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ABSTRACT

The invention provides an aqueous formulation comprising water and a protein, and
methods of making the same. The aqueous formulation of the invention may be a high
protein formulation and/or may have low levels of conductivity resulting from the low levels
of 1onic excipients. Also included in the invention are formulations comprising water and

proteins having low osmolality.
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PROTEIN FORMULATIONS AND METHODS OF MAKING SAME

BACKGROUND OF THE INVENTION

A basic principle of pharmaceutical protein formulations is that certain
instabilities must be overcome. Degradation pathways of proteins can be separated 1nto
two distinct classes, involving chemical instability and physical instability. Chemical
instabilities lead to the modification of the protein through bond tormation or cleavage.
Examples of chemical instability problems include deamidation, racemization,
hydrolysis, oxidation, beta elimination and disulfide exchange. Physical instabilities, on
the other hand, do not lead to covalent changes in proteins. Rather, they involve
changes in the higher order structure (secondary and above) of proteins. These include
denaturation, adsorption to surfaces, aggregation and precipitation (Manning et al.,
Pharm. Res. 6, 903 (1989)).

It is generally accepted that these instabilities, which can have great effect on the
commercial viability and efficacy of pharmaceutical protein formulations, can be
overcome by including additional molecules in the formulation. Protein stability can be
improved by including excipients that interact with the protein 1n solution to keep the
protein stable, soluble and unaggregated. For example, salt compounds and other 1onic
species are very common additives to protein formulations. They assist in fighting
denaturation of proteins by binding to proteins in a non-specific fashion and increasing
thermal stability. Salt compounds (e.g., NaCl, KCl) have been used successtully in
commercial insulin preparations to fight aggregation and precipitation (ibid. at 911).
Amino acids (e.g., histidine, arginine) have been shown to reduce alterations in proteins’
secondary structures when used as formulation additives (Tian er al., Int’l J. Pharm.
355,20 (2007)). Other examples of commonly used additives include polyalcohol
materials such as glycerol and sugars, and surfactants such as detergents, both nonionic

™ ™

(e.g.. Tween, Pluronic) and anionic (sodium dodecyl sulfate). The near universal

prevalence of additives in all liquid commercial protein formulations indicates that
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protein solutions without such compounds may encounter challenges with degradation
due to instabilities.

The primary goal of protein formulation is to maintain the stability of a given
protein in its native, pharmaceutically active form over prolonged periods of time to
guarantee acceptable shelf-life of the pharmaceutical protein drug. Maintaining the
stability and solubility of proteins in solution, however, is especially challenging 1n
pharmaceutical formulations where the additives are included into therapeutics. To date,
biologic formulations require additional excipients to maintain protein stability.
Typically, liquid pharmaceutical formulations contain multiple additives for stability.
For example, a liquid formulation for patient self-administration of human growth
hormone, Norditropin SimpleXx®, contains the additives mannitol (a sugar alcohol),
histidine and poloxamer 188 (a surfactant) to stabilize the hormone.

Pharmaceutical additives need to be soluble, non-toxic and used at particular
concentrations that provide stabilizing effects on the specific therapeutic protein. Since
the stabilizing effects of additives are protein- and concentration-dependent, each
additive being considered for use in a pharmaceutical formulation must be carefully
tested to ensure that it does not cause instability or have other negative effects on the
chemical or physical make-up of the formulation. Ingredients used to stabilize the
protein may cause problems with protein stability over time or with protein stability in
changing environments during storage.

Typically, long shelf-life is achieved by storing the protein in frozen tfrom (e.g.,
at -80°C) or by subjecting the protein to a lyophilization process, i.e., by storing the
protein in lyophilized form, necessitating a reconstitution step immediately betore use
and thus posing a significant disadvantage with regard to patient convenience.
However, freezing a protein formulation for storage may lead to localized high
concentrations of proteins and additives, which can create local extremes in pH,
degradation and protein aggregation within the formulation. In addition, 1t 1s well
known to those skilled in the art that freezing and thawing processes often impact
protein stability, meaning that even storage of the pharmaceutical protein in frozen form
can be associated with the loss of stability due to the freezing and thawing step. Also,
the first process step of lyophilization involves freezing, which can negatively impact
protein stability. In industry settings, a pharmaceutical protein may be subjected to

repeated freeze-thaw processing during Drug Substance manufacturing (holding steps,
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storage, re-freeze and re-thaw to increase timing and batch size tlexibility in Drug
Product fill-finishing) and during subsequent Drug Product fill-finishing
(Iyophilization). Since it is well known that the risk of encountering protein instability
phenomena increases with increasing the number of freeze-thaw cycles a pharmaceutical
protein encounters, achieving formulation conditions that maintain protein stability over
repeated freeze-thaw processes 1s a challenging task. There 1s a need in the
biopharmaceutical industry for formulations that can be frozen and thawed without
creating undesired properties in the formulations, especially gradients of pH, osmolarity,
density or protein or excipient concentration.

Often protein-based pharmaceutical products need to be formulated at high
concentrations for therapeutic efficacy. Highly concentrated protein formulations are
desirable for therapeutic uses since they allow for dosages with smaller volumes,
limiting patient discomfort, and are more economically packaged and stored. The
development of high protein concentration tormulations, however, presents many
challenges, including manufacturing, stability, analytical, and, especially for therapeutic
proteins, delivery challenges. For example, difficulties with the aggregation, insolubility
and degradation of proteins generally increase as protein concentrations in formulations
are raised (for review, see Shire, S.J.et al.. J. Pharm. Sci., 93, 1390 (2004)). Previously
unseen negative effects may be caused by additives that, at lower concentrations of the
additives or the protein, provided beneficial effects. The production of high
concentration protein formulations may lead to significant problems with opalescence,
aggregation and precipitation. In addition to the potential for nonnative protein
aggregation and particulate formation, reversible self-association may occur, which may
result in increased viscosity or other properties that complicate delivery by injection.
High viscosity also may complicate manufacturing of high protein concentrations by
filtration approaches.

Thus, pharmaceutical protein formulations typically carefully balance ingredients
and concentrations to enhance protein stability and therapeutic requirements while
limiting any negative side-effects. Biologic formulations should include stable protein,
even at high concentrations, with specific amounts of excipients reducing potential
therapeutic complications, storage 1ssues and overall cost.

As proteins and other biomacromolecules gain increased interest as drug

molecules, formulations for delivering such molecules are becoming an important 1ssue.
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Despite the revolutionary progress in the large-scale manufacturing of proteins tor
therapeutic use, effective and convenient delivery of these agents 1n the body remains a
major challenge due to their intrinsic physicochemical and biological properties,
including poor permeation through biological membranes, large molecular size, short
plasma half life, self association, physical and chemical instability, aggregation,

adsorption, and immunogenicity.

SUMMARY OF THE INVENTION

The invention is directed towards the surprising findings that proteins formulated
in water maintain solubility, as well as stability, even at high concentrations, during
long-term liquid storage or other processing steps, such as freeze/thawing and
lyophilization.

The present invention relates to methods and compositions for aqueous protein
formulations which comprise water and a protein, where the protein 1s stable without the
need for additional agents. Specifically, the methods and compositions of the invention
are based on a diafiltration process wherein a first solution containing the protein of
interest 1s diafiltered using water as a diafiltration medium. The process 1s performed
such that there is at least a determined volume exchange, e.g., a five fold volume
exchange, with the water. By performing the methods of the invention, the resulting
aqueous formulation has a significant decrease in the overall percentage ot excipients in
comparison to the initial protein solution. For example, 95-99% less excipients are
found in the aqueous formulation in comparison to the initial protein solution. Despite
the decrease in excipients, the protein remains soluble and retains its biological activity,
even at high concentrations. In one aspect, the methods of the invention result in
compositions comprising an increase in concentration of the protein while decreasing
additional components, such as ionic excipients. As such, the hydrodynamic diameter ot
the protein in the aqueous formulation is smaller relative to the same protein in a
standard buffering solution, such as phosphate buftered saline (PBS).

The formulation of the invention has many advantages over standard buffered
formulations. In one aspect, the aqueous formulation comprises high protein
concentrations, e.g., 50 to 200 mg/mL or more. Proteins of all sizes may be included 1n
the formulations of the invention, even at increased concentrations. Despite the high

concentration of protein, the formulation has minimal aggregation and can be stored
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using various methods and forms, e.g., freezing, without deletel—*ioﬂs e_ffec_:ts that might be
expected with high protein formulations. Formulations of the invention do not require
excipients, such as, for example, surfactants and buffering systems, which are used 1n
traditional formulations to stabilize proteins in solution. As a result of the low level of
lonic excipients, the aqueous formulation ot the invention has low conductivity, e.g., less
than 2 mS/cm. The methods and compositions of the invention also provide aqueous
protein formulations having low osmolality, e.g., no greater than 30 mOsmol/kg. In
addition, the formulations described herein are preferred over standard formulations
because they have decreased immunogenicity due to the lack of additional agents needed
for protein stabilization.

The methods and compositions of the invention may be used to provide an
aqueous formulation comprising water and any type of protein of interest. In one aspect,
the methods and compositions of the invention are used for large proteins, including
proteins which are larger than 47 kDa. Antibodies, and fragments thereot, including
those used for in vivo and in vitro purposes, are another example of proteins which may
be used in the methods and compositions of the invention.

Furthermore, the multiple step purification and concentration processes that are
necessary to prepare proteins and peptide formulations often introduce variability in
compositions, such that the precise composition of a formulation may vary from lot to
lot. Federal regulations require that drug compositions be highly consistent in their
formulations regardless of the location of manufacture or lot number. Methods of the
invention can be used to create solutions of proteins formulated in water to which
buffers and excipients are added back in precise amounts, allowing for the creation of
protein formulations with precise concentrations of buffers and/or excipients.

In one embodiment, the invention provides an aqueous formulation comprising a
protein and water, wherein the formulation has certain characteristics, such as, but not
limited to, low conductivity, e.g., a conductivity of less than about 2.5 mS/cm, a protein
concentration of at least about 10 ng/mL, an osmolality of no more than about 30
mOsmol/kg, and/or the protein has a molecular weight (M) greater than about 47 kDa.
In one embodiment, the formulation of the invention has improved stability, such as, but
not limited to, stability in a liquid form for an extended time (e.g., at least about 3

months or at least about 12 months) or stability through at least one freeze/thaw cycle (if

not more freeze / thaw cycles). In one embodiment, the formulation 1s stable for at least
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about 3 months in a form selected from the group consisting of frozen, lyophilized, or
spray-dried. ‘

In one embodiment, proteins included 1n the formulation of the invention may
have a minimal size, including, for example, a My, greater than about 47 kDa, a M,,
greater than about 57 kDa, a M,, greater than about 100 kDa, a M, greater than about
150 kDa, a M,, greater than about 200 kDa, or a M, greater than about 250 kDa.

In one embodiment, the formulation of the invention has a low conductivity,
including, for example, a conductivity of less than about 2.5 mS/cm, a conductivity of
less than about 2 mS/cm, a conductivity of less than about 1.5 mS/cm, a conductivity of
less than about 1 mS/cm, or a conductivity of less than about 0.5 mS/cm.

In one embodiment, proteins included 1n the formulation of the invention have a
given concentration, including, for example, a concentration of at least about 1 mg/mL,
at least about 10 mg/mL, at least about 50 mg/mL, at least about 100 mg/mL., at least
about 150 mg/mL, at least about 200 mg/mL, or greater than about 200 mg/mL.

In one embodiment, the formulation of the invention has an osmolality of no
more than about 15 mOsmol/kg.

In one embodiment, the invention provides an aqueous formulation comprising
water and a given concentration of a protein, wherein the protein has a hydrodynamic
diameter (Dy,) which is at least about 50% less than the Dy, of the protein 1n a buftered
solution at the given concentration. In one embodiment, the Dy, of the protein 1s at least
about 50% less than the Dy, of the protein in phosphate buffered saline (PBS) at the given
concentration; the Dy, of the protein is at least about 60% less than the Dy of the protein
in PBS at the given concentration; the Dy, of the protein 1s at least about 70% less than
the Dy, of the protein in PBS at the given concentration.

In one embodiment, the invention provides an agueous formulation comprising a
protein, such as, but not limited to, an antibody, or an antigen-binding fragment, wherein
the protein has a hydrodynamic diameter (Dy,) of less than about 5 nm. In one
embodiment, the protein has a Dy of less than about 3 nm.

Any protein may be used in the methods and compositions ot the invention. In
one embodiment, the formulation comprises a therapeutic protein. In one embodiment,
the formulation comprises an antibody, or an antigen-binding fragment thereot. Types

of antibodies, or antigen binding fragments, that may be included 1n the methods and

compositions of the invention include, but are not limited to, a chimeric antibody, a
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human antibody, a humanized antibody, and a domain antibody (dAb). In one
embodiment, the antibody, or antigen-binding fragment thereof, 1s an anti-TNFa, such as
but not limited to adalimumab or golimumab, or an anti-1L-12 antibody, such as but not
limited to J695. In addition, the formulation of the invention may also include at least
two distinct types of proteins, e.g., adalimumab and J695.

In yet another embodiment of the invention, the formulation may further
comprise a non-ionizable excipient. Examples of non-ionizable excipients include, but
are not limited to, a sugar alcohol or polyol (e.g, mannitol or sorbitol), a non-1onic
surfactant (e.g., polysorbate 80, polysorbate 20, polysorbate 40, polysorbate 60), and/or
a sugar (e.g, sucrose). Other non-limiting examples of non-1onizable excipients that may
be further included in the formulation of the invention include, but are not limited to,
non-trehalose, rattinose, and maltose.

In one embodiment, the formulation does not comprise an agent selected from
the group consisting of a tonicity modifier, a stabilizing agent, a surfactant, an anti-
oxidant, a cryoprotectant, a bulking agent, a lyroprotectant, a basic component, and an
acidic component.

The formulation of the invention may be suitable for any use, including both
in vitro and in vivo uses. In one embodiment, the formulation of the invention 1s suitable
for administration to a subject via a mode of administration, including, but not limited
to, subcutaneous, intravenous, inhalation, intradermal, transdermal, intraperitoneal, and
intramuscular admnistration. The formulation of the invention may be used 1n the
treatment of a disorder in a subject.

Also included in the invention are devices that may be used to deliver the
formulation of the invention. Examples of such devices include, but are not limited to,
a syringe, a pen, an implant, a needle-free injection device, an inhalation device, and a
patch.

In one embodiment, the formulation of the invention is a pharmaceutical
formulation.

The invention also provides a method of preparing an aqueous formulation
comprising a protein and water, the method comprising providing the protein in a first
solution, and subjecting the first solution to diafiltration using water as a diafiltration

medium until at least a five fold volume exchange with the water has been achieved to
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thereby prepare the aqueous formulation. In one embodiment, the protein in the resulting
formulation retains its biological activity.

The invention further provides a method of preparing an aqueous formulation of
a protein, the method comprising providing the protein in a first solution; subjecting the
first solution to diafiltration using water as a diafiltration medium until at least a tive-
fold volume exchange with the water has been achieved to thereby prepare a diatiltered
protein solution; and concentrating the diafiltered protein solution to thereby prepare the
aqueous formulation of the protein. In one embodiment, the protein in the resulting
formulation retains 1ts biological activity.

In one embodiment, the concentration of the diafiltered protein solution 18
achieved via centrifugation.

In one embodiment, the diafiltration medium consists of water.

In one embodiment, the first solution is subjected to diafiltration with water until
a volume exchange greater than a five-fold volume exchange is achieved. In one
embodiment, the first solution is subjected to diafiltration with water until at least about
a six-fold volume exchange is achieved. In one embodiment, the first solution 1s
subjected to diafiltration with water until at least about a seven-fold volume exchange is
achieved.

In one embodiment, the aqueous formulation has a final concentration of
excipients which is at least about 95% less than the first solution.

In one embodiment, the aqueous formulation has a final concentration of
excipients which is at least about 99% less than the first solution.

In one embodiment, the first protein solution is obtained from a mammalian cell
expression system and has been purified to remove host cell proteins (HCPs).

In one embodiment, the method of the invention turther comprises adding an

excipient to the aqueous formulation.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the SEC chromatogram of Adalimumab reference standard AFP04C

(bottom line), Adalimumab DS (drug substance before (middle line) and after DF/UF

processing (top line).
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Figure 2 shows the impact of sorbitol (a non-ionizable excipient) and NaCl (ionizable
excipient) concentrations on the hydrodynamic diameter (Dh) of Adalimumab monomer
upon addition of the excipient compound to DF/UF-processed Adalimumab monomer.
Figure 3 shows the IEC profile of J695 reference standard (bottom graph) and J695 D5y,
pH adjusted to pH 4.4 (top graph). -

Figure 4 shows the IEC profile of J695 after DF/UF with Milli-Q water, pH 4.7 (top
graph), and J695 DS before DF/UF, pH adjusted to pH 4.4 (bottom curve).

Figure 5 graphically depicts the correlation of hydrodynamic diameter (z-average) and
concentration of Adalimumab (dissolved in WFI). X: determined with an SOP using 1.1
mPas as assumed sample viscosity. y: determined with an SOP using 1.9 mPas as
assumed sample viscosity.

Figure 6 graphically depicts the correlation of hydrodynamic diameter (peak monomer)
and concentration of Adalimumab (dissolved in WFI). X: determined with an SOP
using 1.1 mPas as assumed sample viscosity. y: determined with an SOP using 1.9
mPas as assumed sample viscosity

Figure 7 graphically depicts the correlation of hydrodynamic diameter (z-average) and
concentration of J695 (dissolved in WFI). X: determined with an SOP using 1.1 mPas
as assumed sample viscosity: determined with an SOP using 1.9 mPas as assumed
sample viscosity

Figure 8 graphically depicts the correlation of hydrodynamic diameter (peak monomer)
and concentration of J695 (dissolved in WFI). X: determined with an SOP using 1.1
mPas as assumed sample viscosity. y: determined with an SOP using 1.9 mPas as
assumed sample viscosity.

Figure 9 shows the sum of lysine O, 1 and 2 of Adalimumab [%] 1n dependence on
Adalimumab concentration in water for injection.

Figure 10 shows the sum of peak I to 7 of J695 [%] in dependence on J695
concentration in water for injection.

Figure 11 shows the sum of acidic peaks of J695 [%] in dependence on J695
concentration in water for injection.

Figure 12 shows the sum of basic peaks of J695 [%] in dependence on J695

concentration 1n water for injection (WFEI).
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Figure 13 shows the efficiency of the dialysis performed in Example 12, in terms of the
reduction of components responsible for osmolality and conductivity of the formulation
(BDS, 74 mg/ml, 10 ml sample volume, Spectl'aP01'7TK4WC01Ok).

Figure 14 shows the stability of pH levels in dialyzed Adalimumab Bulk Solutions. pH
levels before and after dialysis against deionized water (1:1,000,000) are shown. (BDS,
74 mg/ml, 10 ml sample volume, SpectraPor7 MWCO10k)

Figure 15 shows bottle mapping density data for 250 mg/ml and 200 mg/m! low-10nic
Adalimumab solutions after freeze thaw.

Figure 16 shows bottle mapping pH data for 250 mg/ml and 200 mg/ml low-10nic
Adalimumab solutions after freeze thaw.

Figure 17 shows bottle mapping concentration data for 250 mg/ml and 200 mg/ml low-
tonic Adalimumab solutions after freeze thaw.

Figure 18 shows bottle mapping osmolality data for 250 mg/ml and 200 mg/ml low-
1onic Adalimumab solutions after freeze thaw.

Figure 19 shows bottle mapping conductivity data for 250 mg/ml and 200 mg/ml low-
1onic Adalimumab solutions after freeze thaw.

Figure 20 shows SEC analysis of low-1onic Adalimumab (referred to as D2E7 in Figure
20) solutions that were either stored at 2-8°C for 8.5 months after DF/UF (bottom curve)

or stored at -80°C for 4.5 months after DF/UF (top curve).

Figure 21 shows the stability of the monoclonal antibody 1D4.7 formulated in various
solutions and in water before freeze-thaw procedures (T0O) and after each of four freeze-
thaws (T1, T2, T3 and T4).

Figure 22 shows the stability of the monoclonal antibody 13C5.5 formulated 1n water

and with various buffers before freeze-thaw procedures (T0) and after each of four
freeze-thaws (T1, T2, T3 and T4). Blank = WFI control sample.
Fieure 23 shows the stability of the monoclonal antibody 13C5.5 tormulated 1n water

and with various excipients added, before freeze-thaw procedures (T0O) and after each of

four freeze-thaws (T1, T2, T3 and T4). Blank = WFI control sample.

Figure 24 shows the impact of the concentration of Adalimumab (WFI formulation) and
solution pH on solution viscosity.
Figure 25 shows turbidity data for Adalimumab solutions (WFI formulations) of various

concentrations and pH values.
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Figure 26 shows hydrodynamic diameter (Dh) data for Adalimumab solutions (WFI
formulations) at various pH values and concentrations.

Figure 27 shows a size distribution by intensity graph (Dh measurements) for
Adalimumab in water solutions, pH 3, at various concentrations.

Figure 28 shows size distribution by intensity for 100 mg/mL Adalimumab in water at
various pH levels.

Figure 29 also shows size distribution by intensity for 100 mg/mL Adalimumab 1n water
at various pH levels.

Figure 30 shows monomer content (SEC) for Adalimumab in water.

Figure 31 shows aggregate content (SEC) for Adalimumab in water.

Figure 32 shows the viscosity of two J695 solutions (WFI formulations) as a function of
solution temperature.

Figure 33 graphically depicts 1D4.7 antibody stability as measured by subvisible
particle (> 1um) during repeated freeze/thaw (f/t) cycles for a number of ditferent
formulations.

Figure 34 graphically depicts 13C5.5 antibody stability as measured by subvisible
particle (> 10um) during repeated freeze/thaw (f/t) cycles for a number of ditferent
formulations.

Fieure 35 graphically depicts 13C5.5 antibody stability as measured by subvisible
particle (> 1um) during repeated freeze/thaw (f/t) cycles for a number of ditferent
formulations.

Figure 36 graphically depicts 7C6 antibody stability as measured by subvisible particle

(> lum) during repeated freeze/thaw (f/t) cycles for a number of different formulations.

DETAILED DESCRIPTION OF THE INVENTION

I. Definitions

In order that the present invention may be more readily understood, certain terms
are first defined.

As used herein, the term “acidic component” refers to an agent, including a
solution, having an acidic pH, i.e., less than 7.0. Examples of acidic components include

phosphoric acid, hydrochloric acid, acetic acid, citric acid, oxalic acid, succinic acid,
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tartaric acid, lactic acid, malic acid, glycolic acid and fumaric acid. In one embodiment,
the aqueous formulation of the invention does not include an acidic component.

As used herein, the term "antioxidant” is intended to mean an agent which
inhibits oxidation and thus 1s used to prevent the deterioration of preparations by the
oxidative process. Such compounds include by way of example and without limitation,
acetone, sodium bisulfate, ascorbic acid, ascorbyl palmitate, citric acid, butylated
hydroxyanisole, butylated hydroxytoluene, hydrophosphorous acid, monothioglycerol,
propyl gallate, methionine, sodium ascorbate, sodium citrate, sodium sulfide, sodium
sulfite, sodium bisulfite, sodium formaldehyde sulfoxylate, thioglycolic acid, sodium
metabisulfite, EDTA (edetate), pentetate and others known to those ot ordinary skill in
the art.

The term "aqueous formulation” refers to a solution in which the solvent 1s water.

As used herein, the term ‘“‘basic component” refers to an agent which is alkaline,
i.e., pH greater than 7.0. Examples of basic components include potassium hydroxide
(KOH) and sodium hydroxide (NaOH)

As used herein, the term "bulking agent” is intended to mean a compound used to
add bulk to the reconstitutable solid and/or assist in the control of the properties of the
formulation during preparation. Such compounds include, by way ot example and
without limitation, dextran, trehalose, sucrose, polyvinylpyrrolidone, lactose, inositol,
sorbitol, dimethylsulfoxide, glycerol, albumin, calcium lactobionate, and others known
to those of ordinary skill 1n the art.

The term "conductivity," as used herein, refers to the ability of an aqueous
solution to conduct an electric current between two electrodes. Generally, electrical
conductivity or specific conductivity 1s a measure of a material’s ability to conduct an
electric current. In solution, the current flows by 1on transport. Theretore, with an
increasing amount of ions present in the aqueous solution, the solution will have a higher
conductivity. The unit of measurement for conductivity is mmhos (mS/cm), and can be
measured using a conductivity meter sold, e.g., by Orion Research, Inc. (Beverly, MA).
The conductivity of a solution may be altered by changing the concentration of 10ns
therein. For example, the concentration of ionic excipients in the solution may be altered
in order to achieve the desired conductivity.

The term "cryoprotectants” as used herein generally includes agents, which

provide stability to the protein from freezing-induced stresses. Examples of
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cryoprotectants include polyols such as, for example, mannitol, and include saccharides
such as, for example, sucrose, as well as including surfactants such as, for example,
polysorbate, poloxamer or polyethylene glycol, and the like. Cryoprotectants also
contribute to the tonicity of the formulations.

As used herein, the terms "ultrafiltration” or "UF" refers to any technique 1n
which a solution or a suspension is subjected to a semi-permeable membrane that retains
macromolecules while allowing solvent and small solute molecules to pass through.
Ultrafiltration may be used to increase the concentration of macromolecules in a solution
or suspension. In a preferred embodiment, ultrafiltration 1s used to increase the
concentration of a protein in water.

As used herein, the term "diafiltration” or “DF” is used to mean a specialized
class of filtration in which the retentate is diluted with solvent and re-filtered, to reduce
the concentration of soluble permeate components. Diafiltration may or may not lead to
an increase in the concentration of retained components, including, for example,
proteins. For example, in continuous diafiltration, a solvent is continuously added to the
retentate at the same rate as the filtrate i1s generated. In this case, the retentate volume
and the concentration of retained components does not change during the process. On
the other hand, in discontinuous or sequential dilution diafiltration, an ultratiltration step
1s followed by the addition of solvent to the retentate side; if the volume ot solvent
added to the retentate side is not equal or greater to the volume of filtrate generated, then
the retained components will have a high concentration. Diafiltration may be used to
alter the pH, ionic strength, salt composition, buffer composition, or other properties of a
solution or suspension of macromolecules.

As used herein, the terms "diafiltration/ultrafiltration™ or "DE/UL" reter to any
process, technique or combination of techniques that accomplishes ultrafiltration and/or
diafiltration, either sequentially or simultaneously.

As used herein, the term “diafiltration step” refers to a total volume exchange
during the process of diafiltration.

The term "excipient” refers to an agent that may be added to a formulation to
provide a desired consistency, (e.g., altering the bulk properties), to improve stability,
and/or to adjust osmolality. Examples of commonly used excipients include, but are not
limited to, sugars, polyols, amino acids, surfactants, and polymers. The term “10nic

excipient” or “ionizable excipient,” as used interchangeably herein, reters to an agent
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that has a net charge. In one embodiment, the 1onic excipient has a net charge under
certain formulation conditions, such as pH. Examples of an ionic excipient include, but
are ndt limited to, histidine, arginine, and sodium chloride. The term “non-1onic
excipient” or “non-ionizable excipient,” as used interchangeably herein, refers to an
agent having no net charge. In one embodiment, the non-1onic excipient has no net
charge under certain formulation conditions, such as pH. Examples of non-1onic
excipients include, but are not limited to, sugars (e.g., sucrose), sugar alcohols (e.g.,
mannitol), and non-ionic surfactants (e.g., polysorbate 80).

The term ““first protein solution” or “first solution” as used herein, reters to the
initial protein solution or starting material used in the methods of the invention, i.e., the
initial protein solution which is diafiltered into water. In one embodiment, the tirst
protein solution comprises ionic excipients, non-ionic excipients, and/or a butfering
system.

The term “hydrodynamic diameter” or “Dy” of a particle refers to the diameter ot
a sphere that has the density of water and the same velocity as the particle. Thus the
term “hydrodynamic diameter of a protein’ as used herein refers to a size determination
for proteins in solution using dynamic light scattering (DLS). A DLS-measuring
instrument measures the time-dependent fluctuation in the intensity of light scattered
from the proteins in solution at a fixed scattering angle. Protein Dh is determined from
the intensity autocorrelation function of the time-dependent fluctuation in intensity.
Scattering intensity data are processed using DLS instrument software to determine the
value for the hydrodynamic diameter and the size distribution of the scattering
molecules, 1.e. the protein specimen.

The term "lyoprotectant” as used herein includes agents that provide stability to a
protein during water removal during the drying or lyophilisation process, for example,
by maintaining the proper conformation of the protein. Examples of lyoprotectants
include saccharides, in particular di- or trisaccharides. Cryoprotectants may also provide
lyoprotectant ettects.

The term "pharmaceutical” as used herein with reference to a composition, ¢.g.,
an aqueous formulation, that it is useful for treating a disease or disorder.

The term "protein" is meant to include a sequence of amino acids for which the

chain length is sufficient to produce the higher levels of secondary and/or tertiary and/or

quaternary structure. This is to distinguish from "peptides”™ or other small molecular
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weight drugs that do not have such structure. In one embodiment, the proteins used
herein have a molecular weight of at least about 47 kD. Examples of proteins

encompassed within the definition used herein include therapeutic proteins. A
“therapeutically active protein” or “therapeutic protein” refers to a protein which may be
used for therapeutic purposes, i.e., for the treatment of a disorder in a subject. It should
be noted that while therapeutic proteins may be used for treatment purposes, the
invention 1s not limited to such use, as said proteins may also be used for in vitro studies.
In a preferred embodiment, the therapeutic protein is a fusion protein or an antibody, or
antigen-binding portion thereof. In one embodiment, the methods and compositions of
the invention comprise at least two distinct proteins, which are defined as two proteins
having distinct amino acid sequences. Additional distinct proteins do not include
degradation products of a protein.

The phrase “protein 1s dissolved in water” as used herein refers to a formulation
of a protein wherein the protein is dissolved in an aqueous solution in which the amount
of small molecules (e.g., buffers, excipients, salts, surfactants) has been reduced by
DE/UF processing. Even though the total elimination of small molecules cannot be
achieved in an absolute sense by DF/UF processing, the theoretical reduction of
exciplents achievable by applying DF/UF is sufficiently large to create a formulation of
the protein essentially in water exclusively. For example, with 6 volume exchanges in a
continuous mode DF/UF protocol, the theoretical reduction of excipients is ~99.8% (ci =
e, with ci being the initial excipient concentration, and x being the number of volume
exchanges).

The term "pharmaceutical formulation” refers to preparations which are in such
a form as to permit the biological activity of the active ingredients to be effective, and,

therefore.may be administered to a subject tfor therapeutic use.

A "stable” formulation is one in which the protein therein essentially retains its
physical stability and/or chemical stability and/or biological activity upon storage.
Various analytical techniques for measuring protein stability are available in the art and
are reviewed in Peptide and Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel
Dekker, Inc., New York, N.Y., Pubs. (1991) and Jones, A. Adv. Drug Delivery Rev. 10:
29-90 (1993), for example. In one embodiment, the stability of the protein is determined

according to the percentage of monomer protein in the solution, with a low percentage of

degraded (e.g., fragmented) and/or aggregated protein. For example, an aqueous
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formulation comprising a stable protein may include at least 95% monomer protein.
Alternatively, an aqueous formulation of the invention may include no more than 5 %
ageregate and/or degraded protein.

The term "stabilizing agent" refers to an excipient that improves or otherwise
enhances stability. Stabilizing agents include, but are not limited to, a-lipoic acid, o-
tocopherol, ascorbyl palmitate, benzyl alcohol, biotin, bisulfites, boron, butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ascorbic acid and its esters,
carotenoids, calcium citrate, acetyl-L-camitine, chelating agents, chondroitin, chromium,
citric acid, coenzyme Q-10, cysteine, cysteine hydrochloride, 3-dehydroshikimic acid
(DHS), EDTA (ethylenediaminetetraacetic acid; edetate disodium), ferrous sulfate, tolic
acid, fumaric acid, alkyl gallates, garlic, glucosamine, grape seed extract, gugul,
magnesium, malic acid, metabisulfite, N-acetyl cysteine, niacin, nicotinomide, nettle
root, ornithine, propyl gallate, pycnogenol, saw palmetto, selenium, sodium bisulfite,
sodium metabisulfite, sodium sulfite, potassium sulfite, tartaric acid, thiosultates,
thioglycerol, thiosorbitol, tocopherol and their esters, e.g., tocopheral acetate, tocopherol
succinate, tocotrienal, d-o--tocopherol acetate, vitamin A and its esters, vitamin B and 1ts
esters, vitamin C and its esters, vitamin D and its esters, vitamin E and its esters, e. g.,
vitamin E acetate, zinc, and combinations thereof.

The term "surfactants” generally includes those agents that protect the protein
from air/solution interface-induced stresses and solution/surface induced-stresses. For
example surfactants may protect the protein from aggregation. Suitable surfactants may
include, e.g., polysorbates, polyoxyethylene alkyl ethers such as Brij 35.RTM., or
poloxamer such as ’l“weegj| 20, TweellM 80, or poloxamer 188. Preterred detergents are
poloxamers, e.g., Poloxamer 188, Poloxamer 407; polyoxyethylene alkyl ethers e.g.,Bry
35.RTM. Cremophm A25 Sympatens ALM/230; and polysOJbates/Tweens e.9.,

o
Polysmbate 20 Polybmbate 30, and Poloxamers, e.g.,Poloxamer 188, and Tweensme g.,

Tween 20 and Tween 80.

As used herein, the term "tonicity modifier” is intended to mean a compound or
compounds that can be used to adjust the tonicity of a liquid formulation. Suitable
tonicity modifiers include glycerin, lactose, mannitol, dextrose, sodium chloride,
magnesium sulfate, magnesium chloride, sodium sulfate, sorbitol, trehalose, sucrose,

raffinose, maltose and others known to those or ordinary skill in the art. In one
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embodiment, the tonicity of the liquid formulation approximates that of the tonicity of
blood or plasma.

The term “water” 1s intended to mean water that has been purified to remove
contaminants, usually by distillation or reverse osmosis, also referred to heremn as “pure
water”’. In a preferred embodiment, water used in the methods and compositions of the
invention is excipient-free. In one embodiment, water includes sterile water suitable for
administration to a subject. In another embodiment, water is meant to include water for
injection (WFI). In one embodiment, water refers to distilled water or water which 1s
appropriate for use in in vitro assays. In a preferred embodiment, diafiltration 1s
performed in accordance with the methods of the invention using water alone as the
diafiltration medium.

The term "antibody" as referred to herein includes whole antibodies and any
antigen binding fragment (i.e., "antigen-binding portion”) or single chains thereot. An
"antibody" refers to a glycoprotein comprising at least two heavy (H) chains and two
light (L) chains inter-connected by disulfide bonds, or an antigen binding portion
thereof. Each heavy chain is comprised of a heavy chain variable region (abbreviated
herein as Vy) and a heavy chain constant region. The heavy chain constant region 1s
comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised of a
light chain variable region (abbreviated herein as V) and a light chain constant region.
The light chain constant region is comprised of one domain, CL. The Vy and Vi regions
can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FR). Each Vy and Vi is composed of three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the following order: FR1, CDRI,
FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The constant regions of the
antibodies may mediate the binding of the immunoglobulin to host tissues or factors,
including various cells of the immune system (e.g., effector cells) and the first
component (Clq) of the classical complement system.

The term "antigen-binding portion” of an antibody (or simply "antibody
portion"), as used herein, refers to one or more fragments of an antibody that retain the

ability to specifically bind to an antigen (e.g., TNFa, 1L-12). It has been shown that the

antigen-binding function of an antibody can be performed by fragments of a tull-length
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antibody. Examples of binding fragments encompassed within the term "antigen-binding
portion” of an antibody include (1) a Fab fragment, a monovalent fragment consisting of
the Vi, Vi, CL and CHI1 domains; (11) a F(ab'), fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (111) a Fd
fragment consisting of the Vy and Cy; domains; (iv) a Fv fragment consisting of the Vi,
and Vg domains of a single arm of an antibody, (v) a dAb fragment (Ward et al, (1989)
Nature 341:544-546), which consists of a Vy or V| domain; and (v1) an 1solated
complementarity determining region (CDR). Furthermore, although the two domains of
the Fv fragment, Vi and Vy, are coded for by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that enables them to be made as a single
protein chain in which the VL and VH regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird er al. (1988) Science 242:423-426; and
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within the term "antigen-binding
portion” of an antibody. These antibody fragments are obtained using conventional
techniques known to those with skill in the art, and the fragments are screened for utility
in the same manner as are intact antibodies. In one embodiment of the invention, the
antibody fragment is selected from the group consisting of a Fab, an Fd, an Fd’, a single
chain Fv (scFv), an scFv,, and a domain antibody (dAD).

Still further, an antibody or antigen-binding portion thereof may be part of a
larger immunoadhesion molecule, formed by covalent or noncovalent association of the
antibody or antibody portion with one or more other proteins or peptides. These other
proteins or peptides can have functionalities that allow for the purification of antibodies
or antigen-binding portions thereof or allow for their association with each other or other
molecules. Thus examples of such immunoadhesion molecules include use of the
streptavidin core region to make a tetrameric single chain variable tragment (sckv)
molecules (Kipriyanov et al. (1995) Human Antibodies and Hybridomas 6:93-101) and
the use of a cysteine residue, a marker peptide and a C-terminal polyhistidine tag to
make bivalent and biotinylated scFv molecules (Kipriyanov er al. (1994) Mol. Immunol.
31:1047-1058). Antibody portions, such as Fab and F(ab'), fragments, can be prepared
from whole antibodies using conventional techniques, such as papain or pepsin

digestion, respectively, of whole antibodies. Moreover, antibodies, antibody portions
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and immunoadhesion molecules can be obtained using standard recombinant DNA
techniques.

Two antibody domains are "complementary” where they belong to families of
structures which form cognate pairs or groups or are derived from such families and
retain this feature. For example, a VH domain and a VL. domain of an antibody are
complementary; two VH domains are not complementary, and two VL domains are not

complementary. Complementary domains may be found in other members of the

immunoglobulin superfamily, such as the Vo and V3 (or gamma and delta) domains of
the T-cell receptor.

The term “domain” refers to a folded protein structure which retains its tertiary
structure independently of the rest of the protein. Generally, domains are responsible for
discrete functional properties of proteins, and in many cases may be added, removed or
transterred to other proteins without loss of function of the remainder of the protein
and/or of the domain. By single antibody variable domain is meant a folded polypeptide
domain comprising sequences characteristic of antibody variable domains. It therefore
includes complete antibody variable domains and modified variable domains, for
example in which one or more loops have been replaced by sequences which are not
characteristic of antibody variable domains, or antibody variable domains which have
been truncated or comprise N- or C-terminal extensions, as well as folded fragments of
variable domains which retain at least in part the binding activity and specificity of the

full-length domain.

Variable domains of the invention may be combined to form a group of domains;
for example, complementary domains may be combined, such as VL. domains being
combined with VH domains. Non-complementary domains may also be combined.
Domains may be combined in a number of ways, involving linkage of the domains by
covalent or non-covalent means.

A “dAb” or “domain antibody’” refers to a single antibody variable domain (Vy
or VL) polypeptide that specifically binds antigen.

As used herein, the term "antigen binding region” or “antigen binding site” refers
to the portion(s) of an antibody molecule, or antigen binding portion thereot, which

contains the amino acid residues that interact with an antigen and confers on the

antibody its specificity and atfinity for the antigen.
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The term "epitope” 1s meant to refer to that portion of any molecule capable of
being recognized by and bound by an antibody at one or more of the antibody’s antigen
binding regions. In the context of the present invention, first and second “epitopes” are
understood to be epitopes which are not the same and are not bound by a single
monospecific antibody, or antigen-binding portion thereof.

The phrase "recombinant antibody" refers to antibodies that are prepared,
expressed, created or 1solated by recombinant means, such as antibodies expressed using
a recombinant expression vector transfected into a host cell, antibodies i1solated from a
recombinant, combinatorial antibody library, antibodies i1solated from an animal (e.g., a
mouse) that i1s transgenic for human immunoglobulin genes (see e.g., Taylor et al.
(1992) Nucl. Acids Res. 20:6287-6295) or antibodies prepared, expressed, created or
isolated by any other means that involves splicing of particular immunoglobulin gene
sequences (such as human immunoglobulin gene sequences) to other DNA sequences.
Examples of recombinant antibodies include chimeric, CDR-grafted and humanized
antibodies.

The term "human antibody" refers to antibodies having variable and constant
regions corresponding to, or dertved from, human germline immunoglobulin sequences
as described by, for example, Kabat er al. (See Kabat, er al. (1991) Sequences ot
Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242). The human antibodies of the invention,
however, may include amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis 1n vitro or by somatic mutation in vivo), for example in the CDRs and 1n
particular CDR3.

Recombinant human antibodies of the invention have variable regions, and may
also include constant regions, derived from human germline immunoglobulin sequences
(See Kabat er al. (1991) Sequences of Proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH Publication No. 91-3242). In
certain embodiments, however, such recombinant human antibodies are subjected to In
vitro mutagenesis (or, when an animal transgenic for human 1g sequences 1s used, 1n
vivo somatic mutagenesis) and thus the amino acid sequences of the VH and VL regions

of the recombinant antibodies are sequences that, while derived from and related to

human germline VH and VL sequences, may not naturally exist within the human
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antibody germline repertoire in vivo. In certain embodiments, however, such
recombinant antibodies are the result of selective mutagenesis or backmutation or both.

The term "backmutation” refers to a process in which some or all of the
somatically mutated amino acids of a human antibody are replaced with the
corresponding germline residues from a homologous germline antibody sequence. The
heavy and light chain sequences of a human antibody of the invention are aligned
separately with the germline sequences in the VBASE database to identity the sequences
with the highest homology. Differences in the human antibody of the invention are
returned to the germline sequence by mutating defined nucleotide positions encoding
such different amino acid. The role of each amino acid thus identified as candidate for
backmutation should be investigated for a direct or indirect role in antigen binding and
any amino acid found after mutation to affect any desirable characteristic of the human
antibody should not be included in the final human antibody. To minimize the number of
amino acids subject to backmutation those amino acid positions found to be ditterent
from the closest germline sequence but identical to the corresponding amino acid 1n a
second germline sequence can remain, provided that the second germline sequence 1s
identical and colinear to the sequence of the human antibody of the invention for at least
10, preferably 12 amino acids, on both sides of the amino acid in question. Backmuation
may occur at any stage of antibody optimization.

The term "chimeric antibody" refers to antibodies which comprise heavy and
light chain variable region sequences from one species and constant region sequences
from another species, such as antibodies having murine heavy and light chain variable
regions linked to human constant regions.

The term "CDR-grafted antibody" refers to antibodies which comprise heavy and
light chain variable region sequences from one species but in which the sequences of
one or more of the CDR regions of VH and/or VL are replaced with CDR sequences ot
another species, such as antibodies having murine heavy and light chain variable regions
in which one or more of the murine CDRs (e.g., CDR3) has been replaced with human
CDR sequences.

The term "humanized antibody" refers to antibodies which comprise heavy and
light chain variable region sequences from a non-human species (e.g., a mouse) but in
which at least a portion of the VH and/or VL sequence has been altered to be more

"human-like", i.e., more similar to human germline variable sequences. One type of
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humanized antibody i1s a CDR-grafted antibody, in which human CDR sequences are
introduced into non-human VH and VL sequences to replace the corresponding
nonhuman CDR sequences.

Various aspects of the invention are described in further detail in the following

subsections.

11. Methods of Invention

Generally, diafiltration 1s a technique that uses membranes to remove, replace, or
lower the concentration of salts or solvents from solutions containing proteins, peptides,
nucleic acids, and other biomolecules. Protein production operations often involve final
diafiltration of a protein solution into a formulation buffer once the protein has been
purified from impurities resulting from its expression, e.g., host cell proteins. The
invention described herein provides a means for obtaining an aqueous formulation by
subjecting a protein solution to diafiltration using water alone as a diafiltration solution.
Thus, the formulation of the invention 1s based on using water as a formulation medium
during the diafiltration process and does not rely on traditional formulation mediums
which include excipients, such as surfactants, used to solubilize and/or stabilize the
protein in the final formulation. The invention provides a method for transterring a
protein into pure water for use in a stable formulation, wherein the protein remains in
solution and is able to be concentrated at high levels without the use of other agents to
maintain its stability.

Prior to diafiltration or DF/UF in accordance with the teachings herein, the
method includes first providing a protein in a first solution. The protein may be
formulated in any first solution, including formulations using techniques that are well
established in the art, such as synthetic techniques (e.g., recombinant techniques, peptide
synthesis, or a combination thereof). Alternatively, the protein used in the methods and
compositions of the invention is isolated from an endogenous source of the protein. The
initial protein solution may be obtained using a purification process whereby the protein
is purified from a heterogeneous mix of proteins. In one embodiment, the initial protein
solution used in the invention 1s obtained from a purification method whereby proteins,
including antibodies, expressed in a mammalian expression system are subjected to
numerous chromatography steps which remove host cell proteins (HCPs) from the

protein solution. In one embodiment. the first protein solution 1s obtained trom a
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mammalian cell expression system and has been purified to remove host cell proteins
(HCPs). Examples of methods of purification are described in US Appln. No.
11/732,918 (US 20070292442) It should be noted
that there is no special preparation of the first protein solution required in accordance
with the methods of the invention.

Proteins which may be used in the compositions and methods of the invention
may be any size, i.e., molecular weight (My). For example, the protein may have a M,,
equal to or greater than about 1 kDa, a M, equal to or greater than about 10 kDa, a My,
equal to or greater than about 47 kDa, a My, equal to or greater than about 57 kDa, a My,
equal to or greater than about 100 kDa, a M, equal to or greater than about 150 kDa, a
M, equal to or greater than about 200 kDa, or a My, equal to or greater than about 250
_kD;l. Numbers intermediate to the above recited My, e.g., 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71,72,73,74,75,76,77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118,119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151,
153, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, and so forth, as well as all other numbers recited herein, are also intended to be
part of this invention. Ranges of values using a combination of any of the above recited
values as upper and/or lower limits are intended to be included in the scope of the
invention. For example, proteins used in the invention may range in size from 57 kDa to
250 kDa, from 56 kDa to 242 kDa, from 60 kDa to 270 kDa, and so forth,

The methods of the invention also include diafiltration of a first protein solution
that comprises at least two distinct proteins. For example, the protein solution may
contain two or more types of antibodies directed to different molecules or different
epitopes of the same molecule.

In one embodiment, the protein that is in solution 1s a therapeutic protein,
including, but not limited to, fusion proteins and enzymes. Examples of therapeutic
proteins include, but are not limited to, Pu]mozym;M(Domase alfa), Regranex TM
(Becaplermin), ActivasemEA]teplase), Aldurazym;M(_Laronidase), AmevichzM(Alefacept),

T™ ™

Aranesp (Darbepoetin alfa), Becaplermin Concentrate, Betaseron (Interferon beta-1b),
™ ™

™
BOTOX (Botulinum Toxin Type A), Elitek (Rasburicase), Elspar (Asparaginase),
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M ™

Epogen (Epoetin alfa), Enbrel (Etanelcept) Fablazyme (Agalbldase beta), Inter gen

TM
(Interferon alfacon-1), Intron A (lntel feron alfa- 2b), Klnelet (Anakml a), MYOBLOC

™

(Botulinum Toxin Type B), N eulasta (Pegﬁlglastlm) Neumega (Oprelvekin), Neupogen
(Filgrastim), Ontak (Dem teukin diftitox), PEGASYS (Peglntelfelon alfa-2a), Proleukin

™ ™
(Aldesleukin), Pulmozyme (Dornase alta), Rebif (lnterferon beta-1a), RegranexTM
™

(Becaplermin), Retavase (Reteplase) Roferon- A (Interfelon alta-2a), TNKase

™ ™

(Tenecteplase), and Xlgm (Dlotlecogm alta), Arcalyst (Rilonacept), NPlate

™

(Romiplostim), ercera (methoxypolyethylene glycol-epoetin beta), Cmryze (Cl
™ ™ ™
esterase inhibitor), Elaprase (idursulfase), Myozyme (alglucosidase alta), Orencia
™ M ™
(abatacept), Naglazyme (galsulfase), Kepivance (palifermin) and Actimmune (interteron

gamma-1b).

The protein used in the invention may also be an antibody, or antigen-binding
fragment thereof. Examples of antibodies that may be used in the invention include
chimeric antibodies, non-human antibodies, human antibodies, humanized antibodies,

and domain antibodies (dAbs). In one embodiment, the antibody, or antigen-binding

fragment thereof, is an anti-TNFa and/or an anti-IL-12 antibody (e.g., 1t may be a dual
variable domain (DVD) antibody). Other examples of antibodies, or antigen-binding
fragments thereof, which may be used in the methods and compositions of the invention
include, but are not Iimited to, 1D4.7 (anti-IL-12/IL.-23 antibody; Abbott Laboratories),
2.5(E)mgl (anti-1L-18; Abbott Laboratories), 13C5.5 (anti-1L-13 antibody; Abbott
[Laboratories), J695 (anti-11.-12; Abbott Laboratories), Afelimomal;M(Fab 2 anti-TNF;

™ ™

Abbott Laboratories), Humira (adalimumab) Abbott Laboratories), Campath
™ ™
(Alemtuzumab), CEA-Scan Arcitumomab (fab fragment), Erbitux (Cetuximab),
™ ™ ™
Herceptin ( Trastuzumab), Myoscint (Imciromab Pentetate), ProstaScint (Capromab
TM ™ TM TM

Pendetide), Remicade (Infliximab), ReoPro (Abciximab), Rituxan (Rituximab), Simulect
™ ™M ™

(Basiliximab), Synagis (Palivizumab), Verluma (Nofetumomab), Xolair (Omalizumab),
™ ™ o

Zenapax (Daclizumab), Zevalin (Ibritumomab Tiuxetan), Orthoclone OK'T3

™ ™

(Mmomonab (CD3), Panorex (Edlecolomab) Mylotarg (Gemtuzumab ozogamicin),
™ ™

gohmumab (Centocox) Clmzm (Cel‘tohzumab pegol) Soliris (Eculizumab), CNTO 1275

™
(ustekinumab), Vectibix (panitumumab), Bexxal (tosltumomab and I'°! tositumomab),

an anti-1L-17 antibody Antibody 7 as described in International Application WO

2007/149032 (Cambridge Antibody Technology),
the anti-IL-13 antibody CAT-354 (Cambridge
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Antibody Technology), the anti-human CD4 antibody CE9y4PE (IDEC-151,
clenoliximab) (Biogen IDEC/Glaxo Smith Kline), the anti-human CD4 antibody IDEC
CE9.1/5SB-210396 (keliximab) (Biogen IDEC), the anti-human CDS80 antibody IDEC-
| 14 (galiximab) (Brogen IDEC), the anti-Rabies Virus Protein antibody CR4(098
(foravirumab), and the anti-human TNF-related apoptosis-inducing ligand receptor 2
(TRAIL-2) antibody HGS-ETR2 (lexatumumab) (Human Genome Sciences, Inc.),

and Avastin (bevacizumab).

Techniques for the production of antibodies are provided below.

Polyclonal Antibodies

Polyclonal antibodies generally refer to a mixture of antibodies that are specific
to a certain antigen, but bind to different epitopes on said antigen. Polyclonal antibodies
are generally raised in animals by multiple subcutaneous (sc) or intraperitoneal (1p)
injections of the relevant antigen and an adjuvant. It may be useful to conjugate the
relevant antigen to a protein that 1s immunogenic in the species to be immunized, e.g.,
keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin
inhibitor using a bifunctional or derivatizing agent, for example, maleimidobenzoyl
sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysuccinimide
(through lysine residues), glutaraldehyde, succinic anhydride, SOCl,, or RiNCNR,
where R and R, are ditferent alkyl groups. Methods for making polyclonal antibodies
are known 1n the art, and are described, for example, in Antibodies: A Laboratory

Manual, L.ane and Harlow (1988) .

Monoclonal Antibodies

A "monoclonal antibody” as used herein 1s intended to refer to a hybridoma-
derived antibody (e.g., an antibody secreted by a hybridoma prepared by hybridoma
technology, such as the standard Kohler and Milstein hybridoma methodology). For
example, the monoclonal antibodies may be made using the hybridoma method first
described by Kohler er al., Nature, 256:495(1975), or may be made by recombinant
DNA methods (U.S. Pat. No. 4,816,567). Thus, a hybridoma-derived dual-specificity
antibody of the invention 1s still referred to as a monoclonal antibody although 1t has
antigenic specificity for more than a single antigen.

Monoclonal antibodies are obtained from a population of substantially
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homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical except for possible naturally occurring mutations that may be present in minor
amounts. Thus, the modifier "monoclonal” indicates the character of the antibody as not
being a mixture of discrete antibodies.

In a further embodiment, antibodies can be isolated from antibody phage
libraries generated using the techniques described in McCafferty er al., Nature, 348:552-
334 (1990). Clackson er al., Nature, 352:624-628 (1991) and Marks er al., J. Mol. Biol.,
222:581-597 (1991) describe the isolation of murine and human antibodies, respectively,
using phage libraries. Subsequent publications describe the production of high affinity
(nM range) human antibodies by chain shuffling (Marks et al., Bio/Technology, 10:779-
783 (1992)), as well as combinatorial infection and in vivo recombination as a strategy
for constructing very large phage libraries (Waterhouse er al., Nuc. Acids. Res.,
21:2265-2266 (1993)). Thus, these techniques are viable alternatives to traditional
monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies.

Antibodies and antibody fragments may also be isolated from yeast and other
eukaryotic cells with the use of expression libraries, as described in U.S. Pat. Nos.
0,423,538; 6,0696,251; 6,699,658; 6,300,065; 6,399,763; and 6,114,147. Eukaryotic cells
may be engineered to express library proteins, including from combinatorial antibody
libraries, for display on the cell surface, allowing for selection of particular cells
containing library clones for antibodies with affinity to select target molecules. After
recovery from an isolated cell, the library clone coding for the antibody of interest can
be expressed at high levels from a suitable mammalian cell line.

Additional methods for developing antibodies of interest include cell-free
screening using nucleic acid display technology, as described in U.S. Pat. Nos.
7,195,880; 6,951,725; 7,078,197; 7,022,479, 6,518,018; 7,125,669 6,846,655;
0,281,344; 6,207,446; 6,214,553; 6,258,558; 6,261,8<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>