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(57) ABSTRACT 

A human VEGF-related protein (VRP) has been identi?ed 
and isolated that binds to, and stimulates the phosphoryla 
tion of, the receptor tyrosine kinase Flt4. The VRP is 
postulated to be a third member of the VEGF protein family. 
Also provided are antibodies that bind to VRP and neutralize 
a biological activity of VRP, compositions containing the 
VRP or antibody, methods of use, chimeric polypeptides, 
and a signal polypeptide for VRP. 
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601 ATTGGAAAAT GTACAAGTGT CAGCTAAGGA AAGGAGGCTG GCAACATAAC AGAGAACAGG 

TAACCTT'I'TA CATGTTCACA GTCGATTCCT 'I‘TCCTCCGAC CGTTGTATTG TCTCTTGTCC 

SBWKMYKCQLRKGGWQHNREQA 

661 CCAACCTCAA CTCAAGGACA GAAGAGACTA TAAAATTTGC TGCAGCACAT TATAATACAG 

GGTTGGAGTT GAGTTCCTGT CTTCTCTGAT ATTTTAAACG ACGTCGTGTA ATATTATGTC 

'IBNLNSRTEETIKFAAAHYNTE 

sphI\ 
721 AGATCTTGAA AAGTATTGAT AATGAGTGGA GAAAGACTCA ATGCATGCCA CGGGAGGTGT 

TC'I‘AGAACTT TTCATAACTA 'I‘TACTCACCT CTTTC'I‘GAGT TACGTACGGT GCCCTCCACA 

98 ILKSIDNEWRKTQCMPREVC 

781 GTATAGATGT GGGGAAGGAG TTTGGAGTCG CGACAAACAC CTTCTTTAAA CCTCCATGTG 

CATATCTACA CCCCTTCCTC AAACCTCAGC GCTGTTTGTG GAAGAAATTT GGAGGTACAC 

IIBIDVGKEFGVATNTFFKPPCV 

accI 

841~ TGTCCGTCTA CAGA'I'GTGGG GG'I‘TGCTGCA ATAGTGAGGG GCTGCAGTGC ATGAACACCA 

ACAGGCAGAT GTCTACACCC CCAACGACGT TATCACTC'CC CGACGTCACG TACTTGTGGT 

138S‘VYRCGGCCNSEGLQCMNTS 

901 GCACGAGCTA CCTCAGCAAG ACGTTATTTG AAATTACAGT GCCTCTCTCT CAAGGCCCCA 

CG‘I‘GCTCGAT GGAGTCGTTC TGCAATAAAC TTTAATGTCA CGGAGAGAGA GTTCCGGGGT 

158TSYLSKTLFEITVPLSQGPK 

961 AACCAGTAAC AATCAGTTTT GCCAATCACA CTTCCTGCCG ATGCATGTCT AAACTGGATG 

TTGGTCATTG TTAGTCAAAA CGGTTAGTGT GAAGGACGGC TACGTACAGA TTTGACCTAC 

17BPVTISF_ANHTSCRCMSKLDV 

1021 T'I'TACAGACA AGTTCATTCC ATTATTAGAC GTTCCCTGCC AGCAACACTA CCACAGTGTC 

AAATGTCTGT TCAAGTAAGG TAATAATCTG CAAGGGACGG TCGTTGTGAT GGTGTCACAG 

198YRQVHSIIRRSLPATLPQCQ 

1081 AGGCAGCGAA CAAGACCTGC CCCACCAA‘I‘T ACATGTGGAA TAATCACATC TGCAGATGCC 

TCCGTCGCTT GTTCTGGACG GGGTGGTTAA TGTACACCTT ATTAGTGTAG ACGTCTACGG 

ZIBAANKTCPTNYMWNNHICRCL 

FIG. 1B 
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sstI 

1741 AAAGTCTGTC TTTCCTGAAC CATGTGGATA ACTTTACAGA AATGGACTGG AGCTCATCTG 

TTTCAGACAG AAAGGACTTG GTACACCTAT TGAAATGTCT TTACCTGACC TCGAGTAGAC 

1801 CAAAAGGCCT CTTGTAAAGA CTGGTTTTCT GCCAATGACC AAACAGCCAA GATTTTCCTC 

G'I'TTTCCGGA GAACATTTCT GACCAAAAGA CGGTTACTGG TTTGTCGGTT CTAAAAGGAG 

1861 TTGTGATTTC TTTAAAAGAA TGACTATATA ATTTATTTCC ACTAAAAATA T'I‘GTTTCTGC 

AACACTAAAG AAATTTTCTT ACTGATATAT TAAATAAAGG TGATTTTTAT AACAAAGACG 

1921 ATTCATTT‘I'T ATAGCAACAA CAATTGGTAA AACTCACTGT GATCAATATT TTTATATCAT 

TAAGTAAAAA TATCGTTGTT GTTAACCATT TTGAGTGACA CTAG'I'TATAA AAATATAGTA 

1981 GCAAAATATG TTTAAAATAA AATGAAAATT GTATTAAAAA AAAAAAAAAA A 

CGT'I'TTATAC AAATTTTATT TTACTTTTAA CATAATTTTT TTTTTTTTTT T 

FIG. 1D' 



Patent Application Publication Sep. 4, 2003 Sheet 5 0f 10 US 2003/0166873 A1 

rse/lgG 

—— 

Cell Count 

1 10 100 
Relative Fluorescence 

FIG. 2 









Patent Application Publication Sep. 4, 2003 Sheet 9 0f 10 US 2003/0166873 A1 

0 1 

:35 B 5 258 

FIG. 5A 

1000 0.1 10 
Unlabeled F|t4l|gG (nM) 

FIG. 5B 



Patent Application Publication Sep. 4, 2003 Sheet 10 0f 10 US 2003/0166873 A1 

20000 —/P | | | l | | 

Cell Count 

I l I l l 

0 0.001 0.01 10 
Ligand (nM) 

FIG. 6 



US 2003/0166873 A1 

VEGF-RELATED PROTEIN 

PRIORITY OF INVENTION 

[0001] This application is a divisional of pending US. 
patent application Ser. No. 09/313,299, ?led on May 17, 
1999, Which is a divisional application of US. patent 
application Ser. No. 08/706,054, ?led on Aug. 30, 1996, now 
US. Pat. No. 6,451,764, Which claims the bene?t of US. 
Provisional Application Serial No. 60/003,491, ?led on Sep. 
8, 1995. All of these applications are hereby expressly 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention pertains generally to a recep 
tor protein tyrosine kinase (rPTK) ligand. More particularly, 
the invention relates to a novel ligand, designated VEGF 
related protein (VRP) or VH1, Which binds to, and stimu 
lates the phosphorylation of, the Flt4 tyrosine kinase recep 
tor (also knoWn as the Sal-S1 receptor) and the isolation and 
recombinant production of the same. 

[0004] 2. Description of Related Art 

[0005] The formation of neW blood vessels either from 
differentiating endothelial cells during embryonic develop 
ment (vasculogenesis) or from pre-existing vessels during 
adult life (angiogenesis) is an essential feature of organ 
development, reproduction, and Wound healing in higher 
organisms. Folkman and Shing, J. Biol. Chem, 267: 10931 
10934 (1992); Reynolds et al., FASEB J., 6: 886-892 (1992); 
Risau et al., Development, 102: 471-478 (1988). Angiogen 
esis is also necessary for certain pathological processes 
including tumorigenesis (Folkman, Nature Medicine, 1: 
27-31 [1995]) and retinopathy. Miller et al.,Am. J. Pathol., 
145: 574-584 (1994). While several groWth factors can 
stimulate angiogenesis (Klagsbrun and D’Amore,Ann. Rev. 
Physiol, 53: 217-239 [1991]; Folkman and Klagsbrun, Sci 
ence, 235: 442-447 [1987]), vascular endothelial groWth 
factor (VEGF) (Ferrara et al., Ena'o. Rev., 13: 18-32 [1992]) 
is a potent angiogenic factor that acts via the endothelial 
cell-speci?c receptor tyrosine kinases fms-like tyrosine 
kinase (Fltl) (Shibuya et al., Oncogene, 5: 519-524 [1990]; 
deVries et al., Science,255: 989-991 [1992]) and fetal liver 
kinase (Flkl) (also designated KDR). Quinn et al., Proc. 
Natl. Acad. Sci. USA, 90: 7533-7537 (1993); Millaueret al., 
Cell, 72: 835-846 (1993); MattheWs et al., Proc. Natl. Acad. 
Sci. USA, 88: 9026-9030 (1991); Terman et al., Biochem. 
Biophys. Res. Commun., 187: 1579-1586 (1992); Terman et 
al., Oncogene 6: 1677-1683 (1991); Oelrichs et al., Onco 
gene, 8: 11-18 (1993). These tWo VEGF receptors and a 
third orphan receptor, Flt4 (Pajusolaet al., Cancer Res., 52: 
5738-5743 [1992]; Galland et al., Oncogene, 8: 1233-1240 
[1993]; Finnerty et al., Oncogene, 8: 2293-2298 [1993]) 
constitute a subfamily of class III receptor tyrosine kinases 
that contain seven extracellular immunoglobulin-like 
domains and a split intracellular tyrosine kinase domain. 
Mustonen and Alitalo, J. Cell. Biol., 129: 895-898 (1995). 
See also WO 94/10202 published May 11, 1994 and PCT/ 
US93/00586 ?led Jan. 22, 1993 (Avraham et al.). These 
three receptors have 31-36% amino acid identity in their 
extracellular ligand-binding domains. 

[0006] Mice de?cient in Flt1 (Fong et al., Nature, 376: 
66-70 [1995]) or Flkl (Shalaby et al., Nature, 376: 62-66 
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[1995]) (generated by gene targeting in embryonic stem 
cells) have severe defects in vasculogenesis and die in utero 
at embryonic day 8-9. The phenotype of the receptor 
de?cient mice differs considerably, hoWever. Mice lacking 
Flt1 have a disorganiZed vascular endothelium that extends 
to the major vessels as Well as to the microvasculature, While 
endothelial cell differentiation appears to be normal. Fong et 
al., supra. Mice lacking Flkl have a major defect in the 
development of mature endothelial cells as Well as a severe 
reduction in hematopoietic cell progenitors. Shalaby et al., 
supra. Thus, VEGF may act on endothelial cells at more than 
one stage of vasculogenesis. 

[0007] Flt4 is also speci?cally expressed in endothelial 
cells; it is ?rst observed in day 8.5 mouse embryos in 
endothelial cell precursors. Kaipainen et al., Proc. Natl. 
Acad. Sci. USA, 92: 3566-3570 (1995); Kaipainen et al., J. 
Exp. Med., 178: 2077-2088 (1993). See also Hatva et al.,Am 
J. Pathol., 146: 368-378 (1995). As development proceeds, 
Flt4 expression becomes con?ned to the venous and lym 
phatic endothelium and is ?nally restricted to the lymphatic 
vessels. Consistent With this ?nding, adult human tissues 
shoW Flt4 expression in lymphatic endothelia While there is 
a lack of expression in arteries, veins, and capillaries. 
Kaipainen et al., Proc. Natl. Acad. Sci. USA, supra. Clones 
encoding human and mouse F lt4 have been isolated either 
by PCR With primers from conserved tyrosine kinase 
regions (Finnerty et al., supra; PCT/US93/00586, supra; 
Aprelikova et al., Cancer Res., 52: 746-748 [1992]) or by 
loW-stringency hybridiZation With a Flk2 probe. Galland et 
al., Genomics, 13: 475-478 (1992). Alternative splicing of 
the Flt4 mRNA produces tWo variants of the protein differ 
ing by 65 amino acids at the C-terminus. Pajusola et al., 
Oncogene, 8: 2931-2937 (1993). These variants migrate as 
bands of 170-190 kDa that are partially cleaved proteolyti 
cally in the extracellular domain to produce a form of about 
125 kDa. Pajusola et al., Oncogene, 8, supra; Pajusola et al., 
Oncogene, 9: 3545-3555 (1994). Expression of the longer 
spliced form of Flt4 as a chimera With the extracellular 
domain of the CSF-l receptor shoWs that the Flt4 intracel 
lular domain can signal a ligand-dependent groWth response 
in rodent ?broblasts. Pajusola et al., Oncogene, 9, supra; 
Borg et al., Oncogene, 10: 973-984 (1995). Flt4 has been 
localiZed to human chromosome 5q34-q35 (Aprelikova et 
al., supra; Galland et al., Genomics, supra); Flt1 and Flkl 
are located at 13q12 (Imbertet al., Cytogenet. Cell Genet. 
67: 175-177 [1994]) and 4q12. Sait et al., Cytogenet. Cell 
Genet., 70: 145-146 (1995); SpritZ et al., Genomics, 22: 
431-436 (1994). 
[0008] VEGF is a homodimeric, cysteine-rich protein that 
can occur in at least four forms due to alternative splicing of 
its mRNA. Ferraraet al., supra. While VEGF is a high 
af?nity ligand for Flt1 and Flkl, it does not bind or activate 
Flt4. Pajusola et al., Oncogene, 9, supra. The only other 
closely related member of the VEGF family is placental 
groWth factor (PIGF), Which has 47% amino acid identity 
With VEGF. Maglione et al., Proc. Natl. Acad. Sci. USA, 88: 
9267-9271 (1991). PIGF also occurs in tWo alternatively 
spliced forms Which differ in the presence or absence of a 
basic heparin binding domain of 21 amino acids. Maglione 
et al., Oncogene, 8: 925-931 (1993); Hauser and Weich, 
Growth Factors, 9: 259-268 (1993). PIGF binds to Flt1 but 
not to Flkl (Park et al., J. Biol. Chem., 269: 25646-25654 
[1994]); it is believed that its binding to Flt4 has not been 
determined. PIGF fails to duplicate the capillary endothelial 
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cell mitogenesis or vascular permeability activities of 
VEGF, suggesting that these activities are mediated by the 
Flk1 receptor. Park et al., supra. 

[0009] Molecules that modulate the Flk1 receptor or neu 
traliZe activation of a VEGF receptor are disclosed in the 
patent literature. For example, WO 95/21613 published Aug. 
17, 1995 discloses compounds that modulate KDR/Flkl 
receptor signal transduction so as to regulate and/or modu 
late vasculogenesis and angiogenesis and disclose using 
Flk1 to evaluate and screen for drugs and analogs of VEGF 
involved in Flk1 modulation by either agonist or antagonist 
activities; WO 95/21865 published Aug. 17, 1995 discloses 
molecules immunointeractive With animal neuroepithelial 
kinase lk1, Which molecules can be used to provide 
agents for treatment, prophylaxis, and diagnosis of an angio 
genic-dependent phenotype; and WO 95/21868 published 
Aug. 17, 1995 discloses monoclonal antibodies that speci? 
cally bind to an extracellular domain of a VEGF receptor 
and neutraliZe activation of the receptor. 

SUMMARY OF THE INVENTION 

[0010] cDNA clones have noW been identi?ed that encode 
a novel protein, designated VRP, Which binds to and stimu 
lates the phosphorylation of the receptor tyrosine kinase 
Flt4. VRP is related in amino acid sequence to VEGF, but 
does not interact appreciably With the VEGF receptors, Flt1 
and Flk1. 

[0011] In one aspect, the invention provides isolated bio 
logically active human VRP containing at least 265 amino 
acids. In another aspect, the invention supplies isolated 
biologically active human VEGF-related protein (VRP) 
comprising an amino acid sequence comprising at least 
residues +1 through 29, inclusive, of FIG. 1. In further 
aspect, the invention supplies isolated biologically active 
human VRP comprising an amino acid sequence shoWn as 
residues —20 through 399, inclusive, or residues 1 through 
399, inclusive, of FIG. 1. 

[0012] The invention also pertains to chimeras comprising 
the VRP fused to another polypeptide. For example, the 
invention provides a chimeric polypeptide comprising the 
VRP fused to a tag polypeptide sequence. An example of 
such a chimera is epitope tagged VRP. 

[0013] In another aspect, the invention provides a com 
position comprising biologically active VRP and a pharma 
ceutically acceptable carrier. In amore speci?c embodiment, 
the invention provides a pharmaceutical composition useful 
for promotion of vascular or lymph endothelial cell groWth 
comprising a therapeutically effective amount of the VRP in 
a pharmaceutically acceptable carrier. In another aspect, this 
composition further comprises another cell groWth factor 
such as VEGF and/or PDGF. 

[0014] In a further aspect, the invention provides a method 
of treating vascular tissue and promoting angiogenesis in a 
mammal comprising administering to the mammal an effec 
tive amount of the composition comprising VRP. In another 
embodiment, the invention provides a method for treating 
trauma affecting the vascular endothelium comprising 
administering to a mammal suffering from said trauma an 
effective amount of the composition containing the VRP. 
The trauma is, for example, diabetic ulcers or a Wound of the 
blood vessels or heart. In another embodiment, the invention 

Sep. 4, 2003 

provides a method for treating a dysfunctional state charac 
teriZed by lack of activation or lack of inhibition of a 
receptor for VRP in a mammal comprising administering to 
the mammal an effective amount of the composition con 
taining the VRP. 

[0015] The invention also provides a method Which 
involves contacting the Flt4 receptor With the VRP to cause 
phosphorylation of the kinase domain thereof. For example, 
the invention provides a method for stimulating the phos 
phorylation of a tyrosine kinase domain of a Flt4 receptor 
comprising contacting an extracellular domain of the Flt4 
receptor With the VRP. 

[0016] The invention also provides a monoclonal antibody 
Which binds to the VRP and preferably also neutraliZes a 
biological activity of the protein, one biological activity 
being characteriZed as promoting neovasculariZation or vas 
cular permeability or vascular endothelial cell groWth in a 
mammal. Alternatively or conjunctively, the invention pro 
vides a monoclonal antibody Which binds to the N-terminal 
portion from residues —20 through 137, inclusive, or from 
residues +1 through 137, inclusive, of the amino acid 
sequence shoWn in FIG. 1. The antibody can be used, for 
example, to detect the presence of the VRP in a biological 
sample suspected of having the protein, or to treat patients. 
The invention contemplates a pharmaceutical composition 
comprising such antibody and a pharmaceutically accept 
able carrier, as Well as a method of treating diseases or 
disorders characteriZed by undesirable excessive neovascu 
lariZation or vascular permeability in a mammal comprising 
administering to said mammal an effective amount of one of 
the antibodies described above. Further included by the 
invention is a method for treating a dysfunctional state 
characteriZed by excessive activation or inhibition of a 
receptor for VRP in a mammal comprising administering to 
the mammal an effective amount of one of the antibodies 
described above. 

[0017] In addition, the invention contemplates a peptide 
consisting of an amino acid sequence shoWn as residues —20 
through —1, inclusive, of FIG. 1. 

[0018] In a further embodiment, the invention provides an 
isolated nucleic acid molecule encoding VRP or a VRP 
chimera. In one aspect, the nucleic acid molecule is RNA or 
DNA that encodes a biologically active VRP or is comple 
mentary to nucleic acid sequence encoding such VRP, and 
remains stably bound to it under stringent conditions. The 
nucleic acid molecule optionally includes the regions of the 
nucleic acid sequences of FIG. 1 Which encode signal 
sequences. In one embodiment, the nucleic acid sequence is 
selected from: 

[0019] (a) the coding region of the nucleic acid 
sequence of FIG. 1 that codes for the preprotein 
from residue —20 to residue 399 or that codes for the 
mature protein from residue 1 to residue 399 (i.e., 
nucleotides 372 through 1628, inclusive, or nucle 
otides 432 through 1628, inclusive, of the nucleic 
acid sequence shoWn in FIG. 1 as SEQ ID NO: 1); 
or 

[0020] (b) a sequence corresponding to the sequence 
of (a) Within the scope of degeneracy of the genetic 
code. In another aspect, the nucleic acid molecule 
can be provided in a replicable vector comprising the 
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nucleic acid molecule operably linked to control 
sequences recognized by a host cell transfected or 
transformed With the vector. The invention further 
provides a host cell comprising the vector or the 
nucleic acid molecule. A method of producing VRP 
is also provided Which comprises culturing a host 
cell comprising the nucleic acid molecule and recov 
ering the protein from the host cell culture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIGS. 1A-1D depict the nucleotide coding 
sequence (SEQ ID NO: 1), nucleotide complementary 
sequence (SEQ ID NO: 2), and deduced amino acid 
sequence (SEQ ID NO: 3) of the human VRP described 
herein. 

[0022] FIG. 2 depicts binding of Flt4/IgG and of Rse/IgG 
(an unrelated receptor fusion protein) to the human glioma 
cell line G61, Which binding Was evaluated by FACS 
analysis. 

[0023] FIGS. 3A and 3B respectively depict a map of 
cDNA clones encoding human VRP and an alignment of the 
protein sequence VRP (SEQ ID NO: 3) With that of VEGF,21 
(SEQ ID NO: 4) and P1GF131 (SEQ ID NO: 5). FIG. 3A 
shoWs the extent of four VRP CDNA clones; dashed lines 
indicate the missing portions of VH1.1 and VH1.3. ArroWs 
indicate restriction enZyme sites; the shaded box indicates 
the putative secretion signal sequence; the open box indi 
cates the mature protein; Y-type designations Within the 
open box indicate the potential N-linked glycosylation sites; 
and vertical lines indicate the cysteine residues. A diagram 
of VEGF121 is shoWn for comparison. The hydropathy plot 
(Kyle and Doolittle, J. Mol. Biol, 157: 105-132 [1982]) is 
for VRP. In FIG. 3B, overlining indicates the region 
encoded by an expressed sequence tag (EST) (sequence of 
a portion of a cDNA clone) from GenBank designated 
HSC1WF111. 

[0024] FIG. 4 depicts a map of the cDNA clone for 
full-length human VRP herein versus eleven knoWn EST’s. 
The eleven EST partial amino acid sequence fragments are 
HD7991 and HD7899 (5‘ and 3‘ ends of the same cloned 
fragment, respectively), HD5134 and HD5177 (3‘ and 5‘ ends 
of the same cloned fragment, respectively), HSC1F112 and 
HSC1WF111 (3‘ and 5‘ ends of the same cloned fragment, 
respectively), T81481 and T8169D (3‘ and 5‘ ends of the 
same cloned fragment, respectively), R77495 (a 3‘ end of a 
cloned fragment), and T84377 and T89295 (5‘ and 3‘ ends of 
the same cloned fragment, respectively). 

[0025] FIG. 5 depicts binding of 125I-Flt4/IgG to puri?ed 
VRP. The binding Was performed in the absence (—) or 
presence (+) of 100 nM receptor IgG fusion protein (FIG. 
5A) or With increasing concentrations of Flt4/IgG (FIG. 
5B). 
[0026] FIG. 6 shoWs a graph of the cell count of human 
lung microvascular endothelial cells as a function of the 
concentration of VEGF or VRP in the cell culture medium 
to assess and compare mitogenic activity. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] I. De?nitions 

[0028] In describing the present invention, the folloWing 
terms Will be employed, and are intended to be de?ned as 
indicated beloW. 

[0029] “Human VRP” is de?ned herein to be a polypep 
tide sequence containing at least residues —2D to 399, 
inclusive, or residues +1 to 399, inclusive, of the amino acid 
sequence shoWn in FIG. 1, including residues —5 to 399, 
inclusive, and residues —4 to 399, inclusive, of the amino 
acid sequence shoWn in FIG. 1, as Well as biologically 
active deletional, insertional, or substitutional variants of the 
above sequences having at least 265 amino acids and/or 
having at least residues +1 through 29, inclusive, of FIG. 1. 
In a preferred embodiment, the protein sequence has at least 
residues +1 through 137, inclusive, of FIG. 1, more pref 
erably at least residues —2D through 29, inclusive, of FIG. 1, 
and most preferably at least residues —2D through 137, 
inclusive, of FIG. 1. In another preferred embodiment, the 
biologically active variants have a length of 265 to about 450 
amino acid residues, more preferably about 300-450, even 
more preferably about 350-450, and most preferably about 
399-419 amino acid residues. Another preferred set of 
variants are variants that are insertional or substitutional 
variants, or deletional variants Where the deletion is in the 
signal sequence and/or is not in the N-terminal region of the 
molecule (i.e., residues 1-29, preferably residues 1-137). 
The de?nition of VRP excludes all knoWn EST sequences, 
such as, e.g., HD7991, HD5134, HD5177, HSC1WF112, 
HSC1WF111, T81481, R77495, HD7899, T84377, T8169D, 
and T89295, as Well as all forms of VEGF and P1GF. 

[0030] “Biologically active” for the purposes herein 
means having the ability to bind to, and stimulate the 
phosphorylation of, the Flt4 receptor. Generally, the protein 
Will bind to the extracellular domain of the Flt4 receptor and 
thereby activate or inhibit the intracellular tyrosine kinase 
domain thereof Consequently, binding of the protein to the 
receptor may result in enhancement or inhibition of prolif 
eration and/or differentiation and/or activation of cells hav 
ing the Flt4 receptor for the VRP in vivo or in vitro. Binding 
of the protein to the Flt4 receptor can be determined using 
conventional techniques, including competitive binding 
methods, such as RIAs, ELISAs, and other competitive 
binding assays. Ligand/receptor complexes can be identi?ed 
using such separation methods as ?ltration, centrifugation, 
?oW cytometry (see, e.g., Lyman et al., Cell, 75:1157-1167 
[1993]; Urdal et al., J. Biol. Chem, 263:287D-2877 [1988]; 
and Gearinget al., EMBO J., 8:3667-3676 [1989]), and the 
like. Results from binding studies can be analyZed using any 
conventional graphical representation of the binding data, 
such as Scatchard analysis (Scatchard, Ann. NY Acad. Sci, 
51:66D-672 [1949]; GoodWin et al., Cell, 73:447-456 [1993] 
), and the like. Since the VRP induces phosphorylation of the 
Flt4 receptor, conventional tyrosine phosphorylation assays, 
such as the assay described in Example 5 herein, can also be 
used as an indication of the formation of a Flt4 receptor/VRP 
complex. 
[0031] The term “epitope tagged” When used herein refers 
to a chimeric polypeptide comprising the entire VRP, or a 
portion thereof, fused to a “tag polypeptide”. The tag 
polypeptide has enough residues to provide an epitope 
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against Which an antibody thereagainst can be made, yet is 
short enough such that it does not interfere With activity of 
the VRP. The tag polypeptide preferably also is fairly unique 
so that the antibody thereagainst does not substantially 
cross-react With other epitopes. Suitable tag polypeptides 
generally have at least six amino acid residues and usually 
betWeen about 8-50 amino acid residues (preferably betWeen 
about 9-30 residues). 

[0032] “Isolated,” When used to describe the various pro 
teins disclosed herein, means protein that has been identi?ed 
and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials that Would interfere With diag 
nostic or therapeutic uses for the protein, and may include 
enZymes, hormones, and other proteinaceous or non-pro 
teinaceous solutes. In preferred embodiments, the protein 
Will be puri?ed (1) to a degree suf?cient to obtain at least 15 
residues of N-terminal or internal amino acid sequence by 
use of a spinning cup sequenator, or (2) to homogeneity by 
SDS-PAGE under non-reducing or reducing conditions 
using Coomassie blue or, preferably, silver stain. Isolated 
protein includes protein in situ Within recombinant cells, 
since at least one component of the VRP natural environ 
ment Will not be present. Ordinarily, hoWever, isolated 
protein Will be prepared by at least one puri?cation step. 

[0033] “Essentially pure” protein means a composition 
comprising at least about 90% by Weight of the protein, 
based on total Weight of the composition, preferably at least 
about 95% by Weight. “Essentially homogeneous” protein 
means a composition comprising at least about 99% by 
Weight of protein, based on total Weight of the composition. 

[0034] An “isolated” VRP nucleic acid molecule is a 
nucleic acid molecule that is identi?ed and separated from at 
least one contaminant nucleic acid molecule With Which it is 
ordinarily associated in the natural source of the VRP 
nucleic acid. An isolated VRP nucleic acid molecule is other 
than in the form or setting in Which it is found in nature. 
Isolated VRP nucleic acid molecules therefore are distin 
guished from the VRP nucleic acid molecule as it exists in 
natural cells. HoWever, an isolated VRP nucleic acid mol 
ecule includes VRP nucleic acid molecules contained in 
cells that ordinarily express VRP Where, for example, the 
nucleic acid molecule is in a chromosomal location different 
from that of natural cells. 

[0035] The isolated VRP polypeptide, VRP nucleic acid, 
or VRP antibody may be labeled for diagnostic and probe 
purposes, using a label as described and de?ned further 
beloW in the discussion on uses of VRP antibodies. 

[0036] The expression “control sequences” refers to DNA 
sequences necessary for the expression of an operably linked 
coding sequence in a particular host organism. The control 
sequences that are suitable for prokaryotes, for example, 
include a promoter, optionally an operator sequence, a 
ribosome binding site, and possibly, other as yet poorly 
understood sequences. Eukaryotic cells are knoWn to utiliZe 
promoters, polyadenylation signals, and enhancers. 

[0037] Nucleic acid is “operably linked” When it is placed 
into a functional relationship With another nucleic acid 
sequence. For example, DNA for a presequence or secretory 
leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of 
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the polypeptide; a promoter or enhancer is operably linked 
to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans 
lation. Generally, “operably linked” means that the DNA 
sequences being linked are contiguous, and, in the case of a 
secretory leader, contiguous and in reading phase. HoWever, 
enhancers do not have to be contiguous. Linking is accom 
plished by ligation at convenient restriction sites. If such 
sites do not exist, the synthetic oligonucleotide adaptors or 
linkers are used in accordance With conventional practice. 

[0038] The term “antibody” is used in the broadest sense 
and speci?cally covers single anti-VRP monoclonal anti 
bodies (including agonist and antagonist antibodies) and 
anti-VRP antibody compositions With polyepitopic speci?c 
ity. 
[0039] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical except for pos 
sible naturally-occurring mutations that may be present in 
minor amounts. Monoclonal antibodies are highly speci?c, 
being directed against a single antigenic site. Furthermore, 
in contrast to conventional (polyclonal) antibody prepara 
tions Which typically include different antibodies directed 
against different determinants (epitopes), each monoclonal 
antibody is directed against a single determinant on the 
antigen. 
[0040] The monoclonal antibodies herein include hybrid 
and recombinant antibodies produced by splicing a variable 
(including hypervariable) domain of an anti-VRP antibody 
With a constant domain (e.g. “humanized” antibodies), or a 
light chain With a heavy chain, or a chain from one species 
With a chain from another species, or fusions With heterolo 
gous proteins, regardless of species of origin or immuno 
globulin class or subclass designation, as Well as antibody 
fragments (e.g., Fab, F(ab‘)2, and Fv), so long as they exhibit 
the desired biological activity. See, eg U.S. Pat. No. 4,816, 
567 and Mage and Lamoyi, in Monoclonal Antibody Pro 
duction Techniques and Applications, pp.79-97 (Marcel 
Dekker, Inc.: NeW York, 1987). 

[0041] Thus, the modi?er “monoclonal” indicates the 
character of the antibody as being obtained from a substan 
tially homogeneous population of antibodies, and is not to be 
construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies 
to be used in accordance With the present invention may be 
made by the hybridoma method ?rst described by Kohler 
and Milstein, Nature, 256:495 (1975), or may be made by 
recombinant DNA methods. U.S. Pat. No. 4,816,567. The 
“monoclonal antibodies” may also be isolated from phage 
libraries generated using the techniques described in McCaf 
ferty et al., Nature, 348:552-554 (1990), for example. 

[0042] “HumaniZed” forms of non-human (e.g. murine) 
antibodies are speci?c chimeric immunoglobulins, immu 
noglobulin chains, or fragments thereof (such as Fv, Fab, 
Fab‘, F(ab‘)2 or other antigen-binding subsequences of anti 
bodies) Which contain minimal sequence derived from non 
human immunoglobulin. For the most part, humaniZed anti 
bodies are human immunoglobulins (recipient antibody) in 
Which residues from a complementary determining region 
(CDR) of the recipient are replaced by residues from a CDR 
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of a non-human species (donor antibody) such as mouse, rat, 
or rabbit having the desired speci?city, af?nity, and capacity. 
In some instances, Fv framework region (FR) residues of the 
human immunoglobulin are replaced by corresponding non 
human residues. Furthermore, the humaniZed antibody may 
comprise residues Which are found neither in the recipient 
antibody nor in the imported CDR or framework sequences. 
These modi?cations are made to further re?ne and optimiZe 
antibody performance. In general, the humaniZed antibody 
Will comprise substantially all of at least one, and typically 
tWo, variable domains, in Which all or substantially all of the 
CDR regions correspond to those of a non-human immu 
noglobulin and all or substantially all of the FR regions are 
those of a human immunoglobulin consensus sequence. The 
humaniZed antibody optimally also Will comprise at least a 
portion of an immunoglobulin constant region (Fc), typi 
cally that of a human immunoglobulin. 

[0043] As used herein, “vascular endothelial cell groWth 
factor,” or “VEGF,” refers to a mammalian groWth factor 
derived originally from bovine pituitary follicular cells 
having the amino acid sequence of FIG. 2 of WO 90/13649, 
and has the human amino acid sequence of FIG. 10 of WO 
90/13649. See also US. Pat. No. 5,194,596, Which discloses 
bovine VEGF of 120 amino acids and human VEGF of 121 
amino acids. The biological activity of native VEGF is 
capable of promoting selective groWth of vascular endothe 
lial cells but not of bovine corneal endothelial cells, lens 
epithelial cells, adrenal cortex cells, BHK-21 ?broblasts, or 
keratinocytes. 

[0044] The expression “trauma affecting the vascular 
endothelium” refers to trauma, such as injuries, to the blood 
vessels or heart, including the vascular netWork of organs, to 
Which an animal or human, preferably a mammal, and most 
preferably a human, is subjected. Examples of such trauma 
include Wounds, incisions, and ulcers, most preferably dia 
betic ulcers and Wounds or lacerations of the blood vessels 
or heart. Trauma includes conditions caused by internal 
events as Well as those that are imposed by an extrinsic agent 
such as a pathogen, Which can be improved by promotion of 
vascular endothelial cell groWth. It also refers to the treat 
ment of Wounds in Which neovasculariZation or re-endothe 
lialiZation is required for healing. 

[0045] “Promotion of vascular or lymph endothelial cell 
groWth” refers to inducing or increasing the groWth of 
vascular or lymph endothelial cells, including human lung 
microvascular endothelial cells. 

[0046] “Disorders related to vasculogenesis and angiogen 
esis” include cancer, diabetes, hemangioma, and Kaposi’s 
sarcoma. 

[0047] “Diseases or disorders characteriZed by undesir 
able excessive neovasculariZation or vascular permeability” 
refer to diseases or disorders that include, byWay of 
example, excessive neovasculariZation, tumors, and espe 
cially solid malignant tumors, rheumatoid arthritis, psoria 
sis, atherosclerosis, diabetic and other retinopathies, retro 
lental ?broplasia, age-related macular degeneration, 
neovascular glaucoma, hemangiomas, thyroid hyperplasias 
(including Grave’s disease), corneal and other tissue trans 
plantation, and chronic in?ammation. Examples of diseases 
or disorders characteriZed by undesirable excessive vascular 
permeability include edema associated With brain tumors, 
ascites associated With malignancies, Meigs’ syndrome, 
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lung in?ammation, nephrotic syndrome, pericardial effusion 
(such as that associated With pericarditis), and pleural effu 
sion. 

[0048] “Dysfunctional states characteriZed by excessive 
activation or inhibition of a receptor for VRP” (such receptor 
including Flt4) refer to disorders or diseases that Would be 
bene?cially treated by providing to a mammal having such 
a pathological condition an antagonist to VRP, such as a 
chimera of Flt4 or its extracellular domain (e.g., an IgG 
fusion With Flt4) or an antibody to VRP. 

[0049] “Dysfunctional states characteriZed by lack of acti 
vation or lack of inhibition of a receptor for VRP” (such 
receptor including Flt4) refer to disorders or diseases that 
Would be bene?cially treated by providing VRP or a VRP 
receptor agonist to a mammal With such a pathological 
condition. 

[0050] “Treatment” refers to both therapeutic treatment 
and prophylactic or preventative measures. Those in need of 
treatment include those already With the disorder as Well as 
those prone to have the disorder or those in Which the 
disorder is to be prevented. 

[0051] “Mammal” for purposes of treatment refers to any 
animal classi?ed as a mammal, including humans, domestic 
and farm animals, and ZOO, sports, or pet animals, such as 
dogs, horses, cats, coWs, etc. Preferably, the mammal herein 
is human. 

[0052] “Effective amount” or “therapeutically effective 
amount” of the VRP, VRP composition, antibody, or anti 
body composition is an amount that is effective either to 
prevent, lessen the Worsening of, alleviate, or cure the 
treated condition. For example, an effective amount of VRP 
includes that amount Which is sufficient to enhance the 
groWth of vascular endothelium in vivo or to treat trauma, 
and an “effective amount” of VRP antibody includes that 
amount Which is suf?cient to reduce excess neovasculariZa 
tion and angiogenesis. 

[0053] 
[0054] The present invention is based on the discovery of 
a novel VRP Which binds to, and stimulates the phospho 
rylation of, the Flt4 receptor. 

II. Modes for Carrying Out the Invention 

[0055] Three approaches Were undertaken to identify pro 
tein that Would bind and stimulate the phosphorylation of the 
Flt4 receptor. First, the full-length receptor Was stably 
expressed in 293 cells to establish a receptor tyrosine kinase 
phosphorylation assay of Flt4 activation. This assay Was 
used to screen about 400 cell supernatants and tissue 
extracts, Without positive results. 

[0056] Second, the extracellular domain of the receptor 
Was expressed as a fusion protein With an immunoglobulin 
Fc domain. By using this fusion protein (Flt4/IgG) to screen 
cell lines for membrane-bound ligands by FACS analysis, 
one positive cell line Was identi?ed. The human glioma line, 
G61, gave about a 10-fold shift in peak ?uorescence inten 
sity that Was speci?c for Flt4/IgG (FIG. 2). Attempts to 
expression clone this putative membrane-bound ligand by 
the transfection of pools of cDNA clones into COS cells 
folloWed by screening With labeled Flt4/IgG gave no posi 
tives from 640 pools of 1000-5000 clones each. Flt4/IgG 
Was also used to generate polyclonal antisera and mono 
clonal antibodies that had agonistic activity and that Were 
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used to develop the Flt4 tyrosine phosphorylation assay as 
described in Example 5 below. 

[0057] Third, candidate ligand proteins Were tested for 
their ability to bind to Flt4/IgG or to activate the Flt4 
phosphorylation assay. Labeled VEGF failed to bind to 
Flt4/IgG, although the expected binding of VEGF to Flt1/ 
IgG or Flkl/IgG Was routinely detected. The failure of 
VEGF to bind or stimulate the phosphorylation of Flt4 has 
been reported by Pajusola et al., Oncogene, 9, supra. An 
additional candidate ligand protein Was found by use of 
cloning techniques, details of Which are provided in 
Example 3 beloW. The human VRP cDNA sequence is 
depicted in FIG. 1A-1D. The predicted molecular Weight of 
the protein is 44.8 kDa. 

[0058] A description folloWs as to hoW the biologically 
active human VRP may be prepared. 

[0059] 1. Preparation of VRP 

[0060] Most of the discussion beloW pertains to produc 
tion of VRP by culturing cells transformed With a vector 
containing VRP nucleic acid and recovering the polypeptide 
from the cell culture. It is further envisioned that the VRP of 
this invention may be produced by homologous recombina 
tion, as provided for in WO 91/06667, published May 16, 
1991. 

[0061] Brie?y, this method involves transforming primary 
human cells containing a human VRP-encoding gene With a 
construct (i.e., vector) comprising an ampli?able gene [such 
as dihydrofolate reductase (DHFR) or others discussed 
beloW] and at least one ?anking region of a length of at least 
about 150 bp that is homologous With a DNA sequence at the 
locus of the coding region of the VRP gene to provide 
ampli?cation of the VRP gene. The ampli?able gene must be 
at a site that doesnot interfere With expression of the VRP 
gene. The transformation is conducted such that the con 
struct becomes homologously integrated into the genome of 
the primary cells to de?ne an ampli?able region. 

[0062] Primary cells comprising the construct are then 
selected for by means of the ampli?able gene or other 
marker present in the construct. The presence of the marker 
gene establishes the presence and integration of the con 
struct into the host genome. No further selection of the 
primary cells need be made, since selection Will be made in 
the second host. If desired, the occurrence of the homolo 
gous recombination event can be determined by employing 
PCR and either sequencing the resulting ampli?ed DNA 
sequences or determining the appropriate length of the PCR 
fragment When DNA from correct homologous integrants is 
present and expanding only those cells containing such 
fragments. Also if desired, the selected cells may be ampli 
?ed at this point by stressing the cells With the appropriate 
amplifying agent (such as methotrexate if the ampli?able 
gene is DHFR), so that multiple copies of the target gene are 
obtained. Preferably, hoWever, the ampli?cation step is not 
conducted until after the second transformation described 
beloW. 

[0063] After the selection step, DNA portions of the 
genome, sufficiently large to include the entire ampli?able 
region, are isolated from the selected primary cells. Second 
ary mammalian expression host cells are then transformed 
With these genomic DNA portions and cloned, and clones 
are selected that contain the ampli?able region. The ampli 
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?able region is then ampli?ed by means of an amplifying 
agent if not already ampli?ed in the primary cells. Finally, 
the secondary expression host cells noW comprising multiple 
copies of the ampli?able region containing VRP are groWn 
so as to express the gene and produce the protein. 

[0064] A. Isolation of DNA Encoding VRP 

[0065] The DNAencoding VRP may be obtained from any 
cDNA library prepared from tissue believed to possess the 
VRP mRNA and to express it at a detectable level. Accord 
ingly, human VRP DNA can be conveniently obtained from 
a cDNA library prepared from human brain tissue, e.g., a 
glial cell line. The VRP-encoding gene may also be obtained 
from a genomic library or by oligonucleotide synthesis. 

[0066] Libraries are screened With probes (such as anti 
bodies to the VRP or oligonucleotides of about 20-80 bases) 
designed to identify the gene of interest or the protein 
encoded by it. Screening the cDNA or genomic library With 
the selected probe may be conducted using standard proce 
dures as described in chapters 10-12 of Sambrooket al., 
Molecular Cloning.'A Laboratory Manual (NeW York: Cold 
Spring Harbor Laboratory Press, 1989). An alternative 
means to isolate the gene encoding VRP is to use PCR 
methodology as described in section 14 of Sambrooket al., 
supra. 

[0067] A preferred method of practicing this invention is 
to use carefully selected oligonucleotide sequences to screen 
cDNA libraries from various human tissues, preferably brain 
cell lines. The oligonucleotide sequences selected as probes 
should be of suf?cient length and suf?ciently unambiguous 
that false positives are minimiZed. 

[0068] The oligonucleotide must be labeled such that it 
can be detected upon hybridiZation to DNA in the library 
being screened. The preferred method of labeling is to use 
32P-labeled ATP With polynucleotide kinase, as is Well 
knoWn in the art, to radiolabel the oligonucleotide. HoWever, 
other methods may be used to label the oligonucleotide, 
including, but not limited to, biotinylation or enZyme label 
mg. 

[0069] In some preferred embodiments, the nucleic acid 
sequence includes the native VRP signal sequence. Nucleic 
acid having all the protein coding sequence is obtained by 
screening selected cDNA or genomic libraries using the 
deduced amino acid sequence disclosed herein for the ?rst 
time, and, if necessary, using conventional primer extension 
procedures as described in section 7.79 of Sambrooket al., 
supra, to detect precursors and processing intermediates of 
mRNA that may not have been reverse-transcribed into 
cDNA. 

[0070] Amino acid sequence variants of VRP are prepared 
by introducing appropriate nucleotide changes into the VRP 
DNA, or by synthesis of the desired VRP polypeptide. Such 
variants represent insertions, substitutions, and/or deletions 
of, residues Within or at one or both of the ends of the amino 
acid sequence shoWn for the VRP in FIG. 1. Preferably, 
these variants represent insertions and/or substitutions 
Within or at one or both ends of the mature sequence, and/or 
insertions, substitutions and/or deletions Within or at one or 
both of the ends of the signal sequence for VRP shoWn in 
FIG. 1. Any combination of insertion, substitution, and/or 
deletion is made to arrive at the ?nal construct, provided that 
the ?nal construct possesses the desired biological activity 
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as de?ned herein. The amino acid changes also may alter 
post-translational processes of the VRP, such as changing 
the number or position of glycosylation sites, altering the 
membrane anchoring characteristics, and/or altering the 
intracellular location of the VRP by inserting, deleting, or 
otherWise affecting the leader sequence of the VRP. 

[0071] Variations in the native sequence as described 
above can be made using any of the techniques and guide 
lines for conservative and non-conservative mutations set 
forth in US. Pat. No. 5,364,934. These include oligonucle 
otide-mediated (site-directed) mutagenesis, alanine scan 
ning, and PCR mutagenesis. See also, for example, Table I 
therein and the discussion surrounding this table for guid 
ance on selecting amino acids to change, add, or delete. 

[0072] B. Insertion of Nucleic Acid into Replicable Vector 

[0073] The nucleic acid (e.g., cDNA or genomic DNA) 
encoding native or variant VRP is inserted into a replicable 
vector for further cloning (ampli?cation of the DNA) or for 
expression. Many vectors are available. The vector compo 
nents generally include, but are not limited to, one or more 
of the folloWing: a signal sequence, an origin of replication, 
one or more marker genes, an enhancer element, a promoter, 
and a transcription termination sequence. 

[0074] Signal Sequence Component 

[0075] The VRPs of this invention may be produced 
recombinantly not only directly, but also as a fusion 
polypeptide With a heterologous polypeptide, Which is pref 
erably a signal sequence or other polypeptide having a 
speci?c cleavage site at the N-terminus of the mature protein 
or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the VRP DNA 
that is inserted into the vector. The heterologous signal 
sequence selected preferably is one that is recogniZed and 
processed (i.e., cleaved by a signal peptidase) by the host 
cell. For prokaryotic host cells that do not recogniZe and 
process the native VRP signal sequence, the signal sequence 
is substituted by a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, peni 
cillinase, lpp, or heat-stable enterotoxin II leaders. For yeast 
secretion the native signal sequence may be substituted by, 
e.g., the yeast invertase leader, alpha factor leader (including 
Saccharomyces and Kluyveromyces ot-factor leaders, the 
latter described in US. Pat. No. 5,010,182 issued Apr. 23, 
1991), or acid phosphatase leader, the C. albicans glu 
coamylase leader (EP 362,179 published Apr. 4, 1990), or 
the signal described in WO 90/13646 published Nov. 15, 
1990. In mammalian cell expression the native signal 
sequence (e.g., the VRP presequence that normally directs 
secretion of VRP from human cells in vivo) is satisfactory, 
although other mammalian signal sequences may be suit 
able, such as signal sequences from other animal VRPs, and 
signal sequences from secreted polypeptides of the same or 
related species, as Well as viral secretory leaders, for 
example, the herpes simplex gD signal. 

[0076] The DNA for such precursor region is ligated in 
reading frame to DNA encoding the mature VRP. 

[0077] (ii) Origin of Replication Component 

[0078] Both expression and cloning vectors contain a 
nucleic acid sequence that enables the vector to replicate in 
one or more selected host cells. Generally, in cloning vectors 
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this sequence is one that enables the vector to replicate 
independently of the host chromosomal DNA, and includes 
origins of replication or autonomously replicating 
sequences. Such sequences are Well knoWn for a variety of 
bacteria, yeast, and viruses. The origin of replication from 
the plasmid pBR322 is suitable for most Gram-negative 
bacteria, the 2p plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or 
BPV) are useful for cloning vectors in mammalian cells. 
Generally, the origin of replication component is not needed 
for mammalian expression vectors (the SV40 origin may 
typically be used only because it contains the early pro 
moter). 
[0079] Most expression vectors are “shuttle” vectors, i.e., 
they are capable of replication in at least one class of 
organisms but can be transfected into another organism for 
expression. For example, a vector is cloned in E. coli and 
then the same vector is transfected into yeast or mammalian 
cells for expression even though it is not capable of repli 
cating independently of the host cell chromosome. 

[0080] DNA may also be ampli?ed by insertion into the 
host genome. This is readily accomplished using Bacillus 
species as hosts, for example, by including in the vector a 
DNA sequence that is complementary to a sequence found 
in Bacillus genomic DNA. Transfection of Bacillus With this 
vector results in homologous recombination With the 
genome and insertion of VRP DNA. HoWever, the recovery 
of genomic DNA encoding VRP is more complex than that 
of an exogenously replicated vector because restriction 
enZyme digestion is required to excise the VRP DNA. 

[0081] (iii) Selection Gene Component 

[0082] Expression and cloning vectors should contain a 
selection gene, also termed a selectable marker. This gene 
encodes a protein necessary for the survival or groWth of 
transformed host cells groWn in a selective culture medium. 
Host cells not transformed With the vector containing the 
selection gene Will not survive in the culture medium. 
Typical selection genes encode proteins that (a) confer 
resistance to antibiotics or other toxins, e.g., ampicillin, 
neomycin, methotrexate, or tetracycline, (b) complement 
auxotrophic de?ciencies, or (c) supply critical nutrients not 
available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

[0083] One example of a selection scheme utiliZes a drug 
to arrest groWth of a host cell. Those cells that are success 
fully transformed With a heterologous gene produce a pro 
tein conferring drug resistance and thus survive the selection 
regimen. Examples of such dominant selection use the drugs 
neomycin (Southern et al., J. Molec. Appl. Genet, 1:327 
[1982]), mycophenolic acid (Mulligan et al., Science, 
209:1422 [1980]) or hygromycin. Sugden et al., M01. Cell. 
Biol., 5:410-413 (1985). The three examples given above 
employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin (gene 
ticin), xgpt (mycophenolic acid), or hygromycin, respec 
tively. 

[0084] Another example of suitable selectable markers for 
mammalian cells are those that enable the identi?cation of 
cells competent to take up the VRP nucleic acid, such as 
DHFR or thymidine kinase. The mammalian cell transfor 
mants are placed under selection pressure that only the 
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transformants are uniquely adapted to survive by virtue of 
having taken up the marker. Selection pressure is imposed 
by culturing the transformants under conditions in Which the 
concentration of selection agent in the medium is succes 
sively changed, thereby leading to ampli?cation of both the 
selection gene and the DNA that encodes VRP. Ampli?ca 
tion is the process by Which genes in greater demand for the 
production of a protein critical for groWth are reiterated in 
tandem Within the chromosomes of successive generations 
of recombinant cells. Increased quantities of VRP are syn 
thesiZed from the ampli?ed DNA. Other examples of ampli 
?able genes include metallothionein-I and -II, preferably 
primate metallothionein genes, adenosine deaminase, orni 
thine decarboxylase, etc. 

[0085] For example, cells transformed With the DHFR 
selection gene are ?rst identi?ed by culturing all of the 
transformants in a culture medium that contains methotrex 
ate (Mtx), a competitive antagonist of DHFR. An appropri 
ate host cell When Wild-type DHFR is employed is the 
Chinese hamster ovary (CHO) cell line de?cient in DHFR 
activity, prepared and propagated as described by Urlaub 
and Chasin,Proc. Natl. Acad. Sci. USA, 77:4216 (1980). The 
transformed cells are then exposed to increased levels of 
methotrexate. This leads to the synthesis of multiple copies 
of the DHFR gene, and, concomitantly, multiple copies of 
other DNA comprising the expression vectors, such as the 
DNA encoding VRP. This ampli?cation technique can be 
used With any otherWise suitable host, e.g., ATCC No. 
CCL61 CHO-Kl, notWithstanding the presence of endog 
enous DHFR if, for example, a mutant DHFR gene that is 
highly resistant to Mtx is employed (EP 117,060). 

[0086] Alternatively, host cells [particularly Wild-type 
hosts that contain endogenous DHFR] transformed or co 
transformed With DNA sequences encoding VRP, Wild-type 
DHFR protein, and another selectable marker such as ami 
noglycoside 3‘-phosphotransferase can be selected by 
cell groWth in medium containing a selection agent for the 
selectable marker such as an aminoglycosidic antibiotic, 
e.g., kanamycin, neomycin, or G418. See US. Pat. No. 
4,965,199. 

[0087] A suitable selection gene for use in yeast is the trp1 
gene present in the yeast plasmid YRp7. Stinchcomb et al., 
Nature, 282:39 (1979); Kingsman et al., Gene, 7:141 (1979); 
Tschemper et al., Gene, 10:157 (1980). The trp1 gene 
provides a selection marker for a mutant strain of yeast 
lacking the ability to groW in tryptophan, for example, 
ATCC No. 44076 or PEP4-1. Jones, Genetics, 85:12 (1977). 
The presence of the trp1 lesion in the yeast host cell genome 
then provides an effective environment for detecting trans 
formation by groWth in the absence of tryptophan. Similarly, 
Leu2-de?cient yeast strains (ATCC 20,622 or 38,626) are 
complemented by knoWn plasmids bearing the Leu2 gene. 

[0088] In addition, vectors derived from the 1.6 pm cir 
cular plasmid pKDI can be used for transformation of 
Kluyveromyces yeasts. Bianchi et al., Curr. Genet., 12:185 
(1987). More recently, an expression system for large-scale 
production of recombinant calf chymosin Was reported for 
K. lactis. Van den Berg, Bio/Technology,8: 135 (1990). 
Stable multi-copy expression vectors for secretion of mature 
recombinant human serum albumin by industrial strains of 
Kluyveromyces have also been disclosed. Fleer et al., Bio/ 
Technology, 9:968-975 (1991). 
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[0089] (iv) Promoter Component 
[0090] Expression and cloning vectors usually contain a 
promoter that is recogniZed by the host organism and is 
operably linked to the VRP nucleic acid. Promoters are 
untranslated sequences located upstream (5‘) to the start 
codon of a structural gene (generally Within about 100 to 
1000 bp) that control the transcription and translation of 
particular nucleic acid sequence, such as the VRP nucleic 
acid sequence, to Which they are operably linked. Such 
promoters typically fall into tWo classes, inducible and 
constitutive. Inducible promoters are promoters that initiate 
increased levels of transcription from DNA under their 
control in response to some change in culture conditions, 
e.g., the presence or absence of a nutrient or a change in 
temperature. At this time a large number of promoters 
recogniZed by a variety of potential host cells are Well 
knoWn. These promoters are operably linked to VRP-encod 
ing DNA by removing the promoter from the source DNA by 
restriction enZyme digestion and inserting the isolated pro 
moter sequence into the vector. Both the native VRP pro 
moter sequence and many heterologous promoters may be 
used to direct ampli?cation and/or expression of the VRP 
DNA. HoWever, heterologous promoters are preferred, as 
they generally permit greater transcription and higher yields 
of VRP as compared to the native VRP promoter. 

[0091] Promoters suitable for use With prokaryotic hosts 
include the [3-lactamase and lactose promoter systems 
(Chang et al., Nature, 275:615 [1978]; Goeddel et al., 
Nature, 281:544 [1979]), alkaline phosphatase, a tryptophan 
(trp) promoter system (Goeddel, Nucleic Acids Res. 8:4057 
[1980]; EP 36,776), and hybrid promoters such as the tac 
promoter. deBoer et al., Proc. Natl. Acad. Sci. USA, 80:21 
25 (1983). HoWever, other knoWn bacterial promoters are 
suitable. Their nucleotide sequences have been published, 
thereby enabling a skilled Worker operably to ligate them to 
DNA encoding VRP (Siebenlist et al., Cell, 20:269 [1980]) 
using linkers or adaptors to supply any required restriction 
sites. Promoters for use in bacterial systems also Will contain 
a Shine Dalgarno (S.D.) sequence operably linked to the 
DNA encoding VRP. 

[0092] Promoter sequences are knoWn for eukaryotes. 
Virtually all eukaryotic genes have an AT -rich region located 
approximately 25 to 30 bases upstream from the site Where 
transcription is initiated. Another sequence found 70 to 80 
bases upstream from the start of transcription of many genes 
is a CXCAAT region Where X may be any nucleotide. At the 
3‘ end of most eukaryotic genes is an AATAAA sequence 
that may be the signal for addition of the poly A tail to the 
3‘ end of the coding sequence. All of these sequences are 
suitably inserted into eukaryotic expression vectors. 

[0093] Examples of suitable promoting sequences for use 
With yeast hosts include the promoters for 3-phosphoglyc 
erate kinase (HitZeman et al., J. Biol. Chem, 255:2073 
[1980]) or other glycolytic enZymes (Hess et al., J. Adv. 
Enzyme Reg., 7:149 [1968]; Holland, Biochemistry, 17:4900 
[1978]), such as enolase, glyceraldehyde-3-phosphate dehy 
drogenase, hexokinase, pyruvate decarboxylase, phosphof 
ructokinase, glucose-6-phosphate isomerase, 3-phospho 
glycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. 

[0094] Other yeast promoters, Which are inducible pro 
moters having the additional advantage of transcription 
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controlled by growth conditions, are the promoter regions 
for alcohol dehydrogenase 2, isocytochrome C, acid phos 
phatase, degradative enzymes associated With nitrogen 
metabolism, metallothionein, glyceraldehyde-3-phosphate 
dehydrogenase, and enZymes responsible for maltose and 
galactose utiliZation. Suitable vectors and promoters for use 
in yeast expression are further described in EP 73,657. Yeast 
enhancers also are advantageously used With yeast promot 
ers. 

[0095] VRP transcription from vectors in mammalian host 
cells is controlled, for example, by promoters obtained from 
the genomes of viruses such as polyoma virus, foWlpox virus 
(UK 2,211,504 published Jul. 5, 1989), adenovirus (such as 
Adenovirus 2), bovine papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirus, hepatitis-B virus and most 
preferably Simian Virus 40 (SV40), from heterologous 
mammalian promoters, e.g., the actin promoter or an immu 
noglobulin promoter, from heat-shock promoters, and from 
the promoter normally associated With the VRP sequence, 
provided such promoters are compatible With the host cell 
systems. 

[0096] The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment that 
also contains the SV40 viral origin of replication. Fiers et al., 
Nature, 273:113 (1978); Mulligan and Berg, Science, 
209: 1422-1427 (1980); Pavlakis et al., Proc. Natl. Acad. Sci. 
USA, 78:7398-7402 (1981). The immediate early promoter 
of the human cytomegalovirus is conveniently obtained as a 
HindII E restriction fragment. GreenaWay et al., Gene, 
18:355-360 (1982). A system for expressing DNA in mam 
malian hosts using the bovine papilloma virus as a vector is 
disclosed in US. Pat. No. 4,419,446. A modi?cation of this 
system is described in US. Pat. No. 4,601,978. See also 
Gray et al., Nature, 295:503-508 (1982) on expressing 
cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature, 297:598-601 (1982) on expression of human 
[3-interferon cDNA in mouse cells under the control of a 
thymidine kinase promoter from herpes simplex virus; 
Canaani and Berg,Pr0c. Natl. Acad. Sci. USA 79:5166-5170 
(1982) on expression of the human interferon [31 gene in 
cultured mouse and rabbit cells; and Gonnan et al., Proc. 
Natl. Acad. Sci. USA, 79:6777-6781 (1982) on expression of 
bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo ?broblasts, Chinese hamster ovary cells, 
HeLa cells, and mouse NIH-3T3 cells using the Rous 
sarcoma virus long terminal repeat as a promoter. 

[0097] (v) Enhancer Element Component 

[0098] Transcription of a DNA encoding the VRP of this 
invention by higher eukaryotes is often increased by insert 
ing an enhancer sequence into the vector. Enhancers are 
cis-acting elements of DNA, usually about from 10 to 300 
bp, that act on a promoter to increase its transcription. 
Enhancers are relatively orientation and position indepen 
dent, having been found 5‘ (Laimins et al., Proc. Natl. Acad. 
Sci. USA, 781993 [1981]) and 3‘ (Lusky et al., Mol. Cell Bi0., 
3:1108 [1983]) to the transcription unit, Within an intron 
(Banerji et al., Cell, 33:729 [1983]), as Well as Within the 
coding sequence itself. Osborne et al.,M0l. Cell Bi0., 411293 
(1984). Many enhancer sequences are noW knoWn from 
mammalian genes (globin, elastase, albumin, ot-fetoprotein, 
and insulin). Typically, hoWever, one Will use an enhancer 
from a eukaryotic cell virus. Examples include the SV40 
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enhancer on the late side of the replication origin (bp 
100-270), the cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, 
and adenovirus enhancers. See also Yaniv, Nature, 297:17 
18 (1982) on enhancing elements for activation of eukary 
otic promoters. The enhancer may be spliced into the vector 
at a position 5‘ or 3‘ to the VRP-encoding sequence, but is 
preferably located at a site 5‘ from the promoter. 

[0099] (vi) Transcription Termination Component 

[0100] Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal, human, or nucleated cells 
from other multicellular organisms) Will also contain 
sequences necessary for the termination of transcription and 
for stabiliZing the mRNA. Such sequences are commonly 
available from the 5‘ and, occasionally 3‘, untranslated 
regions of eukaryotic or viral DNAs or cDNAs. These 
regions contain nucleotide segments transcribed as polyade 
nylated fragments in the untranslated portion of the mRNA 
encoding VRP. 

[0101] (vii) Construction and Analysis of Vectors 

[0102] Construction of suitable vectors containing one or 
more of the above listed components employs standard 
ligation techniques. Isolated plasmids or DNA fragments are 
cleaved, tailored, and re-ligated in the form desired to 
generate the plasmids required. 

[0103] For analysis to con?rm correct sequences in plas 
mids constructed, the ligation mixtures are used to transform 
E. coli K12 strain 294 (ATCC 31,446) and successful 
transformants selected by ampicillin or tetracycline resis 
tance Where appropriate. Plasmids from the transformants 
are prepared, analyZed by restriction endonuclease diges 
tion, and/or sequenced by the method of Messing et al., 
Nucleic Acids Res., 9:309 (1981) or by the method of 
Maxam et al., Methods in Enzymology, 65:499 (1980). 

[0104] (viii) Transient Expression Vectors 

[0105] Particularly useful in the practice of this invention 
are expression vectors that provide for the transient expres 
sion in mammalian cells of DNA encoding VRP. In general, 
transient expression involves the use of an expression vector 
that is able to replicate ef?ciently in a host cell, such that the 
host cell accumulates many copies of the expression vector 
and, in turn, synthesiZes high levels of a desired polypeptide 
encoded by the expression vector. Sambrook et al., supra, 
pp. 16.17-16.22. Transient expression systems, comprising a 
suitable expression vector and a host cell, alloW for the 
convenient positive identi?cation of polypeptides encoded 
by cloned DNAs, as Well as for the rapid screening of such 
polypeptides for desired biological or physiological proper 
ties. Thus, transient expression systems are particularly 
useful in the invention for purposes of identifying analogs 
and variants of VRP that are biologically active VRP. 

[0106] Suitable Exemplary Vertebrate Cell Vectors 

[0107] Other methods, vectors, and host cells suitable for 
adaptation to the synthesis of VRP in recombinant vertebrate 
cell culture are described in Gething et al., Nature, 2931620 
625 (1981); Mantei et al., Nature, 281:40-46 (1979); EP 
117,060; and EP 117,058. Aparticularly useful plasmid for 
mammalian cell culture expression of VRP is pRK5 (EP 
307,247) or pSVI6B. WO 91/08291 published Jun. 13, 1991. 
















































