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(57) ABSTRACT 

Novel forms of vascular endothelial growth factor genes and 
the novel proteins encoded by these genes are disclosed. 
More particularly, novel forms of human VEGF-A Which 
contain eXon 6b and do not contain eXon 6a are disclosed. 
Other novel forms of human VEGF-A contain eXon 6b in 
addition to eXon 6a. These novel forms of VEGF-A include 
VEGF-A138, VEGF-A162, and VEGF-A182. Such novel 
VEGF proteins may be used in treatment of the cardiovas 
cular system and its diseases through effects on anatomy, 
conduit function, and permeability, and more particularly in 
the treatment of cardiovascular disease by stimulating vas 
cular cell proliferation using a groWth factor, thereby stimu 
lating endothelial cell groWth and vascular permeability. 

The invention also relates to nucleic acids encoding such 
novel VEGF proteins, cells, tissues and animals containing 
such nucleic acids; methods of treatment using such nucleic 
acids; and methods relating to all of the foregoing. 
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NOVEL FORMS OF THE ANGIOGENIC FACTOR 
VASCULAR ENDOTHELIAL CELL GROWTH 

FACTOR: VEGF 

[0001] This application claims priority to Provisional 
Application Baird, et al., US. Ser. No. 60/073,979, ?led 
Feb. 6, 1998, entitled NOVEL FORMS OF THE ANGIO 
GENIC FACTOR VASCULAR ENDOTHELIAL CELL 
GROWTH FACTOR: VEGF. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel forms of 
vascular endothelial groWth factor genes and the novel 
proteins encoded by these genes. More particularly, the 
invention relates to novel forms of human VEGF-A. These 
novel forms of VEGF-A include VEGF-A138, VEGF-A162, 
and VEGF-A182. Such novel VEGF proteins may be used in 
the treatment of the cardiovascular system and its diseases 
through effects on anatomy, conduit function, and perme 
ability, and more particularly in the treatment of cardiovas 
cular disease by stimulating vascular cell proliferation using 
a groWth factor, thereby stimulating endothelial cell groWth 
and vascular permeability. 

[0003] The invention also relates to nucleic acids encoding 
such novel VEGF proteins, cells, tissues and animals con 
taining such nucleic acids; methods of treatment using such 
nucleic acids; and methods relating to all of the foregoing. 

BACKGROUND OF THE INVENTION 

[0004] Cardiovascular diseases are generally character 
iZed by an impaired supply of blood to the heart or other 
target organs. Myocardial infarction (MI), commonly 
referred to as heart attacks, is a leading cause of mortality as 
30% are fatal in the ?rst months folloWing the heart attack. 
Heart attacks result from narroWed or blocked coronary 
arteries in the heart Which starves the heart of needed 
nutrients and oxygen. When the supply of blood to the heart 
is compromised, cells respond by generating compounds 
that induce the groWth of neW blood vessels so as to increase 
the supply of blood to the heart. These neW blood vessels are 
called collateral blood vessels. The process by Which neW 
blood vessels are induced to groW out of the existing 
vasculature is termed angiogenesis, and the substances that 
are produced by cells to induce angiogenesis are the angio 
genic factors. 

[0005] Unfortunately, the body’s natural angiogenic 
response is limited and often inadequate. For this reason, the 
discovery of angiogenic groWth factors has lead to the 
emergence of an alternative therapeutic strategy Which seeks 
to supplement the natural angiogenic response by supplying 
exogenous angiogenic substances. 

[0006] Attempts have been made to stimulate angiogen 
esis by administering various groWth factors. U.S. Pat. No. 
5,318,957 to Cid et al. discloses a method of stimulating 
angiogenesis by administering haptoglobins (glyco-protein 
With tWo polypeptide chains linked by disul?de bonds). 
Intracoronary injection of a recombinant vector expressing 
human ?broblast groWth factor-5 (FGF-5) (i.e., in vivo gene 
transfer) in an animal model resulted in successful amelio 
ration of abnormalities in myocardial blood How and func 
tion. (Giordano, F. J., et. al. Nature Med 2, 534-539, 1996). 
Recombinant adenoviruses have also been used to express 
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angiogenic groWth factors in-vivo. These included acidic 
?broblast groWth factor (Muhlhauser, J ., et. al. Hum. Gene 
Ther 6:1457-1465, 1995), and one of the VEGF forms, 
VEGF-A165 (Muhlhauser, J ., et. al. Circ. Res. 77:1077-1086, 
1995). 
[0007] One of the responses of heart muscle cells to 
impaired blood supply involves activation of the gene 
encoding Vascular Endothelial GroWth Factor (“VEGF”), 
also knoWn as VEGF-A, (Banai, S., et. al. Cardiovasc. Res. 
28:1176-1179, 1994). VEGF-A is actually a family of angio 
genic factors that induce the groWth of neW collateral blood 
vessels. These groWth factors are speci?c angiogenic groWth 
factors that have vaso-permeability activity and target endot 
helial (blood vessel-lining) cells almost exclusively. 
(RevieWed in Ferrara et al., Endocr Rev. 13:18-32 (1992); 
Dvorak et al.,Am. J. Pathol. 146:1029-39 (1995); Thomas, 
J. Biol. Chem. 271:603-06 (1996)). Expression of the 
VEGF-A gene is linked in space and time to events of 
physiological angiogenesis, and deletion of the VEGF-A 
gene by Way of targeted gene disruption in mice leads to 
embryonic death because the blood vessels do not develop. 
It is therefore the only knoWn angiogenic groWth factor that 
appears to function as a speci?c physiological regulator of 
angiogenesis. 

[0008] When tested in cell culture, VEGF-A, and, because 
of its structure, likely VEGF-B, (VEGF’s) are potently 
mitogenic (GospodaroWicZ et al., Proc. Natl. Acad. Sci. USA 
86:7311-15, 1989) and chemotactic (Favard et al., Biol. Cell 
73:1-6, 1991). Additionally, VEGFs induce plasminogen 
activator, plasminogen activator inhibitor, and plasminogen 
activator receptor (Mandriota et al., J. Biol. Chem. 
270:9709-16, 1995; Pepper et al., 181: 902-06, 1991), as 
Well as collagenases (Unemori et al., J. Cell. Physiol. 
153:557-62, 1992), enZyme systems that regulate invasion 
of groWing capillaries into tissues. VEGFs also stimulate the 
formation of tube-like structures by endothelial cells, an in 
vitro example of angiogenesis (Nicosia et al.,Am. J. Pathol., 
145:1023-29, 1994). 

[0009] In vivo, VEGFs induce angiogenesis (Leung et al., 
Science 246:1306-09, 1989) and increase vascular perme 
ability (Senger et al., Science 219:983-85, 1983). VEGFs are 
noW knoWn as important physiological regulators of capil 
lary blood vessel formation. They are involved in the normal 
formation of neW capillaries during organ groWth, including 
fetal groWth (Peters et al., Proc. Natl. Acad. Sci. USA 
90:8915-19, 1991), tissue repair (BroWn et al., J. Exp. Med. 
176:1375-79, 1992), the menstrual cycle, and pregnancy 
(Jackson et al., Placenta 15:341-53, 1994; Cullinan & Koos, 
Endocrinology 133:829-37, 1993; Kamat et al., Am. J. 
Pathol. 146:157-65, 1995). During fetal development, 
VEGFs appear to play an essential role in the de novo 
formation of blood vessels from blood islands (Risau & 
Flamme, Ann. Rev. Cell. Dev. Biol. 11:73-92, 1995), as 
evidenced by abnormal blood vessel development and 
lethality in embryos lacking a single VEGF allele (Carmeliet 
et al., Nature 380:435-38, 1996). Moreover, VEGFs are 
implicated in the pathological blood vessel groWth charac 
teristic of many diseases, including solid tumors (Potgens et 
al., Biol. Chem. Hoppe-Seyler 376:57-70, 1995), retinopa 
thies (Miller et al.,Am. J. Pathol. 145:574-84, 1994; Aiello 
et al., N. Engl. J. Med. 331:1480-87, 1994; Adamis et al., 
Am. J. Ophthalmol. 118:445-50, 1994), psoriasis (Detmar et 
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al.,J. Exp. Med. 18011141-46, 1994), and rheumatoid arthri 
tis (Fava et al., J. Exp. Med. 1801141-46, 1994). 

[0010] VEGF expression is regulated by hormones (Sch 
Weiki et al., J. Clin. Invest. 9112235-43, 1993) growth 
factors (Thomas, J. Biol. Chem. 2711603-06, 1996), and by 
hypoxia (SchWeiki et al., Nature 3591843-45, 1992, Levy et 
al., J. Biol. Chem. 27112746-53, 1996). Upregulation of 
VEGFs by hypoxia conditions is of particular importance as 
a compensatory mechanism by Which tissues increase oxy 
genation through induction of additional capillary vessel 
formation and resulting increased blood ?oW. This mecha 
nism is thought to contribute to pathological angiogenesis in 
tumors and in retinopathies. HoWever, upregulation of 
VEGF expression after hypoxia is also essential in tissue 
repair, e.g., in dermal Wound healing (Frank et al., J. Biol. 
Chem. 270112607-613, 1995), and in coronary ischemia 
(Banai et al., Cardiovasc. Res. 2811176-79, 1994; Hash 
imoto et al., Am. J. Physiol. 2671H1948-H1954, 1994). 

[0011] Using the rabbit chronic limb ischemia model, it 
has been shoWn that repeated intramuscular injection or a 
single intra-arterial bolus of VEGF-A can augment collateral 
blood vessel formation as evidenced by blood ?oW mea 
surement in the ischemic hindlimb (Pu, et al., Circulation 
881208-15, 1993; Bauters et al.,Am. J. Physiol. 2671HI263 
71, 1994; Takeshita et al., Circulation 90 [part2], II-228-34, 
1994; Bauters et al.,J. Vasc. Surg. 211314-25, 1995; Bauters 
et al., Circulation 9112802- 09, 1995; Takeshita et al., J. 
C lin. Invest. 931662-70, 1994). In this model, VEGF has also 
been shoWn to act synergistically With basic FGF to ame 
liorate ischemia (Asahara et al., Circulation 921[suppl 2], 
II-365-71, 1995). VEGF Was also reported to accelerate the 
repair of balloon-injured rat carotid artery endothelium 
While at the same time inhibiting pathological thickening of 
the underlying smooth muscle layers, thereby maintaining 
lumen diameter and blood ?oW (Asahara et al., Circulation 
9112793-2801, 1995). VEGF has also been shoWn to induce 
EDRF (Endothelin-Derived Relaxin Factor (nitric oxide)) 
dependent relaxation in canine coronary arteries, thus poten 
tially contributing to increased blood How to ischemic areas 
via a secondary mechanism not related to angiogenesis (Ku 
et al., Am. J. Physiol 2651H586-H592, 1993). 

[0012] Activation of the gene encoding VEGF-A results in 
the production of several different VEGF-A variants, or 
isoforms, produced by alternative splicing Wherein the same 
chromosomal DNA yields different mRNA transcripts con 
taining different exons thereby producing different proteins. 
Such variants have been disclosed, for example, in Us. Pat. 
No. 5,194,596 to Tischer et al. Which identi?es human 
vascular endothelial cell groWth factors having peptide 
sequence lengths of 121, and 165 amino acids (i.e., VEGF 
A121 and VEGF-Al?s). Additionally, VEGF-A189 and 
VEGF-A206 have also been characteriZed and reported (Neu 
feld, G., et. al. Cancer Metastasis Rev 151153-158, 1996). 

[0013] The mitogenic activity of the various VEGF-A 
isoforms varies depending on each isoform. For example, 
VEGF-A121 and VEGF-A165 have very similar mitogenic 
activity for endothelial cells. HoWever, VEGF-A189 and 
VEGF-A206 are only Weakly mitogenic (Ferrara et al., 
Endocr Rev 13118-32, 1992) The reduced activity of these 
isoforms is attributed to their strong association With cells 
and matrix, as evidenced by the normal mitogenic activity of 
a mutant of VEGF-A206 Which lacks the 24-residue “matrix 
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targeting” sequence common to VEGF-A189 and VEGF 
A206 (residues 115-139 in FIG. 2) (Ferrara et al., Endocr. 
Rev. 13:18-32, 1992). 
[0014] Four knoWn forms of VEGF-A arise from alterna 
tive splicing of up to eight exons of the VEGF-A gene 
(VEGF-A121, exons 1-5,8; VEGF-A165, exons 1-5,7,8; 
VEGF-Alsg, exons 1-5, 6a, 7, 8; VEGF-A2O6, exons 1-5, 6a, 
6b, 7, 8 (exon 6a and 6b refer to 2 alternatively spliced forms 
of the same exon)) (Houck et al., Mol. Endocr, 511806-14 
(1991)). All VEGF-A genes encode signal peptides that 
direct the protein into the secretary pathWay. For example, 
VEGF-A165 cDNA encodes a 191-residue amino acid 
sequence consisting, of a 26-residue secretary signal peptide 
sequence, Which is cleaved upon secretion of the protein 
from cells, and the 165-residue mature protein subunit. 
HoWever, only VEGF-A121 and VEGF-A165 are found to be 
readily secreted by cultured cells Whereas VEGF-A189 and 
VEGF-A206 remain associated With the producing cells. 
These VEGF-A forms possess an additional highly basic 
sequence encoded by exon 6 corresponding to residues 
115-139 in VEGF-A189 and residues 115-156 in VEGF 
A206. These additions confer a high af?nity to heparin and an 
ability to associate With the extracellular matrix (matrix 
targeting sequence) (Houck, K. A. et al., J. Biol. Chem. 
267126031-37 (1992) and Thomas, J. Biol. Chem, 2711603 
06 (1996)). The mitogenic activities of VEGF-A121 and 
VEGF-A165 are similar according to the results of several 
groups (Neufeld, G., et al., Cancer Metastasis Rev 151153 
158 (1996) although one research group has shoWn evidence 
indicating that VEGF-A121 is signi?cantly less active (Keyt, 
B. A., et al. J. Biol. Chem. 27117798-7795 (1996). It is 
unclear Whether the tWo longer VEGF-A forms, VEGF-A189 
and VEGF-A2O6, are as active or less active than the tWo 
shorter forms since it has not been possible to obtain them 
in pure form suitable for quantitative measurements. This 
failure is due in part to their strong association With pro 
ducing cells and extracellular matrices Which is impaired by 
the presence of exon-6 derived sequences apparently acting 
in synergism With exon-7 derived sequences groups (Neu 
feld, G., et al., Cancer Metastasis Rev 151153-158 (1996). 

[0015] As depicted in FIG. 1, the domain encoded by 
exons 1-5 contains information required for the recognition 
of the VEGF receptors ?t-1 (R1 and R2) and KDR/?k-l 
(Keyt, B. A., et. al. J. Biol Chem 27115638-5646, 1996), and 
is present in all knoWn VEGF isoforms. The amino-acids 
encoded by exon 8 are also present in all knoWn isoforms. 
The isoforms may be distinguished hoWever by the presence 
or absence of the peptides encoded by exons 6 and 7 of the 
VEGF-A gene, and the presence or absence of the peptides 
encoded by these exons results in structural differences 
Which are translated into functional differences betWeen the 
VEGF-A forms (reviewed in: Neufeld, G., et. al. Cancer 
Metastasis Rev 15, 153-158. 1996). 

[0016] Exon 6 can terminate after 72 bp at a donor splice 
site Wherein it contributes 24 amino acids to VEGF forms 
that contain it such as VEGF-Alsg. This exon 6 form is 
referred to herein as exon 6a. HoWever, the VEGF-A RNA 
can be spliced at the 3‘ end of exon 6 using an alternative 
splice site located 51 bp doWnstream to the ?rst resulting in 
a larger exon 6 product containing 41 amino-acids. The 
additional 17 amino-acids added to the exon 6 product as a 
result of this alternative splicing are referred to herein as 
exon 6b. VEGF-A206 contains the elongated exon 6 com 
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posed of 6a and 6b, but this VEGF form is much rarer than 
VEGF-A189. (Tischer, E., et al., J. Biol. Chem. 266, 11947 
11954; Houck, K. A., et al., Mol. Endocrinol, 1806-1814, 
1991). 
[0017] Aputative ?fth form of VEGF-A, VEGF-A145, has 
been noted in the human endometrium, using PCR. The 
authors state that the sequence of the cDNA of the VEGF 
A145 splice variant indicated that it contained exons 1-5, 6 
and 8. However, it is uncertain Whether the authors found 
that the splice variant contained exons 6a and 6b as in 
VEGF-A206, exon 6a as in VEGF-A189, or exon 6b. The 
authors state that since the splice variant retains exon 6 it is 
probable that it Will be retained by the cell as are the other 
members of the family that contain this exon. (Charnock 
Jones et al., Biology ofReproduction 48, 1120-1128 (1993); 
see also, Bacic M., et al. Growth Factors 12, 11-15, 1995). 
The biologic activity of this form Was not established in that 
report (Cheung, C. Y., et al., Am. J. Obstet. Gynecol, 173, 
751-759, 1995); Anthony, F. W. et al., Placenta, 15, 557 
5 61, 1994). The various isoforms, and the exons that encode 
the isoforms, are depicted in FIG. 1. 

[0018] More recently, a VEGF-A protein of 145 amino 
acids, and nucleic acid encoding this protein, have been 
identi?ed, and its use for treating the cardiovascular system 
and its diseases has been identi?ed (U.S. Ser. No. 08/784, 
551, ?led Jan. 21, 1997, published as WO 98/10071 on Mar. 
12, 1998). 
[0019] VEGF-A is knoWn to bind to tWo of three different 
endothelial cell receptors, each of Which is a single trans 
membrane protein With a large extracellular portion com 
prised of 7 immunoglobulin-type domains and a cytoplas 
mic portion that functions as a tyrosine kinase. These 
receptors are R1 (?t-1) (De Vries et al., Science 255:989-91, 
1992), R2 (KDR/?k-l) (Terman et al., Biochem. Biophys. 
Res. Commun. 187:1579-86, 1992), and R3 (?k-4) (Pajusola 
et al., Cancer Res. 52:5738-43, 1992). There are distinct 
selectivities betWeen these receptors and the various 
VEGF-A and VEGF-related protein ligands that have not 
been completely elucidated as yet. HoWever, it is knoWn that 
VEGF-A binds to R1 and R2 (Terman et al., Growth Factors 
11:187-95, 1994) but not R3 (Joukov et al., EMBO J. 
15 :290-98, 1996). R2 is thought to be primarily responsible 
for the angiogenic response of endothelial cells to VEGF 
like groWth factors (Gitay-Goren et al., J. Biol. Chem. 
271:5519-23 (1996)). 

[0020] Accordingly, there is a need for neW forms of 
VEGF-A proteins that have modi?ed af?nities for matrix 
and loW af?nity receptor. This modi?ed af?nity Will alter its 
bioavailability When administered. 

SUMMARY OF THE INVENTION 

[0021] The present invention is directed to novel forms of 
VEGF proteins, preferably human VEGF-A proteins. The 
preferred use of the VEGF proteins and nucleic acid mol 
ecule compositions of the invention is to use such compo 
sitions to treat the cardiovascular system and its diseases 
through effects on anatomy, conduit function, and perme 
ability. Such proteins and compositions may be used to aid 
in the treatment of patients With heart disease, Wounds, or 
other ischemic conditions by stimulating angiogenesis in 
such patients. These novel forms of VEGF proteins Will have 
a modi?ed af?nity for matrix and loW af?nity receptors. This 
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modi?cation alters the bioavailability of the proteins When 
administered directly to cells or When cells are transduced 
With DNA encoding these proteins. 

[0022] These novel VEGF proteins Will possess a unique 
combination of biological properties that Will distinguish 
them from other VEGF forms. The unique combination of 
properties of these VEGF proteins Will render them pre 
ferred therapeutic agents in certain circumstances for the 
treatment of the cardiovascular system and its diseases as 
Well as other diseases characteriZed by vascular cell prolif 
eration. In particular, the cDNA coding for these VEGF 
proteins may be employed in gene therapy for treating the 
cardiovascular system and its diseases. 

[0023] The novel VEGF-A proteins comprise amino acid 
sequences coded for, for example, by VEGF-A exons 1-5, 
6b, and 8, or 1-5, 6b, 7, and 8 or a derivative thereof. These 
proteins preferably do not comprise the full amino acid 
sequence of exon 6a and, preferably, do not have the same 
properties, activity, and function of the corresponding 
VEGF-A proteins that comprise the full amino acid 
sequence of exon 6a. Other novel VEGF-A proteins com 
prise amino acid sequences coded for, for example, by 
VEGF-A exons 1-5, 6a, 6b, and 8. These proteins preferably 
do not have the same properties, activity, and function of the 
corresponding VEGF-A proteins that do not comprise exon 
6b. 

[0024] Thus, in preferred embodiments of the invention, a 
puri?ed polypeptide is provided, comprising an amino acid 
sequence coded for by VEGF-A exons 1-5, 6b, and 8, or a 
derivative thereof. In other preferred embodiments of the 
invention, a puri?ed polypeptide is provided comprising an 
amino acid sequence coded for by VEGF-A exons 1-5, 6b, 
7, and 8, or a derivative thereof. 

[0025] In other preferred embodiments of the invention, a 
puri?ed polypeptide is provided comprising an amino acid 
sequence coded for by VEGF-A exons 1-5, 6a, 6b, and 8, or 
a derivative thereof. Preferably, the VEGF-A polypeptide of 
the invention is human VEGF-A. In preferred aspects, the 
puri?ed polypeptide comprises the amino acid sequence of 
FIG. 3, FIG. 4, or of FIG. 5. 

[0026] Also provided in the invention are puri?ed and 
isolated nucleic acid molecules coding for the puri?ed 
polypeptides of the invention. Preferably, the nucleic acid 
molecules have the nucleotide sequence of FIG. 3 or FIG. 
4, or of FIG. 5. 

[0027] Also provided in the present invention are puri?ed 
and isolated nucleic acid molecules coding for a biologically 
active fragment of a 6b-modi?ed VEGF protein, preferably 
VEGF-A138, VEGF-A162, or VEGF-A182, or a derivative 
thereof. Such fragments maintain most preferably up to 
100% of the activity of the full length 6b-modi?ed and have 
at least 10%, more preferably at least 40%, more preferably 
at least 80% of the activity of the full length VEGF-A138, 
VEGF-A162, or VEGF-A182 polypeptides. 

[0028] Also provided are expression vectors comprising 
the nucleic acid molecules of the invention. Preferably, these 
vectors comprise adenovirus sequences; preferably the 
expression vector is an adenovirus vector. More preferably, 
the nucleic acid is operably linked to a promoter sequence 
that is active in vascular endothelial cells. The expression 
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vector preferably further comprises a partial adenoviral 
sequence from Which the E1A/E1B genes have been deleted. 

[0029] In another embodiment of the invention, a kit is 
provided for intracoronary injection of a recombinant vector 
expressing a 6b-modi?ed protein, preferably VEGF-A138, 
VEGF-A162, or VEGF-A182, comprising: a nucleic acid 
molecule encoding a 6b-modi?ed protein, preferably VEGF 
A138, VEGF-A162, or VEGF-A182, cloned into a vector 
suitable for eXpression of said polynucleotide in vivo, a 
suitable container for said vector, and instructions for inject 
ing said vector into a patient. Preferably, in the kit, the 
polynucleotide is cloned into an adenovirus expression 
vector. 

[0030] In yet another aspect of the invention, a method is 
provided for treating vascular disease in a mammal com 
prising the step of administering to said mammal a 6b-modi 
?ed VEGF-A protein, preferably, VEGF-A138, VEGF-A162, 
or VEGF-A182, or other 6b-modi?ed VEGF-A protein in a 
therapeutically effective amount to stimulate vascular cell 
proliferation. 

[0031] In another aspect of the invention, a method is 
provided for enhancing endothelialiZation of diseased ves 
sels comprising the step of administering to a mammal a 
therapeutically effective amount of a 6b-modi?ed protein, 
preferably VEGF-A138, VEGF-A162, or VEGF-A182. Pref 
erably, the endothelialiZation is reendothelialiZation after 
angioplasty. More preferably, the reendothelialiZation 
reduces or prevents restenosis. 

[0032] In further aspects of these methods of the inven 
tion, the patient is treated With or Without a stent. Preferably, 
the mammals used in the methods of the invention are 
human, hoWever, it is contemplated that all mammals Would 
be candidates for these methods. In the methods of the 
invention, the administration may comprise gene therapy. In 
preferred methods, the gene for gene therapy is administered 
using an in?atable balloon catheter coated With a polynucle 
otide encoding 6b-modi?ed VEGF protein, preferably 
VEGF-A138, VEGF-A162, or VEGF-A182. 

[0033] In yet other preferred embodiments of the present 
invention, the methods, compositions, and vectors of the 
invention may be used to enhance drug permeation by 
tumors comprising administering to a patient a 6 b-modi?ed 
VEGF-A protein or a nucleic acid molecule coding for a 
6b-modi?ed VEGF-A protein, preferably VEGF-A138, 
VEGF-A162, or VEGF-A182. The 6b-modi?ed VEGF-Apro 
tein may be delivered directly to a tumor cell, or it may be 
delivered into the vascular system, preferably at a site 
located close to the site of the tumor. Thus, delivery of the 
6b-modi?ed VEGF-A protein in conjunction With chemo 
therapy to remove or reduce the siZe of a tumor, Will help to 
enhance the effectiveness of the chemotherapy by increasing 
drug uptake by the tumor. The 6b-modi?ed VEGF-Aprotein 
delivered in this method may either be through direct 
delivery of the polypeptide or protein, or through gene 
therapy. 

[0034] Thus, provided in the present invention is a method 
of enhancing drug permeation by tumors comprising admin 
istering to a patient a nucleic acid molecule coding for a 
6b-modi?ed VEGF-A protein, preferably VEGF-A138, 
VEGF-A162, or VEGF182. Preferably, the 6b-modi?ed 
VEGF-A protein is delivered directly into a tumor cell. 
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[0035] In another aspect of the invention, a therapeutic 
composition is provided comprising a pharmaceutically 
acceptable carrier and a 6b-modi?ed VEGF protein, prefer 
ably VEGF-A138, VEGF-A162, or VEGF182, in a therapeu 
tically effective amount to stimulate vascular cell prolifera 
tion. Also provided as an aspect of the invention is a ?ltered 
injectable adenovirus vector preparation, comprising: a 
recombinant adenoviral vector, said vector containing no 
Wild-type virus and comprising: a partial adenoviral 
sequence from Which the E1A/E1B genes have been deleted, 
and a transgene coding for a 6b-modi?ed VEGF protein, 
preferably VEGF-A138, VEGF-A162, or VEGF-A182, driven 
by a promoter ?anked by the partial adenoviral sequence; 
and a pharmaceutically acceptable carrier. 

[0036] In further embodiments of the invention are pro 
vided methods for treating cardiovascular disease in a mam 
mal comprising the step of transfecting cells of said mammal 
With a nucleic acid molecule Which encodes an amino acid 
sequence coded for by VEGF-A eXons 1-5, 6b and 8. Also 
provided are methods for treating cardiovascular disease in 
a mammal comprising the step of transfecting cells of said 
mammal With a nucleic acid molecule Which encodes an 
amino acid sequence coded for by VEGF-A eXons 1-5, 6b, 
7, and 8. Also provided are methods for treating cardiovas 
cular disease in a mammal comprising the step of transfect 
ing cells of said mammal With a nucleic acid molecule Which 
encodes an amino acid sequence coded for by VEGF-A 
eXons 1-5, 6a, 6b, and 8. 

[0037] Preferably, the nucleic acid molecule employed in 
the methods of the invention codes for VEGF-A138, VEGF 
A162, or VEGF-A182. In preferred embodiments, the nucleic 
acid molecule is cloned into a vector. Preferably, the vector 
comprises adenovirus particles. Preferably, the adenovirus 
vector particles are delivered to said mammal by injection. 
Preferably, the number of said adenovirus particles is 
betWeen about 108 to about 1014, more preferably betWeen 
about 1010 to about 1014. 

[0038] In further preferred aspects, the polynucleotide 
Which encodes a 6b-modi?ed VEGF protein, preferably 
VEGF-A138, VEGF-A162, or VEGF-A182, is delivered to the 
heart of a mammal. Intracoronary delivery of the polynucle 
otide is preferred, preferably according to the methods set 
forth in PCT/US96/02631, published Sep. 6, 1996 as WO96/ 
26742, hereby incorporated by reference herein. Preferably, 
an intracoronary injection is conducted about 1 cm into the 
lumens of the left and right coronary arteries. 

[0039] Thus, in preferred embodiments, the transfected 
cells are muscle cells, including but not limited to myo 
blasts, myocytes, cardiomyocytes, cardioblasts, and smooth 
muscle cells. Preferably, the cells are cardiomyocytes. More 
preferably, the transfected cells are coronary artery cells and 
said injection is intracoronary injection. More preferably, the 
adenovirus particles are injected at about 1 cm into the 
lumens of the left and right coronary arteries. 

[0040] Preferably, these methods further comprise admin 
istering a potentiating agent that potentiates the angiogenic 
effect of the 6b-modi?ed VEGF-A polypeptide. Preferably, 
the potentiating agent is an angiogenic FGF. More prefer 
ably, the potentiating agent is selected from the group 
consisting of FGF-1, FGF-Z, FGF-4, FGF-5, and FGF-6. 
[0041] In one preferred aspect of the methods of the 
invention, the cells are transfected in vivo. In other preferred 
aspects, the said cells are transfected eX vivo. 
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[0042] Endothelial cell proliferation, such as that Which 
occurs in angiogenesis, is also useful in preventing resteno 
sis following balloon angioplasty. The balloon angioplasty 
procedure often injuries the endothelial cells lining the inner 
Walls of blood vessels. Smooth muscle cells often in?ltrate 
into the opened blood vessels causing a secondary obstruc 
tion in a process knoWn as restenosis. The proliferation of 
the endothelial cells located at the periphery of the balloon 
induced damaged area in order to cover the luminal surface 
of the vessel With a neW monolayer of endothelial cells 
Would potentially restore the original structure of the blood 
vessel. 

[0043] Thus, the present invention provides a method of 
treating cardiovascular disease in a mammal comprising the 
step of transfecting cells of said mammal With a polynucle 
otide Which encodes a 6b-modi?ed VEGF-A protein, pref 
erably VEGF138, VEGF-A162, or VEGF-A182. In preferred 
aspects, the polynucleotide is cloned into a vector. In further 
preferred aspects, the vector is an adenovirus vector. The 
adenovirus vector is preferably delivered to the mammal by 
injection; preferably, about 108 to about 1014 adenovirus 
vector particles are delivered in the injection. More prefer 
ably, about 1011 to about 1013 adenovirus vector particles are 
delivered in the injection. Most preferably, about 1012 
adenovirus vector particles are delivered in the injection. 

[0044] Thus in further preferred embodiments, the nucleic 
acid molecule is introduced into the coronary artery by a 
catheter inserted into said artery. Preferably, the catheter 
comprises an in?atable balloon having an outer surface 
adapted to engage the inner Wall of said artery, and Wherein 
said nucleic acid molecule is disposed upon said balloon 
outer surface. 

[0045] In preferred aspects of the methods of the inven 
tion, the nucleic acid molecule comprises the nucleotide 
sequence of FIG. 3, FIG. 4, or FIG. 5. 

[0046] In other aspects of the invention, transformed or 
transfected host cells are provided Which comprise the 
expression vectors of the invention. Such host cells may be 
used in, for eXample, methods of producing a VEGF-A 
polypeptide comprising groWing, under suitable conditions, 
a host cell transformed or transfected With the recombinant 
DNA eXpression vector of the invention in a manner alloW 
ing expression of said polypeptide, and isolating said 
polypeptide from the host cell. 

[0047] Also provided in the present invention is a method 
of treating a patient suffering from an ischemic condition 
comprising administering a therapeutic amount of a phar 
maceutical composition comprising a 6b-modi?ed VEGF 
protein, preferably VEGF-A138, VEGF-A162, or VEGF 
A182, in a suitable carrier. Preferably, this method further 
comprises administering an agent that potentiates the thera 
peutic effect of said 6b-modi?ed VEGF-A polypeptide. 
Preferably, the potentiating agent is selected from the group 
consisting of FGF-1, FGF-2, FGF-4, FGF-5, and FGF-6. 
Further, said ischemic condition is preferably selected from 
the group consisting of: cardiac infarction, chronic coronary 
ischemia, chronic loWer limb ischemia, stroke, and periph 
eral vascular disease. 
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[0048] For the treatment of peripheral conditions, such as 
peripheral vascular disease, administration of the pharma 
ceutical compositions of the present invention is preferably 
by delivery of a modi?ed VEGF-A polypeptide or poly 
nucleotide (or a vector comprising such a polynucleotide) to 
a peripheral tissue in vivo. Preferably, this is achieved by 
direct injection into the peripheral tissue, or by introduction 
into a blood vessel that supplies the peripheral tissue. 

[0049] Also provided in the present invention are methods 
of increasing vascular permeability comprising administer 
ing a therapeutic amount of a pharmaceutical composition 
comprising a 6b-modi?ed VEGF-A protein, preferably 
VEGF-A138, VEGF-A162, or VEGF-A182 in a suitable car 
rier. 

[0050] Also provided in the present invention are methods 
of treating a patient suffering from a Wound comprising 
administering a therapeutic amount of a pharmaceutical 
composition comprising a 6b-modi?ed VEGF protein pref 
erably VEGF-A138, VEGF-A162, or VEGF-A182 in a suitable 
carrier. 

[0051] With the foregoing and other objects, advantages 
and features of the invention that Will become hereinafter 
apparent, the nature of the invention may be more clearly 
understood by reference to the folloWing detailed descrip 
tion of the invention, the ?gures, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a graphic depiction of the eXons that 
encode various VEGF isoforms. 

[0053] FIG. 2 depicts the nucleotide and amino acid 
sequences of VEGF-206, With the eXons indicated by under 
line [SEQ ID NOS 1 and 2]. Nucleotides present in mature 
VEGF-A206 transcripts are shoWn in uppercase letters. 
Nucleotides present in the 5‘ ?anking regions and introns are 
in loWer case letters. The alanine residue corresponding to 
the amino terminus of the mature protein, after the amino 
terminal secretion signal sequence is cleaved off, is indicated 
With an asterisk. 

[0054] FIG. 3 depicts the nucleotide and amino acid 
sequences of the VEGF-A138 protein coding region [SEQ ID 
NOS. 3 and 4]. The alanine residue corresponding to the 
amino terminus of the mature protein, after the amino 
terminal secretion signal sequence is cleaved off, is indicated 
With an asterisk. 

[0055] FIG. 4 depicts the nucleotide and amino acid 
sequences of the VEGF-A182 protein coding region [SEQ ID 
NOS 5 and 6]. The alanine residue corresponding to the 
amino terminus of the mature protein, after the amino 
terminal secretion signal sequence is cleaved off, is indicated 
With an asterisk. 

[0056] FIG. 5 depicts the nucleotide and amino acid 
sequences of the VEGF-A162 protein coding region [SEQ ID 
NOS. 7 and 8]. The alanine residue corresponding to the 
amino terminus of the mature protein, after the amino 
terminal secretion signal sequence is cleaved off, is indicated 
With an asterisk. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0057] The following abbreviations are used herein. 

BCE Bovine corneal endothelial cells 
BFGF Basic ?broblast growth factor 
ECM Extracellular matrix 
HUVEC Human umbilical vein derived 

endothelial cells 
VEGF Vascular endothelial growth factor 
VEGF-A Vascular endothelial growth factor-A 
VEGF-AXXX Vascular endothelial growth 

factor-A form containing a designated 
number of amino-acids. 
Vascular endothelial growth 
factor protein comprising exon 
6b, not including VEGF-A2D6. 

[0058] The present invention relates to novel VEGF-A 
protein products, and nucleic acids encoding the novel 
protein products comprising, for example, exons 1-5, 6b and 
8, 1-5, 6b, 7 and 8, or 1-5, 6a, 6b, and 8, of VEGF-A 
proteins, and their uses thereof in treating cardiovascular 
disease. As used herein “cardiovascular disease” means 
disease which results from a cardiovascular insuf?ciency, 
including, but not limited to, coronary artery disease, con 
gestive heart failure, and peripheral vascular disease. The 
methods of the present invention relate to the treatment of 
mammalian patients, preferably humans. 

[0059] “VEGF-A138” refers to a form of VEGF-A con 
taining about 138 amino-acids and containing the peptides 
encoded by exons 1-5, 6b and 8 of the VEGF-A gene. The 
term “VEGF-A138” also refers to derivatives and functional 
equivalents of the native VEGF-A138 nucleic acid or amino 
acid sequence. Mature VEGF-A138 monomers comprise the 
amino acid sequence shown in FIG. 3. However, as used 
herein, the term VEGF-A138 refers to both the mature form 
and the pro-form of VEGF-A138, including a signal 
sequence, or derivatives or functional equivalents thereof. 

[0060] “VEGF-A182” refers to a form of VEGF-A con 
taining about 182 amino-acids and containing the peptides 
encoded by exons 1-5, 6b, 7 and 8 of the VEGF-A gene. The 
term “VEGF-A182” also refers to derivatives and functional 
equivalents of the native VEGF-A182 nucleic acid or amino 
acid sequence. Mature VEGF-A182 monomers comprise the 
amino acid sequence shown in FIG. 4. However, as used 
herein, the term VEGF-A182 refers to both the mature form 
and the pro-form of VEGF-A182, including a signal 
sequence, or derivatives or functional equivalents thereof. 

[0061] “VEGF-A162” refers to a form of VEGF-A con 
taining about 162 amino-acids and containing the peptides 
encoded by exons 1-5, 6a, 6b and 8 of the VEGF-A gene. 
The term “VEGF-A162” also refers to derivatives and func 
tional equivalents of the native VEGF-A162 nucleic acid or 
amino acid sequence. Mature VEGF-A162 monomers com 
prise the amino acid sequence shown in FIG. 5. However, 
as used herein, the term VEGF-A162 refers to both the 
mature form and the pro-form of VEGF-A162, including a 
signal sequence, or derivatives or functional equivalents 
thereof. 

[0062] “Derivatives” of a VEGF-A138, VEGF-A162, 
VEGF-A182 or other 6b-modi?ed VEGF protein are func 
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tional equivalents having similar amino acid sequences and 
retaining, to some extent, the activities of VEGF-A138, 
VEGF-A162, VEGF-A182, or other 6b-modi?ed VEGF pro 
tein. By “functional equivalent” is meant the derivative has 
an activity that can be substituted for the activity of VEGF 
A138, VEGF-A162, VEGF-A182, or other 6b-modi?ed VEGF 
protein. Preferred functional equivalents retain the full level 
of activity of VEGF-A138, VEGF-A162, VEGF-A182 or other 
6b-modi?ed VEGF protein as measured by assays known to 
these skilled in the art, and/or in the assays described herein. 
Preferred functional equivalents have activities that are 
within 1% to 10,000% of the activity of VEGF-A138, VEGF 
A162, VEGF-A182 or other 6b-modi?ed VEGF protein, more 
preferably between 10% to 1000%, and more preferably 
within 50% to 200%. Derivatives have at least 50% 
sequence similarity, preferably 70%, more preferably 90%, 
and even more preferably 95% sequence similarity to 
VEGF-A138, VEGF-A162, VEGF-A182 or similarly 
6b-modi?ed VEGF protein. “Sequence similarity” refers to 
“homology” observed between amino acid sequences in two 
different polypeptides, irrespective of polypeptide origin. 

[0063] The ability of the derivative to retain some activity 
can be measured using techniques described herein and/or 
using techniques known to those skilled in the art for 
measuring the activity of other VEGF-A isoforms. Deriva 
tives include modi?cation occurring during or after transla 
tion, for example, by phosphorylation, glycosylation, 
crosslinking, acylation, proteolytic cleavage, linkage to an 
antibody molecule, membrane molecule or other ligand (see 
Ferguson et al., 1988, Annu. Rev. Biochem. 57:285-320). 

[0064] Speci?c types of derivatives also include amino 
acid alterations such as deletions, substitutions, additions, 
and amino acid modi?cations. A “deletion” refers to the 
absence of one or more amino acid residue(s) in the related 
polypeptide. An “addition” refers to the presence of one or 
more amino acid residue(s) in the related polypeptide. 
Additions and deletions to a polypeptide may be at the 
amino terminus, the carboxy terminus, and/or internal. 
Amino acid “modi?cation” refers to the alteration of a 
naturally occurring amino acid to produce a non-naturally 
occurring amino acid. A “substitution” refers to the replace 
ment of one or more amino acid residue(s) by another amino 
acid residue(s) in the polypeptide. Derivatives can contain 
different combinations of alterations including more than 
one alteration and different types of alterations. 

[0065] Although the effect of an amino acid change varies 
depending upon factors such as phosphorylation, glycosy 
lation, intra-chain linkages, tertiary structure, and the role of 
the amino acid in the active site or a possible allosteric site, 
it is generally preferred that the substituted amino acid is 
from the same group as the amino acid being replaced. To 
some extent the following groups contain amino acids which 
are interchangeable: the basic amino acids lysine, arginine, 
and histidine; the acidic amino acids aspartic and glutamic 
acids; the neutral polar amino acids serine, threonine, cys 
teine, glutamine, asparagine and, to a lesser extent, methion 
ine; the nonpolar aliphatic amino acids glycine, alanine, 
valine, isoleucine, and leucine (however, because of siZe, 
glycine and alanine are more closely related and valine, 
isoleucine and leucine are more closely related); and the 
aromatic amino acids phenylalanine, tryptophan, and 
tyrosine. In addition, although classi?ed in different catego 
ries, alanine, glycine, and serine seem to be interchangeable 
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to some extent, and cysteine additionally ?ts into this group, 
or may be classi?ed With the polar neutral amino acids. 

[0066] Although proline is a nonpolar neutral amino acid, 
its replacement represents dif?culties because of its effects 
on conformation. Thus, substitutions by or for proline are 
not preferred, eXcept When the same or similar conforma 
tional results can be obtained. The conformation conferring 
properties of proline residues may be obtained if one or more 
of these is substituted by hydroXyproline (Hyp). 

[0067] Examples of modi?ed amino acids include the 
folloWing: altered neutral nonpolar amino acids such as 
amino acids of the formula H2N(CH2),nCOOH Where n is 
2-6, sarcosine (Sar), t-butylalanine (t-BuAla), t-butylglycine 
(t-BuGly), N-methyl isoleucine (N-MeIle), and norleucine 
(Nleu); altered neutral aromatic amino acids such as phe 
nylglycine; altered polar, but neutral amino acids such as 
citrulline (Cit) and methionine sulfoXide (MSO); altered 
neutral and nonpolar amino acids such as cycloheXyl alanine 
(Cha), altered acidic amino acids such as cysteic acid (Cya); 
and altered basic amino acids such as ornithine (Orn). 

[0068] Preferred derivatives have one or more amino acid 
alteration(s) that do not signi?cantly affect the receptor 
binding or other activity of the 6b-modi?ed VEGF protein. 
In regions of the 6b-modi?ed VEGF polypeptide sequence 
not necessary for the 6b-modi?ed VEGF protein activity, 
amino acids may be deleted, added or substituted With less 
risk of affecting activity. In regions required for the 
6b-modi?ed VEGF protein activity, amino acid alterations 
are less preferred as there is a greater risk of affecting 
activity. Such alterations should be conservative alterations. 
For eXample, one or more amino acid residues Within the 
sequence can be substituted by another amino acid of a 
similar polarity Which acts as a functional equivalent. 

[0069] Conserved regions tend to be more important for 
protein activity than non-conserved regions. Standard pro 
cedures can be used to determine the conserved and non 
conserved regions important for receptor activity using in 
vitro mutagenesis techniques or deletion analyses and mea 
suring receptor activity as described by the present disclo 
sure. 

[0070] Derivatives can be produced using standard chemi 
cal techniques and recombinant nucleic acid molecule tech 
niques. Modi?cations to a speci?c polypeptide may be 
deliberate, as through site-directed mutagenesis and amino 
acid substitution during solid-phase synthesis, or may be 
accidental such as through mutations in hosts Which produce 
the polypeptide. Polypeptides including derivatives can be 
obtained using standard techniques such as those described 
in Sambrook et al., Molecular Cloning, Cold Spring Harbor 
Laboratory Press (1989). For example, Chapter 15 of Sam 
brook describes procedures for site-directed mutagenesis of 
cloned DNA. 

[0071] In one aspect the invention features a nucleic acid 
molecule, or polynucleotide encoding a 6b-modi?ed VEGF 
protein. In some situations it is desirable for such nucleic 
acid molecule to be isolated or enriched, or puri?ed. By the 
use of the term “enriched” in reference to nucleic acid 
molecule, polypeptide, or protein is meant that the speci?c 
DNA or RNA sequence, polypeptide, or protein constitutes 
a signi?cantly higher fraction (2-5 fold) of the total DNA, 
RNA, polypeptide or protein present in the cells or solution 
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of interest than in normal or diseased cells or in the cells 
from Which the sequence Was taken. This could be caused, 
for eXample, by a person by preferential reduction in the 
amount of other DNA or RNA present, or by a preferential 
increase in the amount of the speci?c DNA or RNA 
sequence, or by a combination of the tWo. HoWever, it 
should be noted that enriched does not imply that there are 
no other DNA or RNA sequences present, just that the 
relative amount of the sequence of interest has been signi? 
cantly increased. The term signi?cant here is used to indicate 
that the level of increase is useful to the person making such 
an increase, and generally means an increase relative to 
other nucleic acids of about at least 2 fold, more preferably 
at least 5 to 10 fold or even more. The term also does not 
imply that there is no DNA or RNA from other sources. The 
other source DNA may, for eXample, comprise DNA from a 
yeast or bacterial genome, or a cloning vector such as 
pUCI9. This term distinguishes from naturally occurring 
events, such as viral infection, or tumor type groWths, in 
Which the level of one mRNA may be naturally increased 
relative to other species of mRNA. That is, the term is meant 
to cover only those situations in Which a person has inter 
vened to elevate the proportion of the desired nucleic acid. 

[0072] Use of the term “isolated” indicates that a DNA, 
RNA or protein has been removed from its naturally occur 
ring environment. Thus, the sequence may be in a cell-free 
solution or placed in a different cellular environment. The 
term does not imply that the sequence is the only nucleotide 
chain or polypeptide present, but that it is essentially free 
(about 90-95% pure at least) of non-nucleotide or non 
peptide material naturally associated With it. 

[0073] It is also advantageous for some purposes that a 
nucleotide sequence or polypeptide be in puri?ed form, e.g., 
cloned or recombinant. The term “puri?ed” does not require 
absolute purity (such as a homogeneous preparation); 
instead, it represents an indication that the sequence is 
relatively purer than in the natural environment (compared 
to the natural level this level should be at least 2-5 fold 
greater, e.g., in terms of mg/ml). 

[0074] The nucleic acid molecule may be constructed, for 
eXample, from an eXisting VEGF-A nucleotide sequence by 
modi?cation using, for eXample, oligonucleotide site-di 
rected mutagenesis, by deleting sequences using restriction 
enZymes, by adding sequences obtained by subcloning or 
PCR, or as described herein. Standard recombinant tech 
niques for mutagenesis such as in vitro site-directed 
mutagenesis (Hutchinson et al., J. Biol. Chem. 253:6551, 
(1978), Sambrook et al., Chapter 15, supra), use of TAB® 
linkers (Pharmacia), and PCR-directed mutagenesis can be 
used to create such mutations. The nucleic acid molecule 
may also be synthesiZed by the triester method or by using 
an automated DNA synthesiZer. 

[0075] The invention also features recombinant DNA vec 
tors, preferably in a cell or an organism. The recombinant 
DNA vectors may contain a sequence coding for a VEGF 

A138, VEGF-A162, VEGF-A182, or other 6b-modi?ed 
VEGF-A protein or a functional derivative thereof in a 
vector containing a promoter effective to initiate transcrip 
tion in a host cell. The recombinant DNA vector may contain 
a transcriptional initiation region functional in a cell and a 
transcriptional termination region functional in a cell. 

[0076] Where the DNA vector contains suf?cient control 
sequences, such as initiation and/or termination regions, 
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such that the inserted nucleic acid molecule may be 
expressed in a host cell, the vector may also be called an 
“expression vector.” 

[0077] The present invention also relates to a cell or 
organism that contains the above-described nucleic acid 
molecule or recombinant DNA vector and thereby is capable 
of expressing a VEGF-A138, VEGF-A162, VEGF-A182, or 
other 6b-modi?ed VEGF-A peptide. The peptide may be 
puri?ed from cells Which have been altered to express the 
polypeptide. Acell is said to be “altered to express a desired 
polypeptide” When the cell, through genetic manipulation, is 
made to produce a protein Which it normally does not 
produce or Which the cell normally produces at loWer levels. 
One skilled in the art can readily adapt procedures for 
introducing and expressing either genomic, cDNA, or syn 
thetic sequences into either eukaryotic or prokaryotic cells. 

[0078] Anucleic acid molecule, such as DNA, is said to be 
“capable of expressing” a polypeptide if it contains nucle 
otide sequences Which contain transcriptional and transla 
tional regulatory information and such sequences are “oper 
ably linked” to nucleotide sequences Which encode the 
polypeptide. The precise nature of the regulatory regions 
needed for gene sequence expression may vary from organ 
ism to organism, but shall in general include a promoter 
region Which, in prokaryotes, contains both the promoter 
(Which directs the initiation of RNA transcription) as Well as 
the DNA sequences Which, When transcribed into RNA, Will 
signal synthesis initiation. Such regions Will normally 
include those 5‘-non-coding sequences involved With initia 
tion of transcription and translation, such as the TATA box, 
capping sequence, CAAT sequence, and the like. 

[0079] For example, the entire coding sequence of VEGF 
A138 may be combined With one or more of the folloWing in 
an appropriate expression vector to alloW for such expres 
sion: (1) an exogenous promoter sequence (2) a ribosome 
binding site (3) a polyadenylation signal (4) a secretion 
signal (5) a promiscuous or tissue speci?c enhancer. Modi 
?cations can be made in the 5‘-untranslated and 3‘-untrans 
lated sequences to improve expression in a prokaryotic or 
eukaryotic cell, or codons may be modi?ed such that While 
they encode an identical amino acid, that codon may be a 
preferred codon in the chosen expression system. The use of 
such preferred codons is described in, for example, 
Grantham et al., Nuc. Acids Res., 9:43-74 (1981), and Lathe, 
J. Mol. Biol. 183:1-12 (1985) hereby incorporated by ref 
erence herein in their entirety. These publications, and all 
other publications referenced herein, are hereby incorpo 
rated by reference in their entirety. 

[0080] If desired, the non-coding region 3‘ to the genomic 
VEGF-A protein sequence may be operably linked to the 
nucleic acid molecule encoding, for example, VEGF-A138. 
This region may be used in the recombinant DNA vector for 
its transcriptional termination regulatory sequences, such as 
termination and polyadenylation. Thus, by retaining the 3‘ 
region naturally contiguous to the DNA sequence encoding 
VEGF-A transcriptional termination signals, or sequences 
involved in message stability may be provided. Alterna 
tively, a 3‘ region functional in the host cell may be substi 
tuted. 

[0081] An operable linkage is a linkage in Which the 
regulation, DNA sequences and the DNA sequence sought to 
be expressed are connected in such a Way as to permit gene 
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sequence expression. TWo DNA sequences (such as a pro 
moter region sequence and a VEGF-A138 protein sequence) 
are said to be operably linked if the nature of the linkage 
betWeen the tWo DNA sequences does not (1) result in the 
introduction of a frame-shift mutation in the coding 
sequence, (2) interfere With the ability of the promoter 
region sequence to direct the transcription of VEGF-A138 
protein gene sequence, or (3) interfere With the ability of the 
VEGF-A138 protein gene sequence to be transcribed by the 
promoter region sequence. Thus, a promoter region Would 
be operably linked to a DNA sequence if the promoter Were 
capable of effecting transcription of that DNA sequence. 
Thus, to express a VEGF-A138, transcriptional and transla 
tional signals recogniZed by an appropriate host are neces 
sary. 

[0082] Those skilled in the art Will recogniZe that the 
novel VEGF proteins of the present invention may also be 
expressed in various cell systems, both prokaryotic and 
eukaryotic, all of Which are Within the scope of the present 
invention. 

[0083] Although the novel VEGF proteins of the present 
invention may be expressed in prokaryotic cells, Which are 
generally very ef?cient and convenient for the production of 
recombinant proteins, the VEGF proteins produced by such 
cells Will not be glycosylated and therefore may have a 
shorter half-life in vivo. Prokaryotes most frequently are 
represented by various strains of E. coli. HoWever, other 
microbial strains may also be used, including other bacterial 
strains. Recognized prokaryotic hosts include bacteria such 
as E. coli, Bacillus, Streptomyces, Pseudomonas, Salmo 
nella, Serratia, and the like. The prokaryotic host must be 
compatible With the replicon and control sequences in the 
expression plasmid. 

[0084] In prokaryotic systems, plasmid vectors that con 
tain replication sites and control sequences derived from a 
species compatible With the host may be used. Examples of 
suitable plasmid vectors may include pBR322, PUC118, 
pUC119 and the like; suitable phage or bacteriophage vec 
tors may include )tgtl0, )tgtll and the like; and suitable 
virus vectors may include pMAM-neo, PKRC and the like. 
Preferably, the selected vector of the present invention has 
the capacity to replicate in the selected host cell. 

[0085] To express VEGF polypeptides or subunits (or a 
functional derivative thereof) in a prokaryotic cell, it is 
necessary to operably link the 6b-modi?ed VEGF nucleic 
acid sequence to a functional prokaryotic promoter. Such 
promoters may be either constitutive or, more preferably, 
regulatable (i.e., inducible or repressible). Examples of 
constitutive promoters include the int promoter of bacte 
riophage k, the bla promoter of the [3-lactamase gene 
sequence of pBR322, and the CAT promoter of the chloram 
phenicol acetyl transferase gene sequence of pPR325, and 
the like. Examples of inducible prokaryotic promoters 
include the major right and left promoters of bacteriophage 
)L (PL and PR), the trp, recA, lacZ, lacI, and gal promoters of 
E. coli, the ot-amylase (Ulmanen et al., J. Bacteriol. 
162:176-182(1985)) and the _-28-speci?c promoters of B. 
subtilis (Gilman et at., Gene sequence 32:11-20(1984)), the 
promoters of the bacteriophages of Bacillus (GrycZan, In: 
The Molecular Biology of the Bacilli, Academic Press, Inc., 
NY (I 982)), and Streptomyces promoters (Ward et at., Mol. 
Gen. Genet. 203:468-478(1986)). Prokaryotic promoters are 
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reviewed by Glick (J. Ind. Microbiot. 1:277-282(1987)); 
Cenatiempo (Biochimie 68:505-516(1986)); and Gottesman 
(Ann. Rev. Genet. 18:415-442 (1984)). 

[0086] Proper expression in a prokaryotic cell also 
requires the presence of a ribosome binding site upstream of 
the gene sequence-encoding sequence. Such ribosome bind 
ing sites are disclosed, for example, by Gold et at. (Ann. Rev. 
Microbiol. 35:365-404(1981)). The ribosome binding site 
and other sequences required for translation initiation are 
operably linked to the nucleic acid molecule coding for 
VEGF-A145 by, for example, in frame ligation of synthetic 
oligonucleotides that contain such control sequences. For 
expression in prokaryotic cells, no signal peptide sequence 
is required. The selection of control sequences, expression 
vectors, transformation methods, and the like, are dependent 
on the type of host cell used to express the gene. 

[0087] As used herein, “cell”, “cell line”, and “cell cul 
ture” may be used interchangeably and all such designations 
include progeny. Thus, the Words “transformants” or “trans 
formed cells” include the primary subject cell and cultures 
derived therefrom, Without regard to the number of transfers. 
For example, VEGF-A138 expressed in prokaryotic cells is 
expected to comprise a mixture of properly initiated VEGF 
A138 protein peptides With the N-terminal sequence pre 
dicted from the sequence of the expression vector, and 
VEGF-A138 protein peptides that have an N-terminal 
methionine resulting from inef?cient cleaving of the initia 
tion methionine during bacterial expression. Both types of 
VEGF-A138 peptides are considered to be Within the scope of 
the present invention as the presence of an N-terminal 
methionine is not expected to affect biological activity. It is 
also understood that all progeny may not be precisely 
identical in DNA content, due to deliberate or inadvertent 
mutations. HoWever, as de?ned, mutant progeny have the 
same functionality as that of the originally transformed cell. 

[0088] Preferred prokaryotic vectors include plasmids 
such as those capable of replication in E. coli (such as, for 
example, pBR322, ColEl, pSC101, pACYC 184, J'IZVX. 
Such plasmids are, for example, disclosed by Sambrook (cf. 
“Molecular Cloning: A Laboratory Manual”, second edi 
tion, edited by Sambrook, Fritsch, & Maniatis, Cold Spring 
Harbor Laboratory, (1989)). Bacillus plasmids include 
pC194, pC221, pT127, and the like. Such plasmids are 
disclosed by GrycZan (In: The Molecular Biology of the 
Bacilli, Academic Press, NY (1982), pp. 307-329). Suitable 
Streptomyces plasmids include plJ101 (Kendall et al., J. 
Bacteriol. 169:4177-4183 (1987)), and streptomyces bacte 
riophages such as CI>C31 (Chater et al., In: Sixth Interna 
tional Symposium on Actinomycetales Biology, Akademiai 
Kaido, Budapest, Hungary (1986), pp. 4554). Pseudomonas 
plasmids are revieWed by John et al. (Rev. Infect. Dis. 
8:693-704(1986)), and IZaki (Jpn. J. Bacteriol. 33:729 
742(1978)). 
[0089] Eukaryotic host cells that may be used in the 
expression systems of the present invention are not strictly 
limited, provided that they are suitable for use in the 
expression of the 6b-modi?ed VEGF proteins of the inven 
tion. Preferred eukaryotic hosts include, for example, yeast, 
fungi, insect cells, mammalian cells either in vivo, or in 
tissue culture. Mammalian cells Which may be useful as 
hosts include HeLa cells, cells of ?broblast origin such as 
Vero or CHO-Kl, or cells of lymphoid origin and their 
derivatives. 
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[0090] The 6b-modi?ed VEGF proteins of the present 
invention may also be expressed in human cells such as 
human embryo kidney 293EBNA cells, Which express 
Epstein-Barr virus nuclear antigen 1, as described, for 
example, in Olofsson, B. et al., Proc. Natl. Acad. Sci. USA 
93:2576-2581 (1996). The cells are transfected With the 
expression vectors by using, for example, a calcium phos 
phate precipitation or lipofection method, and the cells are 
then incubated for at least 48 hours. The VEGF peptides may 
then be puri?ed from the supernatant as described in 
Example II. 

[0091] In addition, plant cells are also available as hosts, 
and control sequences compatible With plant cells are avail 
able, such as the cauli?oWer mosaic virus 35S and 19S, and 
nopaline synthase promoter and polyadenylation signal 
sequences. Another preferred host is an insect cell, for 
example the Drosophila larvae. Using insect cells as hosts, 
the Drosophila alcohol dehydrogenase promoter can be 
used. Rubin, Science 240:1453-1459(1988). 

[0092] Any of a series of yeast gene sequence expression 
systems can be utiliZed Which incorporate promoter and 
termination elements from the actively expressed gene 
sequences coding for glycolytic enZymes are produced in 
large quantities When yeast are groWn in mediums rich in 
glucose. KnoWn glycolytic gene sequences can also provide 
very efficient transcriptional control signals. Yeast provides 
substantial advantages in that it can also carry out post 
translational peptide modi?cations. A number of recombi 
nant DNA strategies exist Which utiliZe strong promoter 
sequences and high copy number of plasmids Which can be 
utiliZed for production of the desired proteins in yeast. Yeast 
recogniZes leader sequences on cloned mammalian gene 
sequence products and secretes peptides bearing leader 
sequences (i.e., prepeptides). For a mammalian host, several 
possible vector systems are available for the expression of 
the 6b-modi?ed VEGF peptides and of the invention. 

[0093] A Wide variety of transcriptional and translational 
regulatory sequences may be employed, depending upon the 
nature of the host. The transcriptional and translational 
regulatory signals may be derived from viral sources, such 
as adenovirus, bovine papilloma virus, cytomegalovirus, 
simian virus, or the like, Where the regulatory signals are 
associated With a particular gene sequence Which has a high 
level of expression. Alternatively, promoters from mamma 
lian expression products, such as actin, collagen, myosin, 
and the like, may be employed. Transcriptional initiation 
regulatory signals may be selected Which alloW for repres 
sion or activation, so that expression of the gene sequences 
can be modulated. Of interest are regulatory signals Which 
are temperature-sensitive so that by varying the temperature, 
expression can be repressed or initiated, or are subject to 
chemical (such as metabolite) regulation. 

[0094] Expression of the 6b-modi?ed VEGF protein of the 
invention in eukaryotic hosts requires the use of eukaryotic 
regulatory regions. Such regions Will, in general, include a 
promoter region sufficient to direct the initiation of RNA 
synthesis. Preferred eukaryotic promoters include, for 
example, the promoter of the mouse metallothionein I gene 
sequence (Hamer et al., J. Mol. Appl. Gen. 1:273 
288(1982)); the TK promoter of Herpes virus (McKnight, 
Cell 31:355-365 (1982)); the SV40 early promoter (Benoist 
et al., Nature (London) 290:304-310(1981)); the yeast gal4 
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gene sequence promoter (Johnston et al., Proc. Natl. Acad. 
Sci. (USA) 79:6971-6975(1982); Silver et al., Proc. Natl. 
Acad. Sci. (USA) 81:5951-5955 (1984)). 

[0095] Translation of eukaryotic mRNA is initiated at the 
codon Which encodes the ?rst methionine. For this reason, it 
is preferable to ensure that the linkage betWeen a eukaryotic 
promoter and a DNA sequence that encodes a VEGF-A138, 
VEGF-A162, VEGF-A182, or other 6b-modi?ed VEGF pro 
tein, a functional derivative thereof, does not contain any 
intervening codons Which are capable of encoding a 
methionine (i.e., AUG). The presence of such codons results 
either in a formation of a fusion protein (if the AUG codon 
is in the same reading frame as, for example, the VEGF-A138 
protein coding sequence) or a frame-shift mutation (if the 
AUG codon is not in the same reading frame as, for 
example, the VEGF-A138 protein coding sequence). 
[0096] A 6b-modi?ed VEGF nucleic acid molecule and an 
operably linked promoter may be introduced into a recipient 
prokaryotic or eukaryotic cell either as a nonreplicating 
DNA (or RNA) molecule, Which may either be a linear 
molecule or, more preferably, a closed covalent circular 
molecule. Because such molecules are incapable of autono 
mous replication, the expression of the gene may occur 
through the transient expression of the introduced sequence. 
Alternatively, permanent expression may occur through the 
integration of the introduced DNA sequence into the host 
chromosome. 

[0097] A vector may be employed that is capable of 
integrating the desired gene sequences into the host cell 
chromosome. Cells that have stably integrated the intro 
duced DNA into their chromosomes can be selected by also 
introducing one or more markers that alloW for selection of 
host cells Which contain the expression vector. The marker 
may provide for prototrophy to an auxotrophic host, biocide 
resistance, e.g., antibiotics, or heavy metals, such as copper, 
or the like. The selectable marker gene sequence can either 
be directly linked to the DNA gene sequences to be 
expressed, or introduced into the same cell by co-transfec 
tion. Additional elements may also be needed for optimal 
synthesis of single chain binding protein mRNA. These 
elements may include splice signals, as Well as transcription 
promoters, enhancers, and termination signals. cDNA 
expression vectors incorporating such elements include 
those described by Okayama, Molec. Cell. Biol. 
3:280(1983). 
[0098] The introduced nucleic acid molecule can be incor 
porated into a plasmid or viral vector capable of autonomous 
replication in the recipient host. Any of a Wide variety of 
vectors may be employed for this purpose. Factors of 
importance in selecting a particular plasmid or viral vector 
include: the ease With Which recipient cells that contain the 
vector may be recogniZed and selected from those recipient 
cells Which do not contain the vector; the number of copies 
of the vector Which are desired in a particular host and 
Whether it is desirable to be able to “shuttle” the vector 
betWeen host cells of different species. 

[0099] Preferred eukaryotic plasmids include, for 
example, BPV, vaccinia, SV40, 2-micron circle, and the like, 
or their derivatives. Such plasmids are Well knoWn in the art 

(Botstein et al., Miami Wntr Symp. 19:265-274(1982); 
Broach, In: “The Molecular Biology of the Yeast Saccha 
romryces: Life Cycle and Inheritance”, Cold Spring Harbor 
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Laboratory, Cold Spring Harbor, NY, p. 445-470 (1981); 
Broach, Cell 28:203-204 (1982); Bollon et al., J. Clin. 
Hematol. Oncol. 10:39-48 (1980); Maniatis, In: Cell Biol 
ogy: A Comprehensive Treatise, Vol. 3, Gene Sequence 
Expression, Academic Press, NY, pp. 563-608(1980). 

[0100] A“vector” (sometimes referred to as gene delivery 
or gene transfer “vehicle”) refers to a macromolecule or 
complex of molecules comprising a polynucleotide to be 
delivered to a host cell, either in vitro or in vivo. The 
polynucleotide to be delivered may comprise a coding 
sequence of interest in gene therapy. Vectors include, for 
example, viral vectors (such as adenoviruses (‘Ad’), adeno 
associated viruses (AAV), and retroviruses), liposomes and 
other lipid-containing complexes, and other macromolecular 
complexes capable of mediating delivery of a polynucle 
otide to a host cell. Vectors can also comprise other com 
ponents or functionalities that further modulate gene deliv 
ery and/or gene expression, or that otherWise provide 
bene?cial properties to the targeted cells. As described and 
illustrated in more detail beloW, such other components 
include, for example, components that in?uence binding or 
targeting to cells (including components that mediate cell 
type or tissue-speci?c binding); components that in?uence 
uptake of the vector nucleic acid by the cell; components 
that in?uence localiZation of the polynucleotide Within the 
cell after uptake (such as agents mediating nuclear localiZa 
tion); and components that in?uence expression of the 
polynucleotide. Such components also might include mark 
ers, such as detectable and/or selectable markers that can be 
used to detect or select for cells that have taken up and are 
expressing the nucleic acid delivered by the vector. Such 
components can be provided as a natural feature of the 
vector (such as the use of certain viral vectors Which have 
components or functionalities mediating binding and 
uptake), or vectors can be modi?ed to provide such func 
tionalities. A large variety of such vectors are knoWn in the 
art and are generally available (see, e.g., the various refer 
ences cited herein). 

[0101] In preferred methods of enhancing cardiac function 
according to one of the preceding embodiments, the vector 
is a viral vector or a lipid-based vector, preferably a viral 
vector. The vector can be a targeted vector, especially a 
targeted vector that preferentially binds to ventricular myo 
cytes. Presently preferred viral vectors are derived from 
adenovirus (Ad) or adeno-associated virus Both 
human and non-human viral vectors can be used but pref 
erably the recombinant viral vector is replication-defective 
in humans. Where the vector is an adenovirus, it preferably 
comprises a polynucleotide having a promoter operably 
linked to a gene encoding an angiogenic protein or peptide, 
and is replication-defective in humans. 

[0102] Presently preferred replication-defective adenovi 
ral vectors have deletions that remove the E1A and B1B 
genes, or have deletions that remove the E1A, B1B and E4 
genes. 

[0103] Preferably about 1010 to 1014 adenovirus vector 
particles, more preferably about 1011 to 1013 vector particles, 
most preferably about 1012 vector particles, are introduced 
into a blood vessel, preferably a blood vessel supplying the 
myocardium. 

[0104] For AAV vectors, the vector preferably comprises 
a polynucleotide having a promoter operably linked to a 
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gene encoding an angiogenic protein or peptide, and pref 
erably, the gene encoding the angiogenic protein or peptide 
is ?anked by AAV inverted terminal repeats (ITRs). Prefer 
ably, the AAV vector is replication-defective in humans. 
Presently preferred replication-defective AAV vectors have 
deletions affecting one or more AAV replication or encapsi 
dation sequences. Alternatively, the vector can be a lipid 
based vector comprising a gene encoding an angiogenic 
protein or peptide as described herein. 

[0105] Once the vector or nucleic acid molecule contain 
ing the construct(s) has been prepared for expression, the 
DNA construct(s) may be introduced into an appropriate 
host cell by any of a variety of suitable means, i.e., trans 
formation, transfection, conjugation, protoplast fusion, elec 
troporation, particle gun technology, lipofection, calcium 
phosphate precipitation, direct microinjection, DEAE-dext 
ran transfection, and the like. The most effective method for 
transfection of eukaryotic cell lines With plasmid DNA 
varies With the given cell type. After the introduction of the 
vector, recipient cells are groWn in a selective medium, 
Which selects for the groWth of vector-containing cells. 
Expression of the cloned gene molecule(s) results in the 
production of a 6b-modi?ed VEGF. This can take place in 
the transformed cells as such, or folloWing the induction of 
these cells to differentiate (for example, by administration of 
bromodeoxyuracil to neuroblastoma cells or the like). A 
variety of incubation conditions can be used to form the 
peptide of the present invention. The most preferred condi 
tions are those Which mimic physiological conditions. 

[0106] Production of the stable transfectants, may be 
accomplished by, for example, by transfection of an appro 
priate cell line With a eukaryotic expression vector, such as 
pCEP4, in Which the coding sequence for the 6b-modi?ed 
VEGF protein has been cloned into the multiple cloning site. 
These expression vectors contain a promoter region, such as 
the human cytomegalovirus promoter (CMV), that drive 
high-level transcription of desired DNA molecules in a 
variety of mammalian cells. In addition, these vectors con 
tain genes for the selection of cells that stably express the 
DNA molecule of interest. The selectable marker in the 
pCEP4 vector encodes an enZyme that confers resistance to 
hygromycin, a metabolic inhibitor that is added to the 
culture to kill the nontransfected cells. 

[0107] Cells that have stably incorporated the transfected 
DNA may be identi?ed by their resistance to selection 
media, as described above, and clonal cell lines Will be 
produced by expansion of resistant colonies. The expression 
of a 6b-modi?ed VEGF protein by these cell lines may be 
assessed by methods knoWn in the art, for example, by 
RNAse protection assay, Northern blot, or Western blot 
analysis. 
[0108] Pharmaceutical Compositions and Therapeutic 
Uses 

[0109] One object of this invention is to provide VEGF 
A138, VEGF-A162, VEGF-A182, or other 6b-modi?ed VEGF 
protein in a pharmaceutical composition suitable for thera 
peutic use. Thus, in one aspect the invention provides a 
method for stimulating vascular cell proliferation in a patient 
by administering a therapeutically effective amount of phar 
maceutical composition comprising VEGF-A138, VEGF 
A162, VEGF-A182, or other 6b-modi?ed VEGF protein. 
[0110] By “therapeutically effective amount” is meant an 
amount of a compound that produces the desired therapeutic 
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effect in a patient. For example, in reference to a disease or 
disorder, it is the amount Which reduces to some extent one 
or more symptoms of the disease or disorder, and returns to 
normal, either partially or completely, physiological or bio 
chemical parameters associated or causative of the disease 
or disorder. When used to therapeutically treat a patient it is 
an amount expected to be betWeen 0.1 mg/kg of protein to 
100 mg/kg, preferably less than 50 mg/kg, more preferably 
less than 10 mg/kg, more preferably less than 1 mg/kg. The 
amount of compound depends on the age, siZe, and disease 
associated With the patient and can be determined by stan 
dard procedure. Thus, for gene therapy, a therapeutically 
effective amount Would be an amount sufficient to direct the 
expression and secretion of such an amount of protein in a 
patient. 

[0111] The optimal formulation and mode of administra 
tion of compounds of the present application to a patient 
depend on factors knoWn in the art such as the particular 
disease or disorder, the desired effect, and the type of patient. 
While the compounds Will typically be used to treat human 
patients, they may also be used to treat similar or identical 
diseases in other mammals such as other primates, farm 
animals such as sWine, cattle and poultry, and sports animals 
and pets such as horses, dogs and cats. 

[0112] Preferably, the therapeutically effective amount is 
provided as a pharmaceutical composition. Apharmacologi 
cal agent or composition refers to an agent or composition 
in a form suitable for administration into a multicellular 
organism such as a human. Suitable forms, in part, depend 
upon the use or the route of entry, for example oral, 
transdermal, or by injection. Such forms should alloW the 
agent or composition to reach a target cell Whether the target 
cell is present in a multicellular host or in culture. For 
example, pharmacological agents or compositions injected 
into the blood stream should be soluble. Other factors are 
knoWn in the art, and include considerations such as toxicity 
and forms Which prevent the agent or composition from 
exerting its effect. 

[0113] The claimed compositions can also be formulated 
as pharmaceutically acceptable salts (e.g., acid addition 
salts) and/or complexes thereof. Pharmaceutically accept 
able salts are non-toxic salts at the concentration at Which 
they are administered. The preparation of such salts can 
facilitate the pharmacological use by altering the physical 
chemical characteristics of the composition Without prevent 
ing the composition from exerting its physiological effect. 
Examples of useful alterations in physical properties include 
loWering the melting point to facilitate transmucosal admin 
istration and increasing the solubility to facilitate the admin 
istration of higher concentrations of the drug. 

[0114] Pharmaceutically acceptable salts include acid 
addition salts such as those containing sulfate, hydrochlo 
ride, phosphate, sulfonate, sulfamate, sulfate, acetate, cit 
rate, lactate, tartrate, methanesulfonate, ethanesulfonate, 
benZenesulfonate, p-toluenesulfonate, cyclohexylsulfonate, 
cyclohexylsulfamate and quinate. Pharmaceutically accept 
able salts can be obtained from acids such as hydrochloric 
acid, sulfuric acid, phosphoric acid, sulfonic acid, sulfamic 
acid, acetic acid, citric acid, lactic acid, tartaric acid, malonic 
acid, methanesulfonic acid, ethanesulfonic acid, benZene 
sulfonic acid, p-toluenesulfonic acid, cyclcohexylsulfonic 
acid, cyclohexylsulfamic acid, and quinic acid. Such salts 
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may be prepared by, for example, reacting the free acid or 
base forms of the product With one or more equivalents of 
the appropriate base or acid in a solvent or medium in Which 
the salt is insoluble, or in a solvent Such as Water Which is 
then removed in vacuo or by freeZe-drying or by exchanging 
the ions of an existing salt for another ion on a suitable ion 
exchange resin. 

[0115] Carriers or excipients can also be used to facilitate 
administration of the compound. Examples of carriers and 
excipients include calcium carbonate, calcium phosphate, 
various sugars such as lactose, glucose, or sucrose, or types 
of starch, cellulose derivatives, gelatin, vegetable oils, poly 
ethylene glycols and physiologically compatible solvents. 
The compositions or pharmaceutical composition can be 
administered by different routes including intravenously, 
intraperitoneal, subcutaneous, and intramuscular, orally, 
topically, or transmucosally. 

[0116] The desired isotonicity may be accomplished using 
sodium chloride or other pharmaceutically acceptable agents 
such as dextrose, boric acid, sodium tartrate, propylene 
glycol, polyols (such as mannitol and sorbitol), or the 
inorganic or organic solutes. Sodium chloride is preferred 
particularly for buffers containing sodium ions. 

[0117] The compounds of the invention can be formulated 
for a variety of modes of administration, including systemic 
and topical or localiZed administration. Techniques and 
formulations generally may be found in Remington ’s Phar 
maceutical Sciences, 18th Edition, Mack Publishing Co., 
Easton, Pa., 1990. See, also, Wang, Y. J. and Hanson, M. A. 
“Parenteral Formulations of Proteins and Peptides." Stabil 
ity and Stabilizers”, Journal of Parenteral Science and 
Technology, Technical Report No. 10, Supp. 42:2S (I 988). 
A suitable administration format may best be determined by 
a medical practitioner for each patient individually. 

[0118] For systemic administration, injection is preferred, 
e.g., intraperitoneal, subcutaneous, intrathecal, or intracere 
broventricular. For injection, the compounds of the inven 
tion are formulated in liquid solutions, preferably in physi 
ologically compatible buffers such as Hank’s solution or 
Ringer’s solution. Alternatively, the compounds of the 
invention are formulated in one or more excipients (e.g., 
propylene glycol) that are generally accepted as safe as 
de?ned by USP standards. They can, for example, be sus 
pended in an inert oil, suitably a vegetable oil such as 
sesame, peanut, olive oil, or other acceptable carrier. Pref 
erably, they are suspended in an aqueous carrier, for 
example, in an isotonic buffer solution at a pH of about 5.6 
to 7.4. These compositions may be steriliZed by conven 
tional steriliZation techniques, or may be sterile ?ltered. The 
compositions may contain pharmaceutically acceptable aux 
iliary substances as required to approximate physiological 
conditions, such as pH buffering agents. Useful buffers 
include for example, Goodman acetate/acetic acid buffers. A 
form of repository or “depot” sloW release preparation may 
be used so that therapeutically effective amounts of the 
preparation are delivered into the bloodstream over many 
hours or days folloWing transdermal injection or delivery. In 
addition, the compounds may be formulated in solid form 
and redissolved or suspended immediately prior to use. 
LyophiliZed forms are also included. An in?atable balloon 
catheter With VEGF-Al45 protein coating the balloon may 
also be employed to deliver the substance to a targeted 
artery. 

Jul. 31, 2003 

[0119] Alternatively, the compounds may be administered 
orally. For oral administration, the compounds are formu 
lated into conventional oral dosage forms such as capsules, 
tablets and tonics. 

[0120] Systemic administration can also be by transmu 
cosal or transdermal means, or the molecules can be admin 
istered orally. For transmucosal or transdermal administra 
tion, penetrants appropriate to the barrier to be permeated 
are used in the formulation. Such penetrants are generally 
knoWn in the art, and include, for example, for transmucosal 
administration, bile salts and fusidic acid derivatives. In 
addition, detergents may be used to facilitate permeation. 
Transmucosal administration may be, for example, through 
nasal sprays or using suppositories. For oral administration, 
the molecules are formulated into conventional oral admin 
istration dosage forms such as capsules, tablets, and liquid 
preparations. 

[0121] For topical administration, the compounds of the 
invention are formulated into ointments, salves, gels, or 
creams, as is generally knoWn in the art. 

[0122] If desired, solutions of the above compositions may 
be thickened With a thickening agent such as methyl cellu 
lose. They may be prepared in emulsi?ed form, either Water 
in oil or oil in Water. Any of a Wide variety of pharmaceu 
tically acceptable emulsifying agents may be employed 
including, for example, acacia poWder, a non-ionic surfac 
tant (such as a TWeen), or an ionic surfactant (such as alkali 
polyether alcohol sulfates or sulfonates, e.g., a Triton). 

[0123] Compositions useful in the invention are prepared 
by mixing the ingredients folloWing generally accepted 
procedures. For example, the selected components may be 
simply mixed in a blender or other standard device to 
produce a concentrated mixture Which may then be adjusted 
to the ?nal concentration and viscosity by the addition of 
Water or thickening agent and possibly a buffer to control pH 
or an additional solute to control tonicity. 

[0124] The amounts of various compounds of this inven 
tion to be administered can be determined by standard 
procedures. 
[0125] For use by the physician, the compositions Will be 
provided in dosage unit form containing an amount of 
VEGF-A138, VEGF-A162, VEGF-A182, or other 6b-modi?ed 
VEGF protein. 

[0126] Gene Therapy 

[0127] Nucleic acids coding for VEGF-A138, VEGF-A162, 
VEGF-A182, or other 6b-modi?ed VEGF proteins Will also 
be useful in gene therapy (revieWed in Miller, Nature 
357:455-460 (1992)). Miller states that advances have 
resulted in practical approaches to human gene therapy that 
have demonstrated positive initial results. The basic science 
of gene therapy is described in Mulligan, Science 2601926 
931 (1993). One example of gene therapy is presented in 
Example IV, Which describes the use of adenovirus-medi 
ated gene therapy. 

[0128] As another example, an expression vector contain 
ing the VEGF-A138, VEGF-A162, VEGF-A182, or other 
6b-modi?ed VEGF protein coding sequence may be inserted 
into cells, the cells are groWn in vitro and then infused in 
large numbers into patients. In another example, a DNA 
segment containing a promoter of choice (for example a 
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strong promoter) is transferred into cells containing an 
endogenous VEGF-A138, VEGF-A162, VEGF-A182, or other 
6b-modi?ed VEGF protein, should such endogenous forms 
exist, in such a manner that the promoter segment enhances 
expression of the endogenous VEGF gene (for example, the 
promoter segment is transferred to the cell such that it 
becomes directly linked to the endogenous VEGF gene. 

[0129] The gene therapy may involve the use of an aden 
ovirus or other vector including a nucleotide sequence 

coding for VEGF-A138, VEGF-A162, VEGF-A182, or other 
6b-modi?ed VEGF protein, or a naked nucleic acid mol 
ecule coding for these proteins. Alternatively, engineered 
cells containing a nucleic acid molecule coding for these 
modi?ed proteins may be injected. Example IV illustrates 
the method of gene therapy using an adenovirus vector to 
provide angiogenesis therapy. 
[0130] Expression vectors derived from viruses such as 
retroviruses, vaccinia virus, adenovirus, adeno-associated 
virus, herpes viruses, several RNA viruses, or bovine pap 
illoma virus, may be used for delivery of nucleotide 
sequences (e.g., cDNA) encoding recombinant VEGF-A138, 
VEGF-A162, VEGF-A182, or other 6b-modi?ed VEGF pro 
tein into the targeted cell population. Methods Which are 
Well knoWn to those skilled in the art can be used to 
construct recombinant viral vectors containing coding 
sequences. See, for example, Nabel, E. G., Circulation, 91, 
541-548 (1995), the techniques described in Maniatis et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, NY. (1989), and in Ausubel et al., 
Current Protocols in Molecular Biology, Greene Publishing 
Associates and Wiley Interscience, NY. (1989). Alterna 
tively, recombinant nucleic acid molecules encoding protein 
sequences can be used as naked DNA or in reconstituted 
system e.g., liposomes or other lipid systems for delivery to 
target cells (See e.g., Felgner et al., Nature 337:397-8, 
1989). Several other methods for the direct transfer of 
plasmid DNA into cells exist for use in human gene therapy 
and involve targeting the DNA to receptors on cells by 
complexing the plasmid DNA to proteins. See, Miller, 
Nature 357:455-60, 1992. 

[0131] In its simplest form, gene transfer can be performed 
by simply injecting minute amounts of DNA into the nucleus 
of a cell, through a process of microinjection. Capecchi, M. 
R., Cell 22:479-88 (1980). Once recombinant genes are 
introduced into a cell, they can be recogniZed by the cells’ 
normal mechanisms for transcription and translation, and a 
gene product Will be expressed. Other methods have also 
been attempted for introducing DNA into larger numbers of 
cells. These methods include: transfection, Wherein DNA is 
precipitated With CaPO4 and taken into cells by pinocytosis 
(Chen, C. and Okayama, H., Mol. Cell Biol. 7:2745-52 
(1987)); electroporation, Wherein cells are exposed to large 
voltage pulses to introduce holes into the membrane (Chu, 
G. et al., Nucleic Acids Res., 15:1311-26 (1987)); lipofec 
tion/liposome fusion, Wherein DNA is packaged into lipo 
philic vesicles Which fuse With a target cell (Felgner, P. L., 
et al., Proc. Natl. Acad. Sci. USA. 84:7413-7 (1987)); and 
particle bombardment using DNA bound to small projectiles 
(Yang, N. S., et al.,Proc. Natl. Acid Sci. 87:9568-72 (1990)). 
Another method for introducing DNA into cells is to couple 
the DNA to chemically modi?ed proteins. 

[0132] It has also been shoWn that adenovirus proteins are 
capable of destabiliZing endosomes and enhancing the 
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uptake of DNA into cells. The admixture of adenovirus to 
solutions containing DNA complexes, or the binding of 
DNA to polylysine covalently attached to adenovirus using 
protein crosslinking agents substantially improves the 
uptake and expression of the recombinant gene. Curiel, D. 
T., et al., Am. J. Respir Cell. Mol. Biol. 61247-52 (1992). 

[0133] A balloon catheter, such as those used in angio 
plasty may be employed Wherein the balloon is coated With 
VEGF-A138, VEGF-A162, VEGF-A182, or other 6b-modi?ed 
protein, DNA coding for such protein, or vectors as 
described in Riessen, R., Human Gene Therapy, 4, 749-758 
(1993) incorporated herein by reference. 

[0134] As used herein “gene transfer” means the process 
of introducing a foreign nucleic acid molecule into a cell. 
Gene transfer is commonly performed to enable the expres 
sion of a particular product encoded by the gene. The 
product may include a protein, polypeptide, antisense DNA 
or RNA, or enZymatically active RNA. Gene transfer can be 
performed in cultured cells or by direct administration into 
animals. Generally gene transfer involves the process of 
nucleic acid molecule contact With a target cell by non 
speci?c or receptor mediated interactions, uptake of nucleic 
acid molecule into the cell through the membrane or by 
endocytosis, and release of nucleic acid molecule into the 
cytoplasm from the plasma membrane or endosome. Expres 
sion may require, in addition, movement of the nucleic acid 
molecule into the nucleus of the cell and binding to appro 
priate nuclear factors for transcription. 

[0135] As used herein “gene therapy” is a form of gene 
transfer and is included Within the de?nition of gene transfer 
as used herein and speci?cally refers to gene transfer to 
express a therapeutic product from a cell in vivo or in vitro. 
Gene transfer can be performed ex vivo on cells Which are 
then transplanted into a patient, or can be performed by 
direct administration of the nucleic acid molecule or nucleic 
acid-protein complex into the patient. 

[0136] In another preferred embodiment, a vector having 
nucleic acid molecule sequences encoding VEGF-A138, 
VEGF-A162, VEGF-A182, or other 6b-modi?ed VEGF pro 
tein is provided in Which the nucleic acid molecule sequence 
is expressed only in a speci?c tissue. Methods of achieving 
tissue-speci?c gene expression as set forth in International 
Publication No. WO 93/09236, ?led Nov. 3, 1992 and 
published May 13, 1993. 

[0137] In all of the preceding vectors set forth above, a 
further aspect of the invention is that the nucleic acid 
sequence contained in the vector may include additions, 
deletions or modi?cations to some or all of the sequence of 
the nucleic acid, as de?ned above. 

[0138] In another preferred embodiment, a method of gene 
replacement is set forth. “Gene replacement” as used herein 
means supplying a nucleic acid molecule sequence Which is 
capable of being expressed in vivo in an animal and thereby 
providing or augmenting the function of an endogenous 
gene Which is missing or defective in the animal. 

[0139] Vectors for Gene Delivery In Vivo 

[0140] In general, the gene of interest is transferred to the 
target organ, preferably the heart, including cardiac myo 
cytes, or skeletal muscle, including skeletal myocytes in 
vivo and directs production of the encoded protein. Such 




































