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METHOD OF TREATING PSORIASIS WITH INCREASED INTERVAL DOSING OF
ANTI-1IL12/23 ANTIBODY

FIELD OF THE INVENTION

The present invention concerns methods for treating an IL-12/23-related disease with an
antibody that binds human IL-12 and/or human IL-23 proteins using specific dosing regimens.
In particular, 1t relates to 1dentification of an increased dosing (or maintenance) interval for
subcutaneously administered anti-1L-12/23p40 antibody and specific pharmaceutical
compositions of an antibody, e.g., ustekinumab, which are safe and effective for administration

to patients with an IL-12/23-related disease.
BACKGROUND OF THE INVENTION

Interleukin (IL)-12 1s a secreted heterodimeric cytokine comprised of 2 disulfide-linked
glycosylated protein subunits, designated p35 and p40 for their approximate molecular weights.
IL-12 1s produced primarily by antigen-presenting cells and drives cell-mediated immunity by
binding to a two-chain receptor complex that 1s expressed on the surface of T cells or natural
killer (NK) cells. The IL-12 receptor beta-1 (IL-12R[31) chain binds to the p40 subunit of 1L-12,
providing the primary interaction between IL-12 and 1ts receptor. However, 1t 1s IL-12p35
ligation of the second receptor chain, IL-12Rp2, that confers intracellular signaling (e.g. STAT4
phosphorylation) and activation of the receptor-bearing cell (Presky et al, 1996). IL-12 signaling

concurrent with antigen presentation 1s thought to invoke T cell differentiation towards the
T helper 1 (Th1) phenotype, characterized by interferon gamma (IFNy) production (Trinchieri,
2003). Thl cells are believed to promote immunity to some intracellular pathogens, generate

complement-fixing antibody 1sotypes, and contribute to tumor immunosurveillance. Thus, I1L-12

1s thought to be a significant component to host defense immune mechanisms.

It was discovered that the p40 protein subunit of IL-12 can also associate with a separate
protein subunit, designated p19, to form a novel cytokine, IL-23 (Oppman et al, 2000). IL-23
also signals through a two-chain receptor complex. Since the p40 subunit 1s shared between
IL-12 and IL-23, 1t follows that the IL-12Rp1 chain 1s also shared between IL-12 and IL-23.
However, 1t 1s the IL-23p19 ligation of the second component of the IL-23 receptor complex,

IL-23R, that confers IL-23 specific intracellular signaling (e.g., STAT3 phosphorylation) and

1
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subsequent IL-17 production by T cells (Parham et al, 2002; Aggarwal et al. 2003). Studies have
demonstrated that the biological functions of IL-23 are distinct from those of IL-12, despite the

structural stmilarity between the two cytokines (Langrish et al, 2005).

Abnormal regulation of IL-12 and Th1 cell populations has been associated with many
immune-mediated diseases since neutralization of IL-12 by antibodies 1s effective in treating
animal models of psoriasis, multiple sclerosis (MS), rheumatoid arthritis, inflammatory bowel
disease, insulin-dependent (type 1) diabetes mellitus, and uveitis (Leonard et al, 1995; Hong et
al, 1999; Malfait et al, 1998; Davidson et al, 1998). However, since these studies targeted the
shared p40 subunit, both IL-12 and IL-23 were neutralized in vivo. Therefore, 1t was unclear
whether IL-12 or IL-23 was mediating disease, or if both cytokines needed to be inhibited to
achieve disease suppression. Additional studies have confirmed through IL-23p19 deficient
mice or specific antibody neutralization of IL-23 that IL-23 inhibition can provide equivalent
benefit as anti-IL-12p40 strategies (Cua et al, 2003, Murphy et al, 2003, Benson et al 2004).

Therefore, there 1s evidence for the roles of IL-12 and IL-23 1n immune-mediated disease

Psoriasis 1s a chronic immune-mediated skin disorder with significant co-morbidities,
such as psornatic arthritis (PsA), depression, cardiovascular disease, hypertension, obesity,
diabetes, metabolic syndrome, and Crohn’s disease. Plaque psoriasis 1s the most common form
of the disease and manifests in well demarcated erythematous lesions topped with white silver
scales. Plaques are pruritic, painful and often disfiguring and a significant proportion of psoriatic
patients have plaques on hands/nails face, feet and genitalia. As such, psoriasis can impose
physical and psychosocial burdens that extend beyond the physical dermatological symptoms
and 1nterfere with everyday activities. For example, psoriasis negatively impacts familial,
spousal, social, and work relationships, and 1s associated with a higher incidence of depression

and increased suicidal tendencies.

Histologic characterization of psoriasis lesions reveals a thickened epidermis resulting
from aberrant keratinocyte proliferation and differentiation as well as dermal infiltration and co-
localization of CD3+ T lymphocytes and dendritic cells. While the etiology of psoriasis 1s not
well defined, gene and protein analysis have shown that IL-12, IL-23 and their downstream
molecules are over-expressed 1n psoriatic lesions, and some may correlate with psoriasis disease

severity. Some therapies used in the treatment of psoriasis modulate IL-12 and IL-23 levels,
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which 1s speculated to contribute to their efficacy. Thl and Th17 cells can produce effector
cytokines that induce the production of vasodilators, chemoattractants and expression of
adhesion molecules on endothelial cells which 1n turn, promote monocyte and neutrophil
recruitment, T cell infiltration, neovascularization and keratinocyte activation and hyperplasia.
Activated keratinocytes can produce chemoattractant factors that promote neutrophil, monocyte,
T cell, and dendritic cell tratficking, thus establishing a cycle of inflammation and keratinocyte

hyperproliferation.

Results of three phase 3 clinical studies of the IL-12/23 antibody ustekinumab 1n the
treatment of moderate-to-severe plaque psoriasis have been published. Ustekinumab
administered by subcutaneous 1njection at weeks O and 4 and then once every 12 weeks exhibited
rapid and sustained clinical response, as assessed by the Psoriasis Area and Severity Index, a
validated efficacy tool for psoriasis. A Phase 3 study comparing ustekinumab with etanercept, a
TNF antagonist, demonstrated that the efficacy of ustekinumab was superior to that of etanercept
over a 12-week period 1n patients with moderate-to-severe psoriasis. In two phase 3 clinical
studies, Phoenix I and Phoenix II, ustekinumab exhibited a half life of approximately 3 weeks.
Immune response rates against ustekinumab ranged from 3 to 5%. In addition, reported adverse
events were relatively mild, with the majority of events including susceptibility to mild
infections such as nasopharyngitis and upper respiratory tract infection. Rates of infection were
not higher 1n ustekinumab-treated patients when compared with placebo-treated patients over 12
weeks of therapy; nor were they increased 1n association with higher, relative to lower,
ustekinumab doses. Also, rates of serious infections, cardiovascular events, 1njection site
reactions, and malignancies were low. Taken together, the clinical observations of ustekinumab
1n psoriasis have supported its first-in-class status and confirmed the fundamental role of IL-12

and/or IL-23 1n psoriasis pathogenesis.

SUMMARY OF THE INVENTION

In a first aspect, the invention concerns a method of treating an I1L-12/23-related disease
1n a patient comprising subcutaneously administering an anti-IL-12 and/or anti-IL-23 antibody,

e.g. an anti-IL-12/23p40 (IL-12/23p40) antibody, to the patient, wherein the anti-IL-12/23p40

antibody 1s administered at an 1nitial dose, a dose 4 weeks thereafter, and at a dosing interval of
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once every 12 weeks and that interval (the maintenance interval) 1s increased 28 weeks after the
initial dose. The increased dosing interval can be a set interval or customized based on when a
patient experiences reappearance of the disease state after withdrawal of or increased interval for
administration of the antibody therapy, e.g., 1n psoriasis a change in PGA and/or PASI scores. In
one embodiment, after 28 weeks the dosing interval 1s increased from once every 12 weeks to

once every 16, 20 or 24 weeks at 45 mg or 90 mg doses.

In an embodiment, the IL.-12/23-related disease 1s selected from the group consisting of
psoriasis, psoriatic arthritis, lupus, diabetes, Crohn’s disease, ulcerative colitis and other
inflammatory bowel diseases, sarcoidosis, ankylosing spondylitis (AS) and axial
spondyloarthritis (nrAxSpA). In a preferred embodiment, the IL-12/23-related disease 1s

psoriasis. In another embodiment, the IL-12/23-related disease 1s psoriatic arthritis.

The invention also concerns a method of treating psoriasis in a patient comprising
subcutaneously administering the anti-1L-12/23p40 antibody ustekinumab (Stelara®) to the
patient, wherein the ustekinumab 1s administered initially, 4 weeks after the 1nitial dose, at a
dosing interval of once every 12 weeks until 28 weeks after an initial dose and then 1s

administered once every 16, 20 or 24 weeks.

In addition, the composition used in the method of the invention comprises a
pharmaceutical composition comprising: an anti-IL-12/23p40 antibody 1n an amount from about
1.0 ug/ml to about 1000 mg/ml, specifically a 45 mg or 90 mg dose. In a preferred embodiment
the ant1-IL-12/23p40 antibody 1s ustekinumab (Stelara®). In another embodiment, the
pharmaceutical composition comprises an 1solated anti-1L-12/IL-23p40 antibody that binds a
peptide chain comprising residues 1-88 of SEQ ID NO: 9; from about 0.27 to about 0.80 mg L-
histidine per ml of the pharmaceutical composition; from about 0.69 to about 2.1 mg L-histidine
monohydrochloride monohydrate per ml of the pharmaceutical composition; from about 0.02 to
about 0.06 mg polysorbate 80 per ml of the pharmaceutical composition; and from about 65 to
about 87 mg of sucrose per ml of the pharmaceutical composition; wherein the diluent 1s water at

standard state.

In another aspect of the invention the pharmaceutical composition comprises an 1solated
ant1-1L-12/IL-23p40 antibody having (1) the heavy chain CDR amino acid sequences of SEQ ID
NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3; and (11) the light chain CDR amino acid sequences of
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SEQ ID NO: 4, SEQ ID NO: 5, and SEQ ID NO: 6; from about 0.27 to about 0.80 mg L-
histidine per ml of the pharmaceutical composition; from about 0.69 to about 2.1 mg L-histidine
monohydrochloride monohydrate per ml of the pharmaceutical composition; from about 0.02 to
about 0.06 mg polysorbate 80 per ml of the pharmaceutical composition; and from about 65 to
about 87 mg of sucrose per ml of the pharmaceutical composition; wherein the diluent 1s water at

standard state.

Another aspect of the method of the invention comprises administering a pharmaceutical
composition comprising an 1solated anti-IL-12/IL-23p40 antibody having the heavy chain
variable region amino acid sequence of SEQ ID NO: 7 and the light chain variable region amino
acid sequence of SEQ ID NO: 8; from about 0.27 to about 0.80 mg L-histidine per ml of the
pharmaceutical composition; from about 0.69 to about 2.1 mg L-histidine monohydrochloride
monohydrate per ml of the pharmaceutical composition; from about 0.02 to about 0.06 mg
polysorbate 80 per ml of the pharmaceutical composition; and from about 65 to about 87 mg of

sucrose per ml of the pharmaceutical composition; wherein the diluent 1s water at standard state.

Another aspect of the method 1s administering a pharmaceutical composition comprising
an 1solated ant1-IL-12/IL-23p40 antibody having (1) the heavy chain CDR amino acid sequences
of SEQ ID NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3; and (11) the light chain CDR amino acid
sequences of SEQ ID NO: 4, SEQ ID NO: 35, and SEQ ID NO: 6; about 0.53 mg L-histidine per
ml of the pharmaceutical composition; about 1.37 mg L-histidine monohydrochloride
monohydrate per ml of the pharmaceutical composition; about 0.04 mg polysorbate 80 per ml of
the pharmaceutical composition; and about 76 mg of sucrose per ml of the pharmaceutical

composition; wherein the diluent 1s water at standard state.

A further aspect of the method 1s administering a pharmaceutical composition comprising
an 1solated anti-1L-12/IL-23p40 antibody having the heavy chain variable region amino acid
sequence of SEQ ID NO: 7 and the light chain variable region amino acid sequence of SEQ ID
NO: 8 wherein the 1solated antibody binds a peptide chain comprising residues 1-88 of SEQ ID
NO: 9; about 0.53 mg L-histidine per ml of the pharmaceutical composition; about 1.37 mg L-
histidine monohydrochloride monohydrate per ml of the pharmaceutical composition; about 0.04
mg polysorbate 80 per ml of the pharmaceutical composition; and about 76 mg of sucrose per ml

of the pharmaceutical composition; wherein the diluent 1s water at standard state.
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In another aspect of the method 1s administering a pharmaceutical composition
comprising a binding compound that competes for binding with the above-described antibodies,
optionally at residues 1-88 of SEQ ID NO: 9; from about 0.27 to about 0.80 mg L-histidine per
ml of the pharmaceutical composition; from about 0.69 to about 2.1 mg L-histidine
monohydrochloride monohydrate per ml of the pharmaceutical composition; from about 0.02 to
about 0.06 mg polysorbate 80 per ml of the pharmaceutical composition; and from about 65 to
about 87 mg of sucrose per ml of the pharmaceutical composition; wherein the diluent 1s water at

standard state.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the molecular structure of the bound complex of IL-12/p40 Fab 1n a ribbon

representation.

Fig. 2 shows the p40 mAb binding site (epitope) represented on the molecular surface in
surface and ribbons representations. The D1 domain and Fv are 1solated out of the complex
structure for clarity. For the D1 domain of p40, the molecular surface 1s shown. The Fv part of
the Fab 1s shown 1n ribbons. Left panel: view down the antibody binding site, 1.e., the epitope.
Middle panel: view ~90° from view 1n left panel. Right panel: Ribbon representation of the

residues of the epitope.

Fig. 3 shows the results of an ELISA evaluation of the IL-12 p40 antibody bound to

various p40 single mutants.
Fig. 4 shows the relative binding affinity of the p40 mAb to different p40 muteins.

Fig. 5 shows a Study Schema of Ustekinumab 1n a Phase 3b, randomized, double-blind,
active treatment-controlled, multicenter study with a 4-week screening period, an open-label run-
1in period from Week 0 to Week 28, a double-blind treatment period from Weeks 28 to Week
104, a post-treatment period through 116, and a safety follow-up via contact by telephone or an

onsite visit at Week 124.

Fig. 6 shows the percent of subjects achieving a PGA Score of Cleared (0) or Minimal (1)
from Week 28 through Week 112 by Visit in Study CNTO1275PS0O3009.
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Fig. 7 shows percent of subjects achieving a PASI 75 Response from Week 28 through
Week 112 by Visit in Study CNTO1275PS0O3009.

Fig. 8 shows PGA responses of cleared (0) over time from Week 28 through Week 112.

Fig. 9 shows the percent of subjects achieving a PASI 90 Response from Week 28
through Week 112 by Visit in Study CNTO1275PS0O3009.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein the method of treatment of psoriasis comprises administering 1solated,
recombinant and/or synthetic anti-IL-12, IL-23 and IL12/23p40 human antibodies and diagnostic

and therapeutic compositions, methods and devices.

As used herein, an “anti-IL-12 antibody,” “anti-IL-23 antibody,” “anti-1L-12/23p40
antibody,” “IL-12/23p40 antibody,” “antibody portion,” or “antibody fragment” and/or “antibody
variant” and the like include any protein or peptide containing molecule that comprises at least a
portion of an immunoglobulin molecule, such as but not limited to, at least one complementarity
determining region (CDR) of a heavy or light chain or a ligand binding portion thereof, a heavy
chain or light chain variable region, a heavy chain or light chain constant region, a framework
region, or any portion thereof, or at least one portion of an IL-12 and/or IL-23 receptor or
binding protein, which can be incorporated into an antibody of the present invention. Such
antibody optionally further affects a specific ligand, such as but not limited to, where such
antibody modulates, decreases, increases, antagonizes, agonizes, mitigates, alleviates, blocks,
inhibits, abrogates and/or interferes with at least one IL-12/23 activity or binding, or with IL-
12/23 receptor activity or binding, in vitro, in situ and/or in vivo. As a non-limiting example, a
suitable anti-1L-12/23p40 antibody, specified portion or variant of the present invention can bind
at least one IL-12/23 molecule, or specified portions, variants or domains thereof. A suitable
ant1-1L-12/23p40 antibody, specified portion, or variant can also optionally affect at least one of
IL.-12/23 activity or function, such as but not limited to, RNA, DNA or protein synthesis, IL-
12/23 release, IL-12/23 receptor signaling, membrane 1L-12/23 cleavage, IL-12/23 activity, IL-
12/23 production and/or synthesis.
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The term “antibody” 1s further intended to encompass antibodies, digestion fragments,
specified portions and variants thereof, including antibody mimetics or comprising portions of
antibodies that mimic the structure and/or function of an antibody or specified fragment or
portion thereof, including single chain antibodies and fragments thereof. Functional fragments
include antigen-binding fragments that bind to a mammalian IL-12/23. For example, antibody
fragments capable of binding to IL-12/23 or portions thereof, including, but not limited to, Fab
(e.g., by papain digestion), Fab' (e.g., by pepsin digestion and partial reduction) and F(ab’)2 (e.g.,
by pepsin digestion), facb (e.g., by plasmin digestion), pFc’ (e.g., by pepsin or plasmin
digestion), Fd (e.g., by pepsin digestion, partial reduction and reaggregation), Fv or scFv (e.g.,
by molecular biology techniques) fragments, are encompassed by the invention (see, e.g.,

Colligan, Immunology, supra).

Such fragments can be produced by enzymatic cleavage, synthetic or recombinant
techniques, as known 1n the art and/or as described herein. Antibodies can also be produced in a
variety of truncated forms using antibody genes in which one or more stop codons have been
introduced upstream of the natural stop site. For example, a combination gene encoding a F(ab')2
heavy chain portion can be designed to include DNA sequences encoding the Cul domain and/or
hinge region of the heavy chain. The various portions of antibodies can be joined together
chemically by conventional techniques, or can be prepared as a contiguous protein using genetic

engineering techniques.

As used herein, the term “human antibody” refers to an antibody 1n which substantially
every part of the protein (e.g., CDR, framework, Cr, Cadomains (e.g., Cul, Cu2, Ca3), hinge,
(VL, Vn)) 1s substantially non-immunogenic in humans, with only minor sequence changes or
variations. A “human antibody” may also be an antibody that 1s derived from or closely matches
human germline immunoglobulin sequences. Human antibodies may include amino acid
residues not encoded by germline immunoglobulin sequences (e.g., mutations introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vivo). Often, this means
that the human antibody 1s substantially non-immunogenic in humans. Human antibodies have
been classified into groupings based on their amino acid sequence similarities. Accordingly,
using a sequence similarity search, an antibody with a similar linear sequence can be chosen as a

template to create a human antibody. Similarly, antibodies designated primate (monkey, baboon,
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chimpanzee, etc.), rodent (mouse, rat, rabbit, guinea pig, hamster, and the like) and other
mammals designate such species, sub-genus, genus, sub-family, and family specific antibodies.
Further, chimeric antibodies can include any combination of the above. Such changes or
variations optionally and preferably retain or reduce the immunogenicity in humans or other
species relative to non-modified antibodies. Thus, a human antibody 1s distinct from a chimeric

or humanized antibody.

It 1s pointed out that a human antibody can be produced by a non-human animal or
prokaryotic or eukaryotic cell that 1s capable of expressing functionally rearranged human
immunoglobulin (e.g., heavy chain and/or light chain) genes. Further, when a human antibody 1s
a single chain antibody, 1t can comprise a linker peptide that 1s not found 1n native human
antibodies. For example, an Fv can comprise a linker peptide, such as two to about eight glycine
or other amino acid residues, which connects the variable region of the heavy chain and the

variable region of the light chain. Such linker peptides are considered to be of human origin.

Bispecific, heterospecific, heteroconjugate or similar antibodies can also be used that are
monoclonal, preferably, human or humanized, antibodies that have binding specificities for at
least two different antigens. In the present case, one of the binding specificities 1s for at least one
IL.-12/23 protein, the other one 1s for any other antigen. Methods for making bispecific
antibodies are known 1n the art. Traditionally, the recombinant production of bispecific
antibodies 1s based on the co-expression of two immunoglobulin heavy chain-light chain pairs,
where the two heavy chains have different specificities (Milstein and Cuello, Nature 305:537
(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. The purification of the correct molecule,
which 1s usually done by affinity chromatography steps, 1s rather cumbersome, and the product
yields are low. Similar procedures are disclosed, e.g., in WO 93/08829, US Patent Nos,
6210668, 6193967, 6132992, 6106833, 6060285, 6037453, 6010902, 5989530, 5959084,
5959083, 5932448, 5833985, 5821333, 5807706, 5643759, 5601819, 5582996, 5496549,
4676980, WO 91/00360, WO 92/00373, EP 03089, Traunecker et al., EMBO J. 10:3655 (1991),
Suresh et al., Methods in Enzymology 121:210 (1986), each entirely incorporated herein by

reference.
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Ant1-1L-12/23p40 antibodies (also termed IL-12/23p40 antibodies) (or antibodies to IL-
23) useful 1n the methods and compositions of the present invention can optionally be
characterized by high affinity binding to IL-12/23p40 (or to IL-23) and, optionally and
preferably, having low toxicity. In particular, an antibody, specified fragment or variant of the
invention, where the individual components, such as the variable region, constant region and
framework, individually and/or collectively, optionally and preferably possess low
immunogenicity, 1s useful in the present invention. The antibodies that can be used 1n the
invention are optionally characterized by their ability to treat patients for extended periods with
measurable alleviation of symptoms and low and/or acceptable toxicity. Low or acceptable
immunogenicity and/or high affinity, as well as other suitable properties, can contribute to the
therapeutic results achieved. "Low immunogenicity” 1s defined herein as raising significant
HAHA, HACA or HAMA responses 1n less than about 75%, or preferably less than about 50%
of the patients treated and/or raising low titres 1n the patient treated (less than about 300,
preferably less than about 100 measured with a double antigen enzyme immunoassay) (Elliott ef
al., Lancet 344:1125-1127 (1994), entirely incorporated herein by reference). "Low
immunogenicity" can also be defined as the incidence of titrable levels of antibodies to the anti-
IL-12 antibody 1n patients treated with anti-IL-12 antibody as occurring in less than 25% of
patients treated, preferably, in less than 10% of patients treated with the recommended dose for

the recommended course of therapy during the treatment period.
Utility

The 1solated nucleic acids of the present invention can be used for production of at least
one ant1-IL-12/23p40 (or anti-IL-23) antibody or specified variant thereof, which can be used to
measure or effect in an cell, tissue, organ or animal (including mammals and humans), to
diagnose, monitor, modulate, treat, alleviate, help prevent the incidence of, or reduce the
symptoms of, at least one IL-12/23 condition, selected from, but not limited to, at least one of an
immune disorder or disease, a cardiovascular disorder or disease, an infectious, malignant, and/or

neurologic disorder or disease, or other known or specified IL-12/23 related condition.

Such a method can comprise administering an effective amount of a composition or a

pharmaceutical composition comprising at least one anti-1L-12/23p40 (or anti-1L-23) antibody to
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a cell, tissue, organ, anmimal or patient 1n need of such modulation, treatment, alleviation,
prevention, or reduction in symptoms, effects or mechanisms. The effective amount can
comprise an amount of about 0.001 to 500 mg/kg per single (e.g., bolus), multiple or continuous
administration, or to achieve a serum concentration of 0.01-5000 png/ml serum concentration per
single, multiple, or continuous administration, or any effective range or value therein, as done

and determined using known methods, as described herein or known 1n the relevant arts.

Citations

All publications or patents cited herein, whether or not specifically designated, are
entirely incorporated herein by reference as they show the state of the art at the time of the
present invention and/or to provide description and enablement of the present invention.
Publications refer to any scientific or patent publications, or any other information available 1n
any media format, including all recorded, electronic or printed formats. The following
references are entirely incorporated herein by reference: Ausubel, et al., ed., Current Protocols 1n
Molecular Biology, John Wiley & Sons, Inc., NY, NY (1987-2001); Sambrook, et al., Molecular
Cloning: A Laboratory Manual, 2" Edition, Cold Spring Harbor, NY (1989); Harlow and Lane,
antibodies, a Laboratory Manual, Cold Spring Harbor, NY (1989); Colligan, et al., eds., Current
Protocols in Immunology, John Wiley & Sons, Inc., NY (1994-2001); Colligan et al., Current
Protocols 1n Protein Science, John Wiley & Sons, NY, NY, (1997-2001).

Antibodies of the Present Invention — Production and Generation

At least one anti-1L-12/23p40 (or anti-IL-23) antibody used in the method of the present
invention can be optionally produced by a cell line, a mixed cell line, an immortalized cell or
clonal population of immortalized cells, as well known 1n the art. See, e.g., Ausubel, et al., ed.,
Current Protocols in Molecular Biology, John Wiley & Sons, Inc., NY, NY (1987-2001);
Sambrook, et al., Molecular Cloning: A Laboratory Manual, 2™ Edition, Cold Spring Harbor,
NY (1989); Harlow and Lane, antibodies, a Laboratory Manual, Cold Spring Harbor, NY (1989);
Colligan, et al., eds., Current Protocols in Immunology, John Wiley & Sons, Inc., NY (1994-
2001); Colligan et al., Current Protocols in Protein Science, John Wiley & Sons, NY, NY, (1997-

2001), each entirely incorporated herein by reference.
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A preferred ant1-1L-12/23p40 antibody 1s usekinumab (Stelara®) having the heavy chain
variable region amino acid sequence of SEQ ID NO: 7 and the light chain variable region amino
acid sequence of SEQ ID NO: 8 and having the heavy chain CDR amino acid sequences of SEQ
ID NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3; and the light chain CDR amino acid sequences of
SEQ ID NO: 4, SEQ ID NO: 5, and SEQ ID NO: 6. A preferred anti-IL-23 antibody (binding
specifically to IL-23 and not IL-12) 1s guselkumab (also referred to as CNTO1959 that comprises
the variable region sequences of SEQ ID NOS:106 and 116 1in U.S. Patent No. 7,935,344, the

entire contents of which are incorporated herein by reference) and other antibodies described 1n

U.S. Patent No. 7,935.344.

Human antibodies that are specific for human IL-12/23p40 or IL-23 proteins or fragments
thereof can be raised against an appropriate immunogenic antigen, such as an i1solated IL-
12/23p40 protein, IL-23 protein and/or a portion thereof (including synthetic molecules, such as
synthetic peptides). Other specific or general mammalian antibodies can be similarly raised.
Preparation of immunogenic antigens, and monoclonal antibody production can be performed

using any suitable technique.

In one approach, a hybridoma 1s produced by fusing a suitable immortal cell line (e.g., a
myeloma cell line, such as, but not limited to, Sp2/0, Sp2/0-AG14, NSO, NS1, NS2, AE-1, L.5,
1.243, P3X63Ag8.653, Sp2 SA3, Sp2 MAI, Sp2 SS1, Sp2 SAS, U937, MLA 144, ACT 1V,
MOLT4, DA-1, JURKAT, WEHI, K-562, COS, RAJI, NIH 3T3, HL-60, MLA 144,
NAMALWA, NEURO 2A, or the like, or heteromylomas, fusion products thereof, or any cell or
fusion cell derived therefrom, or any other suitable cell line as known 1n the art) (see, e.g.,
www.atcc.org, www.lifetech.com., and the like), with antibody producing cells, such as, but not
limited to, 1solated or cloned spleen, peripheral blood, lymph, tonsil, or other immune or B cell
containing cells, or any other cells expressing heavy or light chain constant or variable or
framework or CDR sequences, either as endogenous or heterologous nucleic acid, as
recombinant or endogenous, viral, bacterial, algal, prokaryotic, amphibian, insect, reptilian, fish,
mammalian, rodent, equine, ovine, goat, sheep, primate, eukaryotic, genomic DNA, cDNA,
rDNA, mitochondrial DNA or RNA, chloroplast DNA or RNA, hnRNA, mRNA, tRNA, single,

double or triple stranded, hybridized, and the like or any combination thereof. See, e.g.,

12
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Ausubel, supra, and Colligan, Immunology, supra, chapter 2, entirely incorporated herein by

reference.

Antibody producing cells can also be obtained from the peripheral blood or, preferably,
the spleen or lymph nodes, of humans or other suitable animals that have been immunized with
the antigen of interest. Any other suitable host cell can also be used for expressing heterologous
or endogenous nucleic acid encoding an antibody, specified fragment or variant thereof, of the
present invention. The fused cells (hybridomas) or recombinant cells can be 1solated using
selective culture conditions or other suitable known methods, and cloned by limiting dilution or
cell sorting, or other known methods. Cells which produce antibodies with the desired

specificity can be selected by a suitable assay (e.g., ELISA).

Other suitable methods of producing or 1solating antibodies of the requisite specificity
can be used, including, but not limited to, methods that select recombinant antibody from a
peptide or protein library (e.g., but not limited to, a bacteriophage, ribosome, oligonucleotide,
RNA, cDNA, or the like, display library; e.g., as available from Cambridge antibody
Technologies, Cambridgeshire, UK; MorphoSys, Martinsreid/Planegg, DE; Biovation,
Aberdeen, Scotland, UK ; Biolnvent, Lund, Sweden; Dyax Corp., Enzon, Affymax/Biosite;
Xoma, Berkeley, CA; Ixsys. See, e.g., EP 368,684, PCT/GB91/01134; PCT/GB92/01755,;
PCT/GB92/002240; PCT/GB92/00883; PCT/GB93/00605; US 08/350260(5/12/94);
PCT/GB94/01422; PCT/GB94/02662; PCT/GB97/01835; (CAT/MRC); W0O90/14443;
WO090/14424; W0O90/14430; PCT/US94/1234; W092/18619; W0O96/07754; (Scripps);
WO096/13583, WO97/08320 (MorphoSys); W095/16027 (Biolnvent); WO88/06630;
WO0O90/3809 (Dyax); US 4,704,692 (Enzon); PCT/US91/02989 (Affymax), W089/06283; EP
371 998; EP 550 400; (Xoma); EP 229 046; PCT/US91/07149 (Ixsys); or stochastically
generated peptides or proteins - US 5723323, 5763192, 5814476, 5817483, 5824514, 5976862,
WO 86/05803, EP 590 689 (Ixsys, predecessor of Applied Molecular Evolution (AME), each
entirely incorporated herein by reference)) or that rely upon immunization of transgenic animals
(e.g., SCID mice, Nguyen et al., Microbiol. Immunol. 41:901-907 (1997); Sandhu et al., Crit.
Rev. Biotechnol. 16:95-118 (1996); Eren et al., Immunol. 93:154-161 (1998), each entirely
incorporated by reference as well as related patents and applications) that are capable of

producing a repertoire of human antibodies, as known 1n the art and/or as described herein. Such
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techniques, include, but are not limited to, ribosome display (Hanes et al., Proc. Natl. Acad. Sci.
USA, 94:4937-4942 (May 1997); Hanes et al., Proc. Natl. Acad. Sci. USA, 95:14130-14135
(Nov. 1998)); single cell antibody producing technologies (e.g., selected lymphocyte antibody
method (“SLAM”) (US pat. No. 5,627,052, Wen et al., J. Immunol. 17:887-892 (1987); Babcook
et al., Proc. Natl. Acad. Sci. USA 93:7843-7848 (1996)); gel microdroplet and flow cytometry
(Powell et al., Biotechnol. 8:333-337 (1990); One Cell Systems, Cambridge, MA; Gray et al ., J.
Imm. Meth. 182:155-163 (1995); Kenny et al., Bio/Technol. 13:787-790 (1995)); B-cell
selection (Steenbakkers et al., Molec. Biol. Reports 19:125-134 (1994); Jonak et al., Progress
Biotech, Vol. 5, In Vitro Immunization in Hybridoma Technology, Borrebaeck, ed., Elsevier

Science Publishers B.V., Amsterdam, Netherlands (1988)).

Methods for engineering or humanizing non-human or human antibodies can also be used
and are well known 1n the art. Generally, a humanized or engineered antibody has one or more
amino acid residues from a source that 1s non-human, e.g., but not limited to, mouse, rat, rabbit,
non-human primate or other mammal. These non-human amino acid residues are replaced by
residues often referred to as "tmport" residues, which are typically taken from an "import"

variable, constant or other domain of a known human sequence.

Known human Ig sequences are disclosed, e.g., www.ncbi.nlm.nih.gov/entrez/query.fcgi;
www.ncbi.nih.gov/igblast; www .atcc.org/phage/hdb.html; www.mrc-
cpe.cam.ac.uk/ALIGNMENTS php; www .kabatdatabase.com/top.html;
ftp.ncbi.nth.gov/repository/kabat; www.sciquest.com; www.abcam.com;
www.antibodyresource.com/onlinecomp.html;
www.public.iastate.edu/~pedro/research tools.html;
www.whireeman.com/immunology/CHOS5/kuby05 htm;
www.hhmi.org/grants/lectures/1996/vlab; www.path.cam.ac.uk/~mrc7/mikeimages.html;
mcb.harvard.edu/BioLinks/Immunology.html; www.immunologylink.com;
pathbox.wustl.edu/~hcenter/index.html; www.appliedbiosystems.com;
www.nal .usda.gov/awic/pubs/antibody; www.m.ehime-u.ac.jp/~yasuhito/Elisa. html;
www.biodesign.com; www.cancerresearchuk.org; www .biotech.ufl.edu; www .1sac-net.org;
baserv.uci.kun.nl/~jraats/links1.html; www.recab.uni-hd.de/immuno.bme.nwu.edu; www.mrc-

cpe.cam.ac.uk; www.ibt.unam.mx/vir/V mice.html; http://www.bioinf.org.uk/abs;
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antibody .bath.ac.uk; www.unizh.ch; www .cryst.bbk.ac.uk/~ubcg07s;
www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.html;
www.path.cam.ac.uk/~mrc7/humanisation/TAHHP html;

www.1bt.unam.mx/vir/structure/stat aim.html; www biosci.missouri.edu/smithgp/index.html;
www jerini.de; Kabat et al., Sequences of Proteins of Immunological Interest, U.S. Dept. Health

(1983), each entirely incorporated herein by reference.

Such imported sequences can be used to reduce immunogenicity or reduce, enhance or
modify binding, affinity, on-rate, off-rate, avidity, specificity, half-life, or any other suitable
characteristic, as known 1n the art. In general, the CDR residues are directly and most
substantially involved 1n influencing antigen binding. Accordingly, part or all of the non-human
or human CDR sequences are maintained while the non-human sequences of the variable and

constant regions may be replaced with human or other amino acids.

Antibodies can also optionally be humanized or human antibodies engineered with
retention of high affinity for the antigen and other favorable biological properties. To achieve
this goal, humanized (or human) antibodies can be optionally 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 skilled 1in the art. Computer programs are
available which 1llustrate and display probable three-dimensional conformational structures of
selected candidate immunoglobulin sequences. Inspection of these displays permits analysis of
the likely role of the residues 1n the functioning of the candidate immunoglobulin sequence, 1.e.,
the analysis of residues that influence the ability of the candidate immunoglobulin to bind 1ts
antigen. In this way, framework (FR) residues can be selected and combined from the consensus
and 1mport sequences so that the desired antibody characteristic, such as increased atfinity for

the target antigen(s), 1s achieved.

In addition, the human IL-12/23p40 (or anti-1L-23) antibody used 1n the method of the
present invention may comprise a human germline light chain framework. In particular

embodiments, the light chain germline sequence 1s selected from human VK sequences

including, but not limited to, A1, A10, A11, A14, A17, A18, A19, A2, A20, A23, A26, A27, A3,
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A30, A5, A7,B2, B3, L1, L10, L11,L12,L14, L15,L16,L18,L19, L2, 1L.20, L22, L23, L24,
.25, L4/18a, LS5, L6, L8, L9, O1, O11, O12, O14, O18, 02, O4, and O8. In certain
embodiments, this light chain human germline framework 1s selected from V1-11, V1-13, V1-16,
V1-17, V1-18, V1-19, V1-2, V1-20, V1-22, V1-3, V1-4, V1-5, V1-7, V1-9, V2-1, V2-11, V2-
13, V2-14, V2-15, V2-17, V2-19, V2-6, V2-7, V2-8, V3-2, V3-3, V3-4, V4-1, V4-2, V4-3, V4-
4, V4-6, V5-1, V5-2, V5-4, and V5-6.

In other embodiments, the human IL-12/23p40 (or ant1-IL-23) antibody used in the
method of the present invention may comprise a human germline heavy chain framework. In
particular embodiments, this heavy chain human germline framework 1s selected from VHI1-18,
VHI1-2, VHI1-24, VHI1-3, VH1-45, VHI1-46, VH1-58, VH1-69, VH1-8, VH2-26, VH2-5, VH2-
70, VH3-11, VH3-13, VH3-15, VH3-16, VH3-20, VH3-21, VH3-23, VH3-30, VH3-33, VH3-
35, VH3-38, VH3-43, VH3-48, VH3-49, VH3-53, VH3-64, VH3-66, VH3-7, VH3-72, VH3-73,
VH3-74, VH3-9, VH4-28, VH4-31, VH4-34, VH4-39, VH4-4, VH4-59, VH4-61, VH5-51,
VH6-1, and VH7-81.

In particular embodiments, the light chain variable region and/or heavy chain variable
region comprises a framework region or at least a portion of a framework region (e.g., containing
2 or 3 subregions, such as FR2 and FR3). In certain embodiments, at least FRL1, FRL2, FRL3,
or FRL4 1s fully human. In other embodiments, at least FRH1, FRH2, FRH3, or FRH4 1s fully
human. In some embodiments, at least FRL1, FRL2, FRL3, or FRL4 is a germline sequence
(e.g., human germline) or comprises human consensus sequences for the particular framework
(readily available at the sources of known human Ig sequences described above). In other
embodiments, at least FRHI1, FRH2, FRH3, or FRH4 1s a germline sequence (e.g., human
germline) or comprises human consensus sequences for the particular framework. In preferred

embodiments, the framework region 1s a fully human framework region.

Humanization or engineering of antibodies of the present invention can be performed
using any known method, such as but not limited to those described 1n, Winter (Jones et al.,
Nature 321:522 (1986); Riechmann et al., Nature 332:323 (1988); Verhoeyen et al., Science
239:1534 (1988)), Sims et al., J. Immunol. 151: 2296 (1993); Chothia and Lesk, J. Mol. Biol.
196:901 (1987), Carter et al., Proc. Natl. Acad. Sc1. U.S.A. 89:4285 (1992); Presta et al ., J.
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Immunol. 151:2623 (1993), US Patent Nos: 5723323, 5976862, 5824514, 5817483, 5814476,
5763192, 5723323, 5,766886, 5714352, 6204023, 6180370, 5693762, 5530101, 5585089,
5225539 4816567, PCT/: US98/16280, US96/18978, US91/09630, US91/05939, US94/01234,
GB89/01334, GB91/01134, GB92/01755; WO90/14443, W090/14424, W090/14430, EP

229246, each entirely incorporated herein by reference, included references cited therein.

In certain embodiments, the antibody comprises an altered (e.g., mutated) Fc region. For
example, 1n some embodiments, the Fc region has been altered to reduce or enhance the effector
functions of the antibody. In some embodiments, the Fc region 1s an 1sotype selected from IgM,
IgA, IgG, IgE, or other 1sotype. Alternatively or additionally, 1t may be useful to combine amino
actd modifications with one or more further amino acid modifications that alter C1q binding
and/or the complement dependent cytotoxicity function of the Fc region of an IL-12 binding
molecule. The starting polypeptide of particular interest may be one that binds to Clq and
displays complement dependent cytotoxicity (CDC). Polypeptides with pre-existing Clq
binding activity, optionally further having the ability to mediate CDC may be modified such that
one or both of these activities are enhanced. Amino acid modifications that alter C1q and/or
modify 1ts complement dependent cytotoxicity function are described, for example, 1n

WO00042072, which 1s hereby incorporated by reference.

As disclosed above, one can design an Fc¢ region of the human IL-12/23p40 (or anti-IL-
23) antibody of the present invention with altered effector function, e.g., by moditying Clq
binding and/or FcyR binding and thereby changing complement dependent cytotoxicity (CDC)
activity and/or antibody-dependent cell-mediated cytotoxicity (ADCC) activity. “Effector
functions" are responsible for activating or diminishing a biological activity (e.g., in a subject).
Examples of effector functions include, but are not limited to: Clq binding; CDC; Fc receptor
binding; ADCC,; phagocytosis; down regulation of cell surface receptors (e.g., B cell receptor;
BCR), etc. Such effector functions may require the Fc region to be combined with a binding
domain (e.g., an antibody variable domain) and can be assessed using various assays (e.g., Fc

binding assays, ADCC assays, CDC assays, etc.).

For example, one can generate a variant Fc region of the human IL-12/23p40(or anti-IL-

23) antibody with improved C1q binding and improved FcyRIIIbinding (e.g., having both
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improved ADCC activity and improved CDC activity). Alternatively, 1f 1t 1s desired that effector
function be reduced or ablated, a variant Fc region can be engineered with reduced CDC activity
and/or reduced ADCC activity. In other embodiments, only one of these activities may be
increased, and, optionally, also the other activity reduced (e.g., to generate an Fc region variant

with improved ADCC activity, but reduced CDC activity and vice versa).

Fc mutations can also be introduced 1n engineer to alter their interaction with the neonatal
Fc receptor (FcRn) and improve their pharmacokinetic properties. A collection of human Fc

variants with improved binding to the FcRn have been described (Shields et al., (2001). High
resolution mapping of the binding site on human IgG1 for FcyRI, FcyRII, FcyRIII, and FcRn and

design of IgG1 variants with improved binding to the FcyR, J. Biol. Chem. 276:6591-6604).

Another type of amino acid substitution serves to alter the glycosylation pattern of the Fc
region of the human IL-12/23p40 (or ant1-1L-23) antibody. Glycosylation of an Fc region 1s
typically either N-linked or O-linked. N-linked refers to the attachment of the carbohydrate
moiety to the side chain of an asparagine residue. O-linked glycosylation refers to the
attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino
acid, most commonly serine or threonine, although S-hydroxyproline or 5-hydroxylysine may
also be used. The recognition sequences for enzymatic attachment of the carbohydrate moiety to
the asparagine side chain peptide sequences are asparagine-X-serine and asparagine-X-threonine,
where X 1s any amino acid except proline. Thus, the presence of either of these peptide

sequences 1n a polypeptide creates a potential glycosylation site.

The glycosylation pattern may be altered, for example, by deleting one or more
aglycosylation site(s) found 1n the polypeptide, and/or adding one or more glycosylation sites that
are not present in the polypeptide. Addition of glycosylation sites to the Fc region of a human
IL.-12/23p40 (or anti-IL-23) antibody 1s conveniently accomplished by altering the amino acid
sequence such that 1t contains one or more of the above-described tripeptide sequences (for N-
linked glycosylation sites). An exemplary glycosylation variant has an amino acid substitution
of residue Asn 297 of the heavy chain. The alteration may also be made by the addition of, or

substitution by, one or more serine or threonine residues to the sequence of the original
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polypeptide (for O-linked glycosylation sites). Additionally, a change of Asn 297 to Ala can

remove one of the glycosylation sites.

In certain embodiments, the human IL-12/23p40 (or anti-IL-23) antibody of the present
invention 1s expressed 1n cells that express beta (1,4)-N-acetylglucosaminyltransferase III (GnT
IIT), such that GnT III adds GIcNAc to the human IL-12 antibody. Methods for producing
antibodies 1n such a fashion are provided in W0O/9954342, WO/03011878, patent publication
20030003097A1, and Umana et al., Nature Biotechnology, 17:176-180, Feb. 1999; all of which

are herein specifically incorporated by reference in their entireties.

The ant1-1L-12/23p40 (or anti-IL-23) antibody can also be optionally generated by
immunization of a transgenic animal (e.g., mouse, rat, hamster, non-human primate, and the like)
capable of producing a repertoire of human antibodies, as described herein and/or as known 1n
the art. Cells that produce a human anti-1L-12/23p40 (or anti-1L-23) antibody can be 1solated
from such animals and immortalized using suitable methods, such as the methods described

herein.

Transgenic mice that can produce a repertoire of human antibodies that bind to human
antigens can be produced by known methods (e.g., but not limited to, U.S. Pat. Nos: 5,770,428,
5,569,825, 5,545,806, 5,625,126, 5,625,825, 5,633,425, 5,661,016 and 5,789,650 1ssued to
Lonberg ef al.; Jakobovits ef al. WO 98/50433, Jakobovits ef al. WO 98/24893, Lonberg et al.
WO 98/24884, Lonberg ef al. WO 97/13852, Lonberg ef al. WO 94/25585, Kucherlapate ef al.
WO 96/34096, Kucherlapate ef al. EP 0463 151 B1, Kucherlapate ef al. EP 0710 719 A1, Surani
et al. US. Pat. No. 5,545,807, Bruggemann ef al. WO 90/04036, Bruggemann ef al. EP 0438 474
B1, Lonberg ef al. EP 0814 259 A2, Lonberg ef al. GB 2 272 440 A, Lonberg ef al. Nature
368:856-859 (1994), Taylor et al., Int. Immunol. 6(4)579-591 (1994), Green et al, Nature
Genetics 7:13-21 (1994), Mendez et al., Nature Genetics 15:146-156 (1997), Taylor et al.,
Nucleic Acids Research 20(23):6287-6295 (1992), Tuaillon et al., Proc Natl Acad Sci USA
90(8)3720-3724 (1993), Lonberg et al., Int Rev Immunol 13(1):65-93 (1995) and Fishwald et al.,
Nat Biotechnol 14(7):845-851 (1996), which are each entirely incorporated herein by reference).
Generally, these mice comprise at least one transgene comprising DNA from at least one human

immunoglobulin locus that 1s functionally rearranged, or which can undergo functional
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rearrangement. The endogenous immunoglobulin loci 1n such mice can be disrupted or deleted

to eliminate the capacity of the animal to produce antibodies encoded by endogenous genes.

Screening antibodies for specific binding to similar proteins or fragments can be
conveniently achieved using peptide display libraries. This method involves the screening of large
collections of peptides for individual members having the desired function or structure. Antibody
screening of peptide display libraries 1s well known 1n the art. The displayed peptide sequences can
be from 3 to 5000 or more amino acids in length, frequently from 5-100 amino acids long, and often
from about 8 to 25 amino acids long. In addition to direct chemical synthetic methods for
generating peptide libraries, several recombinant DNA methods have been described. One type
involves the display of a peptide sequence on the surface of a bacteriophage or cell. Each

bacteriophage or cell contains the nucleotide sequence encoding the particular displayed peptide
sequence. Such methods are described in PCT Patent Publication Nos. 91/17271, 91/18980,
91/19818, and 93/08278.

Other systems for generating libraries of peptides have aspects of both 1n vitro chemical
synthesis and recombinant methods. See, PCT Patent Publication Nos. 92/05258, 92/14843, and
96/19256. See also, U.S. Patent Nos. 5,658,754; and 5,643,768. Peptide display libraries, vector,
and screening kits are commercially available from such suppliers as Invitrogen (Carlsbad, CA),
and Cambridge antibody Technologies (Cambridgeshire, UK). See, e.g., U.S. Pat. Nos. 4704692,
4939666, 4946778, 5260203, 5455030, 5518889, 5534621, 5656730, 5763733, 5767260, 5856456,
assigned to Enzon; 5223409, 5403484, 5571698, 5837500, assigned to Dyax, 5427908, 5580717,
assigned to Affymax; 5885793, assigned to Cambridge antibody Technologies; 5750373, assigned
to Genentech, 5618920, 5595898, 5576195, 5698435, 5693493, 5698417, assigned to Xoma,
Colligan, supra; Ausubel, supra; or Sambrook, supra, each of the above patents and publications

entirely incorporated herein by reference.

Antibodies used 1n the method of the present invention can also be prepared using at least
one ant1-1L-12/23p40 (or anti-IL-23) antibody encoding nucleic acid to provide transgenic
animals or mammals, such as goats, cows, horses, sheep, rabbits, and the like, that produce such

antibodies 1n their milk. Such animals can be provided using known methods. See, e.g., but not
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[imited to, US Patent Nos. 5,827.690: 5,849 992: 4 873.316; 5,849.992: 5994 616; 5,565,362;
5,304,489, and the like, each of which 1s entirely incorporated herein by reference.

Antibodies used 1n the method of the present invention can additionally be prepared using
at least one anti-1L-12/23p40 (or anti-IL-23) antibody encoding nucleic acid to provide
transgenic plants and cultured plant cells (e.g., but not limited to, tobacco and maize) that
produce such antibodies, specified portions or variants 1n the plant parts or 1n cells cultured
therefrom. As a non-limiting example, transgenic tobacco leaves expressing recombinant
proteins have been successfully used to provide large amounts of recombinant proteins, e.g.,
using an inducible promoter. See, e.g., Cramer et al., Curr. Top. Microbol. Immunol. 240:95-
118 (1999) and references cited therein. Also, transgenic maize have been used to express
mammalian proteins at commercial production levels, with biological activities equivalent to
those produced 1n other recombinant systems or purified from natural sources. See, e.g., Hood et
al., Adv. Exp. Med. Biol. 464:127-147 (1999) and references cited therein. Antibodies have also
been produced 1n large amounts from transgenic plant seeds including antibody fragments, such
as single chain antibodies (scFv’s), including tobacco seeds and potato tubers. See, e.g., Conrad
et al., Plant Mol. Biol. 38:101-109 (1998) and references cited therein. Thus, antibodies of the
present invention can also be produced using transgenic plants, according to known methods.

See also, e.g., Fischer et al., Biotechnol. Appl. Biochem. 30:99-108 (Oct., 1999), Ma et al .,
Trends Biotechnol. 13:522-7 (1995); Ma et al., Plant Physiol. 109:341-6 (1995); Whitelam et al
Biochem. Soc. Trans. 22:940-944 (1994); and references cited therein. Each of the above

references 1s entirely incorporated herein by reference.

The antibodies used 1n the method of the invention can bind human IL-12/23p40 (or IL-
23) with a wide range of affinities (Kp). In a preferred embodiment, a human mAb can
optionally bind human IL-12/23p40 (or IL-23) with high affinity. For example, a human mAb
can bind human IL-12/23p40 (or IL-23) with a Kp equal to or less than about 10~ M, such as but
not limited to, 0.1-9.9 (or any range or value therein) X 107, 10, 10, 10"'°, 10*!, 10"'*, 10"" or

any range or value therein.

The aftfinity or avidity of an antibody for an antigen can be determined experimentally

using any suitable method. (See, for example, Berzofsky, et al., “ Antibody-Antigen
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Interactions,” In Fundamental Immunology, Paul, W. E., Ed., Raven Press: New York, NY
(1984); Kuby, Janis Immunology, W. H. Freeman and Company: New York, NY (1992); and
methods described herein). The measured affinity of a particular antibody-antigen interaction
can vary 1f measured under different conditions (e.g., salt concentration, pH). Thus,
measurements of affinity and other antigen-binding parameters (e.g., Kp, Ka, Kq) are preferably
made with standardized solutions of antibody and antigen, and a standardized bufter, such as the

buffer described herein.
Nucleic Acid Molecules

Using the information provided herein, for example, the nucleotide sequences encoding
at least 70-100% of the contiguous amino acids of at least one of the light or heavy chain
variable or CDR regions of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, among other sequences disclosed
herein, specified fragments, variants or consensus sequences thereof, or a deposited vector
comprising at least one of these sequences, a nucleic acid molecule of the present invention
encoding at least one anti-IL-12 antibody can be obtained using methods described herein or as

known 1n the art.

Nucleic acid molecules of the present invention can be 1in the form of RNA, such as
mRNA, hnRNA, tRNA or any other form, or in the form of DNA, including, but not limited to,
cDNA and genomic DNA obtained by cloning or produced synthetically, or any combinations
thereof. The DNA can be triple-stranded, double-stranded or single-stranded, or any
combination thereof. Any portion of at least one strand of the DNA or RNA can be the coding
strand, also known as the sense strand, or 1t can be the non-coding strand, also referred to as the

anti-sense strand.

Isolated nucleic acid molecules used 1n the method of the present invention can include
nucleic acid molecules comprising an open reading frame (ORF), optionally, with one or more
introns, e.g., but not limited to, at least one specified portion of at least one CDR, such as CDRI,
CDR2 and/or CDR3 of at least one heavy chain (e.g., SEQ ID NOS:1-3) or light chain (e.g., SEQ
ID NOS:4-6); nucleic acid molecules comprising the coding sequence for an anti-IL-12/23p40
antibody or variable region (e.g., light and heavy chain variable regions of SEQ ID NOS:7 and

8); and nucleic acid molecules which comprise a nucleotide sequence substantially different from
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those described above but which, due to the degeneracy of the genetic code, still encode at least
one ant1-1L-12/23p40 (or ant1-IL-23) antibody as described herein and/or as known 1n the art. Of
course, the genetic code 1s well known 1n the art. Thus, 1t would be routine for one skil<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>