
GLUCOCORTICOID MIMETICS. METHODS OF MAKING THEM.
PHARMACEUTICAL COMPOSITIONS. AND USES THEREOF Field of
the Invention The present invention relates to
glucocorticoid mimetics or ligands, methods of making
such compounds, their use in pharmaceutical
compositions, and their use in modulating the
glucocorticoid receptor function, treating
disease-states or conditions mediated by the
glucocorticoid receptor function in a patient in need
of such treatment, and other uses. Background of the
Invention Glucocorticoids, a class of corticosteroids,
are endogenous hormones with profound effects on the
immune system and multiple organ systems. They
suppress a variety of immune and inflammatory
functions by inhibition of inflammatory cytokines such
as IL-I, IL-2, IL-6, and TNF, inhibition of
arachidonic acid metabolites including prostaglandins
and leukotrienes, depletion of T-lymphocytes, and
reduction of the expression of adhesion molecules on
endothelial cells (PJ. Barnes, Clin. ScL, 1998, 94,
pp. 557-572; PJ. Barnes et al, Trends Pharmacol. ScL,
1993, 14, pp. 436-441). In addition to these effects,
glucocorticoids stimulate glucose production in the
liver and catabolism of proteins, play a role in
electrolyte and water balance, reduce calcium
absorption, and inhibit osteoblast function. The
anti-inflammatory and immune suppressive activities of
endogenous glucocorticoids have stimulated the
development of synthetic glucocorticoid derivatives
including dexamethasone, prednisone, and prednisolone
(L. Parente, Glucocorticoids , NJ. Goulding and RJ.
Flowers (eds.), Boston: Birkhauser, 2001, pp. 35-54).
These have found wide use in the treatment of
inflammatory, immune, and allergic disorders including
rheumatic diseases such as rheumatoid arthritis,
juvenile arthritis, and ankylosing spondylitis,
dermatological diseases including psoriasis and
pemphigus, allergic disorders including allergic
rhinitis, atopic dermatitis, and contact dermatitis,
pulmonary conditions including asthma and chronic
obstructive pulmonary disease (COPD), and other immune
and inflammatory diseases including Crohn disease,
ulcerative colitis, systemic lupus erythematosus,
autoimmune chronic active hepatitis, osteoarthritis,
tendonitis, and bursitis (J. Toogood, Glucocorticoids
, NJ. Goulding and RJ. Flowers (eds.), Boston:
Birkhauser, 2001, pp. 161-174). They have also been
used to help prevent rejection in organ
transplantation.Unfortunately, in addition to the
desired therapeutic effects of glucocorticoids, their
use is associated with a number of adverse side
effects, some of which can be severe and
lifethreatening. These include alterations in fluid
and electrolyte balance, edema, weight gain,
hypertension, muscle weakness, development or
aggravation of diabetes mellitus, and osteoporosis.
Therefore, a compound that exhibited a reduced side
effect profile while maintaining the potent
anti-inflammatory effects would be particularly
desirable especially when treating a chronic disease.
The effects of glucocorticoids are mediated at the
cellular level by the glucocorticoid receptor (R.H.
Oakley and J . Cidlowski, Glucocorticoids , NJ.
Goulding and RJ. Flowers (eds.), Boston: Birkhauser,
2001, pp. 55-80). The glucocorticoid receptor is a
member of a class of structurally related
intracellular receptors that when coupled with a
ligand can function as a transcription factor that
affects gene expression (R.M. Evans, Science, 1988,
240, pp. 889-895). Other members of the family of
steroid receptors include the mineralocorticoid,
progesterone, estrogen, and androgen receptors. In
addition to the effects mentioned above for
glucocorticoids, hormones that act on this receptor
family have a profound influence on body homeostasis,
mineral metabolism, the stress response, and
development of sexual characteristics. Glucocorticoids
, NJ. Goulding and RJ. Flowers (eds.), Boston:
Birkhauser, 2001, is hereby incorporated by reference
in its entirety to better describe the state of the
art. A molecular mechanism which accounts for the
beneficial anti-inflammatory effects and the undesired
side effects has been proposed (e.g., S. Heck et al,
EMBO J, 1994, J/7, pp. 4087- 4095; H.M. Reichardt et
al, Cell, 1998, 93, pp. 531-541; F. Tranche et al,
Curr. Opin. in Genetics and Dev., 1998, 8, pp.
532-538). Many of the metabolic and cardiovascular
side effects are thought to be the result of a process
called transactivation. In transactivation, the
translocation of the ligand-bound glucocorticoid
receptor to the nucleus is followed by binding to
glucocorticoid response elements (GREs) in the
promoter region of side effect-associated genes, for
example, phosphoenolpyruvate carboxy kinase (PEPCK),
in the case of increased glucose production. The
result is an increased transcription rate of these
genes which is believed to result, ultimately, in the
observed side effects. The anti-inflammatory effects
are thought to be due to a process called
transrepression. In general, transrepression is a
processindependent of DNA binding that results from
inhibition of NF-kB and AP-I -mediated pathways,
leading to down regulation of many inflammatory and
immune mediators. Additionally, it is believed that a
number of the observed side effects may be due to the
crossreactivity of the currently available
glucocorticoids with other steroid receptors,
particularly the mineralocorticoid and progesterone
receptors. Thus, it may be possible to discover
ligands for the glucocorticoid receptor that are
highly selective and, upon binding, can dissociate the
transactivation and transrepression pathways,
providing therapeutic agents with a reduced side
effect profile. Assay systems to determine effects on
transactivation and transrepression have been
described (e.g., CM. Bamberger and H.M. Schulte, Eur.
J . Clin. Invest., 2000, 30 (suppl. 3), pp. 6-9).
Selectivity for the glucocorticoid receptor may be
determined by comparing the binding affinity for this
receptor with that of other steroid family receptors
including those mentioned above. Glucocorticoids also
stimulate the production of glucose in the liver by a
process called gluconeogenesis and it is believed that
this process is mediated by transactivation events.
Increased glucose production can exacerbate type II
diabetes, therefore a compound that selectivity
inhibited glucocorticoid mediated glucose production
may have therapeutic utility in this indication (J.E.
Freidman et al.J. Biol. Chem., 1997, 272, pp.
31475-31481). Novel ligands for the glucocorticoid
receptor have been described in the scientific and
patent literature. For example, PCT International
Publication No. WO 99/33786 discloses
triphenylpropanamide compounds with potential use in
treating inflammatory diseases. PCT International
Publication No. WO 00/66522 describes non-steroidal
compounds as selective modulators of the
glucocorticoid receptor potentially useful in treating
metabolic and inflammatory diseases. PCT International
Publication No. WO 99/41256 describes tetracyclic
modulators of the glucocorticoid receptor potentially
useful in treating immune, autoimmune, and
inflammatory diseases. U.S. Patent No. 5,688,810
describes various non-steroidal compounds as
modulators of glucocorticoid and other steroid
receptors. PCT International Publication No. WO
99/63976 describes a non-steroidal, liver-selective
glucocorticoid antagonist potentially useful in the
treatment of diabetes. PCT International Publication
No. WO 00/32584 discloses non-steroidal compounds
having anti-inflammatory activity withdissociation
between anti-inflammatory and metabolic effects. PCT
International Publication No. WO 98/54159 describes
non-steroidal cyclically substituted acylanilides with
mixed gestagen and androgen activity. U.S. Patent No.
4,880,839 describes acylanilides having progestational
activity and EP 253503 discloses acylanilides with
antiandrogenic properties. PCT International
Publication No. WO 97/27852 describes amides that are
inhibitors of farnesylprotein transferase. A compound
that is found to interact with the glucocorticoid
receptor in a binding assay could be an agonist or an
antagonist. The agonist properties of the compound
could be evaluated in the transactivation or
transrepression assays described above. Given the
efficacy demonstrated by available glucocorticoid
drugs in inflammatory and immune diseases and their
adverse side effects, there remains a need for novel
glucocorticoid receptor agonists with selectivity over
other members of the steroid receptor family and a
dissociation of the transactivation and
transrepression activities. Alternatively, the
compound may be found to have antagonist activity. As
mentioned above, glucocorticoids stimulate glucose
production in the liver. Increased glucose production
induced by glucocorticoid excess can exacerbate
existing diabetes, or trigger latent diabetes. Thus a
ligand for the glucocorticoid receptor that is found
to be an antagonist may be useful, inter alia, for
treating or preventing diabetes. U.S. Patent No.
6,903,215 and U.S. Patent Application Publication No.
2005/0176706 are each incorporated by reference in
their entireties. Previously U.S. Patent No. 6,903,215
and U.S. Patent Application Publication No.
2005/0176706 have disclosed glucocorticoid mimetics
that displayed glucocorticoid selectivity and potency.
However, as can be appreciated by one skilled in the
art, in order for a compound to become a drug, it must
maintain the aforementioned favorable biological
properties and have improved drug-like properties over
such previously disclosed glucocorticoid mimetics,
including reduced cytochrome P450 inhibition
(indicative of drug-drug interaction potential);
reduced hERG inhibition (indicative of QT prolongation
of the heart); and/or improved pharmacokinetic
properties and physical-chemical properties.The
compounds of the present invention solve this problem
by maintaining their favorable biological profile and
showing unexpected improvements in their drug-like
properties Summary of the Invention The instant
invention is directed to compounds of Formula (I)
wherein: R1 is an aryl or heteroaryl group, each
optionally independently substituted with one, two, or
three substituent groups selected from C1-C5 alkyl,
aminocarbonyl, C1-C5 alkylaminocarbonyl, C1-C5
dialkylaminocarbonyl, aminosulfonyl, C1-C5
alkylaminosulfonyl, C1-C5 dialkylaminosulfonyl,
halogen, hydroxyl, cyano, and C1-C5 alkylthio wherein
the sulfur atom is optionally oxidized to a sulfoxide
or sulfone; R2 is C1-C5 alkylthio wherein the sulfur
atom is optionally oxidized to a sulfoxide or sulfone,
optionally independently substituted with one, two, or
three substituent groups selected from halogen,
hydroxy, oxo, cyano, alkoxyalkyl, and aminocarbonyl; X
is CH or N; and Y is CH or N, wherein X and Y are not
both CH, or a tautomer, optical isomer, prodrug,
co-crystal, or salt thereof. Another aspect of the
invention includes compounds of Formula (I) wherein:R1
is an aryl or heteroaryl group, each optionally
independently substituted with one, two, or three
substituent groups selected from C1-C5 alkyl,
aminocarbonyl, C1-C5 alkylaminocarbonyl, Ci-C5
dialkylaminocarbonyl, aminosulfonyl, Ci-C5
alkylaminosulfonyl, Ci-C5 dialkylaminosulfonyl,
halogen, hydroxyl, cyano, and Ci-C5 alkylthio wherein
the sulfur atom is optionally oxidized to a sulfoxide
or sulfone; R2 is Ci-C5 alkylthio wherein the sulfur
atom is optionally oxidized to a sulfoxide or sulfone,
each optionally independently substituted with one to
three substituent groups selected from halogen,
hydroxy, oxo, cyano, alkoxyalkyl, and aminocarbonyl; X
is CH; and Y is N, or a tautomer, prodrug, co-crystal,
or salt thereof. Yet another aspect of the invention
includes compounds of Formula (I) wherein: R1 is an
aryl group, optionally substituted with one, two, or
three substituent groups independently selected from
Ci, C2, orC3 alkyl, aminocarbonyl, halogen, and Ci,
C2, or C3 alkylthio wherein the sulfur atom is
optionally oxidized to a sulfoxide or sulfone; R2 is
Ci, C2, or C3 alkylthio wherein the sulfur atom is
optionally oxidized to a sulfoxide or sulfone, each
optionally independently substituted with one to three
substituent groups selected from halogen, hydroxy,
oxo, cyano, alkoxyalkyl, and aminocarbonyl; X is CH;
and Y is N, or a tautomer, prodrug, co-crystal, or
salt thereof.Yet another aspect of the invention
includes compounds of Formula (I) wherein: R1 is a
phenyl group, optionally substituted with one or two
substituent groups independently selected from
aminocarbonyl, methyl, fluoro, chloro, bromo, and Ci
or C2 alkylthio wherein the sulfur atom is optionally
oxidized to a sulfoxide or sulfone; R2 is Ci, C2, or
C3 alkylthio wherein the sulfur atom is optionally
oxidized to a sulfoxide or sulfone; X is CH; and Y is
N, or a tautomer, prodrug, co-crystal, or salt
thereof. Still another aspect of the invention
includes compounds of Formula (I) wherein: R1 is a
phenyl group, optionally substituted with one or two
substituent groups independently selected from
aminocarbonyl, methyl, fluoro, chloro, bromo, and Ci
or C2 alkylthio wherein the sulfur atom is optionally
oxidized to a sulfoxide or sulfone; 



R2 is Ci or C2 alkylthio wherein the sulfur atom is
optionally oxidized to a sulfoxide or sulfone; X is
CH; and Y is N, or a tautomer, prodrug, co-crystal, or
salt thereof. An aspect of the invention includes a
product resulting from the reaction of a compound of
Formula (I) or a tautomer or optical isomer thereof as
set forth above and herein, with a suitableacid. The
suitable acid is preferably hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid,
sulfamic acid, nitric acid, phosphoric acid, and the
like, and organic acids such as acetic acid,
trichloroacetic acid, trifluoroacetic acid, adipic
acid, alginic acid, ascorbic acid, aspartic acid,
benzenesulfonic acid, benzoic acid, 2-acetoxybenzoic
acid, butyric acid, camphoric acid, camphorsulfonic
acid, cinnamic acid, citric acid, digluconic acid,
ethanesulfonic acid, glutamic acid, glycolic acid,
glycerophosphoric acid, hemisulfic acid, heptanoic
acid, hexanoic acid, formic acid, fumaric acid,
2-hydroxyethanesulfonic acid (isethionic acid), lactic
acid, maleic acid, hydroxymaleic acid, malic acid,
malonic acid, mandelic acid, mesitylenesulfonic acid,
methanesulfonic acid, naphthalenesulfonic acid,
nicotinic acid, 2-naphthalenesulfonic acid, oxalic
acid, pamoic acid, pectinic acid, phenylacetic acid,
3-phenylpropionic acid, picric acid, pivalic acid,
propionic acid, pyruvic acid, pyruvic acid, salicylic
acid, stearic acid, succinic acid, sulfanilic acid,
tartaric acid, /7-toluenesulfonic acid, or undecanoic
acid. The following are representative preferred
compounds of Formula (I) according to the
invention:FGF21 MUTANTS AND USES THEREOF This
application claims priority benefit of U.S.
Provisional Patent Application No. 61/058,861 filed
June 4, 2008, U.S. Provisional Patent Application No.
61/058,919 filed June 4, 2008, U.S. Provisional Patent
Application No. 61/164,364 filed Mar 27, 2009, and
U.S. Provisional Patent Application No. 61/175,736
filed May 5, 2009, each of which is incorporated
herein in its entirety. BACKGROUND OF THE INVENTION 1.
Field of the Invention The invention relates to
nucleic acid molecules encoding FGF21 mutant
polypeptides, FGF21 mutant polypeptides,
pharmaceutical compositions comprising FGF21 mutant
polypeptides, and methods for treating metabolic
disorders using such nucleic acids, polypeptides, or
pharmaceutical compositions. 2. Background of the
Invention FGF21 is a secreted polypeptide that belongs
to a subfamily of fibroblast growth factors (FGFs)
that includes FGF19, FGF21, and FGF23 (Itoh et al,
2004, Trend Genet. 20: 563-69). FGF21 is an atypical
FGF in that it is heparin independent and functions as
a hormone in the regulation of glucose, lipid, and
energy metabolism. FGF21 was isolated from a liver
cDNA library as a hepatic secreted factor. It is
highly expressed in liver and pancreas and is the only
member of the FGF family to be primarily expressed in
liver. Transgenic mice overexpressing FGF21 exhibit
metabolic phenotypes of slow growth rate, low plasma
glucose and triglyceride levels, and an absence of
age-associated type 2 diabetes, islet hyperplasia, and
obesity. Pharmacological administration of recombinant
FGF21 protein in rodent and primate models results in
normalized levels of plasma glucose, reduced
triglyceride and cholesterol levels, and improved
glucose tolerance and insulin sensitivity. In
addition, FGF21 reduces body weight and body fat by
increasing energy expenditure, physical activity, and
metabolic rate. Experimental research provides support
for thepharmacological administration of FGF21 for the
treatment of type 2 diabetes, obesity, dyslipidemia,
and other metabolic conditions or disorders in humans.
Human FGF21 has a short half-life in vivo. In mice,
the half- life of human FGF21 is 1 to 2 hours, and in
cynomolgus monkeys, the half-life is 2.5 to 3 hours.
In developing an FGF21 protein for use as a
therapeutic in the treatment of type 2 diabetes, an
increase in half-life would be desirable. FGF21
proteins having an enhanced half-life would allow for
less frequent dosing of patients being administered
the protein. Such proteins are described herein.
SUMMARY OF THE INVENTION The present disclosure
provides an isolated polypeptide comprising an amino
acid sequence of SEQ ID NO:4, further comprising the
substitution of any amino acid for: the alanine
residue at position 45, the leucine residue at
position 86, the leucine residue at position 98, the
alanine residue at position 111, the alanine residue
at position 129, the glycine residue at position 170,
the proline residue at position 171 or the serine
residue at position 172, and combinations thereof. In
one embodiment the isolated polypeptide comprises the
substitution of any amino acid for: the leucine
residue at position 98, the proline residue at 171 or
both the leucine residue at position 98 and the
proline residue at position 171. In another embodiment
the isolated polypeptide comprises the substitution of
any amino acid for both the leucine residue at
position 98 and the proline residue at position 171.
The present disclosure also provides an isolated
polypeptide comprising an amino acid sequence of SEQ
ID NO: 4 having: (a) at least one amino acid
substitution that is: (i) a glutamine, isoleucine, or
lysine residue at position 19; (ii) a histidine,
leucine, or phenylalanine residue at position 20;
(iii) an isoleucine, phenylalanine, tyrosine, or
valine residue at position 21; (iv) an isoleucine,
phenylalanine, or valine residue at position 22; (v)
an alanine or arginine residue at position 150; (vi)
an alanine or valine residue at position 151; (vii) a
histidine, leucine, phenylalanine, or valine residue
at position 152; (viii) an alanine, asparagine,
aspartic acid, cysteine, glutamic acid, glutamine,
proline, or serine residue at position 170; (ix) an
alanine, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine,
histidine, lysine, serine, threonine,tryptophan, or
tyrosine residue at position 171; (x) a leucine or
threonine residue at position 172; or (xi) an arginine
or glutamic acid residue at position 173; and (b) at
least one amino acid substitution that is: (i) an
arginine, glutamic acid, or lysine residue at position
26; (ii) an arginine, glutamic acid, glutamine,
lysine, or threonine residue at position 45; (iii) a
threonine residue at position 52; (iv) a cysteine,
glutamic acid, glycine, or serine residue at position
58; (v) an alanine, arginine, glutamic acid, or lysine
residue at position 60; (vi) an alanine, arginine,
cysteine, or histidine residue at position 78; (vii) a
cysteine or threonine residue at position 86; (viii)
an alanine, arginine, glutamic acid, lysine, or serine
residue at position 88; (ix) an arginine, cysteine,
glutamic acid, glutamine, lysine, or threonine residue
at position 98; (x) an arginine, aspartic acid,
cysteine, or glutamic acid residue at position 99;
(xi) a lysine or threonine residue at position 111;
(xii) an arginine, asparagine, aspartic acid, glutamic
acid, glutamine, histidine, or lysine residue at
position 129; or (xiii) an arginine, glutamic acid,
histidine, lysine, or tyrosine residue at position
134; and combinations thereof. In one embodiment the
residue at position 98 is arginine and the residue at
position 171 is proline, and in another embodiment the
polypeptide can comprise an amino acid sequence that
is at least 85 percent identical to the amino acid
sequence of SEQ ID NO: 4, but wherein the at least one
amino acid substitution of (a)(i)-(xi) and
(b)(i)-(xiii) is not further modified. The present
disclosure additionally provides an isolated
polypeptide comprising an amino acid sequence of SEQ
ID NO: 4 having at least one amino acid substitution
that is: (a) a glutamine, lysine or isoleucine residue
at position 19; (b) a histidine, leucine, or
phenylalanine residue at position 20; (c) an
isoleucine, phenylalanine, tyrosine, or valine residue
at position 21; (d) an isoleucine, phenylalanine, or
valine residue at position 22; (e) an alanine or
arginine residue at position 150; (f) an alanine or
valine residue at position 151; (g) a histidine,
leucine, phenylalanine, or valine residue at position
152; (h) an alanine, aspartic acid, cysteine, or pro
line residue at position 170; (i) an alanine,
arginine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, glycine, histidine, lysine,
serine, threonine, tryptophan, or tyrosine residue at
position 171; (j) a leucine residue at position 172;
or (k) an arginine or glutamic acid residue at
position 173; and combinations thereof. In one
embodiment the residue at position 171 is proline, and
in another embodiment the polypeptide can comprise an
amino acid sequence that is at least85 percent
identical to the amino acid sequence of SEQ ID NO: 4,
but wherein the at least one amino acid substitution
of (a)-(k) is not further modified. The present
disclosure further provides an isolated polypeptide
comprising an amino acid sequence of SEQ ID NO: 4
having at least one amino acid substitution that is:
(a) an arginine, glutamic acid, or lysine residue at
position 26; (b) an arginine, glutamic acid,
glutamine, lysine, or threonine residue at position
45; (c) a threonine residue at position 52; (d) a
glutamic acid, glycine, or serine residue at position
58; (e) an alanine, arginine, glutamic acid, or lysine
residue at position 60; (f) an alanine, arginine, or
histidine residue at position 78; (g) an alanine
residue at position 88; (h) an arginine, glutamic
acid, glutamine, lysine, or threonine residue at
position 98; (i) an arginine, aspartic acid, cysteine,
or glutamic acid residue at position 99; (j) a lysine
or threonine residue at position 111; (k) an arginine,
asparagine, aspartic acid, glutamic acid, glutamine,
histidine, or lysine residue at position 129; or (1)
an arginine, glutamic acid, histidine, lysine, or
tyrosine residue at position 134; and combinations
thereof. In one embodiment, the residue at position 98
is arginine and in another embodiment the polypeptide
can comprise an amino acid sequence that is at least
85 percent identical to the amino acid sequence of SEQ
ID NO: 4, but wherein the at least one amino acid
substitution of (a)-(l) is not further modified. In
various embodiments, the polypeptides disclosed herein
can further comprise at least one amino acid
substitution that is: (a) a phenylalanine, proline,
alanine, serine or glycine at position 179; (b) a
glutamic acid, glycine, proline, or serine at position
180; or (c) a lysine, glycine, threonine, alanine,
leucine, or proline at position 181 and can further
comprise 1 to 10 amino acid residues fused to the
C-terminus of the polypeptide, and can be any amino
acid, for example, one or more residues selected from
the group consisting of glycine, proline and
combinations thereof. In various embodiments, the
polypeptides disclosed herein can comprise (a) an
amino-terminal truncation of no more than 8 amino acid
residues, wherein the polypeptide is capable of
lowering blood glucose in a mammal; (b) a
carboxyl-terminal truncation of no more than 12 amino
acid residues, wherein the polypeptide is capable of
lowering blood glucose in a mammal; or (c) an
amino-terminal truncation of no more than 8 amino acid
residues and a carboxyl-terminal truncation of no more
than 12 aminoacid residues, wherein the polypeptide is
capable of lowering blood glucose in a mammal. In some
embodiments, the polypeptides disclosed herein can be
covalently linked to one or more polymers, such as
PEG. In other embodiments, the polypeptides of the
present invention can be fused to a heterologous amino
acid sequence, optionally via a linker, such as
GGGGGSGGGSGGGGS (SEQ ID NO: 23). The heterologous
amino acid sequence can be an IgG constant domain or
fragment thereof, such as the amino acid sequence of
SEQ ID NO: 13. Such fusion polypeptides disclosed
herein can also form multimers. The present disclosure
also provides pharmaceutical compositions comprising
the polypeptides disclosed herein and a
pharmaceutically acceptable formulation agent. Such
pharmaceutical compositions can be used in a method
for treating a metabolic disorder, and the method
comprises administering to a human patient in need
thereof a pharmaceutical composition of the present
invention. Metabolic disorders that can be treated
include diabetes and obesity. Also provided are
isolated nucleic acid molecules encoding the
polypeptides of disclosed herein, as well as vectors
comprising such nucleic acid molecules and host cells
comprising such nucleic acid molecules. Truncated
forms of the polypeptide of SEQ ID NO:4 are also
disclosed. In various embodiments the polypeptide can
comprise: (a) an amino-terminal truncation of no more
than 8 amino acid residues, wherein the polypeptide is
capable of lowering blood glucose in a mammal; (b) a
carboxyl-terminal truncation of no more than 12 amino
acid residues, wherein the polypeptide is capable of
lowering blood glucose in a mammal; or (c) an
amino-terminal truncation of no more than 8 amino acid
residues and a carboxyl-terminal truncation of no more
than 12 amino acid residues, wherein the polypeptide
is capable of lowering blood glucose in a mammal. The
present disclosure additionally provides an isolated
fusion protein that can 



comprise: (a) an IgG constant domain; (b) a linker
sequence fused to the IgG constant domain; and (c) an
FGF21 mutant fused to the linker sequence and
comprising the amino acid sequence of SEQ ID NO: 4
wherein the an arginine residue has been substituted
for the leucine residue at position 98 and a glycine
residue has been substituted for theproline residue at
position 171. In one embodiment, the linker sequence
can comprise GGGGGSGGGSGGGGS (SEQ ID NO:23) and in
another the IgG constant domain can comprise SEQ ID
NO: 13. In another embodiment, the linker sequence
comprises GGGGGSGGGSGGGGS (SEQ ID NO:23) and the IgG
constant domain comprises the amino acid sequence of
SEQ ID NO: 13. In still another embodiment the N
terminus of the linker is fused to the C terminus of
the IgG constant domain and the N terminus of the
FGF21 mutant is fused to the C terminus of the linker.
The disclosed fusion proteins can form multimers. In
various embodiments of the fusion protein, the FGF21
mutant component can comprise at least one amino acid
substitution that is: (a) a phenylalanine, proline,
alanine, serine or glycine at position 179; (b) a
glutamic acid, glycine, proline, or serine at position
180; or (c) a lysine, glycine, threonine, alanine,
leucine, or proline at position 181 and can further
comprise 1 to 10 amino acid residues fused to the
C-terminus of the FGF21 mutant, and the 1 to 10 amino
acid residues, and can be any amino acid, for example,
one or more residues selected from the group
consisting of glycine, proline and combinations
thereof. In still other embodiments of the fusion
protein, the FGF21 mutant component can comprise: (a)
an amino-terminal truncation of no more than 8 amino
acid residues, wherein the polypeptide is capable of
lowering blood glucose in a mammal; (b) a
carboxyl-terminal truncation of no more than 12 amino
acid residues, wherein the polypeptide is capable of
lowering blood glucose in a mammal; or (c) an
amino-terminal truncation of no more than 8 amino acid
residues and a carboxyl-terminal truncation of no more
than 12 amino acid residues, wherein the polypeptide
is capable of lowering blood glucose in a mammal. In
another embodiment, the FGF21 mutant component of a
fusion protein can comprise an amino acid sequence
that is at least 85 percent identical to the amino
acid sequence of SEQ ID NO: 4, but wherein the
arginine and glycine residues are not further
modified. The present disclosure also provides
pharmaceutical compositions comprising the fusion
protein disclosed herein and a pharmaceutically
acceptable formulation agent. Such pharmaceutical
compositions can be used in a method for treating a
metabolic disorder, the method comprising
administering to a human patient in need thereof
apharmaceutical composition of the present invention.
Metabolic disorders that can be treated include
diabetes and obesity. Also provided are isolated
nucleic acid molecules encoding the fusion protein
disclosed herein, as well as vectors comprising such
nucleic acid molecules and host cells comprising such
nucleic acid molecules. Specific embodiments of the
present invention will become evident from the
following more detailed description of certain
embodiments and the claims. BRIEF DESCRIPTION OF THE
DRAWINGS Figures IA- IB show the results of an
ELK-luciferase activity assay performed on the FGF21
truncation mutants 7-181 and 8-181 (Figure IA) and the
FGF21 truncation mutants 1-172, 1-171, 1-169, and
1-164 (Figure IB); each panel shows the results
obtained for a human FGF21 control. Figure 2 shows the
results of an ELK-luciferase activity assay performed
on a human FGF21 control and the FGF21 truncation
mutants 3-181, 4-181, 5-181, 7-181, 8- 181, 1-180,
1-178, 1-177, 1-176, 1-175, 1-174, 1-173, 1-172,
9-181, and 1-149. Figure 3 shows the blood glucose
levels measured in mice injected with PBS (solid bar),
human FGF21 control (open bar), or the FGF21
truncation mutants 8-181 (gray bar) and 9-181
(stippled bar). Figure 4 shows the percent change in
blood glucose levels measured in mice injected with
PBS (solid circles), an Fc-FGF21 control (WT) (open
circles), or truncated Fc-FGF21 fusion proteins
comprising amino acid residues 5-181 (solid triangles)
or 7- 181 (open triangles). Figure 5 shows the percent
change in blood glucose levels measured in mice
injected with PBS (solid circles), an FGF21-Fc control
(WT) (open circles), a truncated FGF21-Fc fusion
protein comprising residues 1-175 (solid triangles),
or a truncated Fc- FGF21 protein comprising amino acid
residues 1-171 (open triangles). Figures 6A-6D show
the results of liquid chromatography-mass spectrometry
(LC-MS) analysis of a human Fc(5)FGF21 control sample
(Figure 6A) and samples of Fc(5)FGF21 drawn from mice
at 6 hours (Sample D6; Figure 6B), 24 hours (Sample
D24; Figure 6C), and 48 hours (Sample D48; Figure 6D)
after injection.Figures 7A-7D show the results if
LC-MS analysis of a mammalian-derived human FGF21(3)Fc
control sample (Figure 7A) and samples of FGF21(3)Fc
drawn from mice at 6 hours (Sample E6; Figure 7B), 24
hours (Sample E24; Figure 7C), and 48 hours (Sample
E48; Figure 7D) after injection. Figures 8A-8D show
the results of LC-MS analysis of an Fc(15)FGF21
control sample (Figure 8A) and samples of Fc(15)FGF21
drawn from mice at 6 hours (Figure 8B), 24 hours
(Figure 8C), and 48 hours (Figure 8D) after injection.
Figures 9A-9D show the results of LC-MS analysis of an
FGF21(15)Fc control sample (Figure 9A) and samples of
FGF21(15)Fc drawn from mice at 6 hours (Figure 9B), 24
hours (Figure 9C), and 48 hours (Figure 9D) after
injection. Figures 10A- 1OB show the cleavage sites
identified by LC-MS analysis of Fc(15)FGF21 (Figure
1OA, SEQ ID NO:24) and FGF21(15)Fc (Figure 1OB, SEQ ID
NO:25) fusion proteins injected into mice. Figure 11
shows the blood glucose levels measured in mice
injected with PBS (solid bar), Fc(15)FGF21 (open bar),
or the Fc(15)FGF21 mutants Fc(15)FGF21 G170E (gray
bar), Fc(15)FGF21 P171A (stippled bar), Fc(15)FGF21
S172L (open diagonally crosshatched bar), Fc(15)FGF21
G170E/P171A/S172L (solid horizontally crosshatched
bar), or Fc(15)FGF21 G151A (open diagonally
crosshatched bar). Figure 12 shows the percent change
in blood glucose levels measured in mice injected with
PBS (solid circles), Fc(15)FGF21 (open circles), or
the Fc(15)FGF21 mutants Fc(15)FGF21 G170E (solid
triangles), Fc(15)FGF21 P171A (open triangles),
Fc(15)FGF21 S172L (solid diamonds), Fc(15)FGF21
G170E/P171A/S172L (open diamonds), or Fc(15)FGF21
G151A (solid squares). Figure 13 shows the blood
glucose levels measured in mice injected with PBS
(solid bar), Fc(15)FGF21 (open bar), or the
Fc(15)FGF21 mutants Fc(15)FGF21 P150A/G151A/I152V
(gray bar), Fc(15)FGF21 G170E (open diagonally
crosshatched bar), Fc(15)FGF21 G170E/P171A (gray
diagonally crosshatched bar), or Fc(15)FGF21
G170E/S172L (open diagonally crosshatched bar). Figure
14 shows the percent change in blood glucose levels
measured in mice injected with PBS (solid squares),
Fc(15)FGF21 (open squares), or the Fc(15)FGF21 mutants
Fc(15)FGF21 P150A/G151A/I152V (solid inverted
triangles), Fc(15)FGF21G170E (open inverted
triangles), Fc(15)FGF21 G170E/P171A (solid circles),
or Fc(15)FGF21 G170E/S172L (open circles). Figure 15
shows the blood glucose levels measured in mice
injected with PBS (solid bar) or the Fc(15)FGF21
mutants Fc(15)FGF21 G170E (open bar), Fc(15)FGF21
G170A (gray bar), Fc(15)FGF21 G170C (open crosshatched
bar), Fc(15)FGF21 G170D (gray and white bar),
Fc(15)FGF21 G170N (solid crosshatched bar), or
Fc(15)FGF21 G170S (open crosshatched bar). Figure 16
shows the percent change in blood glucose levels
measured in mice injected with PBS (solid circles) or
the Fc(15)FGF21 mutants Fc(15)FGF21 G170E (open
circles), Fc(15)FGF21 G170A (solid triangles),
Fc(15)FGF21 G170C (open triangles), Fc(15)FGF21 G170D
(solid diamonds), Fc(15)FGF21 G170N (open diamonds),
or Fc(15)FGF21 G170S (inverted solid triangles).
Figure 17 shows the blood glucose levels measured in
mice injected with PBS (solid bar) or the Fc(15)FGF21
mutants Fc(15)FGF21 G170E (open bar), Fc(15)FGF21
P171E (gray bar), Fc(15)FGF21 P171H (solid
crosshatched bar), Fc(15)FGF21 P171Q (open
crosshatched bar), Fc(15)FGF21 P171T (stippled bar),
or Fc(15)FGF21 P171Y (gray crosshatched bar). Figure
18 shows the percent change in blood glucose levels
measured in mice injected with PBS (solid circles) or
the Fc(15)FGF21 mutants Fc(15)FGF21 G170E (open
circles), Fc(15)FGF21 P171E (solid triangles),
Fc(15)FGF21 P171H (open triangles), Fc(15)FGF21 P171Q
(solid diamonds), Fc(15)FGF21 P171T (open diamonds),
or Fc(15)FGF21 P171Y (solid squares). Figures 19A-19D
show the results of LC-MS analysis of an Fc(15)FGF21
control sample (Figure 19A) and samples drawn from
mice at time 6 hours (Figure 19B), 24 hours (Figure
19C), and 48 hours (Figure 19D) after injection.
Figures 20A-20D show the results of LC-MS analysis of
an Fc(15)FGF21 G170E control sample (Figure 20A) and
samples of Fc(15)FGF21 G170E drawn from mice at 6
hours (Figure 20B), 24 hours (Figure 20C), and 48
hours (Figure 20D) after injection. Figures 21A-21D
show the results of LC-MS analysis of an Fc(15)FGF21
P171A control sample (Figure 21A) and samples of
Fc(15)FGF21 P171A drawn from mice at 6 hours (Figure
21B), 24 (Figure 21C), and 48 hours (Figure 21D) after
injection.Figures 22A-22D show the results of LC-MS
analysis of an Fc(15)FGF21 S172L control sample
(Figure 22A) and samples of Fc(15)FGF21 S172L drawn
from mice at 6 hours (Figure 22B), 24 hours (Figure
22C), and 48 hours (Figure 22D) after injection.
Figures 23A-23D show the cleavage sites identified by
LC-MS analysis of Fc(15)FGF21 (Figure 23A, SEQ ID
NO:24), Fc(15)FGF21 G170E (Figure 23B, SEQ ID NO:26),
Fc(15)FGF21 P171A (Figure 23C, SEQ ID NO:27), and
Fc(15)FGF21 S172L (Figure 23D, SEQ ID NO:28) fusion
proteins injected in mice. Figures 24A-24C show the
results of an ELK-luciferase activity assay performed
on the FGF21 mutants FGF21 L99R, FGF21 L99D, and FGF21
Al 1IT (Figure 24A); the FGF21 mutants FGF21 A129D,
FGF21 A129Q, and FGF21 A134K (Figure 24B); and the
FGF21 mutants FGF21 A134Y, FGF21 A134E, and FGF21
A129K (Figure 24C); each panel shows the results
obtained for a human FGF21 control. Figures 25A-25D
show the results of an ELK-luciferase activity assay
performed on the Fc-FGF21 mutants Fc-FGF21 P171G,
Fc-FGF21 P171S, and Fc-FGF21 P171T (Figure 25A); the
Fc-FGF21 mutants Fc-FGF21 P171Y, Fc-FGF21 P171W, and
Fc- FGF21 P171C (Figure 25B); Fc(15)FGF21, Fc(15)FGF21
A45K/G170E, and FGF21 A45K (Figure 25C); and
Fc(15)FGF21, Fc(15)FGF21 P171E, and Fc(15)FGF21
A45K/G170E (Figure 25D); each panel shows the results
obtained for a human FGF21 control. Figures 26A-B show
the aggregation as a function of time for wild type
mature FGF21 and various FGF21 mutants; Figure 26A
shows the change in percent aggregation for an FGF21
control (WT, solid diamonds) and FGF21 A45K (solid
circles) following incubation of 65 mg/mL protein at
40C for 1, 2, and 4 days, while Figure 26B shows the
change in percent aggregation for an FGF21 control
(WT) and FGF21 P78C, P78R, L86T, L86R, L98C, L98R, Al
I lT, A129D, A129Q, A129K, A134K, A134Y, and A134E
(all labeled on the plot) following incubation of 65
mg/mL protein at 4oC for 1, 6, and 10 days. Figure 27
shows the results of an ELK-luciferase activity assay
performed on a human FGF21 control and the FGF21
mutants FGF21 A45K, FGF21 L52T, and FGF21 L58E. Figure
28A is a plot show the change in aggregation levels
for the Fc(15)FGF21mutants Fc(15)FGF21 6-181/G170E
(solid diamonds), Fc(15)FGF21 A45K/G170E (open
squares), Fc(15)FGF21 P171E (solid triangles),
Fc(15)FGF21 P171A (crosses), Fc(15)FGF21 G170E (open
triangles) , and an FGF21 control (solid circles)
following incubation at 40C for 1, 4, and 8 days, and
Figure 28B is a bar graph also showing the results of
the incubation. Figure 29 shows the blood glucose
levels measured in mice injected with PBS (vehicle)
(solid circles) or the Fc(15)FGF21 mutants Fc(15)FGF21
A45K/G170E (open circles), Fc(15)FGF21 A45K/P171G
(solid triangles), or Fc(15)FGF21 L98R/P171G (open
triangles). 



Figure 30 is a plot showing the results of an
ELK-luciferase activity assay performed on human FGF21
(solid circles, solid line), Fc-FGF21 (open circles,
solid line) and Fc-FGF21 L98R/P171G (solid triangles,
dotted line). Figure 3 1 is a plot showing the percent
high molecular weight aggregates observed after nine
days at room temperature (Figure 31A) and at 40C
(Figure 31B) for FGF21 (solid circles, solid line),
Fc-FGF21 (open circle, solid line) and Fc-FGF21
L98R/P171G (solid triangles, dotted line). Figure 32
is a series of MALDI mass spectrometry traces showing
observed changes in Fc-FGF21 L98R/P171G at various
points over a 168 hour time period. Figure 33 is a
plot showing the percent change in blood glucose
levels in ob/ob mice for each of a PBS vehicle control
(open circles), wild-type mature FGF21 (solid
squares), and the FGF21 mutants L98R, P171G (inverted
solid triangles); L98R, P171G, 182P (open diamonds),
and L98R, P171G, 182G (solid circles). Figure 34 is a
plot showing the percent change in blood glucose
levels in ob/ob mice for each of a PBS vehicle control
(solid circles), and the FGF21 mutants L98R, P171G
(solid triangles); L98R, P171G, 182G, 183G (open
triangles), L98R, P171G, 182G (solid diamonds) and
L98R, P171G, 182P (open diamonds). Figure 35 is a plot
showing the percent change in blood glucose levels in
ob/ob mice for each of a PBS vehicle control (open
circles), and the FGF21 mutants L98R, P171G (solid
squares); L98R, P171G, Y179S (open triangles), L98R,
P171G, Y179A (inverted solid triangles), L98R, P171G,
180S (open diamonds) and L98R, P171G, A180G (solid
circles).Figure 36 is a plot showing the percent
change in blood glucose levels in ob/ob mice for each
of a PBS vehicle control (solid circles), and the
FGF21 mutants L98R, P171G (open squares); L98R, P171G,
Y179F (solid triangles), and L98R, P171G, A180E (open
diamonds). Figure 37 is a diagram graphically
depicting the study design for a six-week dose
escalation study performed in Rhesus monkeys; in the
figure shaded symbols indicate blood draws in the
fasted state and stippled symbols indicated blood
draws in the fed state. Figures 38A-D is a series of
plots depicting how the rhesus monkeys were randomized
on OGTT profiles, OGTT AUCs and body weight; Figure
38A depicts baseline glucose levels in OGTTl, solid
square corresponds to group A, solid circle, solid
line corresponds to group B and open circle, dashed
line corresponds to group C before compounds or
vehicle were assigned to each group; Figure 38B
depicts baseline glucose levels in OGTT2, solid square
corresponds to group A, solid circle, solid line
corresponds to group B and open circle, solid line
corresponds to group C before compounds or vehicle
were assigned to each group; Figure 38C shows baseline
glucose levels for OGTTs 1 and 2 shown in terms of
AUC, the stippled bar corresponds to group A, the
shaded bar corresponds to group B and the open bar
corresponds to group C; and Figure 38D shows baseline
body weight, the stippled bar corresponds to group A,
the shaded bar corresponds to group B and the open bar
corresponds to group C. Figure 39 is a plot showing
the effects of vehicle, FGF21 and Fc-FGF21(RG) on body
weight in Rhesus monkeys; shaded bars 1 and 2
correspond to weeks 1 and 2 at the low dose, open bars
3 and 4 correspond to weeks 3 and 4 at the mid dose,
solid bars 5 and 6 correspond to weeks 5 and 6 at the
high dose and stippled bars 7, 8 and 9 correspond to
weeks 7-9 during the washout period. Figure 40 is a
plot showing the percent change in fasted insulin
relative to baseline of vehicle, FGF21 and
Fc-FGF21(RG) on fasted insulin levels in Rhesus
monkeys; shaded bars 1 and 2 correspond to weeks 1 and
2 at the low dose, open bars 3 and 4 correspond to
weeks 3 and 4 at the mid dose, solid bars 5 and 6
correspond to weeks 5 and 6 at the high dose and
stippled bars 7 and 8 correspond to weeks 7 and 8
during the washout period.Figure 4 1 is a plot showing
the effects of vehicle, FGF21 and Fc-FGF21(RG), given
at the high dose, on fed insulin levels of Rhesus
monkeys acquired during weeks 5 and 6 of the study;
solid bars correspond to week 5 and shaded bars
correspond to week 6. Figure 42 is a plot showing the
glucose profiles of OGTT5 performed at the end of the
two week high-dose treatment with Fc-FGF21(RG); solid
circle, solid line corresponds to vehicle, open
square, dotted line corresponds to FGF21 and solid
triangle, solid line corresponds to Fc-FGF21(RG).
Figure 43 is a plot showing the insulin profiles of
OGTT5 performed at the end of the two week high-dose
treatment with Fc-FGF21(RG); solid circle, solid line
corresponds to vehicle, open square, dotted line
corresponds to FGF21 and solid triangle, solid line
corresponds to Fc-FGF21(RG). Figure 44 is a plot
showing the glucose OGTT AUC1-3 determined at the end
of each dose period (low, mid and high dose) of the
Rhesus monkeys; open bars correspond to AUC3
calculated from glucose measurements during OGTT3,
solid bars correspond to AUC4 calculated from glucose
measurements during OGTT4 and shaded bars correspond
to AUC5 calculated from glucose measurements during
OGTT5. Figure 45 is a graph showing the effects of
vehicle, FGF21 and Fc-FGF21(RG) on percent change from
baseline of the fasted plasma triglyceride levels from
each group of Rhesus monkeys; shaded bars 1 and 2
correspond to weeks 1 and 2 at the low dose, open bars
3 and 4 correspond to weeks 3 and 4 at the mid dose,
solid bars 5 and 6 correspond to weeks 5 and 6 at the
high dose and stippled bars 7, 8 and 9 correspond to
weeks 7-9 during the washout period.. Figure 46 is a
graph showing fed plasma triglyceride levels from each
group of the Rhesus monkeys; as measured during the
fifth and sixth weeks of treatment with vehicle, FGF21
or Fc-FGF21(RG) at the high dose; shaded bars
correspond to week 5 and solid bars correspond to week
6. Figure 47 is a plot showing individual monkey FGF21
levels measured at predose, and 5, 12, 19, and 26
days, with samples acquired at approximately 2 1 hours
after each injection. Figure 48 is a plot showing
individual monkey Fc-FGF21(RG) levels measured
atpre-dose, and 5, 12, 19, and 26 days, with samples
acquired approximately 5 days after each injection.
Figure 49 is a plot showing mean concentrations of
FGF21 and Fc-FGF21(RG) levels measured from the three
OGTTs performed following each of the low, mid and
high doses; shaded bars correspond to OGTT3 at the low
dose, solid bars correspond to OGTT4 at the mid dose
and open bars correspond to OGTT5 at the high dose.
DETAILED DESCRIPTION OF THE INVENTION A human FGF21
protein having enhanced properties such as an
increased half-life and/or decreased aggregation can
be prepared using the methods disclosed herein and
standard molecular biology methods. Optionally, the
half-life can be further extended by fusing an
antibody, or portion thereof, to the N-terminal or
C-terminal end of the wildtype FGF21 sequence. It is
also possible to further extend the half-life or
decrease aggregation of the wild-type FGF21 protein by
introducing amino acid substitutions into the protein.
Such modified proteins are referred to herein as
mutants, or FGF21 mutants, and form embodiments of the
present invention. Recombinant nucleic acid methods
used herein, including in the Examples, are generally
those set forth in Sambrook et ah, Molecular Cloning:
A Laboratory Manual (Cold Spring Harbor Laboratory
Press, 1989) or Current Protocols in Molecular Biology
(Ausubel et ah, eds., Green Publishers Inc. and Wiley
and Sons 1994), both of which are incorporated herein
by reference for any purpose. L General Definitions
The term "isolated nucleic acid molecule" refers to a
nucleic acid molecule of the invention that (1) has
been separated from at least about 50 percent of
proteins, lipids, carbohydrates, or other materials
with which it is naturally found when total nucleic
acid is isolated from the source cells, (2) is not
linked to all or a portion of a polynucleotide to
which the "isolated nucleic acid molecule" is linked
in nature, (3) is operably linked to a polynucleotide
which it is not linked to in nature, or (4) does not
occur in nature as part of a larger polynucleotide
sequence. Preferably, the isolated nucleic acid
molecule of thepresent invention is substantially free
from any other contaminating nucleic acid molecules or
other contaminants that are found in its natural
environment that would interfere with its use in
polypeptide production or its therapeutic, diagnostic,
prophylactic or research use. The term "vector" is
used to refer to any molecule (e.g., nucleic acid,
plasmid, or virus) used to transfer coding information
to a host cell. The term "expression vector" refers to
a vector that is suitable for transformation of a host
cell and contains nucleic acid sequences that direct
and/or control the expression of inserted heterologous
nucleic acid sequences. Expression includes, but is
not limited to, processes such as transcription,
translation, and RNA splicing, if introns are present.
The term "operably linked" is used herein to refer to
an arrangement of flanking sequences wherein the
flanking sequences so described are configured or
assembled so as to perform their usual function. Thus,
a flanking sequence operably linked to a coding
sequence may be capable of effecting the replication,
transcription and/or translation of the coding
sequence. For example, a coding sequence is operably
linked to a promoter when the promoter is capable of
directing transcription of that coding sequence. A
flanking sequence need not be contiguous with the
coding sequence, so long as it functions correctly.
Thus, for example, intervening untranslated yet
transcribed sequences can be present between a
promoter sequence and the coding sequence and the
promoter sequence can still be considered "operably
linked" to the coding sequence. The term "host cell"
is used to refer to a cell which has been transformed,
or is capable of being transformed with a nucleic acid
sequence and then of expressing a selected gene of
interest. The term includes the progeny of the parent
cell, whether or not the progeny is identical in
morphology or in genetic make-up to the original
parent, so long as the selected gene is present. The
term "isolated polypeptide" refers to a polypeptide of
the present invention that (1) has been separated from
at least about 50 percent of polynucleotides, lipids,
carbohydrates, or other materials with which it is
naturally found when isolated from the source cell,
(2) is not linked (by covalent or noncovalent
interaction) to all or a portion of a polypeptide to
which the "isolated polypeptide" is linked in nature,
(3) is operably linked (by covalent or noncovalent
interaction) to a polypeptide with which it is
notlinked in nature, or (4) does not occur in nature.
Preferably, the isolated polypeptide is substantially
free from any other contaminating polypeptides or
other contaminants that are found in its natural
environment that would interfere with its therapeutic,
diagnostic, prophylactic or research use. The term
"naturally occurring" when used in connection with
biological materials such as nucleic acid molecules,
polypeptides, host cells, and the like, refers to
materials which are found in nature and are not
manipulated by man. Similarly, "non-naturally
occurring" as used herein refers to a material that is
not found in nature or that has been structurally
modified or synthesized by man. When used in
connection with nucleotides, the term "naturally
occurring" refers to the bases adenine (A), cytosine
(C), guanine (G), thymine (T), and uracil (U). When
used in connection with amino acids, the term
"naturally occurring" refers to the 20 amino acids
alanine (A), cysteine (C), aspartic acid (D), glutamic
acid (E), phenylalanine (F), glycine (G), histidine
(H), isoleucine (I), lysine (K), leucine (L),
methionine (M), asparagine (N), proline (P), glutamine
(Q), arginine (R), serine (S), threonine (T), valine
(V), tryptophan (W), and tyrosine (Y). The term "FGF21
polypeptide" refers to a naturally-occurring wild-type
polypeptide expressed in humans. For purposes of this
disclosure, the term "FGF21 polypeptide" can be used
interchangeably to refer to any full-length FGF21
polypeptide, e.g., SEQ ID NO:2, which consists of 209
amino acid residues and which is encoded by the
nucleotide sequence of SEQ ID NO: 1; any mature form
of the polypeptide, e.g., SEQ ID NO:4, which consists
of 181 amino acid residues and which is encoded by the
nucleotide sequence of SEQ ID NO: 3, and in which the
28 amino acid residues at the amino-terminal end of
the full-length FGF21 polypeptide (i.e., which
constitute the signal 



peptide) have been removed, and variants thereof. The
terms "FGF21 polypeptide mutant" and "FGF21 mutant"
refer to an FGF21 polypeptide variant in which a
naturally occurring FGF2 1 amino acid sequence has
been modified. Such modifications include, but are not
limited to, one or more amino acid substitutions,
including substitutions with non-naturally occurring
amino acid analogs, and truncations. Thus, FGF21
polypeptide mutants include, but are not limited to,
sitedirected FGF21 mutants, truncated FGF21
polypeptides, proteolysis-resistant FGF21 mutants,
aggregation-reducing FGF21 mutants, FGF21 combination
mutants, and FGF21fusion proteins, as described
herein. For the purpose of identifying the specific
truncations and amino acid substitutions of the FGF21
mutants of the present invention, the numbering of the
amino acid residues truncated or mutated corresponds
to that of the mature 181-residue FGF21 polypeptide.
In other embodiments of the present invention, an
FGF21 polypeptide mutant comprises an amino acid
sequence that is at least about 85 percent identical
to the amino acid sequence of SEQ ID NO: 4, but
wherein specific residues conferring a desirable
property to the FGF21 polypeptide mutant, e.g.,
proteolysis-resistance, increased half life or
aggregation-reducing properties and combinations
thereof, have not been further modified. In other
words, with the exception of residues in the FGF21
mutant sequence that have been modified in order to
confer proteolysis-resistance, aggregation-reducing,
or other properties, about 15 percent of all other
amino acid residues in the FGF21 mutant sequence can
be modified. For example, in the FGF21 mutant Q173E,
up to 15 percent of all amino acid residues other than
the glutamic acid residue, which was substituted for
glutamine at position 173, could be modified. In still
other embodiments, an FGF21 polypeptide mutant
comprises an amino acid sequence that is at least
about 90 percent, or about 95, 96, 97, 98, or 99
percent identical to the amino acid sequence of SEQ ID
NO: 4, but wherein the specific residues conferring
the FGF21 polypeptide mutant's proteolysis-resistance
or aggregation-reducing properties have not been
further modified. Such FGF21 polypeptide mutants
possess at least one activity of the wild-type FGF21
polypeptide. The present invention also encompasses a
nucleic acid molecule encoding an FGF21 polypeptide
mutant comprising an amino acid sequence that is at
least about 85 percent identical to the amino acid
sequence of SEQ ID NO: 4, but wherein specific
residues conferring a desirable property to the FGF21
polypeptide mutant, e.g., proteolysis-resistance,
increased half life or aggregation-reducing properties
and combinations thereof have not been further
modified. In other words, with the exception of
nucleotides that encode residues in the FGF21 mutant
sequence that have been modified in order to confer
proteolysis-resistance, aggregation-reducing, or other
properties, about 15 percent of all other nucleotides
in the FGF21 mutant sequence can be modified. For
example, in the FGF21 mutant Q173E, up to 15 percent
of all nucleotidesother than the nucleotides encoding
the glutamic acid residue, which was substituted for
glutamine at position 173, could be modified. The
present invention further encompasses a nucleic acid
molecule encoding an FGF21 polypeptide mutant
comprising an amino acid sequence that is at least
about 90 percent, or about 95, 96, 97, 98, or 99
percent identical to the amino acid sequence of SEQ ID
NO: 4, but wherein the specific residues conferring
the FGF21 polypeptide mutant's proteolysis-resistance
or aggregationreducing properties have not been
further modified. Such FGF21 mutants possess at least
one activity of the wild-type FGF21 polypeptide. The
present invention also encompasses a nucleic acid
molecule comprising a nucleotide sequence that is at
least about 85 percent identical to the nucleotide
sequence of SEQ ID NO: 3, but wherein the nucleotides
encoding amino acid residues conferring the encoded
FGF21 polypeptide mutant's proteolysis-resistance,
aggregation-reducing or other properties have not been
further modified. In other words, with the exception
of residues in the FGF21 mutant sequence that have
been modified in order to confer
proteolysis-resistance, aggregation-reducing, or other
properties, about 15 percent of all other amino acid
residues in the FGF21 mutant sequence can be modified.
For example, in the FGF21 mutant Q173E, up to 15
percent of all amino acid residues other than the
glutamic acid residue, which was substituted for
glutamine at position 173, could be modified. The
present invention further encompasses a nucleic acid
molecule comprising a nucleotide sequence that is at
least about 90 percent, or about 95, 96, 97, 98, or 99
percent identical to the nucleotide sequence of SEQ ID
NO: 3, but wherein the nucleotides encoding amino acid
residues conferring the encoded FGF21 polypeptide
mutant's proteolysis-resistance or
aggregation-reducing properties have not been further
modified. Such nucleic acid molecules encode FGF21
mutant polypeptides possessing at least one activity
of the wild-type FGF21 polypeptide. The term
"biologically active FGF21 polypeptide mutant" refers
to any FGF21 polypeptide mutant described herein that
possesses an activity of the wild-type FGF21
polypeptide, such as the ability to lower blood
glucose, insulin, triglyceride, or cholesterol; reduce
body weight; and improve glucose tolerance, energy
expenditure, or insulin sensitivity, regardless of the
type or number of modifications that have been
introduced into the FGF21 polypeptide mutant. FGF21
polypeptide mutants possessing asomewhat decreased
level of FGF21 activity relative to the wild-type
FGF21 polypeptide can nonetheless be considered to be
biologically active FGF21 polypeptide mutants. The
terms "effective amount" and "therapeutically
effective amount" each refer to the amount of an FGF21
polypeptide mutant used to support an observable level
of one or more biological activities of the wild-type
FGF21 polypeptide, such as the ability to lower blood
glucose, insulin, triglyceride, or cholesterol levels;
reduce body weight; or improve glucose tolerance,
energy expenditure, or insulin sensitivity. The term
"pharmaceutically acceptable carrier" or
"physiologically acceptable carrier" as used herein
refers to one or more formulation materials suitable
for accomplishing or enhancing the delivery of an FGF2
1 polypeptide mutant. The term "antigen" refers to a
molecule or a portion of a molecule that is capable of
being bound by an antibody, and additionally that is
capable of being used in an animal to produce
antibodies that are capable of binding to an epitope
of that antigen. An antigen may have one or more
epitopes. The term "native Fc" refers to molecule or
sequence comprising the sequence of a
non-antigen-binding fragment resulting from digestion
of whole antibody or produced by other means, whether
in monomeric or multimeric form, and can contain the
hinge region. The original immunoglobulin source of
the native Fc is preferably of human origin and can be
any of the immunoglobulins, although IgGl and IgG2 are
preferred. Native Fc molecules are made up of
monomeric polypeptides that can be linked into dimeric
or multimeric forms by covalent (i.e., disulfide
bonds) and non-covalent association. The number of
intermolecular disulfide bonds between monomeric
subunits of native Fc molecules ranges from 1 to 4
depending on class (e.g., IgG, IgA, and IgE) or
subclass (e.g., IgGl, IgG2, IgG3, IgAl, and IgGA2).
One example of a native Fc is a disulf de-bonded dimer
resulting from papain digestion of an IgG (see Ellison
et al. , 1982, Nucleic Acids Res. 10: 4071-9). The
term "native Fc" as used herein is generic to the
monomeric, dimeric, and multimeric forms. An example
of an Fc polypeptide sequence is presented in SEQ ID
NO: 13. The term "Fc variant" refers to a molecule or
sequence that is modified from a native Fc but still
comprises a binding site for the salvage receptor,
FcRn (neonatal Fc receptor). International Publication
Nos. WO 97/34631 and WO 96/32478 describeexemplary Fc
variants, as well as interaction with the salvage
receptor, and are hereby incorporated by reference.
Thus, the term "Fc variant" can comprise a molecule or
sequence that is humanized from a non-human native Fc.
Furthermore, a native Fc comprises regions that can be
removed because they provide structural features or
biological activity that are not required for the
fusion molecules of the FGF21 mutants of the present
invention. Thus, the term "Fc variant" comprises a
molecule or sequence that lacks one or more native Fc
sites or residues, or in which one or more Fc sites or
residues has be modified, that affect or are involved
in: (1) disulfide bond formation, (2) incompatibility
with a selected host cell, (3) N-terminal
heterogeneity upon expression in a selected host cell,
(4) glycosylation, (5) interaction with complement,
(6) binding to an Fc receptor other than a salvage
receptor, or (7) antibody-dependent cellular
cytotoxicity (ADCC). Fc variants are described in
further detail hereinafter. The term "Fc domain"
encompasses native Fc and Fc variants and sequences as
defined above. As with Fc variants and native Fc
molecules, the term "Fc domain" includes molecules in
monomeric or multimeric form, whether digested from
whole antibody or produced by other means. In some
embodiments of the present invention, an Fc domain can
be fused to FGF21 or a FGF21 mutant (including a
truncated form of FGF21 or a FGF21 mutant) via, for
example, a covalent bond between the Fc domain and the
FGF21 sequence. Such fusion proteins can form
multimers via the association of the Fc domains and
both these fusion proteins and their multimers are an
aspect of the present invention. 2. Site-specific
FGF21 Mutants The term "site-specific FGF21 mutant" or
"substituted FGF21 mutant" refers to an FGF21 mutant
polypeptide having an amino acid sequence that differs
from the amino acid sequence of a naturally occurring
FGF21 polypeptide sequence, e.g., SEQ ID NOs:2 and 4
and variants thereof. Site-specific FGF21 mutants can
be generated by introducing amino acid substitutions,
either conservative or non-conservative and using
naturally or non-naturally occurring amino acids, at
particular positions of the FGF21 polypeptide.
"Conservative amino acid substitution" can involve a
substitution of a native amino acid residue (i.e., a
residue found in a given position of the wild-type
FGF21polypeptide sequence) with a nonnative residue
(i.e., a residue that is not found in a given position
of the wild-type FGF21 polypeptide sequence) such that
there is little or no effect on the polarity or charge
of the amino acid residue at that position.
Conservative amino acid substitutions also encompass
non-naturally occurring amino acid residues that are
typically incorporated by chemical peptide synthesis
rather than by synthesis in biological systems. These
include peptidomimetics, and other reversed or
inverted forms of amino acid moieties. Naturally
occurring residues can be divided into classes based
on common side chain properties: (1) hydrophobic:
norleucine, Met, Ala, VaI, Leu, He; (2) neutral
hydrophilic: Cys, Ser, Thr; (3) acidic: Asp, GIu; (4)
basic: Asn, GIn, His, Lys, Arg; (5) residues that
influence chain orientation: GIy, Pro; and (6)
aromatic: Trp, Tyr, Phe. Conservative substitutions
can involve the exchange of a member of one of these
classes for another member of the same class.
Non-conservative substitutions can involve the
exchange of a member of one of these classes for a
member from another class. Desired amino acid
substitutions (whether conservative or
non-conservative) can be determined by those skilled
in the art at the time such substitutions are desired.
An exemplary (but not limiting) list of amino acid
substitutions is set forth in Table 1. Table 1 Amino
Acid Substitutions3. Truncated FGF21 Polypeptides One
embodiment of the present invention is directed to
truncated forms of the mature FGF21 polypeptide. This
embodiment of the present invention arose from an
effort to identify truncated FGF21 polypeptides that
are capable of providing an activity that is similar,
and in some instances superior, to untruncated forms
of the mature FGF21 polypeptide. As used herein, the
term "truncated FGF21 polypeptide" refers to an FGF21
polypeptide in which amino acid residues have been
removed from the amino-terminal (or N-terminal) end of
the FGF21 polypeptide, amino acid residues have been
removed from the carboxyl-terminal (or C-terminal) end
of the FGF21 polypeptide, or amino acid residues have
been removed from both the amino-terminal and
carboxyl-terminal ends of the FGF21 polypeptide. The
various truncations disclosed herein were prepared as
described herein Examples 3 and 6. 



The activity of N-terminally truncated FGF21
polypeptides and C-terminally truncated FGF21
polypeptides can be assayed using an in vitro
ELK-luciferase assay as described in Example 4.
Specific details of the in vitro assays that can be
used to examine the activity of truncated FGF21
polypeptides can be found in Example 4. The activity
of the truncated FGF21 polypeptides of the present
invention can also be assessed in an in vivo assay,
such as ob/ob mice as shown in Examples 5 and 7.
Generally, to assess the in vivo activity of a
truncated FGF21 polypeptide, the truncated FGF21
polypeptide can be administered to a test animal
intraperitoneally. After a desired incubation period
(e.g., one hour or more), a blood sample can be drawn,
and blood glucose levels can be measured. Specific
details of the in vivo assays that can be used
toexamine the activity of truncated FGF21 polypeptides
can be found in Examples 5 and 7. a . N-terminal
Truncations In some embodiments of the present
invention, N-terminal truncations comprise 1, 2, 3, 4,
5, 6, 7, or 8 amino acid residues from the N-terminal
end of the mature FGF21 polypeptide. As demonstrated
in, for example, Example 5 and Figure 3, truncated
FGF21 polypeptides having N-terminal truncations of
fewer than 9 amino acid residues retain the ability of
the mature FGF21 polypeptide to lower blood glucose in
an individual. Accordingly, in particular embodiments,
the present invention encompasses truncated forms of
the mature FGF21 polypeptide or FGF21 polypeptide
mutants having Nterminal truncations of 1, 2, 3, 4, 5,
6, 7, or 8 amino acid residues. I C-terminal
Truncations In some embodiments of the present
invention, C-terminal truncations comprise 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, or 12 amino acid residues from
the C-terminal end of the mature FGF21 polypeptide. As
demonstrated in, for example, Example 4 and Figure IB,
truncated FGF21 polypeptides having C-terminal
truncations of fewer than 13 amino acid residues
exhibited an efficacy of at least 50% of the efficacy
of wild-type FGF21 in an in vitro ELK-luciferase
assay, indicating that these FGF21 mutants retain the
ability of the mature FGF21 polypeptide to lower blood
glucose in an individual. Accordingly, in particular
embodiments, the present invention encompasses
truncated forms of the mature FGF21 polypeptide or
FGF21 polypeptide mutants having C-terminal
truncations of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or
12 amino acid residues. c N-terminal and C-terminal
Truncations In some embodiments of the present
invention, truncated FGF21 polypeptides can have a
combination of N-terminal and C-terminal truncations.
Truncated FGF21 polypeptides having a combination of
N-terminal and C-terminal truncations share the
activity of corresponding truncated FGF21 polypeptides
having either the N-terminal or C-terminal truncations
alone. In other words, truncated FGF21 polypeptides
having both N-terminal truncations of fewer than 9
amino acid residues and C-terminal truncations offewer
than 13 amino acid residues possess similar or greater
blood glucose-lowering activity as truncated FGF21
polypeptides having N-terminal truncations of fewer
than 9 amino acid residues or truncated FGF21
polypeptides having C-terminal truncations of fewer
than 13 amino acid residues. Accordingly, in
particular embodiments, the present invention
encompasses truncated forms of the mature FGF21
polypeptide or FGF21 polypeptide mutants having both
N-terminal truncations of 1, 2, 3, 4, 5, 6, 7, or 8
amino acid residues and C-terminal truncations of 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 amino acid
residues. As with all FGF21 mutants of the present
invention, truncated FGF21 polypeptides can optionally
comprise an amino-terminal methionine residue, which
can be introduced by directed mutation or as a result
of a bacterial expression process. The truncated FGF2
1 polypeptides of the present invention can be
prepared as described in Examples 3 and 6. Those of
ordinary skill in the art, familiar with standard
molecular biology techniques, can employ that
knowledge, coupled with the instant disclosure, to
make and use the truncated FGF21 polypeptides of the
present invention. Standard techniques can be used for
recombinant DNA, oligonucleotide synthesis, tissue
culture, and transformation (e.g., electroporation,
lipofection). See, e.g., Sambrook et ah, Molecular
Cloning: A Laboratory Manual, supra, which is
incorporated herein by reference for any purpose.
Enzymatic reactions and purification techniques can be
performed according to manufacturer's specifications,
as commonly accomplished in the art, or as described
herein. Unless specific definitions are provided, the
nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are
those well known and commonly used in the art.
Standard techniques can be used for chemical
syntheses; chemical analyses; pharmaceutical
preparation, formulation, and delivery; and treatment
of patients. The truncated FGF21 polypeptides of the
present invention can also be fused to another entity,
which can impart additional properties to the
truncated FGF21 polypeptide. In one embodiment of the
present invention, a truncated FGF21 polypeptide can
be fused to an Fc sequence. Such fusion can be
accomplished using known molecular biological methods
and/or the guidance provided herein. The benefits of
suchfusion polypeptides, as well as methods for making
such fusion polypeptides, are discussed in more detail
herein. 4 Proteolysis-resistant FGF21 Mutants As
described in Example 8, mature FGF21 was found to be
undergoing in vivo degradation, which was ultimately
determined to arise from proteolytic attack. The in
vivo degradation of mature FGF21 was found to lead to
shorter effective half-life, which can adversely
affect the therapeutic potential of a molecule.
Accordingly, a directed study was performed to
identify FGF21 mutants that exhibit a resistance to
proteolysis. As a result of this investigation, the
sites in the mature FGF21 polypeptide that were
determined to be particularly susceptible to
proteolysis include the peptide bond between the amino
acid residues at positions 4-5, 20-21, 151-152, and
171-172. A broad but focused and directed study was
performed to identify particular substitutions that
eliminate the observed proteolytic effect while not
affecting the activity of the protein to an
unacceptable degree. Tables 8 and 11 highlight some of
the mutants that were prepared and tested. As
described in, for example, Examples 13 and 14, not all
FGF21 mutants exhibited an ideal profile; some mutants
conferred proteolysis resistance but at the cost of
compromised FGF21 activity. Other mutations retained
FGF21 activity but did not confer proteolysis
resistance. Several mutants, including, for example,
FGF21 P171G, retained a similar level of activity as
wild-type FGF21 while also exhibiting resistance to
proteolytic degradation. One selection criteria for
identifying desirable proteolysis-resistant FGF21
mutants was that the activity of the FGF21 mutant be
essentially the same as, or greater than, the activity
of wild-type FGF21. Therefore, another embodiment of
the present invention is directed to FGF21 mutants
that are resistant to proteolysis and still retain
activity that is essentially the same as, or greater
than, wild-type FGF21. Although less desirable in some
cases, FGF21 mutants that are resistant to proteolysis
but exhibit somewhat decreased activity form another
embodiment of the present invention. In some cases it
can be desirable to maintain a degree of proteolysis,
and consequently, FGF21 mutants that allow some degree
of proteolysis to occur also form another embodiment
of the present invention.As with all FGF21 mutants of
the present invention, the proteolysis-resistant FGF21
mutants of the present invention can be prepared as
described herein. Those of ordinary skill in the art,
for example, those familiar with standard molecular
biology techniques, can employ that knowledge, coupled
with the instant disclosure, to make and use the
proteolysis-resistant FGF21 mutants of the present
invention. Standard techniques can be used for
recombinant DNA, oligonucleotide synthesis, tissue
culture, and transformation (e.g., electroporation,
lipofection). See, e.g., Sambrook et ah, Molecular
Cloning: A Laboratory Manual, supra, which is
incorporated herein by reference for any purpose.
Enzymatic reactions and purification techniques can be
performed according to manufacturer's specifications,
as commonly accomplished in the art, or as described
herein. Unless specific definitions are provided, the
nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are
those well known and commonly used in the art.
Standard techniques can be used for chemical
syntheses; chemical analyses; pharmaceutical
preparation, formulation, and delivery; and treatment
of patients. The proteolysis-resistant FGF21 mutants
of the present invention can be fused to another
entity, which can impart additional properties to the
proteolysis-resistant FGF21 mutant. In one embodiment
of the present invention, a proteolysis-resistant
FGF21 mutant can be fused to an IgG Fc sequence, e.g.,
SEQ ID NO: 13. Such fusion can be accomplished using
known molecular biological methods and/or the guidance
provided herein. The benefits of such fusion
polypeptides, as well as methods for making such
fusion polypeptides, are known and are discussed in
more detail herein. 5 Aggregation-reducing FGF21
Mutants As described in Example 15, one property of
the wild-type FGF21 polypeptide is its propensity to
aggregate. At concentrations over about 5 mg/mL, the
aggregation rate is high at room temperature. As shown
and described herein, the aggregation rate for the
wild-type FGF21 polypeptide is both concentration and
temperature dependent. Aggregation can prove to be a
challenge when working with wild-type FGF21 at these
concentrations, such as in the context of a
therapeutic formulation. Accordingly, adirected study
was performed to identify FGF21 mutants that exhibit
reduced FGF21 aggregation. The resulting FGF21 mutants
were then tested for the propensity to aggregate at
various concentrations. A broad but focused and
directed study was performed to identify particular
substitutions that eliminate or reduce the observed
aggregation effect of wild-type FGF21 while not
affecting the activity of the protein to an
unacceptable degree. The approach for identifying
suitable aggregation-reducing mutants is described in
Example 15. Table 16 highlights some of the mutants
that were prepared and tested. As described in, for
example, Example 17, not all FGF21 mutants exhibited
an ideal profile. Some mutants, such as FGF21 L58E had
compromised FGF21 activity and were not studied
further. Other mutations, such as FGF21 A134E,
retained FGF21 activity but did not confer reduced
aggregation properties. Several mutants, such as FGF21
L98R, retained FGF21 activity and also exhibited
reduced aggregation. One mutant, FGF21 A45K,
surprisingly exhibited increased FGF21 activity while
also exhibiting reduced aggregation properties. One
selection criteria for identifying desirable
aggregation-reducing FGF21 mutants was that the
activity of the FGF21 mutant be essentially similar
to, or greater than, the activity of wild-type FGF21.
Therefore, another embodiment of the present invention
is directed to FGF21 mutants having reduced
aggregation properties while still retaining an FGF21
activity that is similar to, or greater than,
wild-type FGF21. Although less desirable in some
cases, FGF21 mutants having reduced aggregation
properties but exhibiting somewhat decreased FGF21
activity form another embodiment of the present
invention. In some cases it may be desirable to
maintain a degree of aggregation, and consequently,
FGF21 mutants that allow some degree of aggregation to
occur also form another embodiment of the present
invention. As with all FGF21 mutants of the present
invention, the aggregation-reducing FGF21 mutants of
the present invention can be prepared as described
herein. Those of ordinary skill in the art, familiar
with standard molecular biology techniques, can employ
that knowledge, coupled with the instant disclosure,
to make and use the aggregationreducing FGF21 mutants
of the present invention. Standard techniques can be
used for recombinant DNA, oligonucleotide synthesis,
tissue culture, and transformation (e.g.,
electroporation, lipofection). See, e.g., Sambrook et
al, Molecular Cloning: ALaboratory Manual, supra,
which is incorporated herein by reference for any
purpose. Enzymatic reactions and purification
techniques can be performed according to
manufacturer's specifications, as commonly
accomplished in the art, or as described herein.
Unless specific definitions are provided, the
nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are
those well known and commonly used in the art.
Standard techniques can be used for 



chemical syntheses; chemical analyses; pharmaceutical
preparation, formulation, and delivery; and treatment
of patients. The aggregation-reducing FGF21 mutants of
the present invention can be fused to another entity,
which can impart additional properties to the
aggregation-reducing FGF21 mutant. In one embodiment
of the present invention, an aggregation-reducing
FGF21 mutant can be fused to an IgG Fc sequence, e.g.,
SEQ ID NO: 13. Such fusion can be accomplished using
known molecular biological methods and/or the guidance
provided herein. The benefits of such fusion
polypeptides, as well as methods for making such
fusion polypeptides, are discussed in more detail
herein. ( FGF21 Combination Mutants As described
herein, the wild-type FGF21 sequence possesses several
properties that can pose significant challenges when
FGF21 is used as a therapeutic molecule. Among these
challenges are the protein's susceptibility to
degradation and its propensity for aggregation at high
concentration. After an exhaustive effort to identify
FGF21 polypeptides that overcome each of these
challenges, a directed study was performed to
determine whether the amino acid substitutions
conferring proteolysis-resistance and those conferring
aggregation-reducing properties could be combined in
an additive or synergistic fashion in a single
polypeptide sequence while maintaining activity levels
that are equal to or greater than the activity of
wild-type FGF21. This represented a significant
challenge, as it is known in the art that the
introduction of multiple mutations in a given
polypeptide can sometimes adversely affect the
expression, activity, and subsequent manufacture of
the protein.Surprisingly, as demonstrated in, for
example, Examples 19 and 20, it was found that the
desirable properties of several FGF21 mutants could
indeed be combined in an additive or synergistic
fashion to generate an FGF21 mutant having enhanced
pharmaceutical properties. FGF21 mutants that are
resistant to proteolysis, have a reduced rate of
aggregation, and which still retain activity that is
the same as, or greater than, wild-type FGF21, are
disclosed herein. One selection criteria for
identifying desirable FGF21 combination mutants was
that the activity of the FGF21 mutant be similar to,
or greater than, the activity of wildtype FGF21.
Therefore, another embodiment of the present invention
is directed to FGF21 mutants that are
proteolysis-resistant and have reduced aggregation
properties while still retaining an FGF21 activity
that is similar to, or greater than, wild-type FGF21.
Although less desirable in some cases, FGF21 mutants
that are proteolysisresistant and have reduced
aggregation properties but exhibit somewhat decreased
FGF21 activity form another embodiment of the present
invention. In some cases it may be desirable to
maintain a degree of proteolysis and/or aggregation,
and consequently, FGF21 mutants that allow some degree
of proteolysis and/or aggregation also form another
embodiment of the present invention. As with all FGF21
mutants of the present invention, the FGF21
combination mutants of the present invention can be
prepared as described herein. Those of ordinary skill
in the art, familiar with standard molecular biology
techniques, can employ that knowledge, coupled with
the instant disclosure, to make and use the FGF21
combination mutants of the present invention. Standard
techniques can be used for recombinant DNA,
oligonucleotide synthesis, tissue culture, and
transformation (e.g., electroporation, lipofection).
See, e.g., Sambrook et al, Molecular Cloning: A
Laboratory Manual, supra, which is incorporated herein
by reference for any purpose. Enzymatic reactions and
purification techniques can be performed according to
manufacturer's specifications, as commonly
accomplished in the art, or as described herein.
Unless specific definitions are provided, the
nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are
those well known and commonly used in the art.
Standard techniques can be used for chemical
syntheses;chemical analyses; pharmaceutical
preparation, formulation, and delivery; and treatment
of patients. The FGF21 combination mutants of the
present invention can be fused to another entity,
which can impart additional properties to the FGF21
combination mutant. In one embodiment of the present
invention, an FGF21 combination mutant can be fused to
an IgG Fc sequence, e.g., SEQ ID NO: 13. Such fusion
can be accomplished using known molecular biological
methods and/or the guidance provided herein. The
benefits of such fusion polypeptides, as well as
methods for making such fusion polypeptides, are
discussed in more detail herein. 7. FGF21 Fusion
Proteins As used herein, the term "FGF21 fusion
polypeptide" or "FGF21 fusion protein" refers to a
fusion of one or more amino acid residues (such as a
heterologous protein or peptide) at the N-terminus or
C-terminus of any FGF21 polypeptide mutant described
herein. Heterologous peptides and polypeptides
include, but are not limited to, an epitope to allow
for the detection and/or isolation of an FGF21
polypeptide mutant; a transmembrane receptor protein
or a portion thereof, such as an extracellular domain
or a transmembrane and intracellular domain; a ligand
or a portion thereof which binds to a transmembrane
receptor protein; an enzyme or portion thereof which
is catalytically active; a polypeptide or peptide
which promotes oligomerization, such as a leucine
zipper domain; a polypeptide or peptide which
increases stability, such as an immunoglobulin
constant region; a functional or non-functional
antibody, or a heavy or light chain thereof; and a
polypeptide which has an activity, such as a
therapeutic activity, different from the FGF21
polypeptide mutants of the present invention. Also
encompassed by the present invention are FGF21 mutants
fused to human serum albumin (HSA). FGF21 fusion
proteins can be made by fusing heterologous sequences
at either the N-terminus or at the C-terminus of an
FGF2 1 polypeptide mutant. As described herein, a
heterologous sequence can be an amino acid sequence or
a non-amino acid-containing polymer. Heterologous
sequences can be fused either directly to the FGF21
polypeptide mutant or via a linker or adapter
molecule. A linker or adapter molecule can be one
ormore amino acid residues (or -mers), e.g., 1, 2, 3,
4, 5, 6, 7, 8, or 9 residues (or -mers), preferably
from 10 to 50 amino acid residues (or -mers), e.g.,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30,
35, 40, 45, or 50 residues (or -mers), and more
preferably from 15 to 35 amino acid residues (or
-mers). A linker or adapter molecule can also be
designed with a cleavage site for a DNA restriction
endonuclease or for a protease to allow for the
separation of the fused moieties. a . Fc Fusions In
one embodiment of the present invention, an FGF21
polypeptide mutant is fused to one or more domains of
an Fc region of human IgG. Antibodies comprise two
functionally independent parts, a variable domain
known as "Fab," that binds an antigen, and a constant
domain known as "Fc," that is involved in effector
functions such as complement activation and attack by
phagocytic cells. An Fc has a long serum half-life,
whereas a Fab is short-lived (Capon et al., 1989,
Nature 337: 525-31). When joined together with a
therapeutic protein, an Fc domain can provide longer
half-life or incorporate such functions as Fc receptor
binding, protein A binding, complement fixation, and
perhaps even placental transfer (Capon et al, 1989).
In vivo pharmacokinetic analysis indicated that human
FGF21 has a short half-life of about 1 hour in mice
due to rapid clearance and in vivo degradation.
Therefore, to extend the half-life of FGF21 an Fc
sequence was fused to the N- or C-terminal end of the
FGF21 polypeptide. The fusion of an Fc region to wild
type FGF21, in particularly Fc fused to the N-terminus
of wild type FGF21, did not extend the half-life as
expected, however, which led to an investigation of
the proteolytic degradation of FGF21 in vivo and the
identification of FGF21 mutants that were resistant to
such degradation. Such mutants are described in, for
example, Examples 8 and 11, and exhibit longer
half-lives than wild-type FGF21. These and other FGF21
fusion proteins form embodiments of the present
invention. Throughout the disclosure, Fc-FGF21 refers
to a fusion protein in which the Fc sequence is fused
to the N-terminus of FGF21. Similarly, throughout the
disclosure, FGF21-Fc refers to a fusion protein in
which the Fc sequence is fused to the C-terminus
ofFGF21.The resulting FGF21 fusion protein can be
purified, for example, by the use of a Protein A
affinity column. Peptides and proteins fused to an Fc
region have been found to exhibit a substantially
greater half-life in vivo than the unfused
counterpart. Also, a fusion to an Fc region allows for
dimerization/multimerization of the fusion
polypeptide. The Fc region can be a naturally
occurring Fc region, or can be altered to improve
certain qualities, such as therapeutic qualities,
circulation time, or reduced aggregation. Useful
modifications of protein therapeutic agents by fusion
with the "Fc" domain of an antibody are discussed in
detail in International Publication No. WO 00/024782,
which is hereby incorporated by reference in its
entirety. This document discusses linkage to a
"vehicle" such as polyethylene glycol (PEG), dextran,
or an Fc region. I Fusion Protein Linkers When forming
the fusion proteins of the present invention, a linker
can, but need not, be employed. When present, the
linker's chemical structure may not critical, since it
serves primarily as a spacer. The linker can be made
up of amino acids linked together by peptide bonds. In
some embodiments of the present invention, the linker
is made up of from 1 to 20 amino acids linked by
peptide bonds, wherein the amino acids are selected
from the 20 naturally occurring amino acids. In
various embodiments, the 1 to 20 amino acids are
selected from the amino acids glycine, serine,
alanine, proline, asparagine, glutamine, and lysine.
In some embodiments, a linker is made up of a majority
of amino acids that are sterically unhindered, such as
glycine and alanine. In some embodiments, linkers are
polyglycines (such as (GIy) (SEQ ID NO:29) and (Gly)s
(SEQ ID NO:30)), polyalanines, combinations of glycine
and alanine (such as poly(Gly- AIa)), or combinations
of glycine and serine (such as poly(Gly-Ser)). Other
suitable linkers include:
(Gly)5-Ser-(Gly)3-Ser-(Gly)4-Ser (SEQ ID NO:23),
(GIy)4-Ser-(Gly)4- Ser-(Gly)4-Ser (SEQ ID NO:31),
(GIy)3-LyS-(GIy)4 (SEQ ID NO:32), (Gly)3-Asn-Gly-
Ser-(Gly)2 (SEQ ID NO:33), (GIy)3-CyS-(GIy)4 (SEQ ID
NO:34), and Gly-Pro-Asn-Gly- GIy (SEQ ID NO:35). While
a linker of 15 amino acid residues has been found to
work particularly well for FGF21 fusion proteins, the
present invention contemplates linkers of any length
or composition.The linkers described herein are
exemplary, and linkers that are much longer and which
include other residues are contemplated by the present
invention. Non-peptide linkers are also contemplated
by the present invention. For example, alkyl linkers
such as -NH-(CH )S-C(O)-, wherein s = 2 to 20, could
be used. These alkyl linkers can further be
substituted by any non-sterically hindering group,
including, but not limited to, a lower alkyl (e.g.,
C1-C6), lower acyl, halogen (e.g., Cl, Br), CN, NH2,
or phenyl. An exemplary non-peptide linker is a
polyethylene glycol linker, wherein the linker has a
molecular weight of 100 to 5000 kD, for example, 100
to 500 kD. 8. Chemically-modified FGF21 Mutants
Chemically modified forms of the FGF21 polypeptide
mutants described herein, including the truncated
forms of FGF21 described herein, can be prepared by
one skilled in the art, given the disclosures
described herein. Such chemically modified FGF21
mutants are altered such that the chemically modified
FGF21 mutant is different from the unmodified FGF21
mutant, either in the type or location of the
molecules naturally attached to the FGF21 mutant.
Chemically modified FGF21 mutants can include
molecules formed by the deletion of one or more
naturally-attached chemical groups. In one embodiment,
FGF21 polypeptide mutants of the present invention can
be modified by the covalent attachment of one or more
polymers. For example, the polymer selected is
typically water-soluble so that the protein to which
it is attached does not precipitate in an aqueous
environment, such as a physiological environment.
Included within the scope of suitable polymers is a
mixture of polymers. Preferably, for therapeutic use
of the end-product preparation, the polymer will be
pharmaceutically acceptable. Non-water soluble
polymers conjugated to FGF21 polypeptide mutants of
the present invention also form an aspect of the
invention. 



Exemplary polymers each can be of any molecular weight
and can be branched or unbranched. The polymers each
typically have an average molecular weight of between
about 2 kDa to about 100 kDa (the term "about"
indicating that in preparations of a water-soluble
polymer, some molecules will weigh more and some less
than the stated molecular weight). The average
molecular weight of each polymer is preferably
betweenabout 5 kDa and about 50 kDa, more preferably
between about 12 kDa and about 40 kDa, and most
preferably between about 20 kDa and about 35 kDa.
Suitable water-soluble polymers or mixtures thereof
include, but are not limited to, N-linked or O-linked
carbohydrates, sugars, phosphates, polyethylene glycol
(PEG) (including the forms of PEG that have been used
to derivatize proteins, including mono- (C1-C10),
alkoxy-, or aryloxy-polyethylene glycol),
monomethoxy-polyethylene glycol, dextran (such as low
molecular weight dextran of, for example, about 6 kD),
cellulose, or other carbohydrate based polymers,
poly-(N-vinyl pyrrolidone) polyethylene glycol,
propylene glycol homopolymers, polypropylene
oxide/ethylene oxide co-polymers, polyoxyethylated
polyols (e.g., glycerol), and polyvinyl alcohol. Also
encompassed by the present invention are bifunctional
crosslinking molecules that can be used to prepare
covalently attached FGF21 polypeptide mutant
multimers. Also encompassed by the present invention
are FGF21 mutants covalently attached to polysialic
acid. In some embodiments of the present invention, an
FGF21 mutant is covalently, or chemically, modified to
include one or more water-soluble polymers, including,
but not limited to, polyethylene glycol (PEG),
polyoxyethylene glycol, or polypropylene glycol. See,
e.g., U.S. Patent Nos. 4,640,835; 4,496,689;
4,301,144; 4,670,417; 4,791,192; and 4,179,337. In
some embodiments of the present invention, an FGF21
mutant comprises one or more polymers, including, but
not limited to, monomethoxy-polyethylene glycol,
dextran, cellulose, another carbohydrate-based
polymer, poly-(N-vinyl pyrrolidone)- polyethylene
glycol, propylene glycol homopolymers, a polypropylene
oxide/ethylene oxide co-polymer, polyoxyethylated
polyols (e.g., glycerol), polyvinyl alcohol, or
mixtures of such polymers. In some embodiments of the
present invention, an FGF21 mutant is
covalentlymodified with PEG subunits. In some
embodiments, one or more water-soluble polymers are
bonded at one or more specific positions (for example,
at the N-terminus) of the FGF21 mutant. In some
embodiments, one or more water-soluble polymers are
randomly attached to one or more side chains of an
FGF21 mutant. In some embodiments, PEG is used to
improve the therapeutic capacity of an FGF21 mutant.
Certain such methods are discussed, for example, in
U.S. Patent No. 6,133,426, which is hereby
incorporated by reference for any purpose.In
embodiments of the present invention wherein the
polymer is PEG, the PEG group can be of any convenient
molecular weight, and can be linear or branched. The
average molecular weight of the PEG group will
preferably range from about 2 kD to about 100 kDa, and
more preferably from about 5 kDa to about 50 kDa,
e.g., 10, 20, 30, 40, or 50 kDa. The PEG groups will
generally be attached to the FGF21 mutant via
acylation or reductive alkylation through a reactive
group on the PEG moiety (e.g., an aldehyde, amino,
thiol, or ester group) to a reactive group on the
FGF21 mutant (e.g., an aldehyde, amino, or ester
group). The PEGylation of a polypeptide, including the
FGF21 mutants of the present invention, can be
specifically carried out using any of the PEGylation
reactions known in the art. Such reactions are
described, for example, in the following references:
Francis et al, 1992, Focus on Growth Factors 3 : 4-10;
European Patent Nos. 0 154 316 and 0 401 384; and U.S.
Patent No. 4,179,337. For example, PEGylation can be
carried out via an acylation reaction or an alkylation
reaction with a reactive polyethylene glycol molecule
(or an analogous reactive water-soluble polymer) as
described herein. For the acylation reactions, a
selected polymer should have a single reactive ester
group. For reductive alkylation, a selected polymer
should have a single reactive aldehyde group. A
reactive aldehyde is, for example, polyethylene glycol
propionaldehyde, which is water stable, or mono Ci-Cio
alkoxy or aryloxy derivatives thereof ( e.g., U.S.
Patent No. 5,252,714). In some embodiments of the
present invention, a useful strategy for the
attachment of the PEG group to a polypeptide involves
combining, through the formation of a conjugate
linkage in solution, a peptide and a PEG moiety, each
bearing a special functionality that is mutually
reactive toward the other. The peptides can be easily
prepared with conventional solid phase synthesis. The
peptides are "preactivated" with an appropriate
functional group at a specific site. The precursors
are purified and fully characterized prior to reacting
with the PEG moiety. Ligation of the peptide with PEG
usually takes place in aqueous phase and can be easily
monitored by reverse phase analytical HPLC. The
PEGylated peptides can be easily purified by
preparative HPLC and characterized by analytical HPLC,
amino acid analysis and laser desorption mass
spectrometry. Polysaccharide polymers are another type
of water-soluble polymer that can beused for protein
modification. Therefore, the FGF21 mutants of the
present invention fused to a polysaccharide polymer
form embodiments of the present invention. Dextrans
are polysaccharide polymers comprised of individual
subunits of glucose predominantly linked by alpha 1-6
linkages. The dextran itself is available in many
molecular weight ranges, and is readily available in
molecular weights from about 1 kD to about 70 kD.
Dextran is a suitable water-soluble polymer for use as
a vehicle by itself or in combination with another
vehicle (e.g., Fc). See, e.g., International
Publication No. WO 96/1 1953. The use of dextran
conjugated to therapeutic or diagnostic
immunoglobulins has been reported. See, e.g., European
Patent Publication No. 0 315 456, which is hereby
incorporated by reference. The present invention also
encompasses the use of dextran of about 1 kD to about
20 kD. In general, chemical modification can be
performed under any suitable condition used to react a
protein with an activated polymer molecule. Methods
for preparing chemically modified polypeptides will
generally comprise the steps of: (a) reacting the
polypeptide with the activated polymer molecule (such
as a reactive ester or aldehyde derivative of the
polymer molecule) under conditions whereby a FGF21
polypeptide mutant becomes attached to one or more
polymer molecules, and (b) obtaining the reaction
products. The optimal reaction conditions will be
determined based on known parameters and the desired
result. For example, the larger the ratio of polymer
molecules to protein, the greater the percentage of
attached polymer molecule. In one embodiment of the
present invention, chemically modified FGF21 mutants
can have a single polymer molecule moiety at the
amino-terminus (see, e.g., U.S. Patent No. 5,234,784)
In another embodiment of the present invention, FGF21
polypeptide mutants can be chemically coupled to
biotin. The biotin/FGF21 polypeptide mutants are then
allowed to bind to avidin, resulting in tetravalent
avidin/biotin/FGF21 polypeptide mutants. FGF21
polypeptide mutants can also be covalently coupled to
dinitrophenol (DNP) or trinitrophenol (TNP) and the
resulting conjugates precipitated with anti-DNP or
anti- TNP-IgM to form decameric conjugates with a
valency of 10. Generally, conditions that can be
alleviated or modulated by the administration of the
present chemically modified FGF21 mutants include
those described herein for FGF21 polypeptide mutants.
However, the chemically modified FGF21
mutantsdisclosed herein can have additional
activities, enhanced or reduced biological activity,
or other characteristics, such as increased or
decreased half-life, as compared to unmodified FGF21
mutants. 9. Therapeutic Compositions of FGF21 Mutants
and Administration Thereof Therapeutic compositions
comprising FGF21 mutants are within the scope of the
present invention, and are specifically contemplated
in light of the identification of several mutant FGF21
sequences exhibiting enhanced properties. Such FGF21
mutant pharmaceutical compositions can comprise a
therapeutically effective amount of an FGF21
polypeptide mutant in admixture with a
pharmaceutically or physiologically acceptable
formulation agent selected for suitability with the
mode of administration. Acceptable formulation
materials preferably are nontoxic to recipients at the
dosages and concentrations employed. The
pharmaceutical composition can contain formulation
materials for modifying, maintaining, or preserving,
for example, the pH, osmolarity, viscosity, clarity,
color, isotonicity, odor, sterility, stability, rate
of dissolution or release, adsorption, or penetration
of the composition. Suitable formulation materials
include, but are not limited to, amino acids (such as
glycine, glutamine, asparagine, arginine, or lysine),
antimicrobials, antioxidants (such as ascorbic acid,
sodium sulfite, or sodium hydrogensulfite), buffers
(such as borate, bicarbonate, Tris-HCl, citrates,
phosphates, or other organic acids), bulking agents
(such as mannitol or glycine), chelating agents (such
as ethylenediamine tetraacetic acid (EDTA)),
complexing agents (such as caffeine,
polyvinylpyrrolidone, beta-cyclodextrin, or
hydroxypropyl-beta-cyclodextrin), fillers,
monosaccharides, disaccharides, and other
carbohydrates (such as glucose, mannose, or dextrins),
proteins (such as serum albumin, gelatin, or
immunoglobulins), coloring, flavoring and diluting
agents, emulsifying agents, hydrophilic polymers (such
as polyvinylpyrrolidone), low molecular weight
polypeptides, salt-forming counterions (such as
sodium), preservatives (such as benzalkonium chloride,
benzoic acid, salicylic acid, thimerosal, phenethyl
alcohol, methylparaben, propylparaben, chlorhexidine,
sorbic acid, or hydrogen peroxide), solvents (such as
glycerin, propylene glycol, or polyethylene glycol),
sugar alcohols (such as mannitol or sorbitol),
suspending agents, surfactants orwetting agents (such
as pluronics; PEG; sorbitan esters; polysorbates such
as polysorbate 20 or polysorbate 80; triton;
tromethamine; lecithin; cholesterol or tyloxapal),
stability enhancing agents (such as sucrose or
sorbitol), tonicity enhancing agents (such as alkali
metal halides - preferably sodium or potassium
chloride - or mannitol sorbitol), delivery vehicles,
diluents, excipients and/or pharmaceutical adjuvants
(see, e.g., Remington's Pharmaceutical Sciences (18th
Ed., A.R. Gennaro, ed., Mack Publishing Company 1990),
and subsequent editions of the same, incorporated
herein by reference for any purpose). The optimal
pharmaceutical composition will be determined by a
skilled artisan depending upon, for example, the
intended route of administration, delivery format, and
desired dosage (see, e.g., Remington's Pharmaceutical
Sciences, supra). Such compositions can influence the
physical state, stability, rate of in vivo release,
and rate of in vivo clearance of the FGF21 polypeptide
mutant. The primary vehicle or carrier in a
pharmaceutical composition can be either aqueous or
non-aqueous in nature. For example, a suitable vehicle
or carrier for injection can be water, physiological
saline solution, or artificial cerebrospinal fluid,
possibly supplemented with other materials common in
compositions for parenteral administration. Neutral
buffered saline or saline mixed with serum albumin are
further exemplary vehicles. Other exemplary
pharmaceutical compositions comprise Tris buffer of
about pH 7.0-8.5, or acetate buffer of about pH
4.0-5.5, which can further include sorbitol or a
suitable substitute. In one embodiment of the present
invention, FGF21 polypeptide mutant compositions can
be prepared for storage by mixing the selected
composition having the desired degree of purity with
optional formulation agents (Remington's
Pharmaceutical Sciences, supra) in the form of a
lyophilized cake or an aqueous solution. Further, the
FGF21 polypeptide mutant product can be formulated as
a lyophilizate using appropriate excipients such as
sucrose. The FGF21 polypeptide mutant pharmaceutical
compositions can be selected for parenteral delivery.
Alternatively, the compositions can be selected for
inhalation or for delivery through the digestive
tract, such as orally. The preparation of such
pharmaceutically acceptable compositions is within the
skill of the art. The formulation components are
present in concentrations that are acceptable tothe
site of administration. For example, buffers are used
to maintain the composition at physiological pH or at
a slightly lower pH, typically within a pH range of
from about 5 to about 8. When parenteral
administration is contemplated, the therapeutic
compositions for use in this invention can be in the
form of a pyrogen-free, parenterally acceptable,
aqueous solution comprising the desired FGF21
polypeptide mutant in a pharmaceutically acceptable
vehicle. A particularly suitable vehicle for
parenteral injection is sterile distilled water in
which an FGF21 polypeptide mutant is formulated as 



a sterile, isotonic solution, properly preserved. Yet
another preparation can involve the formulation of the
desired molecule with an agent, such as injectable
microspheres, bioerodible particles, polymeric
compounds (such as polylactic acid or polyglycolic
acid), beads, or liposomes, that provides for the
controlled or sustained release of the product which
can then be delivered via a depot injection.
Hyaluronic acid can also be used, and this can have
the effect of promoting sustained duration in the
circulation. Other suitable means for the introduction
of the desired molecule include implantable drug
delivery devices. In one embodiment, a pharmaceutical
composition can be formulated for inhalation. For
example, an FGF21 polypeptide mutant can be formulated
as a dry powder for inhalation. FGF21 polypeptide
mutant inhalation solutions can also be formulated
with a propellant for aerosol delivery. In yet another
embodiment, solutions can be nebulized. Pulmonary
administration is further described in International
Publication No. WO 94/20069, which describes the
pulmonary delivery of chemically modified proteins. It
is also contemplated that certain formulations can be
administered orally. In one embodiment of the present
invention, FGF21 polypeptide mutants that are
administered in this fashion can be formulated with or
without those carriers customarily used in the
compounding of solid dosage forms such as tablets and
capsules. For example, a capsule can be designed to
release the active portion of the formulation at the
point in the gastrointestinal tract when
bioavailability is maximized and pre-systemic
degradation is minimized. Additional agents can be
included to facilitate absorption of the FGF21
polypeptide mutant. Diluents, flavorings, low melting
point waxes, vegetableoils, lubricants, suspending
agents, tablet disintegrating agents, and binders can
also be employed. Another pharmaceutical composition
can involve an effective quantity of FGF21 polypeptide
mutants in a mixture with non-toxic excipients that
are suitable for the manufacture of tablets. By
dissolving the tablets in sterile water, or another
appropriate vehicle, solutions can be prepared in
unit-dose form. Suitable excipients include, but are
not limited to, inert diluents, such as calcium
carbonate, sodium carbonate or bicarbonate, lactose,
or calcium phosphate; or binding agents, such as
starch, gelatin, or acacia; or lubricating agents such
as magnesium stearate, stearic acid, or talc.
Additional FGF21 polypeptide mutant pharmaceutical
compositions will be evident to those skilled in the
art, including formulations involving FGF21
polypeptide mutants in sustained- or
controlled-delivery formulations. Techniques for
formulating a variety of other sustained- or
controlled-delivery means, such as liposome carriers,
bioerodible microparticles or porous beads and depot
injections, are also known to those skilled in the art
(see, e.g., International Publication No. WO 93/15722,
which describes the controlled release of porous
polymeric microparticles for the delivery of
pharmaceutical compositions, and Wischke &
Schwendeman, 2008, Int. J. Pharm. 364: 298-327, and
Freiberg & Zhu, 2004, Int. J. Pharm. 282: 1-18, which
discuss microsphere/microparticle preparation and
use). Additional examples of sustained-release
preparations include semipermeable polymer matrices in
the form of shaped articles, e.g. films, or
microcapsules. Sustained release matrices can include
polyesters, hydrogels, polylactides (U.S. Patent No.
3,773,919 and European Patent No. 0 058 481),
copolymers of L-glutamic acid and gamma
ethyl-L-glutamate (Sidman et ah, 1983, Biopolymers 22:
547-56), poly(2- hydroxyethyl-methacrylate) (Langer et
ah, 1981, J. Biomed. Mater. Res. 15: 167-277 and
Langer, 1982, Chem. Tech. 12: 98-105), ethylene vinyl
acetate (Langer et ah, supra) or
poly-D(-)-3-hydroxybutyric acid (European Patent No. 0
133 988). Sustained-release compositions can also
include liposomes, which can be prepared by any of
several methods known in the art. See, e.g., Epstein
et ah, 1985, Proc. Natl. Acad. Sci. U.S.A. 82:
3688-92; and European Patent Nos. 0 036 676, 0 088
046, and 0 143 949.The FGF21 polypeptide mutant
pharmaceutical composition to be used for in vivo
administration typically must be sterile. This can be
accomplished by filtration through sterile filtration
membranes. Where the composition is lyophilized,
sterilization using this method can be conducted
either prior to, or following, lyophilization and
reconstitution. The composition for parenteral
administration can be stored in lyophilized form or in
a solution. In addition, parenteral compositions
generally are placed into a container having a sterile
access port, for example, an intravenous solution bag
or vial having a stopper pierceable by a hypodermic
injection needle. Once the pharmaceutical composition
has been formulated, it can be stored in sterile vials
as a solution, suspension, gel, emulsion, solid, or as
a dehydrated or lyophilized powder. Such formulations
can be stored either in a ready-to-use form or in a
form {e.g., lyophilized) requiring reconstitution
prior to administration. In a specific embodiment, the
present invention is directed to kits for producing a
single-dose administration unit. The kits can each
contain both a first container having a dried protein
and a second container having an aqueous formulation.
Also included within the scope of this invention are
kits containing single and multi-chambered pref lled
syringes {e.g., liquid syringes and lyosyringes). The
effective amount of an FGF21 polypeptide mutant
pharmaceutical composition to be employed
therapeutically will depend, for example, upon the
therapeutic context and objectives. One skilled in the
art will appreciate that the appropriate dosage levels
for treatment will thus vary depending, in part, upon
the molecule delivered, the indication for which the
FGF21 polypeptide mutant is being used, the route of
administration, and the size (body weight, body
surface, or organ size) and condition (the age and
general health) of the patient. Accordingly, the
clinician can titer the dosage and modify the route of
administration to obtain the optimal therapeutic
effect. A typical dosage can range from about 0.1
mg/kg to up to about 100 mg/kg or more, depending on
the factors mentioned above. In other embodiments, the
dosage can range from 0.1 mg/kg up to about 100 mg/kg;
or 1 mg/kg up to about 100 mg/kg; or 5 mg/kg, 10
mg/kg, 15 mg/kg, 20 mg/kg, 25 mg/kg, 30 mg/kg, 35
mg/kg, 40 mg/kg, 45 mg/kg, 50 mg/kg, 55 mg/kg, 60
mg/kg, 65 mg/kg, 70 mg/kg, 75 mg/kg, up to about 100
mg/kg. In yet other embodiments, the dosage can be 50
mg/kg, 100 mg/kg, 150 mg/kg, 200 mg/kg, 250 mg/kg,300
mg/kg, 350 mg/kg, 400 mg/kg, 450 mg/kg, 500 mg/kg, 550
mg/kg, 600 mg/kg, 650 mg/kg, 700 mg/kg, 750 mg/kg, 800
mg/kg, 850 mg/kg, 900 mg/kg, 950 mg/kg, 100 mg/kg, 200
mg/kg, 300 mg/kg, 400 mg/kg, 500 mg/kg, 600 mg/kg, 700
mg/kg, 800 mg/kg, 900 mg/kg, 1000 mg/kg, 2000 mg/kg,
3000 mg/kg, 4000 mg/kg, 5000 mg/kg, 6000 mg/kg, 7000
mg/kg, 8000 mg/kg, 9000 mg/kg or 10 mg/kg. The
frequency of dosing will depend upon the
pharmacokinetic parameters of the FGF21 polypeptide
mutant in the formulation being used. Typically, a
clinician will administer the composition until a
dosage is reached that achieves the desired effect.
The composition can therefore be administered as a
single dose, as two or more doses (which may or may
not contain the same amount of the desired molecule)
over time, or as a continuous infusion via an
implantation device or catheter. Further refinement of
the appropriate dosage is routinely made by those of
ordinary skill in the art and is within the ambit of
tasks routinely performed by them. Appropriate dosages
can be ascertained through use of appropriate
dose-response data. The route of administration of the
pharmaceutical composition is in accord with known
methods, e.g., orally; through injection by
intravenous, intraperitoneal, intracerebral
(intraparenchymal), intracerebroventricular,
intramuscular, intraocular, intraarterial,
intraportal, or intralesional routes; by sustained
release systems (which may also be injected); or by
implantation devices. Where desired, the compositions
can be administered by bolus injection or continuously
by infusion, or by implantation device. Alternatively
or additionally, the composition can be administered
locally via implantation of a membrane, sponge, or
other appropriate material onto which the desired
molecule has been absorbed or encapsulated. Where an
implantation device is used, the device can be
implanted into any suitable tissue or organ, and
delivery of the desired molecule can be via diffusion,
timed-release bolus, or continuous administration. 10.
Therapeutic Uses of FGF21 Polypeptide Mutants FGF21
polypeptide mutants can be used to treat, diagnose,
ameliorate, or prevent a number of diseases,
disorders, or conditions, including, but not limited
to metabolic disorders. In one embodiment, the
metabolic disorder to be treated is diabetes, e.g.,
type 2 diabetes. In another embodiment, the metabolic
disorder is obesity. Otherembodiments include
metabolic conditions or disorders such as
dyslipidimia; hypertension; hepatosteaotosis, such as
non-alcoholic steatohepatitis (NASH); cardiovascular
disease, such as atherosclerosis; and aging. In
application, a disorder or condition such as diabetes
or obesity can be treated by administering an FGF21
polypeptide mutant as described herein to a patient in
need thereof in the amount of a therapeutically
effective dose. The administration can be performed as
described herein, such as by IV injection,
intraperitoneal injection, intramuscular injection, or
orally in the form of a tablet or liquid formation. In
most situations, a desired dosage can be determined by
a clinician, as described herein, and can represent a
therapeutically effective dose of the FGF21 mutant
polypeptide. It will be apparent to those of skill in
the art that a therapeutically effective dose of FGF21
mutant polypeptide will depend, inter alia, upon the
administration schedule, the unit dose of antigen
administered, whether the nucleic acid molecule or
polypeptide is administered in combination with other
therapeutic agents, the immune status and the health
of the recipient. The term "therapeutically effective
dose," as used herein, means that amount of FGF2 1
mutant polypeptide that elicits the biological or
medicinal response in a tissue system, animal, or
human being sought by a researcher, medical doctor, or
other clinician, which includes alleviation of the
symptoms of the disease or disorder being treated. 11.
Antibodies Antibodies and antibody fragments that
specifically bind to the FGF21 mutant polypeptides of
the present invention but do not specifically bind to
wild-type FGF21 polypeptides are contemplated and are
within the scope of the present invention. The
antibodies can be polyclonal, including monospecific
polyclonal; monoclonal (MAbs); recombinant; chimeric;
humanized, such as complementarity-determining region
(CDR)- grafted; human; single chain; and/or bispecif
c; as well as fragments; variants; or chemically
modified molecules thereof. Antibody fragments include
those portions of the antibody that specifically bind
to an epitope on an FGF21 mutant polypeptide. Examples
of such fragments include Fab and F(ab') fragments
generated by enzymatic cleavage of full-length
antibodies. Other binding fragments include those
generated byrecombinant DNA techniques, such as the
expression of recombinant plasmids containing nucleic
acid sequences encoding antibody variable regions.
Polyclonal antibodies directed toward an FGF21 mutant
polypeptide generally are produced in animals (e.g.,
rabbits or mice) by means of multiple subcutaneous or
intraperitoneal injections of the FGF21 mutant
polypeptide and an adjuvant. It can be useful to
conjugate an FGF21 mutant polypeptide to a carrier
protein that is immunogenic in the species to be
immunized, such as keyhole limpet hemocyanin, serum,
albumin, bovine thyroglobulin, or soybean trypsin
inhibitor. Also, aggregating agents such as alum are
used to enhance the immune response. After
immunization, the animals are bled and the serum is
assayed for anti-FGF21 mutant antibody titer.
Monoclonal antibodies directed toward FGF21 mutant
polypeptides can be produced using any method that
provides for the production of antibody molecules by
continuous cell lines in culture. Examples of suitable
methods for preparing monoclonal antibodies include
the hybridoma methods of Kohler et al., 1975, Nature
256: 495-97 and the human B-cell hybridoma method
(Kozbor, 1984, J. Immunol. 133: 3001; Brodeur et al.,
Monoclonal Antibody Production Techniques and
Applications 51-63 (Marcel Dekker, Inc., 1987). Also
provided by the invention are hybridoma cell lines
that produce monoclonal antibodies reactive with FGF21
mutant polypeptides. Monoclonal antibodies of the
invention can be modified for use as therapeutics. In
one embodiment, the monoclonal antibody is a
"chimeric" antibody in which a portion of the heavy
(H) and/or light (L) chain is identical with or
homologous to a corresponding sequence in antibodies
derived from a particular species or belonging to a 



particular antibody class or subclass, while the
remainder of the chain(s) is/are identical with or
homologous to a corresponding sequence in antibodies
derived from another species or belonging to another
antibody class or subclass. Also included are
fragments of such antibodies, so long as they exhibit
the desired biological activity. See, e.g., U.S.
Patent No. 4,816,567; Morrison et al, 1985, Proc.
Natl. Acad. Sci. U.S.A. 81: 6851-55. In another
embodiment, a monoclonal antibody of the invention is
a "humanized" antibody. Methods for humanizing
non-human antibodies are well known in the art. See,
e.g., U.S. Patent Nos. 5,585,089 and 5,693,762.
Generally, a humanized antibody has one or more amino
acid residues introduced into it from a source that is
non-human.Humanization can be performed, for example,
using methods described in the art (see, e.g., Jones
et al, 1986, Nature 321: 522-25; Riechmann et al,
1998, Nature 332: 323-27; Verhoeyen et al., 1988,
Science 239: 1534-36), by substituting at least a
portion of a rodent complementarity-determining region
for the corresponding regions of a human antibody.
Also encompassed by the invention are human antibodies
that bind the FGF21 mutant polypeptides of the present
invention. Using transgenic animals (e.g., mice) that
are capable of producing a repertoire of human
antibodies in the absence of endogenous immunoglobulin
production such antibodies are produced by
immunization with an FGF21 mutant antigen (i.e.,
having at least 6 contiguous amino acids), optionally
conjugated to a carrier. See, e.g., Jakobovits et al.,
1993, Proc. Natl. Acad. Sci. U.S.A. 90: 2551-55;
Jakobovits et al, 1993, Nature 362: 255-58;
Bruggermann et al, 1993, Year in Immuno. 7 : 33. In
one method, such transgenic animals are produced by
incapacitating the endogenous loci encoding the heavy
and light immunoglobulin chains therein, and inserting
loci encoding human heavy and light chain proteins
into the genome thereof. Partially modified animals,
i.e., animals having less than the full complement of
modifications, are then cross-bred to obtain an animal
having all of the desired immune system modifications.
When administered an immunogen, these transgenic
animals produce antibodies with human (rather than,
e.g., murine) amino acid sequences, including variable
regions that are immunospecific for these antigens.
See, e.g., International Publication Nos. WO 96/33735
and WO 94/02602. Additional methods are described in
U.S. Patent No. 5,545,807, International Publication
Nos. WO 91/10741 and WO 90/04036, and in European
Patent No. 0 546 073. Human antibodies can also be
produced by the expression of recombinant DNA in host
cells or by expression in hybridoma cells as described
herein. In an alternative embodiment, human antibodies
can also be produced from phage-display libraries
(see, e.g., Hoogenboom et al, 1991, J. MoI Biol. 227:
381; Marks et al, 1991, J. MoI Biol. 222: 581). These
processes mimic immune selection through the display
of antibody repertoires on the surface of filamentous
bacteriophage, and subsequent selection of phage by
their binding to an antigen of choice. One such
technique is described in International Publication
No. WO 99/10494, which describesthe isolation of high
affinity and functional agonistic antibodies for MPL-
and mskreceptors using such an approach. Chimeric, CDR
grafted, and humanized antibodies are typically
produced by recombinant methods. Nucleic acids
encoding the antibodies are introduced into host cells
and expressed using materials and procedures described
herein. In one embodiment, the antibodies are produced
in mammalian host cells, such as CHO cells. Monoclonal
(e.g., human) antibodies can be produced by the
expression of recombinant DNA in host cells or by
expression in hybridoma cells as described herein. The
anti-FGF21 mutant antibodies of the invention can be
employed in any known assay method, such as
competitive binding assays, direct and indirect
sandwich assays, and immunoprecipitation assays (see,
e.g., Sola, Monoclonal Antibodies: A Manual of
Techniques 147-158 (CRC Press, Inc., 1987),
incorporated herein by reference in its entirety) for
the detection and quantitation of FGF21 mutant
polypeptides. The antibodies will bind FGF21 mutant
polypeptides with an affinity that is appropriate for
the assay method being employed. For diagnostic
applications, in certain embodiments, anti-FGF21
mutant antibodies can be labeled with a detectable
moiety. The detectable moiety can be any one that is
capable of producing, either directly or indirectly, a
detectable signal. For example, the detectable moiety
can be a radioisotope, such as 3H, 14C, 32P, 35S,
125I, 99Tc, 111In, or 67Ga; a fluorescent or
chemiluminescent compound, such as fluorescein
isothiocyanate, rhodamine, or luciferin; or an enzyme,
such as alkaline phosphatase, b- galactosidase, or
horseradish peroxidase (Bayer et al, 1990, Meth. Enz.
184: 138-63). Competitive binding assays rely on the
ability of a labeled standard (e.g., an FGF21 mutant
polypeptide, or an immunologically reactive portion
thereof) to compete with the test sample analyte
(e.g., an FGF21 mutant polypeptide) for binding with a
limited amount of anti-FGF21 mutant antibody. The
amount of an FGF21 mutant polypeptide in the test
sample is inversely proportional to the amount of
standard that becomes bound to the antibodies. To
facilitate determining the amount of standard that
becomes bound, the antibodies typically are
insolubilized before or after the competition, so that
the standard and analyte that are bound to the
antibodies can conveniently be separated from the
standard and analyte that remain unbound.Sandwich
assays typically involve the use of two antibodies,
each capable of binding to a different immunogenic
portion, or epitope, of the protein to be detected
and/or quantitated. In a sandwich assay, the test
sample analyte is typically bound by a first antibody
that is immobilized on a solid support, and thereafter
a second antibody binds to the analyte, thus forming
an insoluble three-part complex. See, e.g., U.S.
Patent No. 4,376,1 10. The second antibody can itself
be labeled with a detectable moiety (direct sandwich
assays) or can be measured using an antiimmunoglobulin
antibody that is labeled with a detectable moiety
(indirect sandwich assays). For example, one type of
sandwich assay is an enzyme-linked immunosorbent assay
(ELISA), in which case the detectable moiety is an
enzyme. The anti-FGF21 mutant antibodies of the
present invention are also useful for in vivo imaging.
An antibody labeled with a detectable moiety can be
administered to an animal, preferably into the
bloodstream, and the presence and location of the
labeled antibody in the host assayed. The antibody can
be labeled with any moiety that is detectable in an
animal, whether by nuclear magnetic resonance,
radiology, or other detection means known in the art.
The FGF21 mutant antibodies of the invention can be
used as therapeutics. These therapeutic agents are
generally agonists or antagonists, in that they either
enhance or reduce, respectively, at least one of the
biological activities of an FGF21 mutant polypeptide.
In one embodiment, antagonist antibodies of the
invention are antibodies or binding fragments thereof
which are capable of specifically binding to an FGF21
mutant polypeptide and which are capable of inhibiting
or eliminating the functional activity of an FGF21
mutant polypeptide in vivo or in vitro. In some
embodiments, the antagonist antibody will inhibit the
functional activity of an FGF21 mutant polypeptide by
at least about 50%, and preferably by at least about
80%. In another embodiment, the anti- FGF21 mutant
antibody is capable of interfering with the
interaction between an FGF21 mutant polypeptide and an
FGF receptor thereby inhibiting or eliminating FGF21
mutant polypeptide activity in vitro or in vivo.
Agonist and antagonist anti-FGF21 mutant antibodies
are identified by screening assays that are well known
in the art. The invention also relates to a kit
comprising FGF21 mutant antibodies and other reagents
useful for detecting FGF21 mutant polypeptide levels
in biological samples.Such reagents can include a
detectable label, blocking serum, positive and
negative control samples, and detection reagents.
EXAMPLES The Examples that follow are illustrative of
specific embodiments of the invention, and various
uses thereof. They are set forth for explanatory
purposes only, and should not be construed as limiting
the scope of the invention in any way. EXAMPLE 1
Preparation of FGF21 Expression Constructs A nucleic
acid sequence encoding the mature FGF21 polypeptide
was obtained by polymerase chain reaction (PCR)
amplification using primers having nucleotide
sequences corresponding to the 5' and 3' ends of the
mature FGF21 sequence. Table 2 lists the primers that
were used to amplify the mature FGF21 sequence. Table
2 PCR Primers for Preparing FGF21 Construct The
primers used to prepare the FGF21 expression construct
incorporated restriction endonuclease sites for
directional cloning of the sequence into a suitable
expression vector (e.g., pET30 (Novagen/EMD
Biosciences; San Diego, CA) or pAMG33 (Amgen; Thousand
Oaks, CA)). The expression vector pAMG33 contains a
low-copy number R-IOO origin of replication, a
modified lac promoter, and a kanamycinresistance gene.
The expression vector pET30 contains a pBR322-derived
origin of replication, an inducible T7 promoter, and a
kanamycin-resistance gene. While expression from
pAMG33 was found to be higher, pET30 was found to be a
more reliable cloning vector. Thus, the majority of
the constructs described in the instant application
were first generated in pET30 and then screened for
efficacy. Selectedsequences were then transferred to
pAMG33 for further amplification. The FGF21 sequence
was amplified in a reaction mixture containing 40.65
mL dH2O, 5mL PfuUltra II Reaction Buffer (1Ox), 1.25
mL dNTP Mix (40 mM - 4 x 1OmM), 0.1 mL Template (100
ng/niL), 1 mL Primerl (10 mM), 1 mL Primer2 (10 mM),
and 1 mL PfuUltra II fusion HS DNA Polymerase
(Stratagene; La Jolla, CA). Amplification reactions
were performed by heating for 2 minutes at 950C;
followed by ten cycles at 950C for 20 seconds, 6O0C
for 20 seconds (with an additional I0C subtracted per
cycle), and 720C for 15 seconds/kilobase of desired
product; followed by 20 cycles at 940C for 20 seconds,
550C for 20 seconds, and 720C for 15 seconds/kilobase
of desired product; followed by 720C for 3 minutes.
Amplification products were digested with the
restriction endonucleases Ndel, Dpnl, and EcoRI;
ligated into a suitable vector; and then transformed
into competent cells. EXAMPLE 2 Purification of FGF21
Proteins from Bacteria In the Examples that follow,
various FGF21 proteins, including the wild-type FGF21
polypeptide, truncated FGF21 polypeptides, FGF21
mutants, and FGF21 fusion proteins, were expressed in
a bacterial expression system. After expression, which
is described below, the FGF21 proteins were purified
as described in this Example, unless otherwise
indicated. To purify the wild-type FGF21 polypeptide,
truncated FGF21 polypeptides, and FGF21 mutants from
bacterial inclusion bodies, double-washed inclusion
bodies (DWIBs) were solubilized in a solubilization
buffer containing guanidine hydrochloride and DTT in
Tris buffer at pH 8.5 and then mixed for one hour at
room temperature, and the solubilization mixture was
added to a refold buffer containing urea, arginine,
cysteine, and cystamine hydrochloride at pH 9.5 and
then mixed for 24 hours at 50C (see, e.g., Clarke,
1998, Curr. Opin. Biotechnol. 9 : 157-63; Mannall et
al, 2007, Biotechnol. Bioeng. 97: 1523-34; Rudolph et
al, 1997, "Folding proteins," Protein Function: A
Practical Approach (Creighton, ed., New York, IRL
Press) 57-99; and Ishibashi et al, 2005 , Protein
Expr. Purif. 42: 1-6). Following solubilization and
refolding, the mixture was filtered through a
0.45micron filter. The refold pool was then
concentrated approximately 10-fold with a 10 kD
molecular weight cut-off Pall Omega cassette at a
transmembrane pressure (TMP) of 20 psi, and
dialfiltered with 3 column volumes of 20 mM Tris, pH
8.0 at a TMP of 20 psi. The clarified sample was then
subjected to anion exchange (AEX) chromatography using
a Q Sepharose HP resin. A linear salt gradient of 0 to
250 mM NaCl in 20 mM Tris was run at pH 8.0 at 50C.
Peak fractions were analyzed by SDSPAGE and pooled.
The AEX eluate pool was then subjected to hydrophobic
interaction chromatography (HIC) using a Phenyl
Sepharose HP resin. Protein was eluted using a
decreasing linear gradient of 0.7 M to 0 M ammonium
sulfate at pH 8.0 and ambient temperature. Peak
fractions were analyzed by SDS-PAGE (Laemmli, 1970,
Nature 227: 



680-85) and pooled. The HIC pool was concentrated with
a 10 kD molecular weight cut-off Pall Omega 0.2 m2
cassette to 7 mg/mL at a TMP of 20 psi. The
concentrate was dialfiltered with 5 column volumes of
10 mM KPO4, 5% sorbitol, pH 8.0 at a TMP of 20 psi,
and the recovered concentrate was diluted to 5 mg/mL.
Finally, the solution was filtered through a Pall
mini-Kleenpac 0.2 mM Posidyne membrane. To purify
FGF21 fusion proteins and FGF21 fusion mutant proteins
from bacterial inclusion bodies, double-washed
inclusion bodies (DWIBs) were solubilized in a
solubilization buffer containing guanidine
hydrochloride and DTT in Tris buffer at pH 8.5 and
then mixed for one hour at room temperature, and the
solubilization mixture was added to a refold buffer
containing urea, arginine, cysteine, and cystamine
hydrochloride at pH 9.5 and then mixed for 24 hours at
50C {see, e.g., Clarke, 1998, Curr. Opin. Biotechnol.
9 : 157-63; Mannall et al, 2007, Biotechnol. Bioeng.
97: 1523-34; Rudolph et al, 1997, "Folding proteins,"
Protein Function: A Practical Approach (Creighton,
ed., New York, IRL Press) 57-99; and Ishibashi et al,
2005, Protein Expr. Purif. 42: 1-6). Following
solubilization and refolding, the mixture was dialyzed
against 5 volumes of 20 mM Tris, pH 8.0 using 10 kD
dialysis tubing. The pH of the dialyzed refold was
adjusted to 5.0 with 50% acetic acid, and then
clarified by centrifugation for 30 minutes at 4K. The
clarified sample was then subjected to anion exchange
(AEX)chromatography using a Q Sepharose HP resin. A
linear salt gradient of 0 to 250 mM NaCl in 20 mM Tris
was run at pH 8.0 at 50C. Peak fractions were analyzed
by SDSPAGE (Laemmli, 1970, Nature 227: 680-85) and
pooled. The AEX eluate pool was then subjected to
hydrophobic interaction chromatography (HIC) using a
Phenyl Sepharose HP resin. Protein was eluted using a
decreasing linear gradient of 0.6 M to 0 M ammonium
sulfate at pH 8.0 at ambient temperature. Peak
fractions were analyzed by SDS-PAGE and pooled.
Following the HIC step, the pool was then dialyzed 60
volumes of 10 mM Tris, 2.2% sucrose, 3.3% sorbitol, pH
8.5. The dialyzed pool was concentrated to 5 mg/mL
using a jumbosep. Finally, the solution was filtered
through a Pall mini-Kleenpac 0.2 mM Posidyne membrane.
EXAMPLE 3 Preparation and Expression of Truncated
FGF21 Proteins Constructs encoding the truncated FGF21
proteins listed in Table 3 were prepared by PCR
amplification of the wild-type FGF21 expression vector
as described below (the construction of the wild-type
FGF21 expression vector is described in Example 1).
Table 3 FGF21 Truncationsrelative to mature FGF21
polypeptide Truncated FGF21 protein constructs were
prepared using primers having sequences that are
homologous to regions upstream and downstream of a
codon (or codons) to be deleted (resulting in the
truncation). The primers used in such amplification
reactions also provided approximately 15 nucleotides
of overlapping sequence to allow for recircularization
of the amplified product, namely the entire vector now
having the desired mutant. An exemplary truncated
FGF21 construct, encoding an FGF21 protein lacking the
histidine residue at position 1 of the mature FGF21
sequence (i.e., the 2-181 truncation mutant), was
prepared using the primers shown in Table 4.Table 4
PCR Primers for Preparing Exemplary Truncation FGF21
Mutant The primers shown in Table 4 allow for the
deletion of the histidine residue as shown below,
wherein the upper sequence (SEQ ID NO: 10) is a
portion of a mature FGF21 polypeptide comprising a
N-terminal methionine, the second sequence is the
sense primer (SEQ ID NO: 7), the third and fourth
sequences (SEQ ID NOs: 11 and 12) are portions of an
FGF21 expression construct, and the fifth sequence is
the antisense primer (SEQ ID NO: 9):
MetHisProIleProAspSerSerProLeu 5'-GGAGATATACATATG
CCAATTCCAGATTCTTCTCCATTATT
TTTTGTTTAACTTTAAGAAGGAGATATACATATGCATCCAATTCCAGATTCTTC
TCCATTATT
AAAACAAATTGAAATTCTTCCTCTATATGTATACGTAGGTTAAGGTCTAAGAAG
AGGTAATAA AAAACAAATTGAAATTCTTCCTCTATATGTATAC-5 '
Truncated FGF21 protein constructs were prepared using
essentially the PCR conditions described in Example 1.
Amplification products were digested with the
restriction endonuclease Dpnl, and then transformed
into competent cells. The resulting clones were
sequenced to confirm the absence of
polymerase-generated errors. Truncated FGF21 proteins
were expressed by transforming competent BL21 (DE3) or
BL21 Star (Invitrogen; Carlsbad, CA) cells with the
construct encoding a particular truncated FGF21
protein. Transformants were grown overnight with
limited aeration in TB media supplemented with 40
mg/mL kanamycin, were aerated the next morning, and
after a short recovery period, were induced in 0.4 mM
IPTG. FGF21 mutants were harvested by centrifugation
18-20 hours after induction.EXAMPLE 4 In vitro
Activity of Truncated FGF21 Proteins Experiments were
performed to identify truncated FGF21 proteins that
retain wild-type FGF21 activity in an ELK-luciferase
in vitro assay. Table 5 summarizes the results
obtained for FGF21 proteins having truncations at the
N-terminus, the C-terminus, or at both the N-terminus
and C-terminus. ELK-luciferase assays were performed
using a recombinant human 293T kidney cell system, in
which the 293T cells overexpress betaklotho and
luciferase reporter constructs. These constructs also
contain sequences encoding GAL4-ELK1 and 5xUAS-Luc, a
luciferase reporter driven by a promoter containing
five tandem copies of the Gal4 binding site.
Beta-klotho is a co-receptor that is required by FGF21
for activation of its FGF receptors and induction of
intracellular signal transduction, which in turn leads
to Erk and ELK phosphorylation. Luciferase activity is
regulated by the level of phosphorylated Erk/ELKl, and
is used to indirectly monitor and quantify FGF21
activity. ELK-luciferase assays were performed by
culturing the 293T cells in the presence of different
concentrations of wild-type FGF21 or FGF21 mutant
polypeptide for 6 hours, and then assaying the cell
lysates for luciferase activity. Figures IA- IB show
the results of an ELK-luciferase activity assay
performed on the FGF21 truncation mutants 7-181 and
8-181 (Figure IA) and the FGF21 truncation mutants
1-172, 1-171, 1-169, and 1-164 (Figure IB). The
luminescence obtained in ELK-luciferase assays for
each of the FGF21 truncation mutants 3-181, 4-181,
5-181, 7-181, 8-181, 1-180, 1-178, 1-177, 1-176,
1-175, 1-174, 1-173, 1-172, 9-181, and 1-149 is shown
in Figure 2. FGF21 mutant polypeptides were compared
with a wild-type FGF21 standard and mutants showing an
efficacy of at least 50% of the efficacy of wild-type
FGF21 were considered as having not lost FGF21
activity and were assigned a "+" in Table 5. Table 5
Truncated FGF21 Proteins: in vitro AssayCollectively,
the results presented in Table 5 indicate that
C-terminal deletions of 14 or more amino acid residues
(i.e., a C-terminally truncated FGF21 protein
consisting of amino acid residues 1-167 and shorter
proteins) eliminate the activity of FGF21. In
addition, Table 5 indicates that N-terminal deletions
of 7 or more amino acid residues (i.e., an
N-terminally truncated FGF21 protein consisting of
amino acid residues 8-181 and shorter proteins)
eliminate the activity of FGF21. Not surprisingly,
truncated FGF21 proteins possessing both an N-terminal
truncation of 8 to 14 residues and a C-terminal
truncation of 12 or 32 residues were found to lack
activity in ELK-luciferase assays. Consistent with the
data presented in Table 5, truncated FGF21
polypeptides having N-terminal truncations of fewer
than 7 amino acid residues constitute embodiments of
the present invention. Similarly, truncated FGF21
polypeptides having C-terminal truncations of fewer
than 13 amino acid residues constitute embodiments of
the present invention. EXAMPLE 5 In vivo Activity of
Truncated FGF21 Proteins FGF21 possesses a number of
biological activities, including the ability to
lowerblood glucose, insulin, triglyceride, or
cholesterol levels; reduce body weight; or improve
glucose tolerance, energy expenditure, or insulin
sensitivity. Truncated FGF21 polypeptides were further
analyzed for in vivo FGF21 activity, by introducing
the truncated FGF21 polypeptides into insulin
resistant ob/ob mice, and measuring the ability of a
particular truncated FGF21 polypeptide to lower blood
glucose. The truncated FGF21 polypeptide to be tested
was injected intraperitoneally into an 8 week old
ob/ob mouse (Jackson Laboratory), and blood samples
were obtained at various time points following a
single injection, e.g., 0, 6, 24, 72, 120, and 168
hours after injection. Blood glucose levels were
measured with a OneTouch Glucometer (LifeScan, Inc.
Milpitas, CA), and the results expressed as a percent
change of blood glucose relative to the baseline level
of blood glucose {i.e., at time 0). The results of one
experiment are provided in Figure 3, which shows the
amount of blood glucose detected in mice injected with
the FGF21 truncation mutants 8-181 and 9-181. This
experiment demonstrated that truncated FGF21 fusion
proteins comprising amino acid residues 8-181 exhibit
blood glucose lowering activity in vivo however the
activity is slightly less than the activity of
wild-type FGF21 at 3 and 6 hours after injection, but
that truncated FGF21 fusion proteins comprising amino
acid residues 9-181 do not exhibit such activity.
Thus, the in vivo analysis of truncated FGF21
polypeptides indicated that the deletion of up to 7
amino acids from the N-terminus of mature FGF21 does
not abolish the molecule's biological activity (in
contrast with the in vitro analysis, which suggested
that the deletion of 7 amino acids from the N-terminus
of mature FGF21 would abolish activity). The differing
results obtained with particular N-terminally
truncated FGF21 polypeptides {e.g., FGF21 8-181) in in
vitro and in vivo assays can be explained by the
interaction of FGF21 with beta-klotho and FGF receptor
in effecting signal transduction. In particular, FGF21
activates a dual receptor complex comprising the
co-receptor betaklotho and FGF receptor (FGFR), which
initiates a signaling cascade involving tyrosine
kinase. The N-terminus of FGF21 has been shown
involved in binding and activation of FGFR while the
C-terminus of FGF21 is required for beta-klotho
interaction (Yie et al., 2009 FEBS Lett. 583:19-24).
The ELK-luciferase in vitro assay is performed in 293
kidney cells in which the co-receptor beta-klotho is
overexpressed and FGFR isexpressed at normal levels.
The amount of FGFR is low in relative to that of
beta-klotho and the ratio of beta-klotho to FGFR in
293 cells is therefore non-physiological, which may
affect receptor complex formation and ultimately
ligand binding and activation of FGFR. The 293 in
vitro system appears to be more vulnerable to
N-terminally truncated FGF21 polypeptides and
therefore may have produced loss of activity results
for a few of the N-terminally truncated mutants
tested, such as FGF21 8-181. Thus, in determining
whether a particular N-terminally truncated FGF21
mutant retained wild-type FGF21 activity, the activity
of that FGF21 mutant in the in vivo assay was
considered to be dispositive. Accordingly, truncated
FGF21 polypeptides having N-terminal truncations of
fewer than 8 amino acid residues are encompassed by
the invention. EXAMPLE 6 Preparation and Expression of
Truncated FGF21 Fusion Proteins Because the half-life
of a protein can be increased by fusing the protein to
an Fc sequence, fusion proteins comprising truncated
FGF21 polypeptides were prepared and analyzed. The
truncated FGF21 fusion proteins listed in Table 6 were
prepared from amplified FGF21 sequences by SOEing
(gene splicing by overlap extension) PCR. FGF21 fusion
proteins were prepared such that the Fc portion of the
human immunoglobulin IgGl gene (SEQ ID NO: 13) was
fused to either the N-terminus or the C-terminus of
the FGF21 protein. Table 6 Truncated FGF21 Fusion
ProteinsIn particular, FGF21 fusion protein constructs
(including those encoding truncated FGF21 fusion
proteins) were prepared in a series of three
amplification reactions using essentially the reaction
conditions described in Example 1. In the first 



reaction, a pair of primers was designed to produce a
sequence containing an Ndel cloning site, Fc region,
and linker sequence. In the second reaction, a pair of
primers was designed to produce a sequence containing
an overlapping portion of the linker, a portion of the
FGF21 coding sequence, and an EcoRI cloning site.
Finally, in the third reaction, a pair of primers was
designed for the purpose of linking the products of
the first two reactions. An exemplary set of primers
for the construction of Fc-FGF21 1-181 is listed in
Table 7. Table 7 PCR Primers for Preparing Exemplary
FGF21 Fusion Protein ConstructThe product of the final
reaction was digested with the restriction
endonucleases Ndel and EcoRI, ligated into the pET30
vector, and then transformed into competent cells. The
resulting clones were sequenced to confirm the absence
of polymerasegenerated errors. EXAMPLE 7 In vivo
Activity of Truncated FGF21 Fusion Proteins Fusion
proteins comprising a truncated FGF21 sequence fused
to an Fc sequence were generated and assayed for in
vivo activity. Truncated FGF21 fusion proteins were
prepared by fusing an IgGl Fc molecule to either the
N-terminal or C-terminal end of a truncated FGF21
protein to form a single contiguous sequence. To
distinguish between N-terminal and C-terminal fusions,
FGF21 fusion proteins in which the Fc molecule was
fused to the N-terminal end of the FGF21 protein are
designated as Fc-FGF21, and fusion proteins in which
the Fc molecule was fused to the C-terminal end of the
FGF21 protein are designated as FGF21-Fc. FGF21
possesses a number of biological activities, including
the ability to lower blood glucose, insulin,
triglyceride, or cholesterol levels; reduce body
weight; or improve glucose tolerance, energy
expenditure, or insulin sensitivity. To assess in vivo
FGF21 activity, FGF21 polypeptides, FGF21 mutant
polypeptides, and FGF21 fusion polypeptides were
introduced into insulin resistant ob/ob mice, and the
ability of a particular FGF21 protein to lower blood
glucose levels was measured. The FGF21 polypeptide,
FGF21 mutant polypeptide, or FGF21 fusion polypeptide
to be tested was injected intraperitoneally into 8
week old ob/ob mice (Jackson Laboratory), and blood
samples were obtained at various time points following
a single injection, e.g., 0, 6, 24, 72, 120, and 168
hours after injection. Blood glucose levels were
measured with a OneTouch Glucometer (LifeScan, Inc.
Milpitas, CA), and the results expressed as a percent
change of blood glucose relative to the baseline level
of blood glucose (i.e., at time 0). The results of one
experiment are provided in Figure 4, which shows the
percentchange in blood glucose levels observed in mice
injected with a PBS control, a wild-type Fc-FGF21
control comprising amino acid residues 1-181, or
truncated Fc-FGF21 fusion proteins comprising amino
acid residues 5-181 or 7-181. This experiment
demonstrated that truncated Fc-FGF21 fusion proteins
comprising amino acid residues 5-181 or 7-181 exhibit
blood glucose lowering activity that is similar to the
activity of wild-type Fc- FGF21 at 6 hours after
injection. Thus, the in vivo analysis of truncated
FGF21 polypeptides indicated that the deletion of up
to 6 amino acids from the N-terminus of mature FGF21
does not affect the molecule's biological activity. In
vivo analysis also indicated, however, that the
ability of truncated FGF21 polypeptides to lower blood
glucose was reduced and that blood glucose levels
returned to baseline at 24 hours after injection
(similar results were obtained with wild-type FGF21).
The short in vivo activity was found to be a result of
the proteolytic degradation of FGF21, as described in
Example 8. The results of another experiment are
provided in Figure 5, which shows the percent change
in blood glucose levels observed in mice injected with
a PBS control, a wild-type FGF21-Fc control comprising
amino acid residues 1-181, a truncated FGF21- Fc
fusion protein comprising residues 1-175, or a
truncated Fc-FGF21 protein comprising amino acid
residues 1-171. This experiment demonstrates that the
wild-type FGF21-Fc comprising amino acid residues
1-181 has a sustained glucose-lowering activity
resulting in a reduction of blood glucose levels of
approximately 30% over the time period of 24 hours to
120 hours following injection. The truncated Fc-FGF21
protein comprising amino acid residues 1-171 exhibits
delayed blood glucose lowering activity evident only
at 72 hours after injection. However, the activity
observed is the same as the activity of wild-type
FGF21-Fc. The truncated FGF21-Fc fusion protein
comprising residues 1-175 is not active in vivo in
lowering blood glucose. Collectively, the truncation
experiments described herein demonstrate that
truncated FGF21 fusion proteins having an N-terminal
truncation exhibit blood glucose lowering activity
that is similar to that of the wild-type FGF21 fusion
protein, and further, that truncated FGF21 fusion
proteins in which the Fc molecule has been fused to
the Nterminal end of the truncated FGF21 protein
exhibit more activity than fusion proteins in which
the Fc molecule has been fused to the C-terminal end
of the truncated FGF21protein. EXAMPLE 8 Observed in
vivo Degradation of FGF21 FGF21 degradation was first
observed with FGF21 Fc fusion protein constructs as
described in Example 7. In vivo pharmacokinetic
analysis indicated that human FGF21 has a short
half-life of about 1 hour in mice due to rapid
clearance and in vivo degradation. Therefore, to
extend the half-life of FGF21 an Fc sequence was fused
to the N- or C-terminal end of the FGF21 polypeptide.
However, the fusion of an Fc region did not completely
resolve the half-life issue since fusion proteins in
which an Fc sequence was fused to the N- or C-terminal
end of the FGF21 polypeptide (and in particular Fc-
FGF21 fusions, i.e., in which the Fc sequence is fused
to the N-terminus of mature FGF21), did not exhibit
the expected in vivo efficacy, and instead were found
to maintain blood glucose lowering activity for no
more than 24 hours in ob/ob mice. As described in
Figure 4, Fc-FGF21 fusion proteins reduced blood
glucose levels by about 30-40% at 6 hours after
injection, while the blood glucose levels returned to
baseline levels at 24 hours. The proteolytic
degradation of wild-type FGF21 was subsequently
investigated, and the rapid loss of in vivo activity
with Fc-FGF21 fusion proteins was found to be the
result of in vivo degradation of FGF21. Proteolytic
degradation leads to decreased biological activity of
the molecule in vivo and thus a shorter effective
half-life, and such degradation adversely impacts the
therapeutic use of that molecule. Accordingly, the
observed degradation of FGF21 Fc fusion proteins led
to the investigation of the proteolytic degradation of
FGF21 in vivo and to identify FGF21 mutants that were
resistant to such degradation. To determine the sites
of degradation, LC-MS analysis and Edman sequencing
was performed on wild-type human FGF21 and FGF21 Fc
fusion proteins obtained at various time points after
injection into male C57B6 mice. The Edman sequencing
helped confirm whether the N-terminal or C-terminal
end of the protein was undergoing degradation. When an
Fc sequence was fused to the N-terminus of human
FGF21, degradation was found to occur at the peptide
bond between amino acid residues 151 and152 and
between amino acid residues 171 and 172 of the human
FGF21 portion of the fusion molecule (the residue
numbering above is based on the mature FGF21 sequence
and does not include the Fc portion of the fusion
protein). The degradation at 171-172 was found to
occur first, and was followed by degradation at
151-152. Degradation at 171-172 appears to be the
rate-limiting step and plays a role in the half-life
of the molecule. When an Fc sequence was fused to the
C-terminus of FGF21, degradation was found to occur at
the peptide bond between amino acid residues 4 and 5
and between amino acid residues 20 and 21. As a result
of these experiments, it was determined that the Fc
sequence appears to protect the portion of the FGF21
sequence that is adjacent to the Fc sequence from
degradation. An analysis of the in vivo degradation of
wild-type FGF21 and Fc-FGF21 fusion proteins was
further conducted in cynomolgus monkeys. These studies
confirmed that the cleavage site of FGF21 at amino
acid residues 171-172 is the major site of degradation
in monkeys and that this site of degradation is
conserved between murine and primate. EXAMPLE 9
Identification of FGF21 Proteolvsis-Resistant Mutants
Suitable FGF21 mutants were identified by
experimentally determining the positions of the
wild-type FGF21 sequence that are sites of major
proteolytic activity, and specific amino acid
substitutions were introduced at these sites. Amino
acid substitutions were based on FGF21 sequence
conservation with other species (as described in
Example 8) and biochemical conservation with other
amino acid residues. A list of amino acid
substitutions that were or can be introduced into the
wild-type FGF21 protein is provided in Table 8,
although Table 8 is only exemplary and other
substitutions can be made. The numbers of the
positions given in Table 8 correspond to the residue
position in the mature FGF21 protein, which consists
of 181 amino acid residues. Table 8 FGF21 Residues
MutatedEXAMPLE 10 In vivo Analysis of Fc-FGF21 and
FGF21-Fc Degradation The stability of FGF21 Fc fusion
proteins in vivo was determined by injecting mice with
a fusion protein, drawing blood from the mice at
various time points, and analyzing the serum by liquid
chromatography-mass spectrometry (LC-MS). In
particular, mice were intraperitoneally injected with
10 mg/kg of Fc(5)FGF21 (expressed in E. coli and
purified as described in Example 2) or FGF21(3)Fc
(expressed in mammalian cells and purified according
to standard procedures). Blood was drawn from the mice
at 6, 24, and 48 hours after injection (Table 9) and
collected into EDTA tubes pretreated with protease
inhibitor cocktails (Roche Diagnostics). Plasma was
separated by centrifuging the samples at 12,000 g for
10 minutes. FGF21 proteins were affinity purified from
blood using an anti-human-Fc agarose resin. Table 9
FGF21 Samples Prior to analyzing the affinity purified
samples by LC-MS, Fc-FGF21 and FGF21-Fc protein
standards were analyzed as a reference. Protein
standards were eitherreduced with tris[2-carboxy
ethyl] phosphine (TCEP) or not reduced. Reduced and
nonreduced standards were analyzed by LC-MS using an
ACE cyano 0.3 mm x 30 cm column with the column
effluent spraying into an LCQ Classic ion-trap mass
spectrometer. Since the deconvoluted spectra of the
reduced samples were cleaner, the affinity purified
samples were reduced prior to LC-MS analysis. The
observed masses for the reduced Fc(5)FGF21 standard
and samples D6, D24, and D48 are shown in Figures
6A-6D. The observed masses for the reduced FGF21(3)Fc
standard and samples E6, E24, and E48 are shown in
Figures 7A-7D. Some of the standard and sample eluates
were subjected to Edman sequencing in order to confirm
the N-terminus of the proteins and the fragments as
determined by LC-MS. Results of the LC-MS analysis of
the standards and samples are provided in Table 10.
Table 10 Results of LC-MS Analysis and Predicted
Fragments As indicated in Table 10, all of the
affinity purified samples showed some degree of
degradation after only 6 hours of circulation. After
24 hours of circulation, the major product of Fc-FGF21
was a fragment consisting of amino acid residues
1-404, which was seen in both the D and E samples. In
the E samples, however, the major product ofFGF21-Fc
was a fragment consisting of amino acid residues
5-410. For both of the fusion proteins tested, the
FGF21 portion of the fusion protein was more
susceptible to degradation than the Fc portion of the
protein. EXAMPLE 11 Preparation and Expression of
Proteolysis-Resistant FGF21 Mutants and Fusion
Proteins Constructs encoding the FGF21 mutants listed
in Table 11 were prepared by PCR amplification of the
wild-type FGF21 expression vector as described below
(the construction of the wild-type FGF21 expression
vector is described in Example 1). The goal of these
experiments was to generate FGF21 mutants that are
resistant to proteolysis 



and exhibit longer half-lives. Table 11
Proteolysis-Resistant FGF21 Mutants6-Substituted
ESTRADIOL DERIVATIVES AND METHODS OF USE CROSS
REFERENCE TO RELATED APPLICATIONS This application
claims the benefit of U.S. Patent Application No.
12/132,857 filed June 4 , 2008. Application No.
12/132,857 is a continuation-in-part of U.S.
Application 11/947,645 filed on November 29, 2007,
currently pending, which claimed the benefit of U.S.
Provisional Application No. 60/867,980 filed November
30, 2006. U.S. application 11/947,645 was also a
continuation-in-part of U.S. Application No.
11/541,987 filed on October 02, 2006, currently
pending, which claims the priority benefit from U.S.
Provisional Application No. 60/722,204 filed September
30, 2005. The teachings of all such applications are
incorporated herein by their entirety. FIELD OF THE
INVENTION The present invention relates to
compositions and methods of making and using
6-substituted estradiol compounds including but not
limited to 6-alkoxyalkyl estradiol compounds. In
particular, the present invention relates to compounds
(R or S ) 6 hydroxymethyl-, (R or S ) 6
methyloxymethyl-, (R or S ) 6 methyloxyamine, or 6
aminoalkyl derivatives of (8 R or S , 9S, 13 R or S ,
14S, 17 R or S ) - 13-methyl- 7 , 8 , 9 , 11, 12, 14,
15, 16, 17-decehydrocylopenta [a] phenantherene-3,
17-diol and their pharmaceutically acceptable salts,
or prodrugs thereof as articulated and described
herein. The present invention also pertains to
pharmaceutical compositions comprising such compounds,
present either in vitro or in vivo, for both
diagnostic applications and also treatment of
proliferative conditions, such as cancer.BACKGROUND OF
THE INVENTION Proliferative cell disorders such as
tumors and primary malignant tumors {herein, cancer
(s)} in particular are problematic given their
tendency to invade surrounding tissues and metastasize
to distant organs in the body. To date the most
frequently used methods for treating neoplasia,
especially solid tumor forms of neoplasia, include
surgical procedures, radiation therapy, drug
chemotherapies, and combinations of the foregoing.
With over million cases of cancer being diagnosed
annually, and cancer claiming more than half a million
lives in the United States each year, there is
increased need in new therapeutic modalities against
such condition. Prostate, lung and colorectal remains
the most common cancer among men; while breast,
colorectal and lung cancers are the most common
cancers among women. In recent years, there have been
significant gains in the management of these
conditions. At least one of the success stories in the
clinical management of a cancer is the early diagnosis
and treatment options now available for primary breast
cancer. The other is employment of effective and
nontoxic anti-estrogen agents that block the actions
of estrogen either at its receptor sites or at a point
of its synthesis . Obviously research on the function
and activity of estrogen receptors, the structure and
their function has been the subject of many recent
investigations. Estrogen receptors belong to a large
family of structurally related ligand-inducible
transcription factors, including steroid receptors,
thyroid/retinoid receptors, vitamin D receptors known
as nuclear receptors. While the true ligand for
nuclear receptors have not been described, there
aredistinct small molecules that are able to bind to
such receptors and trigger a cellular response.
Estrogens and estrogen receptor modulators bind to
estrogen receptors, classified into two types; a and
b, to form discrete molecular complexes that exert
pleiotropic tissue-specific effects by modulating the
expression of target genes. The ligand-bound estrogen
receptor acts as a key transcription factor in various
molecular pathways, and modulation of ER expression
levels is important in determining cellular growth
potential. While both these types of receptors bind to
estrogen, as well as, other agonists and antagonists,
the two receptors have distinctly different
localization concentration within the body. Aside from
some structural differences between the a and b types,
when complexes with estrogen, the two were shown to
signal in opposite way, with estrogen activating
transcription in the presence of Estrogen Receptor a
(ERa) and inhibiting transcription in the presence of
Estrogen Receptor b (ERb). Tamoxifen is primarily one
of the first selective estrogen receptor modulators
that have become first-line therapy for hormonal
treatment of breast cancer, both for adjuvant
treatment and for therapy of metastatic disease.
Tamoxifen is a competitive inhibitor of estradiol
binding to the estrogen receptor inhibiting its
estrogen binding to the estrogen binding element on
DNA. It has been suggested that Tamoxifen's binding to
the estrogen receptors significantly alters the
structural configuration of the estrogen receptors,
rendering the binding sites dysfunctional towards any
endogenous estrogen. Such structural deformation of
the receptor could explain the profound side effect
profile associated to the use of Tamoxifen.At least
another shortcoming of Tamoxifen is its
ineffectiveness against non-estrogen-dependent tumors
and lower efficacy in pre-menopausal women.
Additionally, Tamoxifen undergoes an isomerization
under physiological conditions from a therapeutically
useful antiestrogenic compound to an estrogenic isomer
which can stimulate the growth of estrogen-dependent
tumor cells, providing an undesired clinical outcome,
particularly among patients suffering from estrogen
dependent tumors. U.S. Patent No. 4,732,904 discloses
other type of estrogen receptor antagonists
conventionally known as hydrazone compounds. It is
thought that these antiestrogenic hydrazone compounds
do not undergo isomerization to estrogenic compounds
under physiological conditions and the estrogenic side
effects observed for Tamoxifen are therefore absent.
These hydrazone compounds have been proposed as
alternative treatments for estrogen-dependent breast
cancers. Among these, the substituted benzophenone
nitrophenyl hydrazones, such as 4 , 4
'-dihydroxybenzophenone- 2,4- dinitrophenylhydrazone
are described to be superior. The complex of the
receptor and the antiestrogen such as hydrazone based
compounds or Tamoxifen may then bind to nuclear
chromatin in an atypical manner for a longer time than
the normal hormone receptor complex. Antiestrogens may
also be able to deplete the cytoplasm of free
receptor. Either or both of these effects could
severely impair the continued growth of an
estrogen-dependent tumor. There has also been an
increased interest in the use of aromatase inhibitors
to block specifically the local production of
estrogens that may contribute substantially to hormone
responsive disease such as breast cancer. Aromatase
(CYP19 ) is described as the principal enzyme
thatconverts androgens to estrogens both in pre- and
postmenopausal women. Estrogen deprivation through
aromatase inhibition is described as an effective and
selective treatment for some postmenopausal patients
with hormonedependent breast cancer. Exemestane (which
is sold as Aromasin, is chemically described as
6-methylenandrosta-l, 4-diene-3, 17-dione) and acts as
an irreversible, steroidal aromatase inactivator. It
is believed to act as a false substrate for the
aromatase enzyme, and processed to an intermediate
that binds irreversibly to the active site of the
enzyme causing its inactivation. U.S. Patent Nos.
4,808,616, and 4,904,650, the teachings of which are
incorporated herein in their entirety, disclose
6-alkylidenandrosta-l, 4-diene-3, 17-dione
derivatives, such as exemestane, and methods of making
them. U.S. Patent No. 4,876,045 discloses a method of
preparing 6- methylene derivatives of androsta-1,
4-diene-3, 17-diones . U.S. Patent No. 4,990,635
discloses a process for making 6- methylene
derivatives of androsta-1, 4-diene-3, 17-diones . The
preparation of intermediates that may be useful in
preparing exemestane is disclosed in U.S. Patent No.
3,274,176. In German patent DD 258820,
6-hydroxymethylandrosta- 1, 4-diene-3, 17-dione is
prepared from androsta-1, 4- diene-3 ,17-dione via 1
,3-dipyrrolidinoandrosta-3, 5-dien-17- one .
Co-pending international application no.
PCT/US2005/001248 filed January 14, 2005 (PCT
Publication Number WO 2005/070951) also describes the
preparation of intermediates that are useful in
preparing exemestane, such application is incorporated
herein by reference, in its entirety. The structure of
Exemestane is shown below.Schneider et . al, in
"Course of the reaction of steroidal 3 ,5-dienamines
with formaldehyde", Helvetica Chimica Acta (1973),
56(7), 2396-2404, discloses the following compounds:
where the symbol represents a double bond, it means a
keto group and no R e is present; and where the symbol
represents a single bond R is hydrogen (i.e. an
alcohol 



group) . Unlike the compounds of the present
invention, Schneider's compounds do not embrace
estradiol, testostrone or dihydrotestostrone
variations. A tri-hydroxyl substituted derivative of
estranes is disclosed in U.S. Patent No. 3,377,363 to
Tadanier et . al, and the 3 hydroxy substituent on the
aromatic ring of the present compounds is not
disclosed. U.S. Patent No. 5,914,324 to De Funari
et.al, discloses 6 hydroxy and oxy androstane
derivatives for hypertension and heart failure. U.S.
Patent 6,384,250 to Gobbini, et al ., discloses the
hydroxyl and ketone substituents at the 6 position in
the preparation of (E, Z ) 3- (2-aminoethoxyimino) -
androstane-6, 17-dione . These compounds were directed
towardsthe treatment of heart failure. The effects of
alkyl hydroxyl substitution at the 6 position is not
disclosed. Tanenbaum, et . al, "Crystallographic
comparison of the estrogen and progesterone receptor's
ligand binding domains", Proc. Natl. Acad. Sci. USA,
Biochemistry, Vol. 95,pp 5998-6003, discloses the
mechanism of ER receptors and notes that estradiol
containing an aromatic ring with a 3- hydroxy
substituent binds well with the ER ligand binding
region. It is disclosed that a flat aromatic group
without the 19 methyl substituent is favored. US
Patent 5,892,069 to D'Amato describes estradiol
derivatives that inhibit tubulin polymerization during
cell mitosis. Given the above, a need still exists to
identify new and effective agents for treating cancer.
Another point of concern in the field is the eventual
conversion of some estrogen- dependent cancers, i.e.
breast cancer, to estrogen- independent types. This
may be accounted for by a natural loss of
differentiation by the tumor cells. Estrogen-
dependent cancer cells have often been observed to
eventually lose their ability to produce estrogen-
binding protein receptors and degenerate into much
more aggressive estrogen-independent life-threatening
cancers. Indeed, the use of antiestrogens to treat
estrogendependent tumors may lead to the clonal
selection of estrogen-independent tumor cells and
therefore may promote the conversion of an
estrogen-dependent cancer to a nonestrogen- dependent
cancer. Cancers of other organs, such as lung and
colon, may not concern estrogen-binding protein
receptors and thus are considered independent of
estrogens for cell replication. Such
estrogen-independent tumors are not as susceptible to
the antiestrogenic properties of drugs such as
Tamoxifen,aromatase inhibitors. Thus other
chemotherapeutic agents must be used to treat such
tumors. Many compounds have been documented to be
effective to varying degrees against estrogen-
independent tumors. These compounds are reviewed in
many references and typically administered in
combination regimen chemotherapy causing substantial
side effect to the patients. The underlying principle
of using general cytotoxic agents chemotherapy is
based upon the observation that malignant tumor cells
replicate at a higher rate than normal body cells and
are therefore correspondingly more susceptible to
these compounds. Similarly, normal tissues that
proliferate rapidly (for example, bone marrow and
intestinal epithelium) are subject to substantial
damage once exposed to these potent cytotoxic drugs,
and such toxicity often limits utility . On the other
hand, slow growing tumors with a small growth
fraction, for example carcinomas of the colon or lung,
are often unresponsive to cytotoxic drugs. Aside from
the treatment of estrogen-dependent and
estrogen-independent tumors, many of the cytotoxic
drugs are currently being used for other proliferative
diseases with rapidly growing cells involved
non-cancerous or non-malignant hyperprolif erative
conditions . Also the increasing importance of
effective therapeutic management of viral diseases
such as AIDS, herpes, various types of hepatitis and
bacterial infections, especially among immune
suppressed patients, calls for alternative modes of
therapy with favorable side effect profile.
Accordingly, there is not only a need for new and
improved cancer chemotherapeuty that can be used to
treat both estrogen-dependent and estrogen-independent
tumors withminimal risk of systemic toxicity
challenging the quality of life for such fragile
population of patients, but also for therapeutic
remedies that target non-cancerous hyperprolif erative
conditions which can benefit from effective doses of
estradiol derivatives. The hyperprolif erative cells
can be normal, rapidly growing cells or abnormal cells
and can include tissue having rapidly growing
endogenous cells or their abnormal subpopulation, or
other tissues generally exogenous to the patient .
None of the teachings of prior art provide for a
therapeutic estradiol derivative with favorable side
effect profile that can be used for these types of
conditions. SUMMARY OF THE INVENTION In light of the
foregoing, the present invention is directed towards
chemotherapeutic compounds, compositions and methods
for their use and preparation, thereby overcoming
various deficiencies and shortcomings of the prior
art, including those outlined above. Accordingly, it
is one object of the present invention to provide
compounds useful in the treatment of
estrogen-dependent conditions and tumors which provide
a better patient tolerance, prognosis and compliance.
Another object of the present invention is to provide
compounds and methods for the treatment of
estrogenindependent tumors with compounds having
substantially less side effects than those currently
available to the patients. Yet another objective of
the present invention is to provide for compounds and
alternative modes of treatment of tissues afflicted
with hyperprolif erative conditions, including viral
and bacterial infections.The present invention
includes any one of the following sets of compounds
represented in Formulas I-XX. One aspect of the
present invention pertains to a compound of Formula
(I) and (II) . Formula (I Formula (II! wherein R1, R2,
R3, R4, R5, R6, R7, R and R9 are independently
selected from the group consisting of hydrogen, C i to
C6 alkyl or substituted alkyl, halogen, sulfate, or
glucuronide moieties; and the symbol represents either
a single or a double bond and when the symbol is a
double bond and forms a keto group at position 3 or
17, then no R7 or R6 is present, respectively; the
symbol - represent the presence or absence of a bond
at position 10; and e LLL symbol represents any type
of bond regardless of the stereochemistry. The
compounds also embrace the enantiomers, other
stereochemical isomers, hydrates, solvates, tautomers
and pharmaceutically acceptable salts thereof. The
present invention relates to a method of
therapeutically treating cancer in a mammalian subject
(e.g., a human patient) . In this aspect of the
invention, methods are provided for inhibiting tumor
or cancerous cell growth within the mammalian subject.
In such a method, thecells are exposed to or contacted
with a compound of Formula (I) or (II) or
pharmaceutically acceptable enantiomers, other
stereochemical isomers, hydrates, solvates, tautomers,
or salts thereof, as shown herein. In a specific,
nonlimiting embodiment of the methods of the present
invention, a compound of Formula (I) or (II) is used
to therapeutically treat an identified cancer state as
described herein. In another specific non-limiting
embodiment of the methods of the present invention, a
composition comprising a compound of Formula (I) or
(II) is used to therapeutically treat an identified
cancer state as described herein. In another aspect of
this invention, compounds having Formula (III) and
(VIII) are described. In this aspect of the invention,
inventor describes methods of inhibiting growth of
cancer cells comprising providing to a patient a
prodrug of Formula (III) wherein R5 is a methyl or
hydrogen; Formula(III) and forming metabolites having
Formulas (IV), (V), (VI), (VII), and (VIII) wherein
any of R3, R4, R5, R7, R8 of their Formula II
counterparts may be a methyl or a hydrogen. Such
metabolites could include for example the structures
shown below:(IV) A - NDC-IO! (IV) B - NDC-1099 (V) A -
NDC-1033 (V) B - NDC-1022 (VI) A -NDC-1110 (VI) B -
NDC-1044 (VII) A - NDC-1066 (VII) B - NDC-1055OH OH
Formula (VIII)-A Formula (VIII)-B Another aspect of
the present invention pertains to amine derivatives of
the compounds of Formulas (I) - (VIII) . In at least
this aspect of the invention, amine moieties are
placed in suitable positions on the molecular core to
improve physical and clinical properties. Formula (IX)
represents a general core structure for the present
invention. Formula (IX) depicts compounds having the
structure : Formula (IX) Wherein Ri, R2, R 3 and R4
are the same as described above; 



Rn is selected from the group consisting of H , a Ci-C
alkyl, substituted alkyl, a halogen, a halogenated
alkyl, a sulfate, a glucoronide, -SO2NH2, -COOH, -CN,
-CH2CN-, -NHCN-, -CHO, =CHOCH 3, -COO salt, -0S0
2alkyl, -NH2, and -NHCO (CH2)n; R i2 is selected from
a group consisting of H , a Ci-C6 alkyl, a substituted
alkyl, a sulfate a glucoronide, a bulky group, a
phenyl or a substituted phenyl group, a cyclo-
orheterocyclo group, and X is selected from the group
consisting of: Ci-C6 alkyl, a substituted alkyl, a
halogen, a halogenated alkyl, a glucoronide, -NH2,
-SO2NH2, -COOH, -CN, - CH2CN, -NHCN, -CHO, -COOsalt,
-0S0 2alkyl, -SH, -SCH 3 - CH (CH2)nC00CH 3 , -
(CH2)n-O-CH 3, (CH2)n-S-CH 3, -CH2OH, - (CH2)n-0- NH2
, - (CH2)n-S-NH 2 , -NH (CH2)nCH3, NH (CH2)nOCH3 , -NH
(CH2)nCHOHCOOH, -N(CH 3)2,-(CH 2)n (NH)CH2OH, -NHCOOH,
- (CH2)n NHCOOH, -NO2, -SCN, -S02alkyl, -B(OH) 2, -(CH
2)n N (CH3)-SO2-NH3, -(CH 2)n NHSO2- NH2, -NHC (=S
)CH3, and -NHNH 2; wherein n is an integer and can be
any number between 0-7, the symbol represents either a
single or a double bond capable of forming a keto
group at position 3 or 17; and the LLLL symbol
represents any type of bond regardless of the
stereochemistry; and the respective enantiomers, other
stereochemical isomers, hydrates, solvates, tautomers
and pharmaceutically acceptable salts of said
compounds. Another aspect of this invention, concerns
the making and using of the following compounds
represented by Formula (X)-(XVI) : Formula (X)-A, NDC
1187 Formula (X)-B, NDC 1209Formula (XI)-A, NDC 1220
Formula (XI)-B, NDC 1231 Formula (XII)-A, NDC 1242
Formula (XII)-B, NDC 1253 Formula (XIII)-A, NDC 1264
Formula (XIII)-B, NDC 1275In this aspect of the
inventions, the compounds of the present invention may
be contemplated for administration to the mammalian
subject in the form of a drug, prodrug or even active
metabolite. However, it is envisioned that such
compounds are most effective when incorporated into
nanoparticles, liposomes or polymeric matrix systems
or other delivery systems which are capable of being
directly delivered to a solid mass or be targeted to
tissues of interest via suitable targeting agents. At
least another aspect of the invention concerns
delivery systems that allows conversion of suitable
analogues which can be converted to a specified active
compound in vivo after it is administered to the
patient for exerting its therapeutic activity. The
compounds of the present invention may be used to
treat any tumor which may be either directly or
indirectly effected by hormonal and/or
estrogen-related activity, including but not in any
way limited to solid tumors associated with breast,
pancreatic, lung, colon, prostate, ovarian cancers, as
well as brain, liver, spleen, kidney, lymph node,
small intestine, blood cells, bone, stomach,
endometrium, testicular, ovary, central nervous
system, skin, head and neck, esophagus, or bone marrow
cancer; as well as hematological cancers, such as
leukemia, acute promyelocytic leukemia, lymphoma,
multiple myeloma, myelodysplasia, myeloproliferative
disease, or refractory anemia . The compounds of the
present invention may also be used in
combination-based therapeutic cancer treatments in a
mammalian subject. Such methods may comprise
administration of a compound of Formula (I), (II),
(X), or (XI) in combination with other adjunct cancer
therapies, such aschemotherapy, radiotherapy, gene
therapy, hormone therapy and other cancer therapies
known in the art. Any of the compounds of the present
invention may be contemplated for administration to
the mammalian subject in the form of a drug, prodrug
or even active metabolite. In the methods of treatment
of the present invention, the term "administering"
shall encompass the treatment of the various
conditions described with the compound specifically
disclosed or with a compound which may not be
specifically disclosed, but which converts to the
specified compound in vivo after administration to the
patient and exhibits therapeutic activity. Other
objects, features, benefits and advantages of the
present invention will be apparent from this summary
and the following descriptions of certain embodiments,
and will be readily apparent to those skilled in the
art having knowledge of various chemotherapeutic
compounds, methods and/or modes of operation. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1- shows the
Estradiol biosynthetic pathway. Figure 2- shows a
predicted metabolic pathway for the present compounds.
Figure 3- shows the effect of NDC-1011, NDC-1022, NDC-
1033, NDC-1044, NDC-1055 and NDC-1066 on estrogen
receptor beta (ER-b) activity as measured by
luciferase expression (RLU = relative light units).
CV-I cells were transfected with two plasmid
constructs, the reporter construct ERE-tklucif erase
and a CMV-ER- b contruct . Transfected control (Ctrl)
CV-I cells received no treatment while estradiol
treated cells (E2) received estradiol added alone at
ICT9 M (1 nM) . In the case of NDC compounds, each
compoundrespectively was either added alone at 10 M
(10 nM) (as evident in the left column for each test
compound) or at 10 8 M plus 10 9 M estradiol (E2) (as
evident in the right column for each test compound) .
Figure 4- shows the effect of NDC-1011, NDC-1033, NDC-
1055 and NDC-1066 on estrogen receptor alpha (ER-OC)
activity as measured by luciferase expression (RLU =
relative light units) . CV-I cells were transfected
with two plasmid constructs, the reporter construct
ERE-tk-lucif erase and a CMV-ER-CC contruct.
Transfected control (Ctrl) CV-I cells received no
treatment while estradiol (E2) was added alone at 10 9
M (1 nM) . In the case of NDC compounds, each compound
respectively was either added alone at 10 8 M (10 nM)
(as evident in the left column for each test compound)
or at 10 8 M plus 10 9 M estradiol (E2) (as evident in
the right column for each test compound) . Figure 5-
shows IC5O growth inhibition data (in mM ) for
NDC-1022 (left columns), NDC-1033 (middle columns) and
NDC- 1044 (right columns) as determined in each of the
cell lines HT-29, SK-OV-3, NCI-H23, MCF-7, MDA-MB-231,
OVCAR-3, CAPAN- 1 , CAPAN-2, SH-SY5Y, A-549 and PC-3 .
Figure 6- shows numerical IC50 growth inhibition data
(in mM ) for NDC-1022, NDC-1033 and NDC-1044 as
determined in each of the cell lines HT-29, SK-OV-3,
NCI-H23, MCF-7, MDAMB- 231, OVCAR-3, CAPAN-I, CAPAN-2,
SH-SY5Y, A-549 and PC-3. Figure 7- shows numerical
IC5O growth inhibition data (in mM ) for Compound 1
(NDC-1022), Compound 2 (NDC-1165) and Compound 3
(NDC-1187) as determined in each of the cell lines
HT-29, SK-OV-3, NCI-H23, MCF-7, MDA-MB-231, OVCAR-3,
CAPAN-I, CAPAN-2, SH-SY5Y, A-549, PC-3, U-87-MG and
U-118- MG.Figure 8- shows IC50 growth inhibition data
(in mM ) for NDC-1022 ( three left columns), NDC-1187
(fourth columns from left), NDC-1165 (fifth columns
from left), and tamoxifen controls (three right
columns) as determined in each of the cell lines
HT-29, SK-OV-3, NCI-H23, MCF-7, MDAMB- 231, OVCAR-3,
CAPAN-I, CAPAN-2, SH-SY5Y, A-549, PC-3, T98G, U-87-MG
and U-118-MG. DETAILED DESCRIPTION OF THE INVENTION
Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as is commonly
understood by one of skill in the art to which this
invention belongs and shall be understood to have the
meanings described below. All publications and patents
referred to herein are incorporated by reference in
their entirety. Unless otherwise specified, a
reference to a particular compound includes all such
isomeric forms, including racemic and other mixtures
thereof. Unless otherwise specified, a reference to a
particular compound also includes ionic, salt, solvate
(e.g., hydrate), protected forms, prodrugs, and other
stereoisomers thereof, for example, as discussed
herein. It may be convenient or desirable to prepare,
purify, and/or handle a corresponding salt of the
active compound, for example, a
pharmaceutically-acceptable salt. Examples of
pharmaceutically acceptable salts are discussed in
Berge et al ., 1977, "Pharmaceutically Acceptable
Salts," J . Pharm. Sci., Vol. 66, pp. 1-19, and
discussed herein. Anti-prolif erative compounds of the
present invention have application in the treatment of
cancer, and so the present invention further provides
anti-cancer agents. The term "anti-cancer agent" as
used herein, pertains to a compound which treats,
delays progression, prolongs relapseperiod of, and
controls symptoms of a cancer (i.e., a compound which
is useful in the treatment of a cancer) . The
anti-cancer effect may arise through one or more
mechanisms, including but not limited to, the
regulation of cell proliferation, the inhibition of
angiogenesis (the formation of new blood vessels), the
inhibition of metastasis (the spread of a tumor from
its origin) , the inhibition of invasion (the spread
of tumor cells into neighboring normal structures), or
the promotion of apoptosis (programmed cell death) ,
or tumor necrosis or tumor autophagy or any
combinations thereof. The invention further provides
active compounds for use 



in a method of treatment of the human or animal body
by therapy. Such a method may comprise administering
to such a subject a therapeutically-ef fective amount
of an active compound, preferably in the form of a
pharmaceutical composition as discussed further
herein. The term "estrogen" as used herein encompass
steroid like hormones that are naturally made and is
able to cross the cell membrane to exert its activity
inside the cell by binding to the estrogen receptors.
Example of such compounds include but are not limited
to estradiols, estrols, and esterenes . The term
"treatment," or "therapy" as used herein in the
context of treating a condition, pertains generally to
treatment and therapy of a mammalian subject, whether
of a human or a non-human animal (e.g., in veterinary
applications), in which some desired therapeutic
effect is achieved, for example, the inhibition of the
progress of the condition, and includes a reduction in
the rate of progress, a halt in the rate of progress,
amelioration of the condition, and/or cure of the
condition. Treatment as aprophylactic measure is also
included. Treatment includes combination treatments
and therapies, in which two or more treatments or
therapies are combined, for example, sequentially or
simultaneously. Examples of treatments and therapies
include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g.,
drugs, antibodies (e.g., as in immunotherapy),
prodrugs (e.g., employing protecting groups including
phosphoric acid derivatives and phosphinates at
suitable positions such as position 3 or 17, other
compounds used for photodynamic therapy, GDEPT, ADEPT,
etc.); surgery; radiation therapy; and gene therapy.
The term "stereochemical isomer" as used herein,
refers to isomers that differ from each other only in
the way the atoms are oriented in space. The two
stereoisomers particularly of importance in the
instant invention are enantiomers and diastereomers
depending on whether or not the two isomers are mirror
images of each other. In the preferred embodiment, the
claimed formulations comprise such compounds that
isolated, resolved and are "substantially free of
other isomers." The term "therapeutically-ef fective
amount," as used herein, pertains to that amount of an
active compound, or a material, composition or dosage
form comprising an active compound, which is effective
for producing some desired therapeutic effect,
commensurate with a reasonable benefit/risk ratio. The
term "patient" refers to animals, including mammals,
preferably humans. The term "region of a patient"
refers to a particular area or portion of the patient
afflicted with a proliferative disorder, cancer or
tumor and in someinstances to regions throughout the
entire patient. Exemplary of such regions are the
pulmonary region, the gastrointestinal region, the
breast region, the renal region as well as other
bodily regions, tissues, lymphocytes, receptors,
organs and the like, including the vasculature and
circulatory system, and cancerous tissue. "Region of a
patient" includes, for example, regions to be treated
with the disclosed compounds and compositions. The
"region of a patient" is preferably internal, although
it may be external . The term "tissue" refers
generally to specialized cells which may perform a
particular function. The term "tissue" may refer to an
individual cell or a plurality or aggregate of cells,
for example, membranes, blood or organs. The term
"tissue" also includes reference to an abnormal cell
or a plurality of abnormal cells. Exemplary tissues
include breast tissue, including breast cells,
membranous tissues, including endothelium and
epithelium, laminae, connective tissue, including
interstitial tissue, and tumors. The term "amino
alkyl" as used herein refers to an alkyl group with an
amino group on it, for example, H2N-CH2- ,
H2N-CH2CH2-, Me2NCH2-, etc., wherein the point of
attachment is a carbon of the alkyl chain; and the
term "alkyl amino" as used herein refers to an amino
group with an alkyl group attached to the nitrogen
atom, for example, CH3NH-, EtNH-, iPr-NH-, etc.,
wherein the point of attachment is via the nitrogen
atom of the amino group. The term "proliferative cell
disorders" as used herein refers to disorders such as
tumors, primary malignant tumors, and other
hyperprolif erative conditions. The terms "primary
malignant tumor (s)" and "cancer (s)" are used
interchangeably .Compounds Among other things, the
present invention relates to estradiol derivatives
with specific modifications at position 6 of the B
ring of the estradiol. At least one aspect of this
invention is directed to such compounds having the
general structure shown in Formula (IX) below: wherein
R1 R2 and Z are independently selected from the group
consisting of: H , C1-C6 alkyl, substituted alkyl, a
halogen, a halogenated alkyl, a sulfate, a
glucoronide, -SO2NH2, - COOH, -CN, -CH2CN, -NHCN,
-CHO, -COOsalt, -0S02alkyl, -NH2, - SH, -SCH3,-NHCO
(CH2)n CH3, -NO2, -SCN, -S02alkyl, -B(OH) 2, - NHC (=S
)CH3, and -NHNH 2 ; X is selected from the group
consisting of: C1-C6 alkyl, a substituted alkyl, a
halogen, a halogenated alkyl, a glucoronide, -NH2 ,
-SO2NH2, -COOH, -CN, - CH2CN, -NHCN, -CHO, -COOsalt,
-0S02alkyl, -SH, -SCH3 -CH (CH2)n COOCH 3, -
(CH2)n-O-CH 3, - (CH2)n-S-CH 3, -CH2OH, - (CH2)n-0-NH
2, - (CH2)n-S-NH 2, -NH (CH2)n CH3, -NH (CH2)n 0 CH3,
-NH (CH2)n SCH3 - NH (CH2)n CHOH-COOH, -N(CH 3)2, -
(CH2)n (NH) CH2OH, -NHCOOH, - (CH2)n NH-COOH, -NO2,
-SCN, -S02alkyl, -B(OH) 2, - (CH2)n N (CH3)- SO2-NH3,
- (CH2)n NH-SO 2-NH2, -NHC(=S)CH 3, and -NHNH 2; R3 is
selected from the group consisting of: H , a C1-C6
alkyl, a substituted alkyl, a halogen, and a
halogenated alkyl; R4 and Y are independently selected
from a group consisting of: =0, -OH, -H, a -C1-C6
alkyl, a substituted alkyl, a halogen, a halogenated
alkyl, a sulfate, a glucoronide, a bulky group,a
phenyl or a substituted phenyl group, a cyclo- or
heterocyclo group, piperidine, pypirizine, morpholine,
pyrimidine, -N (CH2)n; phosphate group, a phosphinate
group, and further wherein n is independent integers
and can be any number between 0-7, the symbol
represents either a single or a double bond capable of
forming a keto group at position 3 or 17; and the LLLL
symbol represents any type of bond regardless of the
stereochemistry; and the respective enantiomers, other
stereochemical isomers, hydrates, solvates, tautomers
and pharmaceutically acceptable salts of said
compounds. In an another embodiment the
stereochemistry at the C-6 carbon comprises a S or R
enantiomer or diastereomers . In at least another
aspect of the present invention, preferred compounds
having the general structure shown in Formula (XIX)
below: wherein : Ri, R2, R3, R4 are independently
selected from the group consisting of H , Ci-C6 alkyl,
substituted alkyl, and halogen; R5 is selected from
the group consisting of H , Ci-C6 alkyl, a substituted
alkyl, a sulfate, a glucuronide, -CH 2OH, -CH 2OCH 3,
-NH (CH2)n0H, -NH (CH2)n-COOsalt, -N (CH3)n, - -CH2ONH
2, -(NH)CH 2OHCH 3, (CH2)n NHCOOH - (CH2)n NHCOOsalt,
-NHCH 2OH, - NHCOOH and -NH 2,R6 is selected from a
group consisting of H , a Ci-C6 alkyl, a substituted
alkyl, a sulfate a glucoronide, a bulky group, a
phenyl or a substituted phenyl group, a cyclo- or
heterocyclo group, and R7 is selected from the group
consisting of H , a Ci-C6 alkyl, substituted alkyl, a
halogen, a halogenated alkyl, a sulfate, a
glucoronide, -SO2NH2, -COOH, -CN, -CH2CN-, -NHCN,
-CHO, -COO salt, , and -NH2 . In an another embodiment
the stereochemistry at the C-6 carbon comprises a S or
R enantiomer or diastereomers . Wherein the symbol
represents either a single or a double bond with the
proviso that when the symbol is a double bond and
forms a keto group at position 3 or 17, then no R7 or
R6 is respectively present. In at least another aspect
of the present invention is directed to a
chemotherapeutic compound of a Formulas (I)- (II) :
Formula (I) Formula (II) wherein R1, R2, R3, R4, R5,
R6, R7, R8 and R9 are independently hydrogen, C i to
C6 alkyl or substituted alkyl, halogen, sulfate, or
glucuronide moieties; and the symbol represents either
a single or a double bond and when the - symbol is a
double bond and forms a keto group at position3 or 17,
then no R7 or R6 is present, respectively; the symbol
- represent the presence or absence of a bond at
position 10; and the LLLL symbol represents any type
of bond regardless of the stereochemistry. The
compounds also embrace the enantiomers, other
stereochemical isomers, hydrates, solvates, tautomers
and pharmaceutically acceptable salts thereof. In an
embodiment of Formula I , R5, R , R , R 9 are hydrogen
atoms, methyl or Cl; Ri, R2 is hydrogen or methyl; R3,
R4 is C i to about C6 alkyl or substituted alkyl,
halogen and is a single bond corresponding to the
alcohol group. In an 



another embodiment the stereochemistry at the C-6
carbon comprises a S or R enantiomer or diastereomers
. Embodiment compounds of the present invention can be
used in a pharmaceutical composition. Such a
composition can comprise one or more compounds
selected from those discussed above, illustrated below
or otherwise inferred herein, and combinations
thereof. In certain embodiments, such a composition
can comprise a pharmaceutically-acceptable carrier
component. Without limitation, such a composition can
comprise a racemic mixture of compounds. In certain
embodiments, such a compound can be present as the S
and R enantiomer, preferably their isolated and
purified form which is substantially free of other
isomers, and R5, or R7 can be selected from H , C i to
C6 alkyl or substituted alkyl, and a halogen. The
compounds of the present invention may have asymmetric
centers and may occur as racemate, racemic mixture or
as individual and purified diastereomers or
enantiomers such as (S) 6-methyloxymethyl (8S, 9S,
13S, 14S, 17S) -13-methyl- 7,8,9,11,12,14,15,16,17
-decehydrocylopenta [a] phenantherene-3, 17-diol; (R)
6-methyloxymethyl (8S, 9S,13S, 14S, 17R) -13-methyl-
7,8,9,11,12,14,15,16,17 decehydrocylopenta [a]
phenantherene-3, 17-diol; (R) 6- methyloxymethyl (8R,
9S, 13R, 14S, 17R) -13-methyl- 7,8,9,11,12,14,15,16,
17-decehydrocylopenta [a] phenantherene- 3 , 17-diol
(NDC-1022); (S)6-methyloxymethyl (8R, 9S, 13R, 14S,
17R) -13-methyl- 7 , 8 , 9 , 11, 12, 14, 15, 16,
17-decehydrocylopenta [a] phenantherene-3, 17-diol
(NDC-1033) . (6R, 8R, 9S, 1OR, 13S, 14S)
-6-(methoxymethyl) -10, 13-dimethyl-7, 8 , 9 , 10, 11,
12, 13, 14, 15, 16-decahydro-3 H-cyclopenta [a]
phenanthrene-3, 17 (6H)dione (NDC-1011); (6R, 8R, 9S,
1OR, 13S, 14S) -17-hydroxy-6- (methoxymethyl) -10,
13-dimethyl-6, 7 , 8 , 9 , 10, 11, 12, 13, 14, 15, 16,
17-dodecahydro-3Hcyclopenta[
a]phenanthrene-3-one(NDC-1044) ; (6R, 8R, 9S, 13S,
14S) -6-(hydroxymethyl) -13-methyl-7, 8 , 9 , 11, 12,
13, 14, 15, 16, 17-decahydro-6H-cyclopenta [a]
phenanthrene-3, 17- diol (NDC-1055); (6S, 8R, 9S, 13S,
14S )-6- (hydroxymethyl )- 13-methyl-7, 8 , 9 , 11,
12, 13, 14, 15, 16, 17-decahydro-6Hcyclopent [a]
phenanthrene-3, 17-diol (NDC-I 066 ); (6S , 8R, 9S ,
1OR, 13 S , 14S) -6- (methoxymethyl )-10, 13-dimethyl-
7 , 8 , 9 , 10, 11, 12, 13, 14, 15, 16-decahydro-3H
cyclopenta [a] phenanthrene-3, 17 (6H) -dione
(NDC-1077) ; (6S, 8R, 9S, 13S, 14S) -3-hydroxy-6-
(methoxymethyl) -13-methyl-7, 8 , 9 , 11, 12, 13, 15,
16-octahydro-6H-cyclopenta [a] phenanthren-
17(14H)-one(NDC-1088) ; (6R, 8R, 9S, 13 S , 14S
)-3-hydroxy-6- (methoxymethyl) -13-methyl-7,
8,9,11,12,13, 15, 16-octahydro-6Hcyclopenta[
a]phenanthren-17 (14H) -one (NDC-1099 ); (6S, 8R, 9S,
1OR, 13S, 14S) -17-hydroxy-6- (methoxymethyl) -10,
13-dimethyl- 6 , 7 , 8 , 9 , 10, 11, 12, 13, 14, 15,
16, 17-dodecahydro-3Hcyclopenta [a] phenanthrene-3,
17-diol (NDC-1110 ); (6R, 8R, 9S, 1OR, 13S, 14S) -6-
(methoxymethyl) -10, 13, dimethyl -4, 5 , 6 , 7 , 8 ,
9 , 11, 12, 13, 14, 15, 16, 17-
tetradecahydro-3Hcyclopenta [a] phenanthrene-3,
17-diol (NDC-1121 ) ; (6S, 8R, 9S,1OR, 13S, 14S)
-b-(methoxymethyl) -10, 13-dimethyl-4, 5 , 6 , 7 , 8 ,
9 , 10, 11, 12, 13, 14, 15, 16, 17-
tetradecahydro-3Hcyclopenta[ a]phenanthrene-3, 17-diol
(NDC-1132 ); (6R,8R, 9S, 1OR, 13S, 14S) -6-
(methoxymethyl )10, 13dimethylhexadecahydrolH-
cyclopenta[a]phenanthrene-3, 17-diol (NDC-1165); (6R,
8R, 9S, 13S, 14S) -3-hydroxy-6- (methoxymethyl)
-13-methyl-7, 8 , 9 , 11, 12, 13, 14, 15, 16, 17,
-decahydro- H-cyclopenta [a] - 17- yl stearate
(NDC-1176); (6R, 8R, 9S, 13S, 14S)-6- (aminooxymethyl)
-13-methyl-7, 8 , 9 , 11, 12, 13, 14, 15, 16,
17-decahydro-6H-cyclopenta [a] phenanthrene-3,
17,-diol (NDC- 1187); (6R, 8R, 9S, 13S, 14S
)-6-methoxy-13-methyl-7 , 8 , 9 , 11, 12, 13, 14, 15,
16, 17-decahydro-6Hcyclopenta [a] phenanthrene-3,
17-diol (NDC-1198). An embodiment of the present
invention pertains to the preparation of the R or S
enantiomers, R or S diastereomers of 6 substituted
estradiols. Methods for the preparation (e.g.,
asymmetric synthesis) and separation (e.g., fractional
crystallization and chromatographic means) of such
isomeric forms are either generally known in the art
or are readily obtained by adapting the methods taught
herein. One such methodologies are described in the
co-pending U.S. application SN 11/541,987, the
teachings of which are herein incorporated in its
entirety. Another embodiment of present invention
pertains to a method for preparing a 6-hydroxymethyl,
6-methyloxymethyl, 6-aminomethoxy,
6-methylaminomethoxy or 6-methoxyamine derivatives of
estradiol. A reaction scheme for preparing estradiol
derivatives is given below, Schemes 1-3. Such methods
can comprise reaction of t-butyldimethylsilyl
derivative of estradiol with LIDAKOR/ THF
/formaldehyde to obtain a 6-hydroxylated compound
followed by such steps as: (i) hydrolysis to obtain
6-hydroxymethyl derivative ofestradiol, NDC-1066;
and/or (ii) treatment with dimethylsulf ate followed
by hydrolysis to obtain 6- methyloxymethyl derivative
of estradiol, NDC-1033. NDC-1088 can be obtained by
further oxidation of NDC-1033 at the C-17 hydroxyl
position. In an alternative approach, the compounds of
the present invention can also be prepared by a method
comprising such steps as: (i) protecting an estrodial
compound, (ii) acylating the protected estradiol
compound at the benzylic 6-position with
LIDAKOR/Butyl- Lithium/Diisopropylamine/potassium
tert-amylate, (iii) reducing the position 6 aldehyde
with lithium aluminum hydride, (iv) deprotecting the
protected regions of the estradiol compound. A
reaction scheme for preparing estradiol derivatives is
given below in Scheme 2 . The compounds of the present
invention can be synthesized by the following methods
as depicted in the schemes below:Scheme 1 - Preparing
compounds of the instant invention, NDC-1 022 NDC-1
099Scheme 2- Alternative methods for preparing the
compounds of the invention. NDC-1 022 Various
methyloxyalkyl derivatives, in accordance with this
invention, involve selection of alkylating agents.
Such derivatives would be understood by those skilled
inart made aware of this invention, and is available
through synthetic procedures of the sort described
herein.. Accordingly, without limitation, various C i
to C alkyl and substituted alkyl (e.g., C i to C6
linear, substituted linear, branched and substituted
branched alkyl, such substituents as would be
understood in the art) reagents can be used as
described herein to prepare the corresponding
methyloxyalkyl derivatives . In another aspect of this
invention, methods of making 6-amino derivatives of
the estradiol are disclosed in reaction schemes below.
Accordingly, 6-methoxylated estradiols described in
Schemes 1-2 are employed and converted to their
respective amino derivatives. Scheme 3-Methods of
making 6-amino derivatives of estradiol: NDC-1187 4a
Exact Mass: 401 22 Exact Mass: 359 2 1 Exact Mass: 317
20 MoI Wt : 401 50 MoI Wt : 359 46 MoI Wt : 317
42Methods of Use The present invention relates to a
method of treating cancer in a mammalian subject
(e.g., a human patient) . In this aspect of the
invention, methods are provided for inhibiting tumor
or cancerous cell growth. In such a method, the cells
are exposed to or contacted with a compound of Formula
(IX) or pharmaceutically acceptable salts or hydrates
thereof having the general structure shown in Formula
(IX) below: wherein Ri, R2, R3, R4, Y , X and Z are as
described above, and further wherein n and m are
independent integers and can be any number between
0-7, the symbol represents either a single or a double
bond capable of forming a keto group at position 3 or
17; and the LLLL symbol represents any type of bond
regardless of the stereochemistry; and the respective
enantiomers, other stereochemical isomers, hydrates,
solvates, tautomers and pharmaceutically acceptable
salts of said compounds. In another aspect of the
present invention methods of using the compounds
having the general structure shown in Formula (XIX)
below:wherein: Ri, R2, R3, R4, R5, R6, R 7 are as
described above, and the symbol represents either a
single or a double bond with the proviso that when the
symbol is a double bond and forms a keto group at
position 3 or 17, then no R7 or R6 is respectively
present. In at least another aspect of the present
invention, effective doses of compounds having
Formulas (I)-(II) are administered to the patients in
need of such therapy: Formula (I) Formula (II) wherein
Ri, R2, R3, R4, R5, R , R7, R and R g are as described
above; and the symbol represents either a single or a
double bond and when the symbol is a double bond and
forms a keto group at position 3 or 17, then no R7 or
R6 is present, respectively; the symbol - represent
the presence or absence of a bond at position 10; and
the LLLL symbol represents any type of bond regardless
of the stereochemistry . These methods may be used to
treat any tumor which may be either directly or
indirectly effected by hormonal and/orestrogen-related
activity, including but not in any way limited to
solid tumors associated with breast, pancreatic, 



lung, colon, prostate, ovarian cancers, as well as
brain, liver, spleen, kidney, lymph node, small
intestine, blood cells, bone, stomach, endometrium,
testicular, ovary, central nervous system, skin, head
and neck, esophagus, or bone marrow cancer; as well as
hematological cancers, such as leukemia, acute
promyelocytic leukemia, lymphoma, multiple myeloma,
myelodysplasia, myeloproliferative disease, or
refractory anemia. Among other things, the inventor of
the present invention offer a new mode of action for
treating estrogen dependent or independent tumors.
Traditional approach employed drugs once bound to the
ERs modified the ERs configuration to the extent that
in effect rendered them destroyed. Accordingly,
destruction of such bound ERs would cease transmission
of all external and internal signals essential for
vitality of the cells; creating a stop in cellular
growth. It is believed that the presently disclosed
compounds are able to bind to number of receptors
including the estrogen, testosterone and androgen
receptors. The inventor has unexpectedly observed that
upon binding, the compounds of the present invention
are able to modulate the cellular first or second
messenger signaling pathways and further potentiate
their clinical effects through gene dependent or gene
independent mechanisms, e.g. gene dependent estrogen
activity has been well described in the art and those
of ordinary skill in the art are able to ascertain the
pathways involved inactivation of a estrogen dependent
gene. However, in the present invention, the inventor
has unexpectedly found that the compounds of the
claimedinvention are able to modulate cellular
activity at a level independent of the traditional
gene regulated mechanisms. In this aspect of the
invention, the compounds of the instant invention are
capable of binding directly to multiple steroid
receptors at the plasma membrane and trigger internal
cell mediated stress mechanisms involving the unfolded
protein response ("UPR") at the endoplasmic reticulum.
The UPR stress response subsequently lead to growth
inhibition, and cell death through modulation of
stress response genes such as CHOP also known as
GADD153, TRIB3, etc. In addition, administration of
the compounds of the present invention for treatment
of various cancer states may comprise administration
of a compound of Formula (I) in combination with other
adjunct cancer therapies, such as chemotherapy,
radiotherapy, gene therapy, hormone therapy and other
cancer therapies known in the art. Combinations of the
presently disclosed compounds with other anti-cancer
or chemotherapeutic agents are within the scope of the
invention. Examples of such agents can be found in
Cancer Principles and Practice of Oncology by V . T .
Devita and S . Hellman (editors), 6th edition (Feb.
15, 2001), Lippincott Williams & Wilkins Publishers. A
physician, veterinarian or clinician of ordinary skill
in the art would be able to discern which combinations
of agents would be useful based on the particular
characteristics of the drugs and the cancer involved.
Such anti-cancer agents include the following:
estrogen receptor modulators, androgen receptor
modulators, retinoid receptor modulators, cytotoxic
agents, anti-prolif erative agents, prenyl-protein
transferase inhibitors, HMG-CoA reductase inhibitors,
EHV proteaseinhibitors, reverse transcriptase
inhibitors, aromatase inhibitors, and angiogenesis
inhibitors. Exemplified Compounds In at least one
aspect of the invention, inventors illustrate the
compounds of the present invention in table I below:
Table I Ri, R2, R3, R4: independently H , Ci-C6 alkyl,
substituted alkyl, or halogen R5, R7: H , Ci-C6 alkyl,
substituted alkyl, sulfate, or glucuronide R6: H , C
-C6 alkyl, or substituted alkyl, sulfate, or
glucuronide, when is a single bond; not present, when
is a double bondTable I-continued R1, R2, R3, R4:
independently H , C1-C6 alkyl, substituted alkyl, or
halogen R5, R7: H , C1-C6 alkyl, substituted alkyl,
sulfate, or glucuronide R6: H , C1-C6 alkyl, or
substituted alkyl, sulfate, or glucuronide, when is a
single bond; not present, when is a double bondTable
I-continued R1, R2, R3, R4: independently H , C1-C6
alkyl, substituted alkyl, or halogen R5, R7: H , C1-C6
alkyl, substituted alkyl, sulfate, or glucuronide R6:
H , C1-C6 alkyl, or substituted alkyl, sulfate, or
glucuronide, when is a single bond; not present, when
is a double bond* NDC-1 033 ; ** NDC-1 022 The
preferred compounds i n Table I include compounds 15
and 20. At least one aspect of the instant invention i
s directed t o these preferred compound, their method
of use and making . In at least another aspect of the
invention, inventors illustrate the compounds of the
present invention i n table I I below : Table I I R R
R R4 ndependent l y H, C - C6 alkyl , subst t ut ed
alkyl , or halogen R5 H, C - C6 alkyl , subst t ut ed
alkyl , sul fate , or gl ucur on de R6: H, C - C6
alkyl , or subst t ut ed alkyl , sul fate , or gl ucur
on de , R8: H, C - C6 alkyl , or subst t ut ed alkyl ,
when s a s ngl e bond ; not present , when s a double
bondTable I I R1, R2, R3, R4: independently H , C1-C6
alkyl, substituted alkyl, or halogen R5: H , C1-C6
alkyl, substituted alkyl, sulfate, or glucuronide R6:
H , C1-C6 alkyl, or substituted alkyl, sulfate, or
glucuronide, R8: H , C1-C6 alkyl, or substituted
alkyl, when is a single bond; not present, when is a
double bondTable I I-Continued R , R2, R3, R4:
ndependent l y H, C - C6 alkyl , subst t ut ed alkyl ,
or halogen R5: H, C1- C6 alkyl , subst t ut ed alkyl ,
sul fate , or gl ucur on de R6: H, C - C6 alkyl , or
subst t ut ed alkyl , sul fate , or gl ucur on de ,
R8: H, C - C6 alkyl , or subst t ut ed alkyl , when s
a s ngl e bond ; not present , when s a double bond *
NDC- 1077, when R8 s a methyl ; ** NDC- 1011, when R8
s a methyl ; *** NDC- 1110, when R8 s a methyl ; ****
NDC- 1044, when R8 s a methyl . The preferred
compounds i n Table I I include compounds 89, 90, 98,
and 128. At least one aspect of the instant invention
i s directed t o these preferred compound, their
method of use and making .One specific non-limiting
example for treatment of an identified cancer state as
described herein includes use a compound of Formula
(I), which has the Formula (IX) below: ;iX) A- NDC
-1033 IX) B- NDC - 1022 Another specific non-limiting
example for treatment of an identified cancer state as
described herein includes use a compound of Formula
(I), which has the Formula (X), below: (X) A- NDC
-1066 :X) B- NDC -1055 In at least another aspect of
the invention, inventors illustrate the compounds of
the present invention in table II below:Table I I I
R.2 r -3 r - ndependent l y H, C1- C6 aallkyl,
substituted alkyl, or halogen and is a single or
double bond; not present.Table III R1, R2, R3, R4:
independently H , C1-C6 alkyl, substituted alkyl, or
halogen and is a single or double bond; not
present.ANTI-CD8 ANTIBODIES BLOCK PRIMING OF CYTOTOXIC
EFFECTORS AND LEAD TO GENERATION OF REGULATORY CD8+T
CELLS Technical Field of the Invention The present
invention relates in general to the field of
regulatory T cells, and more particularly, to
compositions and methods for making and using anti-CD8
antibodies. Background Art Without limiting the scope
of the invention, its background is described in
connection with immune cell tolerance. United States
Patent No. 5,593,677 issued to Reichert, et al.,
teaches a method for prevention of graft versus host
disease. The method includes a treatment and
prevention of graft versus host disease in man through
the combined use of anti-CD8 monoclonal antibodies and
a CD4+ cell inactivator. The method for prevention of
or prophylaxis against GVHD in a patient to undergo a
bone marrow transplant, where bone marrow of an
allogeneic donor has been matched to the patient for
HLA compatibility, comprising the steps of treating
the bone marrow of the donor with one or more anti-CD8
monoclonal antibodies and complement in an amount
sufficient to deplete T cytotoxic/suppressor cells to
less than 1%, transplanting the treated bone marrow to
the patient, and administering to the patient an
effective amount of Cyclosporine A sufficient to
inactivate CD4+ cells. United States Patent No.
5,601,828 issued to Tykocinski, et al., relates to CD8
derivatives and methods of use for cellular modulation
and enhancement of cellular engraftment. Specific and
nonspecific immunomodulation, enhancement of cellular
engraftment, and modulation of nonimmune cells are
achieved by using various membrane-binding and soluble
CD8 compositions. In this patent, the method for
specifically reducing T-cell proliferation or
cytotoxicity directed to an alloantigen or a
MHC-associated antigen, includes providing a
nonnaturally occurring membrane which presents in, or
on its surface, an extracellular domain portion of CD8
and the alloantigen or the MHC-associated antigen
wherein the extracellular domain portion of CD8
comprising at least the Immunoglobulin V homolog
domain is covalently linked to a molecule which binds
covalently or non-covalently with a cell surface
molecule, and exposing the membrane to T-cells able to
respond to the alloantigen or MHCassociated antigen,
for a time and under conditions sufficient to reduce
the specific cellular immune response of the T-cells
to the alloantigen or MHC-associated antigen.United
States Patent No. 5,876,708, issued to Sachs, relates
to Allogeneic and xenogeneic transplantation and
methods for inducing tolerance including administering
to the recipient a short course of help reducing
treatment or administering a short course and methods
of prolonging the acceptance of a graft by
administering a short course of an immunosuppressant.
The method includes inducing tolerance in a recipient
primate of a first species to a graft obtained from a
mammal of a second species by introducing into the
recipient, hematopoietic stem cells of the second
species, implanting the graft in the recipient;
inactivating T cells of the recipient; and,
administering to the recipient a short course of an
immunosuppressive agent, wherein the agent is not an
anti-T cell antibody and the short course is equal to
or less than 120 



days, thereby inducing tolerance to the graft. United
States Patent No. 6,91 1,220, also issued to Sachs
relates to allogeneic and xenogeneic transplantation.
The invention provides methods for restoring or
inducing immunocompetence, the methods including the
step of introducing donor thymic tissue into the
recipient. The invention also provides methods for
inducing tolerance in a recipient including
introducing donor thymic tissue into the recipient.
The invention further provides methods of inducing
tolerance including administering to the recipient a
short course of help reducing treatment or
administering a short course and methods of prolonging
the acceptance of a graft by administering a short
course of an immunosuppressant. United States Patent
Application No. 20070166307, filed by Bushell, et al,
is directed to suppression of transplant rejection.
Briefly, a transplant rejection in an animal
suppressed by administration of an antibody directed
at a cell surface antigen selected from the group
consisting of CD4, CD8, CD154, LFA-I, CD80, CD86 and
ICAM-I, preferably an anti-CD4 antibody, together with
a non-cellular protein antigen to generate in the
animal a population of regulatory T-lymphocytes;
reactivating the population of regulatory
T-lymphocytes by further administration to the animal
of the non-cellular protein antigen; and transplanting
the organ or tissue whilst the population of
regulatory T-lymphocytes is activated is taught.
Regulatory T cells can be generated ex vivo by
culturing T cells with an antibody directed at a cell
surface antigen selected from the group consisting of
CD4, CD8, CD154, LFA-I, CD80, CD86 and ICAM-I, in the
presence of cells that present either alloantigen or a
non-cellular protein antigen. Ex vivo generated
T-lymphocytes can be used as an alternative method of
overcoming transplant rejection or in combination with
the in vivo method. A similar approach can be adopted
for the treatment of autoimmune conditions.United
States Patent Application No. 20050042217, filed by
Qi, et al, for a specific inhibition of allorejection.
The specification provides methods and compositions
for specifically inhibiting both cellular and humoral
immune responses to alloantigen, thereby finding use
in extending the survival of transplant allografts and
treating graft versus host disease in transplant
recipients. The method teaches inhibiting a host
immune response to target cell-specific antigens, by
contacting a target cell expressing the antigen with
an expression vector encoding a CD8 polypeptide with
the CD8 a-chain, wherein the CD8 polypeptide is
expressed by the target cell and whereby a host immune
response against the target cell is specifically
inhibited. That is, an increase in CD8 on the target
cell specifically inhibits the immune response.
Disclosure of the Invention The present invention
includes compositions and methods for inducing immune
tolerance in a subject in need thereof. In one
embodiment the compositions and methods may be used to
induce immune tolerance in a subject by providing the
subject with an effective amount of an anti-CD8
antibody sufficient in induce CD8+ T cell immune
tolerance to antigens. In one aspect, the anti-CD8
antibody is humanized. In another aspect, the anti-CD8
antibody is nondepleting. The method may also include
the generation of suppressor T cells as determined by
measuring or determining one or more of the following
phenotypes: a reduction in granzyme A, a reduction in
granzyme B, a reduction of perforin, secretion of
reduced amounts of IL-2, IFN-g or both, secretion of
IL-10 or a combinations thereof. In one aspect, the
generation of suppressor T cells is the proliferation
of suppressor T cells that secrete IL-10. In another
aspect, the anti-CD8 antibody is selected from
cM-T807, T8, RPA-T8, HIT8a, Leu 2, T8, and OKT8. In
one example, the antigen is allogeneic. In another
embodiment, the present invention includes
compositions and methods to reduce transplant
rejection in a transplant patient while maintaining
other immune responses by treating isolated CD8+ T
cells with an amount of anti-CD8 non-depleting,
blocking antibody effective to trigger the generation
of suppressor CD8+ T cells characterized by one or
more of the following phenotypes: a reduction in
granzyme A, a reduction in granzyme B, a reduction of
perform, secretion of reduced amounts of IL-2, IFN-g
or both, secretion of IL-10 or a combinations thereof;
and introducing the suppressor CD8+T cells into the
transplant patient. In one aspect, the CD8+ T cells
are incubated with isolated dendritic cells obtained
from monocytes cultured with GM-CSF and IFN-a-2b
(IFN-DCs). In another aspect, the dendritic cells are
Langerhans cells (LCs) generated in-vitro by culturing
CD34+ human peripheral cells for nine to ten dayswith
GM-CSF, Flt3-L and TNFa. Another example of dendritic
cells are CDla+CD14- LCs. In another aspect, the
anti-CD8 antibody down-regulates the immune response
to the engrafted organ without affecting the immune
response to viruses. In another aspect, the CD8+ T
cells treated with the anti-CD8 antibody are
high-avidity, antigen-specific nave T cells. In one
nonlimiting example, the anti-CD8 antibody are
selected from cM-T807, T8, RPA-T8, HIT8a, Leu 2, T8,
0KT8 and the anti-CD8 antibodies listed in Table 1. In
one aspect of a treatment for T cells in vitro, the
anti-CD8 antibody is provided in a CD8+ T cell culture
at between 0.5 to 5,000 ng/ml. For in vivo use, the
present invention may be provided to achieve similar
levels on an equivalent concentration in blood
depending on the weight of the individual. In another
aspect, the present invention may also include the
steps of isolating peripheral blood mononuclear cells,
isolating LC precursors from the peripheral blood
mononuclear cells, culturing the LC precursors with
GM-CSF, Flt3-L and TNFa to make LCs, isolating T cells
from peripheral blood mononuclear cells and
co-culturing the LCs and the T cells in the presence
of an anti-CD8 antibody under conditions that generate
suppressor T cells, and reintroducing the T cells, the
LCs or both into a patient prior to, in conjunction
with or after transplantation. In another aspect, the
method may also include the steps of isolating
peripheral blood mononuclear cells from the transplant
patient, isolating LCs and culturing the LCs GMCSF,
Flt3-L and TNFa, isolating T cells from the transplant
patient and co-culturing the LCs and the T cells in
the presence of an anti-CD8 antibody to generate
suppressor T cells, and reintroducing the T cells, the
LCS or both into the patient prior to, in conjunction
with or after transplantation. In one aspect, the
suppressor CD8+ T cells have an increased expression
of type 2 cytokines (IL-4, IL-5 and IL- 13) and IL-10.
Yet another embodiment of the present invention
includes method of making suppressor T cells and the
cells made thereby, the method including isolating
peripheral blood mononuclear cells, isolating LC
precursors from the peripheral blood mononuclear
cells, culturing the LC precursors with GM-CSF, Flt3-L
and TNFato make LCs, isolating T cells from peripheral
blood mononuclear cells and co-culturing the LCs and
the T cells in the presence of an anti-CD8 antibody
under conditions that generate suppressor T cells. In
one aspect, the anti-CD8 antibody down-regulates the
immune response to the engrafted organ without
affecting the immune response to viruses. In one
aspect, the CD8+ T cells are high-avidity
antigen-specific nave T cells. In one aspect, the
Langerhans cells are CDla+CD14- LCs. In another
aspect, the CDla+CD14- Langerhans cells are obtained
by cell sorting. In yet another aspect, the Langerhans
cells are generated in-vitro by culturing for nine to
ten days CD34+ HPCs with GMCSF, Flt3-L and TNFa. In
one aspect, the anti-CD8 antibody is selected from
cM-T807, T8, RPA-T8, HIT8a, Leu 2, T8, and OKT8. The
anti-CD8 antibody may also be provided in the culture
at between 0.5 to 5,000 ng/ml. In yet another
embodiment, the present invention includes a method of
making suppressor T cells, and the suppressor T cells
made thereby, by isolating peripheral blood
mononuclear cells, isolating monocytes from the
peripheral blood mononuclear cells, culturing the
monocytes with GM-CSF and IFN-a-2b to make (IFN-DCs),
isolating T cells from peripheral blood mononuclear
cells and co-culturing the IFN-DCs and the T cells in
the presence of an anti-CD8 antibody under conditions
that generate suppressor T cells. Another embodiment
of the present invention is a method for affecting an
immune response, by administering a composition that
includes suppressor T cells made by isolating
peripheral blood mononuclear cells, isolating LC
precursors from the peripheral blood mononuclear
cells, culturing the LC precursors with GM-CSF, Flt3-L
and TNFa to make LCs, isolating T cells from
peripheral blood mononuclear cells and co-culturing
the LCs and the T cells in the presence of an anti-CD8
antibody under conditions that generate the suppressor
T cells. Yet another embodiment of the present
invention is a method of inhibiting rejection of a
transplanted tissue in a mammal by introducing a
suppressor T cell made by a method comprising
isolating peripheral blood mononuclear cells,
isolating LC precursors from the peripheral blood
mononuclear cells, culturing the LC precursors with
GM-CSF, Flt3-L and TNFa to make LCs, isolating T cells
from peripheral blood mononuclear cells and
co-culturing the LCs and the T cells in the presence
of an anti-CD8 antibody under conditions that generate
the suppressor T cells. In another embodiment, the
present invention is a composition that reduces
transplant rejection that includes an effective amount
of suppressor T cells sufficient to reduce transplant
rejection without eliminating other immune responses,
wherein the suppressor T cells are generated from
isolated peripheral blood T cells co-cultured with
mature LCs in the presence of an anti-CD8 antibody
under conditions that generate the suppressor T cells.
In one aspect, the anti-CD8 antibody is selected from
cM-T807, T8, RPA-T8, HIT8a, Leu 2, T8, and OKT8. In
another aspect, the anti-CD8 antibody is provided in
the culture at between 0.5 to 5,000 ng/ml. In one
aspect, the cells are frozen and resuspended in a
medium for injection prior to use.Description of the
Drawings For a more complete understanding of the
features and advantages of the present invention,
reference is now made to the detailed description of
the invention along with the accompanying figures and
in which: Figures Ia to Ic increased CD8 expression is
induced on LCs-primed CD8+ T cells but not on IntDCs
primed CD8+ T cells. Figure Ia shows a flow cytometry
analysis of CD8 expression level on nave CD8+ T cells
primed by CD34-DCs subsets. CD8 on LCs primed CD8+ T
cells (black line); CD8 on IntDCs primed CD8+ T cells
(grey line). Figure Ib are nave Mart-1 specific CD8+ T
cells primed by LCs express higher level of CD8
compare to IntDCs-primed Mart-1 specific nave CD8+ T
cells. Figure Ic shows memory FIu-MP specific CD8+ T
cells activated by both subsets, i.e., LCs or IntDCs,
express equal levels of surface CD8. Figures 2a
through 2h shows the role of CD8 in DCs-mediated
autologous nave CD8+ T cell priming. Figure 2a shows
autologous Mart-1 specific CD8+ T cells priming is
dependent on CD8 ligation. Figure 2b shows the
percentage of Mart-1 specific CD8+ T cells measured
during priming with LCs between days 1 to 9. Figure 2c
shows 3 different clones in at lease 3 independent
experiments with at least 3 different donors, showed a
significant blockage of nave allogeneic proliferation
induced by LCs. T8 Beckman upper panel, RPA-T8 middle
panel, OKT8 lower panel. Figure 2d shows anti-CD8
blocks priming of autologous nave CD8+ T cells in a
dose dependent fashion. IC50 as determined at 50ng/ml.
Figure 2e shows the percentage of Mart-1 specific CD8
T cells, anti-CD8 efficiently block antigen specific
CD8 T cells priming even when added as late as 70 h
after co-culture initiation. Figure 2f shows MART-1
specific CD8+ T cells, Primed by peptide loaded LCs in
the presence of low dose of anti-CD8 Mab stain
tetramer with lower intensity compared to antigen
specific CD8+ T cells primed in the presence of
isotype control. Figure 2g shows the Correlation
between the tetramer intensity to the dose of anti-CD8
Mab used. Figure 2h. Priming of MART-1 specific was
blocked by anti-CD8 even when the DCs were loaded with
high concentration of peptide lOOuM or when the
peptide was presence throughout the culture (left
panel); right panel: number of MART-1 specific CD8+ T
cells primed by IFN-DCs and loaded with the indicated
peptide concentrations. Figure 2i shows the anti-CD8
block priming of MART-1 (upper panel) or gplOO (lower
panel) specific CD8+ T cells by IFN-DCs Figures 3a
through 3g shows that CD8 ligation is critical for
allogeneic nave CD8+ T cells priming. Figure 3a shows
Nave CD8+ T cells proliferation in response to
allogeneic DCs in thepresence of anti-CD8 or Isotype
control was determined by cellular thymidine
incorporation. Figure 3b shows nave T cells
proliferation in response to allogeneic LCs in the
presence of anti- CD8 or Isotype control was
determined by CFSE dilution. CD8+ T cells in the upper
panel and nave CD4+ T cells proliferation in lower
panel. Figure 3c shows the dose titration of 30 ng/ml
to 3 ug/ml anti-CD8 showed maximal inhibition of CD8 T
cell proliferation at 30 ng/ml (upper panel). No
inhibition of CD4+ T cell proliferation was detected
in any concentration of anti-CD8 Mab used (lower
panel). Figure 3d and 3e show anti-CD8 Mab prevents
alloproliferation of nave CD8+ T cells stimulated by
skin derived DCs, epidermal LCs (3d) or dermal DCs
(3e) 50% inhibition was detected at 30ng/ml. Figure 3f
and 3g show peptide-loaded LCs and nave CD8+ T cells
create clusters which are apparent on day 9 of the
co-culture (3g), while in the presence of anti-CD8,
clusters formation is inhibited (3f). magnitude 2Ox
upper panel 4Ox lower panel. Figures 4a through 4f
shows that anti-CD8 does not block secondary CD8+ T
cells responses against viral or allogeneic antigens.
Figure 4a shows the frequency of FluMP-specific CD8+ T
cells analyzed with FIuMP-HLA-A201 tetramer 9 days
after activation with FIuMP peptideloaded LCs from an
HLA-A201 donor in the presence of 3mg/ml anti-CD8 Mab
(left panel) or 



Isotype matched control (right panel). Figure 4b shows
that anti-CD8 Mab does not block LCs induced secondary
FIu-Mp specific response at any concentration of Mab
used, as analysed by FIu-MP-HLA-A201 tetramer. Figure
4c shows the frequency of FluMP-specific CD8+ T cells
analyzed with FIuMP-HLA-A201 tetramer 9 days after
activation with FIuMP peptide-loaded IntDCs from an
HLA-A201 donor in the presence of 3mg/ml anti-CD8 Mab
(left panel) or Isotype matched control (right panel).
Figure 4d shows that anti-CD8 Mab does not block
IntDCs induced secondary FIu-Mp specific response at
any concentration of Mab used, as analysed by
FIu-MP-HLA-A201 tetramer. Figure 4e shows the lack of
inhibition by anti-CD8 is not limited to a particular
anti-CD8 clone as 2 different clones; T8 beckman (left
panel) and RPA-T8 (right panel) showed no inhibition
of FIu-MP specific CD8+ T cells proliferation induced
by peptide loaded LCs after 9 days of culture in the
presence 3ug/ml of the indicated anti-CD8 clone or the
Isotype matched control. Figure 5f shows the memory
response against allogeneic antigen is not blocked by
anti-CD8. Thymidine incorporation of a secondary
allogeneic co-culture shows that allogeneic LCs (left
panel) or IntDCs (right panel), were effective at
inducing allospecific secondary response whether
anti-CD8 Mab or isotype matched control were presence
in the culture.Figures 5a and 5b show a functional
analysis of CD8+ T cells primed in the presence of
anti- CD8 mAb. In Figure 5a allogeneic nave CD8+ T
cells primed in the presence of anti-CD8 mAb were
analyzed after 6 d by flow cytometry for the
expression of activation and effector molecules. In
Figure 5b allogeneic nave CD8+ T cells primed in the
presence of anti-CD8 Mab secrete Type 2 and regulatory
cytokines. Nave CD8+ T cells were cultured over LCs in
the presence or absence of anti-CD8. After 6 d, the
proliferated (CFSElow) cells were sorted and
restimulated for 24 h with anti-CD3 and anti-CD28
beads and IFN-g, IL-2-, IL-4, IL-5, IL-IO, and IL- 13
were measured in luminex, multiplex bead assay. Data
presented are from 3 independent studies. Figures 6a
and 6b show that CD8+ T cells primed in the presence
of anti-CD8 are suppressors T cells. Figure 6a shows
the capacity of primed T cells to suppress primary T
cell responses was tested by stimulating naive CD8+ T
cells with allogeneic DCs in the presence of
decreasing numbers of syngeneic T cells primed by in
vitro LCs in the presence of anti-CD8 or isotype
control. 3[H]thymidine incorporation was assessed
after 6 d. Results are representative of three
independent studies. Figure 6b shows naive CD8 T cells
(donor A) were stimulated with allogeneic LCs from
donor B in the presence of CD8 Tr cells primed to in
vitro LCs from donor C in the presence of anti-CD8 or
Isotype control. Results are representative of three
independent experiments Figures 7a and 7b show the
effect of anti-CD8 treatment prevents graft versus
host in humanmouse model in vivo. Figure 7a shows the
results using humanized mice injected with allogeneic
CD8+ T cells and anti-CD8 MAb or isotype control. In
one out of two studies, anti- CD40 was injected to
induce activation. Mice treated with isotype control
antibodies developed clinical symptoms of chronic
graft versus host disease, with rush around the eye
(shown), weight loss and weakness, while mice treated
with anti-CD8 did not. Figure 7b shows the results
from mice were harvested and the CD8+ T cells from BM
and blood were analyzed for the expression of
activation markers CD25 and CD103. Description of the
Invention While the making and using of various
embodiments of the present invention are discussed in
detail below, it should be appreciated that the
present invention provides many applicable inventive
concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed
herein are merely illustrative of specific ways to
make and use the invention and do not delimit the
scope of the invention.To facilitate the understanding
of this invention, a number of terms are defined
below. Terms defined herein have meanings as commonly
understood by a person of ordinary skill in the areas
relevant to the present invention. Terms such as "a",
"an" and "the" are not intended to refer to only a
singular entity, but include the general class of
which a specific example may be used for illustration.
The terminology herein is used to describe specific
embodiments of the invention, but their usage does not
delimit the invention, except as outlined in the
claims. Dendritic cells (DCs) are potent APCs
responsible for inducing Ag-specific immunity 1.
Several populations of DCs exist that take up
residence in different tissues, and have distinct
functional attributes 1. The healthy skin hosts at
least two DCs populations Langerhans cell (LCs) in the
epidermis and Interstitial DCs in the dermis. These
DCs migrate into the draining lymphoid organs for
peripheral tolerance when unactivated and immunity
when activated. Other DCs are found residing in
secondary lymphoid organs and circulating in the
blood. Much progress in the understanding of DC
biology came from the studies performed with DCs
generated in vitro. In particular, the culture of
CD34+ hematopoietic progenitor cells (HPCs) in the
presence of TNFa and GM-CSF give rise to both
Interstitial DCs and Langerhans cells2. The present
inventors have shown that LCs but not IntDCs are
particularly efficient in priming nave CD8+ T cells.
Also, both subsets are equally efficient at inducing a
memory response and CD8+ T cells activated by both
subsets show equal expression of CD8 molecule. CD8 is
a surface glycoprotein that functions as a coreceptor
for TCR recognition of peptide antigen complexed with
MHC Class I molecule (pMHCI). It is expressed either
as an aa homodimer or as an ab heterodimer 3, both
chains expressing a single extracellular Ig
superfamily (IgSF) V domain, a membrane proximal hinge
region, a transmembrane domain, and a cytoplasmic tail
. CD8 interacts with b m and the a2 and a3 domains of
MHC Class I molecules using its b strands and the
complementary determining regions (CDRs) within the
extracellular IgSF V domain. This association
increases the adhesion/avidity of the T cell receptor
with its Class I target. In addition, an internal
signaling cascade mediated by the CD8a chain
associated tyrosine protein kinase p561ck4'5 leads to
T cell activation. Lck is required for activation and
expansion of naive CD8+ T cells; however its
expression is not essential for responses of memory
CD8+ T cells to secondary antigenic stimulation in
vivo or in vitro6'7. As shown by either CD8a or CD8B
gene targeted mice, CD8 plays an important role in the
maturation and function of MHC Class I-restricted T
lymphocytes 8'9. One patient suffering from repeated
bacterial infections was found to display a CD8
deficiency due to a single mutation inthe CD8a gene.
The lack of CD8 did not appear to be essential for
either CD8+ T cell lineage commitment or peripheral
cytolytic function 10 . Any of a number of well-known
anti-CD8 antibodies, including monoclonal antibodies,
may be used in conjunction with the present invention,
such as those that are part of the International
Workshops on Human Leucocyte Differentiation Antigens
(HLDA), including: 2D2; 4D12.1; 7B12 IGl 1; 8E-1.7;
8G5; 14; 21Thy; 51.1; 66.2; 109-2D4; 138-17; 143-44;
278F24; 302F27; AICD8.1; anti-T8; B9.1.1; B9.2.4;
B9.3.1; B9.4.1; B9.7.6; B9.8.6; B9.l l ; B9.l l.10;
BE48; BL15; BL-TS8; BMAC8; BU88; BW135/80; Cl-1 1G3;
ClO; C12/D3; CD8-4C9; CLB-T8/1; CTAG-CD8, 3B5;
F80-1D4D1 1; F101-87 (S-T8a); GlO-I; GlO-1. 1; HI208;
HI209; HI212; HIT8a; HIT8b; HIT8d; ICO-31; ICO-122;
IP48; ITI-5C2; ITM8-1; JML-H7; JML-H8; L2; L533;
Leu-2a; LT8; LY17.2E7; LY19.3B2; M236; M-T122; M-T415;
M-T805; M-T806; MT807; M-T808; M-T809; M-T1014; MCD8;
MEM-31; MEM-146; NU-Ts/c; OKT8; OKT8f; P218; RPA-T8;
SM4; T8; T8 /2T8-19; T8 /2T8-2A1; T8 /2T8-1B5; T8
/2T8-1C1; T8 /7Pt3F9; T8 /21thy2D3; T8 /21 thy; T8
/TPE3FP; T8b; T41D8; T81 1; TU68; TU102; UCHT4; VIT8;
VIT8b; WuT8-l; X107; YTC141.1; and/or YTC 182.20.
Table 1. Examples of anti-CD8 antibodies may include
those commercially available such as those from Santa
Cruz Biotechnology, Inc., and include one or more of
the following, or humanized versions
thereof:RESPIRATORY SYNCYTIAL VIRUS RENDERS DENDRITIC
CELLS TOLEROGENIC Technical Field of the Invention The
present invention relates in general to the field of
immune cell tolerance, and more particularly, to
compositions and methods for inducing immune
suppression. Background Art Without limiting the scope
of the invention, its background is described in
connection with tolerogenicity. United States Patent
No. 6,936,468 issued to Robbins, et al., teaches the
use of tolerogenic dendritic cells for enhancing
tolerogenicity in a host and methods for making the
same. Briefly, the method relates to tolerogenic
mammalian dendritic cells (DCs) and methods for the
production of the tolerogenic DCs. In addition, a
method is taught for enhancing tolerogenicity in a
host comprising administering the tolerogenic
mammalian DCs of the present invention to the host.
The tolerogenic DCs includes a
oligodeoxyribonucleotide (ODN) which has one or more
NF-KB binding sites. The tolerogenic DCs of the
present invention may further comprise a viral vector,
and preferably an adenoviral vector, which does not
affect the tolerogenicity of the tolerogenic DCs when
present therein. Enhanced tolerogenicity in a host is
useful for prolonging foreign graft survival and for
treating inflammatory related diseases, such as
autoimmune diseases. United States Patent No.
5,597,563 issued to Beschorner teaches a method
induction of antigenspecific immune tolerance. The
method for inducing antigen-specific immune tolerance
by depletion of resident thymic antigen presenting
cells (APCs) and re-population of thymus with new APCs
containing the antigen for tolerance includes
administering to a recipient animal a dendritic cell
depleting amount of an immunosuppressive agent, for a
time and under conditions sufficient for depletion of
the dendritic cells in the recipient's thymic medulla,
administering to the recipient animal a tolerogenic,
amount of an intraspecies dendritic cell population in
combination with the antigen, substantially
contemporaneously with the immunosuppressive agent
wherein the intraspecies dendritic cell population is
enriched with intraspecies dendritic cells tolerogenic
for the antigen and the administering is under
conditions sufficient to repopulate the recipient's
dendritic cell-depleted thymic medulla; and
administering a thymic regeneration agent for a time
and under conditions sufficient to induce recruitment
of dendritic cells to the thymus, wherein the thymic
regenerating agent is administered following the
immunosuppressive agent and simultaneously or
following administration of dendritic cells.United
States Patent Application No. 20060182726, filed by
Thomas, et al, teaches immunomodulating compositions,
processes for their production and uses therefore. The
application discloses compositions and methods for
antigen-specific suppression of immune responses,
including primed immune responses. In particular, the
invention discloses antigenpresenting cells,
especially dendritic cells, whose level and or
functional activity of CD40, or its equivalent, is
impaired, abrogated or otherwise reduced, and their
use for treating and/or preventing unwanted or
deleterious immune responses including those that
manifest in autoimmune disease, allergy and transplant
rejection. United States Patent Application No.
20040072348, issued to Leishman, teaches tolerogenic
antigen-presenting cells. Dendritic cells can be
prepared that cannot mature but that provide a first
signal to T cells but cannot provide the
co-stimulatory signal. T cells that are stimulated by
the permanently immature dendritic cells therefore
anergise, so the dendritic cells are tolerogenic
rather than immunogenic. The cells are generally CD40
, CD80 and CD86 , and remain so when stimulated by
inflammatory mediators such as lipopolysaccharide. The
cells can be prepared conveniently by the culturing
adherent embryonic stem cells in the presence of
GM-CSF. Finally, United States Patent Application No.
20040043483, filed by Qian, teaches novel tolerogenic
dendritic cells and therapeutic uses therefore. The
application relates to tolerogenic dendritic cells
(DCs) and methods for enriching for these cells in
tissue preparations and using the cells for preventing
or minimizing transplant rejection or for treating or
preventing an autoimmune disease. Disclosure of the
Invention The present invention includes compositions
and method for inducing immune tolerance using antigen
presenting cells. In one embodiment, the present
invention includes anergic or tolerized immune cells
and methods for making such cells by infecting
isolated antigen presenting cells with an effective
amount of respiratory syncytial virus (RSV) or
portions thereof sufficient to infect the antigen
presenting cells; and contacting CD4+, CD8+ or both
CD4+ T cells and CD8+ T cells with the RSV-infected
antigen presenting cells, wherein the CD4+, CD8+ or
both CD4 and CD8+ T cells are rendered tolerogenic as
measured in vitro by a mixed leukocyte reaction. In
one aspect, the the RSV-infected antigen presenting
cells are peripheral blood mononuclear cells, immature
dendritic cells, mature dendritic cells or Langerhans
cells. In another aspect, the RSV-infected antigen
presenting cells are tolerogenic at a ratio of 1:1 to
1:100 tolerogenic antigen presenting cells to T cells.
In another aspect, the RSV-infected cells are fixed
prior tocontacting with the T cells. The cells made
using the method may be RSV-infected antigen
presenting cells that are CD80high, CD86high, CD40high
and CD831ow. In another aspect, the RSV-infected
antigen presenting cells are CD80high, CD86high,
CD40high and CD831ow, when compared to Flu infected
antigen presenting cells. It has been found that the
RSV-infected antigen presenting cells induce the
proliferation of regulatory T-cells. The RSV-infected
antigen 



presenting cells secrete IL-IO and have increased
expression over untreated antigen presenting cells of
SIGLEC-I, PDL-I, ILT-4, HLA-G, SLAM and LAIR. The
RSV-infected antigen presenting cells may also have an
increase in gene expression, when compared to
untreated antigen presenting cells, of IL-IO, LAIR2,
SOCS2, PTPN2, ILT-6, AQP9, PTX3 and SLAMFl. In another
embodiment, a method for making tolerizing dendritic
cells includes infecting dendritic cells with
effective amount of respiratory syncytial virus to
develop IL-IO dependent tolerogenic immune function,
wherein respiratory syncytial virus increased the
dendritic cells' ability to tolerize allogeneic CD4+
T-cells, cause suppressor T-cell proliferation,
secrete IL-10 and express inhibitory molecules PDL-I,
ILT-4 and HLA-G and wherein the infecting dendritic
cells are CD80high, CD86high, CD40high and CD831ow. In
another aspect, the inhibition of dendritic cells'
ability to activate allogeneic CD4+ T-cell requires
cell-to-cell contact between dendritic cells. In
another embodiment, the present invention includes a
method for suppressing antiviral immunity of dendritic
cells in a subject by infecting isolated dendritic
cells with effective amount of respiratory syncytial
virus to develop IL-10 dependent tolerogenic immune
function, wherein respiratory syncytial virus inhibit
the dendritic cells' ability to activate allogeneic
CD4+ T-cells, induce nave T-cell regulatory response,
secrete IL-10 and express inhibitory molecules PDL-I,
IKT-4, and HLA-G when reintroduced into a patient. In
one aspect, the inhibition of dendritic cells' ability
to activate allogeneic CD4+ T-cell requires
cell-to-cell contact between dendritic cells. Another
embodiment of the present invention is a tolerogenic
dendritic cell comprising an isolated dendritic cell
that is CD80high, CD86high, CD40high and CD831ow. The
tolerogenic dendritic cell made by the method of
infecting peripheral blood mononuclear cells with an
effective amount of a respiratory syncytial virus or
portions thereof sufficient to rendered CD4+, CD8+ or
both CD4+ T cells and CD8+ T cells tolerogenic as
measured in vitro by a mixed leukocyte reaction and
wherein the dendritic cells that is CD80high,
CD86high, CD40high and CD831ow.Another embodiment of
the present invention is a method of promoting
tolerogenic T cellmediated immune responses by
contacting the T cells with a dendritic cell that has
been infected with an amount of a RSV or portion
thereof sufficient to trigger the surface expression
of at least one of CD80high, CD86high, CD40high and
CD831ow. Another embodiment is a method of inducing
anergic T helper cells that includes incubating
isolated antigen presenting cells (APC) with an amount
of RSV sufficient to infect the antigen presenting
cell and trigger the surface expression of at least
one of the following cell surface markers CD80high,
CD86high, CD40high and CD831ow; and contacting the
RSV-infected antigen presenting cells with T cells
under conditions that tolerize the T cells as measured
in vitro in a mixed lymphocyte reaction. Another
embodiment of the present invention is a method of
producing an isolated tolerogenic dendritic cell by
incubating the isolated dendritic cell with an amount
of respiratory syncytial virus sufficient to infect
the dendritic cell under conditions that trigger the
cell surface expression the following cell surface
CD80high, CD86high, CD40high and CD831ow. The present
invention also includes a kit for enhancing
tolerogenicity in a mammalian host comprising isolated
tolerogenic dendritic cells previously infected with
RSV and having the following cell surface CD80high,
CD86high, CD40high and CD831ow. Yet another embodiment
of the present invention includes a method of
generating a tolerogenic antigen presenting cell (APC)
by infecting the APC with an amount of respiratory
syncytial virus sufficient to infect the dendritic
cell; and causing the following cell surface marker
expression CD80high, CD86high, CD40high and CD831ow
thereby generating a tolerogenic antigen presenting
cell (APC). A method may also be used to treat an
autoimmune disease in a mammalian subject, comprising
administering to the mammalian subject tolerogenic
antigen presenting cell (APC), wherein the tolerogenic
dendritic cells previously infected with RSV and
having the following cell surface CD80high, CD86high,
CD40high and CD831ow, and the cells are administered
in an amount effective to reduce or eliminate the
autoimmune disease or to prevent its occurrence or
recurrence. Non-limiting examples of autoimmune
diseases that may be treated using the present
invention includes insulin-dependent diabetes
mellitus, multiple sclerosis, autoimmune
encephalomyelitis, rheumatoid arthritis, autoimmune
arthritis, myasthenia gravis, thyroiditis,
uveoretinitis, Hashimoto's thyroiditis, primary
myxoedema, thyrotoxicosis, pernicious anaemia,
autoimmune atrophic gastritis, Addison's disease,
premature menopause, male infertility, juvenile
diabetes, Goodpasture's syndrome, pemphigus vulgaris,
pemphigoid, psoriasis sympathetic ophthalmia,
phacogenic uveitis, autoimmune haemolytic anaemia,
idiopathic leucopenia, primary biliary cirrhosis,
active chronic hepatitis, cryptogenic
cirrhosis,ulcerative colitis, Sjogren's syndrome,
scleroderma, Wegener's granulomatosis,
poly/dermatomyositis, discoid lupus erythematosus or
systemic lupus erythematosus. In another embodiment,
the present invention includes a method for modulating
the immune response to an antigen, by administering to
a patient in need of such treatment an isolated
tolerizing antigen-presenting cell for a time and
under conditions sufficient to modulate the immune
response, wherein the antigen-specific
antigen-presenting cell is produced by contacting the
antigen-presenting cell with RSV for a time and under
conditions sufficient for the antigenpresenting cell
to become a tolerizing to T cells, wherein the
tolerizing antigen-presenting cell is characterized by
expressing the following cell surface markers
CD80high, CD86high, CD40high and CD831ow, and wherein
the tolerizing antigen presenting cell is tolerogenic
at a ratio of 1:5 to 1:100 tolerizing antigen
presenting cells to T cells. Description of the
Drawings For a more complete understanding of the
features and advantages of the present invention,
reference is now made to the detailed description of
the invention along with the accompanying figures and
in which: Figure IA shows PBMCs isolated from
pediatric patients with acute RSV infection and
healthy adult donors. The proliferation of healthy
donor CFSE labeled CD4+ T-cells were assessed by flow
cytometry following 6 day coculture with irradiated
PBMCs from RSV infected or health individuals. Figure
IB shows mDCs isolated by direct sorting of CDl Ic+
HLA-DR + cells from nasal mucosal washes of acutely
infected infants. Cells were cultured with CFSE
labeled CD4+ Tcells and proliferation was assessed by
flow cytometry. Figure 2A shows Blood mDCs isolated as
described and exposed to either Flu or RSV (MOI=LO) or
unexposed for 18 hours and washed extensively. Their
ability to promote CD4+ T-cell proliferation was then
assessed. Figure 2B shows 2x1 0L4 cells mDCs were
exposed to either Flu or RSV (MOI=I), or UVirradiated
RSV (MOI=I) for 24 hours at 37C. 1.5xlOL5 CSFE labeled
T cells were incubated with 2.5xlOL3 Flu, RSV, or
UV-RSV treated mDCs for 6 days. Cells proliferation
assessed by CFSE dye dilution. Figure 2C shows DCs
differentiated in the presence of GM-CSF and IL-4 or
GM-CSF and IL- 10 or GM-CSF and Vitamin D3 for 6 days
or combinations as indicated. At day 6, drug
treatedDCs incubated for 2 days in presence LPS. At
day 8 the ability of these DCs to promoted CD4+ T-cell
proliferation was assessed by thymidine incorporation
relative to RSV DCs. Figure 2D shows blood mDCs
isolated as described in Figure 1. CD4+ T-cells were
purified by cell sorting and then CSFE labeled.
1.5xlO5 cells were exposed to 1 MOI of either Flu, RSV
or control conditions. Cells were then incubated for 6
days at 37C in the presence of anti-CD3, anti-CD28
microbeads. Cells were then stained for CD4 expression
and proliferation assessed by CFSE dye dilution.
Figure 2E shows blood mDCs (green triangles) and
plasmacytoid DCs (pDCs) (blue X) isolated using the
method outlined in Figure 1. Cells were inoculated
with RSV (MOI = 1) in 96-well plates. HeIa cells (red
X) served as a positive control for viral replication.
RSV cultured in the absence of cells (yellow circles)
served as a negative control. Infectious viral
particle production was assessed every 24 hours, for 7
days. Freshly thawed vials of RSV (dark blue diamonds)
were used to confirm tissue culture infectious dose
(TCID50) calculation. Figure 2F shows blood mDCs
isolated using the method outlined in Figure 1, DCs
derived from GM-CSF IL4 cultured monocytes were
isolated on day 6 (GM/4 DC). Cells were cultured with
either influenza virus (MOI = 1) or RSV (MOI = 1) in
96-well plates. After 24 hours, cell viability was
assessed by trypan blue staining. Data represent the
mean and standard deviation of 4 independent studies
Figure 3A (panel 1) shows mDCs purified and exposed
for 18 hours to either no virus, RSV (blue) or Flu
virus (red). Eighteen hours later, allogeneic
CFSE-labeled CD4+ T cells were cocultured with
unexposed DCs plus increasing numbers of RSV-exposed
or Flu exposed DCs. After 6 days of coculture CD4+
T-cell proliferation was assessed by flow cytometry.
Figure 3A (panel 2) shows the results from 5
independent studies with donor matched mDCs (p=0.03
paired t-test). Figure 3B shows mDCs prepared as
described in Figure 3A, with increasing numbers of
unexposed DCs (circles) or RSV exposed (triangles) DCs
titrated into the mDC/CD4+ T-cell coculture either
directly (blue) or on across a 0.3 uM trans well. CD4+
T-cell proliferation was assessed as described above.
Figure 3C shows blood mDCs exposed for 18 hours to
either no virus (control), RSV or Flu virus. Exposed
dendritic cells were then fixed for 30 min at room
temp using CytoChex fixation reagent (BD) and washed 3
times with ice cold PBS. Flowing viral exposure and
fixation, cells were used in an in trans allo
inhibition assay. Allogeneic CFSE-labeled CD4+ T-cells
werecocultured with unexposed DCs plus increasing
numbers of RSV-exposed or Flu exposed DCs, either
fixed or unfixed. After 6 days of coculture CD4+
T-cell proliferation was assessed by flow cytometry.
Figure 3D shows DCs prepared as described in figure 1.
Increasing numbers of virally or pharmacologically
manipulated DCs were added to mDC/CD4+ T-cell
cocultures. CD4+ T-cell proliferation was assessed as
described above. Figure 3E shows blood mDCs were
cultured for 24 hours with flu or RSV (MOI=I) or no
virus (control), and harvested. Control mDCs (no viral
exposure), were incubated in the presence of
increasing concentrations of either flu or RSV-exposed
DCs with or without 5.0ug/ml anti-F protein antibody,
and co-cultured with CFSE-labeled allogeneic CD4+ T
cells at a constant concentration of 1,250 control
mDCs per 100,000 CD4+ T cells. After 6 days, cells
were stained for CD4 expression and proliferation was
assessed by CFSE dye dilution. Figure 4A shows mDCs
isolated using the method of the present invention and
cultured with either Flu or RSV (MOI = 1). After 24
hours, cells were stained for CD40, CD83, CD86, and
CD80 and analyzed by flow cytometry. Pink histograms
represent unexposed mDCs stained for the same markers.
Green histograms represent mDCs cultured with RSV and
blue histograms represent mDCs cultured with
influenza. Figure 4B shows the results of mDCs (3
donors) exposed to either Flu or RSV (MOI=LO) or
unexposed for 16 hours, after which RNA was extracted,
labeled and hybridized to the U133 2 plus chip
(Affymetrix). Differential analysis was performed
using Gene Spring 6.2 software package (Silicon
Genetics). Expression pattern of 15 probes associated
with tolerogenic DCs from mDCs exposed to either flu
or RSV or unexposed. Figure 4C shows the expression of
ITIM receptors and ligands as assessed by flow
cytometry following an 18 hour exposure with either
Flu or RSV. Figure 4D shows the expression of IFN
lambda and IFN alpha family members in mDCs following
18 hours of Flu or RSV (MOI = 1), 3 donors relative to
unexposed mDCs. Figure 4E shows the results from blood
mDCs isolated as described in Figure 1. DCs were
either, untreated (control), treated with Flu (MOI=I),
with RSV (MOI=I), or with IFN-alpha (500pg/ml), and
IFN-lambda and IL-29 ( 1 or 5ng/ml) for 24hrs at 37C.
Allogeneic CFSElabeled CD4+ T-cells were then
cocultured with DCs of each treatment for 6 days at
37C. In the case of cytokine treated DCs, IFN-lambda,
IFN-alpha and IL-29 concentrations were
maintainedthroughout the T-cell coculture. After 6
days of coculture CD4+ T-cell proliferation was
assessed by flow cytometry (upper panel). The
bioactivity of recombinant IFN-lambda and IL- 29 were
assessed by monitoring STAT-I phosphorylation in
exposed GM-CSF/ IL-4 monocyte derived DCs. Monocyte
derived DCs were exposed to 5ng/ml IFN-lambda and
IL-29 for 0, 10, 30 and 60 minutes respectively. The
degree of STAT-I phosphorylation (P-STATl) was then
assessed in whole cell lysates by western blot
relative to total STAT-I protein. Monocyte derived DCs
treated for 60 minutes with 500pg/ml IFN-alpha served
as a positive control for STAT-I phosphorylation
(lower panel). Figure 5A shows the results from mDCs
exposed to 1 MOI of either Flu or RSV for 18 hours.
Cell Culture Supernatants were analyzed for the
expression of IL-IO Luminex Multiplex Analysis. Data
represents the mean and SD of 11 independent studies.
Figure 5B shows the results from mDCs incubated with
either isotype control (panels 1 and 3) or 



blocking antibodies to IL-IO and IL-10 receptor
(panels 2 and 4), either 30 min prior to viral
exposure (panel 2) or following 18 hours of RSV
exposure (panel 4). The ability of these cells to
induce CD4+ T-cell allo proliferation was then
assessed (n=4). CFSE labeled allogeneic CD4+ T-cell
were cultured with either unexposed, flu or RSV
exposed mDCs. Figure 6A shows the first and second
generation CD4+ T-cells populations (CFSE high) from
each condition, were isolated by cell sorting
following 5 days of DC coculture. 1,500 CD4+Tcells
sorted from unexposed, flu or RSV exposed mDCs
cocultures were thus added to MLR consisting of 1,250
unexposed mDCs and 500,000 labeled CD4+ T-cells. The
ability of unexposed DCs to induce CD4+ T-cell allo
proliferation was then assessed. Figure 6B and Figure
6C shows the data from three independent studies are
shown. Figure 6D. Schematic of the study process.
Description of the Invention While the making and
using of various embodiments of the present invention
are discussed in detail below, it should be
appreciated that the present invention provides many
applicable inventive concepts that can be embodied in
a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative
of specific ways to make and use the invention and do
not delimit the scope of the invention.To facilitate
the understanding of this invention, a number of terms
are defined below. Terms defined herein have meanings
as commonly understood by a person of ordinary skill
in the areas relevant to the present invention. Terms
such as "a", "an" and "the" are not intended to refer
to only a singular entity, but include the general
class of which a specific example may be used for
illustration. The terminology herein is used to
describe specific embodiments of the invention, but
their usage does not delimit the invention, except as
outlined in the claims. Respiratory Syncytial Virus
(RSV) infection is the primary cause of
hospitalization in the first year of life. Here we
show that during the course of natural infection in
infants, RSV blocks the antigen presenting function of
dendritic cells (DCs). RSV exposed human DCs are
incapable of activating naive CD4+ T-cells, they
secrete IL-IO and express inhibitory molecules PDL-I,
ILT- 4, and HLA-G. RSV exposed DCs inhibit allogenic
T-cell proliferation in mixed leukocyte reactions by a
cell contact dependent mechanism. Furthermore, naive
T-cells cocultured with RSV exposed DCs acquire
regulatory T-cell function. It was found that RSV
suppresses antiviral immunity by skewing DC maturation
toward a tolerogenic phenotype and function.
Respiratory Syncytial Virus (RSV), a single-stranded
RNA paramyxovirus, is the leading respiratory pathogen
in infants and young children worldwide. RSV infection
leads to incomplete immunity as children can get
re-infected with the same strain of virus l and
immunocompetent adults experience recurrent RSV
infections 2 4 . The acute and long-term morbidity
associated with RSV, makes an effective vaccine highly
desirable. Unfortunately, early attempts at vaccine
development led instead to sensitization to RSV
suggesting unusual presentation of RSV to the adaptive
immune system 5 7 . Dendritic cells (DCs) are the
primary antigen presenting cells (APCs) that guide the
development and polarization of an adaptive immune
response 8 These cells are also a major target of
viral immune evasion mechanisms 9'10 . DCs have the
unique ability to induce primary immune responses and
control immune tolerance through the induction of both
T-cell anergy and the generation of regulatory T-cells
1 1 . Although initially theorized as the sole purview
of immature DCs12 , recent work indicates that
partially or even full mature DCs may play a central
role in inducing immune tolerance in vivo 13 18 . The
limited ability of immunocompetent individuals to
mount protective immune responses against RSV, led us
to investigate the status of APCs during acute viral
infection and to analyze the response of DCs to RSV
infection 2'4. Mixed Leukocyte Reaction. PBMCs were
isolated by density centrifugation from pediatric
patients with acute RSV infection and healthy adult
donors. PBMCs from the healthy"responder" were labeled
with CFSE and cultured for 6 days at the concentration
of 500k per ml with varying concentrations of
"stimulator" irradiated PBMCs from either RSV patients
or healthy donors. The capacity of PBMCs from RSV
patients versus non-infected donors to stimulate CD4+
T cell proliferation in responder PBMC cultures was
measured at the following stimulator:responder PBMC
ratios: 0:500k, 125:500k, 250:500k, and 500:500k. The
proliferation of CD4+ T-cells within the healthy
responder PBMCs were assessed by flow cytometry (as
CFSE dye dilution) following 6 day coculture with
irradiated PBMCs from RSV infected or healthy
individuals. Respiratory tract mDCs. Nasal wash
samples were obtained by nasopharyngeal suctioning
from hospitalized children with acute RSV or influenza
infection. Cells from these samples were labeled with
the LINEAGE-FITC (a cocktail of FITC-conjugated
antibodies including anti-CD3, CD14, CD16, CD19, CD20,
and CD56), CD123-PE, HLA-DR-PerCP, and CDl Ic-APC (BD
Biosciences, San Jose, CA). mDCs were then isolated by
direct sorting on a FACS ARIA as LINEAGE-negative,
HLA-DR+, CDl Ic+ cells. Blood mDCs. Leukocyte-enriched
blood samples were obtained from a local blood bank.
PBMCs were obtained using a Ficoll gradient (density
centrifugation). PBMCs were then incubated with
magnetic microbeads conjugated to anti-CD3, anti-CD14,
anti-CD16, anti-CD19, and anti-CD56 and then passed
over a magnetic column. The negative fraction was
collected and stained for LINEAGE-FITC, CD123-PE,
HLA-DR-PerCP, and CDl Ic-APC. The stained cells were
then sorted on a FACS ARIA cell sorter. mDCs were
defined as LINEAGEneg, HLADR+, CDl lc+ cells. Purity
of the isolated mDCs averaged 97%. Cell Staining for
Flow Cytometric Analysis. PBMCs or purified mDCs were
incubated with 5 microliters of
flouorochrome-conjugated anti-human antibodies for 30
minutes at 4 degrees C, rinsed with PBS, centrifuged
at 1200 rpm for 5 minutes, and resuspended in 1%
paraformaldehyde. Samples were then acquired on a
FACSCalibur or FACS ARIA and analyzed with either
Cellquest software (BD Biosciences, San Jose, CA) or
FIoJo software (Tree Star Inc., Ashland, OR). The
following fluorochrome-conjugated anti-human
antibodies were used: CD83- FITC, HLA-DR-Per-CP,
CD86-Alexa-405, CD80-FITC, and CD40-PE (for purified
mDC studies) and CD8PE, CD3-PerCP, and CD4-APC (for
PBMC studies). CFSE Staining. Cells were incubated at
a concentration of 1 - 5 million cells per 0.5 ml in
1.25 micromolar CarboxyFluoroscein Succinimidyl Ester
(CFSE) for 10 minutes, centrifuged at 1200 rpm for 5
minutes, and washed with 1 ml of a solution of RPMI
1640/10% human AB serum at4 degrees. Centrifugation
and washing steps were repeated twice followed by
resuspension of the cells with 1640 RPMI/10% human AB
serum. Cell proliferation was assessed by monitoring
dye dilution of CFSE on stained CD4+ T-cells. In some
studies, CFSE was used to identify Tcell populations
which had divided once or twice. These populations
were subsequently sorted and used in T-cell
proliferation assays described in the text.
Quantitation of virus replication. RSV replication was
assessed by tissue culture infectious dose (TCID50)
calculation. TCID50 is defined as the dilution of
assay sample at which 50% of a susceptible HeIa cell
culture inoculated becomes infected. Briefly, TCID50
value: -m = log 10 starting dilution -[p-0.5] x d. The
equation is defined where m is the loglO TCID50 (per
unit volume inoculated per replicate culture), d is
the log 10 dilution factor, and p is the proportion of
wells positive for viral infection. In vitro viral
exposure of mDCs. Purified blood mDCs were cultured
for 18-24 hours at a concentration of 25,000 mDCs per
200 microliters in 96-well plates with influenza A
virus (A/PR/8/34 HlNl from Charles Rivers
Laboratories, Wilmington, MA) or RSV A2 (generated on
HeLA cells and purified via sucrose gradient) at a
multiplicity of infection (MOI) of 1. Preparation of
tolerogenic DCs. PBMC were purified from human
peripheral blood by Ficoll- Hypaque centrifugation.
Monocytes were purified by adherence and
differentiated into moDC after 6 days in the presence
of GM-CSF and IL-4 (DC GM+IL-4) or GM-CSF and IL-10
(lOOng/ml, R&D) (DC GM+IL-10) or GM-CSF and vitamin D3
(10OnM, Calbiochem)) (DC GM+Vit D3). At day 6, DC are
washed and recultured for 2 days in the presence of
GM-CSF or GM-CSF and Dexamethasone (1OnM,
Sigma-Aldrich) or GM-CSF and vitamin D3. DCs were
washed twice and 2500 DC were cultured with 105
allogeneic T lymphocytes in 96-well Ubottom in 5% AB
medium for 5 days (triplicate). 1 uCi [3H]-thymidine
was added for the last 18h of culture. Plates were
harvested on a Tomtec Harvester 96 and proliferation
detected on a Wallac microbeta trilux-u-scintillant
counter (PerkinElmer, Wellesly, MA, USA). APCs from
RSV infected patients do not activate allogeneic
T-cells. As a measure of antigen presenting capacity,
peripheral blood mononuclear cells (PBMCs) from
patients acutely infected with RSV were tested for
their ability to promote the proliferation of
allogeneic CD4+ T-cells (mixed leukocyte reaction or
MLR ) by assessing the dilution of the CFSE dye. As
shown in figure Ia, the PBMCs from a patient suffering
from acute RSV infection (red line) failed to promote
the proliferation of CD4+ T-cells from two healthy
individuals. These CD4+ T-cells were able to
proliferate when exposed to PBMCs from healthy
individuals (green and bluelines). Since RSV
replication occurs primarily in the upper respiratory
track, we isolated DCs from the nasal mucosa of
acutely infected RSV patients. Purified DCs were
unable to promote allogeneic CD4+ T-cell proliferation
(figure Ib center panel) 19 . In contrast, mDCs (CDl
Ic+ HLA-DR high) isolated from influenza patients'
mucosa were powerful stimulators of allogeneic
T-cells. (figure Ib, left panel) This was observed
with cells isolated from 6 patients infected with RSV
and 3 patients infected with influenza (p<0.05)
(figure Ib right panel). The mDCs isolated from one of
these patients one month after resolution of RSV
infection, were able to induce alloreactivity
suggesting that the blocking effect of RSV on APC
function is transient (data not shown) Thus antigen
presenting cells, including DCs, from patients
suffering from acute RSV infection do not present
alloantigens efficiently. Blood mDCs exposed to RSV
fail to induce an alloreaction. A series of in vitro
studies were conducted to understand the mechanism by
which RSV alters the antigen presenting capacity of
DCs. Human mDCs isolated from peripheral blood by cell
sorting (CDl Ic (+) HLA-DR (+) LIN), were exposed for
18 hours to either influenza (Flu) or respiratory
syncytial virus (RSV). RSV exposed DCs (RSV-DCs) were
unable to promote the proliferation of CSFE labeled
allogeneic CD4+ T-cells while Flu exposed DCs were
more efficient than unexposed DCs (figure 2A). The
lack of proliferation was not due to RSV induced T
cell death as virally exposed CD4+ T-cells
proliferated in response to anti-CD3/28 (figure 2D).
UV irradiation prior to mDC exposure inactivated the
virus in terms of blocking allogeneic T cell
stimulation, indicating a requirement for viral
replication or nonstructural protein synthesis (figure
2B). An analysis of infectious particle production
indicated that RSV does not replicate in primary human
DCs (figure 2E). The inhibitory effect of RSV was not
due to cell death as the viability of primary mDCs was
equivalent among exposed and untreated cells (figure
2F). Conflicting reports exist as to the effect of RSV
on GM-CSF/ IL-4 monocyte derived DCs produced in vitro
20'2 1. Unlike primary human mDCs, a large fraction of
monocyte derived DCs exposed to RSV die within 24
hours (figure 2F). Others have reported that DCs with
regulatory function can be produced in vitro by
pharmacologic manipulation during their
differentiation from monocyte precursors in the
presence of GMCSF and IL-4. To compare the regulatory
activity of RSV exposed DCs and monocyte derived DCs
we produced the later in the presence of GM-CSF and
either, dexamethasone ' , IL-IO
lalpha,25-Dihydroxyvitamin-D(3)(VitD3) or combinations
there of and used them to stimulate allogeneic CD4+
T-cells. Each of these cell preparations demonstrated
phenotypic markers of DC differentiation including CDl
Ic, MHC Class-II andmannose receptor (CD206) and low
levels of CD14, except for GM-CSF IL-IO cultured DCs
which were CD14 high and DC-SIGN positive (data not
shown). These pharmacologically manipulated DCs were
less efficient at inducing MLR when compared to DCs
generated with GM-CSF and IL-4. However in all cases
these DCs induced significantly higher MLR when
compared to RSV-DCs. (figure 2C). RSV DCs are potent
suppressors of MLR. The inability of RSV DCs to
stimulate allogeneic T cells led us to consider that
RSV exposed mDCs might inhibit unexposed mDCs from
promoting T-cell alloproliferation. An increasing
number of either RSV or flu exposed mDCs from donor A
were thus added to MLR consisting of 1,250 unexposed
mDCs donor A and 100,000 labeled CD4+ T-cells from
donor B. As shown in figure 3A panel 1 and 2 (blue
line), as little as 25-50 RSV exposed mDCs inhibited
unexposed mDC induced alloreaction by more than 85%
(panel3, n=5 p<0.05) whereas Flu exposed DCs showed no
effect (figure 3a panel 1, red line). Interestingly
RSV infected DCs could block an MLR between DCs and
T-cells from unrelated donors (data not shown). This
inhibition was dependent on virally exposed mDCs, and
was not due to carry over of RSV in the culture
system, since the addition of a blocking antibody to
the RSV fusion protein (F), failed to prevent the
inhibitory capacity of RSV-DCs (figure 3E). This
inhibition of MLR induced by RSV-DCs required direct
cell to cell contact as RSV-DCs added to the top
chamber of a 0.3 um transwell, did not inhibit the
alloproliferative response in the lower well (figure
3B, blue line vs. green line). Furthermore RSV-DCs
retained their 



suppressive capacity after paraformaldehyde fixation
(figure 3C). Of the pharmacologically generated
tolerogenic DCs, only VitD3 and VitD3 dexamethasone
differentiated DCs were able to inhibit allo reactions
in trans, yet their inhibitory capacity was far less
than that of RSV-DCs (figure 3D). Thus RSV DCs are the
most potent tolerogenic DCs as measured by suppression
of alloreactive responses. RSV DCs display a unique
phenotype. Earlier studies described tolerogenic DCs
as expressing low levels of the costimulatory
molecules CD80 and CD8612'22'23'25. In contrast,
RSV-DCs expressed high levels of CD80 and CD86 (figure
4A). The levels of CD40 were consistently higher on
RSV-DCs than Flu-DCs whereas the level of CD83 was
higher on Flu-DCs (figure 4A). These results indicate
that the selective inhibition of mDC function observed
after RSV exposure is not due to a block in their
ability to provide costimulation. To further
understand the effect of viral exposure on DCs, we
analyzed the RNA transcript profiles of mDCs exposed
to either RSV or Flu for 16 hours (figure 4B). A
striking feature of the RSV specific gene expression
profiling was the upregulation of molecules associated
with inhibitory function.These molecules fell into two
main classes, ITIM containing inhibitory receptors and
down stream transducing molecules. The inhibitory
class-I immunoreceptors ILT4, ILT5 and ILT6, have been
associated with tolerogenic function in DCs26'27 . The
ITIM containing receptors, LAIRl and LAIR2 inhibit DC
differentiation28. The ITIM containing receptor SLAMFl
is upregulated in tolerogenic DCs and IL-IO treated
monocytes29'30. S0CS2, for suppressor of cytokine
signaling, is a negative regulator of DC inflammatory
cytokine production3 1. STAT3 is a mediator of IL-IO
receptor signaling, whose activation is necessary for
many of its immunosuppressive properties32. Similarly,
the protein tyrosine phosphatase PTPN2 is a critical
negative regulator of inflammatory signaling33 . The
expression of some ITIM containing inhibitory
receptors and ligands was subsequently confirmed on
the surface of mDCs 24 hours after RSV exposure
(figure 4C). RSV-DCs demonstrated a significant
increased expression of surface PD-Ll. T-cell
recognition of PD-Ll inhibits IL-2 production and
mediates CD4+ T-cell tolerance to self antigens34'35.
Furthermore, engagement of PD-Ll on dendritic cells
has been show to directly induce DC IL-IO
production36'37. Interestingly, RSV exposure induced
the expression of both ILT-4 and its high affinity
ligand HLA-G. Each of these molecules is IL-10
inducible and associated with tolerogenic dendritic
cell function26'27'38'39 . Autocrine IL-10 is required
for tolerogenic conversion. Exposure of GMCSF/ IL-4
monocyte derived DCs to RSV in vitro has been reported
to induce a number of potentially suppressive factors,
including IFN-alpha, IFN-lambda and IL-29 40. However,
these factors were not expressed in primary human mDCs
in response to RSV exposure (figure 4D). Rather, Flu
was a potent inducer of IFN-alpha, IFN-lambda and
IL-29 and Flu-exposed DCs retained powerful allo
stimulatory capability (figure 4D). Furthermore the
addition of these factors to allo proliferation assays
failed to suppress CD4+ T-cell expansion (figure 4E).
The ability of RSV, but not Flu to induce IL-10
transcription (figure 4B) and secretion (figure 5A)
led us to investigate whether it was involved in the
tolerogenic conversion of mDC. Blocking IL-10 receptor
signaling (with antibodies to IL-10 and IL-10
receptor) during the allo proliferation assay did not
permit the proliferation of allogeneic CD4+ T-cells
(figure 5B panel 4). However, blocking IL-10 receptor
signaling during viral exposure can partially recover
the allo stimulatory capacity of RSVexposed mDCs
(figure 5B panel 2). These results indicate that
autocrine IL-10 production during RSV mediated
maturation of the mDC plays a critical role in
tolerogenic conversion. Furthermore these results
indicate that once the mDC has been exposed to the
virus, IL-10 is dispensable for the RSV-DC
allo-inhibitory effect.RSV exposed DCs induce Tregs.
The ability of a minority of RSV-exposed mDCs to
inhibit allogeneic CD4 + T-cell proliferation
triggered by non-exposed mDCs, led us to consider that
they might induce the differentiation of regulatory
T-cells. CFSE labeled allogeneic CD4+ Tcell were
therefore cultured with either unexposed, flu or RSV
exposed mDCs. As regulatory Tcells have been reported
to have limited proliferative capacity, allogeneic
CD4+ T-cell populations which divided only once or
twice, were isolated by cell sorting following 5 days
of DC coculture4 1'42 . Next, 1,500 CD4+ T-cells
sorted from unexposed, flu or RSV exposed mDCs
cocultures were thus added to MLR consisting of 1,250
unexposed mDCs and 500,000 labeled CD4+ T-cells. As
shown in figure 6, T-cells derived from RSV exposed
mDCs could themselves inhibit unexposed mDC induced
alloreaction. In contrast T-cells derived from
unexposed or Flu exposed DCs showed no inhibitory
effect (figure 6). Thus RSV exposed DCs are potent
inducers of regulatory T-cells. These studies on the
interaction of RSV with DCs yield two main conclusions
which might explain why the adaptive immune response
to RSV in humans is inefficient and repeat infections
occur throughout an individual's lifetime. First, RSV
infection blocks APC function during natural
infection. Acute RSV infection results in a severe
defect in allo antigen presenting capability of blood
APCs. mDCs isolated from the site of infection are
likewise unable to mount an alloproliferative
response. Our in vitro studies demonstrate that the
immune suppression observed in patients may be the
result of a direct effect of RSV on DCs. The second
main conclusion derived from these studies is that RSV
induces DCs to develop powerful tolerogenic function.
Indeed, remarkably few RSV-DCs are capable of
inhibiting alloproliferative responses in trans. In
our hands this suppressive function is more potent
than previously described pharmacologically generated
tolerogenic dendritic cells. The ability of
RSV-exposed mDCs to induce regulatory T-cells points
to a role for these cells in propagating this
inhibitory signal. Indeed, as with RSV-DCs themselves,
very few (1500) T-cells which have been exposed to
RSV-DCs can inhibit alloreactions performed with
100,000 T-cells. Though a wide variety of inhibitory
receptors and ligands are upregulated by RSV mechanism
of tolerogenic DC suppression remains undefined. The
necessity for cell to cell contact, and inhibitory
ability of fixed cells, precludes a direct role of
soluble inhibitory factors, such as IL- 10 or
IFN-lambda, in this suppression. RSV mediated
induction of tolerogenic DCs may explain the
inefficient generation of RSV specific immunity. RSV
induces tolerogenic DCs by skewing DC maturation
through a mechanism which requires autocrine IL-10.
These DCs are thencapable of driving the
differentiation of regulatory CD4+ T-cells. This
effective mechanism of immune subversion has
implications not only on RSV vaccine design but also
in the treatment of hyper-immune disorders such as
auto-immune disease and organ transplant. It is
contemplated that any embodiment discussed in this
specification can be implemented with respect to any
method, kit, reagent, or composition of the invention,
and vice versa. Furthermore, compositions of the
invention can be used to achieve methods of the
invention. It will be understood that particular
embodiments described herein are shown by way of
illustration and not as limitations of the invention.
The principal features of this invention can be
employed in various embodiments without departing from
the scope of the invention. Those skilled in the art
will recognize, or be able to ascertain using no more
than routine experimentation, numerous equivalents to
the specific procedures described herein. Such
equivalents are considered to be within the scope of
this invention and are covered by the claims. All
publications and patent applications mentioned in the
specification are indicative of the level of skill of
those skilled in the art to which this invention
pertains. All publications and patent applications are
herein incorporated by reference to the same extent as
if each individual publication or patent application
was specifically and individually indicated to be
incorporated by reference. The use of the word "a" or
"an" when used in conjunction with the term
"comprising" in the claims and/or the specification
may mean "one," but it is also consistent with the
meaning of "one or more," "at least one," and "one or
more than one." The use of the term "or" in the claims
is used to mean "and/or" unless explicitly indicated
to refer to alternatives only or the alternatives are
mutually exclusive, although the disclosure supports a
definition that refers to only alternatives and
"and/or." Throughout this application, the term
"about" is used to indicate that a value includes the
inherent variation of error for the device, the method
being employed to determine the value, or the
variation that exists among the study subjects. As
used in this specification and claim(s), the words
"comprising" (and any form of comprising, such as
"comprise" and "comprises"), "having" (and any form of
having, such as "have" and "has"), "including" (and
any form of including, such as "includes" and
"include") or "containing" (and any form of
containing, such as "contains" and "contain") are
inclusive or open-ended and do not exclude additional,
unrecited elements or method steps. The term "or
combinations thereof as used herein refers to all
permutations and combinations of the listed items
preceding the term. For example, "A, B, C, or
combinations thereof isintended to include at least
one of: A, B, C, AB, AC, BC, or ABC, and if order is
important in a particular context, also BA, CA, CB,
CBA, BCA, ACB, BAC, or CAB. Continuing with this
example, expressly included are combinations that
contain repeats of one or more item or term, such as
BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so
forth. The skilled artisan will understand that
typically there is no limit on the number of items or
terms in any combination, unless otherwise apparent
from the context. All of the compositions and/or
methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the
present disclosure. While the compositions and methods
of this invention have been described in terms of
preferred embodiments, it will be apparent to those of
skill in the art that variations may be applied to the
compositions and/or methods and in the steps or in the
sequence of steps of the method described herein
without departing from the concept, spirit and scope
of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of
the invention as defined by the appended claims.
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1. A method for inducing immune tolerance using
antigen presenting cells comprising; infecting
isolated antigen presenting cells with an effective
amount of respiratory syncytial virus (RSV) or
portions thereof sufficient to infect the antigen
presenting cells; and contacting CD4+, CD8+ or both
CD4+ T cells and CD8+ T cells with the RSV-infected
antigen presenting cells, wherein the CD4+, CD8+ or
both CD4 and CD8+ T cells are rendered tolerogenic as
measured in vitro by a mixed leukocyte reaction. 2.
The method of claim 1, wherein the RSV-infected
antigen presenting cells are peripheral blood
mononuclear cells, immature dendritic cells, mature
dendritic cells or Langerhans cells. 3. The method of
claim 1, wherein the RSV-infected antigen presenting
cells are tolerogenic at a ratio of 1:1 to 1:100
tolerogenic antigen presenting cells to T cells. 4.
The method of claim 1, wherein the RSV-infected cells
are fixed prior to contacting with the T cells. 5. The
method of claim 1, wherein the RSV-infected antigen
presenting cells are CD80hlgh, CD86hlgh, CD40hlgh and
CD83low. 6. The method of claim 1, wherein the
RSV-infected antigen presenting cells are CD80hlgh,
CD86hlgh, CD40hlgh and CD83low, when compared to Flu
infected antigen presenting cells. 7. The method of
claim 1, wherein the RSV-infected antigen presenting
cells induce the proliferation of regulatory T-cells.
8. The method of claim 1, wherein the RSV-infected
antigen presenting cells secrete IL-10 and have
increased expression over untreated antigen presenting
cells of SIGLEC-I, PDL-I, ILT-4, HLA-G, SLAM and LAIR.
9. The method of claim 1, wherein the RSV-infected
antigen presenting cells have an increase in gene
expression, when compared to untreated antigen
presenting cells, of IL-10, LAIR2, SOCS2, PTPN2,
ILT-6, AQP9, PTX3 and SLAMF1. 10. A method for making
tolerizing dendritic cells comprising; infecting
dendritic cells with effective amount of respiratory
syncytial virus to develop IL-10 dependent tolerogenic
immune function, wherein respiratory syncytial virus
increased the dendritic cells' ability to tolerize
allogeneic CD4+ T-cells, cause suppressor T-cell
proliferation,secrete IL-IO and express inhibitory
molecules PDL-I, ILT-4 and HLA-G and wherein the
infecting dendritic cells are CD80hlgh, CD86hlgh,
CD40hlgh and CD83low 11. The method of claim 10,
wherein the inhibition of dendritic cells ' ability to
activate allogeneic CD4+ T-cell requires cell-to-cell
contact between dendritic cells. 12. A method for
suppressing antiviral immunity of dendritic cells in a
subject comprising; infecting isolated dendritic cells
with effective amount of respiratory syncytial virus
to develop IL-IO dependent tolerogenic immune
function, wherein respiratory syncytial virus inhibit
the dendritic cells' ability to activate allogeneic
CD4+ T-cells, induce nave T-cell regulatory response,
secrete IL-IO and express inhibitory molecules PDL-I,
IKT-4, and HLA-G when reintroduced into a patient. 13.
The method of claim 12, wherein the inhibition of
dendritic cells' ability to activate allogeneic CD4+
T-cell requires cell-to-cell contact between dendritic
cells. 14. A tolerogenic dendritic cell comprising an
isolated dendritic cells that is CD80hlgh, CD86hlgh,
CD40hlgh and CD83low. 15. A tolerogenic dendritic cell
made by the method of infecting peripheral blood
mononuclear cells with an effective amount of a
respiratory syncytial virus or portions thereof
sufficient to rendered CD4+, CD8+ or both CD4+ T cells
and CD8+ T cells tolerogenic as measured in vitro by a
mixed leukocyte reaction and wherein the dendritic
cells that is CD80hlgh, CD86hlgh, CD40hlgh and
CD83low. 16. A method of promoting tolerogenic T
cell-mediated immune responses by contacting the T
cells with a dendritic cell that has been infected
with an amount of a RSV or portion thereof sufficient
to trigger the surface expression of at least one of
CD80hlgh, CD86hlgh, CD40hlgh and CD83l0W. 17. A method
of inducing anergic T helper cells which comprises:
incubating isolated antigen presenting cells (APC)
with an amount of RSV sufficient to infect the antigen
presenting cell and trigger the surface expression of
at least one of the following cell surface markers
CD80hlgh, CD86hlgh, CD40hlgh and CD83low; and
contacting the RSV-infected antigen presenting cells
with T cells under conditions that tolerize the T
cells as measured in vitro in a mixed lymphocyte
reaction. 18. A method of producing an isolated
tolerogenic dendritic cell comprising:incubating the
isolated dendritic cell with an amount of respiratory
syncytial virus sufficient to infect the dendritic
cell under conditions that trigger the cell surface
expression the following cell surface CD80hlgh,
CD86hlgh, CD40hlgh and CD83low 19. A kit for enhancing
tolerogenicity in a mammalian host comprising isolated
tolerogenic dendritic cells previously infected with
RSV and having the following cell surface CD80hlgh,
CD86hlgh, CD40hlgh and CD83low 20. A method of
generating a tolerogenic antigen presenting cell (APC)
comprising: infecting the APC with an amount of
respiratory syncytial virus sufficient to infect the
dendritic cell; and causing the following cell surface
marker expression CD80hlgh, CD86hlgh, CD40hlgh and
CD83low thereby generating a tolerogenic antigen
presenting cell (APC). 2 1. A method for treating an
autoimmune disease in a mammalian subject, comprising
administering to the mammalian subject tolerogenic
antigen presenting cell (APC), wherein the tolerogenic
dendritic cells previously infected with RSV and
having the following cell surface CD80hlgh, CD86hlgh,
CD40hlgh and CD83low, and the cells are administered
in an amount effective to reduce or eliminate the
autoimmune disease or to prevent its occurrence or
recurrence. 22. The method of claim 21, wherein the
autoimmune disease is insulin-dependent diabetes
mellitus, multiple sclerosis, autoimmune
encephalomyelitis, rheumatoid arthritis, autoimmune
arthritis, myasthenia gravis, thyroiditis,
uveoretinitis, Hashimoto's thyroiditis, primary
myxoedema, thyrotoxicosis, pernicious anaemia,
autoimmune atrophic gastritis, Addison's disease,
premature menopause, male infertility, juvenile
diabetes, Goodpasture's syndrome, pemphigus vulgaris,
pemphigoid, psoriasis sympathetic ophthalmia,
phacogenic uveitis, autoimmune haemolytic anaemia,
idiopathic leucopenia, primary biliary cirrhosis,
active chronic hepatitis, cryptogenic cirrhosis,
ulcerative colitis, Sjogren's syndrome, scleroderma,
Wegener's granulomatosis, poly/dermatomyositis,
discoid lupus erythematosus or systemic lupus
erythematosus. 23. A method for modulating the immune
response to an antigen, comprising administering to a
patient in need of such treatment an isolated
tolerizing antigen-presenting cell for a time and
under conditions sufficient to modulate the immune
response, wherein the antigen-specific
antigen-presenting cell is produced by contacting the
antigen-presenting cell with RSV for a time and under
conditions sufficient for the antigen-presenting cell
to become a tolerizing to Tcells, wherein the
tolerizing antigen-presenting cell is characterized by
expressing the following cell surface markers
CD80hlgh, CD86hlgh, CD40hlgh and CD83low, and wherein
the tolerizing antigen presenting cell is tolerogenic
at a ratio of 1:5 to 1:100 tolerizing antigen
presenting cells to T cells. 


