
ENGINEERED ANTI-IL-23R ANTIBODIES FIELD OF THE
INVENTION [0001] The present invention relates
generally to antibodies specific for interleukin- 23R
(IL-23R) and uses thereof. More specifically, the
invention relates to humanized antibodies that
recognize human IL-23R and modulate its activity,
particularly in inflammatory, autoimmune and
proliferative disorders. BACKGROUND OF THE INVENTION
[0002] The immune system functions to protect
individuals from infective agents, e.g., bacteria,
multi-cellular organisms, and viruses, as well as from
cancers. This system includes several types of
lymphoid and myeloid cells such as monocytes,
macrophages, dendritic cells (DCs), eosinophils, T
cells, B cells, and neutrophils. These lymphoid and
myeloid cells often produce signaling proteins known
as cytokines. The immune response includes
inflammation, i.e., the accumulation of immune cells
systemically or in a particular location of the body.
In response to an infective agent or foreign
substance, immune cells secrete cytokines which, in
turn, modulate immune cell proliferation, development,
differentiation, or migration. Immune response can
produce pathological consequences, e.g., when it
involves excessive inflammation, as in the autoimmune
disorders. See, e.g., Abbas et al. (eds.) (2000)
Cellular and Molecular Immunology, W.B. Saunders Co.,
Philadelphia, PA; Oppenheim and Feldmann (eds.) (2001)
Cytokine Reference, Academic Press, San Diego, CA; von
Andrian and Mackay (2000) New Engl. J. Med.
343:1020-1034; Davidson and Diamond (2001) New Engl.
J. Med. 345:340-350. [0003] Interleukin-12 (IL-12) is
a heterodimeric molecule composed of p35 and p40
subunits. Studies have indicated that IL-12 plays a
critical role in the differentiation of naive T cells
into T-helper type 1 CD4+ lymphocytes that secrete
IFNg . It has also been shown that IL-12 is essential
for T cell dependent immune and inflammatory responses
in vivo. See, e.g., Cua et al. (2003) Nature
421:744-748. The IL-12 receptor is composed of
IL-12Rbl and IL-12Rb2 subunits. [0004] Interleukin-23
(IL-23) is a heterodimeric cytokine comprised of two
subunits, pl9 which is unique to IL-23, and p40, which
is shared with IL-12. The pi 9 subunit isstructurally
related to IL-6, granulocyte-colony stimulating factor
(G-CSF), and the p35 subunit of IL- 12. IL-23 mediates
signaling by binding to a heterodimeric receptor,
comprised of IL-23R and IL-12R bl , which is shared by
the IL-12 receptor. See Parham et al. (2000) J.
Immunol 168:5699. IL-12 receptor is a complex of IL-1
2Rbl and IL-1 2Rb2 subunits. See Presky et al. (1996)
Proc. Nat 'I Acad. Sci. USA 93:14002. [0005] A number
of early studies demonstrated that the consequences of
a genetic deficiency in p40 (p40 knockout mouse; p40KO
mouse) were more severe than those found in a p35KO
mouse. Some of these results were eventually explained
by the discovery of IL- 23, and the finding that the
p40KO prevents expression of not only IL-12, but also
of IL-23 {see, e.g., Oppmann et al. (2000) Immunity
13:715-725; Wiekowski et al. (2001) J. Immunol.
166:7563-7570; Parham et al. (2002) J. Immunol.
168:5699-708; Frucht (2002) Sci STKE 2002, E1-E3;
Elkins et al. (2002) Infection Immunity 70:1936-1948).
[0006] Recent studies, through the use of p40 KO mice,
have shown that blockade of both IL-23 and IL-12 is an
effective treatment for various inflammatory and
autoimmune disorders. However, the blockade of IL-12
through p40 appears to have various systemic
consequences such as increased susceptibility to
opportunistic microbial infections. Bowman et al.
(2006) Curr. Opin. Infect. Dis. 19:245. [0007] IL-23R
has been implicated as a critical genetic factor in
the inflammatory bowel disorders Crohn's disease and
ulcerative colitis. Duerr et al. (2006) Science
314:1461. A genome-wide association study found that
the gene for IL-23R was highly associated with Crohn's
disease, with an uncommon coding variant (Arg381Gln)
conferring strong protection against the disease. This
genetic association confirms prior biological findings
(Yen et al. (2006) J. Clin. Investigation 116:1218)
suggesting that EL-23 and its receptor are promising
targets for new therapeutic approaches to treating
IBD. [0008] Therapeutic antibodies may be used to
block cytokine activity. The most significant
limitation in using antibodies as a therapeutic agent
in vivo is the immunogenicity of the antibodies. As
most monoclonal antibodies are derived from rodents,
repeated use in humans results in the generation of an
immune response against the therapeutic antibody. Such
an immune response results in a loss of therapeutic
efficacy at a minimum and a potential fatal
anaphylactic response at a maximum. Initial efforts to
reduce the immunogenicity of rodent antibodies
involved the production of chimeric antibodies, in
which mouse variable regions were fused with human
constant regions. Liu et al. (1987)Proc. Natl. Acad.
Sci. USA 84:3439-43. However, mice injected with
hybrids of human variable regions and mouse constant
regions develop a strong anti-antibody response
directed against the human variable region, suggesting
that the retention of the entire rodent Fv region in
such chimeric antibodies may still result in unwanted
immunogenicity in patients. [0009] It is generally
believed that complementarity determining region (CDR)
loops of variable domains comprise the binding site of
antibody molecules. Therefore, the grafting of rodent
CDR loops onto human frameworks {i.e., humanization)
was attempted to further minimize rodent sequences.
Jones et al. (1986) Nature 321 :522; Verhoeyen et al.
(1988) Science 239:1534. However, CDR loop exchanges
still do not uniformly result in an antibody with the
same binding properties as the antibody of origin.
Changes in framework residues (FR), residues involved
in CDR loop support, in humanized antibodies also are
required to preserve antigen binding affinity. Kabat
et al. (1991) J. Immunol. 147:1709. While the use of
CDR grafting and framework residue preservation in a
number of humanized antibody constructs has been
reported, it is difficult to predict if a particular
sequence will result in the antibody with the desired
binding, and sometimes biological, properties. See,
e.g., Queen et al. (1989) Proc. Natl. Acad. Sci. USA
86:10029, Gorman et al. (1991) Proc. Natl. Acad. Sci.
USA 88:4181, and Hodgson (1991) Biotechnology (NY)
9:421- 5. Moreover, most prior studies used different
human sequences for animal light and heavy variable
sequences, rendering the predictive nature of such
studies questionable. Sequences of known antibodies
have been used or, more typically, those of antibodies
having known Xray structures, antibodies NEW and KOL.
See, e.g., Jones et al, supra; Verhoeyen et al, supra;
and Gorman et al, supra. Exact sequence information
has been reported for some humanized constructs.
[0010] The need exists for improved methods and
compositions for the treatment of inflammatory,
autoimmune, and proliferative disorders, e.g. by use
of agents that prevent IL- 23 signaling through its
receptor, such as antagonists of the interaction of
IL-23 and the IL-23 receptor. Alternatively such
agents could be used to target cells expressing IL-23R
for specific ablation. Preferably, such antagonists
would have a high affinity for the target molecule,
and would be able to block the EL-23 interaction with
its receptor at relatively low doses. Preferably, such
methods and compositions would be highly specific for
IL-23, and not interfere with the activity of other
cytokines, such as IL-12. Preferably, such methods and
compositions would employ antagonists suitable for
modification for the delivery of cytotoxicpayloads to
target cells, but also suitable for non-cytotoxic
uses. Preferably, such methods and compositions would
employ antibodies modified to limit their antigenicity
when administered to a subject in need thereof.
SUMMARY OF THE INVENTION [0011] The present invention
meets these needs in the art and more by providing
antagonists of human EL-23R, e.g. humanized anti-human
EL-23R antibodies. [0012] In one aspect the invention
provides binding compounds, such as antibodies or
fragments thereof, including humanized or chimeric
recombinant antibodies, that bind to human IL-23R,
comprising an antibody light chain variable domain, or
antigen binding fragment thereof, having at least one,
two or three CDRs selected from the group consisting
of SEQ ID NOs: 26-40 and 52. In one embodiment, the
binding compound of the present invention comprises a
light chain variable domain comprising at least one
CDRLl selected from the group consisting of SEQ ID
NOs: 26-30 and 52; at least one CDRL2 selected from
the group consisting of SEQ ID NOs: 31-35; and at
least one CDRL3 selected from the group consisting of
SEQ ID NOs: 36-40. [0013] In one embodiment, the
binding compound comprises an antibody heavy chain
variable domain, or antigen binding fragment thereof,
having at least one, two or three CDRs selected from
the group consisting of SEQ ID NOs: 11-25. In one
embodiment, the binding compound of the present
invention comprises a heavy chain variable domain
comprising at least one CDRHl selected from the group
consisting of SEQ ID NOs: 11-15; at least one CDRH2
selected from the group consisting of SEQ ID NOs:
16-20; and at least one CDRH3 selected from the group
consisting of SEQ ID NOs: 21-25. [0014] In other
embodiments the binding compound of the present
invention comprises a light chain variable domain and
a heavy chain variable domain, or the antigen binding
fragments thereof, described in the preceding two
paragraphs. [0015] In some embodiments, the binding
compound comprises a framework region, wherein the
amino acid sequence of the framework region is all or
substantially all of a human immunoglobulin amino acid
sequence. 



[0016] In some embodiments the light chain and/or
heavy chain variable domains comprise a variant of one
or more of the CDRs. In various embodiments the
variant domain comprises up to 1, 2, 3, 4, 5, 6, 7, 8,
9, 10 or more conservatively modified amino
acidresidues relative to the sequence of the
respective SEQ ED NOs. Conservative amino acid
substitutions are provided at Table 1. [0017] In some
embodiments the light chain variable domain comprises
a sequence selected from the group consisting of SEQ
ID NOs: 48-49 and 53 or a variant thereof. In some
embodiments the heavy chain variable domain comprises
a sequence selected from the group consisting of SEQ
ED NOs: 45-47. In various embodiments the variant
variable domain comprises up to 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 30, 40 or 50 or more conservatively
modified amino acid residues relative to the sequence
of the respective SEQ ID NOs. In yet a further
embodiment, the binding compound comprises a light
chain variable domain and a heavy chain variable
domain, or the antigen binding fragments thereof,
described in this paragraph. [0018] In other
embodiments the binding compound of the present
invention comprises a light chain variable domain, or
an antigen binding fragment thereof, consisting
essentially of a sequence selected from the group
consisting of SEQ ID NOs: 48-49 and 53, and/or a heavy
chain variable domain, or an antigen binding fragment
thereof, consisting essentially of a sequence selected
from the group consisting of SEQ ED NOs: 45-47. [0019]
In other embodiments the binding compound of the
present invention comprises a light chain variable
domain, or an antigen binding fragment thereof, having
at least 50%, 75%, 80%, 85%, 90%, 95%, 98% or 99%
sequence homology with a sequence selected from the
group consisting of SEQ ID NOs: 6-10, 48-49 and 53,
and/or a heavy chain variable domain, or an antigen
binding fragment thereof, having at least 50%, 75%,
80%, 85%, 90%, 95%, 98% or 99% sequence homology with
a sequence selected from the group consisting of SEQ
ID NOs: 1-5 and 45-47. [0020] In another embodiment
the binding compound of the present invention
comprises the antibody light chain variable domain of
SEQ ID NOs: 49 or 53 and the antibody heavy chain
variable domain of SEQ ED NO: 47, or an antigen
binding fragment thereof. In a further embodiment, the
binding compound comprises the light chain of SEQ ED
NOs: 5 1 or 54 and the heavy chain of SEQ ED NO: 50,
or an antigen binding fragment thereof. In yet a
further embodiment, the binding compound is encoded by
the nucleic acid sequences of SEQ ID NO: 55 (heavy
chain) and SEQ ID NO: 56 (light chain). In a further
embodiment, the binding compound comprises the light
chain variable domain of SEQ IDNO: 58 and the heavy
chain variable domain of SEQ ID NO: 57, or an antigen
binding fragment thereof. [0021] In one embodiment,
the invention relates to antibodies that are able to
block the binding of a binding compound of the present
invention to human EL-23R in a crossblocking assay. In
various embodiments the antibody is able to block
binding of human IL- 23R to an antibody comprising the
CDR sequences of antibodies 41Fl 1, 8B10, 3Cl 1, 20D7
(with or without the S32T sequence variation), 20E5,
as disclosed herein. In other embodiments, the
antibody is able to block binding of human IL-23R to
the antibody deposited with ATCC under accession
number PTA-7800, and/or the antibody deposited under
ATCC accession number PTA-7801, in a cross-blocking
assay. In another embodiment, the invention relates to
binding compounds that are able to block
IL-23Rmediated activity, such activities including but
not limited to, binding EL-23, or mediating the
proliferation or survival of THI 7 cells. [0022] In
some embodiments, the binding compound of the present
invention comprises a humanized antibody comprising
the CDRs, or variants thereof, selected from the CDRs
of the antibodies disclosed herein, in combination
with human germline light chain and heavy chain
variable domain framework sequences in place of the
rodent frameworks of the parental antibodies. [0023]
In some embodiments, the binding compound of the
present invention further comprises a heavy chain
constant region, wherein the heavy chain constant
region comprises a g l , g2, g3, or g4 human heavy
chain constant region or a variant thereof. In various
embodiments the light chain constant region comprises
a lambda or a kappa human light chain constant region.
[0024] In various embodiments the binding compounds of
the present invention are polyclonal, monoclonal,
chimeric, humanized or fully human antibodies or
fragments thereof. The present invention also
contemplates that the antigen binding fragment is an
antibody fragment selected from the group consisting
of Fab, Fab', Fab'-SH, Fv, scFv, F(ab') 2, and a
diabody.  [0025] The present invention encompasses a
method of suppressing an immune response in a human
subject comprising administering to a subject in need
thereof an antibody (or a antigen binding fragment
thereof) specific for IL-23R in an amount effective to
block IL-23 signaling. In some embodiments, the
antibody specific for IL-23R is thehumanized or
chimeric antibody. In further embodiments, the immune
response is an inflammatory response including
arthritis, psoriasis, and inflammatory bowel disease.
In other embodiments, the immune response is an
autoimmune response, including multiple sclerosis,
uveitis, systemic lupus erythematosus and diabetes. In
another embodiment, the subject has cancer and the
immune response is a Th 17 response. [0026] The
present invention also contemplates administering an
additional immunosuppressive or anti-inflammatory
agent. The binding compounds of the present invention
can be in a pharmaceutical composition comprising the
binding compound, or antigen binding fragment thereof,
in combination with a pharmaceutically acceptable
carrier or diluent. In a further embodiment, the
pharmaceutical composition further comprises an
immunosuppressive or anti-inflammatory agent. [0027]
The present invention encompasses an isolated nucleic
acid encoding the polypeptide sequence of an antibody
embodiment of the binding compound of the present
invention. The nucleic acid can be in an expression
vector operably linked to control sequences recognized
by a host cell transfected with the vector. Also
encompassed is a host cell comprising the vector, and
a method of producing a polypeptide comprising
culturing the host cell under conditions wherein the
nucleic acid sequence is expressed, thereby producing
the polypeptide, and recovering the polypeptide from
the host cell or medium. [0028] In various
embodiments, the invention relates to use of a binding
compound of the present invention in the manufacture
of medicaments for the treatment of disorders
including, but not limited to, inflammatory disease,
autoimmune disease, cancer, infectious disease (e.g.
bacterial, mycobacterial, viral or fungal infection,
including chronic infections), arthritis, psoriasis,
inflammatory bowel disease, multiple sclerosis,
uveitis, systemic lupus erythematosus and diabetes. In
other embodiments the invention relates to
compositions limited by the aforementioned uses.
[0029] In other embodiments the invention relates to
pharmaceutical compositions comprising a binding
compound of the present invention for treating
disorders including, but not limited to, inflammatory
disease, autoimmune disease, cancer, infectious
disease (e.g. bacterial, mycobacterial, viral or
fungal infection, including chronic infections),
arthritis, psoriasis, inflammatory bowel disease,
multiple sclerosis, uveitis, systemic lupus
erythematosus and diabetes.[0030] In some embodiments,
the binding compound or pharmaceutical composition of
the present invention induces a prolonged period of
remission from disease symptoms in a subject, such
that the dosing interval can be extended to much
longer than the half-life of the binding compound in
the subject, for example in the treatment of a
relapsing-remitting disease. In various embodiments,
the interval between one administration and another is
6-, 8-, 10-, 12-, 16-, 20-, 24-, 30-weeks or longer.
In other embodiments a single administration is
sufficient to permanently prevent relapses. BRIEF
DESCRIPTION OF THE DRAWINGS [0031] Figure 1 shows
comparisons of rat ("r"), mouse ("m") and humanized
("hu") anti-human IL-23R antibody clone heavy chain
variable domain sequences. Sequences are provided for
clones r41Fl 1, r8B10, hu8B10, r3Cl 1, m20E5, m20D7,
hu20D7-a, hu20D7-b and hu20D7-c. CDRs are indicated.
Cross references to sequence identifiers in the
Sequence Listing are provided at Table 4. [0032]
Figure 2 shows comparisons of rat, mouse and humanized
anti-human IL-23R antibody clone light chain variable
domain sequences. Sequences are provided for clones
r41Fl 1, r8B10, hu8B10, r3Cl 1, m20E5, m20D7,
hu20D7-IV, hu20D7-II-a and hu20D7-II-b. CDRs are
indicated. Cross references to sequence identifiers in
the Sequence Listing are provided at Table 4. DETAILED
DESCRIPTION [0033] As used herein, including the
appended claims, the singular forms of words such as
"a," "an," and "the," include their corresponding
plural references unless the context clearly dictates
otherwise. Table 4 below provides a listing of
sequence identifiers used in this application. All
references cited herein are incorporated by reference
to the same extent as if each individual publication,
database entry (e.g. Genbank sequences or GeneID
entries), patent application, or patent, was
specifically and individually indicated to be
incorporated by 



reference. Citation of the references herein is not
intended as an admission that the reference is
pertinent prior art, nor does it constitute any
admission as to the contents or date of these
publications or documents.I. Definitions [0034]
"Proliferative activity" encompasses an activity that
promotes, that is necessary for, or that is
specifically associated with, e.g., normal cell
division, as well as cancer, tumors, dysplasia, cell
transformation, metastasis, and angiogenesis. [0035]
"Administration" and "treatment," as it applies to an
animal, human, experimental subject, cell, tissue,
organ, or biological fluid, refers to contact of an
exogenous pharmaceutical, therapeutic, diagnostic
agent, or composition to the animal, human, subject,
cell, tissue, organ, or biological fluid.
"Administration" and "treatment" can refer, e.g., to
therapeutic, pharmacokinetic, diagnostic, research,
and experimental methods. Treatment of a cell
encompasses contact of a reagent to the cell, as well
as contact of a reagent to a fluid, where the fluid is
in contact with the cell. "Administration" and
"treatment" also means in vitro and ex vivo
treatments, e.g., of a cell, by a reagent, diagnostic,
binding composition, or by another cell. "Treatment,"
as it applies to a human, veterinary, or research
subject, refers to therapeutic treatment, prophylactic
or preventative measures, to research and diagnostic
applications. "Treatment" as it applies to a human,
veterinary, or research subject, or cell, tissue, or
organ, encompasses contact of an agent with animal
subject, a cell, tissue, physiological compartment, or
physiological fluid. "Treatment of a cell" also
encompasses situations where the agent contacts IL-23
receptor (IL-23R/IL-12R bl heterodimer), e.g., in the
fluid phase or colloidal phase, but also situations
where the agonist or antagonist does not contact the
cell or the receptor. [0036] As used herein, the term
"antibody" refers to any form of antibody that
exhibits the desired biological activity. Thus, it is
used in the broadest sense and specifically covers
monoclonal antibodies (including full length
monoclonal antibodies), polyclonal antibodies,
multispecific antibodies (e.g., bispecific
antibodies), chimeric antibodies, humanized
antibodies, fully human antibodies, etc. so long as
they exhibit the desired biological activity. [0037]
As used herein, the terms "IL-23R binding fragment,"
"binding fragment thereof or "antigen binding fragment
thereof encompass a fragment or a derivative of an
antibody that still substantially retains its
biological activity of binding to IL-23R. In some
embodiments, an antibody or antigen binding fragment
thereof of the present invention inhibits IL-23
signaling via the IL-23 receptor, such inhibition
being referred to herein as "IL- 23R inhibitory
activity." Because antagonists of IL-23R will have the
biological activity of inhibiting IL-23 signaling,
such antagonists are said (interchangeably) to inhibit
IL-23R,inhibit IL-23, or inhibit both IL-23/IL-23R.
The term "antibody fragment" or IL-23R binding
fragment refers to a portion of a full length
antibody, generally the antigen binding or variable
region thereof. Examples of antibody fragments include
Fab, Fab', F(ab')2, and Fv fragments; diabodies;
linear antibodies; single-chain antibody molecules,
e.g., sc-Fv; and multispecific antibodies formed from
antibody fragments. Typically, a binding fragment or
derivative retains at least 10% of its EL-23R
inhibitory activity. Preferably, a binding fragment or
derivative retains at least 25%, 50%, 60%, 70%, 80%,
90%, 95%, 99% or 100% (or more) of its IL-23R
inhibitory activity, although any binding fragment
with sufficient affinity to exert the desired
biological effect will be useful. It is also intended
that, when specified, a IL-23R binding fragment can
include variants having conservative amino acid
substitutions that do not substantially alter its
biologic activity. [0038] The term "monoclonal
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 epitope. In contrast, conventional
(polyclonal) antibody preparations typically include a
multitude of antibodies directed against (or specific
for) different epitopes. 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.
(1975) Nature 256: 495, or may be made by recombinant
DNA methods {see, e.g., U.S. Pat. No. 4,816,567). The
"monoclonal antibodies" may also be isolated from
phage antibody libraries using the techniques
described in Clackson et al. (1991) Nature 352:
624-628 and Marks et al. (1991) J MoI. Biol. 222: 581-
597, for example. [0039] The monoclonal antibodies
herein specifically include "chimeric" antibodies
(immunoglobulins) 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 suchantibodies,
so long as they exhibit the desired biological
activity. U.S. Pat. No. 4,816,567; Morrison et al.
(1984) Proc. Natl. Acad. Sci. USA 81: 6851-6855.
[0040] A "domain antibody" is an immunologically
functional immunoglobulin fragment containing only the
variable region of a heavy chain or the variable
region of a light chain. In some instances, two or
more V Hregions are covalently joined with a peptide
linker to create a bivalent domain antibody. The two
VH regions of a bivalent domain antibody may target
the same or different antigens. [0041] A "bivalent
antibody" comprises two antigen binding sites. In some
instances, the two binding sites have the same antigen
specificities. However, bivalent antibodies may be
bispecific (see below). [0042] As used herein, the
term "single-chain Fv" or "scFv" antibody refers to
antibody fragments comprising the VH and VL domains of
antibody, wherein these domains are present in a
single polypeptide chain. Generally, the Fv
polypeptide further comprises a polypeptide linker
between the VH and VL domains which enables the scFv
to form the desired structure for antigen binding. For
a review of scFv, see Pluckthun (1994) THE
PHARMACOLOGY OF MONOCLONAL ANTIBODIES, vol. 113,
Rosenburg and Moore eds. Springer-Verlag, New York,
pp. 269-315. [0043] The monoclonal antibodies herein
also include camelized single domain antibodies. See,
e.g., Muyldermans et al. (2001) Trends Biochem. Sci.
26:230; Reichmann et al. (1999) J. Immunol. Methods
231:25; WO 94/04678; WO 94/25591; U.S. Pat. No.
6,005,079). In one embodiment, the present invention
provides single domain antibodies comprising two VH
domains with modifications such that single domain
antibodies are formed. [0044] As used herein, the term
"diabodies" refers to small antibody fragments with
two antigen-binding sites, which fragments comprise a
heavy chain variable domain (VH) connected to a light
chain variable domain (VL) in the same polypeptide
chain (VH-VL or VLVH). 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, e.g., EP 404,097; WO 93/1 1161; and Holliger
et al. (1993) Proc. Natl. Acad. Sci. USA 90:
6444-6448. For a review of engineered antibody
variants generally see Holliger and Hudson (2005) Nat.
Biotechnol. 23:1 126-1 136.[0045] As used herein, the
term "humanized antibody" refers to forms of
antibodies that contain sequences from non-human
(e.g., murine) antibodies as well as human antibodies.
Such antibodies contain minimal sequence derived from
non-human immunoglobulin. In general, the humanized
antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all
or substantially all of the hypervariable loops
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. The prefix
"hum", "hu" or "h" is added to antibody clone
designations when necessary to distinguish humanized
antibodies from parental rodent antibodies (although
these same designations, depending on the context, may
also indicate the human form of a particular protein).
The humanized forms of rodent antibodies will
generally comprise the same CDR sequences of the
parental rodent antibodies, although certain amino
acid substitutions may be included to increase
affinity, increase stability of the humanized
antibody, or for other reasons. [0046] The antibodies
of the present invention also include antibodies with
modified (or blocked) Fc regions to provide altered
effector functions. See, e.g., U.S. Pat. No.
5,624,821; WO2003/0863 10; WO2005/120571;
WO2006/0057702; Presta (2006) Adv. Drug Delivery Rev.
58:640-656. Such modification can be used to enhance
or suppress various reactions of the immune system,
with possible beneficial effects in diagnosis and
therapy. Alterations of the Fc region include amino
acid changes (substitutions, deletions and
insertions), glycosylation or deglycosylation, and
adding multiple Fc. Changes to the Fc can also alter
the half-life of antibodies in therapeutic antibodies.
A longer half-life may result in 



less frequent dosing, with the concomitant increased
convenience and decreased use of material. See Presta
(2005) J. Allergy Clin. Immunol. 116:73 1 at 734-35.
[0047] The antibodies of the present invention also
include antibodies with intact Fc regions that provide
full effector functions, e.g. antibodies of isotype
IgGl, which induce complement-dependent cytotoxicity
(CDC) or antibody dependent cellular cytotoxicity
(ADCC) in the a targeted cell. In some embodiments,
the antibodies of the present invention are
administered to selectively deplete IL-23R-positive
cells from a population of cells. In one embodiment,
this depletion of IL-23R-positive cells is the
depletion of pathogenic Th17cells. Depletion of such
pathogenic T cell subset may result in sustained
remission when effected in subjects suffering from a
relapsing/remitting autoimmune disease. [0048] The
antibodies of the present invention also include
antibodies conjugated to cytotoxic payloads, such as
cytotoxic agents or radionuclides. Such antibody
conjugates may be used in immunotherapy to selectively
target and kill cells expressing IL-23R on their
surface. Exemplary cytotoxic agents include ricin,
vinca alkaloid, methotrexate, Psuedomonas exotoxin,
saporin, diphtheria toxin, cisplatin, doxorubicin,
abrin toxin, gelonin and pokeweed antiviral protein.
Exemplary radionuclides for use in immunotherapy with
the antibodies of the present invention include 125 I,
131 I, 90Y, 67Cu, 211 At, 177Lu, 143Pr and 213Bi. See,
e.g., U.S. Patent Application Publication No.
2006/0014225. [0049] The term "fully human antibody"
refers to an antibody that comprises human
immunoglobulin protein sequences only. A fully human
antibody may contain murine carbohydrate chains if
produced in a mouse, in a mouse cell, or in a
hybridoma derived from a mouse cell. Similarly, "mouse
antibody" or "rat antibody" refer to an antibody that
comprises only mouse or rat immunoglobulin sequences,
respectively. A fully human antibody may be generated
in a human being, in a transgenic animal having human
immunoglobulin germline sequences, by phage display or
other molecular biological methods. [0050] As used
herein, the term "hypervariable region" refers to the
amino acid residues of an antibody that are
responsible for antigen-binding. The hypervariable
region comprises amino acid residues from a
"complementarity determining region" or "CDR" (e.g.
residues 24-34 (CDRLl), 50-56 (CDRL2) and 89-97
(CDRL3) in the light chain variable domain and
residues 31-35 (CDRHl), 50-65 (CDRH2) and 95-102
(CDRH3) in the heavy chain variable domain (Kabat et
al. (1991) Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md.) and/or those
residues from a "hypervariable loop" (i.e. residues
26-32 (Ll), 50-52 (L2) and 91-96 (L3) in the light
chain variable domain and 26-32 (Hl), 53-55 (H2) and
96-101 (H3) in the heavy chain variable domain
(Chothia and Lesk (1987) J. MoI. Biol. 196: 901-917).
As used herein, the term "framework" or "FR" residues
refers to those variable domain residues other than
the hypervariable region residues defined herein as
CDR residues. The residue numbering above relates to
the Kabat numbering system and does not necessarily
correspond in detail to the sequence numbering in the
accompanying Sequence Listing. Sequence variants in
both the CDR and framework regions are contemplated,
and may be represented as "XbbZ", in whichamino acid
"X" at position "bb" is replaced by amino acid "Z",
and wherein X and Z are in either tiple- or
single-letter amino acid code, and position number
"bb" is typically defined with respect to the
numbering of a specific sequence disclosed in the
Sequence Listing. [0051] "Binding compound" refers to
a molecule, small molecule, macromolecule,
polypeptide, antibody or fragment or analogue thereof,
or soluble receptor, capable of binding to a target.
"Binding compound" also may refer to a complex of
molecules, e.g., a noncovalent complex, to an ionized
molecule, and to a covalently or non-covalently
modified molecule, e.g., modified by phosphorylation,
acylation, cross-linking, cyclization, or limited
cleavage, that is capable of binding to a target. When
used with reference to antibodies, the term "binding
compound" refers to both antibodies and antigen
binding fragments thereof. "Binding" refers to an
association of the binding compound with a target
where the association results in reduction in the
normal Brownian motion of the binding compound, in
cases where the binding compound can be dissolved or
suspended in solution. "Binding composition" refers to
a molecule, e.g. a binding compound, in combination
with a stabilizer, excipient, salt, buffer, solvent,
or additive, capable of binding to a target. [0052]
"Conservatively modified variants" or "conservative
substitution" refers to substitutions of amino acids
are known to those of skill in this art and may often
be made even in essential regions of the polypeptide
without altering the biological activity of the
resulting molecule. Such exemplary substitutions are
preferably made in accordance with those set forth in
Table 1 as follows: Table 1 Exem lar Conservative
Amino Acid Substitutions[0053] Those of skill in this
art recognize that, in general, single amino acid
substitutions in non-essential regions of a
polypeptide may not substantially alter biological
activity. See, e.g., Watson et al. (1987) Molecular
Biology of the Gene, The Benjamin/Cummings Pub. Co.,
p. 224 (4th Edition). [0054] The phrase "consists
essentially of," or variations such as "consist
essentially of or "consisting essentially of," as used
throughout the specification and claims, indicate the
inclusion of any recited elements or group of
elements, and the optional inclusion of other
elements, of similar or different nature than the
recited elements, that do not materially change the
basic or novel properties of the specified dosage
regimen, method, or composition. As a non-limiting
example, a binding compound that consists essentially
of a recited amino acid sequence may also include one
or more amino acids, including substitutions of one or
more amino acid residues, that do not materially
affect the properties of the binding compound. [0055]
"Effective amount" encompasses an amount sufficient to
ameliorate or prevent a symptom or sign of the medical
condition. Such an effective amount need not
necessarily completely ameliorate or prevent such
symptom or sign. Effective amount also means an amount
sufficient to allow or facilitate diagnosis. An
effective amount for a particular patient or
veterinary subject may vary depending on factors such
as the condition being treated, the overall health of
the patient, the method route and dose of
administration and the severity of side affects. See,
e.g., U.S. Pat. No. 5,888,530. An effective amount can
be the maximal dose or dosing protocol that avoids
significant side effects or toxic effects. The effect
willresult in an improvement of a diagnostic measure
or parameter by at least 5%, usually by at least 10%,
more usually at least 20%, most usually at least 30%,
preferably at least 40%, more preferably at least 50%,
most preferably at least 60%, ideally at least 70%,
more ideally at least 80%, and most ideally at least
90%, where 100% is defined as the diagnostic parameter
shown by a normal subject. See, e.g., Maynard et al.
(1996) A Handbook of SOPs or Good Clinical Practice,
Interpharm Press, Boca Raton, FL; Dent (2001) Good
Laboratory and Good Clinical Practice, Urch Publ.,
London, UK. [0056] "Immune condition" or "immune
disorder" encompasses, e.g., pathological
inflammation, an inflammatory disorder, and an
autoimmune disorder or disease. "Immune condition"
also refers to infections, persistent infections, and
proliferative conditions, such as cancer, tumors, and
angiogenesis, including infections, tumors, and
cancers that resist eradication by the immune system.
"Cancerous condition" includes, e.g., cancer, cancer
cells, tumors, angiogenesis, and precancerous
conditions such as dysplasia. [0057] "Inflammatory
disorder" means a disorder or pathological condition
where the pathology results, in whole or in part,
from, e.g., a change in number, change in rate of
migration, or change in activation, of cells of the
immune system. Cells of the immune system include,
e.g., T cells, B cells, monocytes or macrophages,
antigen presenting cells (APCs), dendritic cells,
microglia, NK cells, NKT cells, neutrophils,
eosinophils, mast cells, or any other cell
specifically associated with the immunology, for
example, cytokineproducing endothelial or epithelial
cells. [0058] An "IL-17-producing cell" means a T cell
that is not a classical THl -type T cell or classical
TH2-type T cell, referred to as TH17 cells. TH17 cells
are discussed in greater detail at Cua and Kastelein
(2006) Nat. Immunol. 7:557-559; Tato and O'Shea (2006)
Nature 441:166-168; Iwakura and Ishigame (2006) J.
Clin. Invest. 116:1218-1222. "IL-17- producing cell"
also means a T cell that expresses a gene or
polypeptide of Table 1OB of U.S. Patent Application
Publication No. 2004/0219150 (e.g., mitogen responsive
P-protein; chemokine ligand 2; interleukin-17 (IL-1
7); transcription factor RAR related; and/or
suppressor of cytokine signaling 3), where expression
with treatment by an IL-23 agonist is greater than
treatment with an IL- 12 agonist, where "greater than"
is defined as follows. Expression with an IL-23
agonist is ordinarily at least 5-fold greater,
typically at least 10-fold greater, more typically at
least 15-fold greater, most typically at least 20-fold
greater, preferably at least 25-fold greater, and most
preferably at least 30-fold greater, than with IL12
treatment. Expression can be measured, e.g., with
treatment of a population of substantially pure IL- 17
producing cells. A Th 17 response is an immune
response in which the activity and/or proliferation of
ThI 7 cells are enhanced, typically coupled with a
repressed ThI response. [0059] Moreover,
"IL-17-producing cell" includes a progenitor or
precursor cell that is committed, in a pathway of cell
development or cell differentiation, to
differentiating into an IL-17-producing cell, as
defined above. A progenitor or precursor cell to the
IL- 17 producing cell can be found in a draining lymph
node (DLN). Additionally, "IL- 17- 



producing cell" encompasses an IL-17-producing cell,
as defined above, that has been, e.g., activated,
e.g., by a phorbol ester, ionophore, and/or
carcinogen, further differentiated, stored, frozen,
desiccated, inactivated, partially degraded, e.g., by
apoptosis, proteolysis, or lipid oxidation, or
modified, e.g., by recombinant technology. [0060] As
used herein, the term "isolated nucleic acid molecule"
refers to a nucleic acid molecule that is identified
and separated from at least one contaminant nucleic
acid molecule with which it is ordinarily associated
in the natural source of the antibody nucleic acid. An
isolated nucleic acid molecule is other than in the
form or setting in which it is found in nature.
Isolated nucleic acid molecules therefore are
distinguished from the nucleic acid molecule as it
exists in natural cells. However, an isolated nucleic
acid molecule includes a nucleic acid molecule
contained in cells that ordinarily express the
antibody where, for example, the nucleic acid molecule
is in a chromosomal location different from that of
natural cells. [0061] The expression "control
sequences" refers to DNA sequences involved in the
expression of an operably linked coding sequence in a
particular host organism. The control sequences that
are suitable for prokaryotes, for example, include a
promoter, optionally an operator sequence, and a
ribosome binding site. Eukaryotic cells are known to
use promoters, polyadenylation signals, and enhancers.
[0062] A nucleic acid is "operably linked" when it is
placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a
presequence or secretory leader is operably linked to
DNA for a polypeptide if it is expressed as a
preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription
of the sequence; or a ribosome binding site is
operably linked to a coding sequence if it is
positioned so as to facilitate translation.Generally,
"operably linked" means that the DNA sequences being
linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading frame. However,
enhancers do not have to be contiguous. Linking is
accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers are used in
accordance with conventional practice. [0063] As used
herein, the expressions "cell," "cell line," and "cell
culture" are used interchangeably and all such
designations include progeny. Thus, the words
"transformants" and "transformed cells" include the
primary subject cell and cultures derived therefrom
without regard for the number of transfers. It is also
understood that all progeny may not be precisely
identical in DNA content, due to deliberate or
inadvertent mutations. Mutant progeny that have the
same function or biological activity as screened for
in the originally transformed cell are included. Where
distinct designations are intended, it will be clear
from the context. [0064] As used herein, "polymerase
chain reaction" or "PCR" refers to a procedure or
technique in which minute amounts of a specific piece
of nucleic acid, RNA and/or DNA, are amplified as
described in, e.g., U.S. Pat. No. 4,683,195.
Generally, sequence information from the ends of the
region of interest or beyond needs to be available,
such that oligonucleotide primers can be designed;
these primers will be identical or similar in sequence
to opposite strands of the template to be amplified.
The 5' terminal nucleotides of the two primers can
coincide with the ends of the amplified material. PCR
can be used to amplify specific RNA sequences,
specific DNA sequences from total genomic DNA, and
cDNA transcribed from total cellular RNA,
bacteriophage or plasmid sequences, etc. See generally
Mullis et al. (1987) Cold Spring Harbor Symp. Quant.
Biol. 51:263; Erlich, ed., (1989) PCR TECHNOLOGY
(Stockton Press, N.Y.) As used herein, PCR is
considered to be one, but not the only, example of a
nucleic acid polymerase reaction method for amplifying
a nucleic acid test sample comprising the use of a
known nucleic acid as a primer and a nucleic acid
polymerase to amplify or generate a specific piece of
nucleic acid. [0065] As used herein, the term
"germline sequence" refers to a sequence of
unrearranged immunoglobulin DNA sequences, including
rodent (e.g. mouse) and human germline sequences. Any
suitable source of unrearranged immunoglobulin DNA may
be used. Human germline sequences may be obtained, for
example, from JOINSOL VER(r) germline databases on the
website for the National Institute of Arthritis and
Musculoskeletaland Skin Diseases of the United States
National Institutes of Health. Mouse germline
sequences may be obtained, for example, as described
in Giudicelli et al. (2005) Nucleic Acids Res.
33:D256-D261. [0066] To examine the extent of
inhibition of IL-23/IL-23R activity, for example,
samples or assays comprising a given, e.g., protein,
gene, cell, or organism, are treated with a potential
activating or inhibiting agent and are compared to
control samples without the agent. Control samples,
i.e., not treated with agent, are assigned a relative
activity value of 100%. Inhibition is achieved when
the activity value relative to the control is about
90% or less, typically 85% or less, more typically 80%
or less, most typically 75% or less, generally 70% or
less, more generally 65% or less, most generally 60%
or less, typically 55% or less, usually 50% or less,
more usually 45% or less, most usually 40% or less,
preferably 35% or less, more preferably 30% or less,
still more preferably 25% or less, and most preferably
less than 20%. Activation is achieved when the
activity value relative to the control is about 110%,
generally at least 120%, more generally at least 140%,
more generally at least 160%, often at least 180%,
more often at least 2-fold, most often at least
2.5-fold, usually at least 5- fold, more usually at
least 10-fold, preferably at least 20-fold, more
preferably at least 40- fold, and most preferably over
40-fold higher. [0067] Endpoints in activation or
inhibition can be monitored as follows. Activation,
inhibition, and response to treatment, e.g., of a
cell, physiological fluid, tissue, organ, and animal
or human subject, can be monitored by an endpoint. The
endpoint may comprise a predetermined quantity or
percentage of, e.g., an indicia of inflammation,
oncogenicity, or cell degranulation or secretion, such
as the release of a cytokine, toxic oxygen, or a
protease. The endpoint may comprise, e.g., a
predetermined quantity of ion flux or transport; cell
migration; cell adhesion; cell proliferation;
potential for metastasis; cell differentiation; and
change in phenotype, e.g., change in expression of
gene relating to inflammation, apoptosis,
transformation, cell cycle, or metastasis (see, e.g.,
Knight (2000) Ann. Clin. Lab. Set. 30:145- 158; Hood
and Cheresh (2002) Nature Rev. Cancer 2:91-100; Timme
et al. (2003) Curr. Drug Targets 4:251-261; Robbins
and Itzkowitz (2002) Med. Clin. North Am.
86:1467-1495; Grady and Markowitz (2002) Annu. Rev.
Genomics Hum. Genet. 3:101-128; Bauer, et al. (2001)
GUa 36:235-243; Stanimirovic and Satoh (2000) Brain
Pathol. 10:1 13-126). [0068] An endpoint of inhibition
is generally 75% of the control or less, preferably
50% of the control or less, more preferably 25% of the
control or less, and most preferably10% of the control
or less. Generally, an endpoint of activation is at
least 150% the control, preferably at least two times
the control, more preferably at least four times the
control, and most preferably at least 10 times the
control. [0069] "Small molecule" is defined as a
molecule with a molecular weight that is less than 10
kDa, typically less than 2 kDa, and preferably less
than 1 kDa. Small molecules include, but are not
limited to, inorganic molecules, organic molecules,
organic molecules containing an inorganic component,
molecules comprising a radioactive atom, synthetic
molecules, peptide mimetics, and antibody mimetics. As
a therapeutic, a small molecule may be more permeable
to cells, less susceptible to degradation, and less
apt to elicit an immune response than large molecules.
Small molecules, such as peptide mimetics of
antibodies and cytokines, as well as small molecule
toxins are described. See, e.g., Casset et al. (2003)
Biochem. Biophys. Res. Commun. 307:198-205;
Muyldermans (200I) J. Biotechnol. 74:277- 302; Li
(2000) Na/. Biotechnol. 18:1251-1256; Apostolopoulos
et al. (2002) Curr. Med. Chem. 9:41 1-420; Monfardini
et al. (2002) Curr. Pharm. Des. 8:2185-2199; Domingues
et al. (1999) Nat. Struct. Biol. 6:652-656; Sato and
Sone (2003) Biochem. J. 371:603-608; U.S. Patent No.
6,326,482. [0070] "Specifically" or "selectively"
binds, when referring to a ligand/receptor,
antibody/antigen, or other binding pair, indicates a
binding reaction that is determinative of the presence
of the protein in a heterogeneous population of
proteins and other biologies. Thus, under designated
conditions, a specified ligand binds to a particular
receptor and does not bind in a significant amount to
other proteins present in the sample. As used herein,
an antibody is said to bind specifically to a
polypeptide comprising a given sequence (in this case
IL-23R) if it binds to polypeptides comprising the
sequence of IL-23R but does not bind to proteins
lacking the sequence of IL-23R. For example, an
antibody that specifically binds to a polypeptide
comprising IL-23R may bind to a FLAG(r)-tagged form of
IL-23R but will not bind to other FLAG -tagged
proteins. [0071] The antibody, or binding composition
derived from the antigen-binding site of an antibody,
of the contemplated method binds to its antigen with
an affinity that is at least two fold greater,
preferably at least ten times greater, more preferably
at least 20-times greater, and most preferably at
least 100-times greater than the affinity with
unrelated antigens. In a preferred embodiment the
antibody will have an affinity that is greater
thanabout 109 liters/mol, as determined, e.g., by
Scatchard analysis. Munsen et al. (1980) Analyt.
Biochem. 107:220-239. [0072] As used herein, the term
"immunomodulatory agent" refers to natural or 



synthetic agents that suppress or modulate an immune
response. The immune response can be a humoral or
cellular response. Immunomodulatory agents encompass
immunosuppressive or anti-inflammatory agents. [0073]
"Immunosuppressive agents," "immunosuppressive drugs,"
or "immunosuppressants" as used herein are
therapeutics that are used in immunosuppressive
therapy to inhibit or prevent activity of the immune
system. Clinically they are used to prevent the
rejection of transplanted organs and tissues (e.g.
bone marrow, heart, kidney, liver), and/or in the
treatment of autoimmune diseases or diseases that are
most likely of autoimmune origin (e.g. rheumatoid
arthritis, myasthenia gravis, systemic lupus
erythematosus, ulcerative colitis, multiple
sclerosis). Immunosuppressive drugs can be classified
into four groups: glucocorticoids cytostatics;
antibodies (including Biological Response Modifiers or
DMARDs); drugs acting on immunophilins; other drugs,
including known chemotherapeutic agents used in the
treatment of proliferative disorders. For multiple
sclerosis, in particular, the antibodies of the
present invention can be administered in conjunction
with a new class of myelin binding protein-like
therapeutics, known as copaxones. [0074]
"Anti-inflammatory agents" or "anti-inflammatory
drugs", is used to represent both steroidal and
non-steroidal therapeutics. Steroids, also known as
corticosteroids, are drugs that closely resemble
Cortisol, a hormone produced naturally by adrenal
glands. Steroids are used as the main treatment for
certain inflammatory conditions, such as: Systemic
vasculitis (inflammation of blood vessels); and
Myositis (inflammation of muscle). Steroids might also
be used selectively to treat inflammatory conditions
such as: rheumatoid arthritis (chronic inflammatory
arthritis occurring in joints on both sides of the
body); systemic lupus erythematosus (a generalized
disease caused by abnormal immune system function);
Sjogren's syndrome (chronic disorder that causes dry
eyes and a dry mouth). [0075] Non-steroidal
anti-inflammatory drugs, usually abbreviated to
NSAIDs, are drugs with analgesic, antipyretic and
anti-inflammatory effects - they reduce pain, fever
and inflammation. The term "non-steroidal" is used to
distinguish these drugs from steroids, which (amongst
a broad range of other effects) have a similar
eicosanoid-depressing, antiinflammatory action. NSAIDs
are generally indicated for the symptomatic relief of
the following conditions: rheumatoid arthritis;
osteoarthritis; inflammatory arthropathies (e.g.
ankylosing spondylitis, psoriatic arthritis, Reiter's
syndrome); acute gout; dysmenorrhoea; metastatic bone
pain; headache and migraine; postoperative pain;
mild-to-moderate pain due to inflammation and tissue
injury; pyrexia; and renal colic. NSAEDs include
salicylates, arlyalknoic acids, 2-arylpropionic acids
(profens), N-arylanthranilic acids (fenamic acids),
oxicams, coxibs, and sulphonanilides. II. General
[0076] The present invention provides engineered
anti-IL-23R antibodies and uses thereof to treat
inflammatory, autoimmune, and proliferative disorders.
[0077] A number of cytokines have a role in the
pathology or repair of neurological disorders. IL-6,
IL- 17, interferon-gamma (IFNgamma, IFN-g), and
granulocyte colonystimulating factor (GM-CSF) have
been associated with multiple sclerosis. Matusevicius
et al. (1999) Multiple Sclerosis 5:101-104; Lock et
al. (2002) Nature Med. 8:500-508. IL- 1alpha, IL-I
beta, and transforming growth factor-beta 1
(TGF-betal) play a role in ALS, Parkinson's disease,
and Alzheimer's disease. Hoozemans et al. (2001) Exp.
Gerontol. 36:559-570; Griffin and Mrak (2002) J.
Leukocyte Biol. 72:233-238; Ilzecka etal. (2002)
Cytokine 20:239-243. TNF-alpha, IL-I beta, IL-6, IL-8,
interferon-gamma, and IL- 17 appear to modulate
response to brain ischemia. See, e.g., Kostulas et al.
(1999) Stroke 30:2174- 2179; Li et al. (2001) J.
Neuroimmunol. 116:5-14. Vascular endothelial cell
growth factor (VEGF) is associated with ALS. Cleveland
and Rothstein (2001) Nature 2:806-819. [0078]
Inflammatory bowel disorders, e.g., Crohn's disease,
ulcerative colitis, celiac disease, and irritable
bowel syndrome, are mediated by cells of the immune
system and by cytokines. For example, Crohn's disease
is associated with increased IL-12 and IFNg, while
ulcerative colitis is associated with increased IL-5,
IL- 13, and transforming growth factor-beta (TGFbeta).
IL-17 expression may also increase in Crohn's disease
and ulcerative colitis. See, e.g., Podolsky (2002) New
Engl. J. Med. 347:417-429; Bouma and Strober (2003)
Nat. Rev. Immunol. 3:521-533; Bhan et al. (1999)
Immunol. Rev. 169:195-207; Hanauer (1996) New Engl. J.
Med. 334:841-848; Green (2003) The Lancet 362:383-391;
McManus (2003) New Engl. J. Med. 348:2573-2574;
Horwitz and Fisher (2001) New Engl. J. Med.
344:1846-1850;Andoh et al (2002) Int. J. MoI. Med.
10:631-634; Nielsen et al. (2003) Scand. J.
Gastroenterol. 38:180-185; Fujino et al. (2003) Gut
52:65-70. [0079] IL-23 receptor is a heterodimeric
complex of IL-23R and IL-12R bl subunits. See Parham
et al. (2000) J. Immunol. 168:5699. IL-12 receptor is
a complex of IL-12Rbl and IL-12Rb2 subunits. See
Presky et al. (1996) Proc. Nat 'I Acad. Sci. USA
93:14002. IL-23R has been implicated as a critical
genetic factor in the inflammatory bowel disorders
Crohn's disease and ulcerative colitis. Duerr et al.
(2006) Science 314: 1461 . A genome-wide association
study found that the gene for IL-23R was highly
associated with Crohn's disease, with an uncommon
coding variant (Arg381Gln) conferring strong
protection against the disease. This genetic
association confirms prior biological findings (Yen et
al. (2006) J. Clin. Investigation 116:1218) suggesting
that IL-23 and its receptor (including IL-23R) are
promising targets for new therapeutic approached to
treating IBD. [0080] Inflammatory diseases of the
skin, joints, CNS, as well as proliferative disorders
elicit similar immune responses, thus IL-23/IL-23R
blockade should provide inhibition of these immune
mediated inflammatory disorders, without comprising
the host ability to fight systemic infections.
Antagonizing IL-23/IL-23R should relieve the
inflammation associated with inflammatory bowel
disease, Crohn's disease, ulcerative colitis,
rheumatoid arthritis, psoriatic arthritis, psoriasis,
ankylosing spondylitis and atopic dermatitis. Use of
IL-23/IL-23R inhibitors will also provide inhibition
of proliferative disorders, e.g., cancer and
autoimmune disorders e.g., multiple sclerosis, type I
diabetes, and SLE. Descriptions of IL-23 in these
various disorders can be found in the following
published PCT applications: WO 04/081 190; WO
04/071517; WO 00/53631; and WO 01/18051. IL-23/IL- 23R
inhibitors may also find use in treatment of
infections, including chronic infections, such as
bacterial, mycobacterial, viral and fungal infections.
[0081] The pl9 subunit of IL-23 is a member of the
IL-6 family of helical cytokines. The pi 9 subunit
interacts with three cytokine receptor subunits to
form the competent signaling complex. When expressed
in a cell, the pi 9 subunit first forms a complex with
the p40 subunit, which it shares with IL-12. As noted
above, the pl9p40 complex is secreted from the cell as
a heterodimeric protein and is called IL-23 (see,
e.g., Oppmann et al., supra). [0082] The cellular
receptor complex required to transduce the IL-23
signal consists of two members of the tall signaling
receptor subunits of the IL-6/IL-12 family of
cytokines, the IL-23-specific IL-23R (see, e.g.,
Parham et al. supra) and the IL-12Rbl subunit, which
isshared with IL-12. The amino acid sequence for human
IL-23R is found at GenBank Accession No: AAM44229 (SEQ
ID NO: 41), and an mRNA sequence is found at GenBank
Accession No: NM_144701 . The human IL-23R gene is
described at NCBI GeneID No. 149233. The amino acid
sequence for mouse {mus musculus) IL-23R is found at
GenBank Accession No: AAM44230, and provided at SEQ ID
NO: 42. Amino acid residues 1-23 of both human and
mouse IL-23R sequences represent signal sequences that
are not present in the mature forms of IL-23R. The
amino acid sequences for human and mouse (mus
musculus) IL-12Rbl are found at GenBank Accession Nos:
NP 005526 and Q60837, and provided at SEQ ID NOs: 43
and 44, respectively. Amino acid residues 1-24 and
1-19 represent signal sequences for human and mouse
IL-12Rbl , respectively. [0083] Comparison of the
natural roles of IL-12 and IL-23 suggest that
targeting IL-23 for inhibition will cause fewer
adverse side-effects when compared with inhibition of
IL-12, or inhibition of both IL-23 and IL-12. Bowman
et al. (2006) Curr. Opin. Infect. Dis. 19:245. While
IL-12 is critical to mounting a systemic ThI -mediated
immune responses, IL-23 (along with IL-6 and TNF-a) is
thought to be responsible for promotion and
maintenance of Th- 17 cells. Such Th- 17 cells are
believed to be involved in responses to catastrophic
injury, such as breach of the mucosal barrier of the
lung or gut, and the resulting exposure to the deadly
pathogens K. pneumoniae and C. rodentium. Such
catastrophic injuries would almost certainly require
an immediate immune response in the form of massive
neutrophil influx. See Cua and Kastelein (2006) Nature
Immunology 7:557. Because such catastrophic injuries
and infections are relatively rare in modern society,
and can be treated with antibiotics if they do occur,
this Th-1 7 "nuclear option" may not be as critical to
survival as it was earlier in human evolution. This
suggests that disruption of IL-23 / IL-23 receptor
signaling may have a relatively minor side effect
profile, since its natural activity is of little
importance in modern society. See McKenzie et al.
(2006) Trends Immunol. 27:17. [0084] The distinct
subunit compositions of IL-12 receptor and IL-23
receptor make it possible to design therapy that
targets only IL-23 receptor but not IL-12 receptor.
Compounds that bind to and inhibit the activity of
IL-23pl9 or IL-23R, either in isolation of as
components of their respective heterodimeric
complexes, will inhibit IL-23 but not IL-12. There may
also be compounds that are capable of binding to
IL-12p40 when present in IL-23 



but not in IL-12, or compounds that bind to and
inhibit EL-12Rbl when present in the IL-23 receptor
but not in IL-12 receptor. Such specific binding
agents will also inhibit IL-23activity but not IL- 12
activity. IL-23/IL-23R specific agents would be
expected to be safer (i.e. have a lower side effect
profile) than agents that also inhibit IL-1 2. [0085]
Much of the early work on inhibition of IL- 12
involved inhibition of IL-12p40. It has been
subsequently realized that these experiments involved
not only inhibition of IL-12 but also inhibition of
IL-23, and that in fact the effects in many of these
experiments were the result of inhibition of IL-23.
Many disorders once thought to be caused by a
pathogenic ThI response, which could be ameliorated by
inhibition of IL-12, have been shown instead to be
caused by a Th 17 response, which is ameliorated by
inhibition of IL-23. Yen et al. (2006) J. Clin.
Invest. 116:1310; Iwakura and Ishingame (2006) J. CHn.
Invest. 116:1218. [0086] IL-23 receptor, and
specifically IL-23R, represents an attractive target
for therapeutic intervention. IL-23R is expressed on
the surface of TH17 cells, and the antibodies of the
present invention may be used to deliver a cytotoxic
payload specifically to that T-cell subset. Such
cell-specific immunotherapy is particularly suited to
treatment of disorders in which TH 17 cells migrate
from a tissue in which they are induced (e.g. the gut,
lung or skin) into another tissue, such as CNS, since
the cells could be targeted and killed prior to
infiltrating the new target tissue and inducing
disease (e.g. MS in the CNS). See Chen et al. (2006)
J. Clin. Invest. 116:1317. [0087] In other
embodiments, however, it may be preferable to avoid
cytotoxic effects in cells expressing IL-23R, but
instead to simply block IL-23 signaling. In the case
of treatment of tumors (see, e.g., WO 2004/081 190),
for example, it may be preferable to block IL-23
signaling in ThO cells, and thus block ThI 7
formation, without inducing cell killing. The ThO
cells will then be available for production cells of
the ThI lineage, induced by IL-12, which can then
engage in productive immune surveillance of the tumor
cells with beneficial effect. The compositions and
methods of the present invention encompass both
scenarios by providing binding compounds (antibodies)
that may or may not enhance killing of IL-23R
expressing cells, depending on which is the preferred
approach for the specific therapeutic use. In some
embodiments, antibodies or fragments thereof lacking
effector function may be used, such as IgG antibodies
other than subclass IgGi, or Fab or other antibody
fragments. [0088] Targeting IL-23R has advantages over
targeting IL- 12Rb1, the other subunit of the
heterodimeric IL-23 receptor, since inhibition of
IL-23R will disrupt IL-23 signaling but not disrupt
IL-12 signaling. Inhibition of IL-12Rbl would disrupt
signaling of both IL-23 and IL-12. In general
principle a more narrowly targeted therapy is
preferable, and in this specificcase there are good
reasons to expect that disruption of IL- 12 would
reduce the subject's ability to resist some infectious
diseases and to maintain tumor surveillance. [0089]
Targeting IL-23R has advantages over targeting
IL-23pl9 despite the fact that the two therapeutic
approaches both act by disrupting IL-23 signaling
through its receptor. EL-23R is present at
significantly lower levels than IL-23pl9, and the
amount of anti-IL-23R antibody necessary to block
IL-23R would be expected to be correspondingly lower
than would be required to block the activity of pl9 in
a subject. This reduction in the amount of antibody
may provide several advantages, such as reducing the
expense of treatment, decreasing the concentration
and/or volume of the drug to be delivered, and
facilitating less frequent administration. In
addition, targeting of IL-23pl9 may alter the
circulating level of EL-12p40, which is a subunit of
both IL-23 and IL-12, and also appears to exist in a
p40 homodimer form. Because the potential biological
effects of alterations in the levels of IL-12 and/or
IL-12p40 homodimer are not fully understood, it would
be preferable to block IL-23 signaling in a way that
doesn't involve targeting the soluble cytokine
(IL-23), but instead targets the IL-23-specific
receptor subunit IL-23R. III. Generation of IL-23R
Specific Antibodies [0090] Any suitable method for
generating monoclonal antibodies may be used. For
example, a recipient may be immunized with IL-23R or a
fragment thereof. Any suitable method of immunization
can be used. Such methods can include adjuvants, other
immunostimulants, repeated booster immunizations, and
the use of one or more immunization routes. Any
suitable source of IL-23R can be used as the immunogen
for the generation of the non-human antibody of the
compositions and methods disclosed herein. Such forms
include, but are not limited whole protein,
peptide(s), and epitopes generated through
recombinant, synthetic, chemical or enzymatic
degradation means known in the art. In preferred
embodiments the immunogen comprises the extracellular
portion of IL-23R. The domain structure of IL-23R is
discussed in U.S. Pat. No. 6,756,481, in which the
extracellular domain is predicted to comprise amino
acids 1-328 of the mature form of human IL-23R,
corresponding to residues 24-35 1 of SEQ ID NO: 4 1 of
the present application. See also WO 2004/052157. The
extracellular domain may be defined differently
depending on the proposed purpose, such as design of
an immunogenic polypeptide construct.[0091] Any form
of the antigen can be used to generate the antibody
that is sufficient to generate a biologically active
antibody. Thus, the eliciting antigen may be a single
epitope, multiple epitopes, or the entire protein
alone or in combination with one or more
immunogenicity enhancing agents known in the art. The
eliciting antigen may be an isolated full-length
protein, a cell surface protein (e.g., immunizing with
cells transfected with at least a portion of the
antigen), or a soluble protein (e.g., immunizing with
only the extracellular domain portion of the protein).
The antigen may be produced in a genetically modified
cell. The DNA encoding the antigen may genomic or
non-genomic (e.g., cDNA) and encodes at least a
portion of the extracellular domain. As used herein,
the term "portion" refers to the minimal number of
amino acids or nucleic acids, as appropriate, to
constitute an immunogenic epitope of the antigen of
interest. Any genetic vectors suitable for
transformation of the cells of interest may be
employed, including but not limited to adenoviral
vectors, plasmids, and non-viral vectors, such as
cationic lipids. [0092] Any suitable method can be
used to elicit an antibody with the desired biologic
properties to inhibit IL-23/IL-23R. It is desirable to
prepare monoclonal antibodies (mAbs) from various
mammalian hosts, such as mice, rats, other rodents,
humans, other primates, etc. Description of techniques
for preparing such monoclonal antibodies may be found
in, e.g., Stites et al. (eds.) BASIC AND CLINICAL
IMMUNOLOGY (4th ed.) Lange Medical Publications, Los
Altos, CA, and references cited therein; Harlow and
Lane (1988) ANTIBODIES: A LABORATORY MANUAL CSH Press;
Goding (1986) MONOCLONAL ANTIBODIES: PRINCIPLES AND
PRACTICE (2d ed.) Academic Press, New York, NY. Thus,
monoclonal antibodies may be obtained by a variety of
techniques familiar to researchers skilled in the art.
Typically, spleen cells from an animal immunized with
a desired antigen are immortalized, commonly by fusion
with a myeloma cell. See Kohler and Milstein (1976)
Eur. J. Immunol. 6:51 1-519. Alternative methods of
immortalization include transformation with Epstein
Barr Virus, oncogenes, or retroviruses, or other
methods known in the art. See, e.g., Doyle et al.
(eds. 1994 and periodic supplements) CELL AND TISSUE
CULTURE: LABORATORY PROCEDURES, John Wiley and Sons,
New York, NY. Colonies arising from single
immortalized cells are screened for production of
antibodies of the desired specificity and affinity for
the antigen, and yield of the monoclonal antibodies
produced by such cells may be enhanced by various
techniques, including injection into the peritoneal
cavity of a vertebrate host. Alternatively, one may
isolate DNA sequences that encode a monoclonal
antibody or aantigen binding fragment thereof by
screening a DNA library from human B cells according,
e.g., to the general protocol outlined by Huse et al.
(1989) Science 246:1275-1281. [0093] Other suitable
techniques involve selection of libraries of
antibodies in phage or similar vectors. See, e.g.,
Huse et al. supra; and Ward et al. (1989) Nature 341
:544-546. The polypeptides and antibodies of the
present invention may be used with or without
modification, including chimeric or humanized
antibodies. Frequently, the polypeptides and
antibodies will be labeled by joining, either
covalently or non-covalently, a substance that
provides for a detectable signal. A wide variety of
labels and conjugation techniques are known and are
reported extensively in both the scientific and patent
literature. Suitable labels include radionuclides,
enzymes, substrates, cofactors, inhibitors,
fluorescent moieties, chemiluminescent moieties,
magnetic particles, and the like. Patents teaching the
use of such labels include U.S. Patent Nos. 3,817,837;
3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149;
and 4,366,241. Also, recombinant immunoglobulins may
be produced, see Cabilly U.S. Patent No. 4,816,567;
and Queen et al. (1989) Proc. Nat'l Acad. Sci. USA
86:10029-10033; or made in transgenic mice, see Mendez
et al. (1997) Nature Genetics 15:146-156. See also
Abgenix and Medarex technologies. [0094] Antibodies or
binding compositions against predetermined fragments
of IL- 23R can be raised by immunization of animals
with conjugates of the polypeptide, fragments,
peptides, or epitopes with carrier proteins.
Monoclonal antibodies are prepared from cells
secreting the desired antibody. These antibodies can
be screened for binding to normal or defective IL-23R.
These monoclonal antibodies will usually bind with at
least a K of about 1 mM, more usually at least about
300 nM, 30 nM, 10 nM, 3 nM, 1 nM, 300 pM, 100 pM, 30
pM, 10 pM, 1 pM or better, usually determined by ELISA
or BIAcore(r) label-free interaction analysis system.
Suitable non-human antibodies may also be identified
using the biologic assays described in Examples 5, 6
and 7, below. [0095] Hybridomas expressing antibodies
8B10 (rat IgG2a kappa) and 20D7 (mouse 



IgGl kappa) were deposited pursuant to the Budapest
Treaty with American Type Culture Collection (ATCC -
Manassas, Virginia, USA) on August 17, 2006 under
Accession Numbers PTA-7800 and PTA-7801,
respectively.IV. Humanization of IL-23R Specific
Antibodies [0096] Any suitable non-human antibody can
be used as a source for the hypervariable region.
Sources for non-human antibodies include, but are not
limited to, murine (e.g. Mus musculus), rat (e.g.
Rattus norvegicus), Lagomorphs (including rabbits),
bovine, and primates. For the most part, humanized
antibodies are human immunoglobulins (recipient
antibody) in which hypervariable region residues of
the recipient are replaced by hypervariable region
residues from a non-human species (donor antibody)
such as mouse, rat, rabbit or non-human primate having
the desired specificity, affinity, and capacity. In
some instances, Fv framework region (FR) residues of
the human immunoglobulin are replaced by corresponding
non-human residues. Furthermore, humanized antibodies
may comprise residues that are not found in the
recipient antibody or in the donor antibody. These
modifications are made to further refine antibody
performance of the desired biological activity. For
further details, see Jones et al. (1986) Nature 321
:522-525; Reichmann et al. (1988) Nature 332:323-329;
and Presta (1992) Curr. Op. Struct. Biol. 2:593-596.
[0097] Methods for recombinantly engineering
antibodies have been described, e.g., by Boss et al.
(U.S. Pat. No. 4,816,397), Cabilly et al. (U.S. Pat.
No. 4,816,567), Law et al. (European Patent
Application Publication No. EP438310A1) and Winter
(European Patent Application Publication No.
EP239400B1). [0098] Amino acid sequence variants of
humanized anti-IL-23R antibody are prepared by
introducing appropriate nucleotide changes into the
humanized anti-IL-23R antibody DNA, or by peptide
synthesis. Such variants include, for example,
deletions from, and/or insertions into, and/or
substitutions of, residues within the amino acid
sequences shown for the humanized anti-IL-23R
antibody. Any combination of deletion, insertion, and
substitution is made to arrive at the final construct,
provided that the final construct possesses the
desired characteristics. The amino acid changes also
may alter post-translational processes of the
humanized anti-IL-23R antibody, such as changing the
number or position of glycosylation sites. [0099] A
useful method for identification of certain residues
or regions of the humanized anti-EL-23R antibody
polypeptide that are preferred locations for
mutagenesis is called "alanine scanning mutagenesis,"
as described by Cunningham and Wells (1989) Science
244: 1081-1085. Here, a residue or group of target
residues are identified {e.g., charged residues such
as Arg, Asp, His, Lys, and GIu) and replaced by a
neutral or negativelycharged amino acid (most
preferably alanine or polyalanine) to affect the
interaction of the amino acids with IL-23R antigen.
The amino acid residues demonstrating functional
sensitivity to the substitutions then are refined by
introducing further or other variants at, or for, the
sites of substitution. Thus, while the site for
introducing an amino acid sequence variation is
predetermined, the nature of the mutation se need not
be predetermined. For example, to analyze the
performance of a mutation at a given site, Ala
scanning or random mutagenesis is conducted at the
target codon or region and the expressed humanized
anti-IL- 23R antibody variants are screened for the
desired activity. [0100] Amino acid sequence
insertions include amino- and/or carboxyl-terminal
fusions ranging in length from one residue to
polypeptides containing a hundred or more residues, as
well as intrasequence insertions of single or multiple
amino acid residues. Examples of terminal insertions
include humanized anti-IL-23R antibody with an
N-terminal methionyl residue or the antibody fused to
an epitope tag. Other insertional variants of the
humanized anti-IL-23R antibody molecule include the
fusion to the N- or C-terminus of humanized
anti-IL-23R antibody of an enzyme or a polypeptide
that increases the serum halflife of the antibody.
[0101] Another type of variant is an amino acid
substitution variant. These variants have at least one
amino acid residue in the humanized anti-IL-23R
antibody molecule removed and a different residue
inserted in its place. The sites of greatest interest
for substitutional mutagenesis include the
hypervariable loops, but FR alterations are also
contemplated. [0102] Another type of amino acid
variant of the antibody alters the original
glycosylation pattern of the antibody. By altering is
meant deleting one or more carbohydrate moieties found
in the antibody, and/or adding one or more
glycosylation sites that are not present in the
antibody. Glycosylation of antibodies is 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. The tripeptide
sequences asparagine-X-serine and
asparagine-Xthreonine, where X is any amino acid
except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a
potential glycosylation site. O-linked glycosylation
refers to the attachment of one of the sugars
Nacetylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also
be used. [0103] Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the
amino acid sequence such that it contains one or more
of the above-described tripeptide sequences (for
N-linked glycosylation sites). 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 antibody (for O-linked glycosylation
sites). [0104] Yet another type of amino acid variant
is the substitution of residues to provide for greater
chemical stability of the final humanized antibody.
For example, an asparagine (N) residue may be changed
to reduce the potential for formation of isoaspartate
at any NG sequences within a rodent CDR. A similar
problem may occur at a DG sequence. Reissner and Aswad
(2003) Cell. MoI. Life Sci. 60:1281. Isoaspartate
formation may debilitate or completely abrogate
binding of an antibody to its target antigen. Presta
(2005) J. Allergy Clin. Immunol. 116:731 at 734. In
one embodiment, the asparagine is changed to glutamine
(Q). It may also be desirable to alter an amino acid
adjacent to an asparagine (N) or glutamine (Q) residue
to reduce the likelihood of deamidation, which occurs
at greater rates when small amino acids occur adjacent
to asparagine or glutamine. Bischoff & Kolbe (1994) J.
Chromatog. 662:261. In addition, methionine residues
in rodent CDRs may be changed to reduce the
possibility that the methionine sulfur would oxidize,
which could reduce antigen binding affinity and also
contribute to molecular heterogeneity in the final
antibody preparation. Id. In one embodiment, the
methionine is changed to alanine (A). Antibodies with
such substitutions are subsequently screened to ensure
that the substitutions do not decrease EL-23R binding
affinity to unacceptable levels. [0105] Nucleic acid
molecules encoding amino acid sequence variants of
humanized IL-23R specific antibody are prepared by a
variety of methods known in the art. These methods
include, but are not limited to, isolation from a
natural source (in the case of naturally occurring
amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed)
mutagenesis, PCR mutagenesis, and cassette mutagenesis
of an earlier prepared variant or a non-variant
version of humanized anti-IL-23R antibody. [0106]
Ordinarily, amino acid sequence variants of the
humanized anti-IL-23R antibody will have an amino acid
sequence having at least 75% amino acid sequence
identity with the original humanized antibody amino
acid sequences of either the heavy or the lightchain
more preferably at least 80%, more preferably at least
85%, more preferably at least 90%, and most preferably
at least 95%, 98% or 99%. Identity or homology with
respect to this sequence is defined herein as the
percentage of amino acid residues in the candidate
sequence that are identical with the humanized
anti-IL-23R residues, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum
percent sequence identity, and not considering any
conservative substitutions as part of the sequence
identity. None of N-terminal, C-terminal, or internal
extensions, deletions, or insertions into the antibody
sequence shall be construed as affecting sequence
identity or homology. [0107] The humanized antibody
can be selected from any class of immunoglobulins,
including IgM, IgG, IgD, IgA, and IgE. Preferably, the
antibody is an IgG antibody. Any isotype of IgG can be
used, including IgGi, IgG2, IgG , and IgG . Variants
of the IgG isotypes are also contemplated. The
humanized antibody may comprise sequences from more
than one class or isotype. Optimization of the
necessary constant domain sequences to generate the
desired biologic activity is readily achieved by
screening the antibodies in the biological assays
described in the Examples. [0108] Likewise, either
class of light chain can be used in the compositions
and methods herein. Specifically, kappa, lambda, or
variants thereof are useful in the present
compositions and methods. [0109] Any suitable portion
of the CDR sequences from the non-human antibody can
be used. The CDR sequences can be mutagenized by
substitution, insertion or deletion of at least one
residue such that the CDR sequence is distinct from
the human and non-human antibody sequence employed. It
is contemplated that such mutations would be minimal.
Typically, at least 75% of the humanized antibody
residues will correspond to those of the non-human CDR
residues, more often 90%, and most preferably greater
than 95%. 



[0110] Any suitable portion of the FR sequences from
the human antibody can be used. The FR sequences can
be mutagenized by substitution, insertion or deletion
of at least one residue such that the FR sequence is
distinct from the human and non-human antibody
sequence employed. It is contemplated that such
mutations would be minimal. Typically, at least 75% of
the humanized antibody residues will correspond to
those of the human FR residues, more often 90%, and
most preferably greater than 95%, 98% or 99%. [0111]
CDR and FR residues are determined according to the
standard sequence definition of Kabat. Kabat et al.
(1987) Sequences of Proteins of Immunological
Interest,National Institutes of Health, Bethesda Md.
SEQ ID NOs: 1-5 show the heavy chain variable domain
sequences of various mouse and rat anti-human IL-23R
antibodies, and SEQ ID NOs: 6-10 depict the light
chain variable domain sequences. SEQ ID NOs: 45-47
show the heavy chain variable domain sequences of
various forms of humanized mouse anti-human IL-23R
clone 20D7 antibody, and SEQ ID NOs: 48-49 and 53
depict the light chain variable domain sequences.
FIGS. 1 and 2 provide sequence lineups of heavy and
light chain variable domains of the various antibodies
of the present invention. CDRs are indicated in the
figures, and the individual CDR sequences are each
presented with unique Sequence Identifiers (SEQ ID
NOs: 11-40), as indicated in Tables 2 and 4. Table 2
Li ht Chain Se uences and Domains[0112] In one
embodiment, CDRs include variants of any single
sequence CDR disclosed herein (SEQ TD NOs: 11-40 and
52), in which the variant comprises 1, 2, 3, 4, 5, 6,
7, 8, 9, 10 or more conservative amino acid
substitutions relative to the disclosed sequence, as
determined using Table 1. [0113] Also contemplated are
chimeric antibodies. As noted above, typical chimeric
antibodies comprise a portion of the heavy and/or
light chain 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. See U.S. Pat. No. 4,816,567; and Morrison et
al. (1984) Proc. Natl. Acad. ScL USA 81: 6851-6855.
[0114] Bispecific antibodies are also useful in the
present methods and compositions. As used herein, the
term "bispecific antibody" refers to an antibody,
typically a monoclonal antibody, having binding
specificities for at least two different antigenic
epitopes. In one embodiment, the epitopes are from the
same antigen. In another embodiment, the epitopes are
from two different antigens. Methods for making
bispecific antibodies are known in the art. For
example, bispecific antibodies can be produced
recombinantly using the coexpression of two
immunoglobulin heavy chain/light chain pairs. See,
e.g., Milstein et al. (1983) Nature 305: 537-39.
Alternatively, bispecific antibodies can be prepared
using chemical linkage. See, e.g., Brennan et al.
(1985) Science 229:81. Bispecific antibodies include
bispecific antibody fragments. See, e.g., Holliger et
al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6444-48,
Gruber et al. (1994) J. Immunol. 152:5368. [0115] In
yet other embodiments, different constant domains may
be appended to humanized VLand VH regions derived from
the CDRs provided herein. For example, if a particular
intended use of an antibody (or fragment) of the
present invention were to call for altered effector
functions, a heavy chain constant domain other than
IgGl may be used. Although IgGl antibodies provide for
long half-life and for effector functions, such as
complement activation aRd antibody-dependent cellular
cytotoxicity, such activities may not be desirable for
all uses of the antibody. In such instances an IgG4
constant domain, for example, may be used.V.
Biological Activity of Humanized Anti-IL-23R
Antibodies [0116] Antibodies having the
characteristics identified herein as being desirable
in a humanized anti-IL-23R antibody can be screened
for inhibitory biologic activity in vitro or suitable
binding affinity. Antagonist antibodies may be
distinguished from agonist antibodies using the
biological assays provided at Examples 5, 6 and 7.
Antibodies that exhibit agonist activity will not
block the activity of IL-23, but will instead
stimulate the response typically caused by IL-23, such
as increasing cell proliferation in the Ba/F3 assay of
Example 5 and/or increasing IL- 17 production in the
splenocyte assay of Example 6. Although agonist
antibodies may find use in some therapeutic
indications, the anti-IL-23R antibodies disclosed
herein are intended to be antagonist antibodies unless
otherwise indicated. [0117] To screen for antibodies
that bind to the epitope on human IL-23R bound by an
antibody of interest (e.g., those that block binding
of IL-23), 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. Antibodies that bind to the
same epitope are likely to cross-block in such assays,
but not all cross-blocking antibodies will necessarily
bind at precisely the same epitope since
cross-blocking may result from steric hindrance of
antibody binding by antibodies bind at overlapping
epitopes, or even nearby non-overlapping epitopes.
[0118] Alternatively, epitope mapping, e.g., as
described in Champe et al. (1995) J. Biol. Chem.
270:1388-1394, can be performed to determine whether
the antibody binds an epitope of interest. "Alanine
scanning mutagenesis," as described by Cunningham and
Wells (1989) Science 244: 1081-1085, or some other
form of point mutagenesis of amino acid residues in
human IL-23R may also be used to determine the
functional epitope for an anti- IL-23R antibody of the
present invention. Mutagenesis studies, however, may
also reveal amino acid residues that are crucial to
the overall three-dimensional structure of IL-23R but
that are not directly involved in antibody-antigen
contacts, and thus other methods may be necessary to
confirm a functional epitope determined using this
method. [0119] The epitope bound by a specific
antibody may also be determined by assessing binding
of the antibody to peptides comprising fragments of
human IL-23R (SEQ ID NO: 41). A series of overlapping
peptides encompassing the sequence of IL-23R may be
synthesized and screened for binding, e.g. in a direct
ELISA, a competitive ELISA (where the peptide is
assessed for its ability to prevent binding of an
antibody to EL-23R bound to a wellof a microtiter
plate), or on a chip. Such peptide screening methods
may not be capable of detecting some discontinuous
functional epitopes, i.e. functional epitopes that
involve amino acid residues that are not contiguous
along the primary sequence of the EL-23R polypeptide
chain. [0120] The epitope bound by antibodies of the
present invention may also be determined by structural
methods, such as X-ray crystal structure determination
(e.g., WO2005/044853), molecular modeling and nuclear
magnetic resonance (NMR) spectroscopy, including NMR
determination of the H-D exchange rates of labile
amide hydrogens in IL-23R when free and when bound in
a complex with an antibody of interest (Zinn-Justin et
/.(1992) Biochemistry 31:1 1335-1 1347; Zinn-Justin et
al. (1993) Biochemistry 32:6884-6891). [0121] With
regard to X-ray crystallography, crystallization may
be accomplished using any of the known methods in the
art (e.g. Giege et al. (1994) Acta Crystallogr.
D50:339-350; McPherson (1990) Eur. J. Biochem.
189:1-23), including microbatch (e.g. Chayen (1997)
Structure 5:1269-1274), hanging-drop vapor diffusion
(e.g. McPherson (1976) J. Biol. Chem. 251:6300-6303),
seeding and dialysis. It is desirable to use a protein
preparation having a concentration of at least about 1
mg/mL and preferably about 10 mg/mL to about 20 mg/mL.
Crystallization may be best achieved in a precipitant
solution containing polyethylene glycol 1000-20,000
(PEG; average molecular weight ranging from about 1000
to about 20,000 Da), preferably about 5000 to about
7000 Da, more preferably about 6000 Da, with
concentrations ranging from about 10% to about 30%
(w/v). It may also be desirable to include a protein
stabilizing agent, e.g. glycerol at a concentration
ranging from about 0.5% to about 20%. A suitable salt,
such as sodium chloride, lithium chloride or sodium
citrate may also be desirable in the precipitant
solution, preferably in a concentration ranging from
about 1mM to about 1000 mM. The precipitant is
preferably buffered to a pH of from about 4.0 to about
10.0, preferably about 7.0 to 8.5, e.g. 8.0. Specific
buffers useful in the precipitant solution may vary
and are well-known in the art. Scopes, Protein
Purification: Principles and Practice, Third ed.,
(1994) Springer-Verlag, New York. Examples of useful
buffers include, but are not limited to, HEPES, Tris,
MES and acetate. Crystals may be grow at a wide range
of temperatures, including 2C, 40C, 80C and 26C.
[0122] Antibody:antigen crystals may be studied using
well-known X-ray diffraction techniques and may be
refined using computer software such as X-PLOR (Yale
University,1992, distributed by Molecular Simulations,
Inc.; see e.g. Blundell & Johnson (1985) Meth.
Enzymol. 114 & 115, H. W. Wyckoff et al. eds.,
Academic Press; U.S. Patent Application Publication
No. 2004/0014194), and BUSTER (Bricogne (1993) Acta
Cryst. D49:37-60; Bricogne (1997) Meth. Enzymol.
276A:361-423, Carter & Sweet, eds.; Roversi et al.
(2000) Acta Cryst. D56:1313-1323). [0123] Additional
antibodies binding to the same epitope as an antibody
of the present invention may be obtained, for example,
by screening of antibodies raised against IL-23R for
binding to the epitope, or by immunization of an
animal with a peptide comprising a fragment of human
EL-23R comprising the epitope sequence. Antibodies
that bind to the same 



functional epitope might be expected to exhibit
similar biological activities, such as blocking
receptor binding, and such activities can be confirmed
by functional assays of the antibodies. [0124]
Antibody affinities may be determined using standard
analysis. Preferred humanized antibodies are those
that bind human IL-23R with a Kd value of no more than
about IxIO 7 M; preferably no more than about 1x10 M;
more preferably no more than about IxIO 9 M; and most
preferably no more than about IxIO 10 M or even IxIO
11M. [0125] The antibodies and fragments thereof
useful in the present compositions and methods are
biologically active antibodies and fragments. As used
herein, the term "biologically active" refers to an
antibody or antibody fragment that is capable of
binding the desired the antigenic epitope and directly
or indirectly exerting a biologic effect. Typically,
these effects result from the failure of IL-23 to bind
IL-23 receptor. As used herein, the term "specific"
refers to the selective binding of the antibody to the
target antigen epitope. Antibodies can be tested for
specificity of binding by comparing binding to IL-23R
to binding to irrelevant antigen or antigen mixture
under a given set of conditions. If the antibody binds
to IL-23R at least 10, and preferably 50 times more
than to irrelevant antigen or antigen mixture then it
is considered to be specific. An antibody that
"specifically binds" to IL-23R does not bind to
proteins that do not comprise the IL-23R-derived
sequences, i.e. "specificity" as used herein relates
to IL-23R specificity, and not any other sequences
that may be present in the protein in question. For
example, as used herein, an antibody that
"specifically binds" to a polypeptide comprising
IL-23R will typically bind to FLAG(r)-hIL-23R, which
is a fusion protein comprising IL-23R and a FLAG(r)
peptide tag, but it does not bind to the FLAG(r)
peptide tag alone or when it is fused to a protein
other than IL-23R.[0126] IL-23R-specific binding
compounds of the present invention, such as inhibitory
IL-23R specific antibodies, can inhibit its biological
activity in any manner, including but not limited to
reducing production of IL-I b and TNF by peritoneal
macrophages and IL-17 by TH17 T cells. See Langrish et
al. (2004) Immunol. Rev. 202:96- 105. Anti-IL-23R
antibodies will also be able to inhibit the gene
expression of IL-17A, IL- 17F, CCL7, CCL17, CCL20,
CCL22, CCRl, and GM-CSF. See Langrish et al. (2005) J
Exp. Med. 201:233-240. IL-23R-specific binding
compounds of the present invention, such as anti
IL-23R antibodies, will also block the ability of
IL-23 to enhance proliferation or survival of TH17
cells. Cua and Kastelein (2006) Nat. Immunol.
7:557-559. The inhibitory activity of anti-IL-23R
antibodies will be useful in the treatment of
inflammatory, autoimmune, and proliferative disorders.
Examples of such disorders are described in PCT patent
application publications WO 04/081 190; WO 04/071517;
WO 00/53631; and WO 01/18051. VI. Pharmaceutical
Compositions [0127] To prepare pharmaceutical or
sterile compositions including IL-23R antibody, the
cytokine analogue or fnutein, antibody thereto, or
nucleic acid thereof, is admixed with a
pharmaceutically acceptable carrier or excipient. See,
e.g., Remington's Pharmaceutical Sciences and U.S.
Pharmacopeia: National Formulary, Mack Publishing
Company, Easton, PA (1984). [0128] Formulations of
therapeutic and diagnostic agents may be prepared by
mixing with physiologically acceptable carriers,
excipients, or stabilizers in the form of, e.g.,
lyophilized powders, slurries, aqueous solutions or
suspensions. See, e.g., Hardman et al. (2001) Goodman
and Gilman 's The Pharmacological Basis of
Therapeutics, McGraw-Hill, New York, NY; Gennaro
(2000) Remington: The Science and Practice of
Pharmacy, Lippincott, Williams, and Wilkins, New York,
NY; Avis et al. (eds.) (1993) Pharmaceutical Dosage
Forms: Parenteral Medications, Marcel Dekker, NY;
Lieberman, et al. (eds.) (1990) Pharmaceutical Dosage
Forms: Tablets, Marcel Dekker, NY; Lieberman et al.
(eds.) (1990) Pharmaceutical Dosage Forms: Disperse
Systems, Marcel Dekker, NY; Weiner and Kotkoskie
(2000) Excipient Toxicity and Safety, Marcel Dekker,
Inc., New York, NY. [0129] Toxicity and therapeutic
efficacy of the antibody compositions, administered
alone or in combination with an immunosuppressive
agent, can be determined by standardpharmaceutical
procedures in cell cultures or experimental animals,
e.g., for determining the LD50 (the dose lethal to 50%
of the population) and the ED50 (the dose
therapeutically effective in 50% of the population).
The dose ratio between toxic and therapeutic effects
is the therapeutic index and it can be expressed as
the ratio of LD50 to ED50. Antibodies exhibiting high
therapeutic indices are preferred. The data obtained
from these cell culture assays and animal studies can
be used in formulating a range of dosage for use in
human. The dosage of such compounds lies preferably
within a range of circulating concentrations that
include the ED50 with little or no toxicity. The
dosage may vary within this range depending upon the
dosage form employed and the route of administration.
[0130] The mode of administration is not particularly
important. Suitable routes of administration may, for
example, include oral, rectal, transmucosal, or
intestinal administration; parenteral delivery,
including intramuscular, intradermal, subcutaneous,
intramedullary injections, as well as intrathecal,
direct intraventricular, intravenous, intraperitoneal,
intranasal, or intraocular injections. Administration
of antibody used in the pharmaceutical composition or
to practice the method of the present invention can be
carried out in a variety of conventional ways, such as
oral ingestion, inhalation, topical application or
cutaneous, subcutaneous, intraperitoneal, parenteral,
intraarterial or intravenous injection. [0131]
Alternately, one may administer the antibody in a
local rather than systemic manner, for example, via
injection of the antibody directly into an arthritic
joint or pathogeninduced lesion characterized by
immunopathology, often in a depot or sustained release
formulation. Furthermore, one may administer the
antibody in a targeted drug delivery system, for
example, in a liposome coated with a tissue-specific
antibody, targeting, for example, arthritic joint or
pathogen- induced lesion characterized by
immunopathology. The liposomes will be targeted to and
taken up selectively by the afflicted tissue. [0132]
Selecting an administration regimen for a therapeutic
depends on several factors, including the serum or
tissue turnover rate of the entity, the level of
symptoms, the immunogenicity of the entity, and the
accessibility of the target cells in the biological
matrix. Preferably, an administration regimen
maximizes the amount of therapeutic delivered to the
patient consistent with an acceptable level of side
effects. Accordingly, the amount of biologic delivered
depends in part on the particular entity and the
severity of the condition being treated. Guidance in
selecting appropriate doses of antibodies, cytokines,
and small molecules are available. See, e.g.,
Wawrzynczak (1996) Antibody Therapy, Bios
ScientificPub. Ltd, Oxfordshire, UK; Kresina (ed.)
(1991) Monoclonal Antibodies, Cytokines and Arthritis,
Marcel Dekker, New York, NY; Bach (ed.) (1993)
Monoclonal Antibodies and Peptide Therapy in
Autoimmune Diseases, Marcel Dekker, New York, NY;
Baert et al. (2003) New Engl. J. Med. 348:601-608;
Milgrom et al. (1999) New Engl. J. Med. 341:1966-
1973; Slamon et al. (2001) New Engl. J. Med.
344:783-792; Beniaminovitz et al. (2000) New Engl. J.
Med. 342:613-619; Ghosh et al. (2003) New Engl. J.
Med. 348:24-32; Lipsky et al. (2000) New Engl. J. Med.
343:1594-1602. [0133] Determination of the appropriate
dose is made by the clinician, e.g., using parameters
or factors known or suspected in the art to affect
treatment or predicted to affect treatment. Generally,
the dose begins with an amount somewhat less than the
optimum dose and it is increased by small increments
thereafter until the desired or optimum effect is
achieved relative to any negative side effects.
Important diagnostic measures include those of
symptoms of, e.g., the inflammation or level of
inflammatory cytokines produced. Preferably, a
biologic that will be used is substantially derived
from the same species as the animal targeted for
treatment (e.g. a humanized antibody for treatment of
human subjects), thereby minimizing any immune
response to the reagent. [0134] Antibodies, antibody
fragments, and cytokines can be provided by continuous
infusion, or by doses at intervals of, e.g., one day,
1-7 times per week, one week, two weeks, monthly,
bimonthly, etc. Doses may be provided, e.g.,
intravenously, subcutaneous Iy, topically, orally,
nasally, rectally, intramuscular, intracerebral Iy,
intraspinally, or by inhalation. A preferred dose
protocol is one involving the maximal dose or dose
frequency that avoids significant undesirable side
effects. A total weekly dose is generally at least
0.05 mg/kg, 0.2 mg/kg, 0.5 mg/kg, 1 mg/kg, 10 mg/kg,
100 mg/kg, 0.2 mg/kg, 1.0 mg/kg, 2.0 mg/kg, 10 mg/kg,
25 mg/kg, 50 mg/kg body weight or more. See, e.g.,
Yang et al. (2003) New Engl. J. Med. 349:427-434;
Herold et al. (2002) New Engl. J. Med. 346: 1692-1698;
Liu et al. (1999) J. Neurol. Neurosurg. Psych.
67:451-456; Portielji et al. (20003) Cancer Immunol.
Immunother. 52:133-144. The desired dose of a small
molecule therapeutic, e.g., a peptide mimetic, natural
product, or organic chemical, is about the same as for
an antibody or polypeptide, on a moles/kg basis.
[0135] As used herein, "inhibit" or "treat" or
"treatment" includes a postponement of development of
the symptoms associated with autoimmune disease or
pathogen-induced immunopathology and/or a reduction in
the severity of such symptoms that will or areexpected
to develop. The terms further include ameliorating
existing uncontrolled or unwanted autoimmune-related
or pathogen-induced immunopathology symptoms,
preventing additional symptoms, and ameliorating or
preventing the underlying causes of such symptoms.
Thus, the terms denote that a beneficial result has
been conferred on a vertebrate subject with an
autoimmune or pathogen-induced immunopathology disease
or symptom, or 



with the potential to develop such a disease or
symptom. [0136] As used herein, the term
"therapeutically effective amount" or "effective
amount" refers to an amount of an IL-23R-specific
binding compound, e.g. and antibody, that when
administered alone or in combination with an
additional therapeutic agent to a cell, tissue, or
subject is effective to prevent or ameliorate the
autoimmune disease or pathogeninduced immunopathology
associated disease or condition or the progression of
the disease. A therapeutically effective dose further
refers to that amount of the compound sufficient to
result in amelioration of symptoms, e.g., treatment,
healing, prevention or amelioration of the relevant
medical condition, or an increase in rate of
treatment, healing, prevention or amelioration of such
conditions. When applied to an individual active
ingredient administered alone, a therapeutically
effective dose refers to that ingredient alone. When
applied to a combination, a therapeutically effective
dose refers to combined amounts of the active
ingredients that result in the therapeutic effect,
whether administered in combination, serially or
simultaneously. An effective amount of therapeutic
will decrease the symptoms typically by at least 10%;
usually by at least 20%; preferably at least about
30%; more preferably at least 40%, and most preferably
by at least 50%. [0137] Methods for co-administration
or treatment with a second therapeutic agent, e.g., a
cytokine, antibody, steroid, chemotherapeutic agent,
antibiotic, or radiation, are well known in the art,
see, e.g., Hardman et al. (eds.) (2001) Goodman and
Gilman 's The Pharmacological Basis of Therapeutics,
10th ed., McGraw-Hill, New York, NY; Poole and
Peterson (eds.) (2001) Pharmacotherapeuticsfor
Advanced Practice: A Practical Approach, Lippincott,
Williams & Wilkins, Phila., PA; Chabner and Longo
(eds.) (2001) Cancer Chemotherapy and Biotherapy,
Lippincott, Williams & Wilkins, Phila., PA. The
pharmaceutical composition of the invention may also
contain other immunosuppressive or immunomodulating
agents. Any suitable immunosuppressive agent can be
employed, including but not limited to
anti-inflammatory agents, corticosteroids,
cyclosporine, tacrolimus (i.e., FK-506), sirolimus,
interferons, soluble cytokine receptors (e.g., sTNRF
andsEL-lR), agents that neutralize cytokine activity
(e.g., inflixmab, etanercept), mycophenolate mofetil,
15-deoxyspergualin, thalidomide, glatiramer,
azathioprine, leflunomide, cyclophosphamide,
methotrexate, and the like. The pharmaceutical
composition can also be employed with other
therapeutic modalities such as phototherapy and
radiation. [0138] Typical veterinary, experimental, or
research subjects include monkeys, dogs, cats, rats,
mice, rabbits, guinea pigs, horses, and humans. VII.
Antibody Production [0139] In one embodiment, for
recombinant production of the antibodies of the
present invention, the nucleic acids encoding the two
chains are isolated and inserted into one or more
replicable vectors for further cloning (amplification
of the DNA) or for expression. DNA encoding the
monoclonal antibody is readily isolated and sequenced
using conventional procedures (e.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 generally 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. In one embodiment,
both the light and heavy chains of a humanized
anti-IL-23R antibody of the present invention are
expressed from the same vector, e.g. a plasmid or an
adenoviral vector. [0140] Antibodies of the present
invention may be produced by any method known in the
art. In one embodiment, antibodies are expressed in
mammalian or insect cells in culture, such as Chinese
hamster ovary (CHO) cells, human embryonic kidney
(HEK) 293 cells, mouse myeloma NSO cells, baby hamster
kidney (BHK) cells, Spodopterafrugiperda ovarian (Sf9)
cells. In one embodiment, antibodies secreted from CHO
cells are recovered and purified by standard
chromatographic methods, such as protein A, cation
exchange, anion exchange, hydrophobic interaction, and
hydroxyapatite chromatography. In one embodiment,
resulting antibodies are concentrated and stored in 20
mM sodium acetate, pH 5.5. [0141] In another
embodiment, the antibodies of the present invention
are produced in yeast according to the methods
described in WO2005/040395. Briefly, vectors encoding
the individual light or heavy chains of an antibody of
interest are introduced into different yeast haploid
cells, e.g. different mating types of the yeast Pichia
pastoris, which yeast haploid cells are optionally
complementary auxotrophs. The transformed haploid
yeast cells can thenbe mated or fused to give a
diploid yeast cell capable of producing both the heavy
and the light chains. The diploid strain is then able
to secret the fully assembled and biologically active
antibody. The relative expression levels of the two
chains can be optimized, for example, by using vectors
with different copy number, using transcriptional
promoters of different strengths, or inducing
expression from inducible promoters driving
transcription of the genes encoding one or both
chains. [0142] In one embodiment, the respective heavy
and light chains of a plurality of different
anti-IL-23R antibodies (the "original" antibodies) are
introduced into yeast haploid cells to create a
library of haploid yeast strains of one mating type
expressing a plurality of light chains, and a library
of haploid yeast strains of a different mating type
expressing a plurality of heavy chains. These
libraries of haploid strains can be mated (or fused as
spheroplasts) to produce a series of diploid yeast
cells expressing a combinatorial library of antibodies
comprised of the various possible permutations of
light and heavy chains. The combinatorial library of
antibodies can then be screened to determine whether
any of the antibodies has properties that are superior
(e.g. higher affinity for IL-23R) to those of the
original antibodies. See. e.g., WO2005/040395. [0143]
In another embodiment, antibodies of the present
invention are human domain antibodies in which
portions of an antibody variable domain are linked in
a polypeptide of molecular weight approximately 13
kDa. See, e.g., U.S. Pat. Publication No. 2004/01
10941. Such single domain, low molecular weight agents
provide numerous advantages in terms of ease of
synthesis, stability, and route of administration.
VIII. Uses [0144] The present invention provides
methods for using anti-IL-23R antibodies and fragments
thereof for the treatment and diagnosis of
inflammatory disorders and conditions, e.g., of the
central nervous system, peripheral nervous system, and
gastrointestinal tract, as well as autoimmune and
proliferative disorders. [0145] Methods are provided
for the treatment of, e.g., multiple sclerosis (MS),
including relapsing-remitting MS and primary
progressive MS, Alzheimer's disease, amyotrophic
lateral sclerosis (a.k.a. ALS; Lou Gehrig's disease),
ischemic brain injury, prion diseases, and
HIV-associated dementia. Also provided are methods for
treating neuropathicpain, posttraumatic neuropathies,
Guillain-Barre syndrome (GBS), peripheral
polyneuropathy, and nerve regeneration. [0146]
Provided are methods for treating or ameliorating one
or more of the following features, symptoms, aspects,
manifestations, or signs of multiple sclerosis, or
other inflammatory disorder or condition of the
nervous system: brain lesions, myelin lesions,
demyelination, demyelinated plaques, visual
disturbance, loss of balance or coordination,
spasticity, sensory disturbances, incontinence, pain,
weakness, fatigue, paralysis, cognitive impairment,
bradyphrenia, diplopia, optic neuritis, paresthesia,
gait ataxia, fatigue, Uhtoff s symptom, neuralgia,
aphasia, apraxia, seizures, visual-field loss,
dementia, extrapyramidal phenomena, depression, sense
of well-being, or other emotional symptoms, chronic
progressive myelopathy, and a symptom detected by
magnetic resonance imaging (MRI), including
gadolinium-enhancing lesions, evoked potential
recordings, or examination of cerebrospinal fluid.
See, e.g., Kenealy et al. (2003) J. Neuroimmunol.
143:7-12; Noseworthy et al. (2000) New Engl. J. Med.
343:938-952; Miller et al. (2003) New Engl. J. Med.
348:15- 23; Chang et al. (2002) New Engl. J. Med.
346:165-173; Bruck and Stadelmann (2003) Neurol. Sci.
24 Suppl.5:S265-S267. [0147] Moreover, the present
invention provides methods for treating and diagnosing
inflammatory bowel disorders, e.g., Crohn's disease,
ulcerative colitis, celiac disease, and irritable
bowel syndrome. Provided are methods for treating or
ameliorating one or more of the following symptoms,
aspects, manifestations, or signs of an inflammatory
bowel disorder: malabsorption of food, altered bowel
motility, infection, fever, abdominal pain, diarrhea,
rectal bleeding, weight loss, signs of malnutrition,
perianal disease, abdominal mass, and growth failure,
as well as intestinal complications such as stricture,
fistulas, toxic megacolon, perforation, and cancer,
and including endoscopic findings, such as,
friability, aphthous and linear ulcers, cobblestone
appearance, pseudopolyps, and rectal involvement and,
in addition, anti-yeast antibodies. See, e.g.,
Podolsky, supra; Hanauer, supra; Horwitz and Fisher,
supra. [0148] Also contemplated is treatment of
inflammatory disorders such as psoriasis, atopic
dermatitis, arthritis, including rheumatoid arthritis,
osteoarthritis, and psoriatic arthritis, autoimmune
disorders, such as systemic lupus erythematosus and
type I diabetes, and proliferative disorders such as
cancer. See, e.g., PCT patent application publications
WO 04/081 190; WO 04/071517; WO 00/53631; and WO
01/18051.[0149] The IL-23R binding compounds of the
present invention can also be used in combination with
one or more antagonists of other cytokines (e.g.
antibodies), including but not limited to, IL-23pl9,
IL- 17A, IL- 17F, TNF-a, IL- l b, IL-6 and TGF-b. See,
e.g., 



Veldhoen (2006) Immunity 24:179-189; Dong (2006) Nat.
Rev. Immunol. 6(4):329-333. In various embodiments, an
IL-23R binding compound of the invention is
administered before, concurrently with, or after
administration of the another antagonist or
antagonists, such as an anti-IL-17A antibody. In one
embodiment, an IL- 17A binding compound is used in
treatment of the acute early phase of an adverse
immune response (e.g. MS, Crohn's Disease) alone or in
combination with an IL-23R antagonist antibody of the
present invention. In the latter case, the IL- 17A
binding compound may be gradually decreased and
treatment with the antagonist of IL-23R alone is
continued to maintain suppression of the adverse
response. Alternatively, antagonists to IL-23pl9, IL-l
b, IL-6 and/or TGF- b may be administered
concurrently, before or after an IL-23R binding
compound of the present invention. See Cua and
Kastelein (2006) Nat. Immunol. 7:557-559; Tato and
O'Shea (2006) Nature 441:166-168; Iwakura and Ishigame
(2006) J. Clin. Invest. 116:1218-1222. [0150] The
broad scope of this invention is best understood with
reference to the following examples, which are not
intended to limit the inventions to the specific
embodiments. The specific embodiments described herein
are offered by way of example only, and the invention
is to be limited by the terms of the appended claims,
along with the full scope of equivalents to which such
claims are entitled. EXAMPLES Example 1 General
Methods [0151] Standard methods in molecular biology
are described. Maniatis et al. (1982) Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY; Sambrook and
Russell (2001) Molecular Cloning, 3rd ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY; Wu
(1993) Recombinant DNA, Vol. 217, Academic Press, San
Diego, CA. Standard methods also appear in Ausbel et
al. (2001) Current Protocols in Molecular Biology,
VoIs.1-4, John Wiley and Sons, Inc. New York, NY,
which describes cloning in bacterial cells and DNA
mutagenesis (Vol. 1), cloning inmammalian cells and
yeast (Vol. 2), glycoconjugates and protein expression
(Vol. 3), and bioinformatics (Vol. 4). [0152] Methods
for protein purification including
immunoprecipitation, chromatography, electrophoresis,
centrifugation, and crystallization are described.
Coligan et al. (2000) Current Protocols in Protein
Science, Vol. 1, John Wiley and Sons, Inc., New York.
Chemical analysis, chemical modification,
post-translational modification, production of fusion
proteins, glycosylation of proteins are described.
See, e.g., Coligan et al. (2000) Current Protocols in
Protein Science, Vol. 2, John Wiley and Sons, Inc.,
New York; Ausubel et al. (2001) Current Protocols in
Molecular Biology, Vol. 3, John Wiley and Sons, Inc.,
NY, NY, pp. 16.0.5-16.22.17; Sigma-Aldrich, Co. (2001)
Products for Life Science Research, St. Louis, MO; pp.
45-89; Amersham Pharmacia Biotech (2001) BioDirectory,
Piscataway, N.J., pp. 384-391. Production,
purification, and fragmentation of polyclonal and
monoclonal antibodies are described. Coligan et al.
(2001) Current Protcols in Immunology, Vol. I , John
Wiley and Sons, Inc., New York; Harlow and Lane (1999)
Using Antibodies, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY; Harlow and Lane, supra.
Standard techniques for characterizing ligand/receptor
interactions are available. See, e.g., Coligan et al.
(2001) Current Protcols in Immunology, Vol. 4, John
Wiley, Inc., New York. [0153] Methods for flow
cytometry, including fluorescence activated cell
sorting detection systems (FACS(r)), are available.
See, e.g., Owens et al. (1994) Flow Cytometry
Principles for Clinical Laboratory Practice, John
Wiley and Sons, Hoboken, NJ; Givan (2001) Flow
Cytometry, 2nd ed.\ Wiley-Liss, Hoboken, NJ; Shapiro
(2003) Practical Flow Cytometry, John Wiley and Sons,
Hoboken, NJ. Fluorescent reagents suitable for
modifying nucleic acids, including nucleic acid
primers and probes, polypeptides, and antibodies, for
use, e.g., as diagnostic reagents, are available.
Molecular Probes (2003) Catalogue, Molecular Probes,
Inc., Eugene, OR; Sigma-Aldrich (2003) Catalogue, St.
Louis, MO. [0154] Standard methods of histology of the
immune system are described. See, e.g.,
Muller-Harmelink (ed.) (1986) Human Thymus:
Histopathology and Pathology, Springer Verlag, New
York, NY; Hiatt, et al. (2000) Color Atlas of
Histology, Lippincott, Williams, and Wilkins, Phila,
PA; Louis, et al. (2002) Basic Histology .Text and
Atlas, McGraw-Hill, New York, NY. [0155] Software
packages and databases for determining, e.g.,
antigenic fragments, leader sequences, protein
folding, functional domains, glycosylation sites, and
sequencealignments, are available. See, e.g., GenBank,
Vector NTI(r) Suite (Informax, Inc, Bethesda, MD); GCG
Wisconsin Package (Accelrys, Inc., San Diego, CA);
DeCypher(r) (TimeLogic Corp., Crystal Bay, Nevada);
Menne et al. (2000) Bioinformatics 16: 741-742; Menne
et al. (2000) Bioinformatics Applications Note
16:741-742; Wren et al. (2002) Comput. Methods
Programs Biomed. 68:177-181; von Heijne (1983) Eur. J.
Biochem. 133:17-21; von Heijne (1986) Nucleic Acids
Res. 14:4683-4690. Example 2 Generation and
Humanization of Anti-human IL-23R Antibodies [0156]
Anti-human IL-23R antibodies are generated by
immunizing rats or mice with the extracellular domain
of human-IL-23R (residues 24-353 of SEQ ID NO: 41),
either with a C-terminal histidine tag or as an Ig
(human IgGl Fc) fusion protein. Monoclonal antibodies
are then prepared by standard methods. [0157] The
humanization of antibodies is described generally,
e.g., in PCT patent application publications WO
2005/047324 and WO 2005/047326. Exemplary humanized
heavy- and light-chain variable domain sequences are
provided at Figures 1 and 2, respectively, and in the
Sequence Listing. [0158] Briefly, the amino acid
sequence of the non-human VH domain (e.g. SEQ ID NOs:
1-5) is compared to a group of five human VH germline
amino acid sequences; one representative from
subgroups IGHVl and IGHV4 and three representatives
from subgroup IGHV3. The VH subgroups are listed in
M.-P. Lefranc (2001) "Nomenclature of the Human
Immunoglobulin Heavy (IGH) Genes", Experimental and
Clinical Immunogenetics 18:100- 116. The framework
sequences of the human germline sequence with the
closest match are used to construct a humanized VH
domain. [0159] The rodent anti-huIL-23R antibodies
disclosed herein are all of the kappa subclass of VL.
The amino acid sequences of the non-human VL domain
(e.g. SEQ ID NOs: 6-10) is compared to a group of four
human VL kappa germline amino acid sequences. The
group of four is comprised of one representative from
each of four established human VL subgroups listed in
V. Barbie & M.-P. Lefranc (1998) "The Human
Immunoglobulin Kappa Variable (IGKV) Genes and Joining
(IGKJ) Segments", Experimental and Clinical
Immunogenetics 15:171-183 and M.-P. Lefranc (2001)
"Nomenclature of the Human Immunoglobulin Kappa (IGK)
Genes", Experimental and Clinical Immunogenetics
18:161-174. The four subgroups also correspond to the
four subgroups listed in Kabat et al. (1991 - 5th Ed.)
"Sequences of Proteins of Immunological Interest", U.
S. Department of Health and Human Services, NIH Pub.
91-3242, pp. 103-130. The framework sequences of the
human germline sequence with the closest match are
used to construct a humanized VL domain. [0160] Based
on the foregoing analysis, a humanized form of mouse
antibody clone 20D7 is constructed using human heavy
chain sequence from subgroup I (germline sequence DP-
14). The sequence of the resulting humanized heavy
chain variable domain (hu20D7-a) is provided at SEQ ID
NO: 45. A variant of hu20D7-a, hu20D7-b (SEQ ED NO:
46), is identical except for a T72L substitution. A
second variant, hu20D7-c (SEQ ID NO: 47), is identical
to hu20D7-b except for an M70F substitution. Both of
these sequence variations are in the framework region
between CDRH2 and CDRH3, and are illustrated as bold
type-face residues in FIG. 1. A full-length humanized
heavy chain, comprising the hu20D7-c variable domain
and a human IgGl constant domain, is provided at SEQ
ID NO: 50. [0161] Light chain variable domain
sequences are also constructed from mouse antibody
clone 20D7. One light chain variable domain sequence,
hu20D7-IV (SEQ ID NO: 48), comprises the CDR sequences
of the parental mouse antibody and human light chain
framework sequences from light chain subgroup IV
(germline sequence Z-B3). Another light chain variable
domain sequence, hu20D7-II-a (SEQ ID NO: 49),
comprises the CDR sequences of the parental mouse
antibody and human light chain framework sequences
from light chain subgroup II (germline sequence Z-Al
9). An additional light chain variable domain sequence
variant (hu20D7-II-b) is provided at SEQ ID NO:53, in
which the serine residue at position 32 is replaced by
threonine (S32T). The serine is replaced to reduce the
likelihood of deamidation of the preceding asparagine
residue. See Bischoff & Kolbe (1994) J. Chromatog.
662:261. All three light chain variable domain
sequences are presented in FIG. 2. Full-length
humanized light chains, comprising the hu20D7-II-a and
hu20D7-II-b variable domains in the context of human
kappa light chains, are provided at SEQ ID NOs: 5 1
and 54, respectively. [0162] Any pairwise combination
of the humanized heavy and light chains described in
this example (e.g. the hu20D7-II-b light chain and the
hu20D7-c heavy chain) can be used to create a
functional anti-human-IL-23R antibody. Full-length
heavy and light chains can be constructed from any of
the variable domains disclosed herein by analogy with
the 



construction of SEQ ID NOs: 50 and 5 1 from SEQ ID
NOs: 47 and 49, respectively.Alternatively, other
heavy chain constant domains (e.g. IgG2) or other
light chains (e.g. lambda) may be constructed using
known human immunoglobulin sequences. [0163] Once the
target amino acid sequences of the variable heavy and
light chains are determined, plasmids encoding the
full-length humanized antibody may be generated.
Plasmid sequences may be altered using Kunkel
mutagenesis (see, e.g., Kunkel T A. (1985) Proc. Natl.
Acad. Sci. U.S.A. 82:488-492) to change the DNA
sequence to the target humanized antibody sequences.
Simultaneously, codon optimization may be performed to
provide for potentially optimal expression. Sequence
optimization may also be performed by commercial
vendors, such as GENEART, Inc., Toronto, ON, Canada.
[0164] In the case of the humanization of the 20D7
antibody, simple substitution of the best-match human
germline frameworks into the rodent variable domains
produced antibodies (e.g. SEQ ED NO: 45 paired with
SEQ ED NO: 48 or 49) with substantially reduced
binding affinity for EL-23R when compared with the
parental (rodent) forms. To determine the source of
the reduced affinity, hemichimeric constructs were
created in which the humanized light and heavy chains
were paired with chimeric heavy and light chains,
respectively. Chimeric chains include the rodent
variable domain and a human constant domain. It had
been previously determined earlier that chimeric forms
of the 20D7 antibodies retained essentially the same
affinity as the parental rodent antibody. It was
observed that the hemichimeric antibody with the
humanized heavy chain had reduced binding, whereas the
hemichimeric antibody with the humanized light chain
retained the affinity of the parental antibody,
indicating that the problem was with the humanized
heavy chain. The humanized heavy chain was then
scrutinized to find positions at which the humanized
framework sequences differed from the parental
(rodent) framework sequences, which positions were
considered likely causes of the reduced affinity.
Sequence variants were produced at several positions,
and heavy chains having T72L and M70F substitutions
were found to substantially improve binding affinity.
See Example 4, infra. See, e.g., Tramontano et al.
(1990) J. MoI. Biol. 215: 175. (Note that unless
otherwise indicated, sequence numbering in this patent
application relates to the numbering of the sequence
listing, and not to alternative numbering schemes such
as the Kabat system.) [0165] A humanized form of rat
antibody clone 8B10 is constructed in a similar
fashion, using human heavy chain sequence from
subgroup III (germline sequence DP-46). The sequence
of the resulting humanized heavy chain variable domain
(hu8B10) is providedat SEQ ID NO: 57. Variants of
hu8B10 heavy chain variable domain may be created to
improve binding affinity or otherwise improve the
properties of the resulting antibody. For example, the
asparagine residue at position 30 of SEQ ID NO: 57 (in
CDRHl) may be changed to threonine (N30T) to improve
binding affinity. Framework residues may also be
altered, such as residues A24, E46, W47, N76, N79,
L81, or RlOO. Exemplary framework changes include E46D
and W47L. [0166] Light chain variable domain sequences
are also constructed from rat antibody clone 8B10. A
hu8B10 light chain variable domain sequence comprising
the CDR sequences of the parental rat antibody and
human light chain framework sequences from light chain
subgroup kappa-1 (germline sequence Z-012) is provided
at SEQ ID NO: 58. Example 3 Determining the
Equilibrium Dissociation Constant (Kd) for Anti-human
IL-23R Antibodies Using KinExA Technology [0167] The
equilibrium dissociation constants (Ka) for anti human
IL-23R antibodies are determined using the KinExA 3000
instrument. Sapidyne Instruments Inc., Boise Idaho,
USA. KinExA uses the principle of the Kinetic
Exclusion Assay method based on measuring the
concentration of uncomplexed antibody in a mixture of
antibody, antigen and antibodyantigen complex. The
concentration of free antibody is measured by exposing
the mixture to a solid-phase immobilized antigen for a
very brief period of time. In practice, this is
accomplished by flowing the solution phase
antigen-antibody mixture past antigen-coated particles
trapped in a flow cell. Data generated by the
instrument are analyzed using custom software.
Equilibrium constants are calculated using a
mathematical theory based on the following
assumptions: 1. The binding follows the reversible
binding equation for equilibrium: kon [Ab] [Ag] = ko
AbAg] 2. Antibody and antigen bind 1:1 and total
antibody equals antigen-antibody complex plus free
antibody. 3. Instrument signal is linearly related to
free antibody concentration. [0168] PMMA particles
(Sapidyne, Cat No. 440198) are coated with
biotinylated IL- 23R (or a fragment thereof, such as
the extracellular domain) according to Sapidyne
"Protocolfor coating PMMA particles with biotinylated
ligands having short or nonexistent linker arms."
EZ-link TFP PEO-biotin (Pierce, Cat. No. 21219) is
used to make biotinylated IL- 23R, as per the
manufacturer's recommendations (Pierce bulletin 0874).
[0169] Antibody r8B10 showed a Kd of 4.2 X l O 11 M,
and antibody m20D7 showed a Kd of 9 X 10 12 M, for
binding to human IL-23R as determined by KinExA
analysis. Example 4 Determining the Equilibrium
Dissociation Constant (Kd) for Humanized Anti-human
IL-23R Antibodies Using BIAcore(r) Label-Free
Interaction Analysis System Technology [0170]
BIAcore(r) label-free interaction analysis system
determinations are performed essentially as described
at Example 4 of U.S. Patent Application Publication
No. 2007/0048315. Briefly, ligands (anti-IL-23R mAbs)
are immobilized on a BIAcore(r) labelfree interaction
analysis system CM5 sensor chip using standard
amine-coupling procedure. Kinetic constants for the
various interactions are determined using
BIAevaluation software 3.1. The K j is determined
using the calculated dissociation and association rate
constants. [0171] BIAcore(r) label-free interaction
analysis system determinations of the Kd for the mouse
20D7 antibody for human IL-23R showed that replacement
of mouse framework sequences with human framework
sequences (hu20D7-a, SEQ ID NO: 45) reduced binding
affinity by approximately 50-fold, from approximately
85 pM to approximately 4300 pM. Introduction of the
T72L mutation (hu20D7-b, SEQ ID NO: 46) into the heavy
chain improved the Kd to approximately 360 pM, and
introduction of the T72L along with the M70F mutation
(hu20D7-c, SEQ ID NO: 47) further improved the Kd to
approximately 230 pM. The mutations introduced in the
hu20D7-c heavy chain thus represent an improvement of
nearly 20-fold in binding affinity compared to the
simple humanization without subsequent optimization.
[0172] By way of comparison, the parental rat 8B10
antibody exhibited a Kd of approximately 300 pM for
human IL-23R when assessed using the same
assay.Example 5 Proliferation Bioassays for the
Assessment of Neutralizing Anti-IL-23R Antibodies
[0173] The ability of a monoclonal antibody to
biologically neutralize IL-23/IL-23R is assessed by
the application of short-term proliferation bioassays
that employ cells that express recombinant IL-23
receptors. The transfectant Ba/F3-2.21o cells
proliferate in response to human IL-23 and the
response can be inhibited by a neutralizing
anti-IL-23R antibody. The concentration of IL-23
chosen for the assay is selected to be within the
linear region of the dose-response curve, near plateau
and above EC50. Proliferation, or lack thereof, is
measured by colorimetric means using Alamar Blue, a
growth indicator dye based on detection of metabolic
activity. The ability of an antibody to neutralize
IL-23/IL-23R is assessed by its IC50 value, or
concentration of antibody that induces half-maximal
inhibition of EL-23 proliferation. [0174] The assay is
performed essentially as follows. Ba/F3 transfectants
are maintained in RPMI- 1640 medium, 10% fetal calf
serum, 50 mM 2-mercaptoethanol, 2 mM L-Glutamine, 50
mg/mL penicillin-streptomycin, and 10 ng/mL mouse
IL-3. Proliferation bioassays are performed in
RPMI-1640 medium, 10% fetal calf serum, 50 mM 2-
mercaptoethanol, 2 mM L-Glutamine, and 50 mg/mL
penicillin-streptomycin. [0175] Assays are performed
in 96-well flat bottom plates (Falcon 3072 or similar)
in 150 mL per well. Both IL-23 and anti-IL-23R
antibodies are added at a series of concentrations,
e.g. 1:3 serial dilutions. Titrations of the
anti-IL-23R antibody of interest are optionally
pre-incubated with cells prior to addition of IL-23.
Bioassay plates are incubated in a humidified tissue
culture chamber (37C, 5% CO2) for 40-48 hr. At the end
o f the culture time, Alamar Blue (Biosource Cat #DAL1
100) is added at 16.5 mL/well and allowed to develop
for 5-12 hours. Absorbance is then read at 570 nm and
600 nm (VERSAmax Microplate Reader, Molecular Probes,
Eugene, Oregon, USA), and an ODs 7o-6oo is obtained.
Duplicates are run for each sample. Absorbance is
plotted against cytokine or antibody concentration
using GraphPad Prism (r) 3.0 software (Graphpad
Software Inc., San Diego, California, USA), and IC50
values are determined using non-linear regression
(curve fit) of sigmoidal dose-response.Example 6 Mouse
Splenocyte Assay for IL-23 Based on IL- 17 Production
[0176] The biological activity of anti-IL-23R
antibodies of the present invention may be assessed
using the mouse splenocyte assay essentially as
described in Aggarwal et al. (2003) J. Biol. Chem.
278:1910 and Stumhofer et al. (2006) Nature Immunol.
7:937. The 



mouse splenocyte assay measures the activity of IL-23
in a sample as a level of IL- 17 production by murine
splenocytes. The inhibitory activity of anti-IL-23R
antibodies is then assessed by determining the
concentration of antibody necessary to reduce the
IL-23/IL-23R activity in a given sample by 50% (the
IC50). The IC50 as measured by this assay is greater
than or equal to the equilibrium dissociation binding
constant (Kd), i.e. the Kd may be equal to or lower
than the IC50. As always, lower IC50 and Kd values
reflect higher activities and affinities. [0177]
Briefly, spleens are obtained from 8-12 wk old female
C57BL/6J mice (Jackson Laboratories, Bar Harbor,
Maine, USA). Spleens are ground, pelleted twice, and
filtered through a cell strainer (70 mm nylon). The
recovered cells are cultured in 96-well plates (4 X
105 cells/well) in the presence of human IL-23 (10
ng/ml, -170 pM) and mouseanti- CD3e antibodies ( 1
mg/ml) (BD Pharmingen, Franklin Lakes, New Jersey,
USA), with or without the anti-IL-23R antibody to be
assayed. Anti IL-23R antibodies are added at a series
of 3-fold dilutions. Cells are cultured for 72 hours,
pelleted, and the supernatant is assayed for IL-1 7
levels by sandwich ELISA. [0178] IL- 17 ELISA is
performed as follows. Plates are coated with a capture
anti-IL- 17 antibody (100 ng/well) overnight at 40C,
washed and blocked. Samples and standards are added
and incubated for two hours at room temperature with
shaking. Plates are washed, and a biotinylated
anti-IL-17 detection antibody (100 ng/well) is added
and incubated for one hour at room temperature with
shaking. The capture and detection antibodies are
different antibodies that both bind to mouse IL-1 7
but do not cross-block. Plates are washed, and bound
detection antibody is detected using streptavidin-HRP
(horseradish peroxidase) and TMB
(3,3',5,5'-tetramethylbenzidine). The plate is then
read at 450-650 nm and the concentration of IL- 17 in
samples is calculated by comparison with
standards.Example 7 Characterization of Anti-IL-23R
Antibody Hum20D7 [0179] A humanized anti-IL-23R
antibody is generated using the heavy chain sequence
hu20D7-c and the light chain sequence hu20D7-II-b, for
which sequences are provided at SEQ ID NOs: 50 and 54,
respectively. The resulting antibody is referred to in
this example as hum20D7. The antibody is prepared from
mammalian cells using a vector harboring DNA sequences
encoding the heavy and light chains, as provided at
SEQ BD NOs: 55 (hu20D7-c) and 56 (hu20D7-II-b),
respectively, although other DNA sequences encoding
the same polypeptide sequences may also be used.
[0180] Hum20D7 has a Kd of 131 pM for human EL-23R
when assayed by BIAcore analysis, essentially as
described in Example 4 {supra). [0181] The biological
activity of hum20D7 is also assessed using a human
splenocyte assay, essentially as described in Example
6 {supra) with the exception that splenocytes are
obtained from human spleens rather than mouse, no
anti-CD3e antibody is used, and that IFN-g is the
readout rather than IL- 17. The assay measures the
activity of IL-23 in a sample by determining the level
of IFN-g production by human primary splenocytes.
Human splenocytes are exposed to human IL-23 (170 pM)
in the presence of various concentrations of
anti-IL-23R antibody hum20D7, or in the absence of the
antibody. IFN-g is detected by sandwich ELISA. Hum20D7
exhibits an IC50 of 34 pM in the human splenocyte
assay. [0182] The biological activity of hum20D7 is
further assessed using a KIT225 STAT- 3
phosphorylation assay, essentially as described in
Parham et al. (2002) J. Immunol. 168:5699. Human
KIT225 cells, a leukemic T cell line, are stimulated
with 138 pM human IL-23 in the presence of various
concentrations of anti-IL-23R antibody hum20D7, or in
the absence of the antibody. IL-23 activity is
measured by detecting the level of STAT3
phosphorylation. Hum20D7 exhibits an IC50 of 34 pM in
the KIT225 assay. [0183] Table 4 provides a brief
description of the sequences in the sequence
listing.Table 4 Sequence IdentifiersMETHODS FOR THE
TREATMENT OF LIVER DISEASES 1. PRIORITY CLAIM [0001]
This application claims priority to U.S. provisional
application serial nos. 60/904,322 filed February 28,
2007 and 60/937,301 filed June 26, 2007 to Alfred P.
Spada. The disclosures of the above referenced
applications are incorporated by reference in their
entirety. 2. FIELD [0002] Provided herein are methods
for treating liver diseases by administering a matrix
metalloproteinase inhibitor. 3. BACKGROUND [0003]
Liver disease is an acute or chronic damage to the
liver, usually caused by infection, injury, exposure
to drugs or toxic compounds, alcohol, impurities in
foods, and the abnormal build-up of normal substances
in the blood, an autoimmune process, or by a genetic
defect (such as haemochromatosis). Sometimes the exact
cause of the injury may not be known. Liver disease
can be classified as acute or chronic liver disease
based in the duration of the disease. In acute liver
disease, such as acute hepatitis and acute liver
failure (ALF), the history of the disease does not
exceed six months. Liver diseases of longer duration
are classified as chronic liver disease. [0004] The
common liver diseases include cirrhosis, liver
fibrosis, non-alcoholic fatty liver disease (NAFLD),
non-alcoholic steatohepatitis (NASH), hepatic ischemia
reperfusion injury, primary biliary cirrhosis (PBC),
hepatitis, including viral and alcoholic hepatitis.
Most common forms of viral hepatitis are hepatitis B
and C ( HBV and HCV, respectively). Chronic hepatitis
may result in cirrhosis. Cirrhosis caused by chronic
hepatitis C infection accounts for 8,000-12,000 deaths
per year in the United States, and HCV infection is
the leading indication for liver transplantation.
[0005] The death of liver cells through a process
known as apoptosis is common in all forms of liver
disease. Apoptosis of liver cells is linked to liver
fibrosis and other liver disease. Prevention of
excessive apoptosis liver cells is an important
component in the treatment of acute and chronic liver
disease (see, Guicciardi et al.Gut, 2005: 54,
1024-1033 and Ghavami etal, Med. ScI Monit., 2005:
11(1 1): RA337-345). [0006] The presence of active
liver disease is often detected by the existence of
elevated enzyme levels in the blood. Specifically,
blood levels of ALT (alanine aminotransferase ) and
AST (aspartate aminotransferase ), above clinically
accepted normal ranges, are known to be indicative of
on-going liver damage. Routine monitoring of liver
disease patients for blood levels of ALT and AST is
used clinically to measure progress of the liver
disease while on medical treatment. Reduction of
elevated ALT and AST to within the accepted normal
range is taken as clinical evidence reflecting a
reduction in the severity of the patients on-going
liver damage. (Kim W. R. et al. Hepatology, 2008,
accepted preprint available on line, accessed on
publisher website 2/20/2008). [0007] In light of the
fact that liver diseases affect a large patient
population worldwide, and has tragic effects on the
affected patient, there remains a strong need to
provide new effective pharmaceutical agents to treat
liver disease. 4. SUMMARY [0008] In one aspect,
provided herein are methods for treating various liver
diseases by administering a matrix metalloproteinase
inhibitor. In certain embodiments, the methods include
treatment of acute and/or chronic liver disease. In
one embodiment, the liver disease is a disorder that
results from an injury to the liver. In one
embodiment, injury to the liver is caused by toxins,
including alcohol, some drugs, impurities in foods,
and the abnormal build-up of normal substances in the
blood. In another embodiment, injury to the liver is
caused by infection or by an autoimmune disorder. In
certain embodiments, the exact cause of the injury is
not known. In certain embodiments, the liver disease
resulting from an injury to the liver include, but is
not limited to fatty liver, cirrhosis, primary biliary
cirrhosis, primary sclerosing cholangitis, and al
-antitrypsin deficiency. [0009] In one embodiment, the
liver disease includes, but is not limited to
cirrhosis, liver fibrosis, non-alcoholic fatty liver
disease (NAFLD), non-alcoholic steatohepatitis (NASH),
hepatic ischemia reperfusion injury, hepatitis,
including viral and alcoholic hepatitis and primary
biliary cirrhosis (PBC).[0010] In certain embodiments,
the liver disease is other than secondary fatty liver
disease. In certain embodiments, the matrix
metalloproteinase inhibitor is other than marimastat.
[0011] In certain embodiments, provided are methods
for treatment of liver disease for patients who have
failed therapy for liver disease. In certain
embodiments, provided are methods for treatment of
hepatitis C. In certain embodiments, provided are
methods for treatment of hepatitis C for patients who
have failed therapy for hepatits C. In one embodiment,
the methods provided herein reduce liver damage
associated with chronic and/or acute liver diseases.
In one embodiment, the methods provided herein lower
elevated levels of liver enzymes, such as elevated 



levels of ALT (alanine aminotransferase) and AST
(aspartate aminotransferase). [0012] In certain
embodiments, provided herein are methods for
inhibiting hepatitis C virus (HCV) replication in a
cell infected with hepatitis C virus by administering
a compound provided herein. In certain embodiments,
provided herein are methods for inhibiting hepatitis C
virus (HCV) replication in a patient infected with HCV
by administering a compound provided herein. [0013] In
one embodiment, the matrix metalloproteinase inhibitor
compound for use in the methods provided herein is
selected from: Apratastat Metastat and a
pharmaceutically acceptable derivative thereof. [0014]
In one embodiment, the compound for use in the methods
provided herein isor a pharmaceutically acceptable
derivative thereof. [0015] In one embodiment, the
compound for use in the methods provided herein is
Apratastat or a pharmaceutically acceptable derivative
thereof. [0016] Also provided are pharmaceutical
compositions containing therapeutically effective
amounts of one or more of compounds provided herein
and a pharmaceutically acceptable carrier, wherein the
pharmaceutical compositions are useful in the
prevention, treatment, or amelioration of one or more
of the symptoms of liver diseases. [0017] Further
provided is an article of manufacture containing
packaging material, a compound or pharmaceutically
acceptable derivative thereof provided herein, which
is used for treatment, prevention or amelioration of
one or more symptoms associated with a liver disease,
and a label that indicates that the compound or
pharmaceutically acceptable derivative thereof is used
for treatment, prevention or amelioration of one or
more symptoms of a liver disease. 5. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 5.1
Definitions [0018] Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as is commonly understood by one of
ordinary skill in the art. All patents, applications,
published applications and other publications are
incorporated by reference in their entirety. In the
event that there are a plurality of definitions for a
term herein, those in this section prevail unless
stated otherwise.[0019] As used herein "subject" is an
animal, such as a mammal, including human, such as a
patient. [0020] As used herein, biological activity
refers to the in vivo activities of a compound or
physiological responses that result upon in vivo
administration of a compound, composition or other
mixture. Biological activity, thus, encompasses
therapeutic effects and pharmacokinetic behaviour of
such compounds, compositions and mixtures. Biological
activities can be observed in in vitro systems
designed to test for such activities. [0021] As used
herein, pharmaceutically acceptable derivatives of a
compound include salts, esters, acetals, ketals,
orthoesters, hemiacetals, hemiketals, acids, bases,
solvates, hydrates or prodrugs thereof. Such
derivatives may be readily prepared by those of skill
in this art using known methods for such
derivatization. The compounds produced may be
administered to animals or humans without substantial
toxic effects and either are pharmaceutically active
or are prodrugs. Pharmaceutically acceptable salts
include, but are not limited to, amine salts, such as
but not limited to N5N'- dibenzylethylenediamine,
chloroprocaine, choline, ammonia, diethanolamine and
other hydroxyalkylamines, ethylenediamine,
N-methylglucamine, procaine, Nbenzylphenethylamine,
1-para-chlorobenzyl-2-pyrrolidin-
1'-ylmethylbenzimidazole, diethylamine and other
alkylamines, piperazine and
tris(hydroxymethyl)arninomethane; alkali metal salts,
such as but not limited to lithium, potassium and
sodium; alkali earth metal salts, such as but not
limited to barium, calcium and magnesium; transition
metal salts, such as but not limited to zinc; and
inorganic salts, such as but not limited to, sodium
hydrogen phosphate and disodium phosphate; and also
including, but not limited to, salts of mineral acids,
such as but not limited to hydrochlorides and
sulfates; and salts of organic acids, such as but not
limited to acetates, lactates, malates, tartrates,
citrates, ascorbates, succinates, butyrates,
valerates, mesylates, and fumarates. Pharmaceutically
acceptable esters include, but are not limited to,
alkyl, alkenyl, alkynyl, aryl, aralkyl, and cycloalkyl
esters of acidic groups, including, but not limited
to, carboxylic acids, phosphoric acids, phosphinic
acids, sulfonic acids, sulfinic acids and boronic
acids. Pharmaceutically acceptable solvates and
hydrates are complexes of a compound with one or more
solvent or water molecules, or 1 to about 100, or 1 to
about 10, or one to about 2, 3 or 4, solvent or water
molecules.[0022] As used herein, treatment means any
manner in which one or more of the symptoms of a
disease or disorder are ameliorated or otherwise
beneficially altered. Treatment also encompasses any
pharmaceutical use of the compositions herein, such as
use for treating a liver disease. [0023] As used
herein, amelioration of the symptoms of a particular
disorder by administration of a particular compound or
pharmaceutical composition refers to any lessening,
whether permanent or temporary, lasting or transient
that can be attributed to or associated with
administration of the composition. [0024] As used
herein, and unless otherwise indicated, the terms
"manage," "managing" and "management" encompass
preventing the recurrence of the specified disease or
disorder in a patient who has already suffered from
the disease or disorder, and/or lengthening the time
that a patient who has suffered from the disease or
disorder remains in remission. The terms encompass
modulating the threshold, development and/or duration
of the disease or disorder, or changing the way that a
patient responds to the disease or disorder. [0025] It
is to be understood that the compounds provided herein
may contain chiral centers. Such chiral centers may be
of either the (R) or (S) configuration, or may be a
mixture thereof. Thus, the compounds provided herein
may be enantiomerically pure, or be stereoisomeric or
diastereomeric mixtures. As such, one of skill in the
art will recognize that administration of a compound
in its (R) form is equivalent, for compounds that
undergo epimerization in vivo, to administration of
the compound in its (S) form. [0026] As used herein,
substantially pure means sufficiently homogeneous to
appear free of readily detectable impurities as
determined by standard methods of analysis, such as
thin layer chromatography (TLC), gel electrophoresis,
high performance liquid chromatography (HPLC) and mass
spectrometry (MS), used by those of skill in the art
to assess such purity, or sufficiently pure such that
further purification would not detectably alter the
physical and chemical properties, such as enzymatic
and biological activities, of the substance. Methods
for purification of the compounds to produce
substantially chemically pure compounds are known to
those of skill in the art. A substantially chemically
pure compound may, however, be a mixture of
stereoisomers. In such instances, further purification
might increase thespecific activity of the compound.
The instant disclosure is meant to include all such
possible isomers, as well as, their racemic and
optically pure forms. Optically active (+) and (-),
(R)- and (S)-, or (D)- and (L)-isomers may be prepared
using chiral synthons or chiral reagents, or resolved
using conventional techniques, such as reverse phase
HPLC. When the compounds described herein contain
olefinic double bonds or other centers of geometric
asymmetry, and unless specified otherwise, it is
intended that the compounds include both E and Z
geometric isomers. Likewise, all tautomeric forms are
also intended to be included. [0027] In certain
embodiments, the compound used in the methods provided
herein is "stereochemically pure." A stereochemical^
pure compound or has a level of stereochemical purity
that would be recognized as "pure" by those of skill
in the art. In certain embodiments, "stereochemically
pure" designates a compound that is substantially free
of alternate isomers. In particular embodiments, the
compound is 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.5% or 99.9% free of other isomers.
[0028] As used herein, "therapy for liver disease"
refers to a treatment with any medication known and
available in the market or being developed for the
treatment of liver disease. For example, therapy of
hepatitis C refers to treatment of the patient with
drugs available in the market for HCV treatment.
Several exemplary drugs are described in the section
on "Combination Therapy" infra. [0029] As used herein,
"patients who have failed therapy" refers to the
patient 



population described in Section 4.3, infra and
includes patients that has been previously treated for
a liver disease with any of the drugs currently
available in the market and either did not respond to
the therapy or had temporary relief from the liver
disease. [0030] As used herein "liver damage" refers
to an acute or chronic damage to the liver, usually
caused by infection, injury, exposure to drugs or
toxic compounds, alcohol, impurities in foods, and the
abnormal build-up of normal substances in the blood,
an autoimmune process, graft rejection related with
transplantation or by a genetic defect (such as
haemochromatosis). The damage to liver includes, but
is not limited to inflammation, scarring of liver
tissue and fibrosis.[0031] As used herein, the term
"in combination" refers to the use of more than one
therapies (e.g., an MMP and interferon ). The use of
the term "in combination" does not restrict the order
in which therapies (e.g., an MMP and interferon) are
administered to a subject with a disorder. A first
therapy (e.g., an MMP inhibitor) can be administered
prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or
12 weeks before), concomitantly with, or subsequent to
(e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes,
1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
after) the administration of a second therapy (e.g.,
interferon) to a subject with a disorder. [0032] As
used herein, the term "synergistic" refers to a
combination of an MMP inhibitor and a second agent,
such as interferon,, which is more effective than the
additive effects of the administration of the two
compounds as monotherapies. A synergistic effect of a
combination of therapies (e.g., a combination of an
MMP and interferon) permits the use of lower dosages
of one or more of the therapies and/or less frequent
administration of the therapies to a subject with a
disorder. The ability to utilize lower dosages of a
therapy (e.g., an MMP and interferon) and/or to
administer the therapy less frequently reduces the
toxicity associated with the administration of the
therapy to a subject without reducing the efficacy of
the therapy in the prevention or treatment of a
disorder. In addition, a synergistic effect can result
in improved efficacy of agents in the prevention or
treatment of a disorder. Finally, a synergistic effect
of a combination of therapies (e.g., a combination of
an MMP and interferon) may avoid or reduce adverse or
unwanted side effects associated with the use of
either therapy alone. [0033] As used herein, the terms
"other agent" or "second agent" refer to any agent or
combination of agents that can be used for treatment
of liver disease in combination with the MMP
inhibitors described herein. In certain embodiments,
the other agent or second agent is anti-hepatitis C
virus interferon, an anti-hepatitis C virus polymerase
inhibitor, an anti-hepatitis C virus protease
inhibitor or a combination thereof.[0034] As used
herein, the terms "elevated levels of liver enzymes"
or "raised levels of liver enzymes" refer to the level
of liver enzymes in blood that are in excess of the
normal clinically accepted range for liver enzymes in
blood. The compounds provided herein reduce the
elevated liver enzyme levels to the normal clinically
accepted levels of liver enzymes in blood. Methods for
measuring the level of liver enzymes are well known in
the art (see, e.g., Jeong S. Y. et al Sandwich ELISA
for measurement of cytosolic aspartate
aminotransferase in sera from patients with liver
diseases, Clin Chem., 2003; 49(5):826 9 and Burin des
Roziers N. et al A microtiter plate assay for
measurement of serum alanine aminotransferase in blood
donors, Transfusion., 1995; 35(4):331 4, each of which
is incorporated by reference herein in its entirety).
5.2 Compounds for use in the methods [0035] The
compounds for use in the methods provided herein are
matrix metalloproteinase inhibitors (MMP inhibitors).
Several MMP inhibitors have been reported in the
literature. Certain exemplary MMP inhibitors for use
in the methods herein are described by Fisher et al.
in Cancer Metastasis Rev., (2006) 25: 115-136; Rao in
Current Pharmaceutical Design, 2005, 11, 295-322 295,
Bender et al. in U.S. patent no. 5,932,595; Watanabe
in U.S. patent nos. 6,207,698 and 6,831,178; Levin et
al. in U.S. patent no. 6,225,31 1; Purder et al in WO
2007/016390 and Alwayn et al Am J Physiol Gastrointest
Liver Physiol 291 : GlOl 1-G1019, 2006. The contents
of these references are hereby incorporated by
reference in their entireties. [0036] In one
embodiment, the compound for use in the methods
provided herein is selected fromMarimastat
olimastatMetastat S-3304 XL784 and a pharmaceutically
acceptable derivative thereof. [0037] In one
embodiment, the compound for use in the methods
provided herein is selected from Apratastat Metastat
or a pharmaceutically acceptable derivative thereof.
[0038] In one embodiment, the compound for use in the
methods provided herein or a pharmaceutically
acceptable derivative thereof. [0039] In one
embodiment, the compound for use in the methods
provided herein s Apratastat or a pharmaceutically
acceptable derivative thereof. [0040] In one
embodiment, the compound isS-3304 or a
pharmaceutically acceptable derivative thereof. [0041]
In certain embodiments, the compounds described herein
have efficacy in models of acute liver disease
following oral administration of from 0.001 - 1000
mg/Kg. In certain embodiments, the compounds described
herein have efficacy in models of acute liver disease
following oral administration of from 0.01 - 100
mg/Kg. 5.3 Methods of treatment [0042] In certain
embodiments, the methods provided herein include
treatment of acute and/or chronic liver disease. In
one embodiment, the methods are for treatment of an
acute liver disease. In one embodiment, the methods
are for treatment of a chronic liver disease. In one
embodiment, the methods are for reducing liver damage
associated with chronic and/or acute liver disease.
Without being bound to any particular theory, it is
believed that the MMP inhibitors used in the methods
provided herein can act in part by inhibiting the
signalling cascade of TNF-a. Thus, in one embodiment,
provided herein are methods for inhibiting the
signalling cascade of TNF-a by administering a
compound described herein. [0043] In one embodiment,
the liver disease is a disorder that results from an
injury to the liver. In one embodiment, injury to the
liver is caused by toxins, including alcohol, some
drugs, impurities in foods, and the abnormal build-up
of normal substances in the blood. In another
embodiment, injury to the liver is caused by an
infection or by an autoimmune disorder. In certain
embodiments, the exact cause of the injury is not
known. [0044] In one embodiment, the liver disease
includes, but is not limited to cirrhosis, liver
fibrosis, non-alcoholic fatty liver disease (NAFLD),
non-alcoholic steatohepatitis (NASH), hepatic ischemia
reperfusion injury, hepatitis, including viral and
alcoholic hepatitis and primary biliary cirrhosis. In
one embodiment, the liver disease is manifested by
raised liver enzymes (e.g., ALT and AST), pathological
evidence of on going liver damage as a result of
steatosis (fatty liver), fibrosis, and/or cirrhosis.
In one embodiment, NASH is manifested by raised liver
enzymes (e.g.,ALT and AST), pathological evidence of
steatosis (fatty liver), fibrosis, and/or cirrhosis.
[0045] In certain embodiments, provided herein are
methods for treatment of fatty liver (also called
hepatic steatosis), including non-alcoholic fatty
liver disease. Fatty liver is defined as an excessive
accumulation of triglyceride inside the liver cells.
In certain embodiments, in patients with non-alcoholic
fatty liver disease, liver contains more that about 5%
of the total weight of the liver or more than 30% of
liver cells in a liver lobule are with fat deposit.
The most common causes of non-alcoholic fatty liver
are obesity, diabetes, and elevated serum triglyceride
levels. Other causes include malnutrition, hereditary
disorders of metabolism (such as the glycogen storage
diseases, and drugs (such as corticosteroids,
tetracycline and aspirin). In certain embodiments,
fatty liver produces no symptoms. In other
embodiments, fatty liver results in jaundice (a
yellowish discoloration of the skin and the whites of
the eyes), nausea, vomiting, pain, and abdominal
tenderness. In one embodiment, the methods provided
herein are useful in treating one or more of the
symptoms of non alcoholic fatty liver disease. 



[0046] Fatty liver with liver inflammation not caused
by alcohol is known as non alcoholic steatohepatitis
or NASH. In certain embodiments, NASH can be caused by
any of the causes mentioned above as possible causes
of non-alcoholic fatty liver disease. In one
embodiment, provided herein are methods for treatment
of NASH. [0047] In one embodiment, the methods
provided herein are for treatment of hepatitis or
inflammation of the liver, including viral and
alcoholic hepatitis. The viral hepatitis can be acute
or chronic. In certain embodiments, the acute viral
hepatitis is caused by hepatitis A, B, C, D or E
virus. In other embodiments, the acute viral hepatitis
is caused by hepatitis B or C virus. In certain
embodiments, the methods provided are for treatment of
chronic viral hepatitis. In one embodiment, the
chronic viral hepatitis is caused by hepatitis B or C
virus. In certain embodiments, provided are methods
for treatment of hepatitis C patients who have failed
therapy for hepatitis C. Exemplary methods of
treatment of hepatits C are described by Strader et
al, in Hepatology, 39 (4), 2004. [0048] In certain
embodiments, the patient has never received therapy or
prophylaxis for HCV infection. In further embodiments,
the patient has previouslyreceived therapy or
prophylaxis for HCV infection. For instance, in
certain embodiments, the patient has not responded to
HCV therapy. As known in the art, under current
interferon therapy, up to 50% or more HCV patients do
not respond to therapy. In certain embodiments, the
patient can be a patient that received therapy but
continued to suffer from HCV or one or more symptoms
thereof. In certain embodiments, the patient can be a
patient that received therapy but failed to achieve a
sustained response. In certain embodiments, the
patient has received therapy for HCV infection but has
failed show a 2 log1 decline in HCV RNA levels after
12 weeks of therapy. It is believed that patients who
have not shown more than 2 logio reduction in serum
HCV RNA after 12 weeks of therapy have a 97-100%
chance of not responding. [0049] In certain
embodiments, the patient is a patient that
discontinued HCV therapy because of one or more
adverse events associated with the therapy. In certain
embodiments, the patient is a patient where current
therapy is not indicated. For instance, certain
therapies for HCV are associated with neuropsychiatric
events. Interferon (IFN)-a plus ribavirin is
associated with a high rate of depression. Depressive
symptoms have been linked to a worse outcome in a
number of medical disorders. Life-threatening or fatal
neuropsychiatric events, including suicide, suicidal
and homicidal ideation, depression, relapse of drug
addiction/overdose, and aggressive behavior have
occurred in patients with and without a previous
psychiatric disorder during HCV therapy.
Interferon-induced depression is a limitation for the
treatment of chronic hepatitis C, especially for
patients with psychiatric disorders. Psychiatric side
effects are common with interferon therapy and
responsible for about 10% to 20% of discontinuations
of current therapy for HCV infection. [0050]
Accordingly, provided are methods of treating or
preventing hepatits C in patients where the risk of
neuropsychiatric events, such as depression,
contraindicates treatment with current HCV therapy.
Also provided are methods of treating or preventing
hepatitis C in patients where a neuropsychiatric
event, such as depression, or risk of such indicates
discontinuation of treatment with current HCV therapy.
Further provided are methods of treating or preventing
hepatitis C in patients where a neuropsychiatric
event, such as depression, or risk of such indicates
dose reduction of current HCV therapy.[0051] Current
therapy is also contraindicated in patients that are
hypersensitive to interferon or ribavirin, or both, or
any other component of a pharmaceutical product for
administration of interferon or ribavirin. Current
therapy is not indicated in patients with
hemoglobinopathies (e.g., thalassemia major,
sickle-cell anemia) and other patients at risk from
the hematologic side effects of current therapy.
Common hematologic side effects are include bone
marrow suppression, neutropenia and thrombocytopenia.
Furthermore, ribavirin is toxic to red blood cells and
is associated with hemolysis. Accordingly, the methods
provided herein are useful in patients hypersensitive
to interferon or ribavirin, or both, patients with a
hemoglobinopathy, for instance, thalassemia major
patients and sickle-cell anemia patients, and other
patients at risk from the hematologic side effects of
current therapy. [0052] In certain embodiments the
patient has received HCV therapy and discontinued that
therapy prior to administration of a method provided
herein. In further embodiments, the patient has
received therapy and continues to receive that therapy
along with administration of a method provided herein.
The methods herein can be co-administered with other
therapy for HCV according to the judgment of one of
skill in the art. In certain embodiments, the methods
or compositions herein can be co-administered with a
reduced dose of the other therapy for HCV. [0053] In
certain embodiments, provided are methods of treating
a patient that is refractory to treatment with
interferon. For instance, in some embodiments, the
patient can be a patient that has failed to respond to
treatment with one or more agents selected from the
group consisting of interferon, interferon a,
pegylated interferon a, interferon plus ribavirin,
interferon aplus ribavirin and pegylated interferon
aplus ribavirin. In some embodiments, the patient can
be a patient that has responded poorly to treatment
with one or more agents selected from the group
consisting of interferon, interferon a, pegylated
interferon a, interferon plus ribavirin, interferon a
plus ribavirin and pegylated interferon aplus
ribavirin. [0054] In one embodiment, chronic HCV
infection is manifested by raised liver enzymes (e.g.,
ALT, AST), persistent (e.g., greater than six months)
HCV RNA levels, and/or histological evidence of liver
damage, fibrosis, and/or cirrhosis. In one embodiment,
the methods provided herein lower elevated liver
enzyme levels, such as ALT and AST levels. Methods for
measuring the level of liver enzymes are well known in
the art (see, e.g., Jeong S. Y. et al. Sandwich ELISA
for measurement ofcytosolic aspartate aminotransferase
in sera from patients with liver diseases, Clin Chem.,
2003; 49(5):826 9 and Burin des Roziers N. et al. A
microtiter plate assay for measurement of serum
alanine aminotransferase in blood donors,
Transfusion., 1995; 35(4):331 4, each of which is
incorporated by reference herein in its entirety). In
one embodiment, the elevated level of one or more
liver enzyme, such as ALT or AST, or the total amount
of elevated level of liver enzyme above the normal
range is reduced by more than about 90% or more than
95%. In one embodiment, the elevated level of one or
more liver enzyme, such as elevated levels of ALT or
AST, or the total amount of elevated liver enzyme is
reduced by at least 95%, at least 90%, at least 80%,
at least 70%, at least 60%, at least 50%, at least
40%, at least 30%, at least 20%, at least 10%, at
least 5%, at least 2% or at least 1%. [0055] In
certain embodiment, provided herein are methods for
treating patients infected with hepatitis C virus and
have normal serum aminotransferase levels. It has been
reported that up to 60% of HCV-infected first-time
blood donors and injection drug users have normal
levels of ALT {see, Strader et al, in Hepatology, 39
(4), 2004). In one embodiment, a person is considered
to have normal ALT levels when there have been two or
more determinations identified to be in the normal
range of a licensed laboratory over six or more
months. It is known in the art that biopsies of those
with normal aminotransferase values have revealed
bridging fibrosis or cirrhosis in 1% to 10% of cases,
and at least portal fibrosis in a greater proportion
(Strader et al., in Hepatology, 39 (4), 2004). In one
embodiment, the compounds provided herein are useful
in treating such patients. [0056] In certain
embodiments, provided herein are methods for
inhibiting hepatitis C virus (HCV) replication in a
cell infected with hepatitis C virus by administering
a therapeutically effective amount of a compound
provided herein. In certain embodiments, the
therapeutically effective amount of the compound is an
amount sufficient to cause a detectable decrease in
HCV replication. In one embodiment, the compound for
use in such methods is RO-1 13-0830. Methods for
detection of HCV replication are known to one of skill
in the art and include the HCV replicon assay. An
exemplary assay is described by Pietschmann, T. et
al., J. Virol. 76, 2002, 4008-4021. In certain
embodiments, HCV replication is inhibited at least
about 20%, at least about 30%, at least about 40%, at
least about 50%, at least about 75%, at least about
90% or more.[0057] In another aspect, provided herein
are methods of inhibiting HCV replication in a patient
infected with hepatitis C virus. The methods involve
the step of administering to the patient an effective
amount of a compound provided herein. In one
embodiment, the method involves the step of
administering to the patient an effective amount of
RO-1 13-0830. [0058] In certain embodiments, provided
are methods for treatment of alcoholic hepatitis.
Alcoholic hepatitis (steatohepatitis) is a combination
of fatty liver, diffuse liver inflammation, and liver
necrosis, in certain embodiments, focal necrosis, all
in 



various degrees of severity. [0059] In one embodiment,
provided is a method for treating liver fibrosis,
lobular hepatitis and/or periportal bridging necrosis
in a patient. Liver fibrosis is the excessive
accumulation of extracellular matrix proteins
including collagen that occurs in most types of
chronic liver diseases. In certain embodiments,
advanced liver fibrosis results in cirrhosis and liver
failure. In one embodiment, provided is a method for
reducing the level of fibrosis, lobular hepatitis
and/or periportal bridging necrosis in a patient.
Methods for measuring liver histologies such as
changes in the extent of fibrosis, lobular hepatitis,
and periportal bridging necrosis are well known in the
art. For example, Several non-invasive tests for liver
fibrosis are described in Hepatology, 2006, 43(2):S1
13-S120. Hepatology, 2007, 45(l):242-249 describes the
measurement and treatment of liver fibrosis. Wright M.
et a describe measurement and determinants of the
natural history of liver fibrosis in hepatitis C virus
infection: a cross sectional and longitudinal study in
Gut. 2003; 52(4):574 9. Each of these references is
incorporated by reference herein in its entirety. In
certain embodiments, liver fibrosis is caused by
hepatitis, chemical exposure, bile duct obstruction,
autoimmune disease, obstruction of outflow of blood
from the liver, heart and blood vessel disturbance, al
-antitrypsin deficiency, high blood galactose level,
high blood tyrosine level, glycogen storage disease,
diabetes, malnutrition, Wilson Disease or
hemochromatosis. [0060] In one embodiment, the level
of fibrosis, which is the formation of fibrous tissue,
fibroid or fibrous degeneration, is reduced by more
that about 90%. In one embodiment, the level of
fibrosis is reduced by at least 90%, at least 80%, at
least 70%, at least 60%, at least 50%, at least 40%,
at least 30%, at least 20%, at least 10%, at least 5%
or at least 2%.[0061] In one embodiment, the compounds
provided herein reduce the level of fibrogenesis.
Liver fibrogenesis is the process leading to the
deposition of an excess of extracellular matrix
components in the liver known as fibrosis. It is
observed in a number of conditions such as chronic
viral hepatitis B and C, alcoholic liver disease,
drug-induced liver disease, hemochromatosis,
auto-immune hepatitis, Wilson disease, primary biliary
cirrhosis, sclerosing cholangitis, liver
schistosomiasis and others. In one embodiment, the
level of fibrogenesis is reduced by more that about
90%. In one embodiment, the level of fibrogenesis is
reduced by at least 90%, at least 80%, at least 70%,
at least 60%, at least 50%, at least 40%, at least
30%, at least 20%, at least 10%, at least 5% or at
least 2%. [0062] In one embodiment, the level of
lobular hepatitis, wherein foci of inflammatory cells
are also present in the sinusoids of the lobule is
reduced by more that about 99% or 95%. In another
embodiment, the level of lobular hepatitis is reduced
by at least 90%, at least 80%, at least 70%, at least
60%, at least 50%, at least 40%, at least 30%, at
least 20%, at least 10%, at least 5%, at least 2% or
at least 1%. In yet another embodiment, the level of
periportal bridging necrosis is reduced by more than
about 90%. In yet another embodiment, the level of
periportal bridging necrosis is reduced by at least
90%, at least 80%, at least 70%, at least 60%, at
least 50%, at least 40%, at least 30%, at least 20%,
at least 10%, at least 5%, at least 2% or at least 1%.
[0063] In one embodiment, provided herein is a method
for treating of cirrhosis. In certain embodiments,
symptoms of cirrhosis include, but are not limited to,
portal hypertension, abnormal nerve function, ascites
(build-up of fluid in the abdominal cavity), breast
enlargement in men, coughing up or vomiting blood,
curling of fingers (Dupuytren contracture of the
palms), gallstones, hair loss, itching, jaundice,
kidney failure, liver encephalopathy, muscle loss,
poor appetite, redness of palms, salivary gland
enlargement in cheeks, shrinking of testes, small
spider-like veins in skin, weakness, weight loss,
spider angiomas (a central arteriole from which
numerous small branching vessels radiate),
encephalopathy, and asterixis (flapping tremor).
Symptoms of cirrhosis vary, depending on severity and
individuals. In certain embodiments, mild cirrhosis
may not exhibit any symptoms at all. [0064] In one
embodiment, the cause of cirrhosis is hepatitis C. In
other embodiments, causes of cirrhosis include, use of
certain drugs, chemical exposure,bile duct
obstruction, autoimmune diseases, obstruction of
outflow of blood from the liver (i.e., Budd-Chiari
syndrome), heart and blood vessel disturbances,
alphalantitrypsin deficiency, high blood galactose
levels, high blood tyrosine levels, glycogen storage
disease, diabetes, malnutrition, hereditary
accumulation of too much copper (Wilson Disease) or
iron (hemochromatosis). In one embodiment, the cause
of cirrhosis is alcohol abuse. [0065] In one
embodiment, provided herein is a method for reducing
the level of cirrhosis. In one embodiment, cirrhosis
is characterized pathologically by loss of the normal
microscopic lobular architecture, with fibrosis and
nodular regeneration. Methods for measuring the extent
of cirrhosis are well known in the art. In one
embodiment, the level of cirrhosis is reduced by about
5%-100%. In one embodiment, the level of cirrhosis is
reduced by at least 5%, at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%,
at least 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, or 100% in the patient. [0066] In
certain embodiments, the methods for treatment of
cirrhosis involve administration of an MMP inhibitor
provided herein, with a proviso that the MMP inhibitor
is other than TMI-005. [0067] In certain embodiments,
provided herein are methods for treatment of primary
biliary cirrhosis (PBC). Primary biliary cirrhosis
begins with inflammation of the bile ducts inside the
liver. The inflammation blocks the flow of bile out of
the liver; thus, bile remains in the liver cells or
spills over into the bloodstream. As inflammation
spreads from the bile ducts to the rest of the liver,
a latticework of scar tissue develops throughout the
liver. In one embodiment, the methods are for
treatment of PBC in women aged 35 to 60. In certain
embodiments, the PBC is caused by an autoimmune
disorder. In one embodiment, primary biliary cirrhosis
occurs in association with rheumatoid arthritis,
scleroderma, or autoimmune thyroiditis. The methods
provided herein are useful in treating one or more of
the symptoms of primary biliary cirrhosis. [0068] In
one embodiment, provided herein are methods for
treatment of hepatic ischemia reperfusion injury.
Ischemia can occur in the liver due to several
pathological conditions, such as liver
transplantation, cardiogenic or hemodynamicshock, and
liver resection for trauma or tumor. When the blood
circulation is reestablished (reperfusion), the rapid
increase in oxygen concentration leads to the
production of reactive oxygen species, which in turn
cause a generalized damage of hepatic cells (both
necrosis and apoptosis) resulting in
ischemia-reperfusion (IR) injury in the liver. In
certain embodiments, the methods for treatment of
hepatic ischemia reperfusion injury involve
administration of an MMP inhibitor provided herein,
with a proviso that the MMP inhibitor is other than
ONO-4817. In certain embodiments, the methods for
treatment of hepatic ischemia reperfusion injury
involve administration of RO-1 13-0830. [0069] As
known to one of skill in the art, excess apoptosis of
liver cells is linked to liver fibrosis and other
liver disease. Thus, prevention or suppression of
excessive apoptosis liver cells is an important
component in the treatment of acute and chronic liver
disease. Apoptosis occurs mainly via a two signalling
pathways: a death receptor mediated extrinsic pathway
or a mitochondria mediated intrinsic pathway. The
extrinsic pathway originates at the plasma membrane
following the engagement of a family of cytokine
receptors named death receptors (such as tumour
necrosis factor receptor 1 (TNF-Rl), Fas/CD95, and
tumour necrosis factor related apoptosis inducing
ligand receptors 1 and 2 (TRAIL-Rl and TRAIL-R2)) by
their cognate ligands (TNF-, Fas ligand (FasL)/CD95L,
TRAIL). See, Guicciardi et al. Gut, 2005: 54,
1024-1033 and Ghavami et al, Med. ScI Monit., 2005:
11(1 1): RA337-345. In certain embodiments, the MMP
inhibitors provided herein block damage of liver cells
by preventing or suppressing apoptosis. In certain
embodiment, the compounds provided herein inhibit a
signalling cascade of a-Fas. In certain embodiment,
the compounds provided herein inhibit a signalling
cascade initiated by TNF-a. Without being bound to any
particular theory, it is believed that in certain
embodiments, the prevention or suppression of
excessive apoptosis of liver cells by compounds
provided herein contributes to reducing liver damage
associated with acute and/or chronic liver disease.
5.4 Preparation of the compounds [0070] The compounds
for use in the methods provided herein can be prepared
by using routine synthetic procedures, including
procedures described in Bender et al. in 



U.S. patent no. 5,932,595 and Watanabe in U.S. patent
nos. 6,207,698 and 6,831,178. An exemplary method for
preparation of RO-113-0830 is described in Example
1.5.5 Formulation of pharmaceutical compositions
[0071] The pharmaceutical compositions provided herein
contain therapeutically effective amounts of one or
more of compounds provided herein that are useful in
the prevention, treatment, or amelioration of one or
more of the symptoms of liver diseases and a
pharmaceutically acceptable carrier. [0072] The
compounds are formulated into suitable pharmaceutical
preparations such as solutions, suspensions, tablets,
dispersible tablets, pills, capsules, powders,
sustained release formulations or elixirs, for oral
administration or in sterile solutions or suspensions
for parenteral administration, as well as transdermal
patch preparation and dry powder inhalers. In one
embodiment, the compounds described above are
formulated into pharmaceutical compositions using
techniques and procedures well known in the art {see,
e.g., Remington's Pharmaceutical Sciences, 20th eds.,
Mack Publishing, Easton PA (2000)). [0073] In the
compositions, effective concentrations of one or more
compounds or pharmaceutically acceptable derivatives
is (are) mixed with a suitable pharmaceutical carrier
or vehicle. The compounds may be derivatized as the
corresponding salts, esters, acids, bases, solvates,
hydrates or prodrugs prior to formulation, as
described above. The concentrations of the compounds
in the compositions are effective for delivery of an
amount, upon administration, that treats, prevents, or
ameliorates one or more of the symptoms of liver
diseases. [0074] In one embodiment, the compositions
are formulated for single dosage administration. To
formulate a composition, the weight fraction of
compound is dissolved, suspended, dispersed or
otherwise mixed in a selected vehicle at an effective
concentration such that the treated condition is
relieved or ameliorated. Pharmaceutical carriers or
vehicles suitable for administration of the compounds
provided herein include any such carriers known to
those skilled in the art to be suitable for the
particular mode of administration. [0075] In addition,
the compounds may be formulated as the sole
pharmaceutically active ingredient in the composition
or may be combined with other active ingredients.
Liposomal suspensions, including tissue-targeted
liposomes, such as tumor-targeted liposomes, may also
be suitable as pharmaceutically acceptable carriers.
These may be prepared according to methods known to
those skilled in theart. For example, liposome
formulations may be prepared as known in the art.
Briefly, liposomes such as multilamellar vesicles
(MLVs) may be formed by drying down egg phosphatidyl
choline and brain phosphatidyl serine (7:3 molar
ratio) on the inside of a flask. A solution of a
compound provided herein in phosphate buffered saline
(PBS) lacking divalent cations is added and the flask
shaken until the lipid film is dispersed. The
resulting vesicles are washed to remove unencapsulated
compound, pelleted by centrifugation, and then
resuspended in PBS. [0076] The active compound is
included in the pharmaceutically acceptable carrier in
an amount sufficient to exert a therapeutically useful
effect in the absence of undesirable side effects on
the patient treated. The therapeutically effective
concentration may be determined empirically by testing
the compounds in in vitro and in vivo systems known in
the art and then extrapolated therefrom for dosages
for humans. [0077] The concentration of active
compound in the pharmaceutical composition will depend
on absorption, inactivation and excretion rates of the
active compound, the physicochemical characteristics
of the compound, the dosage schedule, and amount
administered as well as other factors known to those
of skill in the art. For example, the amount that is
delivered is sufficient to ameliorate one or more of
the symptoms of liver diseases. [0078] In one
embodiment, a therapeutically effective dosage should
produce a serum concentration of active ingredient of
from about 0.1 ng/ml to about 50-100 mg/ml. The
pharmaceutical compositions, in certain embodiments,
should provide a dosage of from about 0.001 mg to
about 2000 mg of compound per kilogram of body weight
per day. Pharmaceutical dosage unit forms are prepared
to provide from about 1mg to about 1000 mg and from
about 10 to about 500 mg of the essential active
ingredient or a combination of essential ingredients
per dosage unit form. [0079] The active ingredient may
be administered at once, or may be divided into a
number of smaller doses to be administered at
intervals of time. It is understood that the precise
dosage and duration of treatment is a function of the
disease being treated and may be determined
empirically using known testing protocols or by
extrapolation from in vivo or in vitro test data. It
is to be noted that concentrations and dosage values
may also vary with the severity of the condition to be
alleviated. Itis to be further understood that for any
particular patient, specific dosage regimens should be
adjusted over time according to the individual need
and the professional judgment of the person
administering or supervising the administration of the
compositions, and that the concentration ranges set
forth herein are exemplary only and are not intended
to limit the scope or practice of the claimed
compositions. [0080] Pharmaceutically acceptable
derivatives include acids, bases, salts, esters,
hydrates, solvates and prodrug forms. The derivative
is selected such that its pharmacokinetic properties
are superior to the corresponding neutral compound.
[0081] Thus, effective concentrations or amounts of
one or more of the compounds described herein or
pharmaceutically acceptable derivatives thereof are
mixed with a suitable pharmaceutical carrier or
vehicle for systemic, topical or local administration
to form pharmaceutical compositions. Compounds are
included in an amount effective for ameliorating one
or more symptoms of, or for treating or preventing
liver diseases. The concentration of active compound
in the composition will depend on absorption,
inactivation, excretion rates of the active compound,
the dosage schedule, amount administered, particular
formulation as well as other factors known to those of
skill in the art. [0082] The compositions are intended
to be administered by a suitable route, including
orally, parenterally, rectally, topically and locally.
For oral administration, capsules and tablets can be
used. The compositions are in liquid, semi-liquid or
solid form and are formulated in a manner suitable for
each route of administration. In one embodiment, modes
of administration include parenteral and oral modes of
administration. In certain embodiments, oral
administration is contemplated. [0083] Solutions or
suspensions used for parenteral, intradermal,
subcutaneous, or topical application can include any
of the following components: a sterile diluent, such
as water for injection, saline solution, fixed oil,
polyethylene glycol, glycerine, propylene glycol,
dimethyl acetamide or other synthetic solvent;
antimicrobial agents, such as benzyl alcohol and
methyl parabens; antioxidants, such as ascorbic acid
and sodium bisulfite; chelating agents, such as
ethylenediaminetetraacetic acid (EDTA); buffers, such
as acetates, citrates and phosphates; and agents for
the adjustment of tonicity such as sodium chloride or
dextrose. Parenteral preparations can be enclosedin
ampoules, disposable syringes or single or multiple
dose vials made of glass, plastic or other suitable
material. [0084] In instances in which the compounds
exhibit insufficient solubility, methods for
solubilizing compounds may be used. Such methods are
known to those of skill in this art, and include, but
are not limited to, using cosolvents, such as
dimethylsulfoxide (DMSO), using surfactants, such as
TWEEN(r), or dissolution in aqueous sodium
bicarbonate. [0085] Upon mixing or addition of the
compound(s), the resulting mixture may be a solution,
suspension, emulsion or the like. The form of the
resulting mixture depends upon a number of factors,
including the intended mode of administration and the
solubility of the compound in the selected carrier or
vehicle. The effective concentration is sufficient for
ameliorating the symptoms of the disease, disorder or
condition treated and may be empirically determined.
[0086] The pharmaceutical compositions are provided
for administration to humans and animals in unit
dosage forms, such as tablets, capsules, pills,
powders, granules, sterile parenteral solutions or
suspensions, and oral solutions or suspensions, and
oil-water emulsions containing suitable quantities of
the compounds or pharmaceutically acceptable
derivatives thereof. The pharmaceutically
therapeutically active compounds and derivatives
thereof are formulated and administered in unit-dosage
forms or multiple-dosage forms. Unit-dose forms as
used herein refer to physically discrete units
suitable for human and animal patients and packaged
individually as is known in the art. Each unit-dose
contains a predetermined quantity of the
therapeutically active compound sufficient to produce
the desired therapeutic effect, in association with
the required pharmaceutical carrier, vehicle or
diluent. Examples of unit-dose forms include ampoules
and syringes and 



individually packaged tablets or capsules. Unit-dose
forms may be administered in fractions or multiples
thereof. A multiple-dose form is a plurality of
identical unit-dosage forms packaged in a single
container to be administered in segregated unit-dose
form. Examples of multiple-dose forms include vials,
bottles of tablets or capsules or bottles of pints or
gallons. Hence, multiple dose form is a multiple of
unit-doses which are not segregated in
packaging.[0087] Sustained-release preparations can
also be prepared. Suitable examples of
sustained-release preparations include semipermeable
matrices of solid hydrophobic polymers containing the
compound provided herein, which matrices are in the
form of shaped articles, e.g., films, or microcapsule.
Examples of sustained-release matrices include
polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides, copolymers of
L-glutamic acid and ethyl-Lglutamate, non-degradable
ethylene-vinyl acetate, degradable lactic
acid-glycolic acid copolymers such as the LUPRON
DEPOT(tm) (injectable microspheres composed of lactic
acid-glycolic acid copolymer and leuprolide acetate),
and poly-D-(-)-3- hydroxybutyric acid. While polymers
such as ethylene-vinyl acetate and lactic acidglycolic
acid enable release of molecules for over 100 days,
certain hydrogels release proteins for shorter time
periods. When encapsulated compound remain in the body
for a long time, they may denature or aggregate as a
result of exposure to moisture at 37 0C, resulting in
a loss of biological activity and possible changes in
their structure. Rational strategies can be devised
for stabilization depending on the mechanism of action
involved. For example, if the aggregation mechanism is
discovered to be intermolecular S-S bond formation
through thio-disulfide interchange, stabilization may
be achieved by modifying sulfhydryl residues,
lyophilizing from acidic solutions, controlling
moisture content, using appropriate additives, and
developing specific polymer matrix compositions [0088]
Dosage forms or compositions containing active
ingredient in the range of 0.005% to 100% with the
balance made up from non-toxic carrier may be
prepared. For oral administration, a pharmaceutically
acceptable non-toxic composition is formed by the
incorporation of any of the normally employed
excipients, such as, for example pharmaceutical grades
of mannitol, lactose, starch, magnesium stearate,
talcum, cellulose derivatives, sodium crosscarmellose,
glucose, sucrose, magnesium carbonate or sodium
saccharin. Such compositions include solutions,
suspensions, tablets, capsules, powders and sustained
release formulations, such as, but not limited to,
implants and microencapsulated delivery systems, and
biodegradable, biocompatible polymers, such as
collagen, ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, polyorthoesters, polylactic acid
and others. Methods for preparation of these
compositions are known to those skilled in the art.
Thecontemplated compositions may contain 0.001%-100%
active ingredient, in one embodiment, 0.1-85% or
75-95% active ingredient. [0089] The active compounds
or pharmaceutically acceptable derivatives may be
prepared with carriers that protect the compound
against rapid elimination from the body, such as time
release formulations or coatings. [0090] The
compositions may include other active compounds to
obtain desired combinations of properties. The
compounds provided herein, or pharmaceutically
acceptable derivatives thereof as described herein,
may also be advantageously administered for
therapeutic or prophylactic purposes together with
another pharmacological agent known in the general art
to be of value in treating liver diseases. It is to be
understood that such combination therapy constitutes a
further aspect of the compositions and methods of
treatment provided herein. 5.5.1 Compositions for oral
administration [0091] Oral pharmaceutical dosage forms
are either solid, gel or liquid. The solid dosage
forms are tablets, capsules, granules, and bulk
powders. Types of oral tablets include compressed,
chewable lozenges and tablets which may be
enteric-coated, sugar-coated or film-coated. Capsules
may be hard or soft gelatin capsules, while granules
and powders may be provided in non-effervescent or
effervescent form with the combination of other
ingredients known to those skilled in the art. [0092]
In certain embodiments, the formulations are solid
dosage forms, such as capsules or tablets. The
tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds
of a similar nature: a binder; a diluent; a
disintegrating agent; a lubricant; a glidant; a
sweetening agent; and a flavoring agent. [0093]
Examples of binders include microcrystalline
cellulose, gum tragacanth, glucose solution, acacia
mucilage, gelatin solution, sucrose and starch paste.
Lubricants include talc, starch, magnesium or calcium
stearate, lycopodium and stearic acid. Diluents
include, for example, lactose, sucrose, starch,
kaolin, salt, mannitol and dicalcium phosphate.
Glidants include, but are not limited to, colloidal
silicon dioxide. Disintegrating agents include
crosscarmellose sodium, sodium starch glycolate,
alginic acid, corn starch, potato starch, bentonite,
methylcellulose, agar and carboxymethylcellulose.
Coloring agents include, for example, any of the
approved certified water soluble FD and C dyes,
mixtures thereof; and water insoluble FD andC dyes
suspended on alumina hydrate. Sweetening agents
include sucrose, lactose, mannitol and artificial
sweetening agents such as saccharin, and any number of
spray dried flavors. Flavoring agents include natural
flavors extracted from plants such as fruits and
synthetic blends of compounds which produce a pleasant
sensation, such as, but not limited to peppermint and
methyl salicylate. Wetting agents include propylene
glycol monostearate, sorbitan monooleate, diethylene
glycol monolaurate and polyoxyethylene laural ether.
Emetic-coatings include fatty acids, fats, waxes,
shellac, ammoniated shellac and cellulose acetate
phthalates. Film coatings include
hydroxyethylcellulose, sodium carboxymethylcellulose,
polyethylene glycol 4000 and cellulose acetate
phthalate. [0094] If oral administration is desired,
the compound could be provided in a composition that
protects it from the acidic environment of the
stomach. For example, the composition can be
formulated in an enteric coating that maintains its
integrity in the stomach and releases the active
compound in the intestine. The composition may also be
formulated in combination with an antacid or other
such ingredient. [0095] When the dosage unit form is a
capsule, it can contain, in addition to material of
the above type, a liquid carrier such as a fatty oil.
In addition, dosage unit forms can contain various
other materials which modify the physical form of the
dosage unit, for example, coatings of sugar and other
enteric agents. The compounds can also be administered
as a component of an elixir, suspension, syrup, wafer,
sprinkle, chewing gum or the like. A syrup may
contain, in addition to the active compounds, sucrose
as a sweetening agent and certain preservatives, dyes
and colorings and flavors. [0096] The active materials
can also be mixed with other active materials which do
not impair the desired action, or with materials that
supplement the desired action, such as antacids, H2
blockers, and diuretics. The active ingredient is a
compound or pharmaceutically acceptable derivative
thereof as described herein. Higher concentrations, up
to about 98% by weight of the active ingredient may be
included. [0097] Pharmaceutically acceptable carriers
included in tablets are binders, lubricants, diluents,
disintegrating agents, coloring agents, flavoring
agents, and wetting agents. Enteric-coated tablets,
because of the enteric-coating, resist the actionof
stomach acid and dissolve or disintegrate in the
neutral or alkaline intestines. Sugar-coated tablets
are compressed tablets to which different layers of
pharmaceutically acceptable substances are applied.
Film-coated tablets are compressed tablets which have
been coated with a polymer or other suitable coating.
Multiple compressed tablets are compressed tablets
made by more than one compression cycle utilizing the
pharmaceutically acceptable substances previously
mentioned. Coloring agents may also be used in the
above dosage forms. Flavoring and sweetening agents
are used in compressed tablets, sugar-coated, multiple
compressed and chewable tablets. Flavoring and
sweetening agents are especially useful in the
formation of chewable tablets and lozenges. [0098]
Liquid oral dosage forms include aqueous solutions,
emulsions, suspensions, solutions and/or suspensions
reconstituted from non-effervescent granules and
effervescent preparations reconstituted from
effervescent granules. Aqueous solutions include, for
example, elixirs and syrups. Emulsions are either
oil-in-water or water-in-oil. [0099] Elixirs are
clear, sweetened, hydroalcoholic preparations.
Pharmaceutically acceptable carriers used in elixirs
include solvents. Syrups are concentrated aqueous
solutions of a sugar, for example, sucrose, and may
contain a preservative. An emulsion is a two-phase
system in which one liquid is dispersed in the form of
small globules throughout another liquid.
Pharmaceutically acceptable 



carriers used in emulsions are non-aqueous liquids,
emulsifying agents and preservatives. Suspensions use
pharmaceutically acceptable suspending agents and
preservatives. Pharmaceutically acceptable substances
used in non-effervescent granules, to be reconstituted
into a liquid oral dosage form, include diluents,
sweeteners and wetting agents. Pharmaceutically
acceptable substances used in effervescent granules,
to be reconstituted into a liquid oral dosage form,
include organic acids and a source of carbon dioxide.
Coloring and flavoring agents are used in all of the
above dosage forms. [00100] Solvents include glycerin,
sorbitol, ethyl alcohol and syrup. Examples of
preservatives include glycerin, methyl and
propylparaben, benzoic add, sodium benzoate and
alcohol. Examples of non-aqueous liquids utilized in
emulsions include mineral oil and cottonseed oil.
Examples of emulsifying agents include gelatin,
acacia, tragacanth, bentonite, and surfactants such as
polyoxyethylene sorbitanmonooleate. Suspending agents
include sodium carboxymethylcellulose, pectin,
tragacanth, Veegum and acacia. Diluents include
lactose and sucrose. Sweetening agents include
sucrose, syrups, glycerin and artificial sweetening
agents such as saccharin. Wetting agents include
propylene glycol monostearate, sorbitan monooleate,
diethylene glycol monolaurate and polyoxyethylene
lauryl ether. Organic acids include citric and
tartaric acid. Sources of carbon dioxide include
sodium bicarbonate and sodium carbonate. Coloring
agents include any of the approved certified water
soluble FD and C dyes, and mixtures thereof. Flavoring
agents include natural flavors extracted from plants
such fruits, and synthetic blends of compounds which
produce a pleasant taste sensation. [00101] For a
solid dosage form, the solution or suspension, in for
example propylene carbonate, vegetable oils or
triglycerides, can be encapsulated in a gelatin
capsule. Such solutions, and the preparation and
encapsulation thereof, are disclosed in U.S. Patent
Nos 4,328,245; 4,409,239; and 4,410,545. For a liquid
dosage form, the solution, e.g., for example, in a
polyethylene glycol, may be diluted with a sufficient
quantity of a pharmaceutically acceptable liquid
carrier, e.g., water, to be easily measured for
administration. [00102] Alternatively, liquid or
semi-solid oral formulations may be prepared by
dissolving or dispersing the active compound or salt
in vegetable oils, glycols, triglycerides, propylene
glycol esters (e.g., propylene carbonate) and other
such carriers, and encapsulating these solutions or
suspensions in hard or soft gelatin capsule shells.
Other useful formulations include, but are not limited
to, those containing a compound provided herein, a
dialkylated mono- or poly-alkylene glycol, including,
but not limited to, 1,2-dimethoxymethane, diglyme,
triglyme, tetraglyme, polyethylene glycol-350-dimethyl
ether, polyethylene glycol-550-dimethyl ether,
polyethylene glycol-750-dimethyl ether wherein 350,
550 and 750 refer to the approximate average molecular
weight of the polyethylene glycol, and one or more
antioxidants, such as butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), propyl gallate,
vitamin E, hydroquinone, hydroxycoumarins,
ethanolamine, lecithin, cephalin, ascorbic acid, malic
acid, sorbitol, phosphoric acid, thiodipropionic acid
and its esters, and dithiocarbamates. [00103] Other
formulations include, but are not limited to, aqueous
alcoholic solutions including a pharmaceutically
acceptable acetal. Alcohols used in theseformulations
are any pharmaceutically acceptable water-miscible
solvents having one or more hydroxyl groups,
including, but not limited to, propylene glycol and
ethanol. Acetals include, but are not limited to,
di(lower alkyl) acetals of lower alkyl aldehydes such
as acetaldehyde diethyl acetal. [00104] In all
embodiments, tablets and capsules formulations may be
coated as known by those of skill in the art in order
to modify or sustain dissolution of the active
ingredient. Thus, for example, they may be coated with
a conventional enterically digestible coating, such as
phenylsalicylate, waxes and cellulose acetate
phthalate. 5.5.2 Injectables, solutions and emulsions
[00105] Parenteral administration, generally
characterized by injection, either subcutaneously,
intramuscularly or intravenously is also contemplated
herein. Injectables can be prepared in conventional
forms, either as liquid solutions or suspensions,
solid forms suitable for solution or suspension in
liquid prior to injection, or as emulsions. Suitable
excipients are, for example, water, saline, dextrose,
glycerol or ethanol. In addition, if desired, the
pharmaceutical compositions to be administered may
also contain minor amounts of non-toxic auxiliary
substances such as wetting or emulsifying agents, pH
buffering agents, stabilizers, solubility enhancers,
and other such agents, such as for example, sodium
acetate, sorbitan monolaurate, triethanolamine oleate
and cyclodextrins. Implantation of a slow-release or
sustained-release system, such that a constant level
of dosage is maintained is also contemplated herein.
Briefly, a compound provided herein is dispersed in a
solid inner matrix, e.g., polymethylmethacrylate,
polybutylmethacrylate, plasticized or unplasticized
polyvinylchloride, plasticized nylon, plasticized
polyethyleneterephthalate, natural rubber,
polyisoprene, polyisobutylene, polybutadiene,
polyethylene, ethylene-vinylacetate copolymers,
silicone rubbers, polydimethylsiloxanes, silicone
carbonate copolymers, hydrophilic polymers such as
hydrogels of esters of acrylic and methacrylic acid,
collagen, crosslinked polyvinylalcohol and
cross-linked partially hydrolyzed polyvinyl acetate,
that is surrounded by an outer polymeric membrane,
e.g., polyethylene, polypropylene, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers,
ethylene/vinylacetate copolymers, silicone rubbers,
polydimethyl siloxanes, neoprene rubber, chlorinated
polyethylene, polyvinylchloride, vinylchloride
copolymers withvinyl acetate, vinylidene chloride,
ethylene and propylene, ionomer polyethylene
terephthalate, butyl rubber epichlorohydrin rubbers,
ethylene/vinyl alcohol copolymer, ethylene/vinyl
acetate/vinyl alcohol terpolymer, and
ethylene/vinyloxyethanol copolymer, that is insoluble
in body fluids. The compound diffuses through the
outer polymeric membrane in a release rate controlling
step. The percentage of active compound contained in
such parenteral compositions is highly dependent on
the specific nature thereof, as well as the activity
of the compound and the needs of the patient. [00106]
Parenteral administration of the compositions includes
intravenous, subcutaneous and intramuscular
administrations. Preparations for parenteral
administration include sterile solutions ready for
injection, sterile dry soluble products, such as
lyophilized powders, ready to be combined with a
solvent just prior to use, including hypodermic
tablets, sterile suspensions ready for injection,
sterile dry insoluble products ready to be combined
with a vehicle just prior to use and sterile
emulsions. The solutions may be either aqueous or
nonaqueous. [00107] If administered intravenously,
suitable carriers include physiological saline or
phosphate buffered saline (PBS), and solutions
containing thickening and solubilizing agents, such as
glucose, polyethylene glycol, and polypropylene glycol
and mixtures thereof. [00108] Pharmaceutically
acceptable carriers used in parenteral preparations
include aqueous vehicles, nonaqueous vehicles,
antimicrobial agents, isotonic agents, buffers,
antioxidants, local anesthetics, suspending and
dispersing agents, emulsifying agents, sequestering or
chelating agents and other pharmaceutically acceptable
substances. [00109] Examples of aqueous vehicles
include Sodium Chloride Injection, Ringers Injection,
Isotonic Dextrose Injection, Sterile Water Injection,
Dextrose and Lactated Ringers Injection. Nonaqueous
parenteral vehicles include fixed oils of vegetable
origin, cottonseed oil, corn oil, sesame oil and
peanut oil. Antimicrobial agents in bacteriostatic or
fungistatic concentrations must be added to parenteral
preparations packaged in multiple-dose containers
which include phenols or cresols, mercurials, benzyl
alcohol, chlorobutanol, methyl and propyl
p-hydroxybenzoic acid esters, thimerosal, benzalkonium
chloride and benzethonium chloride. Isotonic
agentsinclude sodium chloride and dextrose. Buffers
include phosphate and citrate. Antioxidants include
sodium bisulfate. Local anesthetics include procaine
hydrochloride. Suspending and dispersing agents
include sodium carboxymethylcelluose, hydroxypropyl
methylcellulose and polyvinylpyrrolidone. Emulsifying
agents include Polysorbate 80 (TWEEN(r) 80). A
sequestering or chelating agent of metal ions includes
EDTA. Pharmaceutical carriers also include ethyl
alcohol, polyethylene glycol and propylene glycol for
water miscible vehicles and sodium hydroxide,
hydrochloric acid, citric acid or lactic acid for pH
adjustment. [00110] The concentration of the
pharmaceutically active compound is adjusted so that
an injection provides an effective amount to produce
the desired pharmacological effect. The exact dose
depends on the age, weight and condition of the
patient or 



animal as is known in the art. [00111] The unit-dose
parenteral preparations are packaged in an ampule, a
vial or a syringe with a needle. All preparations for
parenteral administration must be sterile, as is known
and practiced in the art. [00112] Illustratively,
intravenous or intraarterial infusion of a sterile
aqueous solution containing an active compound is an
effective mode of administration. Another embodiment
is a sterile aqueous or oily solution or suspension
containing an active material injected as necessary to
produce the desired pharmacological effect. [00113]
Ihjectables are designed for local and systemic
administration. In certain embodiments, a
therapeutically effective dosage is formulated to
contain a concentration of at least about 0.1% w/w up
to about 90% w/w or more, or more than 1% w/w of the
active compound to the treated tissue(s). The active
ingredient may be administered at once, or may be
divided into a number of smaller doses to be
administered at intervals of time. It is understood
that the precise dosage and duration of treatment is a
function of the tissue being treated and may be
determined empirically using known testing protocols
or by extrapolation from in vivo or in vitro test
data. It is to be noted that concentrations and dosage
values may also vary with the age of the individual
treated. It is to be further understood that for any
particular patient, specific dosage regimens should be
adjusted over time according to the individual need
and the professional judgment of the person
administering or supervising the administration of the
formulations, and that the concentration rangesset
forth herein are exemplary only and are not intended
to limit the scope or practice of the claimed
formulations. [00114] The compound may be suspended in
micronized or other suitable form or may be
derivatized to produce a more soluble active product
or to produce a prodrug. The form of the resulting
mixture depends upon a number of factors, including
the intended mode of administration and the solubility
of the compound in the selected carrier or vehicle.
The effective concentration is sufficient for
ameliorating the symptoms of the condition and may be
empirically determined. 5.5.3 Lyophilized powders
[00115] Of interest herein are also lyophilized
powders, which can be reconstituted for administration
as solutions, emulsions and other mixtures. They may
also be reconstituted and formulated as solids or
gels. [00116] The sterile, lyophilized powder is
prepared by dissolving a compound provided herein, or
a pharmaceutically acceptable derivative thereof, in a
suitable solvent. The solvent may contain an excipient
which improves the stability or other pharmacological
component of the powder or reconstituted solution,
prepared from the powder. Excipients that may be used
include, but are not limited to, dextrose, sorbital,
fructose, corn syrup, xylitol, glycerin, glucose,
sucrose or other suitable agent. The solvent may also
contain a buffer, such as citrate, sodium or potassium
phosphate or other such buffer known to those of skill
in the art at about neutral pH. Subsequent sterile
filtration of the solution followed by lyophilization
under standard conditions known to those of skill in
the art provides the desired formulation. Generally,
the resulting solution will be apportioned into vials
for lyophilization. Each vial will contain a single
dosage (10-1000 mg or 100-500 mg) or multiple dosages
of the compound. The lyophilized powder can be stored
under appropriate conditions, such as at about 4 0C to
room temperature. [00117] Reconstitution of this
lyophilized powder with water for injection provides a
formulation for use in parenteral administration. For
reconstitution, about 1-50 mg, 5-35 mg or about 9-30
mg of lyophilized powder, is added per mL of sterile
water or other suitable carrier. The precise amount
depends upon the selected compound. Such amount can be
empirically determined.5.5.4 Topical administration
[00118] Topical mixtures are prepared as described for
the local and systemic administration. The resulting
mixture may be a solution, suspension, emulsions or
the like and are formulated as creams, gels,
ointments, emulsions, solutions, elixirs, lotions,
suspensions, tinctures, pastes, foams, aerosols,
irrigations, sprays, suppositories, bandages, dermal
patches or any other formulations suitable for topical
administration. [00119] The compounds or
pharmaceutically acceptable derivatives thereof may be
formulated as aerosols for topical application, such
as by inhalation (see, e.g., U.S. Patent Nos.
4,044,126, 4,414,209, and 4,364,923, which describe
aerosols for delivery of a steroid useful for
treatment of inflammatory diseases, particularly
asthma). These formulations for administration to the
respiratory tract can be in the form of an aerosol or
solution for a nebulizer, or as a microfne powder for
insufflation, alone or in combination with an inert
carrier such as lactose. In such a case, the particles
of the formulation will have diameters of less than 50
microns or less than 10 microns. [00120] The compounds
may be formulated for local or topical application,
such as for topical application to the skin and mucous
membranes, such as in the eye, in the form of gels,
creams, and lotions and for application to the eye or
for intracisternal or intraspinal application. Topical
administration is contemplated for transdermal
delivery and also for administration to the eyes or
mucosa, or for inhalation therapies. Nasal solutions
of the active compound alone or in combination with
other pharmaceutically acceptable excipients can also
be administered. [00121] These solutions, particularly
those intended for ophthalmic use, may be formulated
as 0.01% - 10% isotonic solutions, pH about 5-7, with
appropriate salts. 5.5.5 Compositions for other routes
of administration [00122] Other routes of
administration, such as topical application,
transdermal patches, and rectal administration are
also contemplated herein. [00123] For example,
pharmaceutical dosage forms for rectal administration
are rectal suppositories, capsules and tablets for
systemic effect. Rectal suppositories are used herein
mean solid bodies for insertion into the rectum which
melt or soften at body temperature releasing one or
more pharmacologically or therapeutically active
ingredients. Pharmaceutically acceptable substances
utilized in rectal suppositoriesare bases or vehicles
and agents to raise the melting point. Examples of
bases include cocoa butter (theobroma oil),
glycerin-gelatin, carbowax (polyoxyethylene glycol)
and appropriate mixtures of mono-, di- and
triglycerides of fatty acids. Combinations of the
various bases may be used. Agents to raise the melting
point of suppositories include spermaceti and wax.
Rectal suppositories may be prepared either by the
compressed method or by molding. In certain
embodiments, the weight of a rectal suppository is
about 2 to 3 gm. [00124] Tablets and capsules for
rectal administration are manufactured using the same
pharmaceutically acceptable substance and by the same
methods as for formulations for oral administration.
5.5.6 Sustained Release Compositions [00125] Active
ingredients such as the compounds provided herein can
be administered by controlled release means or by
delivery devices that are well known to those of
ordinary skill in the art. Examples include, but are
not limited to, those described in U.S. Patent Nos.:
3,845,770; 3,916,899; 3,536,809; 3,598,123; 4,008,719;
5,674,533; 5,059,595; 5,591,767; 5,120,548; 5,073,543;
5,639,476; 5,354,556; 5,639,480; 5,733,566; 5,739,108;
5,891,474; 5,922,356; 5,972,891; 5,980,945; 5,993,855;
6,045,830; 6,087,324; 6,1 13,943; 6,197,350;
6,248,363; 6,264,970; 6,267,981; 6,376,461; 6,419,961;
6,589,548; 6,613,358 and 6,699,500 each of which is
incorporated herein by reference. Such dosage forms
can be used to provide slow or controlled release of
one or more active ingredients using, for example,
hydropropylmethyl cellulose, other polymer matrices,
gels, permeable membranes, osmotic systems, multilayer
coatings, microparticles, liposomes, microspheres, or
a combination thereof to provide the desired release
profile in varying proportions. Suitable controlled
release formulations known to those of ordinary skill
in the art, including those described herein, can be
readily selected for use with the active ingredients
provided herein. Thus, the compositions provided
encompass single unit dosage forms suitable for oral
administration such as, but not limited to, tablets,
capsules, gelcaps, and caplets that are adapted for
controlled release. [00126] All controlled release
pharmaceutical products have a common goal of
improving drug therapy over that achieved by their non
controlled counterparts. Ideally, the use of an
optimally designed controlled release preparation in
medicaltreatment is characterized by a minimum of drug
substance being employed to cure or control the
condition in a minimum amount of time. Advantages of
controlled release formulations include extended
activity of the drug, reduced dosage frequency, and
increased patient compliance. In addition, controlled
release formulations can be used to affect the time of
onset of action or other characteristics, such as
blood levels of the 



drug, and can thus affect the occurrence of side
(e.g., adverse) effects. [00127] Most controlled
release formulations are designed to initially release
an amount of drug (active ingredient) that promptly
produces the desired therapeutic effect, and gradually
and continually release of other amounts of drug to
maintain this level of therapeutic or prophylactic
effect over an extended period of time. In order to
maintain this constant level of drug in the body, the
drug must be released from the dosage form at a rate
that will replace the amount of drug being metabolized
and excreted from the body. Controlled release of an
active ingredient can be stimulated by various
conditions including, but not limited to, pH,
temperature, enzymes, water, or other physiological
conditions or compounds. [00128] In certain
embodiments, the drug may be administered using
intravenous infusion, an implantable osmotic pump, a
transdermal patch, liposomes, or other modes of
administration. In one embodiment, a pump may be used
(see, Sefton, CRC Crit. Ref. Biomed. Eng. 14:201
(1987); Buchwald et al, Surgery 88:507 (1980); Saudek
et al., N. Engl. J. Med. 321:574 (1989)). In another
embodiment, polymeric materials can be used. In yet
another embodiment, a controlled release system can be
placed in a patient at an appropriate site determined
by a practitioner of skill, i.e., thus requiring only
a fraction of the systemic dose (see, e.g., Goodson,
Medical Applications of Controlled Release, vol. 2,
pp. 115-138 (1984)). Other controlled release systems
are discussed in the review by Langer (Science
249:1527-1533 (1990)). The active ingredient can be
dispersed in a solid inner matrix, e.g.,
polymethylmethacrylate, polybutylmethacrylate,
plasticized or unplasticized polyvinylchloride,
plasticized nylon, plasticized
polyethyleneterephthalate, natural rubber,
polyisoprene, polyisobutylene, polybutadiene,
polyethylene, ethylenevinylacetate copolymers,
silicone rubbers, polydimethylsiloxanes, silicone
carbonate copolymers, hydrophilic polymers such as
hydrogels of esters of acrylic and methacrylic acid,
collagen, cross-linked polyvinylalcohol and
cross-linked partially hydrolyzed polyvinyl acetate,
that is surrounded by an outer polymeric
membrane,e.g., polyethylene, polypropylene,
ethylene/propylene copolymers, ethylene/ethyl acrylate
copolymers, ethylene/vinylacetate copolymers, silicone
rubbers, polydimethyl siloxanes, neoprene rubber,
chlorinated polyethylene, polyvinylchloride,
vinylchloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionomer
polyethylene terephthalate, butyl rubber
epichlorohydrin rubbers, ethylene/vinyl alcohol
copolymer, ethylene/vinyl acetate/vinyl alcohol
terpolymer, and ethylene/vinyloxyethanol copolymer,
that is insoluble in body fluids. The active
ingredient then diffuses through the outer polymeric
membrane in a release rate controlling step. The
percentage of active ingredient in such parenteral
compositions is highly dependent on the specific
nature thereof, as well as the needs of the patient.
5.5.7 Targeted Formulations [00129] The compounds
provided herein, or pharmaceutically acceptable
derivatives thereof, may also be formulated to be
targeted to a particular tissue, receptor, or other
area of the body of the patient to be treated. Many
such targeting methods are well known to those of
skill in the art. All such targeting methods are
contemplated herein for use in the instant
compositions. For non-limiting examples of targeting
methods, see, e.g., U.S. Patent Nos. 6,316,652,
6,274,552, 6,271,359, 6,253,872, 6,139,865, 6,131,570,
6,120,751, 6,071,495, 6,060,082, 6,048,736, 6,039,975,
6,004,534, 5,985,307, 5,972,366, 5,900,252, 5,840,674,
5,759,542 and 5,709,874. [00130] In one embodiment,
liposomal suspensions, including tissue-targeted
liposomes, such as tumor-targeted liposomes, may also
be suitable as pharmaceutically acceptable carriers.
These may be prepared according to methods known to
those skilled in the art. For example, liposome
formulations may be prepared as described in U.S.
Patent No. 4,522,81 1. Briefly, liposomes such as
multilamellar vesicles (MLVs) may be formed by drying
down egg phosphatidyl choline and brain phosphatidyl
serine (7:3 molar ratio) on the inside of a flask. A
solution of a compound provided herein in phosphate
buffered saline lacking divalent cations (PBS) is
added and the flask shaken until the lipid film is
dispersed. The resulting vesicles are washed to remove
unencapsulated compound, pelleted by centrifugation,
and then resuspended in PBS.5.5.8 Dosage and Unit
Dosage Forms [00131] In human therapeutics, the doctor
will determine the posology which he considers most
appropriate according to a preventive or curative
treatment and according to the age, weight, stage of
the disease and other factors specific to the patient
to be treated. Generally, doses are from about 1 to
about 1000 mg per day for an adult, or from about 5 to
about 250 mg per day or from about 10 to 50 mg per day
for an adult. In certain embodiments, doses are from
about 5 to about 400 mg per day or 25 to 200 mg per
day per adult. Dose rates of from about 50 to about
500 mg per day are also contemplated. [00132] In
certain embodiments, the amount of the compound or
composition which will be effective in the prevention
or treatment of the liver disease or one or more
symptoms thereof will vary with the nature and
severity of the disease or condition, and the route by
which the active ingredient is administered. The
frequency and dosage will also vary according to
factors specific for each patient depending on the
specific therapy {e.g., therapeutic or prophylactic
agents) administered, the severity of the disorder,
disease, or condition, the route of administration, as
well as age, body, weight, response, and the past
medical history of the patient. Effective doses may be
extrapolated from dose-response curves derived from in
vitro or animal model test systems. [00133] Exemplary
doses of a composition include milligram or microgram
amounts of the MMP inhibitor per kilogram of patient
or sample weight (e.g., about 10 micrograms per
kilogram to about 50 milligrams per kilogram, about
100 micrograms per kilogram to about 25 milligrams per
kilogram, or about 100 microgram per kilogram to about
10 milligrams per kilogram). In certain embodiments,
the dosage administered to a patient is between 0.20
mg/kg and 2.00 mg/kg, or between 0.30 mg/kg and 1.50
mg/kg of the patient's body weight. [00134] In certain
embodiments, the recommended daily dose range of the
MMP inhibitor described herein for the conditions
described herein lies within the range of from about
0.1 mg to about 1000 mg per day, given as a single
once-a-day dose or as divided doses throughout a day.
In one embodiment, the daily dose is administered
twice daily in equally divided doses. Specifically, a
daily dose range should be from about 10 mg to about
200 mg per day, more specifically, between about 10 mg
and about 150 mg per day, or even more specifically
between about 25 and about 100 mgper day. It may be
necessary to use dosages of the active ingredient
outside the ranges disclosed herein in some cases, as
will be apparent to those of ordinary skill in the
art. Furthermore, it is noted that the clinician or
treating physician will know how and when to
interrupt, adjust, or terminate therapy in conjunction
with patient response. [00135] Different
therapeutically effective amounts may be applicable
for different diseases and conditions, as will be
readily known by those of ordinary skill in the art.
Similarly, amounts sufficient to prevent, manage,
treat or ameliorate such disorders, but insufficient
to cause, or sufficient to reduce, adverse effects
associated with the compound described herein are also
encompassed by the above described dosage amounts and
dose frequency schedules. Further, when a patient is
administered multiple dosages of a compound described
herein, not all of the dosages need be the same. For
example, the dosage administered to the patient may be
increased to improve the prophylactic or therapeutic
effect of the compound or it may be decreased to
reduce one or more side effects that a particular
patient is experiencing. [00136] In one embodiment,
the dosage of the compound described herein
administered to prevent, treat, manage, or ameliorate
a disorder, or one or more symptoms thereof in a
patient is 0.1 mg/kg, 1 mg/kg, 2 mg/kg, 3 mg/kg, 4
mg/kg, 5 mg/kg, 6 mg/kg, 10 mg/kg, or 15 mg/kg or more
of a patient's body weight. In another embodiment, the
dosage of the compound provided herein administered to
prevent, treat, manage, or ameliorate a disorder, or
one or more symptoms thereof in a patient is a unit
dose of 0.1 mg to 200 mg, 0.1 mg to 100 mg, 0.1 mg to
50 mg, 0.1 mg to 25 mg, 0.1 mg to 20 mg, 0.1 mg to 15
mg, 0.1 mg to 10 mg, 0.1 mg to 7.5 mg, 0.1 mg to 5 mg,
0.1 to 2.5 mg, 0.25 mg to 20 mg, 0.25 to 15 mg, 0.25
to 12 mg, 0.25 to 10 mg, 0.25 mg to 7.5 mg, 0.25 mg to
5 mg, 0.5 mg to 2.5 mg, 1mg to 20 mg, 1mg to 15 mg,
1mg to 12 mg, 1mg to 10 mg, 1mg to 7.5 mg, 1mg to 5
mg, or 1mg to 2.5 mg. [00137] In certain embodiments,
treatment or prevention can be initiated with one or
more loading doses of an MMP inhibitor and/or caspase
inhibitor provided herein 



followed by one or more maintenance doses. In such
embodiments, the loading dose can be, for instance,
about 60 to about 400 mg per day, or about 100 to
about 200 mg per day for one day to five weeks. The
loading dose can be followed by one or more
maintenance doses. In another embodiment, each
maintenance does can be,independently, about from
about 0.1mg to about 200 mg per day, in one
embodiment, between about 5 mg and about 150 mg per
day, in another embodiment, between about 10 and about
80 mg per day, in another embodiment, from about 10 mg
to about 200 mg per day, in another embodiment,
between about 25 mg and about 150 mg per day, or in
yet another embodiment, between about 25 and about 80
mg per day. Maintenance doses can be administered
daily and can be administered as single doses, or as
divided doses. [00138] In certain embodiments, a dose
of the MMP inhibitor provided herein can be
administered to achieve a steady-state concentration
of the active ingredient in blood or serum of the
patient. The steady-state concentration can be
determined by measurement according to techniques
available to those of skill or can be based on the
physical characteristics of the patient such as
height, weight and age. In certain embodiments, a
sufficient amount of a compound provided herein is
administered to achieve a steady-state concentration
in blood or serum of the patient of from about 300 to
about 4000 ng/mL, from about 400 to about 1600 ng/mL,
or from about 600 to about 1200 ng/mL. Loading doses
can be administered to achieve steady-state blood or
serum concentrations of about 1200 to about 8000
ng/mL, or about 2000 to about 4000 ng/mL for one to
five days. Maintenance doses can be administered to
achieve a steady-state concentration in blood or serum
of the patient of from about 300 to about 4000 ng/mL,
from about 400 to about 1600 ng/mL, or from about 600
to about 1200 ng/mL. [00139] In certain embodiments,
administration of the same compound may be repeated
and the administrations may be separated by at least 1
day, 2 days, 3 days, 5 days, 10 days, 15 days, 30
days, 45 days, 2 months, 75 days, 3 months, or 6
months. In other embodiments, administration of the
same prophylactic or therapeutic agent may be repeated
and the administration may be separated by at least at
least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days,
30 days, 45 days, 2 months, 75 days, 3 months, or 6
months. [00140] In certain aspects, provided herein
are unit dosages comprising a compound, or a
pharmaceutically acceptable derivative thereof, in a
form suitable for administration. Such forms are
described in detail above. In certain embodiments, the
unit dosage comprises 1 to 1000 mg, 5 to 250 mg or 10
to 50 mg active ingredient. In particular embodiments,
the unit dosages comprise about 1, 5, 10, 25, 50, 100,
125,250, 500 or 1000 mg active ingredient. Such unit
dosages can be prepared according to techniques
familiar to those of skill in the art. 5.5.9 Articles
of manufacture [00141] The compounds or
pharmaceutically acceptable derivatives can be
packaged as articles of manufacture containing
packaging material, a compound or pharmaceutically
acceptable derivative thereof provided herein, which
is used for treatment, prevention or amelioration of
one or more symptoms associated with liver disease,
and a label that indicates that the compound or
pharmaceutically acceptable derivative thereof is used
for treatment, prevention or amelioration of one or
more symptoms of liver diseases. [00142] The articles
of manufacture provided herein contain packaging
materials. Packaging materials for use in packaging
pharmaceutical products are well known to those of
skill in the art. See, e.g., U.S. Patent Nos.
5,323,907, 5,052,558 and 5,033,252. Examples of
pharmaceutical packaging materials include, but are
not limited to, blister packs, bottles, tubes,
inhalers, pumps, bags, vials, containers, syringes,
bottles, and any packaging material suitable for a
selected formulation and intended mode of
administration and treatment. A wide array of
formulations of the compounds and compositions
provided herein are contemplated. 5.6 Evaluation of
the Activity of the Compounds [00143] The biological
activity of the compounds can be demonstrated by
methods known to one of skill in the art. For example,
Neil Kaplowitz has described mouse models for acute
liver injury in Mechanisms in Liver Injury and
Emerging Therapeutics published by the American
Association for the Study of Liver Diseases ( 2006 ),
which is incorporated herein by reference in it's
entirety. [00144] TNF-a is a cytokine that is
implicated in inducing liver injury in a variety of
acute and chronic liver diseases such as chronic HCV
and acute liver failure. An exemplary in vivo model to
test pharmacological agents against TNF-a induced
injury is the TNF-a / D-GaI model of liver injury in
mice. In this model, mice are treated with TNF-a /
D-GaI and compound is administered to evaluate its
ability to protect against liver damage. The compound
is administered either before, at the time of or after
the treatment with TNF-a / D-GaI, and followed for a
period of approximately 6hours. Allowing this model to
persist past 6 hours is a variation used to determine
the improved survival afforded by compound treatment.
[00145] [00140] Multiple outcome measures are used for
this evaluation. One of these is the measurement of
levels of the liver enzyme ALT in the blood. Elevated
ALT levels are routinely observed in the blood of
patients suffering from a variety of liver diseases.
ALT measurement is a very common and relevant clinical
laboratory test for the extent of liver disease in
patients. A second measure involves gross and
histological evaluation of liver damage. The extent of
liver damage can be graded by examining liver samples
prepared and evaluated microscopically by trained
observers. In certain embodiment, the liver injury can
be sufficiently severe as to cause mortality. In
certain embodiment, compounds described herein protect
against TNF- a / D-GaI induced liver injury as
determined by these parameters. In certain embodiment,
compounds described herein protect against Fas induced
liver injury as determined by these parameters. In
certain embodiments, the compounds provided herein
show reduction in liver injury and hepatic fibrosis in
the bile duct ligation model. [00146] Other models of
liver injury include the LPS / D-GaI model the a-Fas
induced liver injury model and the Con A model of
liver injury. These models are also relevant to human
disease. All three models are complementary to one
another. [00147] In certain embodiments, the compounds
provided herein show inhibition of HCV replication in
HCV replicon assay. 6. COMBINATION THERAPY [00148] In
certain embodiments, the MMP inhibitors provided
herein are administered in combination with one or
more second agents known to treat a liver disease. The
dosages of the second agents are to be used in the
combination therapies are known in the art. In certain
embodiments, dosages lower than those which have been
or are currently being used to prevent or treat liver
disease, such as hepatitis B or C, are used in the
combination therapies provided herein. The recommended
dosages of second agents can obtained from the
knowledge of those of skill. For those second agents
that are approved for clinical use, recommended
dosages are described in, for example, Schiff s
Diseases of the Liver 10th edition (2006), Lippincott,
Williams andWilkins, Hardman et ah, eds., 1996,
Goodman & Gilman's The Pharmacological Basis Of Basis
Of Therapeutics 9th Ed, Mc-Graw-Hill, New York;
Physician's Desk Reference (PDR) 57th Ed., 2003,
Medical Economics Co., Inc., Montvale, NJ, which are
incorporated herein by reference in their entireties.
[00149] In various embodiments, the therapies (e.g. ,
a compound provided herein and the second agent) are
administered less than 5 minutes apart, less than 30
minutes apart, 1 hour apart, at about 1 hour apart, at
about 1 to about 2 hours apart, at about 2 hours to
about 3 hours apart, at about 3 hours to about 4 hours
apart, at about 4 hours to about 5 hours apart, at
about 5 hours to about 6 hours apart, at about 6 hours
to about 7 hours apart, at about 7 hours to about 8
hours apart, at about 8 hours to about 9 hours apart,
at about 9 hours to about 10 hours apart, at about 10
hours to about 11 hours apart, at about 11 hours to
about 12 hours apart, at about 12 hours to 18 hours
apart, 18 hours to 24 hours apart, 24 hours to 36
hours apart, 36 hours to 48 hours apart, 48 hours to
52 hours apart, 52 hours to 60 hours apart, 60 hours
to 72 hours apart, 72 hours to 84 hours apart, 84
hours to 96 hours apart, or 96 hours to 120 hours
part. In certain embodiments, two or more therapies
are administered within the same patient visit.
[00150] In certain embodiments, the compound provided
herein and the second agent are cyclically
administered. Cycling therapy involves the
administration of a first therapy (e.g., a first
prophylactic or therapeutic agents) for a period of
time, followed by the administration of a second
therapy (e.g., a second prophylactic or therapeutic
agents) for a period of time, followed by the
administration of a third therapy (e.g., a third
prophylactic or therapeutic agents) for a period of
time and so 



forth, and repeating this sequential administration,
i.e., the cycle in order to reduce the development of
resistance to one of the agents, to avoid or reduce
the side effects of one of the agents, and/or to
improve the efficacy of the treatment. [00151] In
certain embodiments, a compound provided herein and a
second agent are administered to a patient, for
example, a mammal, such as a human, in a sequence and
within a time interval such that the compound provided
herein can act together with the other agent to
provide an increased benefit than if they were
administered otherwise. For example, the second active
agent can be administered at the same time or
sequentially in any order at different points in time;
however, if not administered at the same time, they
should be administered sufficiently close in time so
as to providethe desired therapeutic or prophylactic
effect. In one embodiment, the compound provided
herein and the second active agent exert their effect
at times which overlap. Each second active agent can
be administered separately, in any appropriate form
and by any suitable route. In other embodiments, the
compound provided herein is administered before,
concurrently or after administration of the second
active agent. [00152] In certain embodiments, the
compound provided herein and the second active agent
are administered in a cycle of less than about 3
weeks, about once every two weeks, about once every 10
days or about once every week. One cycle can comprise
the administration of a compound provided herein and
the second agent by infusion over about 90 minutes
every cycle, about 1 hour every cycle, about 45
minutes every cycle. Each cycle can comprise at least
1 week of rest, at least 2 weeks of rest, at least 3
weeks of rest. The number of cycles administered is
from about 1 to about 12 cycles, more typically from
about 2 to about 10 cycles, and more typically from
about 2 to about 8 cycles. [00153] In certain
embodiments, administration of the same agent may be
repeated and the administrations may be separated by
at least 1 day, 2 days, 3 days, 5 days, 10 days, 15
days, 30 days, 45 days, 2 months, 75 days, 3 months,
or 6 months. In other embodiments, the compound
provided herein and the second agent are administered
at about 2 to 4 days apart, at about 4 to 6 days
apart, at about 1 week part, at about 1 to 2 weeks
apart, or more than 2 weeks apart. [00154] In other
embodiments, courses of treatment are administered
concurrently to a patient, i.e., individual doses of
the second agent are administered separately yet
within a time interval such that the compound provided
herein can work together with the second active agent.
For example, one component can be administered once
per week in combination with the other components that
can be administered once every two weeks or once every
three weeks. In other words, the dosing regimens are
carried out concurrently even if the therapeutics are
not administered simultaneously or during the same
day. [00155] The second agent can act additively or
synergistically with the compound provided herein. In
one embodiment, the compound provided herein is
administered concurrently with one or more second
agents in the same pharmaceutical composition. In
another embodiment, a compound provided herein is
administered concurrentlywith one or more second
agents in separate pharmaceutical compositions. In
still another embodiment, a compound provided herein
is administered prior to or subsequent to
administration of a second agent. Also contemplated
are administration of a compound provided herein and a
second agent by the same or different routes of
administration, e.g., oral and parenteral. In certain
embodiments, when the compound provided herein is
administered concurrently with a second agent that
potentially produces adverse side effects including,
but not limited to, toxicity, the second active agent
can advantageously be administered at a dose that
falls below the threshold that the adverse side effect
is elicited. [00156] In certain embodiments, a
compound provided herein is administered in
combination with one second agent. In further
embodiments, a second agent is administered in
combination with two second agents. In still further
embodiments, a second agent is administered in
combination with two or more second agents. [00157] In
combination therapy, effective dosages of two or more
agents are administered together, whereas in
alternation or sequential-step therapy, an effective
dosage of each agent is administered serially or
sequentially. The dosages given will depend on
absorption, inactivation and excretion rates of the
drug as well as other factors known to those of skill
in the art. It is to be noted that dosage values will
also vary with the severity of the condition to be
alleviated. It is to be further understood that for
any particular patient, specific dosage regimens and
schedules should be adjusted over time according to
the individual need and the professional judgment of
the person administering or supervising the
administration of the compositions. [00158] In certain
embodiments, the methods provided herein involve
administration of the MMP inhibitor described herein
in combination with other agent, such as Intron A,
Peginterferon alfa-2a (Pegasys R), Peginteferon
alfa-2a + ribavirin ( Pegasys and Copegus, see, for
example, Hoofhagle et al. in N. enel. J. Med. 355:23),
lamivudine, adefovir, entecavir, emtricitabine (FTC),
telbivudine (L-dT), valtorcitabine (VaI-LdC),
elvucitabine (L-Fd4C), clevudine, Racivir, BAM 205,
NOV-205 (BAM 205), HepeX-B, Amdoxovir (DAPD), ANA 380
(LB80380), Pradefovir (Remofovir), EHT 899,
Pradefovir, Zadaxin (thymosin-alpha), UT 231 -B,
EP-HBS, HBV Core, MIV 210, SpecifEx-HepB, Pentacept
(L-3'-FD4C), Bay 41- 4109 INTM-191 or VX-950 (
telaprevir).[00159] In certain embodiments, the second
agent is selected from the following: [00160] Protease
inhibitors: Examples include Medivir HCV Protease
Inhibitor (Medivir/Tobotec); ITMN-191 (InterMune), SCH
503034 (Schering) and VX950 (Vertex). Further examples
of protease inhibitors include substrate-based NS3
protease inhibitors (Attwood et al, Antiviral peptide
derivatives, PCT WO 98/22496, 1998; Attwood et al,
Antiviral Chemistry and Chemotherapy 1999, 10,
259-273; Attwood et al, Preparation and use of amino
acid derivatives as anti-viral agents, German Patent
Pub. DE 19914474; Tung et al. Inhibitors of serine
proteases, particularly hepatitis C virus NS3
protease, PCT WO 98/17679), including alpha ketoamides
and hydrazinoureas, and inhibitors that terminate in
an electrophile such as a boronic acid or phosphonate
(Llinas-Brunet et al, Hepatitis C inhibitor peptide
analogues, PCT WO 99/07734); Non-substrate-based NS3
protease inhibitors such as
2,4,6-trihydroxy-3-nitrobenzamide derivatives (Sudo K.
et al, Biochemical and Biophysical Research
Communications, 1997, 238, 643-647; Sudo K. et al.
Antiviral Chemistry and Chemotherapy, 1998, 9, 186),
including RD3-4082 and RD3-4078, the former
substituted on the amide with a 14 carbon chain and
the latter processing a para-phenoxyphenyl group; and
Sch 68631, a phenanthrenequinone, an HCV protease
inhibitor (Chu M. et al, TetrahedronLetters
37:7229-7232, 1996). [00161] SCH 351633, isolated from
the fungus Penicillium griseofulvum, was identified as
a protease inhibitor (Chu M. et al, Bioorganic and
Medicinal Chemistry Letters 9:1949-1952). Eglin c,
isolated from leech, is a potent inhibitor of several
serine proteases such as S. griseus proteases A and B,
a-chymotrypsin, chymase and subtilisin. Qasim M.A.
etal, Biochemistry 36:1598-1607, 1997. [00162] U.S.
patents disclosing protease inhibitors for the
treatment of HCV include, for example, U.S. Patent No.
6,004,933 to Spruce et al. which discloses a class of
cysteine protease inhibitors for inhibiting HCV
endopeptidase 2; U.S. Patent No. 5,990,276 to Zhang et
al which discloses synthetic inhibitors of hepatitis C
virus NS3 protease; U.S. Patent No. 5,538,865 to Reyes
et a; WO 02/008251 to Corvas International, Inc, and
US 7,169,760, US2005/1 76648, WO 02/08187 and WO
02/008256 to Schering Corporation. HCV inhibitor
tripeptides are disclosed in US Patent Nos. 6,534,523,
6,410,531, and 6,420,380 to Boehringer Ingelheim and
WO 02/060926 to Bristol Myers Squibb. Diaryl peptides
as NS3 serine protease inhibitors of HCV are disclosed
in WO 02/48172 and US 6,91 1,428 to Schering
Corporation.Imidazoleidinones as NS3 serine protease
inhibitors of HCV are disclosed in WO 02/08198 and US
6,838,475 to Schering Corporation and WO 02/48157 and
US 6,727,366 to Bristol Myers Squibb. U.S. patents
7,109,172; 6,909,000; 6,617,390; 6,608,067; 6,265,380
and international publication no. WO 98/17679 to
Vertex Pharmaceuticals and WO 02/481 16 to Bristol
Myers Squibb also disclose HCV protease inhibitors.
Further examples of HCV protease inhibitors are
disclosed in U.S. patent nos. 7,153,848; 7,138,376;
7,135,462; 7,132,504; 7,1 12,601; and U.S. publication
nos. 2007/0010455; 2006/027651 1; 2006/0257980;
2006/0258720; 2006/0252715 to InterMune, Inc. [00163]
Thiazolidine derivatives which show relevant
inhibition in a reverse-phase HPLC assay with an
NS3/4A fusion protein and NS5A/5B substrate (Sudo K.
et al, Antiviral Research, 1996, 32, 9-18), especially
compound RD- 1-6250, possessing a fused cinnamoyl
moiety substituted with a long alkyl chain, RD4 6205
and RD4 6193; [00164] Thiazolidines and benzanilides
identified in Kakiuchi N. et al J. EBS 



Letters 421, 217-220; TakeshitaN. et al. Analytical
Biochemistry, 1997, 247, 242- 246; [00165] A
phenanthrenequinone possessing activity against
protease in a SDSPAGE and autoradiography assay
isolated from the fermentation culture broth of
Streptomyces sp., Sch 68631 (Chu M. et al.,
Tetrahedron Letters, 1996, 37, 7229- 7232), and Sch
351633, isolated from the fungus Penicillium
griseofulvum, which demonstrates activity in a
scintillation proximity assay (Chu M. et al.,
Bioorganic and Medicinal Chemistry Letters 9,
1949-1952); [00166] Helicase inhibitors (Diana G.D. et
al., Compounds, compositions and methods for treatment
of hepatitis C, U.S. Pat. No. 5,633,358; Diana G.D. et
al., Piperidine derivatives, pharmaceutical
compositions thereof and their use in the treatment of
hepatitis C, PCT WO 97/36554); [00167] Nucleotide
polymerase inhibitors and gliotoxin (Ferrari R. et al.
Journal of Virology, 1999, 73, 1649-1654), and the
natural product cerulenin (Lohmann V. et al, Virology,
1998, 249, 108-1 18); [00168] Interfering RNA (iRNA)
based antivirals, including short interfering RNA
(siRNA) based antivirals, such as Sirna-034 and others
described in InternationalPatent Publication Nos .
WO/03/070750 and WO 2005/012525, and US Patent
Publication No. US 2004/0209831. [00169] Antisense
phosphorothioate oligodeoxynucleotides (S-ODN)
complementary to sequence stretches in the 5'
non-coding region (NCR) of the virus (Alt M. et al,
Hepatology, 1995, 22, 707-717), or nucleotides 326-348
comprising the 3' end of the NCR and nucleotides
371-388 located in the core coding region of the HCV
RNA (Alt M. et al, Archives of Virology, 1997, 142,
589-599; Galderisi U. et al, Journal of Cellular
Physiology, 1999, 181, 251-257); [00170] Inhibitors of
IRES-dependent translation (Ikeda N et al , Agent for
the prevention and treatment of hepatitis C, Japanese
Patent Pub. JP-08268890; Kai Y. et al Prevention and
treatment of viral diseases, Japanese Patent Pub. JP-1
0 10 1591); [00171] Ribozymes, such as
nuclease-resistant ribozymes (Maccjak, D. J . et al,
Hepatology 1999, 30, abstract 995) and those disclosed
in U.S. Patent No. 6,043,077 to Barber et al, and U.S.
Patent Nos. 5,869,253 and 5,610,054 to Draper et al;
and [00172] Nucleoside analogs described in
International Publication Nos. WO 01/90121 and WO
01/92282; WO 01/32153; WO 01/60315; WO 02/057425; WO
02/057287; WO 02/18404; WO 01/79246; WO 02/32920 and
WO 02/48165. Certain US patents and patent
applications disclosing the use of nucleoside analogs
that can be used as second agents to treat hepatitis C
virus include: US 7,202,224; 7,125,855; 7,105,499 and
6,777,395 by Merck & Co., Inc.; US 2006/0040890;
2005/0038240; 2004/0121980; 6,846,810; 6,784,166 and
6,660,721 by Roche; US 2005/0009737; US 2005/0009737;
7,094,770 and 6,927,291 by Pharmasset, Ltd. [00173]
PCT Publication No. WO 99/43691 to Emory University,
entitled "2'- Fluoronucleosides" discloses the use of
certain 2'-fluoronucleosides to treat HCV. [00174]
Other miscellaneous compounds including
1-amino-alkylcyclohexanes (U.S. Patent No. 6,034,134
to Gold et al), alkyl lipids (U.S. Pat. No. 5,922,757
to Chojkier et al), vitamin E and other antioxidants
(U.S. Pat. No. 5,922,757 to Chojkier et al), squalene,
amantadine, bile acids (U.S. Pat. No. 5,846,964 to
Ozeki et al), N-(phosphonoacetyl)-L-aspartic acid,
(U.S. Pat. No. 5,830,905 to Diana et al),
benzenedicarboxamides (U.S. Pat. No. 5,633,388 to
Diana et al), polyadenylic acid derivatives (U.S. Pat.
No. 5,496,546 to Wang et al), 2',3'-dideoxyinosine
(U.S. Pat.No. 5,026,687 to Yarchoan etal),
benzimidazoles (U.S. Pat. No. 5,891,874 to Colacino et
al), plant extracts (U.S. Patent No. 5,837,257 to Tsai
et al, U.S. Patent No. 5,725,859 to Omer et al, and
U.S. Patent No. 6,056,961), and piperidenes (U.S.
Patent No. 5,830,905 to Diana et al). [00175] Any
other compounds currently in preclinical or clinical
development for treatment of hepatitis C virus can be
used in combination with the compounds provided
herein. In certain embodiments, compounds that can be
used in combination with the MMP inhibitors described
herein include: Interleukin-10 by Schering- Plough,
IP-501 by Interneuron, Merimebodib (VX-497) by Vertex,
AMANTADINE(r) (Symmetrel) by Endo Labs Solvay,
HEPTAZYME(r) by RPI, XTL-002 by XTL., HCV/MF59 by
Chiron, CIVACIR(r) (Hepatitis C Immune Globulin) by
NABI, LEVOVIRIN(r) by ICN/Ribapharm, VIRAMIDINE(r) by
ICN/Ribapharm, ZADAXIN(r) (thymosin alpha- 1) by Sci
Clone, thymosin plus pegylated interferon by Sci
Clone, CEPLENE(r) (histamine dihydrochloride) by
Maxim, VX 950 / LY 570310 by Vertex/Eli Lilly, ISIS
14803 by Isis Pharmaceutical/Elan, JTK 003 by AKROS
Pharma, BILN-2061 by Boehringer Ingelheim, CellCept
(mycophenolate mofetil) by Roche, T67, a b-tubulin
inhibitor, by Tularik, a therapeutic vaccine directed
to E2 by Innogenetics, FK788 by Fujisawa Healthcare,
Inc., IdB 1016 (Siliphos, oral
silybinphosphatdylcholine phytosome), RNA replication
inhibitors (VP50406) by ViroPharma/Wyeth, therapeutic
vaccine by Intercell, therapeutic vaccine by
Epimmune/Genencor, IRES inhibitor by Anadys, ANA 245
and ANA 246 by Anadys, immunotherapy (Therapore) by
Avant, protease inhibitor by Corvas/SChering, helicase
inhibitor by Vertex, fusion inhibitor by Trimeris, T
cell therapy by CellExSys, polymerase inhibitor by
Biocryst, targeted RNA chemistry by PTC Therapeutics,
Dication by Immtech, Int., protease inhibitor by
Agouron, protease inhibitor by Chiron/Medivir,
antisense therapy by AVI BioPharma, antisense therapy
by Hybridon, hemopurifier by Aethlon Medical,
therapeutic vaccine by Merix, protease inhibitor by
Bristol-Myers Squibb/Axys, Chron-VacC, a therapeutic
vaccine, by Tripep, UT 23IB by United Therapeutics,
protease, helicase and polymerase inhibitors by
Genelabs Technologies, IRES inhibitors by Immusol,
R803 by Rigel Pharmaceuticals, INFERGEN(r) (interferon
alphacon-1) by InterMune, OMNIFERON(r) (natural
interferon) by Viragen, ALBUFERON(r) by Human Genome
Sciences, REBIF(r) (interferon beta- Ia) by
Ares-Serono, Omega Interferonby BioMedicine,
interferon gamma, interferon tau, and Interferon
gamma- Ib by InterMune. [00176] In one embodiment, one
or more compounds provided herein can be administered
in combination or alternation with the therapy of
hepatitis C currently available or is being currently
developed. In one embodiment, one or more compounds
provided herein can be administered in combination or
alternation with an anti-hepatitis C virus interferon,
such as Intron A(r) (interferon alfa-2b) and
Pegasys(r) (Peginterferon alfa-2a); Roferon A(r)
(Recombinant interferon alfa-2a), Infergen(r)
(consensus interferon;interferon alfacon-1),
PEG-Intron(r) (pegylated interferon alfa- 2b) and
Pegasys(r) (pegylated interferon alfa-2a). [00177] In
one embodiment, the anti-hepatitis C virus interferon
is infergen, IL-29 (PEG-Interferon lambda), R7025
(Maxy-alpha), Belerofon, Oral Interferon alpha,
BLX-883 (Locteron), omega interferon, multiferon,
medusa interferon, Albuferon or REBIF(r). [00178] In
one embodiment, one or more compounds provided herein
can be administered in combination or alternation with
an anti-hepatitis C virus polymerase inhibitor, such
as ribavirin, viramidine, NM 283 (valopicitabine),
R7128 / PSI-6130, Rl 626, HCV-796 or Rl 479. [00179]
In certain embodiments, the one or more compounds
provided herein can be administered in combination
with ribavarin and an anti-hepatitis C virus
interferon, such as Intron A(r) (interferon alfa-2b)
and Pegasys(r) (Peginterferon alfa-2a); Roferon A(r)
(Recombinant interferon alfa-2a), Infergen(r)
(consensus interferon;interferon alfacon-1),
PEG-Intron(r) (pegylated interferon alfa-2b) and
Pegasys(r) (pegylated interferon alfa-2a). [00180] In
certain embodiments, RO-1 13-0830 is administered in
combination with an anti-hepatitis C virus interferon,
such as Intron A(r) (interferon alfa-2b) and
Pegasys(r) (Peginterferon alfa-2a); Roferon A(r)
(Recombinant interferon alfa-2a), Infergen(r)
(consensus interferon;interferon alfacon-1),
PEG-Intron(r) (pegylated interferon alfa-2b) and
Pegasys(r) (pegylated interferon alfa-2a). In certain
embodiments, RO-1 13-0830 is administered in
combination with ribavarin. In certain embodiments,
RO-1 13-0830 is administered in combination with
ribavarin and an anti-hepatitis C virus interferon,
such as Intron A(r) (interferon alfa-2b) and
Pegasys(r)(Peginterferon alfa-2a); Roferon A(r)
(Recombinant interferon alfa-2a), Infergen(r)
(consensus interferon;interferon alfacon-1),
PEG-Intron(r) (pegylated interferon alfa- 2b) and
Pegasys(r) (pegylated interferon alfa-2a). [00181] In
one embodiment, one or more compounds provided herein
can be administered in combination or alternation with
an anti-hepatitis C virus protease inhibitor such as
ITMN-191, SCH 503034, VX950 (telaprevir) or Medivir
HCV Protease Inhibitor. [00182] In one embodiment, one
or more compounds provided herein can be 



administered in combination or alternation with an
anti-hepatitis C virus vaccine, such as TG4040,
PeviPROTM, CGI-5005, HCV/MF59, GVlOOl, IC41 or
INNOOlOl (El). [00183] In one embodiment, one or more
compounds provided herein can be administered in
combination or alternation with an anti-hepatitis C
virus monoclonal antibody, such as AB68 or XTL-6865
(formerly HepX-C); or an anti-hepatitis C virus
polyclonal antibody, such as cicavir. [00184] In one
embodiment, one or more compounds provided herein can
be administered in combination or alternation with an
anti-hepatitis C virus immunomodulator, such as
Zadaxin(r) (thymalfasin), NOV-205 or Oglufanide.
[00185] In one embodiment, one or more compounds
provided herein can be administered in combination or
alternation with Nexavar, doxorubicin, PI-88,
amantadine, JBK-122, VGX-410C, MX-3253 (Ceglosivir),
Suvus (BIVN-401 or virostat), PF-03491390 (formerly
IDN-6556), G126270, UT-231B, DEBIO-025, EMZ702,
ACH-0137171, MitoQ, ANA975, AVI-4065, Bavituxinab
(Tarvacin), Alinia (nitrazoxanide) or PYN17. [00186]
It has been recognized that drug-resistant variants of
HBV can emerge after prolonged treatment with an
antiviral agent. Drug resistance most typically occurs
by mutation of a gene that encodes for an enzyme used
in the viral life cycle, and most typically in the
case of HBV, DNA polymerase. Recently, it has been
demonstrated that the efficacy of a drug against HBV
infection can be prolonged, augmented, or restored by
administering the compound in combination or
alternation with a second, and perhaps third,
antiviral compound that induces a different mutation
from that caused by the principle drug. Alternatively,
the pharmacokinetics, biodistribution, or other
parameter of the drug can be altered by such
combination oralternation therapy. In general,
combination therapy is typically preferred over
alternation therapy because it induces multiple
simultaneous stresses on the virus. [00187] The
anti-hepatitis B viral activity of the compounds
provided herein, can be enhanced by administering two
or more of these compounds in combination or
alternation. Alternatively, for example, one or more
compounds provided herein can be administered in
combination or alternation with any other known
anti-hepatits B virus agent, such as entecivir,
cis-2-hydroxymethyl-5-(5-fluorocytosin-l-yl)-l,3-
oxathiolane, preferably substantially in the form of
the (-)-optical isomer ("FTC", see WO 92/14743); the
(-)-enantiomer of
cis-2-hydroxymethyl-5-(cytosin-l-yl)-l,3- oxathiolane
(3TC); b -D-l,3-dioxolane purine nucleosides as
described in U.S. Pat. Nos. 5,444,063 and 5,684,010;
b-D-dioxolane nucleosides such as
b-D-dioxolanylguanine (DXG),
b-D-dioxolanyl-2,6-diaminopurine (DAPD), and
b-D-dioxolanyl-6- chloropurine (ACP), L-FDDC
(5-fluoro-3'-thia-2',3 l-dideoxycytidine),
L-enantiomers of 3'-fluoro-modified
.beta.-2'-deoxyribonucleoside 5'-triphosphates,
carbovir, interferon, penciclovir and famciclovir,
L-FMAU, famciclovir, penciclovir, BMS- 200475, bis pom
PMEA (adefovir, dipivoxil); lobucavir, ganciclovir,
ribavarin, INTM-191, VX-950 ( telaprevir), or any
other compound that exhibits an EC5O of less than 15
micromolar in 2.2.15 cells; or their prodrugs or
pharmaceutically acceptable salts. Several other
examples of anti-HBV agents are provided in U.S.
Application Publication No. 20050080034, which
incorporated by reference in its entirety. [00188] In
another embodiment, a compounds provided herein is
administered in combination or alternation with an
immune modulator or other pharmaceutically active
modifier of viral replication, including a biological
material such as a protein, peptide, oligonucleotide,
or gamma globulin, including but not limited to
interfereon, interleukin, or an antisense
oligonucleotides to genes which express or regulate
hepatitis B replication. [00189] Any method of
alternation can be used that provides treatment to the
patient. Non-limiting examples of alternation patterns
include 1-6 weeks of administration of an effective
amount of one agent followed by 1-6 weeks of
administration of an effective amount of a second
agent. The alternation schedule can include periods of
no treatment. Combination therapy generally includes
thesimultaneous administration of an effective ratio
of dosages of two or more active agents. [00190] The
compounds provided herein can also be administered in
combination with antibiotics, other antiviral
compounds, antifungal agents or other pharmaceutical
agents administered for the treatment of secondary
infections. [00191] It is understood that the
foregoing detailed description and accompanying
examples are merely illustrative, and are not to be
taken as limitations upon the scope of the subject
matter. Various changes and modifications to the
disclosed embodiments will be apparent to those
skilled in the art. Such changes and modifications,
including without limitation those relating to the
chemical structures, substituents, derivatives,
intermediates, syntheses, formulations and/or methods
of use provided herein, may be made without departing
from the spirit and scope thereof. U.S. patents and
publications referenced herein are incorporated by
reference. 7. EXAMPLES 7.1 Preparation of RO-113-0830
[00192] 2,7-dioxa-spiro[3.5]nonane-l-one (10.8 g),
which can be prepared as described in U.S. patent no.
5,932,595, is dissolved in N,N-dirnethylformamide (95
mL) and slowly added to a solution containing the
sodium salt of 4-(4- chlorophenoxy)thiophenol
(generated by the addition of sodium hydride powder
(2.14 g, 89.2 mmol) to a solution of
4-(4-chlorophenoxy)thiophenol (15.83 g, 66.8 mmol) in
N,N-dimethylformamide (19 mL) at 0 0C and stirring for
30 minutes) over a 10-15 minute period, and then
stirred an additional 15 minutes. The resulting slurry
is heated to 40 0C, stirred for 5 minutes,
tert-butanol (2 mL) is added, and the mixture cooled
to room temperature over 20 minutes. The majority of
the N Ndimethylformamide is removed in vacuo, the pH
adjusted to 9.2, the resultant slurry diluted with 30%
diethyl ether-hexanes (120 mL) and filtered. The
filter cake is washed with additional portions of
ether (3 times 70 mL), acidified to pH 3.5 with 2N
aqueous hydrochloric acid, and extracted into
methylene chloride (4 x 350 mL). The combined organic
layers are dried over magnesium sulfate, concentrated
in vacuo. The solid residue is recrystallized from the
minimum amount of methylene chloridehexanes to afford
pure
4-[4-(4-chlorophenoxy)phenylthiomethyl]tetrahydropyran
-4- carboxylic acid.7.2 //; vivo evaluation of
RO-113-0830 [00193] In vivo efficacy of RO-113-0830
was assessed using male C57B1/6 mice (Simonsen Labs)
in two well-established models of liver damage. The
mice were allowed to acclimate for at least three
days. [00194] In the TNF-a model of liver injury,
D-Galactosamine (D-GIn) (800 mg/kg) and TNFa (20 or 40
mg/kg) were injected IP. RO-1 13-0830 (0.001-30 mg/kg)
was administered PO by gavage 30 minutes before
insult. Six hours later, animals were anesthetized
with Nembutal (50 mg/kg IP), and blood was taken by
cardiac puncture. Plasma ALT activity was determined
using a kit from Sigma-Aldrich. RO- 113-0830
dose-dependently decreased plasma ALT activity in the
TNF-a model. The average ED50 from 4 studies was 0.26
+ 0.08 mg/kg. [00195] To determine a benefit on
survival, TNF-a model, D-Galactosamine (DGIn) (800
mg/kg) and TNF-a (20 or 40 mg/kg) were injected IP,
and mice were allowed to survive for 24 hours post
insult. All morbid mice were euthanized with 125 mg/kg
of Nembutal IP. The average 24 hour survival from 3
studies was 27  7.3% and. 55  7.6% (p=0.03) in the
TNFa/D-Gln control mice and RO-1 13-0830- treated
mice, respectively. [00196] In a Fas driven model of
liver damage, an activating antibody to Fas (Jo-2) was
administered IV. Six hours later, animals were
anesthetized with Nembutal (50 mg/kg IP), and blood
was taken by cardiac puncture. Plasma ALT activity was
determined using a kit from Sigma-Aldrich. RO-1
13-0830 (10 mg/kg; PO) significantly reduced
Fas-induced elevation in plasma ALT activity by an
average of 50 % in 2 studies (p<0.05 in each study).
[00197] The results of these studies demonstrate that,
in certain embodiments, RO- 113-0830 is protective in
the presence of two important pro-inflammatory
cytokines involved in liver diseases. Reduction of
liver damage and inflammation was determined by
reduction of plasma ALT levels relative to control
animals. ALT is a clinically relevant marker of liver
damage and is used routinely to assess the extent of
on going liver damage and inflammation in patients. In
addition, RO-1 13-0830 demonstrated a survival benefit
following administration of TNF-a.7.3 Inhibition of
HCV replication in replicon assay [00198] A Huh7 human
hepatoma cell line (the 21-5 cell line), see,
Pietschmann, T. et al, J. Virol. 76, 2002, 4008-4021,
that contains a full-length HCV replicon with three
cell culture-adaptive mutations was used in this study
to demonstrate the ability of RO-1 13-0830 to inhibit
the replication of HCV RNA replicon in cells. The
assay 



was conducted as described by Pietschmann, T. et al.,
supra. [00199] The effects of RO- 113-0830 at six
half-log concentrations, each in quadruplicate were
examined in the HCV RNA replicon antiviral evaluation
assay. Human interferon alpha-2b was included in each
run as a positive control compound. Subconfluent
cultures of the ET line were plated out into 96-well
plates that were dedicated for the analysis of cell
numbers (cytotoxicity) or antiviral activity and the
next day drugs were added to the appropriate wells.
Cells were processed 72 hr later when the cells were
still sub-confluent. HCV RNA replicon levels and the
toxic concentration of drug that reduces cell numbers,
as indicated by host cell ribosomal RNA (rRNA) levels,
were assessed by TaqMan RT-PCR. The EC50
(concentration inhibition virus replication by 50%),
IC5O (concentration decreasing cell viability by 50%)
and SI50 (selective index: IC50/EC50) values were
calculated. [00200] RO 113-0830 dose dependency
inhibited HCV replication achieving 50% inhibition
(EC50) at a concentration of 7OnM. The IC5O for
cytotoxicity in this assay was approximately 25 mm,
thus achieving a selectivity index (IC50 / EC50) of
approximately 350. These data demonstrate that, in
certain embodiments, RO 113- 0830 achieves potent
inhibition of hepatitis C virus replication at doses
that do not impact the viability of cells. 7.4 In
vitro studies in Bile Duct Ligation Model [00201] The
bile duct ligation model is a well characterized model
of liver fibrosis. Briefly, C57/BL6 wild-type mice 6
to 8 weeks of age were subjected to bile duct ligation
(BDL) for 14 days. Sham-operated wild type mice were
used as controls. Either RO 113-0830 or CMC
(carboxymethylcellulose) were administered by gavage
in a dose of 10 mg/kg body weight once a day.
Hepatocyte apoptosis was quantified by the TUNEL assay
and immunofluorescence for activated caspases 3/7.
Liver injury was assessed by histopathology, and
quantification of bile infarcts. Hepatic fibrosis was
assessed by Sirius red staining and quantitative
morphometry. Real-timepolymerase chain reaction (PCR)
was used to measure mRNA transcripts for collagen
1alpha (I) and alpha-smooth muscle actin. [00202]
Following 14 days of BDL, wild type mice treated with
RO 113-0830 demonstrated a 3-fold decrease in TUNEL
and a 5-fold decrease in caspase 3/7- positive
hepatocytes (p <0.01) as compared to animals treated
with the vehicle. Histologic examination of livers
from BDL wild type animals treated with RO 113- 0830
also demonstrated a >70% reduction in the number of
bile infarcts as compared to vehicle treated BDL mice.
Hepatic transcripts for alpha-smooth muscle actin, a
marker for stellate cell activation, and collagen I
were increased 6- and 8-fold in 14- day BDL mice as
compared to sham-operated controls. The mRNA for these
transcripts were reduced by >60% in RO 113-0830 vs.
vehicle-treated BDL animals. Sirius red staining of
hepatic collagen was also reduced 3-fold in BDL wt
mice treated with RO 113-0830. Finally, overall animal
survival following 14 days of BDL was also
significantly enhanced in the group receiving active
drug (p<0.05). These data demonstrate that, in certain
embodiments, liver injury and hepatic fibrosis are
reduced upon treatment with the MMP inhibitor RO
113-0830. [00203] The embodiments described above are
intended to be merely exemplary, and those skilled in
the art will recognize, or will be able to ascertain
using no more than routine experimentation, numerous
equivalents of specific compounds, materials, and
procedures. All such equivalents are considered to be
within the scope of the claimed subject matter and are
encompassed by the appended claims.WHAT IS CLAIMED IS:
1. A method for treating a liver disease selected from
alcoholic fatty liver disease, non-alcoholic fatty
liver disease, non-alcoholic steatohepatitis, liver
fibrosis, cirrhosis, primary biliary cirrhosis,
hepatic ischemia reperfusion injury, viral hepatitis
B, viral hepatitis C and alcoholic hepatitis
comprising administering a matrix metalloproteinase
inhibitor, wherein the matrix metalloproteinase
inhibitor is selected from:Batimastat Marimastat
SolimastatMetastat S-3304 XL784 and a pharmaceutically
acceptable derivative thereof, with a proviso that
when the MMP inhibitor is ONO-4817, then the liver
disease is other than hepatic ischemia reperfusion
injury. 2. The method of claim 1, wherein the matrix
metalloproteinase inhibitor is selected from: ONO-4817
S-3304 Metastat and a pharmaceutically acceptable
derivative thereof. 3. The method of claim 1, wherein
the matrix metalloproteinase inhibitor is: or a
pharmaceutically acceptable derivative thereof. 4. The
method of claim 1, wherein the matrix
metalloproteinase inhibitor is: S-3304or a
pharmaceutically acceptable derivative thereof. 5. The
method of claim 1, wherein the matrix
metalloproteinase inhibitor is: Apratastat or a
pharmaceutically acceptable derivative thereof. 6. The
method of any of claims 1-5, wherein the liver disease
is an acute liver disease. 7. The method of any of
claims 1-5, wherein the liver disease is a chronic
liver disease. 8. The method of any of claims 1-7,
wherein the matrix metalloproteinase inhibitor is
administered to a patient who has been pre-treated
with other medication for the liver disease. 9. The
method of any of claims 1-7, wherein the matrix
metalloproteinase inhibitor is administered to a
patient who is being treated with other medication for
the liver disease. 10. The method of claim 8, wherein
the patient has failed therapy for the liver disease.
11. The method of any of claims 1-10, wherein the
liver disease is selected from alcoholic fatty liver
disease, non-alcoholic fatty liver disease,
non-alcoholic steatohepatitis, liver fibrosis,
cirrhosis and primary biliary cirrhosis. 12. The
method of any of claims 1-10, wherein the liver
disease is viral hepatitis B. 13. The method of any of
claims 1-10, wherein the liver disease is viral
hepatitis C. 14. The method of claim 13, wherein the
matrix metalloproteinase inhibitor is administered to
a patient who has failed therapy for hepatitis C.15.
The method of any of claims 1-10, wherein disease is
alcoholic hepatitis. 16. The method of any of claims
1-10, wherein the liver disease is non alcoholic fatty
liver disease. 17. The method of any of claims 1-10,
wherein the liver disease is non alcoholic
steatohepatitis. 18. The method of any of claims 1-10,
wherein the disease is liver fibrosis. 19. The method
of claim 18, wherein liver fibrosis is caused by
hepatitis, chemical exposure, bile duct obstruction,
autoimmune disease, obstruction of outflow of blood
from the liver, heart and blood vessel disturbance, al
-antitrypsin deficiency, high blood galactose level,
high blood tyrosine level, glycogen storage disease,
diabetes, malnutrition, Wilson Disease or
hemochromatosis 20. The method of any of claims 1-10,
wherein the disease is cirrhosis. 21. The method of
claim 20, wherein cirrhosis is caused by alcohol
abuse. 22. The method of claim 20, wherein cirrhosis
is caused by hepatitis, chemical exposure, bile duct
obstruction, autoimmune disease, obstruction of
outflow of blood from the liver, heart and blood
vessel disturbance, al -antitrypsin deficiency, high
blood galactose level, high blood tyrosine level,
glycogen storage disease, diabetes, malnutrition,
Wilson Disease or hemochromatosis. 23. The method of
any of claims 1-10, wherein the disease is primary
biliary cirrhosis. 24. The method of any of claims
1-10, wherein the disease is hepatic ischemia
reperfusion injury. 25. A method for lowering an
elevated level of a liver enzyme comprising
administering a matrix metalloproteinase inhibitor,
wherein the matrix metalloproteinase inhibitor is
selected from:TITLE OF THE INVENTION PRODUCTION OF
GLYCOPROTEINS WITH MODIFIED FUCOSYLATION BACKGROUND OF
THE INVENTION 



(1) Field of the Invention The present invention
relates to the field of glycobiology, and in
particular to methods for genetically engineering host
cells that lack an endogenous pathway for fucosylating
iV-glycans of glycoproteins to be able to produce
glycoproteins with fucosylated -glycans. (2)
Description of Related Art Therapeutic proteins
intended for use in humans that are glycosylated
should have complex, human 7V-glycosylation patterns.
In general, it would be advantageous to produce
therapeutic proteins using bacterial or eukaryotic
microorganisms because of (a) the ability to rapidly
produce high concentrations of protein; (b) the
ability to use sterile, well-controlled production
conditions (for example, GMP conditions); (c) the
ability to use simple, chemically defined growth
media; (d) ease of genetic manipulation; (e) the
absence of contaminating human or animal pathogens;
(f) the ability to express a wide variety of proteins,
including those poorly expressed in cell culture owing
to toxicity etc.; and, (g) ease of protein recovery
(for example, via secretion into the medium). However,
prokaryotes and lower eukaryotes do not normally
produce proteins having complex 7V-glycosylation
patterns. Therefore, animal cells are generally used
to produce therapeutic proteins where it is desirable
that the protein have a complex, human-like
-glycosylation pattern. But, there are a number of
significant drawbacks to using animal cells for
producing therapeutic proteins. Only certain
therapeutic proteins are suitable for expression in
animal cells (for example, those lacking in any
cytotoxic effect or other effect adverse to growth).
Animal cell culture systems are usually very slow,
frequently requiring over a week of growth under
carefully controlled conditions to produce any useful
quantity of the protein of interest. Protein yields
nonetheless compare unfavorably with those from
microbial fermentation processes. In addition, cell
culture systems typically require complex and
expensive nutrients and cofactors, such as bovine
fetal serum. Furthermore, growth may be limited by
programmed cell death (apoptosis). Moreover, animal
cells (particularly mammalian cells) are highly
susceptible to viral infection or contamination. In
some cases the virus or other infectious agent may
compromise the growth of the culture, while in other
cases the agent may be a human pathogen rendering the
therapeutic protein product unfit for its intended
use. Furthermore, many cell culture processes require
the use of complex, temperature-sensitive,
animal-derived growth media components, which may
carry pathogens such as bovine spongiform
encephalopathy(BSE) prions. Such pathogens are
difficult to detect and/or difficult to remove or
sterilize without compromising the growth medium. In
any case, use of animal cells to produce therapeutic
proteins necessitates costly quality controls to
assure product safety. Recently, it has been shown
that lower eukaryotes, particularly yeast, can be
genetically modified so that they express proteins
having complex N-glycosylation patterns that are
human-like or humanized. Such genetically modified
lower eukaryotes can be achieved by eliminating
selected endogenous glycosylation enzymes that are
involved in producing high mannose N-glycans and
introducing various combinations of exogenous enzymes
involved in making complex N-glycans. Methods for
genetically engineering yeast to produce complex
Nglycans has been described in U.S. Patent No.
7,029,872 and U.S. Published patent Application Nos.
2004/0018590, 2005/0170452, 2006/0286637,
2004/0230042, 2005/0208617, 2004/0171826,
2005/0208617, and 2006/0160179. For example, a host
cell can be selected or engineered to be depleted in
1,6-mannosyl transferase activities, which would
otherwise add mannose residues onto the N-glycan on a
glycoprotein, and then further engineered to include
each of the enzymes involved in producing complex,
human-like N-glycans. Animal and human cells have a
fucosyltransferase pathway that adds a fucose residue
to the GlcNAc residue at the reducing end the
N-glycans on a protein. The fucosylation pathway in
humans consists of a GDP-mannose dehydratase and
GDP-keto-deoxy-mannoseepimerase/
GDP-keto-deoxy-galactose-reductase (FX protein), both
located in the cytoplasm, which in concert converts
GDP-mannose to GDP-fucose; a GDP-fucose transporter
located in the membrane of the Golgi apparatus, which
transports the GDP-fucose into the Golgi apparatus;
and a fucosyltransferase (Fut8), which transfers the
fucose residue by means of an 1,6-linkage to the 6
position of the GlcNAc residue at the reducing end of
the N-glycan. In contrast to higher eukaryotes, many
lower eukaryotes, for example yeast, lack the enzymes
involved in the fucosyltransferase pathway, produce
glycoproteins that do not contain fucose (See for
example, Bretthauer/Catellino, Biotechnol. Appl.
Biochem. 30: 193-200 (1999); Rabina et ai, Anal.
Biochem. 286: 173-178 (2000)). However, the lack of
fucose on glycoproteins has been shown to have
advantages in certain cases. For example, in the
production of monoclonal antibodies, immunoglobulin
molecules, and related molecules, it has been shown
that removal of the fucose sugar from the N-glycan of
immunoglobulins increases or alters its binding to
selected Ig receptors, which effects changes in
properties such as antibody-dependent cellular
cytotoxicity, or ADCC. (See, for example, U.S.
Published Patent Application Nos. 2005/0276805 and
US2003/0157108) However, while removal of fucose from
the N-glycans of immunoglobulins appears to enhance
ADCC activity of the immunoglobulins, fucosylated
N-glycans appear to be important for other
glycoproteins. For example, the deletion of the
fucosyltransferase gene in mice induces severe growth
retardation, early death during post-natal
development, andemphysema-like changes in the lung.
These Fut null mice were rescued from the
emphysema-like phenotype by administration of
exogenous TGF-betal. Additionally, impaired
receptor-mediated signaling was rescued by
reintroduction of the Fut8 gene, showing that core
fucosylation is crucial for proper functioning of
growth factor receptors such as TGF-betal and EGF
(Wang et al, Meth. Enzymol. 417: 11-22 (2006). In lung
tissue derived from Fut mice, the loss of core
fucosylation impairs the function of low-density
lipoprotein (LDL) receptorrelated protein- 1 (LRP-I),
resulting in a reduction in the endocytosis of insulin
like growth factor (IGF)-binding protein-3 (IGFBP-3)
(Lee et al., J . Biochem. (Tokyo) 139: 391-8 (2006).
In Fut mouse embryonic fibroblast cells, a3bl
integrin-mediated cell migration is abolished and cell
signaling is decreased, identifying the core fucose as
essential for protein function (Zhao et al., J . Biol.
Chem., 281: 38343-38350 (2006). hi addition, there may
be situations where it is desirable to produce
antibody compositions where at least a portion of the
antibodies in the compositions are fucosylated in
order to decrease ADCC activity. Therefore, in
particular cases it will be advantageous to provide
lower eukaryotic organisms and cells capable of
producing fucosylated glycopeptides. Accordingly,
development of methods and materials for the
production of lower eukaryotic host cells, such as
fungi and yeast, and particularly yeasts such as
Pichia pastoris, K. lactis, and others, would
facilitate development of genetically enhanced yeast
strains for the recombinant production of fucosylated
glycoproteins. BRIEF SUMMARY OF THE INVENTION
Accordingly, the present invention provides methods
and materials for making lower eukaryotic expression
systems that can be used to produce recombinant,
fucosylated glycoproteins. In particular, provided are
vectors containing genes encoding one or more of the
enzymes involved in the mammalian fucosylation pathway
and lower eukaryote host cells that have been
transformed with the vectors to produce host cells
that are capable of producing fucosylated
glycoproteins. The vectors, host cells, and methods
are particularly well adapted to use in expression
systems based on yeast and fungal host cells, such as
Pichia pastoris. In one embodiment, the present
invention provides methods and materials for
transforming lower eukaryotic host cells with one or
more vectors encoding the enzymatic activities for
conversion of GDP-mannose into GDP-fucose and for
attachment of fucose to an Nglycan produced by the
host cell. In further embodiments, the present
invention comprises hybrid vectors encoding a fusion
protein comprising the catalytic domain of a
fucosylation pathway enzyme fused to a non-native
leader sequence, which encodes a targeting sequence
that targets the fusion peptide to the appropriate
location in the endoplasmic reticulum, the early Golgi
apparatus, or the late Golgi apparatus. For example,
the catalytic domain for the fucosyltransferase is
fused to a leader peptide that targets the catalytic
domain to a location within the endoplasmic reticulum,
the early Golgi apparatus, or the late Golgi
apparatus. Infurther embodiments, the lower eukaryote
host cell is transformed with a vector encoding a
GDPfucose transferase which transports GDP-fucose from
the cytoplasm to the interior of the Golgi. The
present invention provides a recombinant lower
eukaryote host cell comprising a fucosylation pathway.
In particular aspects, the host cell is yeast or
filamentous fungus, for example, a yeast of the Pichia
sp. such as Pichiapastoris. In further aspects, the
host cell further does not display
al,6-mannosyltransferase activity with respect to the
V-glycan on a glycoprotein and includes an
al,2-mannosidase catalytic domain fused to a cellular
targeting signal peptide not normally associated with
the catalytic domain and selected to target
al,2-mannosidase activity to the ER or Golgi apparatus
of the host cell whereby, upon passage of a
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell, a recombinant glycoprotein
comprising a fucosylated Man5GlcNAc2 glycoform is
produced. In further aspects, the above host cell
further includes a GIcNAc transferase I catalytic
domain fused to a cellular targeting signal peptide
not normally associated with the catalytic domain and
selected to target GIcNAc transferase I activity to
the ER or Golgi apparatus of the host cell; whereby,
upon passage of the recombinant glycoprotein through
the ER or Golgi apparatus of the host cell, a
recombinant glycoprotein comprising a fucosylated 



GIcNAcMan5GIcNAc2 glycoform is produced. In further
aspects, the above host cell further includes a
mannosidase II catalytic domain fused to a cellular
targeting signal peptide not normally associated with
the catalytic domain and selected to target
mannosidase II activity to the ER or Golgi apparatus
of the host cell; whereby, upon passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell, a recombinant glycoprotein
comprising a fucosylated GIcNAcMan3GIcNAc2 glycoform
is produced. In further aspects, the above host cell
further includes a GIcNAc transferase II catalytic
domain fused to a cellular targeting signal peptide
not normally associated with the catalytic domain and
selected to target GIcNAc transferase II activity to
the ER or Golgi apparatus of the host cell; whereby,
upon passage of the recombinant glycoprotein through
the ER or Golgi apparatus of the host cell, a
recombinant glycoprotein comprising a fucosylated
GlcNAc2Man3GlcNAc2 glycoform is produced. In further
aspects, the above host cell further includes a
Galactose transferase II catalytic domain fused to a
cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target Galactose transferase II activity to the ER or
Golgi apparatus of the host cell; whereby, upon
passage of the recombinant glycoprotein through the ER
or Golgi apparatus of the host cell, a recombinant
glycoprotein comprising a fucosylated
Gal2GlcNAc2Man3GlcNAc2 glycoform is produced.In
further aspects, the above host cell further includes
a sialytransferase catalytic domain fused to a
cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target sialytransferase activity to the ER or Golgi
apparatus of the host cell; whereby, upon passage of
the recombinant glycoprotein through the ER or Golgi
apparatus of the host cell, a recombinant glycoprotein
comprising a fucosylated NANA2Gal2GlcNAc2Man3 GIcNAc2
glycoform is produced. Transforming the above host
cells with a nucleic acid encoding a particular
glycoprotein, compositions of the glycoprotein can be
produced that comprise a plurality of glycoforms, each
glycoform comprising at least one N-glycan attached
thereto, wherein the glycoprotein composition thereby
comprises a plurality of N-glycans in which a
predominant glycoform comprises a desired fucosylated
N-glycan. Depending upon the specific glycoprotein
desired, the methods of the present invention can be
used to obtain glycoprotein compositions in which the
predominant N-glycoform is present in an amount
between 5 and 80 mole percent greater than the next
most predominant N-glycoform; in further embodiments,
the predominant N-glycoform may be present in an
amount between 10 and 40 mole percent; 20 and 50 mole
percent; 30 and 60 mole percent; 40 and 70 mole
percent; 50 and 80 mole percent greater than the next
most predominant N-glycoform. hi other embodiments,
the predominant N-glycoform is a desired fucosylated
N-glycoform and is present in an amount of greater
than 25 mole percent; greater than 35 mole percent;
greater than 50 mole percent; greater than 60 mole
percent; or greater than 75 mole percent of the total
number of N-glycans. Thus, are provided host cells for
producing glycoprotein compositions comprising a
plurality of glycoforms, each glycoform comprising at
least one N-glycan attached thereto, wherein the
glycoprotein composition thereby comprises a plurality
of fucosylated -glycans in which the predominant
N-glycan is selected from the group consisting of
Man5GlcNAc2, GlcNAcMan5GlcNAc2, Man3GlcNAc2,
GlcNAcMan3GlcNAc2, GIcNAc2Man3GIcNAc2,
GalGlcNAc2Man3GlcNAc2, Gal2GlcNAc2Man3GlcNAc2,
NANAGal2GlcNAc2Man3GlcNAc2, and
NANA2Gal2GlcNAc2Man3GlcNAc2. hi further aspects,
greater than 25 mole percent of the plurality of
fucosylated Nglycans consists essentially of a
fucosylated glycoform in which the glycoform is
selected from the group consisting of Man5GlcNAc2,
GlcNAcMan5GlcNAc2, Man3GlcNAc2, GlcNAcMan3GlcNAc2,
GIcNAc2Man3GIcNAc2, GalGlcNAc2Man3GlcNAc2,
Gal2GlcNAc2Man3GlcNAc2, NANAGal2GlcNAc2Man3GlcNAc2,
and NANA2Gal2GlcNAc2Man3 GIcNAc2. hi further still
aspects, greater than 25 mole percent; greater than 35
mole percent; greater than 50 mole percent; greater
than 60 mole percent; greater than 75 mole percent; or
greater than 90 mole percent of the plurality of
N-glycans consists essentially of a fucosylated
glycoform in which the glycoform is selected from the
group consisting of Man5GlcNAc2,GlcNAcMan5GlcNAc2,
Man3GlcNAc2, GIcNAcMan3 GIcNAc2, GlcNAc2Man3GlcNAc2,
GalGlcNAc2Man3GlcNAc2, Gal2GlcNAc2Man3GlcNAc2,
NANAGal2GlcNAc2Man3GlcNAc2, and
NANA2Gal2GlcNAc2Man3GlcNAc2. In the above glycoprotein
composition, the fucose is in an al,3-linkage with the
GIcNAc at the reducing end of the TV-glycan, an
al,6-linkage with the GIcNAc at the reducing end of
the TV-glycan, an al,2-linkage with the Gal at the
non-reducing end of the TV-glycan, an a1,3 -linkage
with the GlcNac at the non-reducing end of the
TV-glycan, or an al,4-linkage with a GIcNAc at the
non-reducing end of the TV-glycan. Therefore, in
particular aspects of the above the glycoprotein
compositions, the glycoform is in an a1,3 -linkage or
al,6-linkage fucose to produce a glycoform selected
from the group consisting of Man5GlcNAc2(Fuc),
GlcNAcMansGlcNAc2(Fuc), Man3GlcNAc2(Fuc),
GlcNAcMan3GlcNAc2(Fuc), GlcNAc2Man3GlcNAc2(Fuc),
GalGlcNAc2Man3GlcNAc2(Fuc),
Gal2GlcNAc2Man3GlcNAc2(Fuc),
NANAGal2GlcNAc2Man3GlcNAc2(Fuc), and
NANA2Gal2GlcNAc2Man3GlcNAc2(Fuc); in an al,3-linkage
or al,4-linkage fucose to produce a glycoform selected
from the group consisting of GlcNAc(Fuc)Man5GlcNAc2,
GlcNAc(Fuc)Man3 GIcNAc2, GlcNAc2(Fuc i-2)Man3 GIcNAc2,
GalGlcN Ac2(Fuc i . 2)Man3 GlcNAc2, Gal2GlcNAc2(Fuc i
.2)Man3 GlcNAc2, NANAGal2GlcNAc2(Fuc i .
2)Man3GlcNAc2, and
NANA2Gal2GlcNAc2(Fuci_2)Man3GlcNAc2; or in an
al,2-linkage fucose to produce a glycoform selected
from the group consisting of Gal(Fuc)GlcN Ac2Man3
GIcNAc2, Gal2(Fuci_2)GlcNAc2Man3GlcNAc2,
NANAGal2(Fuci_ 2)GlcNAc2Man3GlcNAc2, and NAN
A2Gal2(Fuci_2)GlcNAc2Man3 GIcNAc2- In other aspects,
the glycoprotein composition of the present invention
comprise compositions wherein the above N-glycoform is
present at a level from about 5 to 80 mole percent; 10
to 40 mole percent; 20 to 50 mole percent; 30 to 60
mole percent; 40 to 70 mole percent; or 50 to 80 mole
percent greater than the next most predominant
TV-glycoform. Definitions As used herein, the terms
"TV-glycan" and "glycoform" are used interchangeably
and refer to an TV-linked oligosaccharide, for
example, one that is attached by an
asparagine-TVacetylglucosamine linkage to an
asparagine residue of a polypeptide. TV-linked
glycoproteins contain an TV-acetylglucosamine residue
linked to the amide nitrogen of an asparagine residue
in the protein. The predominant sugars found on
glycoproteins are glucose (GIc), galactose (Gal),
mannose (Man), fucose (Fuc), TV-acetylgalactosamine
(GalNAc), /V-acetylglucosamine (GlcNAc) and sialic
acid (for example, TV-acetyl-neuraminic acid (NANA)).
The processing of the sugar groups occurs
co-translationally in the lumen of the ER and
continues in the Golgi apparatus for TV-linked
glycoproteins.iV-glycans have a common pentasaccharide
core of Man3GlcNAc2. iV-glycans differ with respect to
the number of branches (antennae) comprising
peripheral sugars (for example, GIcNAc, galactose,
fucose, and sialic acid) that are added to the
Man3GlcNAc2 core structure which is also referred to
as the "trimannose core", the "pentasaccharide core",
or the "paucimannose core". 7V-glycans are classified
according to their branched constituents (for example,
high mannose, complex or hybrid). A "high mannose"
type -glycan has five or more mannose residues. A
"complex" type iV-glycan typically has at least one
GIcNAc attached to the 1,3 mannose arm and at least
one GIcNAc attached to the 1,6 mannose arm of a
"trimannose" core. Complex iV-glycans may also have
galactose or V-acetylgalactosamine residues that are
optionally modified with sialic acid or derivatives
(for example, "NANA" or "NeuAc", where "Neu" refers to
neuraminic acid and "Ac" refers to acetyl). Complex
iV-glycans may also have intrachain substitutions
comprising "bisecting" GIcNAc and core fucose ("Fuc").
As an example, when a iV-glycan comprises a bisecting
GIcNAc on the trimannose core, the structure can be
represented as Man3GlcNAc2(GlcNAc) or Man3GlcNAc3.
When an iV-glycan comprises a core fucose attached to
the trimannose core, the structure may be represented
as Man3GlcNAc2(Fuc). Complex 7V-glycans may also have
multiple antennae on the "trimannose core," often
referred to as "multiple antennary glycans." A
"hybrid" iV-glycan has at least one GIcNAc on the
terminal of the 1,3 mannose arm of the trimannose core
and zero or more mannoses on the 1,6 mannose arm of
the trimannose core. The various -glycans are also
referred to as "glycoforms." Abbreviations used herein
are of common usage in the art, see, for example,
abbreviations of sugars, above. Other common
abbreviations include "PNGase", or "glycanase" or
"glucosidase" which all refer to peptide -glycosidase
F (EC 3.2.2.18). The term "expression control
sequence" as used herein refers to polynucleotide
sequences that are necessary to affect the expression
of coding sequences to which they are operatively
linked. Expression control sequences are sequences
that control the transcription, post-transcriptional
events, and translation of nucleic acid sequences.
Expression control sequences include appropriate
transcription initiation, termination, promoter, and
enhancer sequences; efficient RNA processing signals
such as splicing and polyadenylation signals;
sequences that stabilize cytoplasmic mRNA; sequences
that enhance translation efficiency (for 



example, ribosome binding sites); sequences that
enhance protein stability; and when desired, sequences
that enhance protein secretion. The nature of such
control sequences differs depending upon the host
organism; in prokaryotes, such control sequences
generally include promoter, ribosomal binding site,
and transcription termination sequence. The term
"control sequences" is intended to include, at a
minimum, all components whose presence is necessary
for expression, and can also include additional
components whose presence is advantageous, for
example, leader sequences and fusion partner
sequences.The term "recombinant host cell"
("expression host cell", "expression host system",
"expression system" or simply "host cell"), as used
herein, is intended to refer to a cell into which a
recombinant vector has been introduced. It should be
understood that such terms are intended to refer not
only to the particular subject cell but to the progeny
of such a cell. Because certain modifications may
occur in succeeding generations due to either mutation
or environmental influences, such progeny may not, in
fact, be identical to the parent cell, but are still
included within the scope of the term "host cell" as
used herein. A recombinant host cell may be an
isolated cell or cell line grown in culture or may be
a cell which resides in a living tissue or organism.
The term "eukaryotic" refers to a nucleated cell or
organism, and includes insect cells, plant cells,
mammalian cells, animal cells, and lower eukaryotic
cells. The term "lower eukaryotic cells" includes
yeast, fungi, collar-flagellates, microsporidia,
alveolates (for example, dinoflagellates),
stramenopiles (for example, brown algae, protozoa),
rhodophyta (for example, red algae), plants (for
example, green algae, plant cells, moss) and other
protists. Yeast and fungi include, but are not limited
to: Pichia pastor is, Pichia finlandica, Pichia
trehalophila, Pichia koclamae, Pichia
membranaefaciens, Pichia minuta (Ogataea minuta,
Pichia lindneri), Pichia opuntiae, Pichia
thermotolerans, Pichia salictaria, Pichia guercuum,
Pichia pijperi, Pichia stiptis, Pichia methanolica,
Pichia sp., Saccharomyces cerevisiae, Saccharomyces
sp., Hansenula polymorpha, Kluyveromyces sp.,
Kluyveromyces lactis, Candida albicans, Aspergillus
nidulans, Aspergillus niger, Aspergillus oryzae,
Trichoderma reesei, Chrysosporium lucknowense,
Fusarium sp., Fusarium gramineum, Fusarium venenatum,
Physcomitrella patens and Neurospora crassa. Pichia
sp., any Saccharomyces sp., Hansenula polymorpha, y
Kluyveromyces sp., Candida albicans, any Aspergillus
sp., Trichoderma reesei, Chrysosporium lucknowense, y
Fusarium sp., and Neurospora crassa. The term
"peptide" as used herein refers to a short
polypeptide, for example, one that is typically less
than about 50 amino acids long and more typically less
than about 30 amino acids long. The term as used
herein encompasses analogs and mimetics that mimic
structural and thus biological function. As used
herein, the term "predominantly" or variations such as
"the predominant" or "which is predominant" will be
understood to mean the glycan species that has the
highest mole percent (%) of total 7V-glycans after the
glycoprotein has been treated with PNGase and released
glycans analyzed by mass spectroscopy, for example,
MALDI-TOF MS. In other words, the phrase
"predominantly" is defined as an individual entity,
such as a specific glycoform, is present in greater
mole percent than any other individual entity. For
example, if a composition consists of species A in 40
mole percent, species B in 35 mole percent and species
C in 25 mole percent, the composition comprises
predominantly species A.Unless otherwise defined, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention pertains.
Exemplary methods and materials are described below,
although methods and materials similar or equivalent
to those described herein can also be used in the
practice of the present invention and will be apparent
to those of skill in the art. All publications and
other references mentioned herein are incorporated by
reference in their entirety. In case of conflict, the
present specification, including definitions, will
control. The materials, methods, and examples are
illustrative only and not intended to be limiting.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 illustrates
the fucosylation pathway present in many higher
eukaryotic cells. Figure 2 shows the glyco-engineering
steps required to produce a recombinant yeast capable
of producing fucosylated glycoproteins. Endogenous
GDP-Mannose, present in the yeast cytoplasm, is
converted to GDP-Fucose by GDP-mannose-dehydratase
(GMD) and the bifunctional enzyme FX. Subsequently,
the product is translocated into the Golgi apparatus
by the GDP-Fucose transporter (GFTr) and fucose is
transferred onto the acceptor glycan by a-1,6-
fucosyltransferase (FUT8). Enzymes are indicated by
blue text and metabolic intermediates by black text.
GDP-kdMan (GDP-4-keto-6-deoxy-mannose) and GDP-kdGal
(GDP-4-keto-6- deoxy-galactose) are intermediates in
the conversion of GDP-mannose to GDP-fucose. Figure 3A
shows the vectors used in engineering yeast strains to
produce fucosylated glycoproteins. Represented is the
expression vector pSH995 into which the fucose
biosynthetic and transfer genes are introduced.
Introduction of the genes required for biosynthesis
and transfer of fucose into pSH995 produced the vector
pSH1022. Figure 3B shows the vector pSH1022. Shown in
(B) are the flanking regions of the TRP2 loci used to
integrate the genes into the Pichia genome; the
dominant selection marker NATr; the GAPDH-CYC
expression cassette; and the pUC19 plasmid backbone.
Figure 4A shows a MALDI-TOF scan of the JV-glycans
released from the rat EPO demonstrating that Pichia
pastor is strain YSH661 (strain RDP974 transformed
with vector pSH1022 containing the fucosylation
pathway genes) produced rEPO comprising
Gal2GlcNAc2Man3GlcNAc2(Fuc) and Gal2GlcNAc2Man3GlcNAc2
iV-glycans. The Gal2GlcNAc2Man3GlcNAc2(Fuc) -glycans
are within the box. Figure 4B shows a MALDI-TOF scan
of the -glycans released from the rat EPO control
strain YSH660 (strain RDP974 transformed with control
vector pSH995) produced afucosylated or fucose-free
Gal2GlcNAc2Man3GlcNAc2 N-glycans only. DETAILED
DESCRIPTION OF THE INVENTIONThe present invention
provides methods and materials for the genetically
engineering host cells capable of producing
glycoproteins proteins that have fucosylated Nglycans.
While the methods and materials are exemplified in the
yeast Pichia pastoris, which does not possess an
endogenous fucosylation pathway, the methods and
materials may also be used to genetically engineer
other lower eukaryotes such as fungi, prokaryote, and
those higher eukaryotes, which do not have an
endogenous fucosylation pathways, for example, insect
cells. Ln other embodiments, the methods and materials
may used to genetically engineer higher eukaryote
cells that have an endogenous fucosylation pathway but
where it is desirable to increase the amount of
fucosylation present in glycoproteins produced by such
host cells. In general, the method of the present
invention involves producing a host cell capable of
producing fucosylated glycoproteins by introducing
into the host cell nucleic acids encoding those
enzymes or enzymatic activities involved in the
fucosylation pathway that when introduced into the
host cell will render the cell capable of producing
fucosylated glycoproteins. These nucleic acids
include, for example, nucleic acids encoding a
GDP-mannose-4,6- dehydratase activity, a
GDP-keto-deoxy-mannose-epimerase
activity/GDP-keto-deoxy-galactosereductase activity, a
GDP-fucose transporter protein, and a
fucosyltransferase activity. An overview of the
fucosylation pathway in higher eukaryotes is shown in
Figure 1. GDP-mannose-4,6-dehydratase (GMD) (EC
4.2.1.47) converts GDP-mannose to
GDP-4-keto-6-deoxy-mannose in the presence of NAD has
been identified in a number of species. The human GMP
(hGMD) is encoded by the nucleotide sequence shown in
SEQ ID NO: 1 and has the amino acid sequence shown in
SEQ ID No: 2. Homologous genes with GDPmannose-
dehydratase activity include the porcine GMD,
(Broschat et al, Eur. J . Biochem., 153(2):397-401
(1985)),Caenorhabditis elegans GMD and Drosophila
melanogaster GMD (See, for example, Rhomberg et al,
FEBS J.; 273:2244-56 (2006)); Arabidopsis thaliana;
(See, e.g., Nakayama et al, Glycobiology; 13:673-80
(2003)); and E. coli, (Somoza et /.,Structure, 8:123-
35 (2000)).
GDP-keto-deoxy-mannose-epimerase/GDP-keto-deoxy-galact
ose-reductase (GDP-L-fucose synthase, EC 1.1.1.271) is
a bifunctional enzyme, which has been identified in
both eukaryotes and prokaryotes. The human
GDP-keto-deoxy-mannose-epimerase/GDP-ketodeoxy-
galactose-reductase is called the FX protein (also
known as hFX or GER). The nucleotide sequence encoding
the hFX is shown in SEQ ID NO: 3. The hFX protein has
the amino acid sequence shown in SEQ ID NO: 4. The
GDP-fucose transporter has been identified in several
species. The human GDP-fucose transporter (hGFTr) has
been identified as related to congenital disorders of
glycosylation-II (CDG-II) (Lubke et al, Nat. Genet.
28: 73-6 (2001)). Also known as Leukocyte Adhesion
Deficiency II (LAD II), it appears that the disorder
results from a disturbance in fucosylation of selectin
ligands. Roos and Law, Blood Cells MoI. Dis. 27:
1000-4 (2001). Thenucleotide sequence encoding the
hGFTr is shown in SEQ ID NO: 5 and the amino acid
sequence of the hGFTr is shown in SEQ ID NO: 6.
Homologous genes with GDP-fucose transporter activity
have been identified in other species, such as
Drosophila melanogaster (Ishikawa et al., Proc. Natl.
Acad. Sci. U S A. 102:18532-7 (2005)), rat liver
(Puglielli and Hirschberg; J. Biol. Chem. 274:35596-60
(1999)), and a putative CHO homolog (Chen et al.,
Glycobiology; 15:259-69 (2005)). 



A number of fucosyltransferases have been identified
(See Breton et al., Glycobiol. 8: 87-94 (1997); Becker
, Lowe, Glycobiol. 13: 41R-53R (2003); Ma et al.,
Glycobiol. 16: 158R-184R (2006)), for example,
al,2-fucosyltransferase (EC 2.4.1.69; encoded by FUTl
and FUTI), al,3-fucosyltransferase (glycoprotein
3-a-L-fucosyltransferase, EC 2.4.1.214; encoded by
FUT3-FUT7 and FUT9), al,4-fucosyltransferase (EC
2.4.1.65; encoded by FUT3), and
al,6-fucosyltransferase (glycoprotein
6-a-L-fucosyltransferase, EC 2.4.1.68; encoded by
FUTS). In general, al,2-fucosyltransferase transfer
fucose to the terminal galactose residue in an
/V-glycan by way of an a1,2 linkage hi general, the
al,3-fucosyltransferase and al,4-fucosyltransferases
transfer fucose to a GIcNAc residue at the
non-reducing end of the JVglycan. In general,
al,6-fucosyltransferases transfer fucose by way of an
al,6-linkage to the GIcNAc residue at the reducing end
of TV-glycans (asparagine-linked GIcNAc). Typically,
al,6-fucosyltransferase requires a terminal GIcNAc
residue at the non-reducing end of at least one branch
of the trimannose core to be able to add fucose to the
GIcNAc at the reducing end. However, an al,6-fucosyl
transferase has been identified that requires a
terminal galactoside residue at the non-reducing end
to be able add fucose to the GIcNAc at the reducing
end (Wilson et al, Biochm. Biophys. Res. Comm. 72:
909-916 (1976)) and Lin et al. (Glycobiol. 4: 895-901
(1994)) has shown that in Chinese hamster ovary cells
deficient for GIcNAc transferase I, the
al,6-fucosyltansferase will fucosylate Man4GlcNAc2 and
Man5GlcNAc2 -glycans. Similarly,
al,3-fucosyltransferase transfers to the GIcNAc
residue at the reducing end of JV-glycans but by way
of an al,3-linkage, generally with a specificity for
/V-glycans with one unsubstituted nonreducing terminal
GIcNAc residue. The N-glycan products of this enzyme
are present in plants, insects, and some other
invertebrates (for example, Schistosoma, Haemonchus,
Lymnaea). However, U.S. Patent No. 7,094,530 describes
an al,3-fucosyltransferase isolated from human
monocytic cell line THP-I. The human al,6-fucosy
transferase (hFUT8) has been identified by Yamaguchi
et al., (Cytogenet. Cell. Genet. 84: 58-6 (1999)). The
nucleotide sequence encoding the human FUT8 is shown
in SEQ ID NO:7. The amino acid sequence of the is
shown in SEQ ID NO: 8. Homologous genes with FUT8
activity have been identified in other species, such
as a rat FUT8 (rFUT8) having the amino acid sequence
shown in SEQ ID NO: 10 and encoded by the nucleotide
sequence shown in SEQ ID NO: 9; a mouse Fut8 (mFUT8)
having the amino acidsequence shown in SEQ ID NO: 12
and encoded by the nucleotide sequence shown in SEQ ID
NO: 11, and a porcine FUT8 (pFUT8) having amino acid
sequence shown in SEQ ID NO: 14 and encoded by the
nucleotide sequence shown in SEQ ID NO: 13. FUT8 has
also been identified in CHO cells (Yamane-Ohnuki et
al, Biotechnol. Bioeng. 87: 614-622 (2004)), monkey
kidney COS cells (Clarke and Watkins, Glycobiol. 9:
191-202 (1999)), and chicken cells (Coullin et al,
Cytogenet. Genome Res. 7: 234-238 (2002)). Paschinger
et al, Glycobiol. 15: 463-474 (2005) describes the
cloning and characterization of fucosyltransferases
from C. elegans and D. melanogaster. Ciona
intestinalis, Drosophila pseudoobscura, Xenopus
laevis, and Danio rerio putative
al,6-fucosyltransferases have been identified (GenBank
accession numbers AJ515151, AJ830720, AJ5 14872, and
AJ781407, respectively). The aforementioned
fucosylation pathway enzymes or activities are encoded
by nucleic acids. The nucleic acids can be DNA or RNA,
but typically the nucleic acids are DNA because it
preferable that the nucleic acids encoding the
fucosylation pathway enzymes or activities are stably
integrated into the genome of the host cells. The
nucleic acids encoding the fucosylation pathway
enzymes or activities are each operably linked to
regulatory sequences that allow expression of the
fucosylation pathway enzymes or activities. Such
regulatory sequences include a promoter and optionally
an enhancer upstream of the nucleic acid encoding the
fucosylation pathway enzyme or activity and a
transcription termination site downstream of the
fucosylation pathway enzyme or activity. The nucleic
acid also typically further includes a 5' untranslated
region having a ribosome binding site and a 3'
untranslated region having a polyadenylation site. The
nucleic acid is often a component of a vector such as
a plasmid, which is replicable in cells in which the
fucosylation pathway enzyme or activity is expressed.
The vector can also contain a marker to allow
selection of cells transformed with the vector.
However, some cell types, in particular yeast, can be
successfully transformed with a nucleic acid that
lacks vector sequences. hi general, the host cells
transformed with the nucleic acids encoding the one or
more fucosylation pathway enzymes or activities
further includes one or more nucleic acids encoding
desired glycoproteins. Like for the fucosylation
pathway enzymes, the nucleic acids encoding the
glycoproteins are operably linked to regulatory
sequences that allow expression of the glycoproteins.
The nucleic acids encoding the glycoproteins can be
amplified from cell lines known to express the
glycoprotein using primers to conserved regions of the
glycoprotein {See, for example, Marks et al., J . MoI.
Biol. : 581-596 (1991)). Nucleic acids can also be
synthesized de novo based on sequences in the
scientific literature. Nucleic acids can also be
synthesized by extension of overlapping
oligonucleotides spanning a desired sequence {See, for
example, Caldas et al, Protein Engineering, 13:
353-360 (2000)). The type of fucosylated N-glycan
structure produced by the host cell will depend on the
glycosylation pathway in the host cell and the
particular fucosyltransferase. For
example,al,2-fucosyltransferases in general add a
fucose to the terminal galactose on an N-glycan. As
such, a pathway that utilizes an
al,2-fucosyltransferase would preferably be introduced
into a host cell that is capable of producing
N-glycans having a Gal2GlcNAc2Man3GlcNAc2 glycoform.
The N-glycans produced will have fucose in an a1,2
linkage to the terminal galactose residues. Both
al,3-fucosyltransferases and al,4-fucosyltransferases
add fucose to one or more GIcNAc residues at or near
the non-reducing end by way of an a1,3 or a1,4
linkage, respectively, or for some
al,3-fucosyltransferases, by way of an a1,3 linkage to
the core GIcNAc linked to the asparagine residue of
the glycoprotein. As such, a pathway that utilizes an
al,3/4- fucosyltransferase would preferably be
introduced into a host cell that is capable of
producing Nglycans having at least a GIcNAcMan5
GIcNAc2 glycoform. Finally, al,6-fucosyltransferases
in general transfer fucose by way of an a1,6 linkage
to the core GIcNAc linked to the asparagine residue of
the glycoprotein. In general, a pathway that utilizes
an al ,6-fucosyltransferase would preferably be
introduced into a host cell that is capable of
producing N-glycans having at least a
GlcNAcMan5GlcNAc2, Man5GlcNAc2, or Man4GlcNAc2
glycoform. The glycoproteins that can be produced in
accordance using the methods disclosed herein include
any desired protein for therapeutic or diagnostic
purposes, regardless of the origin of the nucleic acid
sequence for producing the glycoprotein. For example,
monoclonal antibodies in which the 7V-glycan is not
fucosylated have increased ADCC activity; however,
increased ADCC activity is undesirable for monoclonal
antibodies intended to bind receptor ligands as a
treatment for a disorder but not elicit ADCC activity.
Monoclonal antibodies produced in the host cells
disclosed herein comprising the fucosylation pathway
will have fucosylated 7V-glycans and will be expected
to have decreased ADCC activity. As another example,
immunoadhesions {See, U.S. Patent Nos. 5,428,130, 5,1
16,964, 5,514,582, and 5,455,165; Capon et al. Nature
337:525 (1989); Chamow and Ashkenazi, Trends
Biotechnol. 14: 52-60 (1996); Ashkenazi and Chamow,
Curr. Opin. Immunol. 9: 195-200 (1997)), which
comprise the extracellular portion of a membrane-bound
receptor fused to the Fc portion of an antibody
produced in the host cells disclosed herein comprising
the fucosylation pathway will have fucosylated
7V-glycans and will be expected to have decreased ADCC
activity. Examples of glycoproteins that can be
produced according to the methods herein to have
fucosylated Nglycans include, but are not limited to,
erythropoietin (EPO); cytokines such as interferon- a,
interferon- b., interferon- g, interferon- w, and
granulocyte-CSF; coagulation factors such as factor
VIII, factor IX, and human protein C; monoclonal
antibodies, soluble IgE receptor a-chain, IgG, IgM,
IgG, urokinase, chymase, and urea trypsin inhibitor,
IGF-binding protein, epidermal growth factor, growth
hormone-releasing factor, annexin V fusion protein,
angiostatin, vascular endothelial growth factor-2,
myeloid progenitor inhibitory factor- 1,
osteoprotegerin tissue, plasminogen activator, G-CSF,
GM-CSF, and TNF-receptor.In particular embodiments,
one or more of the nucleic acids encode fusion
proteins comprising the catalytic domain of a
fucosylation pathway protein fused to a targeting
peptide, which targets the fusion protein to a
particular region within the cell. Typically, the
targeting peptide will target the fusion protein to a
location within the secretory pathway. The term
"secretory pathway" thus refers to organelles and
components within the cell where glycoproteins are
modified in preparation for secretion. The secretory
pathway includes the endoplasmic reticulum (ER), the
Golgi apparatus, the trans-Golgi network, and the
secretory vesicles. For example, suitable cellular
targeting peptides may target the catalytic domain to
the ER, the Golgi apparatus, the trans-Golgi network,
or secretory vesicles. Targeting peptides which may be
useful in the present invention include those
described in U.S. Patent No. 7,029,872. In one
embodiment, the catalytic domain of the
fucosyltransferase is fused to a targeting peptide
that directs the fusion protein to the Golgi
apparatus. The particular targeting peptide fused to
the fucosyltransferase catalytic domain will depend on
the host cell, the particular fucosyltransferase, and
the glycoprotein being produced. Examples of targeting
peptides that can be used for targeting the
fucosyltransferase have been disclosed in, for
example, U.S. Patent No. 7,029,872 and U.S. Published
Patent Application Nos. 2004/0018590, 2004/0230042,
2005/0208617, 2004/0171826, 2006/0286637, and
2007/0037248. The nucleic acids encoding the enzymes
or activities involved in the fucosylation 



pathway are ligated into vectors, which are capable of
being used to transfect host cells. Typically, the
vectors will include regulatory elements, which have
been isolated from the same species of cell as the
intended host cell, or which have been isolated from
other species, but which are known to be functional
when inserted into the intended host cell. Typically,
these regulatory elements include 5' regulatory
sequences, such as promoters, as well as 3' regulatory
sequences, such as transcription terminator sequences.
Vectors will typically also include at least one
selectable marker element that allows for selection of
host cells that have been successfully transfected
with the vector. The vectors are transferred into the
intended host cells, and the resulting cells are
screened for the presence of the selectable marker, to
identify those host cells which have been successfully
transfected with the vector, and which will therefore
also carry the vector encoding the fusion protein.
Lower eukaryotes such as yeast are often preferred for
expression of glycoproteins because they can be
economically cultured, give high yields of protein,
and when appropriately modified are capable of
producing glycoproteins with particular predominant
N-glycan structures.. Yeast, in particular, offers
established genetics allowing for rapid
transformations, tested protein localization
strategies and facile gene knock-out techniques.
Various yeasts, such as K. lactis, Pichia pastor is,
Pichia methanolica, and Hansenula polymorpha are
commonly used for cell culture and production of
proteins because they are able to grow to high cell
densities and secrete large quantities of recombinant
protein at an industrial scale. Likewise,
filamentousfungi, such as Aspergillus niger, Fusarium
sp, Neurospora crassa and others can be used to
produce glycoproteins at an industrial scale. Lower
eukaryotes, particularly yeast, can be genetically
modified so that they express glycoproteins in which
the glycosylation pattern is complex or human-like or
humanized. Such genetically modified lower eukaryotes
can be achieved by eliminating selected endogenous
glycosylation enzymes that are involved in producing
high mannose 7V-glycans and introducing various
combinations of exogenous enzymes involved in making
complex -glycans. Methods for genetically engineering
yeast to produce complex -glycans has been described
in U.S. Patent No. 7,029,872 and U.S. Published patent
Application Nos. 2004/0018590, 2005/0170452,
2006/0286637, 2004/0230042, 2005/0208617,
2004/0171826, 2005/0208617, and 2006/0160179. For
example, a host cell is selected or engineered to be
depleted in 1,6-mannosyl transferase activities, which
would otherwise add mannose residues onto the -glycan
on a glycoprotein. For example, in yeast, the OCHl
gene encodes 1,6-mannosyl transferase activity. The
host cells is then further engineered to include one
or more of the enzymes involved in producing complex,
human-like -glycans. In one embodiment, the host cell
further includes an al,2-mannosidase catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain and
selected to target the al,2-mannosidase activity to
the ER or Golgi apparatus of the host cell. Passage of
a recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a fucosylated Mans GIcNAc2
glycoform, for example a MansGlcNAc2(Fuc) glycoform.
U.S. Patent No, 7,029,872 and U.S. Published Patent
Application Nos. 2004/0018590 and 2005/0170452
disclose lower eukaryote host cells capable of
producing a glycoprotein comprising a Man5GlcNAc2
glycoform. In a further embodiment, the immediately
preceding host cell further includes a GIcNAc
transferase I (GnTI) catalytic domain fused to a
cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target GIcNAc transferase I activity to the ER or
Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a fucosylated GIcNAcMan5
GIcNAc2 glycoform, for example a
GlcNAcMan5GlcNAc2(Fuc) glycoform. U.S. Patent No,
7,029,872 and U.S. Published Patent Application Nos.
2004/0018590 and 2005/0170452 disclose lower eukaryote
host cells capable of producing a glycoprotein
comprising a GIcNAcMans GIcNAc2 glycoform. The
glycoprotein produced in the above cells can be
treated in vitro with a hexaminidase to produce a
recombinant glycoprotein comprising a fucosylated
Man5GlcNAc2(Fuc) glycoform. hi a further still
embodiment, the immediately preceding host cell
further includes a mannosidase II catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain and
selected to target mannosidase II activity to the ER
orGolgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a fucosylated
GIcNAcMan3GIcNAc2 glycoform, for example a
GlcNAcMan3GlcNAc2(Fuc) glycoform. U.S. Published
Patent Application No. 2004/0230042 discloses lower
eukaryote host cells that express mannosidase II
enzymes and are capable of producing glycoproteins
having predominantly a GIcNAc2Man3GIcNAc2 glycoform.
The glycoprotein produced in the above cells can be
treated in vitro with a hexaminidase to produce a
recombinant glycoprotein comprising a Man3GlcNAc2(Fuc)
glycoform. In a further still embodiment, the
immediately preceding host cell further includes
GIcNAc transferase II (GnTII) catalytic domain fused
to a cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target GIcNAc transferase II activity to the ER or
Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a fucosylated
GIcNAc2Man3GIcNAc2 glycoform, for example a
GlcNAc2Man3GlcNAc2(Fuc) glycoform. U.S. Patent No,
7,029,872 and U.S. Published Patent Application Nos.
2004/0018590 and 2005/0170452 disclose lower eukaryote
host cells capable of producing a glycoprotein
comprising a GIcNAc2Man3GIcNAc2 glycoform. The
glycoprotein produced in the above cells can be
treated in vitro with a hexaminidase to produce a
recombinant glycoprotein comprising a Man3GlcNAc2(Fuc)
glycoform. In a further still embodiment, the
immediately preceding host cell further includes a
Galactose transferase II catalytic domain fused to a
cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target Galactose transferase II activity to the ER or
Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a fucosylated
Gal2GlcNAc2Man3GlcNAc2 glycoform, for example a
Gal2GlcNAc2Man3GlcNAc2(Fuc) glycoform. U.S. Published
Patent Application No. 2006/0040353 discloses lower
eukaryote host cells capable of producing a
glycoprotein comprising a Gal2GlcNAc2Man3GlcNAc2
glycoform. The glycoprotein produced in the above
cells can be treated in vitro with a galactosidase to
produce a recombinant glycoprotein comprising a
fucosylated GlcNAc2Man3GlcNAc2 glycoform, for example
a GIcNAc2Man3GIcNAc2(Fuc) glycoform. In a further
still embodiment, the immediately preceding host cell
further includes a sialytransferase catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain and
selected to target sialytransferase activity to the ER
or Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a fucosylated
NANA2Gal2GlcNAc2Man3GlcNAc2 glycoform, for example,
aNANA2Gal2GlcNAc2Man3GlcNAc2(Fuc) glycoform. For lower
eukaryote host cells such as yeast and filamentous
fungi, it is preferred that the host cell further
include a means for providing CMP-sialic acid for
transfer to the N-glycan. U.S. Published Patent
Application No. 2005/0260729 discloses a method for
genetically engineering lower eukaryotes to have a
CMPsialic acid synthesis pathway and U.S. Published
Patent Application No. 2006/0286637 discloses a method
for genetically engineering lower eukaryotes to
produce sialylated glycoproteins. The glycoprotein
produced in the above cells can be treated in vitro
with a neuraminidase to produce a recombinant
glycoprotein comprising a fucosylated
Gal2GlcNAc2Man3GlcNAc2 glycoform, for example, a
Gal2GlcNAc2Man3GlcNAc2(Fuc) glycoform. Any one of the
preceding host cells can further include one or more
GIcNAc transferase selected from the group consisting
of GnTIII, GnTIV, GnTV, GnTVI, and GnTDC to produce
glycoproteins having bisected and/or multiantennary
N-glycan structures such as disclosed in U.S.
Published Patent Application Nos. 2004/074458 and
2007/0037248. Various of the preceding host cells
further include one or more sugar transporters such as
UDP-GlcNAc transporters (for example, Kluyveromyces
lactis and Mus musculus UDP-GlcNAc transporters),
UDP-galactose transporters (for example, Drosophila
melanogaster UDP-galactose transporter), and
CMP-sialic acid transporter (for example, human sialic
acid transporter). Because lower eukaryote host cells
such as yeast and filamentous fungi lack the above
transporters, it is preferable that lower eukaryote
host cells such as yeast and filamentous fungi be
genetically engineered to include the above
transporters. hi further embodiments of the above host
cells, the host cells are further genetically
engineered to eliminate glycoproteins having
a-mannosidase-resistant N-glycans by deleting or
disrupting the b-mannosyltransferase gene (BMT2)(See,
U.S. Published Patent Application No. 2006/021 1085)
and glycoproteins having phosphomannose residues by
deleting or disrupting one or both of the
phosphomannosyl transferase genes PNOl and MNN4B (See
for example, U.S. Published Patent Application Nos.
2006/0160179 and 2004/0014170). In further still
embodiments of the above host cells, the host cells
are further genetically modified to eliminate
O-glycosylation of the glycoprotein by deleting or
disrupting one or more of the DoI-PMan: 



Protein (Ser/Thr) Mannosyl Transferase genes (PMTs)
(See U.S. Patent No. 5,714,377). It has been shown
that codon optimization of genes or transcription
units coding for particular polypeptides leads to
increased expression of the encoded polypeptide, that
is increased translation of the mRNA encoding the
polypeptide. Therefore, in the case of the host cells
disclosed herein, increased expression of the encoded
enzymes will produce more of the encoded enzymes,
which can lead to increased production of N-glycans
that are fucosylated. In the context of codon
optimization, the term "expression" and its variants
refer to translation of the mRNA encoding the
polypeptide and not to transcription of the
polynucleotide encoding thepolypeptide. The term
"gene" as used herein refers to both the genomic DNA
or RNA encoding a polypeptide and to the cDNA encoding
the polypeptide. Codon optimization is a process that
seeks to improve heterologous expression of a gene
when that gene is moved into a foreign genetic
environment that exhibits a different nucleotide codon
usage from the gene's native genetic environment or
improve ectopic expression of a gene in its native
genetic environment when the gene naturally includes
one or more nucleotide codons that are not usually
used in genes native to the genetic environment that
encode highly expressed genes. In other words, codon
optimization involves replacing those nucleotide
codons of a gene that are used at a relatively low
frequency in a particular genetic environment or
organism with nucleotide codons that are used in genes
that are expressed at a higher frequency in the
genetic environment or organism hi that way, the
expression (translation) of the gene product
(polypeptide) is increased. The assumption is that the
nucleotide codons that appear with high frequency in
highly expressed genes are more efficiently translated
than nucleotide codons that appear at low frequency.
In general, methods for optimizing nucleotide codons
for a particular gene depend on identifying the
frequency of the nucleotide codons for each of the
amino acids used in genes that are highly expressed in
an organism and then replacing those nucleotide codons
in a gene of interest that are used with low frequency
in the highly expressed genes with nucleotide codons
that are identified as being used in the highly
expressed genes {See for example Lathe, Synthetic
Oligonucleotide Probes Deduced from Amino Acid
Sequence Data: Theoretical and Practical
Considerations, J . Molec. Biol.: 183: 1-12 (1985);
Nakamura et al., Nuc. Acid Res. 28: 292 (2000);
Fuglsang, Protein Expression & Purification 31:
247-249 (2003)). There are numerous computer programs
that will automatically analyze the nucleotide codons
of a nucleic acid of an organism encoding a gene and
suggest nucleotide codons to replace nucleotide
codons, which occur with low frequency in the
organism, with nucleotide codons that are found in
genes that are highly expressed in the organism. The
following examples are intended to promote a further
understanding of the present invention. EXAMPLE 1 This
Example shows the construction of a Pichiapastoris
strain capable of producing glycoproteins that include
fucose in the -glycan structure of the glycoprotein.
Escherichia coli strains TOPl 0 or XLlO-GoId are used
for recombinant DNA work. PNGase-F, restriction and
modification enzymes are obtained from New England
BioLabs (Beverly, MA), and used as directed by the
manufacturer. a-l,6-Fucosidase is obtained from
Sigma-Aldrich (St. Louis, MO) and used as recommended
by the manufacturer. Oligonucleotides are obtained
from Integrated DNA Technologies (Coralville, IA).
Metalchelating "HisBind" resin is obtained from
Novagen (Madison, WI). 96-well lysate-clearing plates
are from Promega (Madison, WI). Protein-binding
96-well plates are from Millipore (Bedford, MA). Salts
and buffering agents are from Sigma-Aldrich (St.
Louis, MO). Amplification of fucosylation pathway
genes. An overview of the fucosylation pathway is
shown in Figure 1. The open reading frame (ORF) of
hGMD is amplified from human liver cDNA (BD
Biosciences, Palo Alto, CA) using Advantage 2
polymerase following the procedure recommended by the
manufacturer. Briefly, the primers SH415 and SH413
(5'- GGCGG CCGCC ACCAT GGCAC ACGCA CCGGC ACGCT GC-3'
(SEQ ID NO: 15) and 5'- TTAAT TAATC AGGCA TTGGG GTTTG
TCCTC ATG-3' (SEQ ID NO: 16), respectively) are used
to amplify a 1,139 bp product from human liver cDNA
using the following conditions: 97C for 3 minutes; 35
cycles of 97C for 30 seconds, 5O0C for 30 seconds, 72C
for 2 minutes; and 72C for 10 minutes. Subsequently
the product is cloned into pCR2.1 (Invitrogen,
Carlsbad, CA), sequenced, and the resultant construct
designated pSH985. Using the conditions outlined
above, the primers SH414 and SH41 1 (5'-GGCGG CCGCC
ACCAT GGGTG AACCC CAGGG ATCCA TG-3' (SEQ ID NO:17) and
5'-TTAAT TAATC ACTTC CGGGC CTGCT CGTAG TTG-3' (SEQ ID
NO: 18), respectively) are used to amplify a 986 bp
fragment from human kidney cDNA (BD Biosciences, Palo
Alto, CA), which corresponds to the ORF of the human
FX gene. Subsequently, this fragment is cloned into
pCR2.1, sequenced, and designated pSH988. The ORF of
the human GFTr is amplified from human spleen cDNA (BD
Biosciences, Palo Alto, CA) using the conditions
outlined above, and the primers RCD679 and RCD680
(5'-GCGGC CGCCA CCATG AATAG GGCCC CTCTG AAGCG G-3'
(SEQ ID NO: 19) and 5'-TTAAT TAATC ACACC CCCAT GGCGC
TCTTC TC-3' (SEQ ID NO:20), respectively). The
resultant 1,1 13 bp fragment is cloned into pCR2.1,
sequenced, and designated pGLY2133. A truncated form
of the mouse FUT8 ORF, encoding amino acids 32 to 575
and lacking the nucleotides encoding the endogenous
transmembrane domain, is amplified from mouse brain
cDNA (BD Biosciences, Palo Alto, CA) using the
conditions outlined above and the primers SH420 and
SH421 (5'- GCGGC GCGCC GATAA TGACC ACCCT GATCA CTCCA
G-3' (SEQ ID NO:21) and 5'- CCTTA ATTAA CTATT TTTCA
GCTTC AGGAT ATGTG GG-3' (SEQ ID NO:22), respectively).
The resultant 1,654 bp fragment is cloned into pCR2.1,
sequenced, and designated pSH987. Generation of
fucosylation genes in yeast expression cassettes.Open
reading frames for GMD, FX, and GFTr are generated by
digesting the above vectors with Notl and Pad
restriction enzymes to produce DNA fragments with a
Notl compatible 5' end and a Pad compatible 3' end.
The FUT8 fragment is generated by digesting with Asd
and Pad restriction enzymes to produce a DNA with an
Asd compatible 5' end and a Pad compatible 3' end. To
generate the GMD expression cassette, GMD is cloned
into yeast expression vector pSH995, which contains a
P. pastoris GAPDH promoter and S. cerevisiae CYC
transcription terminator sequence and is designed to
integrate into the Pichia genome downstream of the
Trp2 ORF, using the nourseothricin resistance marker.
This vector is illustrated in Figure 3A. The vector
pSH985 is digested with Notl and Pad to excise a 1.1Kb
fragment containing the GMD ORF, which is then
subcloned into pSH995 previously digested with the
same enzymes. The resultant vector, containing GMD
under the control of the GAPDH promoter, is designated
pSH997. A. To generate the FX expression cassette, the
vector pSH988 is digested with iVo l and Pad to excise
a 1.0 Kb fragment containing the FX ORF, which is
treated with T4 DNA polymerase to remove single strand
overhangs (J. Sambrook , D.W. Russell, Molecular
Cloning: A laboratory Manual (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, ed. 3rd,
2001)). Subsequently this fragment is subcloned into
the vector pGLY359 (Hamilton et ah, Science 313, 1441
(2006)) previously digested with Notl and Asd, and
treated with T4 DNA polymerase. The resultant vector,
pSH994, contains an FX expression cassette consisting
of the FX ORF operably linked at the 5' end to a P.
pastoris PMAl promoter (PpPMAl prom) and at the 3' end
to a P. pastoris PMA transcription terminator sequence
(PpPMA ltt). The expression cassette is flanked by
Swal restriction sites. The GFTr expression cassette
is generated by digesting pGLY2133 with Notl and Pad
to excise a 1.1Kb fragment containing the GFTr ORF,
which is treated with T4 DNA polymerase. Subsequently
this fragment is subcloned into the vector pGLY363
(Hamilton, supra.), previously digested with Notl and
Pad, and treated with T4 DNA polymerase. The resultant
vector, pGLY2143, contains a GFTr expression cassette
consisting of the GFTr ORF operably linked at the 5'
end to a PpPMAl prom and at the 3' end to a PpPMA ltt.
The expression cassette is flanked by i?.srll
restriction sites. To generate the FUT8 catalytic
domain fused to a yeast localization signal, the first
36 amino acids of S. cerevisiae targeting region of
Mnn2 are analyzed by the GeneOptimizer software and
codon-optimized for P. pastoris expression (GeneArt,
Regensburg, Germany). The resultant synthetic DNA for
ScMnn2 amino acids 1 to 36 is generated with 5' Notl
and 3' Asd restriction enzyme compatible ends, cloned
into a shuttle vector to produce plasmid vector pSH83
1. Subsequently, the vector pSH987 is digested with
Asd and Pad to liberate a 1.6 Kb fragment encoding the
FUT8 catalytic domain ORF, which is then subcloned
in-frame to theDNA encoding the ScMnn2 targeting
peptide in the vector pSH83 1, previously digested
with the same enzymes. The resultant vector i s
designated pSH989. To generate the FUT8-ScMnn2
expression cassette, pSH989 is digested with TVitl and
Pad to release a 1.8 Kb fragment, which is subcloned
into the vector pGLY361 (Hamilton et al., Science 313,
1441 (2006)) digested with the same enzymes. The
resultant vector, pSH991 , contains a FUT8-Mnn2 fusion
protein consisting of the FUT8-Mnn2 fusion ORF
operably linked at the 5 ' end to a P. pastoris TEF
promoter (PpTEFprom) and at the 3 ' end to a P.
pastoris TEF transcription terminator sequence 



(PpTEFtt). The expression cassette is flanked by Sgfl
restriction sites. Generation of fucosylation
engineering vector. Vector pSH994 is digested with
Swal to release a 2.5 Kb fragment containing the FX
expression cassette, which is subcloned into pSH997
(contains the GMD expression cassette) digested with
Pmel. The resultant vector in which the PMA-FX and
GAPDH-GMD expression cassettes are aligned in the same
direction is designated pSH1009. The 2.7 Kb fragment
containing the PMA-GFTr expression cassette is excised
from pGLY2143 using the restriction enzyme RsrR and
subcloned into pSH1009 digested with the same enzyme.
The resultant vector in which the PMA-GFTr and GAPDH
expression cassettes are aligned in the same direction
is designated rSH1019. Finally, the 1.8 Kb TEF-FUT8
cassette is excised from pSH991 using Sgfi and
subcloned into pSH1019 digested with the same enzyme.
The resultant vector in which the TEF-FUT8 and the
GAPDH expression cassettes are aligned in the same
direction is designated pSH1022. This vector is
illustrated in Figure 2B. Generation of rat EPO
expression vector. A truncated form of Rattus
norvegicus erythropoietin gene (rEPO), encoding amino
acids 27 to 192, is amplified from rat kidney cDNA (BD
Biosciences, Palo Alto, CA) using Advantage 2
polymerase as recommended by the manufacturer.
Briefly, the primers rEPOforward and rEPO-reverse
(5'-GGGAA TTCGC TCCCC CACGC CTCAT TTGCG AC-3' (SEQ ID
NO:23) and 5'-CCTCT AGATC ACCTG TCCCC TCTCC TGCAG
GC-3' (SEQ ID NO:24), respectively) are used to
amplify a 516 bp product from rat kidney cDNA using
the following cycling conditions: 1 cycle at 94C for 1
minute; 5 cycles at 94C for 30 seconds, 72 0C for 1
minute; 5 cycles at 94C for 30 seconds, 70C for 1
minute; 2 5 cycles at 94 0C for 20 seconds, 68C for 1
minute. Subsequently, the product is cloned into pCR2.
1 (Invitrogen, Carlsbad, CA), sequenced, and the
resultant construct designated pSH603. To generate the
yeast expression vector, pSH603 is digested with EcoRI
and Xbal to liberate a 506 bp fragment which was
subcloned into pPICZ aA (Invitrogen, Carlsbad, CA),
which has previously been digested with the same
enzymes. The resultant expression vector is designated
pSH692. The rEPO in pSH692 is under the under the
control o f the AOX methanol-inducible
promoter.Generation of yeast strains and production of
rat EPO. A P. pastoris glycoengineered cell line,
YGLYl 062, which is capable of producing recombinant
glycoproteins having predominantly
Gal2GlcNAc2Man3GlcNAc2 Nglycans (similar to the
strains described in U.S. Published Patent Application
No. 2006/0040353, which produce glycoproteins having
Gal2GlcNAc2Man3GlcNAc2 N-glycans) is transformed with
vector PSH692 to produce strain RDP974, which produces
recombinant rat EPO (rEPO) with Gal2GlcNAc2Man3GlcNAc2
N-glycans. Strain RDP974 is similar to stain RDP762
described in Hamilton etal., Science 313, 1441-1443
(2006), which produces rat EPO having
Gal2GlcNAc2Man3GlcNAc2 N-glycans. The RPD974 strain
has deletions in the OCHl, PNOl, MNN4B, and BMT2 genes
and includes DNA encoding the full-length
Kluyveromyces lactis UDP-GlcNAc transporter, M.
musculus UDP-GlcNAc transporter, S . cerevisiae
UDP-galactose 4-epimerase, and D. melanogaster
UDP-Galactose transporter; and DNA encoding a M.
musculus al,2-Mannosidase I catalytic domain fused to
DNA encoding amino acids 1-36 of an S. cerevisiae MNN2
leader sequence; DNA encoding the H. sapiens
bl,2-GlcNAc transferase I (GnTI) catalytic domain
fused to DNA encoding amino acids 1-36 of an S.
cerevisiae MNN2 leader sequence; DNA encoding a
Drosophila melanogaster Mannosidase II catalytic
domain fused to DNA encoding amino acids 1-36 of an S.
cerevisiae MNN2 leader sequence, DNA encoding a Rattus
norvegicus bl,2-GlcNAc transferase II (GnTII)
catalytic domain fused to DNA encoding amino acids
1-97 of an S. cerevisiae MNN2 leader sequence, and DNA
encoding an H. sapiens bl,4- galactosyltransferase
(GaITI) catalytic domain fused to DNA encoding amino
acids 1-58 of an S. cerevisiae KRE2 (MNTI) leader
sequence. U.S. Published Patent Application No.
2006/0040353 discloses methods for producing Pichia
pastoris cell lines that produce galactosylated
glycoproteins in lower yeast {See also, U.S. Patent
No. 7,029,872, U.S. Published Patent Application Nos.
2004/0018590, 2004/0230042, 2005/0208617,
2004/0171826, 2006/0286637, and 2007/0037248, and
Hamilton et al., Science 313, 1441-1443 (2006). Strain
RDP974 is then used as the host strain for introducing
the fucosylation pathway in vector pSH1022. Briefly,
10 mg of the control plasmid pSH995 or the
fucosylation pathway plasmid pSH1022 is digested with
the restriction enzyme Sb l to linearize the vector
and transformed by electroporation into the host
strain RDP974. The transformed cells are plated on YPD
containing 100 ng/mL nourseothricin and incubated at
26C for five days. Subsequently several clones are
picked and analyzed for fucose transfer onto the
N-glycans of rEPO. A strain transformed with the
control vector is designated YSH660, while a strain
transformed with pSH1022 and demonstrating fucose
transfer is designated YSH661. Typically, protein
expression is carried out by growing the transformed
strains at 26C in 50 mL buffered glycerol-complex
medium (BMGY) consisting of 1% yeast extract,
2%peptone, 100 mM potassium phosphate buffer, pH 6.0,
1.34% yeast nitrogen base, 4 X 10-5% biotin, and 1%
glycerol as a growth medium. Induction of protein
expression is performed in 5 mL of buffered
methanol-complex medium (BMMY), consisting of 1.5%
methanol instead of glycerol in BMGY. Recombinant rEPO
is expressed as described above and Ni-chelate column
purified as described in Choi et al. (Proc. Natl.
Acad. Sci. U S A 100, 5022 (2003) and Hamilton et al.
(Science 301, 1244 (2003)). The resultant protein is
analyzed by SDS-PAGE (Laemmli, Nature 227, 680 (1970))
and stained for visualization with coomassie blue.
Fucose is removed by in vitro digestion with
a-l,6-fucosidase (Sigma-Aldrich, St. Louis, MO)
treatment, as recommended by the manufacturer. For
glycan analysis, the glycans are released from rEPO by
treatment with PNGase-F (Choi et al. (2003); Hamilton
et al. (2003)). Released glycans are analyzed by
MALDI/Time-of- flight (TOF) mass spectrometry to
confirm glycan structures (Choi et al. (2003)). To
quantitate the relative amount of fucosylated glycans
present, the V-glycosidase F released glycans are
labeled with 2-aminobenzidine (2-AB) and analyzed by
HPLC (Choi et al. (2003)). The percentage of
fucosylated and non-fucosylated glycans is calculated
by comparing the peak area of each species before and
after fucosidase treatment. Analysis of the 7V-glycans
produced in strain YSH661 produced essentially as
described above showed that the strain produced
recombinant rEPO comprising
Gal2GlcNAc2Man3GlcNAc2(Fuc) iV-glycans. Figure 4A,
which shows the results of a MALDITOF analysis of the
iV-glycans on rEPO produced in strain YSH661, shows
that the strain produced iV-glycans comprised
Gal2GlcNAc2Man3GlcNAc2(Fuc) Gal2GlcNAc2Man3GlcNAc2
-glycans. The Gal2GlcNAc2Man3GlcNAc2(Fuc) -glycans are
within the box. Figure 4B, which shows a MALDI-TOF
analysis of the N-glycans on rEPO produced in control
strain YSH660 (without fucosylation pathway), shows
that the strain produced only afucosylated Nglycans
comprising only Gal2GlcNAc2Man3GlcNAc2- EXAMPLE 2 A
Pichiapastoris strain capable of producing
glycoproteins having NANA2Gal2GlcNAc2Man3GlcNAc2(Fuc)
N-glycans can be made by introducing the vector
pSH1022 into a Pichia pastoris strain capable of
producing glycoproteins having
NANA2Gal2GlcNAc2Man3GlcNAc2 N-glycans. For example,
vector pSH1022 containing the genes encoding the
components of the fucosylation pathway can be
transformed into the strain YSH597, which produces rat
EPO having NANA2Gal2GlcNAc2Man3GlcNAc2 N-glycans and
is disclosed in U.S. Provisional Application No.
60/801,688 and Hamilton et al. Science 313, 1441-1443
(2006). The rat EPO produced in the strain upon
induction will include
NANA2Gal2GlcNAc2Man3GlcNAc2(Fuc) iV-glycans.The
following provides a prophetic method for introducing
the enzymes encoding the sialylation pathway into
strain YSH661 of Example 1. Open reading frames for
Homo sapiens
UDP-N-acetylglucosamine-2-epimerase/Nacetylmannosamine
kinase (GNE), H. sapiens
N-acetylneuraminate-9-phosphate synthase (SPS), H.
sapiens CMP-sialic acid synthase (CSS), Mus musculus
CMP-sialic acid transporter (CST), and amino acids 40
to 403 ofM musculus a-2,6-sialyltransferase (ST) are
analyzed by the GeneOptimizer software and
codon-optimized for P. pastoris expression (GeneArt,
Regensburg, Germany). The resultant synthetic DNAs for
GNE, SPS, CSS and CST are generated with 5' Bsa\ and
3' Hpal restriction sites, cloned into a shuttle
vector and designated pGLY368, 367, 366 and 369,
respectively. The synthetic DNA for ST is generated
with 5' Ascl and 3' Pad restriction sites, cloned into
a shuttle vector, and designated pSH660. To generate
the SPS, CSS and CST expression cassettes, the vectors
pGLY367, 366 and 369 are digested with Bsal and Hpal
to excise 1.1, 1.3, and 1.0 Kb fragments, which are
treated with T4 DNA polymerase to remove single
strandoverhangs. Subsequently, these fragments are
subcloned into the vectors pGLY359, 17, and 363
previously digested with No/I and Asd for the former,
and No/I and Pad for the latter two, and treated with
T4 DNA polymerase. The resultant vectors pSH8 19,
containing SPS in a PpPMA lprom-PpPMAltt cassette
flanked by Pad restriction sites; pSH824, containing
CSS in a PpGAPDH-ScCYCtt cassette flanked by 5' BgIH
and 3' BarnHl restriction sites; and pGLY372,
containing CST in a PpPMA lprom-PpPMAltt cassette
flanked by RsrTL restriction sites. To generate the ST
catalytic domain fused to a yeast localization signal,
the S. cerevisiae targeting region of Mntl is
amplified from genomic DNA using Taq DNA polymerase
(Promega, Madison, WI) and the primers ScMntl-for and
ScMntl-rev (5'-GGGCGGCCGCCACCATGGCCCTCTTTCTC 



AGTAAGAGACT GTTGAG-3' (SEQ ID NO:25) and
5'-CCGGCGCGCCCGATGACTTGTTG TTCAGGGGATATAGATCCTG-S'
(SEQ ID NO:26), respectively). The conditions used
are: 94C for 3 minutes, 1 cycle; 94C for 30 seconds,
55C for 20 seconds, 68C for 1 minute, 30 cycles; 68C
for 5 minutes, 1 cycle. The resultant 174 bp fragment
containing 5' No/I and 3' Asd restriction sites is
subcloned in-frame 5' to the codon-optimized ST,
creating the vector pSH86 1. Subsequently this vector
is digested with No/I and Pad to excise a 1.3Kb
fragment, containing the ST-fusion, treated with T4
DNA polymerase and subcloned into pGLY361 prepared by
digestion with No/I and Pad, and treated with T4 DNA
polymerase. The resultant vector, containing the
ST-fusion in a PpTEFprom-PpTEFtt cassette flanked by
Sgfl restriction sites, is designated pSH893. A yeast
expression vector pSH823, containing a P. pastoris
GAPDH promoter and S. cerevisiae CYC transcription
terminator, is designed to integrate into the Pichia
genome downstream of the Trp2 ORF. The 2.6Kb fragment
encoding the PMA-CST expression cassette is excised
from pGLY372 using the restriction enzyme Rsrll and
subcloned into pSH823 digested with the same enzyme.
The resultant vector in which the PMA-CST and GAPDH
expression cassettes are aligned in the same direction
was designated pSH826. Subsequently this vector is
digested with the restriction enzymes No/I and Pad and
the single strand overhangs removed with T4 DNA
polymerase. Into this linearizedconstruct, the 2.2Kb
fragment of GNE, isolated from pGLY368 by digestion
with Bsal and Hpal, and treated with T4 DNA polymerase
to remove single strand overhangs, is subcloned. This
vector is designated pSH828. Subsequently this vector
is digested with Pad, into which the 2.7 Kb Pad
fragment of pSH819, encoding the PMA-SPS expression
cassette, is subcloned. The vector produced, in which
the PMA-SPS expression cassette is aligned in the
opposite orientation to the GAPDH expression cassette,
is designated pSH830. At this stage the URA5 marker is
replaced with HISl by excising the 2.4 Kb URA5
fragment from pSH830 using Xhol and replacing it with
the 1.8 Kb fragment of HISl from pSH842 digested with
the same enzyme. The resultant vector in which the
HISl ORF is aligned in the same direction as GAPDH-GNE
expression cassette is designated pSH870.
Subsequently, this vector is digested with BamHl and
the 2.1 Kb fragment from pSH824 isolated by digestion
with BamHl and BgIU, containing the GAPDH-CSS
expression cassette, is subcloned. The vector
generated, in which the newly introduced expression
cassette is orientated in the opposite direction as
the GAPDH-GNE cassette, is designated pSH872. Next,
the 2.2 Kb expression cassette containing the TEF-ST
is digested with Sgfl from pSH893 and subcloned into
pSH872 digested with the same enzyme. The vector
generated, in which the TEF-ST cassette is orientated
in the opposite direction as the GAPDH-GNE cassette,
is designated pSH926. The pSH926 vector is transformed
into strain YSH661, which is then capable of producing
rat EPO having NAN A2Gal2GlcNAc2Man3 GIcNAc2 -glycans.
EXAMPLE 3 A Pichia pastor is strain capable of
producing a human EPO having
NANA2Gal2GlcNAc2Man3GlcNAc2(Fuc) N-glycans can be made
by introducing the vector pSH1022 into a Pichia pastor
is strain capable of producing human EPO having
NANA2Gal2GlcNAc2Man3GlcNAc2 N-glycans. For example,
vector pSH1022 containing the genes encoding the
components of the fucosylation pathway can be
transformed into a strain that is capable of producing
glycoproteins having NANA2Gal2GlcNAc2Man3GlcNAc2
N-glycans, such as strain YSH597 disclosed in Hamilton
et ah, Science 313, 1441-1443 (2006) or YSH661 of
Example 2 comprising the genes encoding the
sialylation pathway enzymes but replacing the DNA
encoding rat EPO with DNA encoding the human EPO. The
strain will then produce human EPO having NAN
A2Gal2GlcNAc2Man3 GIcNAc2(Fuc) N-glycans. While the
present invention is described herein with reference
to illustrated embodiments, it should be understood
that the invention is not limited hereto. Those having
ordinary skill in the art and access to the teachings
herein will recognize additional modifications and
embodiments within the scope thereof. Therefore, the
present invention is limited only by the claims
attached herein.SEQUENCES SEQ ED NO: 1 DNA Homo sapian
GDP-Mannose-dehydratase (hGMD)
ATGGCACACGCACCGGCACGCTGCCCCAGCGCCCGGGGCTCCGGGGACGGCGAG
ATGGGCA
AGCCCAGGAACGTGGCGCTCATCACCGGTATCACAGGCCAGGATGGTTCCTACC
TGGCTGAG
TTCCTGCTGGAGAAAGGCTATGAGGTCCATGGAATTGTACGGCGGTCCAGTTCA
TTTAATAC
GGGTCGAATTGAGCATCTGTATAAGAATCCCCAGGCTCACATTGAAGGAAACAT
GAAGTTG
CACTATGGCGATCTCACTGACAGTACCTGCCTTGTGAAGATCATTAATGAAGTA
AAGCCCAC
AGAGATCTACAACCTTGGAGCCCAGAGCCACGTCAAAATTTCCTTTGACCTCGC
TGAGTACA
CTGCGGACGTTGACGGAGTTGGCACTCTACGACTTCTAGATGCAGTTAAGACTT
GTGGCCTT
ATCAACTCTGTGAAGTTCTACCAAGCCTCAACAAGTGAACTTTATGGGAAAGTG
CAGGAAAT
ACCCCAGAAGGAGACCACCCCTTTCTATCCCCGGTCACCCTATGGGGCAGCAAA
ACTCTATG
CCTATTGGATTGTGGTGAACTTCCGTGAGGCGTATAATCTCTTTGCAGTGAACG
GCATTCTCT
TCAATCATGAGAGTCCCAGAAGAGGAGCTAATTTCGTTACTCGAAAAATTAGCC
GGTCAGTA
GCTAAGATTTACCTTGGACAACTGGAATGTTTCAGTTTGGGAAATCTGGATGCC
AAACGAGA
TTGGGGCCATGCCAAGGACTATGTGGAGGCTATGTGGTTGATGTTGCAGAATGA
TGAGCCG
GAGGACTTCGTTATAGCTACTGGGGAGGTCCATAGTGTCCGGGAATTTGTCGAG
AAATCATT
CTTGCACATTGGAAAAACCATTGTGTGGGAAGGAAAGAATGAAAATGAAGTGGG
CAGATGT
AAAGAGACCGGCAAAGTTCACGTGACTGTGGATCTCAAGTACTACCGGCCAACT
GAAGTGG
ACTTTCTGCAGGGCGACTGCACCAAAGCGAAACAGAAGCTGAACTGGAAGCCCC
GGGTCGC
TTTCGATGAGCTGGTGAGGGAGATGGTGCACGCCGACGTGGAGCTCATGAGGAC
AAACCCC AATGCCTGA SEQ ID NO:2 Protein Homo sapian
GDP-Mannose-dehydratase (hGMD)
MAHAPARCPSARGSGDGEMGKPRNVALITGITGQDGSYLAEFLLEKGYEVHGIV
RRSSSFNTGRI EFD
YKNPQAHIEGNMKLHYGDLTDSTCLVKIINEVKPTEIYNLGAQSHVKISFDLAE
YTADVDGV
GTLRLLDAVKTCGLINSVKFYQASTSELYGKVQEIPQKETTPFYPRSPYGAAKL
Y AYWIVVNFRE
AYNLFAVNGILFNHESPRRGANFVTRKISRSVAKTYLGQLECFSLGNLDAKRDW
GHAKDYVEAM
WLMLQNDEPEDFVIATGEVHSVREFVEKSFLHIGKTIVWEGKNENEVGRCKETG
KVHVTVDLK
YYRPTEVDFLQGDCTKAKQKLNWKPRVAFDELVREMVHADVELMRTNPNASEQ
ID NO:3 DNA Homo sapian
GDP-keto-deoxy-mannose-epimerase/GDP-keto-deoxy-galact
ose-reductase (FX protein)
ATGGGTGAACCCCAGGGATCCATGCGGATTCTAGTGACAGGGGGCTCTGGGCTG
GTAGGCA
AAGCCATCCAGAAGGTGGTAGCAGATGGAGCTGGACTTCCTGGAGAGGACTGGG
TGTTTGT
CTCCTCTAAAGACGCCGATCTCACGGATACAGCACAGACCCGCGCCCTGTTTGA
GAAGGTCC
AACCCACACACGTCATCCATCTTGCTGCAATGGTGGGGGGCCTGTTCCGGAATA
TCAAATAC
AATTTGGACTTCTGGAGGAAAAACGTGCACATGAACGACAACGTCCTGCACTCG
GCCTTTGA
GGTGGGGGCCCGCAAGGTGGTGTCCTGCCTGTCCACCTGTATCTTCCCTGACAA
GACGACCT
ACCCGATAGATGAGACCATGATCCACAATGGGCCTCCCCACAACAGCAATTTTG
GGTACTCG
TATGCCAAGAGGATGATCGACGTGCAGAACAGGGCCTACTTCCAGCAGTACGGC
TGCACCT
TCACCGCTGTCATCCCCACCAACGTTTTCGGGCCCCACGACAACTTCAACATCG
AGGATGGC
CACGTGCTGCCTGGCCTCATCCACAAGGTGCACCTGGCCAAGAGCAGCGGCTCG
GCCCTGAC
GGTGTGGGGTACAGGGAATCCGCGGAGGCAGTTCATATACTCGCTGGACCTGGC
CCAGCTCT
TTATCTGGGTCCTGCGGGAGTACAATGAAGTGGAGCCCATCATCCTCTCCGTGG
GCGAGGAA
GATGAGGTCTCCATCAAGGAGGCAGCCGAGGCGGTGGTGGAGGCCATGGACTTC
CATGGGG
AAGTCACCTTTGATACAACCAAGTCGGATGGGCAGTTTAAGAAGACAGCCAGTA
ACAGCAA
GCTGAGGACCTACCTGCCCGACTTCCGGTTCACACCCTTCAAGCAGGCGGTGAA
GGAGACCT GTGCTTGGTTCACTGACAACTACGAGCAGGCCCGGAAGTGA SEQ
ID NO:4 Protein Homo sapian
GDP-keto-deoxy-mannose-epimerase/GDP-keto-deoxy-galact
ose-reductase (FX protein)
MGEPQGSMRILVTGGSGLVGKAIQKWADGAGLPGEDWVFVSSKD
ADLTDTAQTRALFEKVQP
THVIHLAAMVGGLFRNIKYNLDFWRKNVHMNDNVLHSAFEVGARKWSCLSTCIF
PDKTTYPID ETMIHNGPPHNSNFGYSYAKRMIDVQNRAYFQQ
YGCTFTAVEPTNVFGPHDNFNIEDGHVLPGLIHKVHLAKSSGSALTVWGTGNPR
RQFIYSLDLAQ
LFIWVLREYNEVEPIILSVGEEDEVSIKEAAEAVVEAMDFHGEVTFDTTKSDGQ
FKKTASNSKLR TYLPDFRFTPFKQAVKETCAWFTDNYEQARK SEQ ID
NO:5DNA Homo sapian Human GDP-fucose transporter
ATGAATAGGGCCCCTCTGAAGCGGTCCAGGATCCTGCACATGGCGCTGACCGGG
GCCTCAG
ACCCCTCTGCAGAGGCAGAGGCCAACGGGGAGAAGCCCTTTCTGCTGCGGGCAT
TGCAGAT
CGCGCTGGTGGTCTCCCTCTACTGGGTCACCTCCATCTCCATGGTGTTCCTTAA
TAAGTACCT
GCTGGACAGCCCCTCCCTGCGGCTGGACACCCCCATCTTCGTCACCTTCTACCA
GTGCCTGGT 



GACCACGCTGCTGTGCAAAGGCCTCAGCGCTCTGGCCGCCTGCTGCCCTGGTGC
CGTGGACT
TCCCCAGCTTGCGCCTGGACCTCAGGGTGGCCCGCAGCGTCCTGCCCCTGTCGG
TGGTCTTC
ATCGGCATGATCACCTTCAATAACCTCTGCCTCAAGTACGTCGGTGTGGCCTTC
TACAATGT
GGGCCGCTCACTCACCACCGTCTTCAACGTGCTGCTCTCCTACCTGCTGCTCAA
GCAGACCA
CCTCCTTCTATGCCCTGCTCACCTGCGGTATCATCATCGGGGGCTTCTGGCTTG
GTGTGGACC
AGGAGGGGGCAGAAGGCACCCTGTCGTGGCTGGGCACCGTCTTCGGCGTGCTGG
CTAGCCT
CTGTGTCTCGCTCAACGCCATCTACACCACGAAGGTGCTCCCGGCGGTGGACGG
CAGCATCT
GGCGCCTGACTTTCTACAACAACGTCAACGCCTGCATCCTCTTCCTGCCCCTGC
TCCTGCTGC
TCGGGGAGCTTCAGGCCCTGCGTGACTTTGCCCAGCTGGGCAGTGCCCACTTCT
GGGGGATG
ATGACGCTGGGCGGCCTGTTTGGCTTTGCCATCGGCTACGTGACAGGACTGCAG
ATCAAGTT
CACCAGTCCGCTGACCCACAATGTGTCGGGCACGGCCAAGGCCTGTGCCCAGAC
AGTGCTG
GCCGTGCTCTACTACGAGGAGACCAAGAGCTTCCTCTGGTGGACGAGCAACATG
ATGGTGCT
GGGCGGCTCCTCCGCCTACACCTGGGTCAGGGGCTGGGAGATGAAGAAGACTCC
GGAGGAG CCCAGCCCCAAAGACAGCGAGAAGAGCGCCATGGGGGTGTGA SEQ
DD NO:6 Protein Homo sapian Human GDP-fucose
transporter
MNRAPLKRSRILHMALTGASDPSAEAEANGEKPFLLRALQIALVVSLYWVTSIS
MVFLNKYLLDS
PSLRLDTPIFVTFYQCLVTTLLCKGLSALAACCPGAVDFPSLRLDLRVARSVLP
LSVVFIGMITFN
NLCLKYVGVAFYNVGRSLTTVFNVLLSYLLLKQTTSFYALLTCGMGGFWLGVDQ
EGAEGTLS
WLGTVFGVLASLCVSLNAIYTTKVLPAVDGSIWRLTFYNNVNACILFLPLLLLL
GELQALRDFAQ
LGSAHFWGMMTLGGLFGFAIGYVTGLQIKFTSPLTHNVSGTAKACAQTVLAVLY
YEETKSFLW WTSNMMVLGGSSAYTWVRGWEMKKTPEEPSPKDSEKSAMGV
SEQ ID NO:7 DNAHomo sapian alpha 1,6
fiicosyltransferase (hFuT8)
ATGCGGCCATGGACTGGTTCCTGGCGTTGGATTATGCTCATTCTTTTTGCCTGG
GGGACCTTG
CTGTTTTATATAGGTGGTCACTTGGTACGAGATAATGACCATCCTGATCACTCT
AGCCGAGA
ACTGTCCAAGATTCTGGCAAAGCTTGAACGCTTAAAACAACAGAATGAAGACTT
GAGGCGA
ATGGCCGAATCTCTCCGGATACCAGAAGGCCCTATTGATCAGGGGCCAGCTATA
GGAAGAG
TACGCGTTTTAGAAGAGCAGCTTGTTAAGGCCAAAGAACAGATTGAAAATTACA
AGAAACA
GACCAGAAATGGTCTGGGGAAGGATCATGAAATCCTGAGGAGGAGGATTGAAAA
TGGAGCT
AAAGAGCTCTGGTTTTTCCTACAGAGTGAATTGAAGAAATTAAAGAACTTAGAA
GGAAATG
AACTCCAAAGACATGCAGATGAATTTCTTTTGGATTTAGGACATCATGAAAGGT
CTATAATG
ACGGATCTATACTACCTCAGTCAGACAGATGGAGCAGGTGATTGGCGGGAAAAA
GAGGCCA
AAGATCTGACAGAACTGGTTCAGCGGAGAATAACATATCTTCAGAATCCCAAGG
ACTGCAG
CAAAGCCAAAAAGCTGGTGTGTAATATCAACAAAGGCTGTGGCTATGGCTGTCA
GCTCCATC
ATGTGGTCTACTGCTTCATGATTGCATATGGCACCCAGCGAACACTCATCTTGG
AATCTCAG
AATTGGCGCTATGCTACTGGTGGATGGGAGACTGTATTTAGGCCTGTAAGTGAG
ACATGCAC
AGACAGATCTGGCATCTCCACTGGACACTGGTCAGGTGAAGTGAAGGACAAAAA
TGTTCAA
GTGGTCGAGCTTCCCATTGTAGACAGTCTTCATCCCCGTCCTCCATATTTACCC
TTGGCTGTA
CCAGAAGACCTCGCAGATCGACTTGTACGAGTGCATGGTGACCCTGCAGTGTGG
TGGGTGTC
TCAGTTTGTCAAATACTTGATCCGCCCACAGCCTTGGCTAGAAAAAGAAATAGA
AGAAGCC
ACCAAGAAGCTTGGCTTCAAACATCCAGTTATTGGAGTCCATGTCAGACGCACA
GACAAAG
TGGGAACAGAAGCTGCCTTCCATCCCATTGAAGAGTACATGGTGCATGTTGAAG
AACATTTT
CAGCTTCTTGCACGCAGAATGCAAGTGGACAAAAAAAGAGTGTATTTGGCCACA
GATGACC
CTTCTTTATTAAAGGAGGCAAAAACAAAGTACCCCAATTATGAATTTATTAGTG
ATAACTCT
ATTTCCTGGTCAGCTGGACTGCACAATCGATACACAGAAAATTCACTTCGTGGA
GTGATCCT
GGATATACATTTTCTCTCTCAGGCAGACTTCCTAGTGTGTACTTTTTCATCCCA
GGTCTGTCG
AGTTGCTTATGAAATTATGCAAACACTACATCCTGATGCCTCTGCAAACTTCCA
TTCTTTAGA
TGACATCTACTATTTTGGGGGCCAGAATGCCCACAATCAAATTGCCATTTATGC
TCACCAAC
CCCGAACTGCAGATGAAATTCCCATGGAACCTGGAGATATCATTGGTGTGGCTG
GAAATCAT
TGGGATGGCTATTCTAAAGGTGTCAACAGGAAATTGGGAAGGACGGGCCTATAT
CCCTCCTA
CAAAGTTCGAGAGAAGATAGAAACGGTCAAGTACCCCACATATCCTGAGGCTGA
GAAATAA SEQ ID NO:8 Protein Homo sapian alpha 1,6
fucosyltransferase
(hFuT8)MRPWTGSWRW1MLELFAWGTLLFYIGGHLVRDNDHPDHSSRELSKIL
AKLERLKQQNEDLRRM
AESLRIPEGPIDQGPAIGRVRVLEEQLVKAKEQIENYKKQTRNGLGKDHEILRR
RIENGAKELWFF
LQSELKKLKNLEGNELQRHADEFLLDLGHHERSIMTDLYYLSQTDGAGDWREKE
AKDLTELVQ
RmTYLQNPKDCSKAKKLVCNINKGCGYGCQLHHVVYCFMIAYGTQRTLILESQN
WRYATGGW
ETVFRPVSETCTDRSGISTGHWSGEVKDKNVQVVELPIVDSLHPRPPYLPLA
VPEDLADRLVRVH
GDPAVWWVSQFVKYLIRPQPWLEKEIEEATKKLGFKHPVIGVHVRRTDKVGTEA
AFHP]EEYMV
HVEEHFQLLARRMQVDKKRVYLATDDPSLLKEAKTKYPNYEFISDNSISWSAGL
HNRYTENSLR
GVILDIHFLSQADFLVCTFSSQVCRVAYEIMQTLHPDASANFHSLDDIYYFGGQ
NAHNQIAIYAHQ
PRTADEIPMEPGDPGVAGNHWDGYSKGVNRKLGRTGLYPSYKVREKIETVKYPT
YPEAEK SEQ ID NO:9 DNA Rat Alpha-
1,6-fucosyltransferase (rFuT8)
ATGCGGGCATGGACTGGTTCCTGGCGTTGGATTATGCTCATTCTTTTTGCCTGG
GGGACCTTG
TTGTTTTATATAGGTGGTCATTTGGTTCGAGATAATGACCACCCTGATCACTCT
AGCAGAGA
ACTCTCCAAGATTCTTGCAAAGCTTGAACGCTTAAAACAACAAAATGAAGACTT
GAGGCGA
ATGGCTGAGTCTCTACGAATACCAGAAGGCCCCATTGACCAGGGGACGGCTACG
GGAAGAG
TCCGTGTTTTAGAAGAACAGCTTGTTAAGGCCAAAGAACAGATTGAAAATTACA
AGAAACA
AGCCAGAAATGGTCTGGGGAAGGATCATGAACTCTTAAGGAGGAGGATTGAAAA
TGGAGCT
AAAGAGCTCTGGTTTTTTCTACAAAGTGAACTGAAGAAATTAAAGCATCTAGAA
GGAAATG
AACTCCAAAGACATGCAGATGAAATTCTTTTGGATTTAGGACACCATGAAAGGT
CTATCATG
ACGGATCTATACTACCTCAGTCAAACAGATGGAGCAGGGGATTGGCGTGAAAAA
GAGGCCA
AAGATCTGACAGAGCTGGTCCAGCGGAGAATAACTTATCTCCAGAATCCCAAGG
ACTGCAG
CAAAGCCAGGAAGCTGGTGTGTAACATCAATAAGGGCTGTGGCTATGGTTGCCA
ACTCCATC
ACGTGGTCTACTGTTTCATGATTGCTTATGGCACCCAGCGAACACTCATCTTGG
AATCTCAG
AATTGGCGCTATGCTACTGGTGGATGGGAGACTGTGTTTAGACCTGTAAGTGAG
ACATGCAC
AGACAGATCTGGCCTCTCCACTGGACACTGGTCAGGTGAAGTGAATGACAAAAA
TATTCAA
GTGGTGGAGCTCCCCATTGTAGACAGCCTCCATCCTCGGCCTCCTTACTTACCA
CTGGCTGTT
CCAGAAGACCTTGCAGATCGACTCGTAAGAGTCCATGGTGATCCTGCAGTGTGG
TGGGTGTC
CCAGTTCGTCAAATATTTGATTCGTCCACAACCTTGGCTAGAAAAGGAAATAGA
AGAAGCC
ACCAAGAAGCTTGGCTTCAAACATCCAGTCATTGGAGTCCATGTCAGACGCACA
GACAAAG
TGGGAACAGAGGCAGCCTTCCATCCCATCGAAGAGTACATGGTACATGTTGAAG
AACATTTT
CAGCTTCTCGCACGCAGAATGCAAGTGGATAAAAAAAGAGTATATCTGGCTACC
GATGACC
CTGCTTTGTTAAAGGAGGCAAAGACAAAGTACTCCAATTATGAATTTATTAGTG
ATAACTCT
ATTTCTTGGTCAGCTGGATTACACAATCGGTACACAGAAAATTCACTTCGGGGC
GTGATCCTGGATATACACTTTCTCTCTCAGGCTGACTTCCTAGTGTGTACTTTT
TCATCCCAGGTCTGTCG
GGTTGCTTATGAAATCATGCAAACCCTGCATCCTGATGCCTCTGCAAACTTCCA
CTCTTTAGA
TGACATCTACTATTTTGGAGGCCAAAATGCCCACAACCAGATTGCCGTTTATCC
TCACAAAC
CTCGAACTGATGAGGAAATTCCAATGGAACCTGGAGATATCATTGGTGTGGCTG
GAAACCA
TTGGGATGGTTATTCTAAAGGTGTCAACAGAAAACTTGGAAAAACAGGCTTATA
TCCCTCCT
ACAAAGTCCGAGAGAAGATAGAAACAGTCAAGTATCCCACATATCCTGAAGCTG
AAAAATA G SEQ ID NO:10 Protein Rat Alpha-
1,6-fucosyltransferase (rFuT8) MRAWTGSWRWIMLILFA
WGTLLFYIGGHL VRDNDHPDHSSRELSKILAKLERLKQQNEDLRRM
AESLRIPEGPIDQGTATGRVRVLEEQLVKAKEQIENYKKQARNGLGKDHELLRR
RIENGAKELW FFLQSELKKLKHLEGNELQRHADEDLLDLGHHE
RSIMTDLYYLSQTDGAGDWREKEAKDLTELVQRRITYLQNPKDCSKARKLVCNI
NKGCGYGCQ
LHHWYCFMIAYGTQRTLILESQNWRYATGGWETVFRPVSETCTDRSGLSTGHWS
GEVNDKNI QVVELPIVDSLHPRPPYLPLAVPEDLADRLVRVH
GDPAVWWVSQFVKYLIRPQPWLEKEFFIEATKJA.GFKHPVIGVHVRRTDKVGT
EAAFHPIEEYMV
HVEEHFQLLARRMQVDKKRVYLATDDPALLKEAKTKYSNYEFISDNSISWSAGL
HNRYTENSLR
GVILDIHFLSQADFLVCTFSSQVCRVAYEIMQTLHPDASANFHSLDDIYYFGGQ
NAHNQIAVYPH
KPRTDEEIPMEPGDPGVAGNHWDGYSKGVNRKLGKTGLYPSYKVREKIETVKYP
TYPEAEK SEQ ID NO: 11 DNA Mouse Alpha-
1,6-fucosyltransferase (mFuT8)
ATGCGGGCATGGACTGGTTCCTGGCGTTGGATTATGCTCATTCTTTTTGCCTGG
GGGACCTTG 



TTATTTTATATAGGTGGTCATTTGGTTCGAGATAATGACCACCCTGATCACTCC
AGCAGAGA
ACTCTCCAAGATTCTTGCAAAGCTTGAACGCTTAAAACAGCAAAATGAAGACTT
GAGGCGA
ATGGCTGAGTCTCTCCGAATACCAGAAGGCCCCATTGACCAGGGGACAGCTACA
GGAAGAG
TCCGTGTTTTAGAAGAACAGCTTGTTAAGGCCAAAGAACAGATTGAAAATTACA
AGAAACA
AGCTAGAAATGGTCTGGGGAAGGATCATGAAATCTTAAGAAGGAGGATTGAAAA
TGGAGCT
AAAGAGCTCTGGTTTTTTCTACAAAGCGAACTGAAGAAATTAAAGCATTTAGAA
GGAAATG
AACTCCAAAGACATGCAGATGAAATTCTTTTGGATTTAGGACACCATGAAAGGT
CTATCATGACAGATCTATACTACCTCAGTCAAACAGATGGAGCAGGGGATTGGC
GTGAAAAAGAGGCCA
AAGATCTGACAGAGCTGGTCCAGCGGAGAATAACATATCTCCAGAATCCTAAGG
ACTGCAG
CAAAGCCAGGAAGCTGGTGTGTAACATCAATAAAGGCTGTGGCTATGGTTGTCA
ACTCCATC
ACGTGGTCTACTGTTTCATGATTGCTTATGGCACCCAGCGAACACTCATCTTGG
AATCTCAG
AATTGGCGCTATGCTACTGGTGGATGGGAGACTGTGTTTAGACCTGTAAGTGAG
ACATGTAC
AGACAGATCTGGCCTCTCCACTGGACACTGGTCAGGTGAAGTAAATGACAAAAA
CATTCAA
GTGGTCGAGCTCCCCATTGTAGACAGCCTCCATCCTCGGCCTCCTTACTTACCA
CTGGCTGTT
CCAGAAGACCTTGCAGACCGACTCCTAAGAGTCCATGGTGACCCTGCAGTGTGG
TGGGTGTC
CCAGTTTGTCAAATACTTGATTCGTCCACAACCTTGGCTGGAAAAGGAAATAGA
AGAAGCC
ACCAAGAAGCTTGGCTTCAAACATCCAGTTATTGGAGTCCATGTCAGACGCACA
GACAAAG
TGGGAACAGAAGCAGCCTTCCACCCCATCGAGGAGTACATGGTACACGTTGAAG
AACATTT
TCAGCTTCTCGCACGCAGAATGCAAGTGGATAAAAAAAGAGTATATCTGGCTAC
TGATGATC
CTACTTTGTTAAAGGAGGCAAAGACAAAGTACTCCAATTATGAATTTATTAGTG
ATAACTCT
ATTTCTTGGTCAGCTGGACTACACAATCGGTACACAGAAAATTCACTTCGGGGT
GTGATCCT
GGATATACACTTTCTCTCACAGGCTGACTTTCTAGTGTGTACTTTTTCATCCCA
GGTCTGTCG
GGTTGCTTATGAAATCATGCAAACCCTGCATCCTGATGCCTCTGCGAACTTCCA
TTCTTTGGA
TGACATCTACTATTTTGGAGGCCAAAATGCCCACAATCAGATTGCTGTTTATCC
TCACAAAC
CTCGAACTGAAGAGGAAATTCCAATGGAACCTGGAGATATCATTGGTGTGGCTG
GAAACCA
TTGGGATGGTTATTCTAAAGGTATCAACAGAAAACTTGGAAAAACAGGCTTATA
TCCCTCCT
ACAAAGTCCGAGAGAAGATAGAAACAGTCAAGTATCCCACATATCCTGAAGCTG
AAAAATA G SEQ ID NO: 12 Protein Mouse Alpha-
1,6-fucosyltransferase (mFuT8)
MRAWTGSWRWIMLILFAWGTLLFYIGGHLVRDNDHPDHSSRELSKILAKLERLK
QQNEDLRRM
AESLRIPEGPEDQGTATGRVRVLEEQLVKAKEQIENYKKQARNGLGKDHEILRR
RIENGAKELWF
FLQSELKXLKHLEGNELQRHADEILLDLGHHERSIMTDLYYLSQTDGAGDWREK
EAKDLTELVQ
RRITYLQNPKDCSKARKLVCNINKGCGYGCQLHHVVYCFMIAYGTQRTLILESQ
NWRYATGGW
ETVFRPVSETCTDRSGLSTGHWSGEVNDKNIQVVELPIVDSLHPRPPYLPLAVP
EDLADRLLRVH
GDPAVWWVSQFVKYLIRPQPWLEKEIEEATKKLGFKHPVIGVHVRRTDKVGTEA
AFHPIEEYMV
HVEEHFQLLARRMQVDKKRVYLATDDPTLLKEAKTKYSNYEFISDNSISWSAGL
HNRYTENSLR
GVILDIHFLSQADFLVCTFSSQVCRVAYEIMQTLHPDASANFHSLDDIYYFGGQ
NAHNQIAVYPH
KPRTEEEIPMEPGDPGVAGNHWDGYSKGINRKLGKTGLYPSYKVREKIETVKYP
TYPEAEKSEQ ID NO: 13 DNA Porcine Alpha-
1,6-fucosyltransferase (pFuT8)
ATGCGGCCATGGACTGGTTCGTGGCGTTGGATTATGCTCATTCTTTTTGCCTGG
GGGACCTTG
CTATTTTACATAGGTGGTCACTTGGTACGAGATAATGACCACTCTGATCACTCT
AGCCGAGA
ACTGTCCAAGATTTTGGCAAAGCTGGAACGCTTAAAACAACAAAATGAAGACTT
GAGGAGA
ATGGCTGAATCTCTCCGAATACCAGAAGGCCCCATTGATCAGGGGCCAGCTTCA
GGAAGAG
TTCGTGCTTTAGAAGAGCAATTTATGAAGGCCAAAGAACAGATTGAAAATTATA
AGAAACA
AACTAAAAATGGTCCAGGGAAGGATCATGAAATCCTAAGGAGGAGGATTGAAAA
TGGAGCT
AAAGAGCTCTGGTTTTTTCTACAAAGTGAGTTGAAGAAATTAAAGAATTTAGAA
GGAAATG
AACTCCAAAGACATGCAGATGAATTTCTATCAGATTTGGGACATCATGAAAGGT
CTATAATG
ACGGATCTATACTACCTCAGTCAAACAGATGGGGCAGGTGATTGGCGTGAAAAG
GAGGCCA
AAGATCTGACAGAGCTGGTCCAGCGGAGAATAACATATCTTCAGAATCCCAAGG
ACTGCAG
CAAAGCCAAGAAGCTAGTGTGTAATATCAACAAAGGCTGTGGCTATGGCTGTCA
GCTCCATC
ATGTAGTGTACTGCTTTATGATTGCATATGGCACCCAGCGAACACTCGCCTTGG
AATCTCAC
AATTGGCGCTACGCTACTGGGGGATGGGAAACTGTGTTTAGACCTGTAAGTGAG
ACGTGCA
CAGACAGATCTGGCAGCTCCACTGGACATTGGTCAGGTGAAGTAAAGGACAAAA
ATGTTCA
GGTGGTTGAGCTCCCCATTGTAGACAGTGTTCATCCTCGTCCTCCATATTTACC
CCTGGCTGT
CCCAGAAGACCTTGCAGATCGACTTGTACGAGTCCATGGTGATCCTGCAGTGTG
GTGGGTAT
CCCAGTTTGTCAAGTACTTGATTCGCCCACAACCCTGGCTGGAAAAGGAAATAG
AAGAGGC
CACCAAGAAGCTAGGCTTCAAACATCCAGTTATTGGAGTCCATGTTAGACGCAC
AGACAAA
GTGGGAGCGGAAGCAGCCTTCCATCCCATTGAGGAATACACGGTGCACGTTGAA
GAAGACT
TTCAGCTTCTTGCTCGCAGAATGCAAGTGGATAAAAAAAGGGTGTATTTGGCCA
CAGATGAC
CCTGCTTTGTTAAAAGAGGCAAAAACAAAGTACCCCAGTTATGAATTTATTAGT
GATAACTC
TATCTCTTGGTCAGCTGGACTACATAATCGATATACAGAAAATTCACTTCGGGG
TGTGATCC
TGGATATACACTTTCTCTCCCAGGCAGACTTCCTAGTGTGTACTTTTTCATCGC
AGGTCTGTA
GAGTTGCTTATGAAATCATGCAAGCGCTGCATCCTGATGCCTCTGCGAACTTCC
GTTCTTTGG
ATGACATCTACTATTTTGGAGGCCCAAATGCCCACAACCAAATTGCCATTTATC
CTCACCAA
CCTCGAACTGAAGGAGAAATCCCCATGGAACCTGGAGATATTATTGGTGTGGCT
GGAAATC
ACTGGGATGGCTATCCTAAAGGTGTTAACAGAAAACTGGGAAGGACGGGCCTAT
ATCCCTC
CTACAAAGTTCGAGAGAAGATAGAAACAGTCAAGTACCCCACATATCCCGAGGC
TGACAAG TAA SEQ ID NO: 13Protein Porcine Alpha-
1,6-fucosyltransferase (pFuT8)
MRPWTGSWRWIMLILFAWGTLLFYIGGHLVRDNDHSDHSSRELSKILAKLERLK
QQNEDLRRM
AESLRFFEGPROQGPASGRVRALEEQFMKAKEQLENYKKQTKNGPGKDHEILRR
RIENGAKELWF
FLQSELKKLKNLEGNELQRFIADEFLSDLGHFIERSIMTDLYYLSQTDGAGDWR
EKEAKDLTELV
QRRITYLQNPKDCSKAKKLVCNINKGCGYGCQLHHVVYCFMIAYGTQRTLALES
HNWRYATGG
WETVFRPVSETCTDRSGSSTGHWSGEVKDKNVQWELPIVDSVHPRPPYLPLAVP
EDLADRLVR
VHGDPAVWWVSQFVKYLIRPQPWLEKEIEEATKKLGFKHPVIGVHVRRTDKVGA
EAAFHPIEEY
TVHVEEDFQLLARRMQVDKKRVYLATDDPALLKEAKTKYPSYEFISDNSISWSA
GLHNRYTENS
LRGVILDIHFLSQADFLVCTFSSQVCRVAYEIMQALHPDASANFRSLDDIYYFG
GPNAHNQIAIYP
HQPRTEGEIPMEPGDIIGVAGNHWDGYPKGVNRKLGRTGLYPSYKVREKIETVK
YPTYPEADK SEQ ID NO:15 DNA Artificial PCR primer SH4
15 GGCGG CCGCC ACCAT GGCAC ACGCA CCGGC ACGCT GC SEQ ID
NO: 16 DNA Artificial PCR primer SH4 13 TTAAT TAATC
AGGCA TTGGG GTTTG TCCTC ATG SEQ ID NO: 17 DNA
Artificial PCR primer SH4 14 GGCGG CCGCC ACCAT GGGTG
AACCC CAGGG ATCCA TG SEQ ID NO: 18 DNAArtificial PCR
primer SH411 TTAAT TAATC ACTTC CGGGC CTGCT CGTAG TTG
SEQ ED NO: 19 DNA Artificial PCR primer RCD679 GCGGC
CGCCA CCATG AATAG GGCCC CTCTG AAGCG G SEQ ID NO:20 DNA
Artificial PCR primer RCD680 TTAAT TAATC ACACC CCCAT
GGCGC TCTTC TC SEQ ID NO:21 DNA Artificial PCR primer
SH420 GCGGC GCGCC GATAA TGACC ACCCT GATCA CTCCA G 



SEQ ID NO:22 DNA Artificial PCR primer SH421 CCTTA
ATTAA CTATT TTTCA GCTTC AGGAT ATGTG GGSEQ ID NO:23 DNA
Artificial PCR primer rEPO-forwardGGGAA TTCGC TCCCC
CACGC CTCAT TTGCG AC SEQ ID NO:24 DNA Artificial PCR
primer rEPO-reverse CCTCT AGATC ACCTG TCCCC TCTCC
TGCAG GC SEQ 1D NO:25 DNA Artificial PCR primer
ScMntl-for GGGCGGCCGCCACCATGGCCCTCTTTCTC AGTAAGAGACT
GTTGAG SEQ ID NO:26 DNA Artificial PCR primer ScMntl
-rev CCGGCGCGCCCGATGACTTGTTG TTCAGGGGATATAGATCCTGWHAT
IS CLAIMED: 1. A recombinant lower eukaryote host cell
comprising a fucosylation pathway. 2. The host cell of
Claim 1 which is yeast or filamentous fungus. 3. The
host cell of Claim 2 wherein the yeast is a Pichia sp.
4. The host cell of Claim 3 wherein the Pichia sp. is
Pichia pastor is. 5. The host cell of claim 1 wherein
the host cell further does not display
al,6-mannosyltransferase activity with respect to the
-glycan on a glycoprotein and includes an
al,2-mannosidase catalytic domain fused to a cellular
targeting signal peptide not normally associated with
the catalytic domain and selected to target
al,2-mannosidase activity to the ER or Golgi apparatus
of the host cell whereby, upon passage of a
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell, a recombinant glycoprotein
comprising a fucosylated Man5GlcNAc2 glycoform is
produced. 6. The host cell of Claim 5 further
including a GIcNAc transferase I catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain of and
selected to target GIcNAc transferase I activity to
the ER or Golgi apparatus of the host cell; whereby,
upon passage of the recombinant glycoprotein through
the ER or Golgi apparatus of the host cell, a
recombinant glycoprotein comprising a fucosylated
GIcNAcMan5GIcNAc2 glycoform is produced. 7. The host
cell of Claim 6 further including a mannosidase II
catalytic domain fused to a cellular targeting signal
peptide not normally associated with the catalytic
domain and selected to target mannosidase II activity
to the ER or Golgi apparatus of the host cell;
whereby, upon passage of the recombinant glycoprotein
through the ER or Golgi apparatus of the host cell, a
recombinant glycoprotein comprising a fucosylated
GIcNAcMan3GIcNAc2 glycoform is produced. 8. The host
cell of Claim 7 further including a GIcNAc transferase
II catalytic domain fused to a cellular targeting
signal peptide not normally associated with the
catalytic domain and selected to target GIcNAc
transferase II activity to the ER or Golgi apparatus
of the host cell; whereby, upon passage of the
recombinant glycoprotein through the ER or
Golgiapparatus of the host cell, a recombinant
glycoprotein comprising a fucosylated
GlcNAc2Man3GlcNAc2 glycoform is produced. 9. The host
cell of Claim 8 further including a Galactose
transferase II catalytic domain fused to a cellular
targeting signal peptide not normally associated with
the catalytic domain and selected to target Galactose
transferase II activity to the ER or Golgi apparatus
of the host cell; whereby, upon passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell, a recombinant glycoprotein
comprising a fucosylated Gal2GlcNAc2Man3GlcNAc2
glycoform is produced. 10. The host cell of Claim 9
further including a sialytransferase catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain and
selected to target sialytransferase activity to the ER
or Golgi apparatus of the host cell; whereby, upon
passage of the recombinant glycoprotein through the ER
or Golgi apparatus of the host cell, a recombinant
glycoprotein comprising a fucosylated
NANA2Gal2GlcNAc2Man3GlcNAc2 glycoform is produced. 11.
A glycoprotein composition comprising a plurality of
glycoforms, each glycoform comprising at least one
-glycan attached thereto, wherein the glycoprotein
composition thereby comprises a plurality of -glycans
in which greater than 25 mole percent of the plurality
of iV-glycans consist essentially of a fucosylated
7V-glycan selected from the group consisting of
Man5GlcNAc2, GIcNAcMans GIcNAc2, Man3GlcNAc2,
GIcNAcMan3 GIcNAc2, GlcNAc2Man3GlcNAc2,
GalGlcNAc2Man3GlcNAc2, Gal2GlcNAc2Man3GlcNAc2,
NANAGal2GlcNAc2Man3GlcNAc2, and
NANA2Gal2GlcNAc2Man3GlcNAc2. 12. The glycoprotein
composition of Claim 11 wherein the fucosylated
Nglycans are greater than 50 mole percent of the
plurality of -glycans. 13. The glycoprotein
composition of Claim 11 wherein the fucosylated
Nglycans are greater than 75 mole percent of the
plurality of iV-glycans. 14. The glycoprotein
composition of Claim 11 wherein the fucosylated
Nglycans are greater than 80 mole percent of the
plurality of -glycans. 15. The glycoprotein
composition of Claim 11 wherein the fucose is in an
a1,3 -linkage with the GIcNAc at the reducing end of
the -glycan.16. The glycoprotein composition of Claim
11 wherein the fucose is in an al,6-linkage with the
GIcNAc at the reducing end of the -glycan. 17. The
glycoprotein composition of Claim 11 wherein the
fucose is in an al ,2-linkage with the Gal at the
non-reducing end of the 7V-glycan. 18. The
glycoprotein composition of Claim 11 wherein the
fucose is in an a1,3 -linkage with the GlcNac at the
non-reducing end of the iV-glycan. 19. The
glycoprotein composition of Claim 11 wherein the
fucose is in an al,4-linkage with a GIcNAc at the
non-reducing end of the 7V-glycan. 20. A hybrid vector
comprising (a) DNA regulatory elements which are
functional in a lower eukaryotic host cell operatively
linked to (b) DNA coding sequence encoding a fusion
protein encoding (i) a targeting sequence; and (b) a
catalytic domain of a fucosylation pathway enzyme. 21.
The vector of Claim 17 wherein the fucosylation
pathway enzyme is a fucosyltransferase. 


