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FIG. 1C 
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FIG. 2A 
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FIG. 2M 
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REMODELING AND GLYCOPEGYLATION 
OF FIBROBLAST GROWTH FACTOR (FGF) 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to US. Provi 
sional Patent Application 60/623,342, ?led Oct. 29, 2004, 
which is incorporated by reference in its entirety for all pur 
poses. 

BACKGROUND OF THE INVENTION 

[0002] Fibroblast Growth Factors (FGFs) promote growth, 
proliferation, survival and differentiation of a wide variety of 
cells and tissue types. The prototypic ?broblast growth fac 
tors (FGFs), FGF-1 and FGF-2, were originally isolated from 
brain and pituitary as mitogens for ?broblasts. However, 
FGF-1 and FGF-2, and ?broblast growth factors generally, 
are widely expressed in developing and adult tissues, and 
have multiple biological activities including angiogenesis, 
mitogenesis, cellular differentiation and repair of tissue 
injury (see e.g., Baird, A. et al., Cancer Cells 3:239-243 
(1991) and Burgess, W. H. et al., Annu. Rev. Biochem. 
58:575-606 (1989)). 
[0003] According to the published literature, the FGF fam 
ily now consists of at least twenty ?ve members, FGF-1 to 
FGF-25. The 25 members of the FGF family range in molecu 
lar mass from 17 to 34 kDa and share 13-71% amino acid 
identity. Between vertebrate species, FGFs are highly con 
served in both gene structure and amino-acid sequence. 
[0004] The 25 members of the mammalian FGF family are 
differentially expressed in many tissues. The members are 
divided into subfamilies that have similar, though individu 
ally unique, patterns of expression. Some FGFs are expressed 
exclusively during embryonic development (for example, 
Fgf3, 4, 8, 15, 17 and 19), whereas others are expressed in 
embryonic and adult tissues. For example, FGF-16mRNA is 
predominantly expressed in the rat heart in adult tissues. 
However, in rat embryos, FGF-16rRNA is predominantly 
expressed in the brown adipose tissue (see e. g., Miyake A, et 
al. Biochem Biophys Res Commun 1998, 243:148-152). 
[0005] Although most FGFs (FGFs 3-8, 10, 15, 17-19, and 
21-25) have amino-terminal signal peptides and are readily 
secreted from cells, FGFs 9, 16 and 20 lack an obvious amino 
terminal signal peptide but are nevertheless secreted (see e.g., 
Miyamoto M, et al. Mol Cell Biol 1993, 13:4251-4259). A 
third subset of FGFs (FGF 11-14) lack signal sequences and 
are thought to remain intracellular. 
[0006] As noted above, the sub-family of FGF proteins 
comprising FGF-9, FGF-16, and FGF-20 lack a classical 
signal sequence, although they contain nuclear localiZation 
signals, and are secreted. These FGFs are expressed in the 
developing and adult nervous systems, suggesting a role in 
nervous system development and function (see e.g., Small 
wood P. M., et al. Proc NatlAcad Sci USA (1996) 93:9850 
9857). Indeed, a cDNA encoding FGF-20 was isolated from 
rat brain (see e.g., US. Pat. No. 6,797,695). Among FGF 
family members, FGF-20 is most similar to FGF-9 and FGF 
16 (70 and 62% amino acid identity, respectively). 
[0007] Numerous studies of human disorders as well as 
gene knock-out studies in mice indicate that FGFs are neu 
rotrophic for cells of both the peripheral and central nervous 
system, and are important in the development of the skeletal 
system in mammals. A role in nervous system development 
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and function is supported by in situ hybridization studies that 
show that FGF-20 mRNA is preferentially expressed in the 
substantia nigra pars compacta of the brain. Further support 
for a nervous system function is found in studies showing that 
in vitro, recombinant rat FGF-20 enhanced the survival of 
midbrain dopaminergic neurons in culture (see e.g., Ohmachi 
S. Biochem Biophys Res Commun 2000, 277:355-360). 
[0008] In other studies, high levels of FGF-21 mRNA 
expression has been shown to occur in the liver, and human 
FGF-21 may play a role in the development of and recovery 
from liver disease. FGF-21 is also expressed in testis and 
thymus, and therefore may play a role in the development or 
recovery from disorders of testicular function or function of 
cells derived from the thymus (see e.g., US. Pat. No. 6,716, 
626). 
[0009] Because of their wide ranging and potent activities, 
FGFs are pursued as therapeutic agents for a number of dif 
ferent indications, including wound healing, such as mus 
culo-skeletal conditions, bone fractures, ligament and tissue 
repair, tendonitis, bursitis, etc.; skin conditions, for example, 
burns, cuts, lacerations, bed sores, slow healing ulcers, etc.; 
tissue protection, repair, and the induction of angiogenesis 
during myocardial infarction and ischemia, in?ammatory 
conditions and diseases (e. g., intestinal in?ammation, includ 
ing in?ammatory bowel disease see e.g., Jeffers et al. Gas 
troenterology 2002; 123: 1 151-1 162), in the treatment of neu 
rological conditions such as neuro-degenerative diseases 
(e.g., Parkinson’s disease), and stroke, in the treatment of eye 
disease, including macular degeneration, the pathology and 
treatment of cancer (see e.g., Jeffers, M., et al. Cancer 
Research 61, 3131-3138, Apr. 1, (2001) and Jeffers et al. 
Expert Opinion on Therapeutic Targets (2002) 6(4):469-482) 
and for the treatment of diabetes. Unfortunately, the admin 
istration of therapeutic proteins such as FGF-9, FGF-18, 
FGF-20, and FGF-21 for the treatment of diseases and con 
ditions can be complicated by, for example, short half life and 
mutagenic properties. 
[0010] Poly(ethylene glycol) (“PEG”) is an exemplary 
polymer that has been conjugated to polypeptides. The use of 
PEG to derivatiZe peptide therapeutics has been demonstrated 
to reduce the immunogenicity of the peptides and improve 
pharmacodynamics including half-life. For example, US. 
Pat. No. 4,179,337 (Davis et al.) concerns non-immunogenic 
polypeptides, such as enZymes and peptide hormones 
coupled to polyethylene glycol (PEG) or polypropylene gly 
col. Between 10 and 100 moles of polymer are used per mole 
polypeptide and at least 15% of the physiological activity is 
maintained. In addition, the clearance time in circulation is 
prolonged due to the increased siZe of the PEG-conjugate of 
the polypeptides in question. The methods disclosed by Davis 
et al. are chemical PEGylation methods. 

[0011] The chemical modi?cation of peptides, frequently 
results in an undesirable loss of peptide activity, which is 
attributable to the non-selective nature of the chemistries 
utiliZed to modify the peptide. For example, when the modi 
fying group is a water-soluble peptide, e. g., PEG, the princi 
pal mode of attachment of PEG, and its derivatives, to pep 
tides is a non-speci?c bonding through a peptide amino acid 
residue. Studies of conjugates of water-soluble polymers and 
interleukin-2 (Fisher et al., Br. .1. Haematol, 82: 654 (1992)), 
granulocyte colony stimulating factor (Satake-Ishikawa et al., 
Cell Struct. Funct, 17: 157 (1992)), tumor necrosis factor 
(Tsutsumi et al., Br .1. Cancer, 71: 963 (1996)) and Fibroblast 
Growth Factor (Clark, et al., J. Biol. Chem., 271 :21969 


































































































































































































































































