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(57) ABSTRACT 

A human epidermal differentiation factor polypeptide and 
DNA (RNA) encoding such polypeptide and procedure for 
producing such polypeptide by recombinant techniques is 
disclosed. Also disclosed are methods for utilizing such 
polypeptide for treating and/or preventing skin diseases. 
Diagnostic assays for detecting mutations in a nucleic acid 
sequence encoding a polypeptide of the present invention 
and for detecting altered levels of the polypeptide of the 
present invention are also disclosed. 
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EPIDERMAL DIFFERENTIATION FACTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of and claims 
priority under 35 USC §120 to US. application Ser. No. 
09/317,850, ?led on May 25, 1999, Which is a divisional of 
and claims priority under 35 USC §120 to US. application 
Ser. No. 08/815,718, ?led on Mar. 12, 1997, Which is a 
non-provisional of and claims bene?t under 35 U.S.C. 
§119(e) of US. Provisional Application No. 60/014,220, 
?led on Mar. 27, 1996. Each of the above referenced 
applications are herein incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to neWly identi?ed poly 
nucleotides, polypeptides encoded by such polynucleotides, 
the use of such polynucleotides and polypeptides, as Well as 
the production of such polynucleotides and polypeptides. 
More particularly, the polypeptide of the present invention 
has been putatively identi?ed as an epidermal differentiation 
factor, sometimes hereinafter referred to as “EDF”. The 
invention also relates to inhibiting the action of such 
polypeptides. 

BACKGROUND OF THE INVENTION 

[0003] Cellular groWth and differentiation appear to be 
initiated, promoted, maintained and regulated by a multi 
plicity of stimulatory, inhibitory and synergistic factors and 
hormones. The alteration and/or breakdoWn of the cellular 
homeostasis mechanism seems to be a fundamental cause of 
groWth related diseases, including neoplasia. GroWth modu 
lar factors are implicated in a Wide variety of pathological 
and physiological processes including signal transduction, 
cell communication, groWth and development, embryo gen 
esis, immune response, hematopoiesis cell survival and 
differentiation, in?ammation, tissue repair and remodeling, 
atherosclerosis and cancer. 

[0004] Epidermal groWth factor (EGF), transforming 
groWth factor alpha (TGFot), betacellulin, amphiregulin, and 
vaccinia groWth factor among other factors are groWth and 
differentiation modulatory proteins induced by a variety of 
cell types either under normal physiological conditions or in 
response to exogenous stimuli. 

[0005] These peptide groWth factors in?uence Wound cells 
through autocrine and paracrine mechanisms. They also play 
important roles in normal Wound healing in tissues such as 
skin, cornea and gastrointestinal tract and they all share 
substantial amino acid sequence homology including the 
conserved placement of three intra-chain disul?de bonds. In 
addition, all the factors of this family bind to a 170,000 
molecular Weight transmembrane glycoprotein receptor and 
activate the tyrosine kinase activity in the receptors cyto 
plasmic domain (BuhroW, S. A. et al., J. Bio. Chem, 
817824-7826 (1983). 

[0006] The receptors are expressed by many types of cells 
including skin keratinocytes, ?broblasts, vascular endothe 
lial cells and epithelial cells of the gastrointestinal tract. 
These peptide groWth factors are synthesiZed by several 
cells involved in Wound healing including platelets, kerati 
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nocytes, and activated macrophages. These groWth factors 
have also been implicated in both the stimulation of groWth 
and differentiation of certain cells. 

[0007] Aprotein Which migrates as a train of spots With an 
average mass of 85 kda has been disclosed (Bhalerao, et al., 
J. Bio. Chem, 279(27):16385-16294 (1995)). This protein 
has been designated as “p85”. The full length cDNA con 
tains an open reading frame of 1,677 base pairs encoding a 
protein of 559 amino acids. Computer analysis of the 
deduced primary amino acid sequence reveals a hydropho 
bic signal peptide characteristic of a secreted protein. Motif 
analysis did not identify features typical for knoWn protein 
families. The message of 1.9 kb is expressed in various 
tissues such as liver, heart, lungs, etc., Whereas a splice 
variant Was present in embryonic cartilage and skin. The 
corresponding gene for p85 (called ECM1 for extracellular 
matrix protein 1), maps on chromosome 3 of the mouse in 
a region containing several loci involved in skin develop 
ment disorders. p85 Was originally identi?ed as a novel 
secreted protein of the mouse stromal osteogenic cell line, 
MN7. 

[0008] The gene maps to chromosome 3, just distal to 
GBA in a region containing at least 3 knoWn mutations 
affecting skin: FT (?aky tail), SOC (soft coat), and MA 
(matted). This suggests that the p85 gene may represent a 
candidate for any of these mutations. In particular, mice With 
SOC have abnormalities in the epidermis, hair boWl, Whis 
kers and display a clumping of the hairs of the coat (Green, 
M. C. (1989)) in genetic variance and strains of the labora 
tory mouse (Lyon, M. F. and Searle,A. G., EDS) pp. 12-403, 
Oxford University Press, Oxford, all of Which is consistent 
With the knoWn expression pattern of ECM1. Correlation of 
SOC and ECM1 Would provide important information in the 
elucidation of the in vivo function of p85. 

[0009] The localiZation of ECM1 is also interesting from 
another standpoint. The ECM1 region shares linkage homol 
ogy to human chromosome 1q21 (O’Brien, S. J. and Graves, 
M. J. A. (1991), Cytogenet. Cell Genet. 58:1124-1151), a 
region that contained a cluster of 3 families of genes 
involved in epidermal differentiation (VolZ, A. et al., 
Genomics, 18:92-99 (1993)). One family includes the pro 
teins loricrin, involucrin and a small proline-rich protein. 
These proteins are closely associated in the formation of the 
corni?ed cell envelope in the uppermost layers of the 
epidermis (Yoneda, K. et al., J. Biol. Chem, 267:18060 
18066 (1992)). Each of these genes contains a region of 
short tandem peptide repeats that have been partially con 
served during evolution (Steinert, P. M. et al., J. Biol. 
MacromoL, 13:130-139 (1991)). A recent report demon 
strated that the mouse homologue of loricrin maps to mouse 
chromosome 3 in apparent close proximity to ECM1 (Roth 
nagel, J. A. et al., Genomics, 23:450-456 (1994)). 

[0010] The second group includes several members of the 
S100 family of small calcium-binding proteins. These pro 
teins contain 2 calcium binding domains With the EF-hand 
motif, are highly homologous at the amino acid sequence 
level, and have a similar gene organiZation. 

[0011] The third family localiZed to human 1q21 includes 
pro?lagrin and trichohyalin (Lee, S. C. et al., J. Invest 
DermatoL, 100:65-69 (1993)). These genes appear to be 
fused genes containing at the 5‘ end tWo EF-hand calcium 
?nding motifs like those of the S100 family, and tandem 
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repeats that are characteristic of the corni?ed cell envelope 
family (Markova, N. G., Mol. Cell. Biol., 131613-625 
(1993)). The mouse pro?lagrin locus has recently been 
mapped to chromosome 3 (Rothnagel, J. A. et al., Genomics, 
231450-456 (1994)). 

[0012] The close physical linkage of these genes and the 
striking similarity in their organiZations has been suggested 
to be the result of a common evolution (Bakendorf, C. and 
Hohl, D., Nature Genet., 2191 (1992)). It has been suggested 
that some of these genes may share common regulatory 
regions and may function in concert during the ?nal steps of 
epidermal differentiation (Rosenthal, D. S. et al., J. Invest. 
DermatoL, 981343-350 (1992)). 

BRIEF SUMMARY OF THE INVENTION 

[0013] The polypeptide of the present invention has been 
putatively identi?ed as EDF as a result of linkage homology 
to human chromosome 1q21, the region that contains a 
cluster of three families of genes involving epidermal dif 
ferentiation. 

[0014] In accordance With one aspect of the present inven 
tion, there is provided a novel mature polypeptide, as Well as 
biologically active and diagnostically or therapeutically use 
ful fragments, analogs and derivatives thereof. The polypep 
tide of the present invention is of human origin. 

[0015] In accordance With another aspect of the present 
invention, there are provided isolated nucleic acid molecules 
encoding a polypeptide of the present invention including 
mRNAs, cDNAs, genomic DNAs as Well as analogs and 
biologically active and diagnostically or therapeutically use 
ful fragments thereof. 

[0016] In accordance With another aspect of the present 
invention there is provided an isolated nucleic acid molecule 
encoding a mature polypeptide expressed by the human 
cDNA contained in AT CC Deposit No. 97407. 

[0017] In accordance With yet a further aspect of the 
present invention, there is provided a process for producing 
such polypeptide by recombinant techniques comprising 
culturing recombinant prokaryotic and/or eukaryotic host 
cells, containing a nucleic acid sequence encoding a 
polypeptide of the present invention, under conditions pro 
moting expression of said protein and subsequent recovery 
of said protein. 

[0018] In accordance With yet a further aspect of the 
present invention, there is provided a process for utiliZing 
such polypeptide, or polynucleotide encoding such polypep 
tide for therapeutic purposes, for example, to stimulate 
hematopoietic cell groWth, to treat skin diseases, promote 
bone formation for healing of bone fractures and treatment 
of osteoporosis and osteogenesis imperfecta. 

[0019] In accordance With yet a further aspect of the 
present invention, there are provided antibodies against such 
polypeptides. 

[0020] In accordance With another aspect of the present 
invention, there are provided EDF agonists Which mimic 
EDF and bind to EDF receptors. 

[0021] In accordance With yet another aspect of the 
present invention, there are provided antagonists to such 
polypeptides, Which may be used to inhibit the action of 
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such polypeptides, for example, in the treatment of osteod 
ystrophy, osteohypertrophy, osteoma, osteopetrosis, 
osteoporosis and osteoblastoma. 

[0022] In accordance With yet a further aspect of the 
present invention, there is also provided nucleic acid probes 
comprising nucleic acid molecules of suf?cient length to 
speci?cally hybridiZe to a nucleic acid sequence of the 
present invention. 

[0023] In accordance With still another aspect of the 
present invention, there are provided diagnostic assays for 
detecting diseases or susceptibility to diseases related to 
mutations in the nucleic acid sequences encoding a polypep 
tide of the present invention. 

[0024] In accordance With yet a further aspect of the 
present invention, there is provided a process for utiliZing 
such polypeptides, or polynucleotides encoding such 
polypeptides, for in vitro purposes related to scienti?c 
research, for example, synthesis of DNA and manufacture of 
DNA vectors. 

[0025] These and other aspects of the present invention 
should be apparent to those skilled in the art from the 
teachings herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The folloWing draWings are illustrative of embodi 
ments of the invention and are not meant to limit the scope 
of the invention as encompassed by the claims. 

[0027] FIG. 1 is an illustration of the cDNA and corre 
sponding deduced amino acid sequence of the polypeptide 
of the present invention. Sequencing Was performed using a 
373 automated DNA sequencer (Applied Biosystems, Inc.). 

[0028] FIG. 2 is an amino acid sequence comparison 
betWeen the polypeptide of the present invention (top line) 
and murine p85 protein (bottom line) (SEQ ID NO17). 

DETAILED DESCRIPTION 

[0029] In accordance With an aspect of the present inven 
tion, there is provided an isolated nucleic acid (polynucle 
otide) Which encodes for the mature polypeptide having the 
deduced amino acid sequence of FIG. 1 (SEQ ID NO12). 

[0030] The polynucleotide of this invention Was discov 
ered in a cDNA library derived from human tonsils. It is 
structurally related to the murine p85 protein. It contains an 
open reading frame encoding a protein of 415 amino acid 
residues of Which approximately the ?rst 19 amino acids 
residues are the putative leader sequence such that the 
mature protein comprises 396 amino acids. The protein 
exhibits the highest degree of homology at the amino acid 
level to murine p85 With 66.667% identity and 78.986% 
similarity. EDF also shoWs the highest degree of homology 
at the nucleotide sequence level to murine p85 With 80% 
identity and 80% similarity over a 547 base pair stretch. 

[0031] The clone Was identi?ed by its homology With the 
mouse Ecm1 splicing variant for, since splicing occurs at the 
same position both in mouse and human. Mouse splicing 
variant is speci?cally expressed in tail, front paW and skin of 
embryonic mice, and mapped to the region on mouse 
chromosome 3 knoW to contain at least three knoWn muta 
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tions affecting skin: ft (?aky tail), soc (soft coat), and ma 
(matted), these loci are associated With developmental dis 
orders of the skin. 

[0032] In accordance With another aspect of the present 
invention there are provided isolated polynucleotides encod 
ing a mature polypeptide expressed by the human cDNA 
contained in AT CC Deposit No. 97407, deposited With the 
American Type Culture Collection, 10801 University Bou 
levard, Manassas, Va. 20110, USA, on Jan. 2, 1996. The 
deposited material is a pBluescript SK (—) vector (Strat 
agene, La Jolla, Calif.) that contains the full-length EDF 
cDNA. 

[0033] The deposit has been made under the terms of the 
Budapest Treaty on the International Recognition of the 
Deposit of Micro-organisms for purposes of Patent Proce 
dure. The strain Will be irrevocably and Without restriction 
or condition released to the public upon the issuance of a 
patent. The deposit is provided merely as convenience to 
those of skill in the art and are not an admission that a 
deposit is required under 35 U.S.C. §112. The sequence of 
the polynucleotide contained in the deposited material, as 
Well as the amino acid sequence of the polypeptide encoded 
thereby, are controlling in the event of any con?ict With any 
description of sequences herein. A license may be required 
to make, use or sell the deposited material, and no such 
license is hereby granted. 

[0034] The polynucleotide of the present invention may be 
in the form of RNA or in the form of DNA, Which DNA 
includes cDNA, genomic DNA, and synthetic DNA. The 
DNA may be double-stranded or single-stranded, and if 
single stranded may be the coding strand or non-coding 
(anti-sense) strand. The coding sequence Which encodes the 
mature polypeptide may be identical to the coding sequence 
shoWn in FIG. 1 (SEQ ID NO: 1) or may be a different 
coding sequence Which coding sequence, as a result of the 
redundancy or degeneracy of the genetic code, encodes the 
same mature polypeptide as the DNA of FIG. 1 (SEQ ID 

NO:1). 
[0035] The polynucleotide Which encodes for the mature 
polypeptide of FIG. 1 (SEQ ID NO:2) may include, but is 
not limited to: only the coding sequence for the mature 
polypeptide; the coding sequence for the mature polypeptide 
and additional coding sequence such as a leader or secretory 
sequence or a proprotein sequence; the coding sequence for 
the mature polypeptide (and optionally additional coding 
sequence) and non-coding sequence, such as introns or 
non-coding sequence 5‘ and/or 3‘ of the coding sequence for 
the mature polypeptide. 

[0036] Thus, the term “polynucleotide encoding a 
polypeptide” encompasses a polynucleotide Which includes 
only coding sequence for the polypeptide as Well as a 
polynucleotide Which includes additional coding and/or 
non-coding sequence. 

[0037] The present invention further relates to variants of 
the hereinabove described polynucleotides Which encode for 
fragments, analogs and derivatives of the polypeptide hav 
ing the deduced amino acid sequence of FIG. 1 (SEQ ID 
NO:2). The variant of the polynucleotide may be a naturally 
occurring allelic variant of the polynucleotide or a non 
naturally occurring variant of the polynucleotide. 

[0038] Thus, the present invention includes polynucle 
otides encoding the same mature polypeptide as shoWn in 

May 29, 2003 

FIG. 1 (SEQ ID NO:2) as Well as variants of such poly 
nucleotides Which variants encode for a fragment, derivative 
or analog of the polypeptide of FIG. 1 (SEQ ID NO:2). Such 
nucleotide variants include deletion variants, substitution 
variants and addition or insertion variants. 

[0039] As hereinabove indicated, the polynucleotide may 
have a coding sequence Which is a naturally occurring allelic 
variant of the coding sequence shoWn in FIG. 1 (SEQ ID 
NO:1). As knoWn in the art, an allelic variant is an alternate 
form of a polynucleotide sequence Which may have a 
substitution, deletion or addition of one or more nucleotides, 
Which does not substantially alter the function of the 
encoded polypeptide. 
[0040] The present invention also includes polynucle 
otides, Wherein the coding sequence for the mature polypep 
tide may be fused in the same reading frame to a polynucle 
otide sequence Which aids in expression and secretion of a 
polypeptide from a host cell, for eXample, a leader sequence 
Which functions as a secretory sequence for controlling 
transport of a polypeptide from the cell. The polypeptide 
having a leader sequence is a preprotein and may have the 
leader sequence cleaved by the host cell to form the mature 
form of the polypeptide. The polynucleotides may also 
encode for a proprotein Which is the mature protein plus 
additional 5‘ amino acid residues. Amature protein having a 
prosequence is a proprotein and is an inactive form of the 
protein. Once the prosequence is cleaved an active mature 
protein remains. Thus, for eXample, the polynucleotide of 
the present invention may encode for a mature protein, or for 
a protein having a prosequence or for a protein having both 
a prosequence and a presequence (leader sequence). 

[0041] The polynucleotides of the present invention may 
also have the coding sequence fused in frame to a marker 
sequence Which alloWs for puri?cation of the polypeptide of 
the present invention. The marker sequence may be a 
heXa-histidine tag supplied by a pQE-9 vector to provide for 
puri?cation of the mature polypeptide fused to the marker in 
the case of a bacterial host, or, for eXample, the marker 
sequence may be a hemagglutinin (HA) tag When a mam 
malian host, e.g. COS-7 cells, is used. The HA tag corre 
sponds to an epitope derived from the in?uenza hemagglu 
tinin protein (Wilson, I., et al., Cell, 37:767 (1984)). 
[0042] The term “gene” means the segment of DNA 
involved in producing a polypeptide chain; it includes 
regions preceding and folloWing the coding region (leader 
and trailer) as Well as intervening sequences (introns) 
betWeen individual coding segments (eXons). 
[0043] Fragments of the full length gene of the present 
invention may be used as a hybridiZation probe for a cDNA 
library to isolate the full length cDNA and to isolate other 
cDNAs Which have a high sequence similarity to the gene or 
similar biological activity. Probes of this type preferably 
have at least 30 bases and may contain, for eXample, 50 or 
more bases. The probe may also be used to identify a cDNA 
clone corresponding to a full length transcript and a genomic 
clone or clones that contain the complete gene including 
regulatory and promoter regions, eXons, and introns. An 
eXample of a screen comprises isolating the coding region of 
the gene by using the knoWn DNA sequence to synthesiZe an 
oligonucleotide probe. Labeled oligonucleotides having a 
sequence complementary to that of the gene of the present 
invention are used to screen a library of human cDNA, 
genomic DNA or mRNA to determine Which members of the 
library the probe hybridiZes to. 
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[0044] Further preferred embodiments of the invention are 
polynucleotides that are at least 70% identical to a poly 
nucleotide encoding the EDF polypeptide having the amino 
acid sequence set out in FIG. 1 (SEQ ID NO:2), and 
polynucleotides Which are complementary to such poly 
nucleotides. Alternatively, most highly preferred are poly 
nucleotides that comprise a region that is at least 80% 
identical to a polynucleotide encoding the EDF polypeptide 
and polynucleotides complementary thereto. In this regard, 
polynucleotides at least 90% identical to the same are 
particularly preferred, and among these particularly pre 
ferred polynucleotides, those With at least 95% are espe 
cially preferred. Furthermore, those With at least 97% are 
highly preferred among those With at least 95%, and among 
these those With at least 98% and at least 99% are particu 
larly highly preferred, With at least 99% being the more 
preferred. 

[0045] Alternatively, the polynucleotide may have at least 
15 bases, preferably at least 30 bases, and more preferably 
at least 50 bases Which hybridiZe to a polynucleotide of the 
present invention and Which has an identity thereto, as 
hereinabove described, and Which may or may not retain 
activity. For eXample, such polynucleotides may be 
employed as probes for the polynucleotide of SEQ ID NO:1, 
for eXample, for recovery of the polynucleotide or as a 
diagnostic probe or as a PCR primer. 

[0046] Thus, the present invention is directed to poly 
nucleotides having at least a 70% identity, preferably an at 
least an 85% identity, more preferably at least 90% identity 
and most preferably at least a 95% identity to a polynucle 
otide Which encodes the polypeptide of SEQ ID NO:2 and 
polynucleotides complementary thereto as Well as portions 
thereof, Which portions have at least 15 consecutive bases, 
preferably 30 consecutive bases, and most preferably at least 
50 consecutive bases and to polypeptides encoded by such 
polynucleotides. 

[0047] The present invention further relates to a polypep 
tide Which has the deduced amino acid sequence of FIG. 1 
(SEQ ID N012), as Well as fragments, analogs and deriva 
tives of such polypeptide. 

[0048] The terms “fragment,”“derivative” and “analog” 
When referring to the polypeptide of FIG. 1 (SEQ ID N012), 
means a polypeptide Which retains essentially the same 
biological function or activity as such polypeptide. Thus, an 
analog includes a proprotein Which can be activated by 
cleavage of the proprotein portion to produce an active 
mature polypeptide. 

[0049] The polypeptide of the present invention may be a 
recombinant polypeptide, a natural polypeptide or a syn 
thetic polypeptide, preferably a recombinant polypeptide. 

[0050] The fragment, derivative or analog of the polypep 
tide of FIG. 1 (SEQ ID NO:2) may be one in Which one 
or more of the amino acid residues are substituted With a 
conserved or non-conserved amino acid residue (preferably 
a conserved amino acid residue) and such substituted amino 
acid residue may or may not be one encoded by the genetic 
code, or (ii) one in Which one or more of the amino acid 
residues includes a substituent group, or (iii) one in Which 
the mature polypeptide is fused With another compound, 
such as a compound to increase the half-life of the polypep 
tide (for eXample, polyethylene glycol), or (iv) one in Which 

May 29, 2003 

the additional amino acids are fused to the mature polypep 
tide, such as a leader or secretory sequence or a sequence 
Which is employed for puri?cation of the mature polypeptide 
or a proprotein sequence. Such fragments, derivatives and 
analogs are deemed to be Within the scope of those skilled 
in the art from the teachings herein. 

[0051] The polypeptides and polynucleotides of the 
present invention are preferably provided in an isolated 
form, and preferably are puri?ed to homogeneity. 

[0052] The term “isolated” means that the material is 
removed from its original environment (e.g., the natural 
environment if it is naturally occurring). For eXample, a 
naturally-occurring polynucleotide or polypeptide present in 
a living animal is not isolated, but the same polynucleotide 
or polypeptide, separated from some or all of the coexisting 
materials in the natural system, is isolated. Such polynucle 
otides could be part of a vector and/or such polynucleotides 
or polypeptides could be part of a composition, and still be 
isolated in that such vector or composition is not part of its 
natural environment. 

[0053] The polypeptides of the present invention include 
the polypeptide of SEQ ID NO:2 (in particular the mature 
polypeptide) as Well as polypeptides Which have at least 
85% similarity (preferably at least 85% identity) to the 
polypeptide of SEQ ID NO:2 and more preferably at least 
90% similarity (more preferably at least 90% identity) to the 
polypeptide of SEQ ID NO:2 and still more preferably at 
least 95% similarity (still more preferably at least 95% 
identity) to the polypeptide of SEQ ID NO:2 and also 
include portions of such polypeptides With such portion of 
the polypeptide generally containing at least 30 amino acids 
and more preferably at least 50 amino acids. 

[0054] As knoWn in the art “similarity” betWeen tWo 
polypeptides is determined by comparing the amino acid 
sequence and its conserved amino acid substitutes of one 
polypeptide to the sequence of a second polypeptide. 

[0055] Fragments or portions of the polypeptides of the 
present invention may be employed for producing the cor 
responding full-length polypeptide by peptide synthesis; 
therefore, the fragments may be employed as intermediates 
for producing the full-length polypeptides. Fragments or 
portions of the polynucleotides of the present invention may 
be used to synthesiZe full-length polynucleotides of the 
present invention. 

[0056] The present invention also relates to vectors Which 
include polynucleotides of the present invention, host cells 
Which are genetically engineered With vectors of the inven 
tion and the production of polypeptides of the invention by 
recombinant techniques. 

[0057] Host cells are genetically engineered (transduced 
or transformed or transfected) With the vectors of this 
invention Which may be, for eXample, a cloning vector or an 
expression vector. The vector may be, for eXample, in the 
form of a plasmid, a viral particle, a phage, etc. The 
engineered host cells can be cultured in conventional nutri 
ent media modi?ed as appropriate for activating promoters, 
selecting transformants or amplifying the genes of the 
present invention. The culture conditions, such as tempera 
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ture, pH and the like, are those previously used With the host 
cell selected for expression, and Will be apparent to the 
ordinarily skilled artisan. 

[0058] The polynucleotides of the present invention may 
be employed for producing polypeptides by recombinant 
techniques. Thus, for example, the polynucleotide may be 
included in any one of a variety of expression vectors for 
expressing a polypeptide. Such vectors include chromo 
somal, nonchromosomal and synthetic DNA sequences, e.g., 
derivatives of SV40; bacterial plasmids; phage DNA; bacu 
lovirus; yeast plasmids; vectors derived from combinations 
of plasmids and phage DNA, viral DNA such as vaccinia, 
adenovirus, foWl pox virus, and pseudorabies. HoWever, any 
other vector may be used as long as it is replicable and viable 
in the host. 

[0059] The appropriate DNA sequence may be inserted 
into the vector by a variety of procedures. In general, the 
DNA sequence is inserted into an appropriate restriction 
endonuclease site(s) by procedures knoWn in the art. Such 
procedures and others are deemed to be Within the scope of 
those skilled in the art. 

[0060] The DNA sequence in the expression vector is 
operatively linked to an appropriate expression control 
sequence(s) (promoter) to direct mRNA synthesis. As rep 
resentative examples of such promoters, there may be men 
tioned: LTR or SV40 promoter, the E. coli, lac or trp, the 
phage lambda PL promoter and other promoters knoWn to 
control expression of genes in prokaryotic or eukaryotic 
cells or their viruses. The expression vector also contains a 
ribosome binding site for translation initiation and a tran 
scription terminator. The vector may also include appropri 
ate sequences for amplifying expression. 

[0061] In addition, the expression vectors preferably con 
tain one or more selectable marker genes to provide a 
phenotypic trait for selection of transformed host cells such 
as dihydrofolate reductase or neomycin resistance for 
eukaryotic cell culture, or such as tetracycline or ampicillin 
resistance in E. coli. 

[0062] The vector containing the appropriate DNA 
sequence as hereinabove described, as Well as an appropriate 
promoter or control sequence, may be employed to trans 
form an appropriate host to permit the host to express the 
protein. 

[0063] As representative examples of appropriate hosts, 
there may be mentioned: bacterial cells, such as E. coli, 
Streptomyces, Salmonella tryphimurium; fungal cells, such 
as yeast; insect cells such as Drosophila S2 and Spodoptera 
Sf2; animal cells such as CHO, COS or BoWes melanoma; 
adenoviruses; plant cells, etc. The selection of an appropri 
ate host is deemed to be Within the scope of those skilled in 
the art from the teachings herein. 

[0064] More particularly, the present invention also 
includes recombinant constructs comprising one or more of 
the sequences as broadly described above. The constructs 
comprise a vector, such as a plasmid or viral vector, into 
Which a sequence of the invention has been inserted, in a 
forWard or reverse orientation. In a preferred aspect of this 
embodiment, the construct further comprises regulatory 
sequences, including, for example, a promoter, operably 
linked to the sequence. Large numbers of suitable vectors 
and promoters are knoWn to those of skill in the art, and are 
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commercially available. The folloWing vectors are provided 
by Way of example; Bacterial: pQE70, pQE60, pQE-9 
(Qiagen), pBS, pD10, phagescript, psiX174, pBluescript 
SK, pBSKS, pNH8A, pNH16a, pNH18A, pNH46A (Strat 
agene); pTRC99a, pKK223-3, pKK233-3, pDR540, pRITS 
(Pharmacia); Eukaryotic: pWLNEO, pSV2CAT, pOG44, 
pXTl, pSG (Stratagene) pSVK3, pBPV, pMSG, pSVL 
(Pharmacia). HoWever, any other plasmid or vector may be 
used as long as they are replicable and viable in the host. 

[0065] Promoter regions can be selected from any desired 
gene using CAT (chloramphenicol transferase) vectors or 
other vectors With selectable markers. TWo appropriate 
vectors are pKK232-8 and pCM7. Particular named bacte 
rial promoters include lacI, lacZ, T3, T7, gpt, lambda PR, PL 
and trp. Eukaryotic promoters include CMV immediate 
early, HSV thymidine kinase, early and late SV40, LTRs 
from retrovirus, and mouse metallothionein-I. Selection of 
the appropriate vector and promoter is Well Within the level 
of ordinary skill in the art. 

[0066] In a further embodiment, the present invention 
relates to host cells containing the above-described con 
structs. The host cell can be a higher eukaryotic cell, such as 
a mammalian cell, or a loWer eukaryotic cell, such as a yeast 
cell, or the host cell can be a prokaryotic cell, such as a 
bacterial cell. Introduction of the construct into the host cell 
can be effected by calcium phosphate transfection, DEAE 
Dextran mediated transfection, or electroporation (Davis, L., 
Dibner, M., Battey, I., Basic Methods in Molecular Biology, 
(1986)). 
[0067] The constructs in host cells can be used in a 
conventional manner to produce the gene product encoded 
by the recombinant sequence. Alternatively, the polypep 
tides of the invention can be synthetically produced by 
conventional peptide synthesiZers. 

[0068] Mature proteins can be expressed in mammalian 
cells, yeast, bacteria, or other cells under the control of 
appropriate promoters. Cell-free translation systems can also 
be employed to produce such proteins using RNAs derived 
from the DNA constructs of the present invention. Appro 
priate cloning and expression vectors for use With prokary 
otic and eukaryotic hosts are described by Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, Second Edition, 
Cold Spring Harbor, NY, (1989), the disclosure of Which is 
hereby incorporated by reference. 

[0069] Transcription of the DNA encoding the polypep 
tides of the present invention by higher eukaryotes is 
increased by inserting 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. Examples include the SV40 enhancer on the 
late side of the replication origin bp 100 to 270, a cytome 
galovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus 
enhancers. 

[0070] Generally, recombinant expression vectors Will 
include origins of replication and selectable markers per 
mitting transformation of the host cell, e.g., the ampicillin 
resistance gene of E. coli and S. cerevisiae TRPl gene, and 
a promoter derived from a highly-expressed gene to direct 
transcription of a doWnstream structural sequence. Such 
promoters can be derived from operons encoding glycolytic 
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enzymes such as 3-phosphoglycerate kinase (PGK), ot-fac 
tor, acid phosphatase, or heat shock proteins, among others. 
The heterologous structural sequence is assembled in appro 
priate phase With translation initiation and termination 
sequences, and preferably, a leader sequence capable of 
directing secretion of translated protein into the periplasmic 
space or extracellular medium. Optionally, the heterologous 
sequence can encode a fusion protein including an N-ter 
minal identi?cation peptide imparting desired characteris 
tics, e. g., stabiliZation or simpli?ed puri?cation of expressed 
recombinant product. 

[0071] Useful expression vectors for bacterial use are 
constructed by inserting a structural DNA sequence encod 
ing a desired protein together With suitable translation 
initiation and termination signals in operable reading phase 
With a functional promoter. The vector Will comprise one or 
more phenotypic selectable markers and an origin of repli 
cation to ensure maintenance of the vector and to, if desir 
able, provide ampli?cation Within the host. Suitable 
prokaryotic hosts for transformation include E. coli, Bacillus 
subtilis, Salmonella typhimurium and various species Within 
the genera Pseudomonas, Streptomyces, and Staphylococ 
cus, although others may also be employed as a matter of 
choice. 

[0072] As a representative but nonlimiting example, use 
ful expression vectors for bacterial use can comprise a 
selectable marker and bacterial origin of replication derived 
from commercially available plasmids comprising genetic 
elements of the Well knoWn cloning vector pBR322 (AT CC 
37017). Such commercial vectors include, for example, 
pKK223-3 (Pharmacia Fine Chemicals, Uppsala, SWeden) 
and GEM1 (Promega Biotec, Madison, Wis., USA). These 
pBR322 “backbone” sections are combined With an appro 
priate promoter and the structural sequence to be expressed. 

[0073] FolloWing transformation of a suitable host strain 
and groWth of the host strain to an appropriate cell density, 
the selected promoter is induced by appropriate means (e.g., 
temperature shift or chemical induction) and cells are cul 
tured for an additional period. 

[0074] Cells are typically harvested by centrifugation, 
disrupted by physical or chemical means, and the resulting 
crude extract retained for further puri?cation. 

[0075] Microbial cells employed in expression of proteins 
can be disrupted by any convenient method, including 
freeZe-thaW cycling, sonication, mechanical disruption, or 
use of cell lysing agents, such methods are Well knoWn to 
those skilled in the art. 

[0076] Various mammalian cell culture systems can also 
be employed to express recombinant protein. Examples of 
mammalian expression systems include the COS-7 lines of 
monkey kidney ?broblasts, described by GluZman, Cell, 
23:175 (1981), and other cell lines capable of expressing a 
compatible vector, for example, the C127, 3T3, CHO, HeLa 
and BHK cell lines. Mammalian expression vectors Will 
comprise an origin of replication, a suitable promoter and 
enhancer, and also any necessary ribosome binding sites, 
polyadenylation site, splice donor and acceptor sites, tran 
scriptional termination sequences, and 5‘ ?anking nontran 
scribed sequences. DNA sequences derived from the SV40 
splice, and polyadenylation sites may be used to provide the 
required nontranscribed genetic elements. 
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[0077] The polypeptide can be recovered and puri?ed 
from recombinant cell cultures by methods including ammo 
nium sulfate or ethanol precipitation, acid extraction, anion 
or cation exchange chromatography, phosphocellulose chro 
matography, hydrophobic interaction chromatography, 
af?nity chromatography, hydroxylapatite chromatography 
and lectin chromatography. Protein refolding steps can be 
used, as necessary, in completing con?guration of the 
mature protein. Finally, high performance liquid chroma 
tography (HPLC) can be employed for ?nal puri?cation 
steps. 
[0078] The polypeptides of the present invention may be 
a naturally puri?ed product, or a product of chemical syn 
thetic procedures, or produced by recombinant techniques 
from a prokaryotic or eukaryotic host (for example, by 
bacterial, yeast, higher plant, insect and mammalian cells in 
culture). Depending upon the host employed in a recombi 
nant production procedure, the polypeptides of the present 
invention may be glycosylated or may be non-glycosylated. 
Polypeptides of the invention may also include an initial 
methionine amino acid residue. 

[0079] EDF may be employed to treat and/or prevent skin 
disease. Mutations in the EDF gene may lead to skin 
disorders such as pruritus, dermatitis, bacterial skin infec 
tions, super?cial fungal infections, parasitic skin infections, 
viral skin infections, disorders of hair follicles and seba 
ceous glands, scaling papular diseases, in?ammatory skin 
reactions, bullous diseases, disorders of corni?cation, pig 
mentary disorders, disorders of sWeating and skin tumors. 

[0080] EDF may also be employed to promote bone 
formation for healing of bone fractures and treatment of 
osteoporosis and osteogenesis imperfecta. 
[0081] The polynucleotides and polypeptides of the 
present invention may be employed as research reagents and 
materials for discovery of treatments and diagnostics to 
human disease. 

[0082] This invention provides a method for identi?cation 
of the receptor for EDF. The gene encoding the receptor can 
be identi?ed by numerous methods knoWn to those of skill 
in the art, for example, ligand panning and FACS sorting 
(Coligan, et al., Current Protocols in Immun, 1(2), Chapter 
5, (1991)). Preferably, expression cloning is employed 
Wherein polyadenylated RNA is prepared from a cell respon 
sive to EDF, and a cDNA library created from this RNA is 
divided into pools and used to transfect COS cells or other 
cells that are not responsive to EDF. Transfected cells Which 
are groWn on glass slides are exposed to labeled EDF. EDF 
can be labeled by a variety of means including iodination or 
inclusion of a recognition site for a site-speci?c protein 
kinase. FolloWing ?xation and incubation, the slides are 
subjected to auto-radiographic analysis. Positive pools are 
identi?ed and sub-pools are prepared and re-transfected 
using an iterative sub-pooling and re-screening process, 
eventually yielding a single clone that encodes the putative 
receptor. As an alternative approach for receptor identi?ca 
tion, labeled ligand can be photoaf?nity linked With cell 
membrane or extract preparations that express the receptor 
molecule. Cross-linked material is resolved by PAGE and 
exposed to X-ray ?lm. The labeled complex containing the 
ligand-receptor can be excised, resolved into peptide frag 
ments, and subjected to protein microsequencing. The amino 
acid sequence obtained from microsequencing Would be 
used to design a set of degenerate oligonucleotide probes to 
screen a cDNA library to identify the gene encoding the 
putative receptor. 
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[0083] This invention provides a method of screening 
compounds to identify those Which enhance or block inter 
action of EDF With its receptor. As an example, a mamma 
lian cell or membrane preparation expressing the EDF 
receptor Would be incubated With labeled EDF in the pres 
ence of the compound. The ability of the compound to 
enhance or block this interaction could then be measured. 
Alternatively, the response of a knoWn second messenger 
system folloWing interaction of EDF With its receptor Would 
be measured and compared in the presence or absence of the 
compound. Such second messenger systems include but are 
not limited to, cAMP guanylate cyclase, ion channels or 
phosphoinositide hydrolysis. 
[0084] An example of a speci?c antagonist assay is a 
competitive inhibition assay, Wherein a potential agonist and 
labelled EDF are combined in the presence of membrane 
bound EDF receptors or recombinant EDF receptors under 
appropriate conditions for binding. The number of EDF 
molecules bound to the receptor is an indication of the 
effectiveness of the potential antagonist. 

[0085] Potential antagonists include an antibody, or in 
some cases, an oligopeptide, Which binds to the polypeptide. 
Alternatively, a potential antagonist may be a closely related 
protein Which binds to the receptor sites, hoWever, they are 
inactive forms of the polypeptide and thereby prevent the 
action of EDF since receptor sites are occupied. 

[0086] Another potential antagonist is an antisense con 
struct prepared using antisense technology. Antisense tech 
nology can be used to control gene expression through 
triple-helix formation or antisense DNA or RNA, both of 
Which methods are based on binding of a polynucleotide to 
DNA or RNA. For example, the 5‘ coding portion of the 
polynucleotide sequence, Which encodes for the mature 
polypeptides of the present invention, is used to design an 
antisense RNA oligonucleotide of from about 10 to 40 base 
pairs in length. A DNA oligonucleotide is designed to be 
complementary to a region of the gene involved in tran 
scription (triple helix—see Lee et al., Nucl. Acids Res., 
613073 (1979); Cooney et al, Science, 241:456 (1988); and 
Dervan et al., Science, 251: 1360 (1991)), thereby prevent 
ing transcription and the production of EDF. The antisense 
RNA oligonucleotide hybridiZes to the mRNA in vivo and 
blocks translation of the mRNAmolecule into EDF polypep 
tide (Antisense—Okano, J. Neurochem, 56:560 (1991); 
Oligodeoxynucleotides as Antisense Inhibitors of Gene 
Expression, CRC Press, Boca Raton, Fla. (1988)). The 
oligonucleotides described above can also be delivered to 
cells such that the antisense RNA or DNA may be expressed 
in vivo to inhibit production of EDF. 

[0087] Potential antagonists include a small molecule 
Which binds to and occupies the catalytic site of the polypep 
tide thereby making the catalytic site inaccessible to sub 
strate such that normal biological activity is prevented. 
Examples of small molecules include but are not limited to 
small peptides or peptide-like molecules. 

[0088] The antagonists may be employed to treat osteod 
ystrophy, osteohypertrophy, osteoma, osteopetrosis, 
osteoporosis and osteoblastoma. The antagonists may be 
employed in a composition With a pharmaceutically accept 
able carrier, e.g., as hereinafter described. 

[0089] The polypeptides of the present invention may be 
employed in combination With a suitable pharmaceutical 
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carrier. Such compositions comprise a therapeutically effec 
tive amount of the polypeptide, and a pharmaceutically 
acceptable carrier or excipient. Such a carrier includes but is 
not limited to saline, buffered saline, dextrose, Water, glyc 
erol, ethanol, and combinations thereof. The formulation 
should suit the mode of administration. 

[0090] The invention also provides a pharmaceutical pack 
or kit comprising one or more containers ?lled With one or 

more of the ingredients of the pharmaceutical compositions 
of the invention. Associated With such container(s) can be a 
notice in the form prescribed by a governmental agency 
regulating the manufacture, use or sale of pharmaceuticals or 
biological products, Which notice re?ects approval by the 
agency of manufacture, use or sale for human administra 
tion. In addition, the polypeptides of the present invention 
may be employed in conjunction With other therapeutic 
compounds. 

[0091] The pharmaceutical compositions may be admin 
istered in a convenient manner such as by the oral, topical, 
parenterally, intravenous, intraperitoneal, intramuscular, 
subcutaneous, intranasal or intradermal routes. The pharma 
ceutical compositions are administered in an amount Which 
is effective for treating and/or prophylaxis of the speci?c 
indication. In general, they are administered in an amount of 
at least about 10 pig/kg body Weight and in most cases they 
Will be administered in an amount not in excess of about 8 
mg/Kg body Weight per day. In most cases, the dosage is 
from about 10 pig/kg to about 1 mg/kg body Weight daily, 
taking into account the routes of administration, symptoms, 
etc. 

[0092] The EDF polypeptides and agonists and antago 
nists Which are polypeptides may also be employed in 
accordance With the present invention by expression of such 
polypeptides in vivo, Which is often referred to as “gene 
therapy.” 

[0093] Thus, for example, cells from a patient may be 
engineered With a polynucleotide (DNA or RNA) encoding 
a polypeptide ex vivo, With the engineered cells then being 
provided to a patient to be treated With the polypeptide. Such 
methods are Well-knoWn in the art and are apparent from the 
teachings herein. For example, cells may be engineered by 
the use of a retroviral plasmid vector containing RNA 
encoding a polypeptide of the present invention. 

[0094] Similarly, cells may be engineered in vivo for 
expression of a polypeptide in vivo by, for example, proce 
dures knoWn in the art. For example, a packaging cell is 
transduced With a retroviral plasmid vector containing RNA 
encoding a polypeptide of the present invention such that the 
packaging cell noW produces infectious viral particles con 
taining the gene of interest. These producer cells may be 
administered to a patient for engineering cells in vivo and 
expression of the polypeptide in vivo. These and other 
methods for administering a polypeptide of the present 
invention by such method should be apparent to those 
skilled in the art from the teachings of the present invention. 

[0095] Retroviruses from Which the retroviral plasmid 
vectors hereinabove mentioned may be derived include, but 
are not limited to, Moloney Murine Leukemia Virus, spleen 
necrosis virus, retroviruses such as Rous Sarcoma Virus, 
Harvey Sarcoma Virus, avian leukosis virus, gibbon ape 
leukemia virus, human immunode?ciency virus, adenovirus, 
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Myeloproliferative Sarcoma Virus, and mammary tumor 
virus. In one embodiment, the retroviral plasmid vector is 
derived from Moloney Murine Leukemia Virus. 

[0096] The vector includes one or more promoters. Suit 
able promoters Which may be employed include, but are not 
limited to, the retroviral LTR; the SV40 promoter; and the 
human cytomegalovirus (CMV) promoter described in 
Miller, et al., Biotechniques, Vol. 7, No. 9, 980-990 (1989), 
or any other promoter (e.g., cellular promoters such as 
eukaryotic cellular promoters including, but not limited to, 
the histone, pol III, and [3-actin promoters). Other viral 
promoters Which may be employed include, but are not 
limited to, adenovirus promoters, thymidine kinase (TK) 
promoters, and B19 parvovirus promoters. The selection of 
a suitable promoter Will be apparent to those skilled in the 
art from the teachings contained herein. 

[0097] The nucleic acid sequence encoding the polypep 
tide of the present invention is under the control of a suitable 
promoter. Suitable promoters Which may be employed 
include, but are not limited to, adenoviral promoters, such as 
the adenoviral major late promoter; or heterologous promot 
ers, such as the cytomegalovirus (CMV) promoter; the 
respiratory syncytial virus (RSV) promoter; inducible pro 
moters, such as the MMT promoter, the metallothionein 
promoter; heat shock promoters; the albumin promoter; the 
ApoAI promoter; human globin promoters; viral thymidine 
kinase promoters, such as the Herpes Simplex thymidine 
kinase promoter; retroviral LTRs (including the modi?ed 
retroviral LTRs hereinabove described); the [3-actin pro 
moter; and human groWth hormone promoters. The pro 
moter also may be the native promoter Which controls the 
gene encoding the polypeptide. 

[0098] The retroviral plasmid vector is employed to trans 
duce packaging cell lines to form producer cell lines. 
Examples of packaging cells Which may be transfected 
include, but are not limited to, the PE501, PA317, 1p-2, 
IP-AM, PA12, T19-14X, VT-19-17-H2, IPCRE, wCRIP, 
GP+E-86, GP+envAm12, and DAN cell lines as described 
in Miller, Human Gene Therapy, Vol. 1, pgs. 5-14 (1990), 
Which is incorporated herein by reference in its entirety. The 
vector may transduce the packaging cells through any means 
knoWn in the art. Such means include, but are not limited to, 
electroporation, the use of liposomes, and CaPO4 precipita 
tion. In one alternative, the retroviral plasmid vector may be 
encapsulated into a liposome, or coupled to a lipid, and then 
administered to a host. 

[0099] The producer cell line generates infectious retro 
viral vector particles Which include the nucleic acid 
sequence(s) encoding the polypeptides. Such retroviral vec 
tor particles then may be employed, to transduce eukaryotic 
cells, either in vitro or in vivo. The transduced eukaryotic 
cells Will express the nucleic acid sequence(s) encoding the 
polypeptide. Eukaryotic cells Which may be transduced 
include, but are not limited to, embryonic stem cells, embry 
onic carcinoma cells, as Well as hematopoietic stem cells, 
hepatocytes, ?broblasts, myoblasts, keratinocytes, endothe 
lial cells, and bronchial epithelial cells. 

[0100] This invention is also related to the use of the gene 
of the present invention as a diagnostic. Detection of a 
mutated form of the gene Will alloW a diagnosis of a disease 
or a susceptibility to a disease Which results from underex 
pression of EDF. 
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[0101] Individuals carrying mutations in the gene of the 
present invention may be detected at the DNA level by a 
variety of techniques. Nucleic acids for diagnosis may be 
obtained from a patient’s cells, including but not limited to 
blood, urine, saliva, tissue biopsy and autopsy material. The 
genomic DNA may be used directly for detection or may be 
ampli?ed enZymatically by using PCR (Saiki et al., Nature, 
324:163-166 (1986)) prior to analysis. RNA or cDNA may 
also be used for the same purpose. As an example, PCR 
primers complementary to the nucleic acid encoding EDF 
can be used to identify and analyZe mutations. For example, 
deletions and insertions can be detected by a change in siZe 
of the ampli?ed product in comparison to the normal geno 
type. Point mutations can be identi?ed by hybridiZing ampli 
?ed DNA to radiolabeled RNA or alternatively, radiolabeled 
antisense DNA sequences. Perfectly matched sequences can 
be distinguished from mismatched duplexes by RNase A 
digestion or by differences in melting temperatures. 

[0102] Sequence differences betWeen the reference gene 
and genes having mutations may be revealed by the direct 
DNA sequencing method. In addition, cloned DNA seg 
ments may be employed as probes to detect speci?c DNA 
segments. The sensitivity of this method is greatly enhanced 
When combined With PCR. For example, a sequencing 
primer is used With double-stranded PCR product or a 
single-stranded template molecule generated by a modi?ed 
PCR. The sequence determination is performed by conven 
tional procedures With radiolabeled nucleotide or by auto 
matic sequencing procedures With ?uorescent-tags. 

[0103] Genetic testing based on DNA sequence differ 
ences may be achieved by detection of alteration in electro 
phoretic mobility of DNA fragments in gels With or Without 
denaturing agents. Small sequence deletions and insertions 
can be visualiZed by high resolution gel electrophoresis. 
DNA fragments of different sequences may be distinguished 
on denaturing formamide gradient gels in Which the mobili 
ties of different DNA fragments are retarded in the gel at 
different positions according to their speci?c melting or 
partial melting temperatures (see, e. g., Myers et al., Science, 
23011242 (1985)). 

[0104] Sequence changes at speci?c locations may also be 
revealed by nuclease protection assays, such as RNase and 
S1 protection or the chemical cleavage method (e.g., Cotton 
et al., PNAS, USA, 85:4397-4401 (1985)). 

[0105] Thus, the detection of a speci?c DNA sequence 
may be achieved by methods such as hybridiZation, RNase 
protection, chemical cleavage, direct DNA sequencing or the 
use of restriction enZymes, (e.g., Restriction Fragment 
Length Polymorphisms (RFLP)) and Southern blotting of 
genomic DNA. 

[0106] In addition to more conventional gel-electrophore 
sis and DNA sequencing, mutations can also be detected by 
in situ analysis. 

[0107] The present invention also relates to a diagnostic 
assay for detecting altered levels of the polypeptide of the 
present invention in various tissues since an over-expression 
of the proteins compared to normal control tissue samples 
can detect the presence of EDF. Assays used to detect levels 
of the polypeptide of the present invention in a sample 
derived from a host are Well-knoWn to those of skill in the 
art and include radioimmunoassays, competitive-binding 
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assays, Western Blot analysis and preferably an ELISA 
assay. An ELISA assay initially comprises preparing an 
antibody speci?c to the EDF antigen, preferably a mono 
clonal antibody. In addition a reporter antibody is prepared 
against the monoclonal antibody. To the reporter antibody is 
attached a detectable reagent such as radioactivity, ?uores 
cence or in this example a horseradish peroxidase enZyme. 
A sample is noW removed from a host and incubated on a 

solid support, eg a polystyrene dish, that binds the proteins 
in the sample. Any free protein binding sites on the dish are 
then covered by incubating With a non-speci?c protein such 
as bovine serum albumin. Next, the monoclonal antibody is 
incubated in the dish during Which time the monoclonal 
antibodies attached to any of the polypeptide of the present 
invention attached to the polystyrene dish. All unbound 
monoclonal antibody is Washed out With buffer. The reporter 
antibody linked to horseradish peroxidase is noW placed in 
the dish resulting in binding of the reporter antibody to any 
monoclonal antibody bound to the polypeptide of the present 
invention. Unattached reporter antibody is then Washed out. 
Peroxidase substrates are then added to the dish and the 
amount of color developed in a given time period is a 
measurement of the amount of the polypeptide of the present 
invention present in a given volume of patient sample When 
compared against a standard curve. 

[0108] A competition assay may be employed Wherein 
antibodies speci?c to the polypeptide of the present inven 
tion are attached to a solid support and labeled EDF and a 
sample derived from the host are passed over the solid 
support and the amount of label detected attached to the 
solid support can be correlated to a quantity of the polypep 
tide of the present invention in the sample. 

[0109] The sequences of the present invention are also 
valuable for chromosome identi?cation. The sequence is 
speci?cally targeted to and can hybridiZe With a particular 
location on an individual human chromosome. Moreover, 
there is a current need for identifying particular sites on the 
chromosome. FeW chromosome marking reagents based on 
actual sequence data (repeat polymorphisms) are presently 
available for marking chromosomal location. The mapping 
of DNAs to chromosomes according to the present invention 
is an important ?rst step in correlating those sequences With 
genes associated With disease. 

[0110] Brie?y, sequences can be mapped to chromosomes 
by preparing PCR primers (preferably 15-25 bp) from the 
cDNA. Computer analysis of the 3‘ untranslated region of 
the gene is used to rapidly select primers that do not span 
more than one exon in the genomic DNA, thus complicating 
the ampli?cation process. These primers are then used for 
PCR screening of somatic cell hybrids containing individual 
human chromosomes. Only those hybrids containing the 
human gene corresponding to the primer Will yield an 
ampli?ed fragment. 

[0111] PCR mapping of somatic cell hybrids is a rapid 
procedure for assigning a particular DNA to a particular 
chromosome. Using the present invention With the same 
oligonucleotide primers, sublocaliZation can be achieved 
With panels of fragments from speci?c chromosomes or 
pools of large genomic clones in an analogous manner. 
Other mapping strategies that can similarly be used to map 
to its chromosome include in situ hybridiZation, prescreen 
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ing With labeled ?oW-sorted chromosomes and preselection 
by hybridiZation to construct chromosome speci?c-cDNA 
libraries. 

[0112] Fluorescence in situ hybridiZation (FISH) of a 
cDNA clone to a metaphase chromosomal spread can be 
used to provide a precise chromosomal location in one step. 
This technique can be used With cDNA having at least 50 or 
60 bases. For a revieW of this technique, see Verma et al., 
Human Chromosomes: a Manual of Basic Techniques, Per 
gamon Press, NeW York (1988). 

[0113] Once a sequence has been mapped to a precise 
chromosomal location, the physical position of the sequence 
on the chromosome can be correlated With genetic map data. 
Such data are found, for example, in V. McKusick, Mende 
lian Inheritance in Man (available on line through Johns 
Hopkins University Welch Medical Library). The relation 
ship betWeen genes and diseases that have been mapped to 
the same chromosomal region are then identi?ed through 
linkage analysis (coinheritance of physically adjacent 
genes). 
[0114] Next, it is necessary to determine the differences in 
the cDNA or genomic sequence betWeen affected and unaf 
fected individuals. If a mutation is observed in some or all 
of the affected individuals but not in any normal individuals, 
then the mutation is likely to be the causative agent of the 
disease. 

[0115] With current resolution of physical mapping and 
genetic mapping techniques, a cDNA precisely localiZed to 
a chromosomal region associated With the disease could be 
one of betWeen 50 and 500 potential causative genes. (This 
assumes 1 megabase mapping resolution and one gene per 
20 kb). 

[0116] The polypeptides, their fragments or other deriva 
tives, or analogs thereof, or cells expressing them can be 
used as an immunogen to produce antibodies thereto. These 
antibodies can be, for example, polyclonal or monoclonal 
antibodies. The present invention also includes chimeric, 
single chain, and humaniZed antibodies, as Well as Fab 
fragments, or the product of an Fab expression library. 
Various procedures knoWn in the art may be used for the 
production of such antibodies and fragments. 

[0117] Antibodies generated against the polypeptides cor 
responding to a sequence of the present invention can be 
obtained by direct injection of the polypeptides into an 
animal or by administering the polypeptides to an animal, 
preferably a nonhuman. The antibody so obtained Will then 
bind the polypeptides itself. In this manner, even a sequence 
encoding only a fragment of the polypeptides can be used to 
generate antibodies binding the Whole native polypeptides. 
Such antibodies can then be used to isolate the polypeptide 
from tissue expressing that polypeptide. 

[0118] For preparation of monoclonal antibodies, any 
technique Which provides antibodies produced by continu 
ous cell line cultures can be used. Examples include the 
hybridoma technique (Kohler and Milstein, 1975, Nature, 
256:495-497), the trioma technique, the human B-cell hybri 
doma technique (KoZbor et al., 1983, Immunology Today 
4:72), and the EBV-hybridoma technique to produce human 
monoclonal antibodies (Cole, et al., 1985, in Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 
77-96). 
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[0119] Techniques described for the production of single 
chain antibodies (US. Pat. No. 4,946,778) can be adapted to 
produce single chain antibodies to immunogenic polypep 
tide products of this invention. Also, transgenic mice may be 
used to express humaniZed antibodies to immunogenic 
polypeptide products of this invention. 

[0120] The present invention Will be further described 
With reference to the folloWing examples; hoWever, it is to 
be understood that the present invention is not limited to 
such examples. All parts or amounts, unless otherWise 
speci?ed, are by Weight. 

[0121] In order to facilitate understanding of the folloWing 
examples certain frequently occurring methods and/or terms 
Will be described. 

[0122] “Plasmids” are designated by a loWer case p pre 
ceded and/or folloWed by capital letters and/or numbers. The 
starting plasmids herein are either commercially available, 
publicly available on an unrestricted basis, or can be con 
structed from available plasmids in accord With published 
procedures. In addition, equivalent plasmids to those 
described are knoWn in the art and Will be apparent to the 
ordinarily skilled artisan. 

[0123] “Digestion” of DNA refers to catalytic cleavage of 
the DNA With a restriction enZyme that acts only at certain 
sequences in the DNA. The various restriction enZymes used 
herein are commercially available and their reaction condi 
tions, cofactors and other requirements Were used as Would 
be knoWn to the ordinarily skilled artisan. For analytical 
purposes, typically 1 pg of plasmid or DNA fragment is used 
With about 2 units of enZyme in about 20 pl of buffer 
solution. For the purpose of isolating DNA fragments for 
plasmid construction, typically 5 to 50 pg of DNA are 
digested With 20 to 250 units of enZyme in a larger volume. 
Appropriate buffers and substrate amounts for particular 
restriction enZymes are speci?ed by the manufacturer. Incu 
bation times of about 1 hour at 37° C. are ordinarily used, 
but may vary in accordance With the supplier’s instructions. 
After digestion the reaction is electrophoresed directly on a 
polyacrylamide gel to isolate the desired fragment. 

[0124] SiZe separation of the cleaved fragments is per 
formed using 8 percent polyacrylamide gel described by 
Goeddel, D. et al., Nucleic Acids Res., 814057 (1980). 

[0125] “Oligonucleotides” refers to either a single 
stranded polydeoxynucleotide or tWo complementary 
polydeoxynucleotide strands Which may be chemically syn 
thesiZed. Such synthetic oligonucleotides have no 5‘ phos 
phate and thus Will not ligate to another oligonucleotide 
Without adding a phosphate With an ATP in the presence of 
a kinase. A synthetic oligonucleotide Will ligate to a frag 
ment that has not been dephosphorylated. 

[0126] “Ligation” refers to the process of forming phos 
phodiester bonds betWeen tWo double stranded nucleic acid 
fragments (Maniatis, T., et al., Id., p. 146). Unless otherWise 
provided, ligation may be accomplished using knoWn buff 
ers and conditions With 10 units of T4 DNA ligase (“ligase”) 
per 0.5 pg of approximately equimolar amounts of the DNA 
fragments to be ligated. 

[0127] Unless otherWise stated, transformation Was per 
formed as described in the method of Graham, F. and Van 
der Eb, A., Virology, 52:456-457 (1973). 
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EXAMPLES 

Example 1 

[0128] Cloning and Expression of EDF Using the Bacu 
lovirus Expression System 

[0129] The DNA sequence encoding the full length EDF 
protein, ATCC #97407, Was ampli?ed using PCR oligo 
nucleotide primers corresponding to the 5‘ and 3‘ sequences 
of the gene: The 5‘ primer has the sequence 5‘-CGGGATC 
CGCCATCKFGGGGACCCACAGCCAG-3‘ (SEQ ID 
NO:3) and contains a BamHI restriction enZyme site (in 
bold) folloWed by 6 nucleotides resembling an ef?cient 
signal for the initiation of translation in eukaryotic cells 
(KoZak, M., J. Mol. Biol., 196:947-950 (1987). The primer 
also contains 15 nucleotides of EDF coding sequence (the 
initiation codon for translation “AT G” is underlined). 

[0130] The 3‘ primer has the sequence 5‘-GCTCTAGATC 
CAAGAGGTGTTTAGTG-3‘ (SEQ ID N014) and contains 
the cleavage site for the restriction endonuclease XbaI and 
18 nucleotides complementary to the 3‘ non-translated 
sequence of the EDF gene. The ampli?ed sequences Were 
isolated from a 1% agarose gel using a commercially 
available kit (“Geneclean,” BIO 101 Inc., La Jolla, Calif.). 
The fragment Was then digested With the endonucleases 
BamHI and XbaI and then puri?ed again on a 1% agarose 
gel. This fragment is designated F2. 

[0131] The vector pRG1 (modi?cation of pVL941 vector, 
discussed beloW) is used for the expression of the EDF 
protein using the baculovirus expression system (for revieW 
see: Summers, M. D. and Smith, G. E. 1987, A manual of 
methods for baculovirus vectors and insect cell culture 
procedures, Texas Agricultural Experimental Station Bulle 
tin No. 1555). This expression vector contains the strong 
polyhedrin promoter of the Autographa californica nuclear 
polyhedrosis virus (AcMNPV) folloWed by the recognition 
sites for the restriction endonucleases BamHI and XbaI. The 
polyadenylation site of the simian virus (SV)40 is used for 
ef?cient polyadenylation. For an easy selection of recombi 
nant virus the beta-galactosidase gene from E. coli is inserted 
in the same orientation as the polyhedrin promoter folloWed 
by the polyadenylation signal of the polyhedrin gene. The 
polyhedrin sequences are ?anked at both sides by viral 
sequences for the cell-mediated homologous recombination 
of co-transfected Wild-type viral DNA. Many other bacu 
lovirus vectors could be used in place of pRG1 such as 
pAc373, pVL941 and pAcIMi (LuckoW, V. A. and Summers, 
M. D., Virology, 170:31-39). 

[0132] The plasmid Was digested With the restriction 
enZymes BamHI and XbaI and then dephosphorylated using 
calf intestinal phosphatase by procedures knoWn in the art. 
The DNA Was then isolated from a 1% agarose gel using the 
commercially available kit (“Geneclean” BIO 101 Inc., La 
Jolla, Calif.). This vector DNA is designated V2. 

[0133] Fragment F2 and the dephosphorylated plasmid V2 
Were ligated With T4 DNA ligase. E.c0li HB101 cells Were 
then transformed and bacteria identi?ed that contained the 
plasmid (pBacEDF) With the EDF gene using the enZymes 
BamHI and XbaI. The sequence of the cloned fragment Was 
con?rmed by DNA sequencing. 

[0134] 5 pg of the plasmid pBacEDF Was co-transfected 
With 1.0 pg of a commercially available lineariZed bacu 
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lovirus (“BaculoGoldTM baculovirus DN ”, Pharmingen, 
San Diego, Calif.) using the lipofection method (Felgner et 
al., Proc. Natl. Acad. Sci. USA, 84:7413-7417 (1987)). 

[0135] 1 pg of BaculoGoldTM virus DNA and 5 pg of the 
plasmid pBacEDF Were mixed in a sterile Well of a micro 
titer plate containing 50 pl of serum free Grace’s medium 
(Life Technologies Inc., Gaithersburg, Md.). Afterwards 10 
pl Lipofectin plus 90 pl Grace’s medium Were added, mixed 
and incubated for 15 minutes at room temperature. Then the 
transfection mixture Was added drop-Wise to the Sf9 insect 
cells (ATCC CRL 1711) seeded in a 35 mm tissue culture 
plate With 1 ml Grace’s medium Without serum. The plate 
Was rocked back and forth to mix the neWly added solution. 
The plate Was then incubated for 5 hours at 27° C. After 5 
hours the transfection solution Was removed from the plate 
and 1 ml of Grace’s insect medium supplemented With 10% 
fetal calf serum Was added. The plate Was put back into an 
incubator and cultivation continued at 27° C. for four days. 

[0136] After four days the supernatant Was collected and 
a plaque assay performed similar as described by Summers 
and Smith (supra). As a modi?cation an agarose gel With 
“Blue Gal” (Life Technologies Inc., Gaithersburg) Was used 
Which alloWs an easy isolation of blue stained plaques. (A 
detailed description of a “plaque assay” can also be found in 
the user’s guide for insect cell culture and baculovirology 
distributed by Life Technologies Inc., Gaithersburg, page 
9-10). 
[0137] Four days after the serial dilution, the virus Was 
added to the cells and blue stained plaques Were picked With 
the tip of an Eppendorf pipette. The agar containing the 
recombinant viruses Was then resuspended in an Eppendorf 
tube containing 200 pl of Grace’s medium. The agar Was 
removed by a brief centrifugation and the supernatant con 
taining the recombinant baculovirus Was used to infect Sf9 
cells seeded in 35 mm dishes. Four days later the superna 
tants of these culture dishes Were harvested and then stored 
at 4° C. 

[0138] Sf9 cells Were groWn in Grace’s medium supple 
mented With 10% heat-inactivated PBS. The cells Were 
infected With the recombinant baculovirus V-EDF at a 
multiplicity of infection (MOI) of 2. Six hours later the 
medium Was removed and replaced With SF900 II medium 
minus methionine and cysteine (Life Technologies Inc., 
Gaithersburg). 42 hours later 5 pCi of 35S-methionine and 5 
pCi 35S cysteine (Amersham) Were added. The cells Were 
further incubated for 16 hours before they Were harvested by 
centrifugation and the labelled proteins visualiZed by SDS 
PAGE and autoradiography. 

Example 2 

[0139] Expression of Recombinant EDF in COS Cells 

[0140] The expression of plasmid, EDF HA is derived 
from a vector pcDNAI/Amp (Invitrogen) containing: 1) 
SV40 origin of replication, 2) ampicillin resistance gene, 3) 
E.c0li replication origin, 4) CMV promoter folloWed by a 
polylinker region, an SV40 intron and polyadenylation site. 
A DNA fragment encoding the entire EDF precursor and a 
HA tag fused in frame to its 3‘ end Was cloned into the 
polylinker region of the vector, therefore, the recombinant 
protein expression is directed under the CMV promoter. The 
HA tag corresponds to an epitope derived from the in?uenza 
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hemagglutinin protein as previously described (1. Wilson, H. 
Niman, R. Heighten, A Cherenson, M. Connolly, and R. 
Lerner, 1984, Cell 37:767, (1984)). The infusion of HA tag 
to the target protein alloWs easy detection of the recombinant 
protein With an antibody that recogniZes the HA epitope. 

[0141] The plasmid construction strategy is described as 
folloWs: 

[0142] The DNA sequence encoding EDF, ATCC #97407, 
Was constructed by PCR using tWo primers: the 5‘primer 
5‘-CGCGGATCCACCATGGGGACCACAGCC-3‘ (SEQ 
ID NO:5) contains a Bam HI site (underlined) folloWed by 
15 nucleotides of EDF coding sequence starting from the 
initiation codon; the 3‘ sequence 5‘-CGCTCTAGAT 
CAAGCGTAGTCTGGGACGTCGTATGGG 
TATTCTTCCTTGGGCTC-3‘ (SEQ ID NO:6) contains 
complementary sequences to an Xba I site (underlined), 
translation stop codon, HA tag and the last 15 nucleotides of 
the EDF coding sequence (not including the stop codon). 
Therefore, the PCR product contains a Bam HI site, EDF 
coding sequence folloWed by HA tag fused in frame, a 
translation termination stop codon next to the HA tag, and an 
Xba I site. The PCR ampli?ed DNA fragment and the vector, 
pcDNAI/Amp, Were digested With Bam HI and Xba I 
restriction enZyme and ligated. The ligation mixture Was 
transformed into E. coli strain SURE (available from Strat 
agene Cloning Systems, La Jolla) the transformed culture 
Was plated on ampicillin media plates and resistant colonies 
Were selected. Plasmid DNA Was isolated from transfor 
mants and examined by restriction analysis for the presence 
of the correct fragment. For expression of the recombinant 
EDF, COS cells Were transfected With the expression vector 
by DEAE-DEXTRAN method (J. Sambrook, E. Fritsch, T. 
Maniatis, Molecular Cloning: A Laboratory Manual, Cold 
Spring Laboratory Press, (1989)). The expression of the 
EDF HA protein Was detected by radiolabeling and immu 
noprecipitation method HarloW, D. Lane, Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, 
(1988)). Cells Were labelled for 8 hours With 35S-cysteine 
tWo days post transfection. Culture media Was then collected 
and cells Were lysed With detergent (RIPA buffer (150 mM 
NaCl, 1% NP-40, 0.1% SDS, 1% NP-40, 0.5% DOC, 50 
mM Tris, pH 7.5) (Wilson, I. et al., Id. 37:767 (1984)). Both 
cell lysate and culture media Were precipitated With an HA 
speci?c monoclonal antibody. Proteins precipitated Were 
analyZed on 15% SDS-PAGE gels. 

Example 3 

[0143] Expression via Gene Therapy 

[0144] Fibroblasts are obtained from a subject by skin 
biopsy. The resulting tissue is placed in tissue-culture 
medium and separated into small pieces. Small chunks of the 
tissue are placed on a Wet surface of a tissue culture ?ask, 
approximately ten pieces are placed in each ?ask. The ?ask 
is turned upside doWn, closed tight and left at room tem 
perature over night. After 24 hours at room temperature, the 
?ask is inverted and the chunks of tissue remain ?xed to the 
bottom of the ?ask and fresh media (e.g., Ham’s F12 media, 
With 10% FBS, penicillin and streptomycin, is added. This 
is then incubated at 37° C. for approximately one Week. At 
this time, fresh media is added and subsequently changed 
every several days. After an additional tWo Weeks in culture, 
a monolayer of ?broblasts emerge. The monolayer is 
trypsiniZed and scaled into larger ?asks. 
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[0145] pMV-7 (Kirschmeier, P. T. et al, DNA, 7:219-25 
(1988) ?anked by the long terminal repeats of the Moloney 
murine sarcoma virus, is digested With EcoRI and HindIII 
and subsequently treated With calf intestinal phosphatase. 
The linear vector is fractionated on agarose gel and puri?ed, 
using glass beads. 

[0146] The cDNA encoding a polypeptide of the present 
invention is ampli?ed using PCR primers Which correspond 
to the 5‘ and 3‘ end sequences respectively. The 5‘ primer 
containing an EcoRI site and the 3‘ primer further includes 
a HindIII site. Equal quantities of the Moloney murine 
sarcoma virus linear backbone and the ampli?ed EcoRI and 
HindIII fragment are added together, in the presence of T4 
DNA ligase. The resulting mixture is maintained under 
conditions appropriate for ligation of the tWo fragments. The 
ligation miXture is used to transform bacteria HB101, Which 
are then plated onto agar-containing kanamycin for the 
purpose of con?rming that the vector had the gene of interest 
properly inserted. 

[0147] The amphotropic pA317 or GP+am12 packaging 
cells are groWn in tissue culture to con?uent density in 
Dulbecco’s Modi?ed Eagles Medium (DMEM) With 10% 
calf serum (CS), penicillin and streptomycin. The MSV 
vector containing the gene is then added to the media and the 
packaging cells are transduced With the vector. The pack 
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aging cells noW produce infectious viral particles containing 
the gene (the packaging cells are noW referred to as producer 
cells). 
[0148] Fresh media is added to the transduced producer 
cells, and subsequently, the media is harvested from a 10 cm 
plate of con?uent producer cells. The spent media, contain 
ing the infectious viral particles, is ?ltered through a milli 
pore ?lter to remove detached producer cells and this media 
is then used to infect ?broblast cells. Media is removed from 
a sub-con?uent plate of ?broblasts and quickly replaced 
With the media from the producer cells. This media is 
removed and replaced With fresh media. If the titer of virus 
is high, then virtually all ?broblasts Will be infected and no 
selection is required. If the titer is very loW, then it is 
necessary to use a retroviral vector that has a selectable 
marker, such as neo or his. 

[0149] The engineered ?broblasts are then injected into 
the host, either alone or after having been groWn to con?u 
ence on cytodeX 3 microcarrier beads. The ?broblasts noW 
produce the protein product. 
[0150] Numerous modi?cations and variations of the 
present invention are possible in light of the above teachings 
and, therefore, Within the scope of the appended claims, the 
invention may be practiced otherWise than as particularly 
described. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 7 

<2l0> SEQ ID NO 1 
<2ll> LENGTH: 1354 

<2l3> ORGANISM: Homo sapiens 
<220> FEATURE: 

<221> NAME/KEY: CDS 
<222> LOCATION: (l)..(l248) 
<223> OTHER INFORMATION: 

<220> FEATURE: 

<221> NAME/KEY: sigipeptide 
<222> LOCATION: (1)..(57) 
<223> OTHER INFORMATION: 

<220> FEATURE: 

<221> NAME/KEY: matipeptide 
<222> LOCATION: (52;)..(1245) 
<223> OTHER INFORMATION: 

<400> SEQUENCE: l 

atg 
Met 

got 
Ala 

otg 
Leu 

ooa 

Pro 

30 

Cat 

His 

ggg aoo 

Gly Thr 

tot 

Ser 
got 
Ala 
—l 

ooa 

Pro 
agg 
Arg 

ota 

Leu 

ooo 

Pro 

oot 

Pro 
99C 
Gly 

aoa 

Thr 

goo 
Ala 

gag 
Glu 

too 

Ser 

ooo 

Pro 

goo 
Ala 
—l5 

tot 

Ser 

oao 

His 

oga 
Arg 

ttt 

Phe 
5O 

aga 
Arg 

gag 
Glu 

ttt 

Phe 

ago 
Ser 

35 

gag 
Glu 

goa 
Ala 

99a 
Gly 

oaa 

Gln 

oto 

Leu 

99a 
Gly 

goo 
Ala 

99C 
Gly 

gaa 
Glu 

ooo 

Pro 

oag 
Gln 

ttg 
Leu 

tto 

Phe 

gtt 
Val 

atg 
Met 

agt 
Ser 

gto 
Val 
—10 

aog 
Thr 

99C 
Gly 

gat 
Asp 

oaa 

Gln 
55 

ttg 
Leu 

got 
Ala 

tao 

Tyr 

oao 

His 
40 

gtg 
Val 

aoo 

Thr 

aoa 

Thr 

goa 
Ala 

oot 

Pro 

oag 
Gln 

tat 

Tyr 

99a 
Gly 
10 

got 
Ala 

gao 
Asp 

ooo 

Pro 

ttg got gtt 48 
Leu Ala Val 

—5 

oag agg oag 96 
Gln Arg Gln 

ooo ooo too 144 

Pro Pro Ser 

too tot oag 192 

Ser Ser Gln 
45 

oot ooo tot 240 

Pro Pro Ser 

60 
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-oontinued 

gaa cag gtc aac tgc ttc aac atc aat tat ctg agg aac gtg gct eta 1152 
Glu Gln Val Asn Cys Phe Asn Ile Asn Tyr Leu Arg Asn Val Ala Leu 
350 355 360 365 

gtg tct gga gac act gag aac gcc aag ggc cag ggg gag cag ggc tca 1200 
Val Ser Gly Asp Thr Glu Asn Ala Lys Gly Gln Gly Glu Gln Gly Ser 

370 375 380 

act gga gga aca aat atc ago too acc tct gag ccc aag gaa gaa 1245 
Thr Gly Gly Thr Asn Ile Ser Ser Thr Ser Glu Pro Lys Glu Glu 

385 390 395 

tgagtcaccc cagagcccta gagggtcaga tggggggaac cccaccctgc cccacccatc 1305 

tgaacactca ttacactaaa cacctcttgg atttggtgtc aaaaaaaaa 1354 

<2 10> SEQ ID NO 2 
<211> LENGTH: 415 
<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 2 

Met Gly Thr Thr Ala Arg Ala Ala Leu Val Leu Thr Tyr Leu Ala Val 
—15 —10 —5 

Ala Ser Ala Ala Ser Glu Gly Gly Phe Thr Ala Thr Gly Gln Arg Gln 
—1 1 5 10 

Leu Arg Pro Glu His Phe Gln Glu Val Gly Tyr Ala Ala Pro Pro Ser 
15 20 25 

Pro Pro Leu Ser Arg Ser Leu Pro Met Asp His Pro Asp Ser Ser Gln 
30 35 40 45 

His Gly Pro Pro Phe Glu Gly Gln Ser Gln Val Gln Pro Pro Pro Ser 
50 55 60 

Gln Glu Ala Thr Pro Leu Gln Gln Glu Lys Leu Leu Pro Ala Gln Leu 
65 70 75 

Pro Ala Glu Lys Glu Val Gly Pro Pro Leu Pro Gln Glu Ala Val Pro 

Leu Gln Lys Glu Leu Pro Ser Leu Gln His Pro Asn Glu Gln Lys Glu 
95 100 105 

Gly Thr Pro Ala Pro Phe Gly Asp Gln Ser His Pro Glu Pro Glu Ser 
110 115 120 125 

Trp Asn Ala Ala Gln His Cys Gln Gln Asp Arg Ser Gln Gly Gly Trp 
130 135 140 

Gly His Arg Leu Asp Gly Phe Pro Pro Gly Arg Pro Ser Pro Asp Asn 
145 150 155 

Leu Asn Gln Ile Cys Leu Pro Asn Arg Gln His Val Val Tyr Gly Pro 
160 165 170 

Trp Asn Leu Pro Gln Ser Ser Tyr Ser His Leu Thr Arg Gln Gly Glu 
175 180 185 

Thr Leu Asn Phe Leu Glu Ile Gly Tyr Ser Arg Cys Cys His Cys Arg 
190 195 200 205 

Ser His Thr Asn Arg Leu Glu Cys Ala Lys Leu Val Trp Glu Asp Thr 
210 215 220 

Leu Asp Lys Tyr Cys Asp Arg Glu Tyr Ala Val Lys Thr His His His 
225 230 235 

Leu Cys Cys Arg His Pro Pro Ser Pro Thr Arg Asp Glu Cys Phe Ala 
240 245 250 
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Arg Arg Ala Pro Tyr Pro Asn Tyr Asp Arg Asp Ile Leu Thr Ile Asp 
255 260 265 

Ile Ser Arg Val Thr Pro Asn Leu Met Gly His Leu Cys Gly Asn Gln 
270 275 280 285 

Arg Val Leu Thr Lys His Lys His Ile Pro Gly Leu Ile His Asn Met 
290 295 300 

Thr Ala Arg Cys Cys Asp Leu Pro Phe Pro Glu Gln Ala Cys Cys Ala 
305 310 315 

Glu Glu Glu Lys Leu Thr Phe Ile Asn Asp Leu Cys Gly Pro Arg Arg 
320 325 330 

Asn Ile Trp Arg Asp Pro Ala Leu Cys Cys Tyr Leu Ser Pro Gly Asp 
335 340 345 

Glu Gln Val Asn Cys Phe Asn Ile Asn Tyr Leu Arg Asn Val Ala Leu 

350 355 360 365 

Val Ser Gly Asp Thr Glu Asn Ala Lys Gly Gln Gly Glu Gln Gly Ser 
370 375 380 

Thr Gly Gly Thr Asn Ile Ser Ser Thr Ser Glu Pro Lys Glu Glu 
385 390 395 

SEQ ID NO 3 
LENGTH: 32 

TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: Contains a BamHI restriction site and a 

signal for initiation of translation in eukaryotic cells 

SEQUENCE: 3 

cgggatccgc catcatgggg acccacagcc ag 32 

SEQ ID NO 4 
LENGTH: 26 

TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: Contains an XbaI restriction site 

SEQUENCE: 4 

gctctagatc caagaggtgt ttagtg 26 

SEQ ID NO 5 
LENGTH: 27 

TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: Contains a BamHI restriction site 

SEQUENCE: 5 

cgcggatcca ccatggggac cacagcc 27 

SEQ ID NO 6 
LENGTH: 54 

TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: Contains an XbaI restriction site, translation 

stop codon, and an HA tag 
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-oontinued 

<400> SEQUENCE: 6 

cgctctagat caagcgtagt ctgggacgtc gtatgggtat tcttccttgg gctc 54 

<211> LENGTH: 434 

<213> ORGANISM: Mus musculus 

<4 00> SEQUENCE: 

Met Gly Thr Val Ser Arg Ala Ala Leu Ile Leu Ala Cys Leu Ala Leu 
1 5 10 15 

Ala Ser Ala Ala Ser Glu Gly Ala Phe Lys Ala Ser Asp Gln Arg Glu 
20 25 30 

Met Thr Pro Glu Arg Leu Phe Gln His Leu His Glu Val Gly Tyr Ala 
35 4O 45 

Ala Pro Pro Ser Leu Pro Gln Thr Arg Arg Leu Arg Val Asp His Ser 
50 55 60 

Val Thr Ser Leu His Asp Pro Pro Leu Phe Glu Glu Gln Arg Glu Val 

Gln Pro Pro Ser Ser Pro Glu Asp Ile Pro Val Tyr Glu Glu Asp Trp 
85 90 95 

Pro Thr Phe Leu Asn Pro Asn Val Asp Lys Ala Gly Pro Ala Val Pro 
100 105 110 

Gln Glu Ala Ile Pro Leu Gln Lys Glu Gln Pro Pro Pro Gln Val His 
115 120 125 

Ile Glu Gln Lys Glu Ile Asp Pro Pro Ala Gln Pro Gln Glu Glu Ile 
130 135 140 

Val Gln Lys Glu Val Lys Pro His Thr Leu Ala Gly Gln Leu Pro Pro 
145 150 155 160 

Glu Pro Arg Thr Trp Asn Pro Ala Arg His Cys Gln Gln Gly Arg Arg 
165 170 175 

Gly Val Trp Gly His Arg Leu Asp Gly Phe Pro Pro Gly Arg Pro Ser 
180 185 190 

Pro Asp Asn Leu Lys Gln Ile Cys Leu Pro Glu Arg Gln His Val Ile 
195 200 205 

Tyr Gly Pro Trp Asn Leu Pro Gln Thr Gly Tyr Ser His Leu Ser Arg 
210 215 220 

Gln Gly Glu Thr Leu Asn Val Leu Glu Thr Gly Tyr Ser Arg Cys Cys 
225 230 235 240 

Pro Cys Arg Ser Asp Thr Asn Arg Leu Asp Cys Leu Lys Leu Val Trp 
245 250 255 

Glu Gly Thr Leu Asp Gly Tyr Cys Glu Arg Glu Leu Ala Ile Lys Thr 
260 265 270 

His Pro His Ser Cys Cys His Tyr Pro Pro Ser Pro Ala Arg Asp Glu 
275 280 285 

Cys Phe Ala His Leu Ala Pro Tyr Pro Asn Tyr Asp Arg Asp Ile Leu 
290 295 300 

Thr Leu Asp Leu Ser Arg Val Thr Pro Asn Leu Met Gly Gln Leu Cys 
305 310 315 320 

Gly Ser Gly Arg Val Leu Ser Lys His Lys Gln Ile Pro Gly Leu Ile 
325 330 335 
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Gln Met Thr 
340 

Val Glu 
345 

Asn Arg Cys Cys Leu Pro 

Glu Glu Glu Ala Phe Ile Glu Asn 
365 

Leu 

360 
Cys Cys Gly 

355 
Lys 

Pro Arg Asn Ser Pro Ala Leu 
370 

Arg Trp Lys 
375 

Asp Cys 
380 

Cys 

Glu Gln Ile 
390 

Phe Thr 
395 

Pro Asn Asn Asn 

385 
Asp Lys Cys Tyr 

Val Ala Val Ala 
405 

Thr Asn Ala Thr 
410 

Leu Gly Asp Gly Gly 

Gln Thr 
420 

Thr Ala 
425 

Gly Pro Arg Gly Asp Asn Pro Ala Pro 

Glu Glu 

Tyr Pro Glu Gln 
350 

Leu 

Asp 

Leu 

Leu 

Gly 
430 

Ala 

Cys Gly 

Ser Leu 

Asn 

400 
Arg 

Gly Glu 

Ser Lys 

What is claimed is: 
1. An isolated polynucleotide comprising a polynucle 

otide having at least 95% identity to a member selected from 
the group consisting of: 

(a) a polynucleotide encoding a polypeptide comprising 
amino acid 1 to 396 of SEQ ID N012; and 

(b) the complement of (a). 
2. The isolated polynucleotide of claim 1 Wherein said 

member is (a). 
3. The isolated polynucleotide of claim 1 Wherein said 

member is (a) and the polypeptide comprises amino acids 
—19 to 396 of SEQ ID N012. 

4. The isolated polynucleotide of claim 1 comprising a 
polynucleotide encoding a polypeptide comprising the 
amino acid sequence identical to amino acids 1 to 396 of 
SEQ ID N012. 

5. The isolated polynucleotide of claim 1 Wherein the 
polynucleotide is DNA. 

6. The isolated polynucleotide of claim 1 comprising a 
polynucleotide encoding a polypeptide comprising the 
amino sequence identical to amino acids 1 to 74 of SEQ ID 
N012. 

7. The isolated polynucleotide of claim 1, Wherein said 
polynucleotide is RNA. 

8. A method of making a recombinant vector comprising 
inserting the isolated polynucleotide of claim 2 into a vector, 
Wherein said polynucleotide is DNA. 

9. A recombinant vector comprising the polynucleotide of 
claim 2, Wherein said polynucleotide is DNA 

10. A recombinant host cell comprising the polynucle 
otide of claim 2, Wherein said polynucleotide is DNA. 

11. A method for producing a polypeptide comprising 
expressing from the recombinant cell of claim 10 the 
polypeptide encoded by said polynucleotide. 

12. A process for producing a polypeptide comprising: 

expressing from a recombinant cell containing the poly 
nucleotide of claim 4 the polypeptide encoded by said 
polynucleotide. 

13. A process for producing a polypeptide comprising: 

expressing from a recombinant cell containing the poly 
nucleotide of claim 6 the polypeptide encoded by said 
polynucleotide. 

14. The isolated polynucleotide of claim 1 comprising 
nucleotides 58 to 1354 of SEQ ID N011. 

15. The isolated polynucleotide of claim 1 comprising 
nucleotides 1 to 1354 of SEQ ID N011. 

16. The isolated polynucleotide of claim 1 comprising the 
nucleotides of the sequence of SEQ ID N011. 

17. An isolated polynucleotide comprising a polynucle 
otide having a least a 95% identify to a member selected 
from the group consisting of: 

(a) a polynucleotide encoding the same mature polypep 
tide encoded by the human cDNA in ATCC Deposit No. 
97407, and 

(b) the complement of (a). 
18. The isolated polynucleotide of claim 17, Wherein the 

member is (a). 
19. The isolated polynucleotide of claim 17, Wherein said 

polynucleotide comprises DNA identical to the coding por 
tion of the human cDNA in ATCC Deposit No. 97407 Which 
encodes a mature polypeptide. 

20. An isolated polypeptide comprising: 

a mature polypeptide having an amino acid sequence 
encoded by a polynucleotide Which is at least 95% 
identical to the polynucleotide of claim 4. 

21. The isolated polypeptide of claim 20, comprising 
amino acids 1 to 396 of sequence of SEQ ID N012. 

22. The isolated polypeptide of claim 20, comprising 
amino acids 19 to 396 of sequence of SEQ ID N012. 

23. The isolated polypeptide of claim 20 consisting of 
amino acids 1 to 396 of SEQ ID N012. 

24. An isolated polypeptide comprising: 

a mature polypeptide encoded by a polynucleotide Which 
is at least 95% identical to the human cDNA contained 
in ATCC Deposit No. 97407. 

25. The isolated polypeptide of claim 214, comprising the 
mature polypeptide encoded by the human cDNA in ATCC 
Deposit NO. 97407. 

26. An antibody against the polypeptide of claim 20. 
27. An antagonist against the polypeptide of claim 20. 
28. A method for the treatment of patient having need of 

EDF comprising: administering to the patient a therapeuti 
cally effective amount of the polypeptide of claim 20. 




