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ABSTRACT

A stable aqueous pharmaceutical formulation comprising a therapeutically eftective
amount of an antibody not subjected to prior lyophilization, a buffer maintaining the pH

in the range from about 4.5 to about 6.0, a surfactant and a polyol 1s described, along with
uses for such a formulation.
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STABILIZED ANTIBODY FORMULATION

Background of the invention

Field of the Invention
This invention is directed to a stable aqueous pharmaceutical formulation comprising an

antibody.
Description of Related Disclosures
In the past ten years, advances in biotechnology have made it possible to produce a variety

of proteins for pharmaceutical applications using recombinant DNA techniques. Because proteins are
larger and more complex than traditional organic and inorganic drugs (i.e. possessing muitiple
functional groups in addition to complex three-dimensional structures), the formulation of such proteins
poses special problems. For a protein to remain biologically active, a formulation must preserve intact
the conformational integrity of at least a core sequence of the protein's amino acids while at the same
time protecting the protein's multiple functional groups from degradation. Degradation pathways for
proteins can involve chemical instability (i.e. any process which involves modification of the protein by
bond formation or cleavage resuiting in a new chemical entity) or physical instability (..e. changes in
the higher order structure of the protein). Chemical instability can result from deamidation,
racemization, hydrolysis, oxidation, beta elimination or disulfide exchange. Physical instability can
result from denaturation, aggregation, precipitation or adsorption, for example. The three most
common protein degradation pathways are protein aggregation, deamidation and oxidation. Cleland
et al. Critical Reviews in Therapeutic Drug Carrier Systems 10(4). 307-377 (1993).

Included in the proteins used for pharmaceutical applications are antibodies. An example of
an antibody useful for therapy is an antibody which binds to the CD18 antigen. CD18 is the common
B subunit of three heterodimeric membrane integrins restricted to leukocytes that mediate trafficking
and adhesion to the vascular endothelium, particularly at sites of inflammation (for reviews see Hynes,
R.O. Cell, 69:11-25 (1992); Stooiman, Cell, 56:907-910 (1989); Jutila et al. Transplantation 48(5).727-
731 (1989); Springer, T.A., Nature 346:425-434 (1990); and Albeida and Buck, FASEB J. 4:2868-2880
(1990)). The heterodimer containing CD18 and CD11b (also called MAC-1) is found primarily on
neutrophils, monocytes, and some lymphocytes whose normal interaction with ICAM-1 on vascular
endothelium mediates adhesion and “rolling” of cells along the vasculature. In severe hemorrhagic
trauma with concurrent decrease in cardiac output and ischemia, early (within 30 min) neutrophil
activation (in response to released cytokines) and up-regulation of MAC-1 increases neutrophil
“stickiness”. This precedes extravasation and release of proteases and superoxides that ultimately
lead to further tissue damage and increased vascular permeability (Hernandez et al., Am. J. Physiol.,
253(3 Pt 2): H699-H703 (1987)). Reperfusion following resuscitation exacerbates the edema and
necrosis, and leads to multi-organ failure and death. Early treatment with monoclonal antibodies to
CD18 in a partially-severed, ischemic rabbit ear trauma model alleviated tissue necrosis following
reattachment (Vedder et al., J. Clin. Invest. 81:939-944 (1988)). A humanized antibody showed
efficacy in reducing multi-organ damage and death in a rhesus monkey model of decreased cardiac
output (created by depletion of 2/3 of blood volume for ~ 2 hours (Mileski et al., Surgery, 108(2):206-
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212 (1980)). These studies point to the therapeutic potentiai of anti-CD18 antibodies for acute
treatment of hemorrhagic shock.

Another antigen of interest for targeting with antibodies is the CD20 antigen, also known as
"Bp35". CD20 is a human B cell marker which is expressed during early pre-B cell development and
remains until plasma cell differentiation. The CD20 molecule may regulate a step in the activation
process which is required for cell cycle initiation and differentiation and is usually expressed at very
high levels on neoplastic B cells. Thus, the CD20 surface antigen can be targeted for treating B8 cell
lymphomas. US Patent 5,736,137 issued April 7, 1998 describes the chimeric antibody "C2B8" which

binds the CD20 antigen and its use to treat B cell iymphoma.
There is a need in the art for a stable aqueous pharmaceutical formulation comprising an
antibody, such as an anti-CD18 or anti-CD20 antibody, which is suitable for therapeutic use.
Summary of the Invention

Accordingly, the invention provides a stable aqueous pharmaceutical formulation comprising
a therapeutically effective amount of an antibody not subjected to prior lyophilization, a buffer
maintaining the pH in the range from about 4.5 to about 6.0, a surfactant and a poiyol. Preferably the
formulation is stable at a temperature of about 2-8°C for at least one year, and/or is stable at a
temperature of about 30°C for at least one month and/or is stable following freezing and thawing of

the formuiation.
The invention also relates to an article of manufacture comprising a container holding a stable

aqueous pharmaceutical formulation comprising a therapeutically effective amount of an antibody not
subjected to prior lyophilization, a buffer maintaining the pH in the range from about 4.5 to about 6.0,

a surfactant and a polyol.
In yet a further aspect, the invention relates to a method for stabilizing an antibody in an

aqueous pharmaceutical formuiation by combining a therapeutically effective amount of an antibody
not subjected to prior iyophilization, a buffer maintaining the pH in the range from about 4.5 to about

6.0, a surfactant and a polyol.
In a still further aspect, the invention concerns a method of treating a mammal comprising

administering a therapeutically effective amount of the agueous pharmaceutical formuiation disclosed
herein to a mammal, wherein the mammal has a disorder requiring treatment with the antibody in the

formulation. Where the antibody binds CD18, examples of disorders to be treated include hemorrhagic

shock, thermal injury (such as that resuiting from burns), stroke (including ischemic and hemorrhagic
stroke) and myocardial infarction. For an anti-IL8 antibody, disorders to be treated inciude
inflammatory disorders such as adult respiratory distress syndrome (ARDS), hypovolemic shock,
ulcerative colitis, and rheumatoid arthritis. Where the antibody binds CD20, disorders to be treated
include B cell ymphomas.

These and further aspects of the invention will be apparent to those skilled in the art.
Brief Description of the Drawings
Figures 1A and 1B depict the amino acid sequence of rhuMAb CD18 heavy chain (Figure 1A:
SEQ ID NO:1) and light chain (Figure 1B; SEQ ID NO:2). The sequence in italics in Figure 1A (SEQ
ID NO:3) is that of the ieucine zipper.
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Figures 2A and 2B are hydrofliex plots of rhuMAb CD18 heavy chain (Figure 2A) and light
chain (Figure 2B). Kyte-Dooliftle hydrophobicity caiculations averaged with a window of 6 amino acids
were made on the protein sequence. Flexibility values were estimated from the product of the
hydrophobicity of each residue and its side chain volume (again averaged over a window of 6
residues). Asn-Gly and Asn-Ser motifs in flexible regions are more likely to deamidate than those in
more rigid structures. The CDRs are also shown. Most of the heavy chain methionines and heavy
chain Asn 84 are near the CDR'’s.

Figures 3A and 3B show the effect of storage temperature on light scattering in different
rhuMAb CD18 formulations after 5 weeks storage at the designated temperatures as measured by
average absorbance in the range of 340-360 nm (Figure 3A), or the ratio of A278 over A252 nm
(Figure 3B). RhuMAb CD18 in formulation F3 is prone to the formation of insoluble aggregates.

Figure 4 shows the effect of storage temperature on protein concentration of rhruMAb CD18
formulations measured by absorbance at 278 nm corrected for vehicle absorbance at 320 nm.

Figures S5A and 5B depict the effect of storage temperature on the stability of rhuMAb CD18
formulation 2 (Figure 5A) and formulation F5 (Figure 5B) assayed by size exclusion chromatography
(SEC). A smaller MW species (see arrows) appeared which was more pronounced at pH 6 (Figure
58) compared to pH 5 (Figure 5A).

Figures 6A and 6B represent the effect of storage time and temperature on the stability of
rhuMADb CD18 showing total peak area (Figure 6A), and % main peak (Figure 6B) for all formulations,
assayed by SEC. No significant change in total peak area was noted. F1 and F5 maintained the
lowest % main peak.

Figure 7 is an Arrhenius plot of the % main peak area from SEC of rhuMAb CD18 formulated
in acetate with trehalose at pH S (F2). Activation Energy = 19 + 6kcal/mole.

' Figure 8 shows the effect of storage for 5 weeks at 40°C on different rhuMAb CD18
formulations, assayed by hydrophobic interaction chromatography (HIC). The early eluting peaks at
17.5 min and the shouider at the leading edge of the main peak increased compared to controls at
-70°C. F2 showed the least increase in both components (see Figure 9).

Figure 9 shows the effect of storage for 5 weeks at different temperatures on formulation F2,
assayed by HIC. A pre-main peak became apparent compared to -70°C control.

Figure 10 depicts the effect of storage temperature on the stability of rhuMAb CD18 (5 week
data) assayed by HIC showing total peak area recovered. A trend towards loss in area was noted in
all formulations with increasing storage temperatures, except for F5 which started lower to begin with.

Figure 11 shows the effect of storage for § weeks at different temperatures on formulation F2,
assayed by reverse phase-hydrophobic liquid chromatography (RP-HPLC). A small partially resolved
pre-main peak component (see arrow) increased at higher temperatures, while its slightly earlier
eluting neighbor remained unchanged.

Figure 12 shows the effect of storage for 5 weeks on the stability of rhuMAb CD18 assayed
by RP-HPLC showing percentage of the main peak. F2 and F3 showed the highest % main peak after
5 weeks at 40°C.
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Figure 13 is an Arrhenius plot based on the RP-HPLC % main peak for formulation F2.
Activation energy (~20 kcal/mole) was only approximated from these data due to the very smaill k for
5°C, it appears similar to that obtained with the SEC and ion-exchange HPLC (IEX) assays.

Figures 14A and 14B show the effect of storage temperature on the stability of rhuMAb CD18,
assayed by IEX, on formulation F2 at pH 5 (Figure 14A) and F5 at pH 6 (Figure 148). Two pre-main
peaks increased with increasing time and temperature, more pronounced at pH 6. A hump from 22
to 28 minutes is an artifact due to an impurity washing off the column.

‘Figure 15 is an Arrhenius plot of the % main peak area from IEX of huMAb CD18 formulated
in acetate with trehalose at pH 5 (F2). Activation Energy = 20t 10 kcal/mole.

Figure 16 shows the three dimensional structure of rhuMAb CD18, including positions of
methionine residues. Met 65 and Met 83 are exposed, whereas others are buried in the structure and
are expected to be less labile to oxidation.

Figure 17 shows fluorescence spectroscopy of rhuMAb CD18 formulations. The emission
spectra of various formulations were obtained on an SLM8000 fluorimeter, using 280nm excitation
wavelength. 500 pl. samples were placed in quartz cuvettes and spectra were obtained with a 2nm
bandwidth at 22°C. Samples were prepared at the different pHs by dilution of a concentrated stock

to 0.1 mg/mL protein and analyses were made after 24 hr at 25°C. The antibody is conformationally
stable above pH 3.

Figures 18A and 18B depict the effect of pH and protein concentration on the stability of
rhuMADb CD18. Formulations in the pH range of 3 to 6 and concentration range of 0.5 to 25 mg/mL
were placed on stability at 40°C and -70°C for 2 months. Analyses were made by IEX (Figure 18A)
and SEC (Figure 18B). pH 5 was found to be the preferred pH, irrespective of protein concentration.

Figures 19A, 19B and 19C depict the kinetics of degradation of rhuMAb CD18 by SEC (Figure
19A), |IEX (Figure 19B) and MAC-1 binding (Figure 19C) at various temperatures. Duplicate samples
in 10mM Na acetate, 8% trehalose, 0.01% TWEEN 20™, pH 5 were prepared in 3 cc glass vials and
piaced on stability at the indicated temperatures. In Figure 19C, specific activity was the ratio of MAC-
1 binding to total F(ab'), ELISA. Samples are stable at 5°C and 15°C up to 43 weeks and at 30°C up
to 1 month. Analyses were made at the time points indicated. -

Figure 20 depicts the structure of plasmid pS1130 used to produce rhuMAb CD18 of the

exampie below.

Figures 21A and 218 depict the full nucleotide sequence (SEQ ID NO:9) and encoded amino
acid sequences (SEQ ID No's:10 and 11, respectively) of the pS1130 expression cassette.

Figure 22 shows derivation of the 49A5 production cell line.

Figure 23 is a schematic of the fermentation process for rhuMAb CD18.

Figures 24A and 24B depict the effect of pH on the rate of aggregation (Figure 24A) and
oxidation (Figure 24B) of 40 mg/mL rnuMAb CD20, 25 mM histidine, 0.02% polysorbate formulations
at pH 5, 6.5 or 7.5 stored at 40°C.

Figure 25 depicts the effect of excess molar ratios of trehalose on the freeze-thaw induced
aggregation of rhuMAb CD20 multidose formulations. Each formulation is composed of 40 mg/mL
rhuMADb CD20, 20 mM acetate, 0 to 1000:1 molar ratio of trehalose, 0.9% benzyi alcohol and 0.02%
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polysorbate 20, pH 5.0 The amount of trehalose in formulations 1-4 was follows: 1 = 0 moles
trehalose: 1 mole of rhuMAb CD20 (0 mM trehalose); 2 = 250 moles trehalose: 1 mole rhuMAb CD20
(67 mM trehalose); 3 = 500 moles trehalose: 1 mole rhuMAb CD20 (134 mM trehalose); and 4 = 1000
moles trehalose: 1 mole rhuMAb CD20 (267 mM trehalose).

Figure 26 shows the effect of excess molar ratios of trehaiose or sodium chioride on the clarity
of rhuMADb CD20 muitidose formulations stored at 40°C for up to four weeks. The composition of the
formulations is 40 mg/mL rhuMAb CD20, 20 mM acetate, 0 to 1000:1 molar ratio of trehalose or
sodium chioride, 0.9% benzyl alcohol and 0.02% polysorbate 20 at pH 5.0. The clarity of the 500:1 and
1000:1 molar ratio of sodium chloride to rhuMAb CD20 formulations was not measured after four
weeks at 40°C due to the physical appearance of these formulations. The 500:1 ratio formulation was
very opalescent while the 1000:1 ratio formulation had separated into two phases composed of a thin
opaque gel layer covered with an opalescent fluid. The O.D. of the 1000:1 molar ratio of sodium
chloride to rhuMADb CD20 formulation was 2.72 after two weeks storage at 40°C.

Figure 27 depicts the effect of excess molar ratios of trehalose on the stability of rhuMADb
CD20 multidose formulations stored at 40°C as analyzed by SEC HPLC. The composition of the
formulations is 40 mg/mL rhuMAb CD20, 20 mM acetate, 0-267 mM trehalose, 0.9% benzyl aicohol
and 0.02% polysorbate 20 at pH 5.0. The amount of trehalose in formulations 1-4 was as foliows: 1
= 0 moles trehalose: 1 mole of rhuMAb CD20 (0 mM trehalose); 2 = 250 moles trehalose: 1 mole
rhuMAb CD20 (67 mM trehalose); 3 = 500 moles trehalose: 1 mole rhuMAb CD20 (134 mM trehalose);
and 4 = 1000 moles trehalose: 1 moie rhuMAb CD20 (267 mM trehalose). The percent monomer at
each timepoint was normalized to the percent monomer at T=0.

Figure 28 shows the stability profile of the prototype liquid rhuMAb CD20 multidose formulation
stored at 2-8°C for up to two years as measured by SEC HPLC. The formulation was composed of
40 mg/mL rhuMAb CD20, 150 mM trehalose, 0.9% benzyl aicohol and 0.02% polysorbate 20 at pH 5.0.
The percent monomer at each timepoint was normalized to the percent monomer at T=0. The
bioactivity of the formulation stored at 2-8°C for two years was 99.2% relative to the reference control
as measured by the CDC assay.

Detailed Description of the Preferred Embodiments
I Definitions
The term "pharmaceutical formuiation” refers to preparations which are in such form as to
permit the biological activity of the active ingredients to be unequivocally effective, and which contain
no additional components which are toxic to the subjects to which the formulation would be

administered.

"Pharmaceutically acceptable” excipients (vehicles, additives) are those which can reasonably
be administered to a subject mammal to provide an effective dose of the active ingredient employed.

A "stable” formulation is one in which the protein therein essentially retains its physical stability
and/or chemical stability and/or bioiogical 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, New York, Pubs. (1991) and
Jones, A. Adv. Drug Delivery Rev. 10: 29-90 (1993), for example. Stability can be measured at a
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selected temperature for a selected time period. Preferably, the formulation is stable at room
temperature (~30°C) or at 40 C for at least 1 month and/or stable at about 2-8 C for at least 1 year

and preferably for at least 2 years. Furthermore, the formulation is preferably stable following freezing
(to, e.g., -70°C) and thawing of the formuiation.

A protein "retains its physical stability" in a pharmaceutical formulation if it shows no signs of
aggregation, precipitation and/or denaturation upon visual examination of color and/or clarity, or as
measured by UV light scattering or by size exclusion chromatography.

A protein "retains its chemical stability” in a pharmaceutical formulation, if the chemical stability
at a given time is such that the protein is considered to still retain its biological activity as defined
below. Chemical stability can be assessed by detecting and quantifying chemically aitered forms of
the protein. Chemical alteration may involve size modification (e.g. clipping) which can be evaluated
using size exclusion chromatography, SDS-PAGE and/or matrix-assisted laser desorption
ionization/time-of-flight mass spectrometry (MALDI/TOF MS), for example. Other types of chemical
alteration include charge alteration {(e.g. occurring as a result of deamidation) which can be evaluated
by ion-exchange chromatography, for exampie.

An antibody "retains its biological activity" in a pharmaceutical formulation, if the biological
activity of the antibody at a given time is within about 10% (within the errors of the assay) of the
biological activity exhibited at the time the pharmaceutical formulation was prepared as determined in
an antigen binding assay, for example. Other “biological activity” assays for antibodies are elaborated
hereinbelow.

By "isotonic" is meant that the formulation of interest has essentially the same osmotic
pressure as human blood. Isotonic formulations will generally have an osmotic pressure from about
250 to 350mOsm. Isotonicity can be measured using a vapor pressure or ice-freezing type osmometer,
for example.

A “polyol” is a substance with multiple hydroxyl groups, and includes sugars (reducing and
nonreducing sugars), sugar alcohols and sugar acids. Preferred polyols herein have a molecular
weight which s less than about 600kD (e.g. in the range from about 120 to about 400 kD). A “reducing
sugar” is one which contains a hemiacetal group that can reduce metal ions or react covalently with
lysine and other amino groups in proteins and a “nonreducing sugar” is one which does not have these
properties of a reducing sugar. Examples of reducing sugars are fructose, mannose, malitose, lactose,
arabinose, xylose, ribose, rhamnose, galactose and glucose. Nonreducing sugars include sucrose,
trehalose, sorbose, melezitose and raffinose. Mannitol, xylitol, erythritol, threitol, sorbitol and glycerol
are examples of sugar aicohols. As to sugar acids, these include L-gluconate and metallic saits
thereof. Where it desired that the formulation is freeze-thaw stable, the polyol is preferably one which
does not crystallize at freezing temperatures (e.g. -20°C) such that it destabilizes the antibody in the
formulation. Nonreducing sugars such as sucrose and trehalose are the preferred polyols herein, with
trehalose being preferred over sucrose, because of the superior solution stability of trehalose.

As used herein, "buffer” refers to a buffered solution that resists changes in pH by the action
of its acid-base conjugate components. The buffer of this invention has a pH in the range from about
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4.5 to about 6.0; preferably from about 4.8 to about 5.5; and most preferably has a pH of about 5.0.
Exampies of buffers that will control the pH in this range include acetate (e.g. sodium acetate),
succinate (such as sodium succinate), gluconate, histidine, citrate and other organic acid buffers.
Where a freeze-thaw stable formulation is desired, the buffer is preferably not phosphate.

in a pharmacological sense, in the context of the present invention, a "therapeutically effective

amount® of an antibody refers to an amount effective in the prevention or treatment of a disorder for
the treatment of which the antibody is effective. A "disorder” is any condition that would benefit from

treatment with the antibody. This includes chronic and acute disorders or diseases including those
pathological conditions which predispose the mammal to the disorder in question.

A "preservative” is a compound which can be included in the formulation to essentially reduce
bacterial action therein, thus facilitating the production of a muiti-use formulation, for example.
Examples of potential preservatives include octadecyidimethylbenzyl ammonium chloride,
hexamethonium chioride, benzalkonium chioride (a mixture of alkylbenzyldimethylammonium chlorides
in which the alkyl groups are long-chain compounds), and benzethonium chioride. Other types of
preservatives include aromatic alcohols such as phenol, butyl and benzy! alcohol, alkyi parabens such
as methy! or propyl paraben, catechol, resorcinol, cyclohexanol, 3-pentanol, and m-cresol. The most

preferred preservative herein is benzyl alcohol.
As used herein, the term "inflammatory disorders" refers to pathological states resuiting in

inflammation, e.g. caused by influx of leukocytes and/or neutrophil chemotaxis. Inflammation may
result from infection with pathogenic organisms and viruses and noninfectious means such as trauma
or reperfusion following myocardial infarction or stroke, immune response to foreign antigen and
autoimmune responses. Examples of inflammatory disorders include inflammatory skin diseases such
as psonasis and dermatitis, responses associated with inflammatory bowel disease (such as Crohn's
disease and ulcerative colitis), ischemic reperfusion; adult respiratory distress syndrome; meningitis;
encephalitis; uveitis; autoimmune diseases such as rheumatoid arthritis, Sjorgen’s syndrome,
vasculitis; diseases involving leukocyte diapedesis; central nervous system (CNS) inflammatory
disorder, multiple organ injury syndrome secondary to septicaemia or trauma; alcoholic hepatitis;
bacterial pneumonia; antigen-antibody complex mediated diseases; hypovolemic shock;
glomerulonephritis; multiple sclerosis; Type | diabetes melitis; acute and delayed hypersensitivity; graft
vs. host disease; transplant rejection; reperfusion injury; endotoxic shock; disease states due to
leukocyte dyscrasia and metastasis; asthma, puimonary oxygen toxicity; inflammation of the lung,
including pleurisy, alveolitis, vasculitis, pneumonia, chronic bronchitis, bronchiectasis, and cystic
fibrosis; etc.

The term "antibody” is used in the broadest sense and specifically covers monoclonal
antibodies (including full length monoclonal antibodies), polyclonal antibodies, multispecific antibodies
(e.g., bispecific antibodies), and antibody fragments so long as they exhibit the desired biological
activity.

"Antibody fragments” comprise a portion of a full length antibody, generally the antigen binding
or variable region thereof. Examples of antibody fragments include Fab, Fab', F(ab')y, and Fv
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fragments; diabodies; linear antibodies; single-chain antibody molecules; and muitispecific antibodies

formed from antibody fragments.
The term "monocional antibody” as used herein refers to an antibody obtained from a

population of substantially 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. Monoclonal antibodies are highly specific, being directed against a single antigenic site.
Furthermore, in contrast to conventional (polyclonal) antibody preparations which typically include
different antibodies directed against different determinants (epitopes), each monocional antibody is
directed against a single determinant on the antigen. The modifier "monoclonal” indicates the character
of the antibody as being obtained from a substantially homogeneous population of antibodies, and is
not to be construed as requiring production of the antibody by any particular method. For example,
the monoclonal antibodies to be used in accordance with the present invention may be made by the
hybridoma method first described by Kohler et al., Nature 256:495 (1975), or may be made by
recombinant DNA methods (see, a.g., U.S. Patent No. 4,816,567). The "monocional antibodies" may
also be isolated from phage antibody libraries using the techniques described in Clackson et a/., Nature
352:624-628 (1991) and Marks et al., J. Mol. Biol. 222:581-597 (1991), for example.

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunogiobulins)
in which a portion of the heavy and/or light chain is identical with or homologous to corresponding
sequences in antibodies derived from a particular species or belonging to a particular antibody class
or subclass, while the remainder of the chain(s) is identical with or homologous to corresponding
sequences In antibodies derived from another species or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological activity
(U.S. Patent No. 4,816,567; and Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

The term "hypervariable region” when used herein refers to the amino acid residues of an
antibody which are responsibie for antigen-binding. The hypervariable region comprises amino acid
residues from a “complementarity determining region” or “CDR" (i.e. residues 24-34 (L1), 50-56 (L2)
and 89-97 (1.3) in the light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the
heavy chain variable domain; Kabat et al,, Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. (1991)) and/or those residues from
a “hypervariable loop® (i.e. residues 26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain variable
domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and
Lesk J. Mol. Biol. 186:901-917 (1987)). "Framework" or "FR" residues are those variable domain
residues other than the hypervariable region residues as herein defined. The CDR and FR residues
of the H52 antibody of the example below are identified in Eigenbrot et al. Proteins: Structure, Function
and Genetics 18:49-62 (1994). |

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies which
contain minimal sequence derived from non-human immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient antibody) in which residues from a hypervariable
region of the recipient are replaced by residues from a hypervariable region of a non-human species
(donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity, affinity,
and capacity. In some instances, FR residues of the human immunoglobulin are replaced by
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corresponding non-human residues. Furthermore, humanized antibodies may comprise residues
which are not found in the recipient antibody or in the donor antibody. These modifications are made
to further refine antibody performance. In general, the humanized antibody will comprise substantially
ali of at least one, and typically two, variable domains, in which all or substantially all of the
hypervariable regions correspond to those of a non-human immunoglobulin and all or substantially all
of the FR regions are those of a human immunoglobulin sequence. The humanized antibody optionally
also will comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a -
human immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986); Riechmann
et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

"Single-chain Fv" or "sFv" antibody fragments comprise the Vi and V; domains of antibody,
wherein these domains are present in a single polypeptide chain. Generally, the Fv polypeptide further
comprises a polypeptide linker between the Vi and V| domains which enables the sFv to form the
desired structure for antigen binding. For a review of sFv see Pluckthun in The Pharmacology of
Monocional Antibodies, vol. 113, Rosenburg and Moore eds. Springer-Verlag, New York, pp. 269-315
(1994).

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which
fragments comprise a heavy chain variable domain (Vi) connected to a light chain variable domain
(VL) in the same polypeptide chain (Y; -V ). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are forced to pair with the complementary
domains of another chain and create two antigen-binding sites. Diabodies are described more fully
in, for example, EP 404,097; WO 83/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA 90:6444-
6448 (1993).

The expression “linear antibodies” when used throughout this application refers to the
antibodies described in Zapata et al. Protein Eng. 8(10):1057-1062 (1995). Briefly, these antibodies
comprise a pair of tandem Fd segments (V,-Cy, 1-Vi4-Cl 1) which form a pair of antigen binding
regions. Linear antibodies can be bispecific or monospecific.

The antibody which is formulated is preferably essentially pure and desirably essentially
homogeneous (i.e. free from contaminating proteins etc). "Essentially pure" antibody means a
composition comprising at least about 90% by weight of the antibody, based on total weight of the
composition, preferably at least about 95% by weight. "Essentially homogeneous" antibody means a
composition comprising at least about 89% by weight of antibody, based on total weight of the
composition.

“Treatment” refers to both therapeutic treatment and prophylactic or preventative measures.
Those in need of treatment include those already with the disorder as well as those in which the
disorder is to be prevented.

"“"Mammal" for purposes of treatment refers to any animal classified as a mammal, including
humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats,
cows, efc. Preferably, the mammal is human. \
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I Modes for Carrying out the invention

The invention herein relates to a stable aqueous formulation comprising an antibody. The
antibody in the formulation is prepared using techniques available in the art for generating antibodies,
exemplary methods of which are described in more detail in the following sections.

5 The antibody is directed against an antigen of interest. Preferably, the antigen is a biologically
important polypeptide and administration of the antibody to a mammal suffering from a disorder can
result in a therapeutic benefit in that mammal. However, antibodies directed against nonpolypeptide
antigens (such as tumor-associated glycolipid antigens; see US Patent 5,091,178) are also
contemplated. |

10 Where the antigen is a polypeptide, it may be a transmembrane molecule (e.g. receptor) or
ligand such as a growth factor, Exemplary antigens include molecules such as renin; a growth
hormone, including human growth hormone and bovine growth hormone; growth hormone releasing
factor, parathyroid hormone; thyroid stimulating hormone; lipoproteins; alpha-1-antitrypsin; insuiin A-
chain; insulin B-chain; proinsulin; follicle stimulating hormone; calcitonin; luteinizing hormone;

15 glucagon; clotting factors such as factor VIIIC, factor IX, tissue factor, and von Willebrands factor; anti-
clotting factors such as Protein C; atrial natriuretic factor; lung surfactant; a plasminogen activator,
such as urokinase or human urine or tissue-type plasminogen activator (t-PA); bombesin; thrombin;
hemopoietic growth factor, tumor necrosis factor-alpha and -beta; enkephalinase; RANTES (regulated
on activation normally T-cell expressed and secreted); human macrophage inflammatory protein (MiP-

20 1-alpha); a serum albumin such as human serum albumin; Muellerian-inhibiting substance; relaxin A-
chain; relaxin B-chain; prorelaxin; mouse gonadotropin-associated peptide; a microbial protein, such
as beta-lactamase; DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as CTLA4;
inhibin; activin; vascular endothelial growth factor (VEGF); receptors for hormones or growth factors;
protein A or D, rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor

25 (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT4, NT-5, or NT-6), or a nerve growth factor such as
NGF-B; platelet-derived growth factor (PDGF); fibroblast growth factor such as aFGF and bFGF;
epidermal growth factor (EGF); transforming growth factor (TGF) such as TGF-alpha and TGF-beta,
including TGF-B1, TGF-B2, TGF-B3, TGF-34, or TGF-85; insulin-like growth factor-l and -l (IGF-l and
IGF-il); des(1-3)-IGF-I| (brain IGF-I), insulin-like growth factor binding proteins; CD proteins such as

30 CD3, CD4, CD8, CD19 and CD20; erythropoietin; osteoinductive factors; immunotoxins; a bone
morphogenetic protein (BMP); an interferon such as interferon-alpha, -beta, and -gamma; colony
stimulating factors (CSFs), e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10;
superoxide dismutase; T-cell receptors; surface membrane proteins; decay accelerating factor; viral
antigen such as, for example, a portion of the AIDS envelope; transport proteins; homing receptors;

35 addressins, regulatory proteins; integrins such as CD11a, CD11b, CD11¢, CD18, an ICAM, VLA and
VCAM; a tumor associated antigen such as HER2, HER3 or HER4 receptor; and fragments of any of
the above-listed polypeptides.

Preferred molecular targets for antibodies encompassed by the present invention include CD
proteins such as CD3, CD4, CD8, CD19, CD20 and CD34; members of the ErbB receptor family such

40 as the EGF receptor, HER2, HER3 or HER4 receptor; cell adhesion molecules such as LFA-1, Maci,
p150,85, VLA4, ICAM-1, VCAM and av/B3 integrin including either a or B subunits thereof (e.g. anti-
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CD11a, anti-CD18 or anti-CD11b antibodies); growth factors such as VEGF; an interieukin such as
IL8; IgE; blood group antigens; flk2/fit3 receptor; obesity (OB) receptor; mp/ receptor, CTLA~4, protein

C etc.
The preferred antibody herein is one which binds to human CD18 and preferably blocks

(partially or compietely) the ability of a cell (e.g. a neutrophil) expressing the CD18 subunit at its cell
surface to bind to endothelium. Examples of anti-CD18 antibodies include MHM23 (Hildreth et al., Eur.
J. Immunol. 13:202-208 (1983)); M18/2 (19G,.,, Sanches-Madrid et al., J. Exp. Med.158:586 (1983)),
H52 (American Type Culture Collection (ATCC) Deposit HB 10160); Mas191c and 10T18 (Vermot
Desroches et al., Scand. J. Immunol. 33:277-286 (1991)); and NA-8 (WO 94/12214). The preferred
antibody is one which binds to the CD18 epitope to which either MHM23 or H52 binds. In certain
embodiments, the antibody may bind to a region in the extracellular domain of CD18 which associates
with CD11b and the antibody may also dissociate & and B chains (e.g. the antibody may dissociate
the CD11b and CD18 complex as is the case for the MHM23 antibody).

Techniques for producing antibodies which can be formulated as disclosed herein will be
elaborated below.

A. Antibody Preparation

(1) Antigen preparation

Soluble antigens or fragments thereof, optionally conjugated to other molecules, can be used

as immunogens for generating antibodies. For transmembrane molecules, such as receptors,
fragments of these (e.g. the extracellular domain of a receptor) can be used as the immunogen.
Alternatively, cells expressing the transmembrane molecule can be used as the immunogen. Such
celis can be derived from a natural source (e.g. cancer cell lines) or may be cells which have been
transformed by recombinant techniques to express the transmembrane molecule. Other antigens and
forms thereof useful for preparing antibodies will be apparent to those in the art.

(ii) Polycional antibodies

Polycional antibodies are preferably raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate
the relevant antigen to a protein that is 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, maleimidobenzoy| sulfosuccinimide ester (conjugation
through cysteine residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic
anhydride, SOCl,, or RIN=C=NR, where R and R are different alkyl groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, e.g., 100 ug or 5 pg of the protein or conjugate (for rabbits or mice, respectively) with 3
volumes of Freund's complete adjuvant and injecting the solution intradermally at muitiple sites. One
month later the animals are boosted with 1/5 to 1/10 the original amount of peptide or conjugate in
Freund's complete adjuvant by subcutaneous injection at multiple sites. Seven to 14 days later the
animals are bied and the serum is assayed for antibody titer. Animals are boosted until the titer
plateaus. Preferably, the animal is boosted with the conjugate of the same antigen, but conjugated
to a different protein and/or through a different cross-linking reagent. Conjugates also can be made

lle
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in recombinant ceill cuiture as protein fusions. Aiso, aggregating agents such as alum are suitably
used to enhance the immune response.
(iif) Monoclonal antibodies

Monoclonal antibodies may be made using the hybridoma method first described by Kohler
et al., Nature, 256:495 (1975), or may be made by recombinant DNA methods (U.S. Patent No.
4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster or
macaque monkey, is immunized as hereinabove described to elicit lymphocytes that produce or are
capable of producing antibodies that will specifically bind to the protein used for immunization.
Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then are fused with myeloma cells
using a suitable fusing agent, such as polyethyiene glycol, to form a hybridoma cell (Goding,
Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that
preferably contains one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine guanine
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will
include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent the
growth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, support stable high-level production
of antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT
medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those derived
from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution Center,
San Diego, California USA, and SP-2 or X63-Ag8-653 cells available from the American Type Culture
Coliection, Rockville, Maryland USA. Human myeloma and mouse-human heteromyeloma cell lines
also have been described for the production of human monoclonat antibodies (Kozbor, J. Immunol.,
133:3001 (1984), Brodeur et al., Monocional Antibody Production Techniques and Applications, pp.
51-63 (Marcel Dekker, Iinc., New York, 1987)).

Culture medium in which hybridoma cells are growing is assayed for production of monocional
antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies
produced by hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay,
such as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity,

- and/or activity, the clones may be subcloned by limiting dilution procedures and grown by standard

methods (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press,
1986)). Suitable culture media for this purpose include, for example, D-MEM or RPMI-1640 medium.
In addition, the hybridoma cells may be grown in vivo as ascites tumors in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the culture
medium, ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for
example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity
chromatography.
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DNA encoding the monocional antibodies is readily isolated and sequenced using conventional
procedures (e.g., by using oligonucieotide probes that are capable of binding specifically to genes
encoding the heavy and light chains of the monoclonal antibodies). The hybridoma cells serve as a
preferred source of such DNA. Once isolated, the DNA may be piaced into expression vectors, which
are then transfected into host cells such as E. coli cells, simian COS celis, Chinese hamster ovary
(CHO) celils, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the
synthesis of monoclonal antibodies in the recombinant host cells. Recombinant production of

antibodies will be described in more detait below.
In a further embodiment, antibodies or antibhody fragments can be isolated from antibody

phage libraries generated using the techniques described in McCafferty et al., Nature, 348.:552-554
(1990). Clackson et al., Nature, 352:624-628 (1991) and Marks et 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 ef 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 et al., Nuc.
Acids. Res., 21.2265-2266 (1993)). Thus, these technigues are viable ailternatives to traditional
monoclional antibody hybridoma techniques for isolation of monocional antibodies.

The DNA also may be modified, for example, by substituting the coding sequence for human
heavy- and light-chain constant domains in place of the homologous murine sequences (U.S. Patent
No. 4,816,567, Morrison, et al., Proc. Natl Acad. Sci, USA, 81:6851 (1984)), or by covalently joining
to the immunoglobulin coding sequence all or part of the coding seduence for a non-immunogiobulin
polypeptide.

Typically such non-immunogiobulin polypeptides are substituted for the constant domains of
an antibody, or they are substituted for the variable domains of one antigen-combining site of an
antibody to create a chimeric bivaient antibody comprising one antigen-combining site having
specificity for an antigen and another antigen-combining site having specificity for a different antigen.

(iv) Humanized and human antibodies

A humanized antibody has one or more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues are often referred to as "import" residues,
which are typically taken from an "import” variable domain. Humanization can be essentially performed
following the method of Winter and co-workers (Jones et a/., Nature, 321.522-525 (1986); Riechmann
et al., Nature, 332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting
rodent CORs or CDR sequences for the corresponding sequences of a human antibody. Accordingly,
such "humanized” antibodies are chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially
less than an intact human variable domain has been substituted by the corresponding sequence from
a non-human species. In practice, humanized antibodies are typically human antibodies in which some
CDR residues and possibly some FR residues are substituted by residues from analogous sites in
rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is very important to reduce antigenicity. According to the so-called "best-fit"
method, the sequence of the variable domain of a rodent antibody is screened against the entire library
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of known human varnable-domain sequences. The human sequence which is closest to that of the
rodent is then accepted as the human framework (FR) for the humanized antibody (Sims ef al., J.
immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987)). Another method uses a
particular framework derived from the consensus sequence of all human antibodies of a particular
subgroup of light or heavy chains. The same framework may be used for several different humanized
antibodies (Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1892); Presta et al., J. Immnol.,

1561:2623 (1993)).
It is further important that antibodies be humanized with retention of high affinity for the antigen

and other favorable biological properties. To achieve this goal, according to a preferred method,
humanized antibodies are prepared by a process of analysis of the parental sequences and various
conceptual humanized products using three-dimensional models of the parental and humanized
sequences. Three-dimensional immunoglobulin models are commonly available and are familiar to
those skilied in the art. Computer programs are available which illustrate and dispiay probable three-
dimensional conformational structures of selected candidate immunogiobulin sequences. inspection
of these displays permits analysis of the likely role of the residues in the functioning of the candidate
immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate
immunoglobulin to bind its antigen. In this way, FR residues can be selected and combined from the
recipient and import sequences so that the desired antibody characteristic, such as increased affinity
for the target antigen(s), is achieved. In general, the CDR residues are directly and most substantially
involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic animals (e.g., mice) that are capable,
upon immunization, of producing a full repertoire of human antibodies in the absence of endogenous
immunoglobulin production. For example, it has been described that the homozygous deletion of the
antibody heavy-chain joining region (Jyy) gene in chimeric and germ-line mutant mice results in
compilete inhibition of endogenous antibody production. Transfer of the human germ-line
immunoglobulin gene array in such germ-line mutant mice will resuit in the production of human
antibodies upon antigen challenge. See, e.g., Jakobovits ef al., Proc. Natl. Acad. Sci. USA, 90:2551
(1993), Jakobovits et al., Nature, 362:255-258 (1993); Bruggermann et al., Year in Immuno., 7:33
(1993), and Duchosal et al. Nature 355:258 (1992). Human antibodies can also be derived from
phage-display libraries (Hoogenboom et al,, J. Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol.,
222:581-597 (1991); Vaughan et al. Nature Biotech 14:309 (1996)).

(v) Antibody fragments

Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.,
Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992) and Brennan et
al., Science, 229:81 (1985)). However, these fragments can now be produced directly by recombinant
host cells. For example, the antibody fragments can be isolated from the antibody phage libraries
discussed above. Alternatively, Fab'-SH fragments can be directly recovered from £. coli and
chemically coupled to form F(ab'), fragments (Carter of al., Bio/Technology 10:163-167 (1992)). In
another embodiment as described in the example below, the F(ab')2 is formed using the leucine Zipper
GCN4 to promote assembly of the F(ab’), molecule. According to another approach, F(ab) 9
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fragments can be isolated directly from recombinant host cell culture. Other techniques for the
production of antibody fragments will be apparent to the skilled practitioner. In other embodiments,
the antibody of choice is a single chain Fv fragment (scFv). See WO 93/16185.

(vi) Multispecific antibodies

Multispecific antibodies have binding specificities for at least two different epitopes, where the
epitopes are usually from different antigens. While such molecules normailly will only bind two different
epitopes (i.e. bispecific antibodies, BsAbs), antibodies with additional specificities such as trispecific
antibodies are encompassed by this expression when used herein. Examples of BsAbs include those
with one arm directed against a tumor cell antigen and the other arm directed against a cytotoxic
trigger molecule such as anti-FcyRl/anti-CD15, anti-p185HERZ/FeyRIIl (CD16), anti-CD3/anti-
malignant B-cell (1D10), anti-CD3/anti-p1 BSHERZ, anti-CD3/anti-p97, anti-CD3/anti-renal cell
carcinoma, anti-CD3/anti-OVCAR-3, anti-CD3/L-D1 (anti-colon carcinoma), anti-CD3/anti-melanocyte
stimulating hormone analog, anti-EGF receptor/anti-CD3, anti-CD3/anti-CAMA1, anti-CD3/anti-CD19,
anti-CD3/MoV18, anti-neural cell ahesion molecule (NCAM)/anti-CD3, anti-folate binding protein
(FBP)/anti-CD3, anti-pan carcinoma associated antigen (AMOC-31)/anti-CD3; BsAbs with one arm
which binds specifically to a tumor antigen and one arm which binds to a toxin such as anti-
saporin/anti-id-1, anti-CD22/anti-saporin, anti-CD7/anti-saporin, anti-CD38/anti-saporin, anti-CEA/anti-
ricin A chain, anti-interferon-a(iFN-a)/anti-hybridoma idiotype, anti-CEA/anti-vinca alkaloid; BsAbs for
converting enzyme activated prodrugs such as anti-CD30/anti-alkaline phosphatase (which catalyzes
conversion of mitomycin phosphate prodrug to mitomycin alcohol); BsAbs which can be used as
fibrinolytic agents such as anti-fibrin/anti-tissue plasminogen activator (tPA), anti-fibrin/anti-urokinase-
type plasminogen activator (UPA); BsAbs for targeting immune complexes to cell surface receptors
such as anti-low density lipoprotein (LDL)/anti-Fc¢ receptor (e.g. FcyRI, FcyRIl or FeyRIIl); BsAbs for
use in therapy of infectious diseases such as anti-CD3/anti-herpes simplex virus (HSV), anti-T-cell
receptor:CD3 complex/anti-influenza, anti-FcyR/anti-HIV; BsAbs for tumor detection in vitro or in vivo
such as anti-CEA/anti-EOTUBE, anti-CEA/anti-DPTA, anti-p1 85HER21anti-hapten; BsAbs as vaccine
adju{fants; and BsAbs as diagnostic tools such as anti-rabbit igG/anti-ferritin, anti-horse radish
peroxidase (HRP)/anti-hormone, anti-somatostatin/anti-substance P, anti-HRP/anti-FITC, anti-
CEA/anti-B-galactosidase. Examples of trispecific antibodies include anti-CD3/anti-CD4/anti-CD37,
anti-CD3/anti-CDS&/anti-CD37 and anti-CD3/anti-CD8/anti-CD37. Bispecific antibodies can be prepared
as full length antibodies or antibody fragments (e.g. F(ab‘)z bispecific antibodies).

Methods for making bispecific antibodies are known in the art. Traditional production of full
length bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light
chain pairs, where the two chains have different specificities (Millstein et al., Nature, 305:537-539
(1983)). Because of the random assortment of immunoglobulin heavy and light chains, these
hybridomas (quadromas) produce a potential mixture of 10 different antibody molecules, of which only
one has the correct bispecific structure. Purification of the correct molecule, which is usually done by
affinity chromatography steps, is rather cumbersome, and the product yields are low. Similar
procedures are disclosed in WO 93/08829, and in Traunecker et al., EMBO J., 10:3655-3659 (1991).

According to a different approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunogiobulin constant domain
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sequences. The fusion preferably is with an immunoglobulin heavy chain constant domain, comprising
at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant
region (CH1) containing the site necessary for light chain binding, present in at ieast one of the fusions.
DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the immunoglobulin light
chain, are inserted into separate expression vectors, and are co-transfaected into a suitabie host
organism. This provides for great flexibility in adjusting the mutual proportions of the three polypeptide
fragments in embodiments when unequal ratios of the three polypeptide chains used in the
construction provide the optimum yields. It is, however, possible to insert the coding sequences for
two or all three polypeptide chains in one expression vector when the expression of at least two
polypeptide chains in equal ratios results in high yields or when the ratios are of no particular
significance.

In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid
immunogiobuiin heavy chain with a first binding specificity in one arm, and a hybrid immunogiobulin
heavy chain-light chain pair (providing a second binding specificity) in the other arm. It was found that
this asymmetric structure facilitates the separation of the desired bispecific compound from unwanted
immunoglobulin chain combinations, as the presence of an immunoglobulin light chain in only one half
of the bispecific molecuie provides for a facile way of separation. This approach is disclosed in WO
94/04690. For further details of generating bispecific antibodies see, for example, Suresh et al,,
Methods in Enzymology, 121:210 (1986).

According to another approach described in WQ96/27011, the interface between a pair of
antibody molecules can be engineered to maximize the percentage of heterodimers which are
recovered from recombinant cell culture. The preferred interface comprises at least a part of the Cy3
domain of an antibody constant domain. In this method, one or more small amino acid side chains
from the interface of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or
tryptophan). Compensatory "cavities” of identical or similar size to the large side chain(s) are created
on the interface of the second antibody molecule by replacing iarge amino acid side chains with smaller
ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the heterodimer
over other unwanted end-products such as homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antibodies. For example, one
of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies
have, for example, been proposed to target immune system cells to unwanted cells (US Patent No.
4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03088).
Heteroconjugate antibodies may be made using any convenient cross-linking methods. Suitable cross-
linking agents are well known in the art, and are disciosed in US Patent No. 4,676,980, along with a
number of cross-linking techniques.

Techniques for generating bispecific antibodies from antibody fragments have also been
described in the literature. For example, bispecific antibodies can be prepared using chemical linkage.
Brennan et al,, Science, 229: 81 (1985) describe a procedure wherein intact antibodies are
proteolytically cleaved to generate F(ab’), fragments. These fragments are reduced in the presence
of the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular
disulfide formation. The Fab' fragments generated are then converted to thionitrobenzoate (TNB)
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disulfide formation. The Fab' fragments generated are then converted to thionitrobenzoate (TNB)
derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by teduction with
mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-TNB derivative to form
the bispecific antibody. The bispecific antibodies produced can be used as agents for the selective
immobiiization of enzymes.

Recent progress has facilitated the direct recovery of Fab'-SH fragments from E. coli, which
can be chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med., 175: 217-225

(1992) describe the production of a fully humanized bispecific antibody F(ab’)o molecule. Each Fab

fragment was separately secreted from E. coli and subjected to directed chemical coupling in vitro to
form the bispecific antibody.

Various techniques for making and isclating bispecific antibody fragments directly from
recombinant cell culture have aiso been described. For example, bispecific antibodies have been
produced using leucine zippers. Kosteiny et al., J. Immunol., 148(5):1547-1553 (1992). The leucine
zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two different
antibodies by gene fusion. The antibody homadimers were reduced at the hinge region to form
monomers and then re-oxidized to form the antibody heterodimers. This method can also be utilized
for the production of antibody homodimers. The "diabody" technology described by Hollinger et al.,
Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993) has provided an alternative mechanism for making
bispecific antibody fragments. The fragments comprise a heavy-chain variable domain (Vy)
connected to a light-chain variable domain (V) by a linker which is too short to aliow pairing between
the two domains on the same chain. Accordingly, the V and V; domains of one fragment are forced
to pair with the complementary V, and V)4 domains of another fragment, thereby forming two antigen-
binding sites. Another strategy for making bispecific antibody fragments by the use of singie-chain Fv
(sFv) dimers has aiso been reported. See Gruber et al., J. Immunol., 152:5368 (1994).

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies
can be prepared. Tutt et al. J. Immunol. 147: 60 (1991),

{vii) Effector function engineering

It may be desirable to modify the antibody of the invention with respect to effector function, so
as to enhance the effectiveness of the antibody. For example cysteine residue(s) may be introduced
in the Fc region, thereby allowing interchain disulfide bond formation in this region. The homodimeric
antibody thus generated may have improved internalization capability and/or increased complement-
mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp
Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol. 148:2918-2922 (1992). Homodimeric
antibodies with enhanced anti-tumor activity may also be prepared using heterobifunctional cross-
linkers as described in Wolff et al. Cancer Research 53:2560-2565 (1993). Alternatively, an antibody
can be engineered which has dual Fc regions and may thereby have enhanced complement lysis and
ADCC capabilities. See Stevenson ef al. Anti-Cancer Drug Design 3:219-230 (1989).

(vii)  Antibody-salvage receptor binding epitope fusions.
In certain embodiments of the invention, it may be desirable to use an antibody fragment,
rather than an intact antibody, to increase tumor penetration, for example. In this case, it may be
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desirable to modify the antibody fragment in order to increase its serum half life. This may be

achieved, for example, by incorporation of a salvage receptor binding epitope into the antibody
fragment (e.g. by mutation of the appropriate region in the antibody fragment or by incorporating the
epitope into a peptide tag that is then fused to the antibody fragment at either end or in the middle, e.g.,
by DNA or peptide synthesis).

The salvage receptor binding epitope preferably constitutes a region wherein any one or more
amino acid residues from one or two loops of a Fc domain are transferred to an analogous position
of the antibody fragment. Even more preferably, three or more residues from one or two loops of the
Fc domain are transferred. Still more preferred, the epitope is taken from the CH2 domain of the Fc
region (e.g., of an IgG) and transierred to the CH1, CH3, or V|, region, or more than one such region,
of the antibody. Alternatively, the epitope is taken from the CH2 domain of the Fc region and
transferred to the C, region or V| region, or both, of the antibody fragment.

In one most preferred embodiment, the salvage réceptor binding epitope comprises the
sequence (5' to 3'): PKNSSMISNTP (SEQ ID NO:4), and optionally further comprises a sequence
selected from the group consisting of HQSLGTQ (SEQ ID NO:5), HQNLSDGK (SEQ ID NO:6),
HQNISDGK (SEQ 1D NO:7), or VISSHLGQ (SEQ ID NO:8), particularly where the antibody fragment
is a Fab or F(ab'),. in another most preferred embodiment, the salvage receptor binding epitope is
a polypeptide containing the sequence(s)(5' to 3'). HQNLSDGK (SEQ ID NO:6), HQNISDGK (SEQ ID
NO:7), or VISSHLGQ (SEQ 1D NO:8) and the sequence: PKNSSMISNTP (SEQ ID NO:4).

(ix) Other covalent modifications of the antibody

Covalent modifications of the antibody are included within the scope of this invention. They
may be made by chemical synthesis or by enzymatic or chemical cleavage of the antibody, if
applicable. Other types of covalent modifications of the antibody are introduced into the molecule by
reacting targeted amino acid residues of the antibody with an organic derivatizing agent that is capable
of reacting with selected side chains or the N- or C-terminal residues. Examples of covalent
modifications are described in US Patent 5,5634,615. A
preferred type of covalent modification of the antibody comprises linking the antibody to one of a variety
of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, or polyoxyalkylenes, in
the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 4,.301,144: 4 670,417: 4,791,192 or
4,179,337. | |

(x) Selecting biologically active antibodies

Antibodies produced as described above may be subjected to one or more "biclogical
activity” assays to select an antibody with beneficial properties from a therapeutic perspective.
The antibody may be screened for its ability to bind the antigen against which it was
raised. Inthe case of an anti-CD18 antibody, as shown in the example below, the antigen

binding properties of the antibody can be evaluated in a “MAC-1 capture assay”. Briefly, the assay
involves first coating ELISA plates with an anti-CD 18 antibody that binds to a site of MAC-1 different
from the anti-CD18 antibody of interest to capture a recombinant preparation of soluble MAC-1,
followed by a wash, addition of the sample to be tested, wash, addition of goat HRP-labeled anti-
human F(ab’),, antibody and colorimetric detection of OPD substrate. The total amount of antibody may
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be measured by first coating an ELISA plate with a polyclonal anti-F(ab’), antibody, followed by
addition of the sample, and then HRP-anti-F(ab’), and colorimetric detection of the HRP substrate,
OPD. Specific activity is the ratio of the MAC-1 binding to total F(ab’), ELISA value.

in another embodiment, the affinity of the antibody may be determined by saturation binding;
ELISA; and/or competition assays (e.g. RIA's), for example.

Also, the antibody may be subjected to other biological activity assays, e.g., in order fo
evaluate its effectiveness as a therapeutic. Such assays are known in the art and depend on the target
antigen and intended use for the antibody.

Where the antibody binds CD18, examples of biological activity assays include a slide
adhesion assay, phagocytosis assay, neutrophil binding assay and degranulation assay.

The slide adhesion assay involves preincubating heparinized blood with various concentrations
of anti-CD18 antibody, and then placing aliquots onto chambered glass slides. The slides are
incubated at 37°C to allow cells to adhere, nonadherent celis are gently washed off, the adherent cells
are stained, and the average number of adherent cells per microscope field is determined for 30 fields.

For the phagocytosis assay, heparinized whole biood is obtained and the red blood cells are
lysed. The cells are then incubated with opsonized BODIPY-labeled Staphylococcus aureus particles
for 30 min at 37°C. The cells are then analyzed by FACS, and the fluorescence intensity in the
neutrophil gate is determined as an indication of the extent of phagocytosis.

For determining binding of anti-CD18 antibody to neutrophils, whole blood is incubated with
various concentrations of the anti-CD18 antibody. The cells are then stained with a FITC-conjugated
goat anti-human F(ab'), antibody, the red blood cells are lysed, and the white biood cells are analyzed
by FACS. The fluorescence intensity in the neutrophil gate is proportional to the extent of anti-CD18
antibody binding.

For a degranulation assay, neutrophils are isolatéd from whole blood and preincubated with
anti-CD18 antibody. The celis are then stimulated with opsonized zymosan particles and ailowed to
stand at room temperature. The cellular supernatants are then collected, and degranulation is
assessed either by specific ELISA (for myeloperoxidase or lactoferrin) or by enzyme assay (for
elastase).

For other antibodies, examples of biological activity assays include tumor cell growth inhibition
assays (as described in WO 89/06692, for example); antibody-dependent cellular cytotoxicity (ADCC)
and complement-mediated cytotoxicity (CDC) assays (US Patent 5,500,362); and agonistic activity or

hematopoiesis assays (see WO 95/27062).
To screen for antibodies which bind to a particular epitope on the antigen of interest (e.g.,

those which block binding of the humanized H52 antibody of the example to CD18), a routine cross-
blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, Ed Harlow and David Lane (1988), can be performed. Alternatively, epitope mapping, e.9.
as described in Champe et al., J. Biol. Chem. 270:1388-1394 (1995), can be performed to determine
whether the antibody binds an epitope of interest.

B. Vectors, Host Cells and Recombinant Methods

For recombinant production of the antibody, the nucleic acid encoding it is isolated and |
inserted into a replicable vector for further cloning (ampiification of the DNA) or for expression. DNA
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encoding the monoclonal antibody is readily isolated and sequenced using conventional procedures
(6.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the
heavy and light chains of the antibody). Many vectors are available. The vector components generaily
include, but are not limited to, one or more of the following: a signal sequence, an origin of replication,
one or more marker genes, an enhancer element, a promoter, and a transcription termination

sequence (e.g. as described in US Patent 5,534,615 ).
Suitable host cells for cloning or expressing the DNA in the vectors herein are the prokaryote,

yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose include
eubacteria, such as Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae
such as Escherichia, e.qg., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g.,
Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilll such as
B. subtilis and B. licheniformis (e.g., B. licheniformis 41P disclosed in DD 266,710 published 12 April
1889), Pseudomonas such as P. aeruginosa, and Streptomyces. One preferred £. coli cloning host
is E. coli 294 (ATCC 31,446), although other strains such as E. coli B, E. coli X1776 (ATCC 31,537),
and E. coli W3110 (ATCC 27,325) are suitable. These examples are illustrative rather than limiting.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable
cloning or expression haosts for antibody-encoding vectors. Saccharomyces cerevisiag, or common
baker's yeast, is the most commonly used among lower eukaryotic host microorganisms. However,
a number of other genera, species, and strains are commonly available and useful herein, such as
Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424),
K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum
(ATCC 36,908), K. thermotolerans, and K. marxianus; yarrowia (EP 402,226), Pichia pastoris (EP
183,070); Candida; Trichoderma reesia (EP 244,234); Neurospora crassa; Schwanniomyces such as
Schwanniomyces occidentalis, and filamentous fungi such as, e.g., Neurospora, Penicilium,
Tolypocfadium, and Aspergillus hosts such as A. nidulans and A. niger.

Suitable host cells for the expression of glycosylated antibody are derived from multicellular
organisms. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains
and variants and corresponding permissive insect host cells from hosts such as Spodoptera frugiperda
(caterpiliar), Aedes aegypti (mosquito), Aedes albopictus {mosquito), Drosophila melanogaster
(fruitfly), and Bombyx moni have been identified. A variety of viral strains for transfection are publicly
available, e.g., the L-1 variant of Autographa californica NPV and the Bm-5 strain of Bombyx mori NPV,
and such viruses may be used as the virus herein according to the present invention, particularly for
transfection of Spodoptera frugiperda cells. Plant cell cultures of cotton, corn, potato, soybean,

petunia, tomato, and tobacco can also be utilized as hosts.
However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells

in culture (tissue culiture) has become a routine procedure. Examples of useful mammalian host cell
lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic
kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al,, J. Gen Virol.
36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR
(CHO, Urlaub et al., Proc. Natl. Acad. Sci, USA 77:4216 (1980)); mouse sertoli cells (TM4, Mather,
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Biol. Reprod. 23:243-251 (1980)), monkey kidney cells (CV1 ATCC CCL 70); African green monkey
kidney cells (VERQO-76, ATCC CRL-1587); human cervical carcinoma ceils (HELA, ATCC CCL 2);
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver ceils (BRL 3A, ATCC CRL 1442); human
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT 060562, ATCC CCL51); TRl cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68 (1382)); MRC
5 cells; FS4 cells; and a human hepatoma line (Hep G2).

Host ceils are transformed with the above-described expression or cloning vectors for antibody
production and cultured in conventional nutrient media modified as appropriate for inducing promoters,

selecting transformants, or amplifying the genes encoding the desired sequences.
The host cells used to produce the antibody of this invention may be cultured in a variety of

media. Commercially available media such as Ham's™ F10 (Sigma), Minimal Essential Medium ((M

=M),

(Sigma), RPMI-1640 (Sigma), and Dulbecco’s ™ Modified Eagle’s Medium ((DMEM), Sigma) are suitable

for culturing the host cells. In addition, any of the media described in Ham et al., Meth. Enz. 58:44
(1979), Barnes et al., Anal. Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704, 4,657,866, 4,927,762,
4,560,655, or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as
culture media for the host cells. Any of these media may be supplemented as necessary with
hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth factor), salts
(such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as HEPES),
nucleotides (such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™drug), trace
elements (defined as inorganic compounds usually present at final concentrations in the micromolar
range), and glucose or an equivalent energy source. Any other necessary suppiements may also be
included at appropriate concentrations that would be known to those skilled in the art. The culture
conditions, such as temperature, pH, and the like, are those previously used with the host cell selected
for expression, and will be apparent to the ordinarily skilled artisan.

When using recombinant techniques, the antibody can be produced intracellularly, in the
periplasmic space, or directly secreted into the medium. {if the antibody is produced intracellularly, as
a first step, the particulate debris, either host cells or lysed cells, is removed, for example, by
centrifugation or ultrafiltration. Where the antibody is secreted into the medium, supernatants from
such expression systems are generally first concentrated using a commercially available protein

concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease inhibitor
such as PMSF may be included in any of the foregoing steps to inhibit proteclysis and antibiotics may

be inciuded to prevent the growth of adventitious contaminants.
The antibody composition prepared from the cells can be purified using, for example,

hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with affinity
chromatography being the preferred purification technique. The suitability of protein A as an affinity
ligand depends on the species and isotype of any immunoglobulin Fc domain that is present in the
antibody. Protein A can be used to purify antibodies that are based on human v1, y2, or y4 heavy
chains (Lindmark et al., J. Immunol. Meth. 62:1-13 (1983)). Protein G is recommended for all mouse
Isotypes and for human y3 (Guss ef al,, EMBO J. 5:156671575 (1986)). The matrix to which the affinity
ligand is attached is most often agarose, but other matrices are available. Mechanicaily stable
matrices such as controlled pore glass or poly(styrenedivinyl)benzene allow for faster flow rates and
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shorter processing times than can be achieved with agarose. Where the antibody comprises a Cy3
domain, the Bakerbond ABX™resin (J. T. Baker, Phillipsburg, NJ) is useful for purification. Other
techniques for protein purification such as fractionation on an ion-exchange column, ethanol
precipitation, Reverse Phase HPLC, chromatography on silica, chromatography on heparin
SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a polyaspartic acid
column), chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are aiso availabie
depending on the antibody to be recovered.

C. Preparation of the Formulation

After preparation of the antibody of interest as described above, the pharmaceutical
formulation comprising it is prepared. The antibody to be formulated has not been subjected to prior
lvophilization and the formulation of interest herein is an aqueous formulation. Preferably the antibody
in the formulation is an antibody fragment, such as an F(ab’),, in which case problems that may not
occur for the full length antibody (such as clipping of the antibody to Fab) may need to be addressed.
The therapeutically effective amount of antibody present in the formulation is determined by taking into
account the desired dose volumes and mode(s) of administration, for example. From about 0.1 mg/mL
to about 50 mg/mL, preferably from about 0.5 mg/mL to about 25 mg/mL and most preferably from
about 2 mg/mL to about 10 mg/mL is an exempiary antibody concentration in the formulation.

An aqueous formulation is prepared comprising the antibody in a pH-buffered solution The
buffer of this invention has a pH in the range from about 4.5 to about 6.0, preferably from about 4.8
to about 5.5, and most preferably has a pH of about 5.0. Examples of buffers that wiil control the pH
within this range include acetate (e.g. sodium acetate),  succinate (such as sodium succinate),
gluconate, histidine, citrate and other organic acid buffers. The buffer concentration can be from about
1 mM to about 50 mM, preferably from about 5 mM to about 30 mM, depending, for example, on the
buffer and the desired isotonicity of the formulation. The preferred buffer is sodium acetate (about
10mM), pH 5.0.

An polyol, which acts as a tonicifier and may stabilize the antibody, is included in the
formulation. In preferred embodiments, the formulation does not contain a tonicifying amount of a sait
such as sodium chloride, as this may cause the antibody to precipitate and/or may resuit in oxidation
at low pH. In preferred embodiments, the polyol is a nonreducing sugar, such as sucrose or trehalose.
The polyol is added to the formulation in an amount which may vary with respect to the desired
isotonicity of the formulation. Preferably the aqueous formulation is isotonic, in which case suitable
concentrations of the polyol in the formulation are in the range from about 1% to about 15% w/v,
preferably in the range from about 2% to about 10% wi/v, for example. However, hypertonic or
hypotonic formulations may also be suitable. The amount of polyol added may also alter with respect
to the molecular weight of the polyol. For example, a lower amount of a monosaccharide (e.g.
mannitol) may be added, compared to a disaccharide (such as trehalose).

A surfactant is also added to the antibody formulation. Exemplary surfactants include nonionic
surfactants such as polysorbates (e.g. polysorbates 20, 80 etc) or poloxamers (e.g. poloxamer 188).
The amount of surfactant added is such that it reduces aggregation of the formulated antibody and/or
minimizes the formation of particulates in the formulation and/or reduces adsorption. For example,
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the surfactant may be present in the formulation in an amount from about 0.001% to about 0.5%,
preferably from about 0.005% to about 0.2% and most preferably from about 0.01% to about 0.1%.
in one embodiment, the formulation contains the above-identified agents (i.e. antibody, buffér.
polyol and surfactant) and is essentially free of one or more preservatives, such as benzyl alcohol,
phenot, m-cresol, chiorobutanol and benzethonium CI. in another embodiment, a preservative may
be included in the formulation, particularly where the formulation is a muitidose formulation. The
concentration of preservative may be in the range from about 0.1% to about 2%, most preferably from
about 0.5% to about 1%. One or more other pharmaceutically acceptable carriers, excipients or
stabilizers such as those described in Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980) may be included in the formulation provided that they do not adversely affect the desired
characteristics of the formulation. Acceptable carriers, excipients or stabilizers are nontoxic to
recipients at the dosages and concentrations empioyed and inciude; additional buffering agents; co-
solvents; antioxidants including ascorbic acid and methionine; chelating agents such as EDTA; metal
complexes (e.g. Zn-protein complexes); biodegradable polymers such as polyesters; and/or salt-

forming counterions such as sodium.
The formulation herein may also contain more than one protein as necessary for the particular

indication being treated, preferably those with complementary activities that do not adversely affect the
other protein. For example, where the antibody is anti-CD18, it may be desirable to provide a further
anti-adhesion antibody, such as an anti-lCAM-1 or anti-CD11a antibody along with the anti-CD18
antibody in a single formuilation. Alternatively, the anti-CD 18 antibody may be combined with another
anti-inflammatory agent or a thrombolytic agent. Such proteins are suitably present in combination in
amounts that are effective for the purpose intended.

The formulations to be used for in vivo administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes, prior to, or following, preparation of the

formuliation.
D. Administration of the Formulation

The formulation is administered to a mammal in need of treatment with the antibody, preferably
a human, in accord with known methods, such as intravenous administration as a bolus or by
continuous infusion over a period of time, by intramuscular, intraperitoneal, intracerobrospinal,
subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes. In preferred
embodiments, the formulation is administered to the mammal by intravenous administration. For such
purposes, the formulation may be injected using a syringe or via an IV line, for example.

The appropriate dosage (“therapeutically effective amount”) of the antibody will depend, for
example, on the condition to be treated, the severity and course of the condition, whether the antibody
is administered for preventive or therapeutic purposes, previous therapy, the patient's clinical history
and response to the antibody, the type of antibody used, and the discretion of the attending physician.
The antibody is suitably administered to the patient at one time or over a series of treatments and may
be administered to the patient at any time from diagnosis onwards. The antibody may be administered
as the sole treatment or in conjunction with other drugs or therapies useful in treating the condition in

question.
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As a general proposition, the therapeutically effective amount of the antibody administered wiil
be in the range of about 0.1 to about 50 mg/kg of patient body weight whether by one or more
administrations, with the typical range of antibody used being about 0.3 to about 20 mg/kg, more
preferably about 0.3 to about 15 mg/kg, administered daily, for example. However, other dosage
regimens may be useful. The progress of this therapy is easily monitored by conventional technigues.

In the case of an anti-CD18 antibody, a therapeutically effective amount of the antibody may

be administered to treat inflammatory disorders such as hemorrhagic shack, thermal injury (such as
that resulting from burns), stroke (including ischemic and hemorrhagic stroke), and myocardial
infarction. Where the antibody is an anti-IL8 antibody, the disorder may be an inflammatory disorder

such as aduit respiratory distress syndrome (ARDS), hypovolemic shock, ulcerative colitis, and

rheumatoid arthritis.

E. Articles of Manufacture

in another embodiment of the invention, an article of manufacture is provided comprising a
container which holds the aqueous pharmaceutical formulation of the present invention and optionally
provides instructions for its use. Suitable containers include, for exampile, bottles, vials and syringes.
The container may be formed from a variety of materials such as glass or plastic. An exemplary

~ container is a 3-20cc single use glass vial. Alternatively, for a multidose formulation, the container may

be 3-100cc glass vial. The container holds the formulation and the label on, or associated with, the
container may indicate directions for use. The article of manufacture may further include other
materiais desirable from a commercial and user standpoint, including other buffers, diluents, filters,
needles, syringes, and package inserts with instructions for use.

The invention will be more fully understood by reference to the following examples. They
should not, however, be construed as iimiting the scope of the invention.

EXAMPLE 1
This example describes an aqueous formulation comprising the antibody, recombinant
humanized anti-CD18 antibody (rhuMAb CD18), RhuMAb CD18 having the amino acid sequence
shown in Figure 1A (heavy chain; SEQ ID NO:1) and Figure 1B (light chain; SEQ ID NO:2) was created
by humanization of the murine monocional antibody muMAb H52 (Hildreth et al. J. Immunology

134:3272-3280 (1985)).
The rhuMAb CD18 was produced recombinantly as described below. Plasmid pS1130 w<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>