
US 20080227696A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0227696 A1 

Takahashi et al. (43) Pub. Date: Sep. 18, 2008 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

SINGLE BRANCH HEPARIN-BINDING 
GROWTH FACTOR ANALOGS 

Inventors: Kazuyuki Takahashi, 
GermantoWn, MD (US); Paul O. 
Zamora, Gaithersburg, MD (US) 

Correspondence Address: 
PEACOCK MYERS, RC. 
201 THIRD STREET, N.W., SUITE 1340 
ALBUQUERQUE, NM 87102 (US) 

Assignee: BioSurface Engineering 
Technologies, Inc., Rockville, MD 
(Us) 

Appl. No.: 11/359,173 

Filed: Feb. 21, 2006 

Related US. Application Data 

Provisional application No. 60/655,570, ?led on Feb. 
22, 2005. 

Publication Classi?cation 

(51) Int. Cl. 
A61K 38/18 (2006.01) 
A61K 38/02 (2006.01) 

(52) U.S. Cl. .............. .. 514/12; 530/399; 530/300; 514/2 

(57) ABSTRACT 

A heparin-binding growth factor (HBGF) analog having tWo 
substantially similar sequences (homodimeric sequences) 
branched from a single amino acid residue, Where the 
sequences are analogs of a particular HBGF that binds to a 
heparin-binding groWth factor receptor (HBGFR), or alterna 
tively that bind to a HBGFR Without being an analog of any 
particular HBGF. The homodimeric sequences may be 
derived from any portion of a HBGF. The synthetic HBGF 
analog may be an analog of a hormone, a cytokine, a lym 
phokine, a chemokine or an interleukin, and may bind to any 
HBGFR. Further provided are preparations for medical 
devices, pharmaceutical compositions and methods of using 
the same. 
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SINGLE BRANCH HEPARIN-BINDING 
GROWTH FACTOR ANALOGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to and the bene?t of 
the ?ling of US. Provisional Patent Application Ser. No.60/ 
655,570 entitled “Single Branch Heparin Binding GroWth 
Factor” ?led on Feb. 22, 2005 and the speci?cation and claims 
thereof are incorporated herein by reference. 

INTRODUCTION 

[0002] The invention relates to the ?eld of synthetic pep 
tides and analogs of heparin-binding groWth factors, includ 
ing homodimeric synthetic heparin-binding groWth factor 
analogs Wherein tWo sequences are branched from a single 
branch point, the single branch point including at least one 
trifunctional amino acid residues, Which branch point is fur 
ther covalently bonded to a heparin-binding sequence. The 
invention further relates to the clinical uses of such analogs as 
soluble drugs and as coatings for medical devices. 

BACKGROUND OF THE INVENTION 

[0003] Note that the folloWing discussion refers to a num 
ber of publications by author(s) and year of publication. Dis 
cussion of such publications herein is given for more com 
plete background and is not to be construed as an admission 
that such publications are prior art for patentability determi 
nation purposes. 
[0004] The heparin-binding groWth factors (HBGFs) con 
stitute a large class of groWth factors that includes the 23 
?broblast groWth factors identi?ed to date (FGFs 1-23), 
HBBM (heparin-binding brain mito gen), HB-GAF (heparin 
binding groWth associated factor), HB-EGF (heparin-binding 
EGF-like factor) HB-GAM (heparin-binding groWth associ 
ated molecule), TGF-ot (transforming groWth factor-0t), 
TGF-[3s (transforming groWth factor-6s), PDGF (platelet 
derived groWth factor), EGF (epidermal groWth factor), 
VEGF (vascular endothelial groWth factor), IGF-l (insulin 
like groWth factor-1), IGF-2 (insulin-like groWth factor-2), 
HGF (hepatocyte groWth factor), IL-1 (interleukin-1), IL-2 
(interleukin-2), IFN-ot (interferon-0t), IFN-y (interferon-y), 
TNF-ot (tumor necrosis factor-0t), SDGF (SchWannoma-de 
rived groWth factor) and the many other groWth factors, 
cytokines, lymphokines and chemokines that have an a?inity 
for heparin. 
[0005] Peptides from natural HBGFs that bind heparin 
binding groWth factor receptors have been identi?ed. See for 
example Ray et al., Proc. Natl. Acad. Sci. USA 94:7047-7052 
(1997). These authors demonstrated that tWo amino acid 
sequences from FGF-2 are su?icient to block the mitogenic 
activity of FGF-2 on neural progenitor cells. The ?rst peptide 
is a ten amino acid sequence, from amino acids 65-74, the 
second peptide extends from amino acids 115-129. 
[0006] In an alternative approach, an arti?cial peptide that 
binds a heparin-binding groWth factor receptor (HBGFR) Was 
identi?ed by a phage display method. Ballinger et al., Nature 
BioTechnology 17:1199-1204 (1999) used this technique to 
isolate a 28 amino acid peptide called C19, binds FGF-2 
receptors, but by itself fails to stimulate biological activity. 
The peptide has no amino acid sequence identity With any 
knoWn FGF. 

Sep. 18, 2008 

[0007] HBGFs useful in prevention or therapy of a Wide 
range of diseases and disorders may be puri?ed from natural 
sources or produced by recombinant DNA methods, hoWever, 
such preparations are expensive and generally dif?cult to 
prepare. 
[0008] Some efforts have been made to generate heparin 
binding groWth factor analogs. For example, natural PDGF 
occurs as anA chain and a B chain arranged in head-to-head 
(AA or BB) homodimers, or (AB or BA) heterodimers. Thus, 
US. Pat. No. 6,350,731 to Jehanli et al. discloses PDGF 
analogs in Which tWo synthetic PDGF receptor-binding 
domains are covalently linked through a polyglycine or an 
N-(4-carboxy-cyclohexylmethyl)-maleimide (SMCC) chain 
to mimic the natural active polypeptide dimer. 
[0009] US. Pat. No. 6,235,716 to Ben-Sasson discloses 
analogs of angiogenic factors. The analogs are branched mul 
tivalent ligands that include tWo or more angiogenic homol 
ogy regions connected by a multilinker backbone. 
[0010] US. Pat. No. 5,770,704 (the ’704 patent) to 
GodoWski discloses conjugates for activating receptor 
tyrosine kinases, cytokine receptors and members of the 
nerve groWth factor receptor superfamily. The conjugates 
include at least tWo ligands capable of binding to the cognate 
receptor, so that the binding of the respective ligands induces 
oligomeriZation of these receptors. The ligands disclosed in 
the ’704 patent are linked by covalent attachment to various 
nonproteinaceous polymers, particularly hydrophilic poly 
mers, such as polyvinylalcohol and polyvinylpyrrolidone, 
and the polyvinylalkene ethers, including polyethylene gly 
col and polypropylene glycol. The ligands include hepatocyte 
groWth factor (HGF) peptide variants that each bind HGF 
receptor, thereby causing receptor dimeriZation and activa 
tion of the biological activity of the HGF receptor dimer. 
[0011] US. Pat. No. 6,284,503 (the ’503 patent) to Cald 
Well et al. discloses a composition and method for regulating 
the adhesion of cells and biomolecules to hydrophobic sur 
faces and hydrophobic coated surfaces for cell adhesion, cell 
groWth, cell sorting and biological assays. The composition is 
a biomolecule conjugated to a reactive end group activated 
polymer. The end group activated polymer includes a block 
copolymer surfactant backbone and an activation or reactive 
group. The block copolymer may be any surfactant having a 
hydrophobic region capable of adsorbing onto a hydrophobic 
surface, and a hydrophilic region Which extends aWay from 
the surface When the hydrophobic region is adsorbed onto the 
hydrophobic surface. The ’503 patent discloses that the bio 
molecules that may be conjugated to the end group activated 
polymer include natural or recombinant groWth factors, such 
as PDGF, EGF, TGFot, TGFB, NGF, IGF-I, IGF-II, GH and 
GHRF, as Well as multi-CSF(II-3), GM-CSF, G-CSF, and 
M-CSF. 

[0012] Other Workers have described compositions that 
include homologs and analogs of ?broblast groWth factors 
(FGFs). See for example US. Pat. No. 5,679,673 to Lappi and 
Baird; US. Pat. No. 5,989,866 to Deisher et al. and US. Pat. 
No. 6,294,359 to Fiddes et al. These disclosures relate to FGF 
homologs or analogs that are either conjugated to a toxic 
moiety and are targeted to the FGF receptor-bearing cells; or 
are homologs or analogs that modulate the biological path 
Ways through the signal transduced by the FGF receptor upon 
binding by the FGF homolog or analog. 
[0013] A series of patent applications to Kochendoerfer et 
al. disclose polymer-modi?ed proteins, including synthetic 
chemokines and erythropoiesis stimulating proteins. See, for 
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example, International Publications WO 02/ 04105, WO 
02/ 1 9963 and WO 02/20033. These include chemically 
ligated peptide segments of a polypeptide chain of a synthetic 
erythropoiesis protein, such that a polypeptide chain results, 
With a Water soluble polymer attached at one or more glyco 

sylation sites on the protein. These applications also disclose 
synthetic chemokines, Which are also polymer modi?ed, and 
are asserted to be antagonists. However, heparin-binding 
domains are not disclosed. Other erythropoietin mimetics are 

knoWn, such as those disclosed in Us. Pat. Nos. 5,773,569 
and 5,830,851 to Wrighton et al. 

[0014] International Publication WO 00/ 1 8921 to Ballinger 
and Kavanaugh discloses a composition consisting of fusion 
proteins having FGF receptor af?nity linked to an “oligomer 
iZation domain”, either directly or through a linking group. 
The oligomeriZation domain ranges in length from about 20 
to 300 residues, and includes constructs such as transcription 
factors, Fc portions of IgG, leucine Zippers and the like. The 
oligomeriZation domains disclosed are homodimeric 
domains, Wherein a single FGF receptor a?inity fusion pro 
tein is linked to a single domain, such as a leucine Zipper, 
Which in turn is linked to a similar molecule by means of 

cysteine residues at both the amino and carboxy termini of the 
leucine Zippers, such that tWo parallel leucine Zippers, each 
With a single FGF receptor a?inity fusion protein, are cross 
linked by means of disul?de bonds. It is also disclosed that 
fusion proteins may include a heparin binding domain, such 
as the use of jun as a multimeriZation domain, Which is 
asserted to be a heparin binding domain. Thus the composi 
tions disclosed by Ballinger and Kavanaugh are all composed 
of a single receptor-binding sequence covalently attached to 
an oligomeriZation domain, Whereby tWo or more similar 
oligomeriZation domains, each With a single receptor-binding 
sequence, are conjoined by means of either an association 

provided by the oligomeriZation domain, or alternatively, are 
chemically cross-linked to provide for the covalent bonding 
of the individual components. A series of applications With 
some inventors in common, including U.S. patent application 
Ser. No. 10/644,703, entitled Synthetic Heparin-Binding 
Growth Factor Analogs, ?led on Aug. 19, 2003, and Us. 
patent application Ser. No. 10/224,268, entitled Synthetic 
Heparin-Binding Growth Factor Analogs, ?led on Aug. 20, 
2002, disclose constructs in Which tWo receptor-binding 
domains are linked to side chains or a terminal group and a 

side chain of tWo different amino acid residues. 

[0015] The above described homologs, analogs, conjugates 
or ligands each include a receptor-binding domain. HoWever, 
none of the disclosed compositions further include tWo recep 
tor-binding domains linked to a single residue through a 
terminal group and a side chain group of the single residue. 
There is still a need for neW peptide analogs of HBGFs, 
particularly for those that function as agonists, and preferably 
those that contain tWo receptor-binding domains speci?c for 
a HBGFR. In particular, there is still a need for cost-effective 
synthetic peptide agonists of heparin-binding groWth factor 
receptors, particularly synthetic heparin-binding groWth fac 
tor agonists useful for coating medical devices and as soluble 
biologics, and as pharmaceutical agents for treating a variety 
of conditions. 
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SUMMARY OF THE INVENTION 

[0016] One aspect of the present invention is a heparin 
binding groWth factor analog of formula I: 

| 
X 

| 
R3 

Wherein: 
[0017] each X is a peptide chain that (i) has a minimum of 
three amino acid residues, (ii) has a maximum of about ?fty 
amino acid residues, and (iii) binds a heparin-binding groWth 
factor receptor (HBGFR); 
[0018] R1 is a single trifunctional amino acid residue 
covalently bonded to each X; 
[0019] Each R2 is independently a linker comprising a 
chain from 0 to about 20 backbone atoms including carbon, 
oxygen, sulfur, nitrogen and mixtures thereof covalently 
bonded to R1 and X; 
[0020] Each R3 is hydrogen (H) such that the terminal 
group is NH2, or is an acyl group With a linear or branched C l 
to C 17 alkyl, aryl, heteroaryl, alkene, alkenyl or aralkyl chain 
including an N-terminus NH2, NH3+, or NH group or a 
corresponding acylated derivative; 
[0021] R4 is OH such that the terminal group is a carboxyl, 
NH2, an acyl group With a linear or branched C 1 to C 17 alkyl, 
aryl, heteroaryl, alkene, alkenyl or aralkyl chain including an 
N-terminus NH2, NH3+, or NH group or a corresponding 
acylated derivative, or NHiR3; 
[0022] Y is a linker comprising a chain from 0 to about 50 
backbone atoms covalently bonded to R1 and Z; and 
[0023] Z is a non-signaling peptide chain that includes a 
heparin binding domain, comprising an amino acid sequence 
that comprises (i) a minimum of one heparin binding motif, 
(ii) a maximum of about ten heparin binding motifs, and (iii) 
a maximum of about thirty amino acids. 
[0024] Another aspect of the present invention provides 
thatY further comprises a linker that (i) is hydrophobic, (ii) 
comprises a chain of a minimum of about 9 and a maximum 
of about 50 atoms, and (iii) is not found in the natural ligand 
of the heparin-binding groWth factor receptor (HBGFR) 
Which X binds. 
[0025] Another aspect of the present invention provides 
that the heparin-binding groWth factor analog of formula I-IV 
has an avidity for heparin such that the synthetic heparin 
binding groWth factor analog binds heparin in 0.15 M NaCl, 
but is eluted by 1 M NaCl. 
[0026] Another aspect of the present invention provides a 
heparin-binding groWth factor analog of formula II: 

X 

R3 

wherein R1 is a diamine amino acid. All other features are as 
represented for formula I. 
[0027] Another aspect of the present invention provides 
that the R1 of the heparin-binding groWth factor analog of 
formula II is an L- or D-diamine amino acid residue selected 
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from the group consisting of 2,3 diamino propionyl amino 
acid, 2,4 diamino butylic amino acid, lysine and omithine. 
[0028] Another aspect of the present invention provides a 
heparin-binding growth factor analog of formula III: 

III 

Wherein: 
[0029] C is carbon, H is hydrogen, N is nitrogen and O is 
oxygen. All other features are as represented for formula I. 
[0030] Yet another aspect of the present invention provides 
a heparin-binding groWth factor analog of of formula IV: 

IV 
R3—X—Rl—Y-Z-R4 

| 
R2 

| 

T 
R3 

Wherein: 
[0031] R1 is a trifunctional amino acid Wherein the side 
chain of R1 comprises a reactive sulfhydryl; and 
[0032] R2 comprises a trifunctional amino acid Wherein the 
side chain comprises a reactive sulfhydryl, Wherein R2 is 
covalently bonded to R1 by a disul?de bond. 
[0033] Another aspect of the present invention provides for 
a heparin-binding groWth factor analog of formula III 
wherein R1 and R2 are each independently an L- or D-3 
mercapto amino acid selected from the group consisting of L 
or D-cysteine, L- or D-penicillamine, 3-mercapto phenylala 
nine, and a derivative of any of the foregoing. 
[0034] Another aspect of the present invention provides for 
a heparin-binding groWth factor analog of formula V: 
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Wherein: 
[0035] Prg Grp is OH or a carboxy terminus protecting 
group; and 
[0036] C is carbon, H is hydrogen, N is nitrogen, O is 
oxygen and S is sulfur. All other features are as represented 
for formula I. 
[0037] Still another aspect of the present invention provides 
a heparin-binding groWth factor analog of formula VI: 

VI 
R3—X—R1—Y-Z-R4 

| 
R2 

| 

T 
R3 

Wherein: 
[0038] R1 is a trifunctional amino acid Wherein the side 
chain comprises a ?rst reactive group; and 
[0039] R2 comprises a trifunctional amino acid Wherein the 
side chain comprises a second reactive group, Wherein R2 is 
covalently bonded to R1 by a covalent bond betWeen the ?rst 
reactive group and the second reactive group. All other fea 
tures are as represented for formula I. 
[0040] Yet another aspect of the present invention provides 
that X and Z of any of formulas I-VI are synthetic peptide 
chains. 
[0041] Still another aspect of the present invention provides 
a heparin-binding groWth factor analog comprising a syn 
thetic peptide having tWo sequences branched from a single 
residue, the tWo sequences being the same and binding spe 
ci?cally to a heparin-binding groWth factor receptor, and a 
sequence comprising a non-groWth factor heparin-binding 
sequence covalently bonded to the single residue. 
[0042] In another aspect, the single residue comprises a 
trifunctional amino acid residue. 
[0043] In yet another aspect provides that the non-groWth 
factor heparin-binding sequence is covalently bonded to the 
single residue by means of a linker. 
[0044] N still another aspect provides a heparin-binding 
groWth factor analog having a backbone chain from 2 to about 
50 atoms. 
[0045] In another aspect of the present invention, Y of any 
of formulas I-VI comprises betWeen one and about thirty 
three ethylene glycol units. 
[0046] According to another aspect of the present inven 
tion, Y of any of formulas I-VI comprises a branched or 
unbranched, saturated or unsaturated alkyl chain of betWeen 
one and about tWenty carbon atoms. 
[0047] In still another aspect of the present invention, Y of 
any of formulas I-VI comprises [NH2i(CH2)pCO]q Wherein 
p is from 1 to about 10 and q is from 1 to about 20. 
[0048] In another aspect of the present invention, Y of any 
of formulas I-VI comprises a peptide sequence comprising 
from one to about 16 Gly residues. 
[0049] Another aspect of the present invention, Z of any of 
formulas I-VI is BXBB or BBBXXB, Wherein each B is inde 
pendently lysine, arginine, omithine, or histidine, and each X 
is a independently a naturally occurring amino acid. 
[0050] In another aspect of the present invention, Z of any 
of formulas I-VI comprises at least tWo heparin-binding 
motifs. 
[0051] In yet another aspect of the present invention, the 
covalent bonds betWeen R1 and Y of any of formulas I-VI 
comprise an amide, disul?de, thioether, Schiff base, reduced 
Schiff base, imide, secondary amine, carbonyl, urea, hydra 
Zone or oxime bond. 
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[0052] In still another aspect of the present invention, cova 
lent bonds betWeen R1 and each X of any of formulas I-VI 
comprise an amide, disul?de, thioether, Schiff base, reduced 
Schiff base, imide, secondary amine, carbonyl, urea, hydra 
Zone or oxime bond. 

[0053] In another aspect of the present invention the cova 
lent bonds betWeenY and Z of any of formulas I-VI comprise 
an amide, disul?de, thioether, Schiff base, reduced Schiff 
base, imide, secondary amine, carbonyl, urea, hydraZone or 
oxime bond. 
[0054] In another aspect of the present invention, X in any 
offormulas I-VI is any of SEQ ID NO:7 to SEQ ID NO: 107, 
a portion thereof, a homolog thereof, or a homolog of a 
portion thereof, and Z comprises any of SEQ ID NO:1 to SEQ 
ID NO:6. 

[0055] In yet another aspect of the present invention, the R2 
of any of formulas I-VI comprises betWeen one and about 
three amino acid residues selected from the group consisting 
of glycine, a straight chain amino carboxylic acid, a bifunc 
tional amino-PEG-acid spacer and combinations thereof. 

[0056] In still another aspect of the present invention, Y of 
any of formulas I-VI comprises betWeen one and about ten 
amino acid residues selected from the group consisting of 
glycine, a linear chain amino carboxylic acid, a bifunctional 
amino-PEG-acid spacer and combinations thereof. 

[0057] In another aspect of the present invention, X of any 
of formulas I-VI comprises an amino acid sequence found in 
any ofFGF-1,FGF-2, FGF-3,FGF-4,FGF-5, FGF-6,FGF-7, 
FGF-8,FGF-9,FGF-10, FGF-11,FGF-12,FGF-13,FGF-14, 
FGF-15, FGF-16, FGF-17, FGF-18, FGF-19, FGF-20, FGF 
21, FGF-22, FGF-23, HBBM (heparin-binding brain mito 
gen), HB-GAF (heparin-binding groWth associated factor), 
HB-EGF (heparin-binding EGF-like factor) HB-GAM (hep 
arin-binding groWth associated molecule, also knoWn as 
pleiotrophin, PTN, HARP), TGF-ot (transforming groWth 
factor-0t), TGF-[3s (transforming groWth factor-6s), VEGF 
(vascular endothelial groWth factor), EGF (epidermal groWth 
factor), IGF-l (insulin-like groWth factor-1), IGF-2 (insulin 
like groWth factor-2), PDGF (platelet derived groWth factor), 
RANTES, SDF- 1, secreted friZZled-related protein-1 (SFRP 
1), small inducible cytokine A3 (SCYA3), inducible cytokine 
subfamily A member 20 (SCYA20), inducible cytokine sub 
family B member 14 (SCYB14), inducible cytokine subfam 
ily D member 1 (SCYD1), stromal cell-derived factor-1 
(SDF-1),thrombospondins 1, 2, 3 and 4 (THBS1-4), platelet 
factor 4 (PF4), lens epithelium-derived groWth factor 
(LEDGF), midikine (MK),macrophage in?ammatory protein 
(MIP-1), moesin (MSN), hepatocyte groWth factor (HGF, 
also called SF), placental groWth factor, IL-1 (interleukin-1), 
IL-2 (interleukin-2), IL-3 (interleukin-3), IL-6 (interleukin 
6), IL-7 (interleukin-7), IL-10 (interleukin-10), IL-12 (inter 
leukin-12), IFN-ot (interferon-0t), IFN-y (interferon-y), 
TNF-ot (tumor necrosis factor-0t), SDGF (SchWannoma-de 
rived groWth factor), nerve groWth factor, neurite groWth 
promoting factor 2 (NEGF2), neurotrophin, BMP-2 (bone 
morphogenic protein 2), OP-1 (osteogenic protein 1, also 
called BMP-7), keratinocyte groWth factor (KGF), inter 
feron-y inducible protein-20, RANTES, and HIV-tat-transac 
tivating factor, amphiregulin (AREG), angio-associated 
migratory cell protein (AAMP), angiostatin, betacellulin 
(BTC), connective tissue groWth factor (CTGF), cysteine 
rich angiogenic inducer 61 (CYCR61), endostatin, fractalk 
ine/neuroactin, glial derived neurotrophic factor (GDNF), 
GRO2, hepatoma-derived groWth factor (HDGF), and granu 
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locyte-macrophage colony stimulating factor (GMCSF), or a 
homolog of an amino acid sequence found in any of the 
foregoing. 
[0058] In yet another aspect of the present invention, a 
pharmaceutical composition comprises the heparin-binding 
groWth factor analog of any of formulas I-VI or a pharmaceu 
tically acceptable salt thereof and a pharmaceutical carrier. 
[0059] Other aspects, objects, advantages and novel fea 
tures, and further scope of applicability of the present inven 
tion Will be set forth in part in the detailed description to 
folloW, and in part Will become apparent to those skilled in the 
art upon examination of the folloWing, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and attained by means of the instru 
mentalities and combinations particularly pointed out in the 
appended claims. 
[0060] Additional objects and advantages of the present 
invention Will be apparent in the folloWing detailed descrip 
tion read in conjunction With the accompanying draWing ?g 
ures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] FIG. 1 illustrates an RP-HPLC pro?le for the SD1-1 
analog according to one embodiment of the present invention. 
[0062] FIG. 2 illustrates a graph of SDF-l and SD1-1 ana 
log concentration dependent induction of cell proliferation 
according to one embodiment of the present invention. 
[0063] FIG. 3 illustrates a bar graph of SDF-l and SD1-1 
analog induced cell migration according to one embodiment 
of the present invention. 
[0064] FIG. 4 illustrates a RP-HPLC pro?le for a PDGF 
analog according to one embodiment of the present invention 
according to one embodiment of the present invention. 
[0065] FIG. 5 illustrates results from a cell proliferation 
assay With PDGF analog PBA2-1 according to one embodi 
ment of the present invention. 
[0066] FIG. 6 illustrates analysis by RP-HPLC of PBA2 
1C analog according to one embodiment of the present inven 
tion according to one embodiment of the present invention. 
[0067] FIG. 7 illustrates the effect of analog PBA2-1 on cell 
proliferation according to one embodiment of the present 
invention according to one embodiment of the present inven 
tion. 
[0068] FIG. 8 illustrates a dose-dependant suppression of 
the activity of BMP-7 by B7A1-6 analog according to one 
embodiment of the present invention. 
[0069] FIG. 9 illustrates augmented cellular groWth by 
GCSF-l analog according to one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0070] Each synthetic HBGF analog of the invention con 
tains tWo substantially similar sequences (homodimeric 
sequences) that are analogs of a particular HBGF that binds to 
a HBGFR, or alternatively that bind to a HBGFR Without 
being an analog of any particular HBGF. The homodimeric 
sequences may be derived from any portion of a HBGF. The 
synthetic HBGF analog may be an analog of a hormone, a 
cytokine, a lymphokine, a chemokine or an interleukin, and 
may bind to any HBGFR for any of the foregoing. 
[0071] One aspect of the present invention provides a syn 
thetic HBGF analog of the present invention is a molecule of 
any one of formulas I to VI. HBGFs include any groWth factor 
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that binds selectively to heparin. For example, the HBGF can 
be any of the known FGFs (FGF-l to FGF-23), Activin-A, 
HBBM (heparin-binding brain mito gen), HB-GAF (heparin 
binding growth associated factor), HB-EGF (heparin-binding 
EGF-like factor) HB-GAM (heparin-binding growth associ 
ated molecule, also known as pleiotrophin, PTN, HARP), 
TGF-ot (transforming growth factor-0t), TGF-[3s (transform 
ing growth factor-[3s), VEGF (vascular endothelial growth 
factor), EGF (epidermal growth factor), IGF-l (insulin-like 
growth factor-1), IGF-2 (insulin-like growth factor-2), PDGF 
(platelet derived growth factor), RANTES, SDF-l, secreted 
friZZled-related protein-l (SFRP- l ), small inducible cytokine 
A3 (SCYA3), inducible cytokine subfamily A member 20 
(SCYA20), inducible cytokine subfamily B member 14 
(SCYB l4), inducible cytokine subfamily D member 1 
(SCYDl), stromal cell-derived factor-l (SDF-l), thrombo 
spondins l, 2, 3 and 4 (THBS 1-4), platelet factor 4 (PF4), 
lens epithelium-derived growth factor (LEDGF), midikine 
(MK), macrophage in?ammatory protein (MIP-l), moesin 
(MSN), hepatocyte growth factor (HGF, also called SF), pla 
cental growth factor, IL-l (interleukin-1), IL-2 (interleukin 
2), IL-3 (interleukin-3), IL-6 (interleukin-6), IL-7 (interleu 
kin-7), IL- 1 0 (interleukin- 1 0), IL- 1 2 (interleukin- 1 2), IFN-B, 
IFN-ot (interferon-0t), IFN-y (interferon-y), TNF-ot (tumor 
necrosis factor-0t), SDGF (Schwannoma-derived growth fac 
tor), nerve growth factor, neurite growth-promoting factor 2 
(NEGF2), neurotrophin, BMP-2 (bone morphogenic protein 
2), OP-l (osteogenic protein 1, also called BMP-7), kerati 
nocyte growth factor (KGF), interferon-y inducible protein 
20, RANTES, and HIV-tat-transactivating factor, amphiregu 
lin (AREG), angio-associated migratory cell protein 
(AAMP), angiostatin, betacellulin (BTC), connective tissue 
growth factor (CTGF), cysteine-rich angiogenic inducer 61 
(CYCR6l), endostatin, fractalkine/neuroactin, or glial 
derived neurotrophic factor (GDNF), GRO2, hepatoma-de 
rived growth factor (HDGF), granulocyte colony stimulating 
factor (G-CSF), granulocyte-macrophage colony stimulating 
factor (GMCSF), and the many growth factors, cytokines, 
interleukins and chemokines that have an a?inity for heparin. 
It is also contemplated that agents of the invention can be 
modi?ed through the introduction of appropriate binding 
sequences to direct analogs of growth factors, cytokines, 
interleukins, and chemokines, which do not normally bind to 
heparin, to have heparin-binding a?inity. 
[0072] The amino acid sequences of many of these and 
other HBGFs are available from the National Library of 
Medicine Protein Database at the intemet site accessible 
through the world wide web address found at ncbi.nlm.nih. 
gov/entreZ. These HBGF amino acid sequences on the fore 
going intemet site are hereby incorporated by reference. The 
use of synthetic HBGF analogs incorporating the amino acid 
sequences of the receptor binding domains from these and 
other HBGFs is speci?cally contemplated in the present 
invention. 

[0073] In particular embodiments of the present invention, 
the synthetic HBGF analog of the present invention consists 
essentially of the molecule of any one of formulas I to VI, i.e. 
the molecule of any one of formula I to VI is the major active 
component in the synthetic HBGF analog composition. 
[0074] The heparin-binding growth factors of formulas I to 
VI: The regions X and Z of the synthetic HBGF analogs of 
formulas I to VI include amino acid residues, and optionally 
the region Y includes amino acid residues. An amino acid 
residue is de?ned as iNHRCOi, where R can be hydrogen 
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or any organic group. The amino acids can be D-amino acids 
or L-amino acids. Additionally, the amino acids can be 
ot-amino acids, [3-amino acids, y-amino acids, or o-amino 
acids and so on, depending on the length of the carbon chain 
of the amino acid. 
[0075] The amino acids of the X, Y and Z component 
regions of the synthetic HBGF analogs of the invention can 
include any of the twenty amino acids found naturally in 
proteins, i.e. alanine (Ala, A), arginine (Arg, R), asparagine 
(Asn, N), aspartic acid (Asp, D), cysteine (Cys, C), glutamic 
acid (Glu, E), glutamine (Gln, Q), glycine (Gly, G), histidine 
(His, H), isoleucine, (Ile, I), leucine (Leu, L), lysine (Lys, K), 
methionine (Met, M), phenylalanine (Phe, F), proline (Pro, 
P), serine (Ser, S), threonine (Thr, T), tryptophan (Trp, W), 
tyrosine (Tyr, Y), and valine (Val, V). 
[0076] Furthermore, the amino acids of the X, Y and Z 
component regions of the synthetic HBGF analogs of the 
invention can include any of the naturally occurring amino 
acids not found naturally in proteins, e.g. [3-alanine, betaine 
(N,N,N-trimethylglycine), homoserine, homocysteine, 
y-amino butyric acid, ornithine, and citrulline. 
[0077] Additionally, the amino acids of the X, Y and Z 
component regions of the synthetic HBGF analogs of the 
invention can include any of the non-biological amino acids, 
i.e. those not normally found in living systems, such as for 
instance, a straight chain amino carboxylic acid not found in 
nature. Examples of straight chain amino carboxylic acids 
include 6-aminohexanoic acid, 7-aminoheptanoic acid, 
9-aminononanoic acid and the like. 
[0078] In formula I, two X regions are covalently linked to 
R1, either directly or through an R2 group, where R1 is a 
trifunctional amino acid residue, preferably a trifunctional 
alpha amino acid residue. It is to be appreciated that such 
covalent bonds may be to any chemically permitted func 
tional group. Where the trifunctional amino acid residue is an 
amino acid with a reactive sulfhydryl side chain, such as 
cysteine, it is possible and contemplated that one X is 
covalently bonded through the N-terminus amine group, the 
secondX is covalently bonded through the reactive sulfhydryl 
side chain, such as where R2 includes a second cysteine resi 
due covalently liked through a disul?de bond, and Y is 
covalently bonded to the second cysteine through the C-ter 
minus carboxyl group thereof. 
[0079] In a particularly preferred embodiment, R1 is a 
diamine trifunctional amino acid residue, wherein R1 is 
covalently bonded toY through the carboxyl group of R1, and 
the two X groups are covalently bonded to R1 through the 
alpha amine and the epsilon amine of the side chain. Preferred 
groups for R1 thus include 2,3 diamino propionyl amino acid, 
2,4 diamino butylic amino acid, lysine or omithine. 
[0080] Particularly useful amino acid sequences as X 
regions of formulas I to VI include homologs of fragments of 
naturally occurring HBGFs that differ from the amino acid 
sequences of natural growth factor in only one or two or a very 
few positions. Such sequences preferably include conserva 
tive changes, where the original amino acid is replaced with 
an amino acid of a similar character according to well known 
principles; for example, the replacement of a non-polar amino 
acid such as alanine with valine, leucine, isoleucine or pro 
line; or the substitution of one acidic or basic amino acid with 
another amino acid of the same acidic or basic character. 

[0081] In another alternative, the X regions of the synthetic 
HBGF analog can include an amino acid sequence that shows 
no detectable homology to the amino acid sequence of any 
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HBGF. Peptides or growth factor analogs useful as compo 
nents of the X region of the synthetic analogs of the present 
invention, that have little or no amino acid sequence homol 
ogy With the cognate groWth factor and yet bind HBGFRs 
may be obtained by any of a Wide range of methods, including 
for instance, selection by phage display. See as an example: 
Sidhu et al. Phage display for selection of novel binding 
peptides. Methods EnZymol. 328:333-63 (2000). 
[0082] The X region of the synthetic HBGF analogs of the 
invention can have any length that includes an amino acid 
sequence that effectively binds an HBGFR. Preferably, the X 
regions of the synthetic HBGF analogs have a minimum 
length of at least approximately three amino acid residues. 
More preferably, the X regions of the synthetic HBGF ana 
logs have a minimum length of at least approximately six 
amino acid residues. Most preferably the X regions of the 
synthetic HBGF analogs have a minimum length of at least 
approximately ten amino acid residues. The X regions of the 
synthetic HBGF analogs of the invention preferably also have 
a maximum length of up to approximately ?fty amino acid 
residues, more preferably a maximum length of up to 
approximately forty amino acidresidues, and most preferably 
a maximum length of up to approximately thirty amino acid 
residues. 

[0083] The R2 regions of formulas I, IV or VI can include a 
chain of atoms or a combination of atoms that form a chain. 
Typically, the chains are chains of carbon atoms, that may 
also optionally include oxygen, nitrogen or sulfur atoms, such 
as for example chains of atoms formed from amino acids (eg 
amino acids found in proteins, as listed above; naturally 
occurring amino acids not found in proteins, such as omithine 
and citrulline; or non natural amino acids, such as amino 
hexanoic acid; or a combination of any of the foregoing amino 
acids). It is also contemplated that agents such as polyethyl 
ene glycol (PEG), polyethylene oxide (PEO), amino polyeth 
ylene glycol, bis-amine-PEG, and other variants of polyeth 
ylene glycol knoWn to those skilled in the art can similarly be 
used. 

[0084] The chain of atoms of the R2 region of formulas I, IV 
or VI is covalently attached to X and R1. The covalent bonds 
can be, for example, a peptide bond or other amide bond, or a 
thioether or ester bond. If present, the R2 region preferably 
includes a chain of a minimum of about three backbone 
atoms. For example, Where the covalent bonds are peptide 
bonds, the R2 region may be formed from a chain of at least 
one, at least tWo or at least three amino acids. HoWever, Where 
other than peptide bonds are employed, the R2 region may 
further include a cross-linking moiety. For example, Where R l 
is Cys or another trifunctional amino acid With a reactive 
sulfhydryl, the R2 region can be a linker consisting of a sulf 
hydryl reactive homo-bifunctional cross linker and a second 
Cys, or alternatively can include a hetero-bifunctional cross 
linker, such as a cross-linker linking to the sul?hydryl on the 
R1 side chain and carboxyl group of X. 
[0085] In the synthetic HBGF analogs of the present inven 
tion, in one preferred embodiment the Y region of any of 
formulas I to VI is a linker that is suf?ciently hydrophobic to 
non-covalently bind the HBGF analog to a polystyrene or 
polycaprolactone surface, or the like. In addition, theY region 
may bind to other hydrophobic surfaces, particularly the 
hydrophobic surfaces formed from materials used in medical 
devices. Such surfaces are typically hydrophobic surfaces. 
Examples of suitable surfaces include but are not limited to 
those formed from hydrophobic polymers such as polycar 

Sep. 18,2008 

bonate, polyester, polypropylene, polyethylene, polystyrene, 
polytetra?uoroethylene, expanded polytetra?uoroethylene, 
polyvinyl chloride, polyamide, polyacrylate, polyurethane, 
polyvinyl alcohol, polyurethane, poly ethyl vinyl acetate, 
poly(butyl methacrylate), poly(ethylene-co-vinyl acetate), 
polycaprolactone, polylactide, polyglycolide and copoly 
mers of any tWo or more of the foregoing; siloxanes such as 
2,4,6,8-tetramethylcyclotetrasiloxane; natural and arti?cial 
rubbers; glass; and metals including stainless steel, titanium, 
platinum, and nitinol. Preferably, the binding of the HBGF 
analogs to the hydrophobic surface is of su?icient quantity to 
be detected by an analytical method such as an enzyme-linked 
immunoassay or a biological assay. 
[0086] According to one embodiment of the invention, the 
Y region of formulas I to VI includes a chain of atoms or a 
combination of atoms that form a chain. Typically, the chains 
are chains of carbon atoms, that may also optionally include 
oxygen, nitrogen or sulfur atoms, such as for example chains 
of atoms formed from amino acids (eg amino acids found in 
proteins, as listed above; naturally occurring amino acids not 
found in proteins, such as ornithine and citrulline; or non 
natural amino acids, such as straight chain amino carboxylic 
acid; or a combination of any of the foregoing amino acids). 
[0087] The chain of atoms of theY region of formula I to VI 
is covalently attached to R1 and to peptide Z. The covalent 
bonds can be, for example, peptide, amide, thioether or ester 
bonds. Preferably, theY region includes a chain of a minimum 
of about nine backbone atoms. More preferably, theY region 
includes a chain of a minimum of about tWelve atoms. Most 
preferably, the Y region includes a chain of a minimum of 
about ?fteen atoms. For example, theY region may be formed 
from a chain of at least four, at least ?ve or at least six amino 
acids. Alternatively, theY region may be formed from a chain 
of at least one, at least tWo, or at least three aminohexanoic 
acid residues. 
[0088] Preferably, theY region includes a chain of a maxi 
mum of about ?fty atoms. More preferably, the Y region 
includes a chain of a maximum of about forty-?ve atoms. 
Most preferably, theY region includes a chain of a maximum 
of about thirty-?ve atoms. For example, the Y region may be 
formed from a chain of up to about tWelve, up to about ?fteen, 
or up to about seventeen amino acids. 

[0089] The amino acid sequence of theY region is prefer 
ably an arti?cial sequence, i.e. it does not include any amino 
acid sequence of four or more amino acid residues found in a 
natural ligand of a HBGF. 

[0090] In a particular embodiment, theY region includes a 
hydrophobic amino acid residue, or a chain of hydrophobic 
amino acid residues. TheY region can, for example, include 
one or more straight chain amino carboxylic acids, such as for 
example aminohexanoic acid residues, such as one, tWo, three 
or more aminohexanoic acid residues. Alternatively, the Y 
region can include up to about tWelve, up to about ?fteen, or 
up to about seventeen ethylene glycol residues. In another 
alternative embodiment, theY region can include a combina 
tion of amino acid hydrophobic residues. 
[0091] In another particular embodiment, the Y region of 
the molecule can include a branched or unbranched, saturated 
or unsaturated alkyl chain of betWeen one and about tWenty 
carbon atoms. In a further embodiment, the Y region can 
include a chain of hydrophilic residues, such as for instance, 
ethylene glycol residues. For instance, the Y region can 
include at least about three, or at least about four, or at least 
about ?ve ethylene glycol residues. 
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[0092] The Z region of the molecule of formula I is a 
heparin-binding region and can include one or more heparin 
binding motifs, BBxB or BBBxxB as described by Verrec 
chio et al. J. Biol. Chem. 275:7701 (2000). Alternatively, the 
Z region can include both BBxB and BBBxxB motifs (Where 
B represents lysine, arginine, or histidine, and x represents a 
naturally occurring, or a non-naturally occurring amino acid). 
For example, the heparin-binding motifs may be represented 
by the sequence [KR][KR][KR]X(2)[KR] (SEQ ID NO:1), 
designating the ?rst three amino acids as each independently 
selected from lysine or arginine, folloWed by any tWo amino 
acids and a sixth amino acid Which is lysine or arginine. 

[0093] The number of heparin binding motifs is variable. 
For instance, the Z region may include at least one, at least 
tWo, at least three or at least ?ve heparin-binding motifs. 
Where there are more than one heparin-binding motifs, the 
motifs may be the same or different. Alternatively, the Z 
region includes up to a maximum of about ten heparin-bind 
ing motifs. In another alternative embodiment, the Z region 
includes at least four, at least six or at least eight amino acid 
residues. Further, in certain embodiments the Z region 
includes up to about tWenty, up to about, tWenty-?ve, or up to 
about thirty amino acid residues. It is to be realiZed that, in 
part, the avidity of the Z region for heparin is determined by 
the particular heparin-binding motifs selected and the number 
of such motifs in Z. Thus for particular applications both the 
selection and number of such motifs may be varied to provide 
optimal heparin binding of the Z region. 
[0094] In a preferred embodiment, the amino acid sequence 
of the Z region is RKRKLERIAR (SEQ ID NO:2). In another 
embodiment, the amino acid sequence of the Z region is 
RKRKLGRIAR (SEQ ID NO:3). In yet another embodiment, 
the amino acid sequence of the Z region is RKRKLWRARA 
(SEQ ID NO:4). In yet another embodiment, the amino acid 
sequence of the Z region is RKRLDRIAR (SEQ ID NO:5), 
providing a heparin-binding motif derived from a modi?ca 
tion of the sequence at residues 270-279 of the Jun/AP-l 
DNA binding domain (Busch et al. Trans-Repressor Activity 
of Nuclear Glycosaminoglycans on Fos and Jun/AP-l Onco 
protein-mediated Transcription. J. Cell Biol. 11613142, 
1992). In yet another embodiment, the amino acid sequence 
of the Z region is RKRKLERIARC (SEQ ID NO:6). The 
presence of a terminal cysteine residue optionally affords the 
opportunity to link other molecules, including detection 
reagents such as ?uorochromes, radioisotopes and other 
detectable markers, to the Z region, as Well as the opportunity 
to link toxins, immunogens and the like. 
[0095] Heparin-binding domains that bear little or no 
sequence homology to knoWn heparin-binding domains are 
also contemplated in the present invention. As used herein the 
term “heparin-binding” means binding to the iNHSO; and 
sulfate modi?ed polysaccharide, heparin, and also binding to 
the related modi?ed polysaccharide, heparan. Such domains 
are contemplated to exhibit binding in physiological solu 
tions including 0.15 M NaCl, and are expected to uncomplex 
at salt concentrations greater than 0.5 M NaCl. 

[0096] The Z region of the synthetic HBGF analogs of the 
present invention confers the property of binding to heparin in 
loW salt concentrations, up to about 0.15 M NaCl, optionally 
up to about 0.48 M NaCl, forming a complex betWeen heparin 
and the Z region of the factor analog. The complex can be 
dissociated in 1 M NaCl to release the synthetic HBGF analog 
from the heparin complex. 
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[0097] The Z region is a non-signaling peptide. Accord 
ingly, When used alone the Z region binds to heparin Which 
can be bound to a receptor of a HBGF, but the binding of the 
Z region peptide alone does not initiate or block signaling by 
the receptor. 
[0098] The C-terminus of the Z region may be blocked or 
free. For example, the C terminus of the Z region may be the 
free carboxyl group of the terminal amino acid, or altema 
tively, the C terminus of the Z region may be a blocked 
carboxyl group, such as for instance, an amide group. 
[0099] De?nitions: As used here and elseWhere, the folloW 
ing terms have the meanings given. 
[0100] The term “alkene” includes unsaturated hydrocar 
bons that contain one or more double carbon-carbon bonds. 
Examples of such alkene groups include ethylene, propene, 
and the like. 
[0101] The term “alkenyl” includes a linear monovalent 
hydrocarbon radical of tWo to six carbon atoms or a branched 
monovalent hydrocarbon radical of three to six carbon atoms 
containing at least one double bond; examples thereof include 
ethenyl, 2-propenyl, and the like. 
[0102] The “alkyl” groups speci?ed herein include those 
alkyl radicals of the designated length in either a straight or 
branched con?guration. Examples of such alkyl radicals 
include methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, ter 
tiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. 
[0103] The term “aryl” includes a monovalent or bicyclic 
aromatic hydrocarbon radical of 6 to 12 ring atoms, and 
optionally substituted independently With one or more sub 
stituents selected from alkyl, haloalkyl, cycloalkyl, alkoxy, 
alkythio, halo, nitro, acyl, cyano, amino, monosubstituted 
amino, disubstituted amino, hydroxy, carboxy, or alkoxy 
carbonyl. Examples of an aryl group include phenyl, biphe 
nyl, naphthyl, 1-naphthyl, and 2-naphthyl, derivatives 
thereof, and the like. 
[0104] The term “aralkyl” includes a radicaliRaRb Where 
R“ is an alkylene (a bivalent alkyl) group and Rb is an aryl 
group as de?ned above. Examples of aralkyl groups include 
benZyl, phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, 
and the like. The term “aliphatic” includes compounds With 
hydrocarbon chains, such as for example alkanes, alkenes, 
alkynes, and derivatives thereof. 
[0105] The term “acyl” includes a group RCOi, Where R 
is an organic group. An example is the acetyl group 
CH3COi. 
[0106] A peptide or aliphatic moiety is “acylated” When an 
alkyl or substituted alkyl group as de?ned above is bonded 
through one or more carbonyl { -(C:O)- } groups. A peptide 
is most usually acylated at the N-terminus. 
[0107] An “amide” includes compounds that have a triva 
lent nitrogen attached to a carbonyl group (4CO.NH2). 
[0108] An “amine” includes compounds that contain an 
amino group (iNH2). 
[0109] A “diamine amino acid” is an amino acid or residue 
containing tWo reactive amine groups and a reactive carboxyl 
group. Representative examples include 2,3 diamino propio 
nyl amino acid, 2,4 diamino butylic amino acid, lysine or 
omithine. 
[0110] The term “homologous”, as used herein refers to 
peptides that differ in amino acid sequence at one or more 
amino acid positions When the sequences are aligned. For 
example, the amino acid sequences of tWo homologous pep 
tides can differ only by one amino acid residue Within the 
aligned amino acid sequences of ?ve to ten amino acids. 
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Alternatively, tWo homologous peptides of ten to ?fteen 
amino acids can differ by no more than tWo amino acid 
residues When aligned. In another alternative, tWo homolo 
gous peptides of ?fteen to tWenty or more amino acids can 
differ by up to three amino acid residues When aligned. For 
longer peptides, homologous peptides can differ by up to 
approximately 5%, 10%, 20% or 25% of the amino acid 
residues When the amino acid sequences of the tWo peptide 
homologs are aligned. 
[0111] A “trifunctional amino acid” is an amino acid or 
residue With three reactive groups, one the N-terminus amine, 
a second the C-terminus carboxyl, and the third comprising 
all or a part of the side chain. Trifunctional amino acids thus 
include, by Way of example only, diamine amino acids; amino 
acids With a reactive sulfhydryl group in the side chain, such 
as mercapto amino acids including cysteine, penicillamine, or 
3-mercapto phenylalanine; amino acids With a reactive car 
boxyl group in the side chain, such as aspartic acid and 
glutamic acid; and amino acids With a reactive guanadium 
group in the side chain, such as arginine. 
[0112] FGF Synthetic Analogs: In another particular 
aspect, the invention provides a synthetic FGF peptide ana 
log. The synthetic FGF analogs represented by any of formu 
las I to VI above, Wherein X is an FGF analog Which can be 
any FGF, such as any of the knoWn FGFs, including all 23 
FGFs from FGF-l to FGF-23. 
[0113] The X region of the molecule of formulas I to VI can 
include an amino acid sequences found in an FGF, such as for 
instance FGF-2 or FGF-7. Alternatively, the X regions can 
include sequences not found in the natural ligand of the FGFR 
bound by the molecule. 
[0114] TheY region of the synthetic FGF peptide analogs 
of any of formulas I to VI are not necessarily hydrophobic, 
and thus, if present, can be polar, basic, acidic, hydrophilic or 
hydrophobic. Thus, the amino acid residues of theY region of 
synthetic FGF peptide analogs can include any amino acid, or 
polar, ionic, hydrophobic or hydrophilic group. 
[0115] The X region of synthetic FGF peptide analogs can 
include an amino acid sequence that is 100% identical to an 
amino acid sequence found in a ?broblast groWth factor or an 
amino acid sequence homologous to the amino acid sequence 
of a ?broblast groWth factor. For instance, the X region can 
include an amino acid sequence that is at least about 50%, at 
least about 75%, or at least about 90% homologous to an 
amino acid sequence from a ?broblast groWth factor. The 
?broblast groWth factor can be any ?broblast groWth factor, 
including any of the knoWn or yet to be identi?ed ?broblast 
groWth factors. 
[0116] In a particular embodiment, the synthetic FGF ana 
log of the invention is an agonist of the HBGFR. When bound 
to the HBGFR, the synthetic HBGF analog initiates a signal 
by the HBGFR. 
[0117] In a further particular embodiment, the synthetic 
FGF analog of the invention is an antagonist of the HBGFR. 
When bound to the HBGFR, the synthetic HBGF analog 
blocks signaling by the HBGFR. 
[0118] In another particular embodiment of the present 
invention, the synthetic FGF analog is an analog of FGF-2 
(also known as basic FGF, or bFGF). In another particular 
embodiment of the present invention, the binding of the syn 
thetic FGF analog to an FGF receptor initiates a signal by the 
FGF receptor. In a further particular embodiment, the binding 
of the synthetic FGF analog to the FGF receptor blocks sig 
naling by the FGF receptor. 
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[0119] In a yet further particular embodiment, the present 
invention provides a synthetic FGF analog of FGF-2. In 
another particular embodiment, the present invention pro 
vides a synthetic FGF analog of FGF-2, Wherein the amino 
acid sequence of the X region is YRSRKYTSWYVALKR 
(SEQ ID NO:7) from FGF-2. In yet another particular 
embodiment, the present invention provides a synthetic FGF 
analog Wherein the amino acid sequence of the X region is 
NRFHSWDCIKTWASDTFVLVCYDDGSEA (SEQ ID 
NO:8). In yet another particular embodiment, the present 
invention provides a synthetic FGF-2 analog Wherein the 
amino acid sequence of the X region is 
HIKLQLQAEERGVVS (SEQ ID NO:9). 
[0120] In a yet further particular embodiment, the invention 
provides a synthetic FGF analog of FGF-1, Wherein the X 
region is YISKKHAEKNWFVGLKK (SEQ ID NO: 10). 
This sequence is derived from amino acids bridging the beta 
9 andbeta 10 loop of FGF-1 . In yet anotherparticular embodi 
ment, an FGF-l analog is provided Wherein the X region is 
HIQLQLSAESVGEVY (SEQ ID NO: 1 1), corresponding to 
amino acids derived from the [3-4 and [3-5 region of FGF-1. 
[0121] In a yet further particular embodiment, the invention 
provides a synthetic FGF analog of FGF-7, Wherein the X 
region is YASAKWTHNGGEMFVALNQK (SEQ ID 
NO:12). In yet another embodiment of a synthetic FGF ana 
log of FGF-7, the X region is the amino acid sequence 
YNIMEIRTVAVGIVA (SEQ ID NO: 13). 
[0122] Other FGF receptor binding domains, derived 
largely from targeting sequences in the C-terminus of human 
FGF, include the folloWing sequences shoWn in Table 1: 

TABLE 1 

PREFERRED X RECEPTOR 

CYTOKINE BINDING DOMAIN 

FGF- lO YASFNWQHNGRQMYVALNQK (SEQ ID NO : l4) 

FGF-22 YASQRWRRRGQPNLALDRR (SEQ ID NO : l5) 

FGF- 9 YSSNLYKHVDTGRRYYVALNK (SEQ ID NO : l6) 

FGF- l6 YASTLYKI-ISDSERQYVALNK (SEQ ID NO : l7) 

FGF-2O YSSNIYKI-IGDTGRRFVALNK (SEQ ID NO : l8) 

FGF-4 YESYKYPGMFIALSKN (SEQ ID NOzl9) 

FGF-6 YESDLYQGTYILSKYGR (SEQ ID NOz20) 

FGF-l2 YSSTLYRQQESGRAWFLGNK (SEQ ID NOz2l) 

FGF — l4 YSSMLYRQQESGRAWFLGLNK (SEQ ID NO :2 2) 

FGF — l3 YSSMIYRQQQSGRGWYLGLNK (SEQ ID NO :2 3) 

FGF — ll YASALYRQRRSGRAWYLDK (SEQ ID NO :2 4) 

FGF-l SNGGHFLRIL (SEQ ID NOz65) 

FGF-2 KINGGFFLRIH (SEQ ID NOz66) 

FGF-7 RTQWYLRID (SEQ ID NOz6'7) 

FGF-lO FTKYFLKIE (SEQ ID NOz68) 

FGF-22 STHFFLRVD (SEQ ID NOz69) 

FGF-9 RTGFHLEIF (SEQ ID NOz70) 

FGF-l6 RTGFHLEIF (SEQ ID NOz7l) 
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TABLE 1 — cont inued 

PREFERRED X RECEPTOR 

CYTOKINE BINDING DOMAIN 

FGF-ZO RTGFHLQIL (SEQ ID NOz'72) 

FGF-4 NVGIGFHLQAL (SEQ ID N0173) 

FGF-6 NVGIGFHLQVL (SEQ ID N0174) 

FGF-l2 QQGYFLQMH (SEQ ID NOz'75) 

FGF-l4 RQGYYLQMH (SEQ ID NOz'76) 

FGF-l3 RQGYHLQLQ (SEQ ID N017?) 

FGF-ll RQGFYLQAN (SEQ ID NO:'78) 

FGF-8 RTSGKHVQVL (SEQ ID N0179) 

FGF-l7 RTSGKHVQVT (SEQ ID NO:80) 

FGF-l8 RTSGKHIQVL (SEQ ID NOz8l) 

FGF-3 ATKYHLQLH (SEQ ID NO:82) 

FGF-S RVGIGFHLQIY (SEQ ID NO:83) 

FGF-l9 SGPHGLSSCFLRIR (SEQ ID NO:84) 

FGF-Zl DDAQQTEAHLEIR (SEQ ID NO:85) 

FGF-23 ATARNSYHLQIH (SEQ ID NO:86) 

[0123] VEGF Synthetic Analogs: In another particular 
aspect, the invention provides a synthetic VEGF peptide ana 
log. The synthetic VEGF analogs represented include, in one 
embodiment, a VEGF analog Wherein the amino acid 
sequence of the X region is APMAEGGGQNHHEVVK 
FMDV (SEQ ID NOz25). In another embodiment, there is 
provided a synthetic VEGF peptide analog Wherein the amino 
acid sequence of the X region is GATWLPPNPTK (SEQ ID 
NOz26). In yet another embodiment, there is provided a syn 
thetic VEGF peptide analog Wherein the amino acid sequence 
of the X region is NFLLSWVHWSLALLLYLHHA (SEQ ID 
NOz27). 
[0124] BMP Synthetic Analogs: In another particular 
aspect, the invention provides a synthetic BMP peptide ana 
log. The synthetic bone morphogenic protein analogs include 
embodiments Wherein the X region includes the amino acid 
sequence 

LYVDFSDVGWNDW, (SEQ ID NO :2 8) 

AISMLYLDENEKWL, (SEQ ID NO :29) 

ISMLYLDENEKVVLICNY, (SEQ ID NOz30) 

EKVVLICNYQDMVVEG, (SEQ ID NO :31) 

LVVKENEDLYLMSIAC, (SEQ ID NO :32) 

AFYCI-IGECPFPLADI-IL, (SEQ ID NO :33) 

PFPLADI-ILNSTNI-IAIVQTLVNSV, (SEQ ID NO :34) 

TQLNAISVLYFDDSSNVI LKKYRNMVV, (SEQ ID NO : 87) 
and/or 

HELYVSFRDLGWQDWI IAPEGYAAY . (SEQ ID NO : 88) 
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[0125] Alternatively, in another particular aspect the inven 
tion provides synthetic Avinin A, the synthetic Avinin A pro 
tein analogs include embodiments Wherein the X region 
includes the amino acid sequence SMLYYDDGQNIIKK 
(SEQ ID NOz89), KKIINQGDDYYLMS (SEQ ID NOz90), 
and/or SMLYYDDGQNIIKKDI (SEQ ID NOz9l). 
[0126] Alternatively, in another particular aspect the inven 
tion provides synthetic G-CSF, the synthetic G-CSF protein 
analogs include embodiments Wherein the X region includes 
the amino acid sequence ASSLPQSFLLKCLEQVRKIQ 
(SEQ ID NOz92), LDVADFATTIWQQMEEL (SEQ ID 
NOz93), and/or YKLAHPEELVL (SEQ ID NO:94) 
[0127] Alternatively, in another particular aspect the inven 
tion provides synthetic GM-CSF, the synthetic GM-CSF pro 
tein analogs include embodiments Wherein the X region 
includes the amino acid sequence WEHVNAIQEARRLLNL 
(SEQ ID NOz95), LQTRLELYKQGLRGSLTKLKGPLTM 
MASHYKQH (SEQ ID NOz96), and/ or SFKENLKDFLLVI 
(SEQ ID NO:97) 
[0128] Alternatively, in another particular aspect the inven 
tion provides synthetic IFN-beta, the synthetic IFN-beta pro 
tein analogs include embodiments Wherein the X region 
includes the amino acid sequence SVQARWEAAFDLDLY 
(SEQ ID NOz98), YLDLDFAAEWRAQVS (SEQ ID 
NOz99), and/or SSSTGWNETIVENLI (SEQ ID NOzlOO) 
[0129] Alternatively, in another particular aspect the inven 
tion provides synthetic PDGF, the synthetic PDGF protein 
analogs include embodiments Wherein the X region includes 
the amino acid sequence KTRTEVFEISRRLIDRTNAN 
FLVW (SEQ ID NOzlOl), and/or QVRKIEIVRKKPIFKK 
(SEQ ID NO: 102) 
[013 0] Alternatively, in another particular aspect the inven 
tion provides synthetic SDF-l, the synthetic SDF-l protein 
analogs include embodiments Wherein the X region includes 
the amino acid sequence, KPVSLSYRCPCRFFESHVA 

(SEQ ID NOzl03), and/or KWIQEYLEK (SEQ ID NO: 104) 
[013 1] Alternatively, in another particular aspect the inven 
tion provides synthetic BMP, TGF and GDP (groWth differ 
entiation factor) peptide analogs as shoWn in Table 2 Wherein 
the transforming groWth factor family member peptides are 
particularly useful in augmenting the activity of endogenous 
or arti?cial BMP peptides or TGF peptides, Wherein is shoWn 
(under the heading “preferred receptor binding domain”) the 
sequence forming all or part of the X region of constructs of 
any of formulas I to VI. 

TABLE 2 

PREFERRED X RECEPTOR 

CYTOKINE BINDING DOMAIN 

TGF- [51 IVYYVGRKPKVEQLSNMIVRS (SEQ ID NO :3 5) 

TGF- [52 TILYYIGKTPKIEQLSNMIVKS (SEQ ID NO :3 6) 

TGIF-[53 LTILYYVGRTPKVEQLSNMVV (SEQ ID NO:37) 

BMP- 2 AISMLYLDENEKVVLKNYQDMVV (SEQ ID NO :3 8) 

BMP-3 SSLSILFFDENKINVVLKVYPNMTV (SEQ ID NO:39) 

BMP- 3[5 NSLGVLFLDENRNVVLKVYPNMSV (SEQ ID NO :4 O) 
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TABLE 2 — cont inued 

PREFERRED X RECEPTOR 

CYTOKINE BINDING DOMAIN 

BMP-4 AISMLYLDEYDKVVLKNYQEMVV (SEQ ID No.41) 

BMP-S AISVLYFDDSSNVILKKYRNMVV (SEQ ID No.42) 

BMP-6 AISVLYFDDNSNVILKKYRNMVV (SEQ ID No.43) 

BMP-7 AISVLYFDDSSNVILKKYRNMVV (SEQ ID No.44) 

BMP-8 ATSVLYYDSSNNVILRKARNMVV (SEQ ID No.45) 

BMP-9 ISVLYKDDMGVPTLKYHYEGMSV (SEQ ID NOz46) 

BMP-lO ISILYLDKGVVTYKFKYEGMAV (SEQ ID No.47) 

BMP-ll INMLYFNDKQQIIYGKIPGMVV (SEQ ID NOz48) 

BMP-l2 ISILYIDAANNVVYKQYEDMVV (SEQ ID No.49) 

BMP-l3 ISILYIDAGN'NVVYKQYEDMVV (SEQ ID No.50) 

BMP-l4 ISILFIDSANNVVYKQYEDMVV (SEQ ID No.51) 

BMP-l5 ISVLMIEANGSILYKEYEGMIA (SEQ ID No.52) 

GDF-l ISVLFFDNSDNVVLRQYEDMVV (SEQ ID No.53) 

GDP-3 ISMLYQDN'NDNVILRHYEDMVV (SEQ ID No.54) 

GDP-8 INMYLFNGKEQIIYGKIPAMVV (SEQ ID No.55) 

GDP-9 LSVLTIEPDGSIAYKEYEDMIA (SEQ ID NOz56) 

[0132] It has surprisingly and advantageously been found 
that in the compounds of the present invention, including 
those of formulas I to VI, the X region may be synthesized in 
a reverse direction, such that considering the sequenceAISM 
LYLDENEKVVL (SEQ ID NO:29) illustrated in the conven 
tional N—>C orientation, and using formula II, the ?rst amino 
acid bound to either the R1 side chain or N-terminus amine is 
the N-terminus amino acid residue (bound through its car 
boxyl group thereby forming a peptide bond), the second 
amino acid bound to the N-terminus amino acid residue is the 
2 position residue, and so on, and the compounds nonetheless 
retain biological activity and speci?cally bind to a BMP 
receptor. It may be seen that such a construct has, based on a 
conventional N—>C orientation, a reverse sequence, in that it 
is the carboxyl group of the conventional N-terminus amino 
acid residue that forms a peptide bond With an amine of R1 
Where R1 is a diamine amino acid. Thus again employing a 
conventional N—>C orientation, the foregoing sequences may 
be employed in a reverse orientation, and the resulting com 
pound of present invention is biologically active and may be 
employed as described herein. According to a preferred 
embodiment, the X region is the sequence LVVKENED 
LYLMSIA (SEQ ID NO:57) (again considering the sequence 
in the conventional N—>C orientation. 
[0133] Other reverse sequences that may be employed, in 
Whole or in part, including homologs thereto, in addition to 
LVVKENEDLYLMSIA (SEQ ID NOz57), include but are 
not limited to YNKLVVKENEDLYLMSI (SEQ ID NOz58), 
KKLIVNSSEDFYL (SEQ ID NO:59), WDNWGVDSFD 
VYL (SEQ ID NO:60), GEVVMDQYNKLVVKE (SEQ ID 
NOz6l), LHDALPFPCEGHCYFA (SEQ ID NO:62), VSN 
VLTQVIAHNTSNLHDALPFP (SEQ ID NOz63), and 
LVVKENEDLYLMSIAC (SEQ ID NO:64). 
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[0134] In certain embodiments of the invention, each of the 
R2 regions of formula I are different, and in formulas IV and 
VI only one Rl group is provided. Even in formula I it is 
contemplated that such regions may differ; for example, in 
formula I the R1 may be a diamine amino acid, such as lysine. 
It is possible to utiliZe an orthogonal protecting group during 
synthesis to protect either the alpha amine or epsilon amine, 
to thereafter add one or amino acid residues or other groups to 

form an R2 group, and then to remove the orthogonal protect 
ing group, and proceed With parallel synthesis of the X groups 
from the deprotected amine on R 1 and the terminal amine on 

R2. 
[0135] Methods of synthesiZing the heparin-binding 
groWth factor analogs: The synthesis of the analogs of the 
invention can be achieved by any of a variety of chemical 
methods Well knoWn in the art. Such methods include bench 
scale solid phase synthesis and automated peptide synthesis 
in any one of the many commercially available peptide syn 
thesiZers. Preferably, the synthesiZer has a per cycle coupling 
ef?ciency of greater than 99 percent. 
[0136] The analogs of the present invention can be pro 
duced by stepWise synthesis or by synthesis of a series of 
fragments that can be coupled by similar Well knoWn tech 
niques. See, for instance, Nyfeler, Peptide synthesis via frag 
ment condensation. Methods Mol. Biol. 35:303-16 (1994); 
and Merri?eld, Concept and early development of solid 
phase peptide synthesis. Methods in EnZymol. 289:3-13 
(1997). These methods are routinely used for the preparation 
of individual peptides. It is possible to assemble the analogs 
of the present invention in component parts, such as peptides 
constituting the X, Y and Z components thereof, and to there 
after couple such component parts to assemble the analog. 
See, for instance, DaWson and Kent, Synthesis of native pro 
teins by chemical ligation. Annu. Rev. Biochem. 69:923-960 
(2000); and Eom et al., Tandem ligation of multipartite pep 
tides With cell-permeable activity. J. Am. Chem. Soc. 125 :73 
82 2003). HoWever, in a preferred embodiment the com 
pounds of the present invention are synthesiZed by solid 
phase synthesis, With the C-terminus residue of the Z region 
of formulas I to VI bound to resin, and the synthesis proceed 
ing stepWise. Conventional protecting groups are employed 
as required, With deprotection either prior to, during or fol 
loWing cleavage of the peptide from the resin. By Way of 
example only, for compounds of the present invention con 
taining one or more lysine residues in addition to that at the R1 
position of formula I, such additional lysine residues Will 
conventionally be protected With a protecting group, and 
deprotected folloWing synthesis. 
[0137] Peptide libraries that can be used to screen for a 
desired property, such as binding to an HBGFR, can be pre 
pared by adaptations of these methods. See for instance, Fox, 
Multiple peptide synthesis, Mol. Biotechnol. 31249-58 
(1995); and Wade and Tregear, Solid phase peptide synthesis: 
recent advances and applications. Austral. Biotechnol. 
31332-6 (1993). 
[0138] In a particular embodiment, the synthetic HBGF 
analog of the invention is an agonist of the HBGFR. When 
bound to the HBGFR, the synthetic HBGF analog initiates a 
signal by the HBGFR. 
[0139] In another particular embodiment, the synthetic 
HBGF analog of the invention is an antagonist of the HBGFR. 
When bound to the HBGFR, the synthetic HBGF analog 
blocks signaling by the HBGFR. 
































































