffer that includes a lower

concentration of chaotropes, stabilizing agents that can prevent the formation of

aggregates at high protein concentrations and a redox couple (e.g., cysteine/cystine)

that facilitates the correct formation of disulfide bonds. The refolding reaction is

often carried out at cold temperatures. The oxidation events needed for disulfide

bond formation are either catalyzed by air oxidation or by the inclusion of metal

ions such as Cu2" in the refolding buffer. The refolded solution is often turbid and

is therefore passed through appropriate depth and membrane filters to obtain a

clarified solution that can be purified by chromatography.

Figure 4.5 Downstream processing of a peptibody.
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