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an unidentified component. The other mixture, "peak II", was shown to
contain two elec- This invention relates to endothelial cell growth
trophoretically distinct forms of basic fibroblast factor (ECGF), its
recombinant DNA-directed syn-  growth factor. thesis, and ECGF's use in the
treatment of en-   5   Gimenez-Gallego et al., [Science, vol 230; pp
dothelial cell damage and/or regeneration.        1385-1388, (1985)]
disclose an acidic fibroblast Endothelial cell growth factor, referred to
herein  growth factor a FGF derived from bovine brains as "ECGF", is a
mitogen for endothelial cells in  and the amino acid sequences of two
micro- vitro. Growth of endothelial cells is a necessary  heterogenous
forms, namely a FGF-1 and a FGF-2. step during the process of angiogenesis
[Maciag,  10  In general, recombinant DNA techniques are Prog. Hemostasis
and Thromb., 7:167-182 (1984);   known. See Methods In Enzymology.
(Academic Maciag, T., Hoover, G.A., and Weinstein, R., J.   Press, New
York) volumes 65 and 68 (1979); 100 Biol. Chem., 257: 5333-5336 (1982)].
Bovine ECGF  and 101 (1983) and the references cited therein, all has been
isolated by Maciag, et al., [Science     of which are incorporated herein
by reference. An 225:932-935 (1984)] using streptomycin sulfate  15
extensive technical discussion embodying most precipitation, gel exclusion
chromatography, am-  commonly used recombinant DNA methodologies monium
sulfate  precipitation  and  heparin-    can be found in Maniatis, et al.,
Molecular Cloning, Sepharose[err] affinity chromatography. Bovine ECGF
Cold Spring Harbor Laboratory (1982). Genes cod- purified in this manner
yields a single-chain poly-  ing for various polypeptides may be cloned by
peptide which possesses an anionic isoelectric  20  incorporating a
DNA-fragment coding for the poly- point and an apparent molecular weight of
20,000  peptide in a recombinant DNA vehicle, e.g., bac- [Maciag, supra;
Schreiber, et al., J. Cell Biol.,  terial or viral vectors, and
transforming a suitable 101:1623-1626 (1985); and Schreiber, et al., Proc.
host. This host is typically an Escherichia coli (E. Natl. Acad. Sci.,
82:6138-6142 (1985)]. More re-  coli) strain, however, depending upon the
desired cently, multiple forms of bovine ECGF have been   25  product,
eukaryotic hosts may be utilized. Clones isolated by Burgess, et al., [J.
Biol. Chem.      incorporating the recombinant vectors are isolated
260:11389-11392 (1985)] by sodium chloride gra-   and may be grown and used
to produce the de- dient elution of bovine ECGF from a heparin-      sired
polypeptide on a large scale. Sepharose[err] column or by reversed-phase
high          Several groups of workers have isolated mix- pressure liquid
chromatography (HPLC). The two   30  tures of messenger RNA (mRNA)from
eukaryotic isolated polypeptides, designated alpha- and beta-  cells and
employed a series of enzymatic reactions ECGF have apparent molecular
weights of 17,000    to synthesize double-stranded DNA copies which and
20,000, respectively. Using this procedure, the  are complementary to this
mRNA mixture. In the bovine ECGF contained in 8,500 ml of bovine brain
first reaction, mRNA is transcribed into a single- extract (6.25 x 107
total units) is concentrated into  35  stranded complementary DNA (cDNA) by
an RNA- a total of 6 ml of alpha-ECGF (3.0 x [err] units) and  directed DNA
polymerase, also called reverse tran- 3 ml of beta-ECGF (5.2 x 105 units).
This is a    scriptase. Reverse transcriptase synthesizes DNA 9,300-fold
purification of alpha-ECGF and 16,300-  in the 5'-3' direction, utilizes
deoxyribonucleoside fold purification of beta-ECGF (Burgess, supra).
5'-triphosphates as precursors, and requires both a Recently, murine
monoclonal antibodies against  40  template and a primer strand, the latter
of which bovine ECGF have been produced (Maciag, et al.,   must have a free
3'-hydroxyl terminus. Reverse supra) which may be useful in purifying
bovine    transcriptase products, whether partial or complete ECGF in a
manner similar to the monoclonal anti-  copies of the mRNA template, often
possess short, body purification of Factor VIIIC described by Zim-
partially double-stranded hairpins ("loops") at their merman and Fulcher in
U.S. Patent No. 4,361,509.   45  3' termini. In the second reaction, these
"hairpin The purification of two forms of endothelial cell  loops" can be
exploited as primers for DNA poly- growth factor (ECGF) from human brain
has also    merases. Preformed DNA is required both as a been disclosed [
Conn & Hatcher, Biochem.         template and as a primer in the action of
DNA Biophys. Res. Commun., vol. 24 pp 262-268         polymerase. The DNA
polymerase requires the (1984)]. However, as was conceded by the same   50
presence of a DNA strand having a free 3'-hydroxyl group in a later
publication [ Gimenez-Gallego et  group, to which new nucleotides are added
to al., Biochem. Biophys. Res. Commun., vol 135, pp  extend the chain in
the 5'-3' direction. The pro- 541-548 (1986) ] the growth factors
"purified" ac-  ducts of such sequential reverse transcriptase and cording
to Conn & Hatcher were actually mixtures  DNA polymerase reactions still
possess a loop at of peptides. One of these mixtures, "peak I", was  55
one end. The apex of the loop or "fold-point" of the shown by further
purification and amino acid se-  double-stranded DNA, which has thus been
cre- quence analysis to contain two microheterogenous  ated, is
substantially a single-strand segment. In forms of acidic fibroblast growth
factor as well as  the third reaction, this single-strand segment is 3    



3                 EP 0 259 475 B1                    4 cleaved with the
single-strand specific nuclease SI  control expression of the protein. The
cells are to generate a "blunt-end" duplex DNA segment.      lysed, either
by chemical methods or by a function This general method is applicable to
any mRNA      supplied by the host cell or vector, and the protein mixture,
and is described by Buell, et al., J. Biol.  is detected by a specific
antibody and a detection Chem., 253:2483 (1978).                        5
system such as enzyme immunoassay. An exam- The resulting double-stranded
cDNA mixture      ple of this is the lambda [err] system described by
(ds-cDNA) is inserted into cloning vehicles by any  Young and Davis, Proc.
Nat'l. Acad. Sci. USA, one of many known techniques, depending at least
80:1194-1198 (1983) and Young and Davis, Sci- in part on the particular
vehicle used. Various inser-  ence, 222:778 (1983). tion methods are
discussed in considerable detail  10  The present invention has made it
possible to in Methods In Enzymology, 68:16-18 (1980), and     provide
readily available, large quantities of ECGF the references cited therein.
or ECGF fragments. This has been achieved with Once the DNA segments are
inserted, the clon-   oligonucleotides whose design was faced upon ing
vehicle is used to transform a suitable host.  knowledge of the amino acid
sequence of bovine These cloning vehicles usually impart an antibiotic  15
ECGF and which react specifically with the ECGF resistance trait on the
host. Such hosts are gen-  cDNA. Production of ECGF is achieved through the
erally prokaryotic cells. At this point, only a few of  application of
recombinant DNA technology to pre- the transformed or transfected hosts
contain the   pare cloning vehicles encoding the ECGF protein desired cDNA.
The sum of all transformed or trans-  and procedures for recovering ECGF
protein es- >  fected hosts constitutes a gene "library". The over-  20
sentially free of other proteins of human origin. all ds-cDNA library
created by this method pro-       Accordingly, the present invention
provides vides a representative sample of the coding in-    ECGF or its
fragments essentially free of other formation present in the mRNA mixture
used as the  proteins of human origin. ECGF is produced by starting
material.                                 recombinant DNA techniques in
host cells or other If an appropriate oligonucleotide sequence is  25
self-replicating systems and is provided in essen- available, it can be
used to identify clones of inter-  tially pure form. The invention further
provides re- est in the following manner. Individual transformed  plicable
expression vectors incorporating a DNA or transfected cells are grown as
colonies on a    sequence encoding ECGF and a self-replicating
nitrocellulose filter paper. These colonies are lysed;  host cell system
transformed or transfected there- the DNA released is bound tightly to the
filter  30  by. The host system is usually of prokaryotic, e.g., paper by
heating. The filter paper is then incubated  E. coil or B. subtilis, or
eukaryotic cells. with a labeled oligonucleotide probe which is com-
The ECGF is produced by a process which plementary to the structural gene
of interest. The  comprises (a) preparing a replicable expression probe
hybridizes with the cDNA for which it is     vector capable of expressing
the DNA sequence complementary, and is identified by autoradiog-  35
encoding ECGF in a suitable host cell system; (b) raphy. The corresponding
clones are characterized  transforming said host system to obtain a recom-
in order to identify one or a combination of clones  binant host system;
(c) maintaining said recom- ; which contain all of the structural
information for  binant host system under conditions permitting ex- the
desired protein. The nucleic acid sequence     pression of said
ECGF-encoding DNA sequence to coding for the protein of interest is
isolated and   40  produce ECGF protein; and (d) recovering said reinserted
into an expression vector. The expres-  ECGF protein, wherein said human
endothelial cell sion vector brings the cloned gene under the regu-  growth
factor has the sequence a-ECGF or [err]- latory control of specific
prokaryotic or eukaryotic  ECGF as shown in Figure 8 of this application or
is control elements which allow the efficient expres-  an allelic
variation, modification or analogue of said sion (transcription and
translation) of the ds-cDNA.  45  [err]-ECGF of [err]-ECGF which retains
biologically ac- Thus, this general technique is only applicable to  tive
properti of native ECGF. those proteins for which at least a portion of
their  Preferably, the ECGF-encoding replicable expres- amino acid or DNA
sequence is known for which      sion vector is made by preparing a ds-cDNA
prep- an oligonucleotide probe is available. See, gen-   aration
representative of ECGF mRNA and incor- erally, Maniatis, et al., supra.
50  porating the ds-cDNA into replicable expression More recently, methods
have been developed      vectors. The preferred mode of recovering ECGF to
identify specific clones by probing bacterial   comprises reacting the
proteins expressed by the colonies or phage plaques with antibodies
specific  recombinant host system with a reagent composi- for the encoded
protein of interest. This method   tion comprising at least one binding
step specific can only be used with "expression vector" cloning   55  for
ECGF. ECGF may be used as a therapeutic vehicles since elaboration of the
protein product is  agent in the treatment of damaged or in regenerat-
required. The structural gene is inserted into the  ing blood vessels and
other endothelial cell-lined vector adjacent to regulatory gene sequences
that  structures. 4    
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Description of the Drawings                  F, Phe; G, Gly; H, His; I,
lie; K, Lys; L, Leu; M, Met; N. Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T,
Thr; V, Figure 1 illustrates a general procedure for   Val; W, Trp; Y, Tyr.
enzymatic reactions to produce cDNA clones.           Figure 9 illustrates
Northern blot analysis of Figure 2 illustrates the production of a library
5   ECGF mRNA. RNA was denatured in 2.2 M formal- containing DNA fragments
inserted into lambda      dehyde and 50% formamide and fractionated by
[err].                                              electrophoresis in a
1.25% agarose gel containing Figure 3 illustrates a partial amino acid se-
2.2 M  formaldehyde. This was transferred to quence of bovine alpha and
beta ECGF.              GeneScreen Plus (New England Nuclear) by blot- Line
a:   Amino-terminal amino acid sequence   10  ting with 10X SSPE. Blots
were hybridized to [err] of bovine alpha ECGF.                  labeled
nick-translated probes of ECGF clone 1 at Line b:   Amino-terminal amino
acid sequence    [err] for 16 hours in a mixture containing 2X of bovine
beta ECGF. The portion in    SSPE, 20X Denhardt's solution, yeast transfer
RNA parenthesis corresponds to [err]    (200 [err]/ml), and C.2% SDS. The
membrane was minal segment for which sequence   15  subsequently washed at
[err], twice with 2X SSPE could not be determined; amino acid    and 0.2%
SDS, then twice with 0.2X SSPE and composition is shown instead. The
0.2%  SDS, air-dried, and exposed overnight to sequence beginning with
PheAsn-        Kodak XAR film with an intensifying screen. The Leu... was
determined from trypsin-    migration of 28S and 18S RNA is noted. cleaved
bovine beta ECGF.         20     Lane 1:   10 ug human brain
poly(A)-contain- Line c:   Amino acid sequence of cyanogen
ing RNA. bromide-cleaved bovine alpha ECGF.       Lane 2:   10 ug human
adult liver poly(A)-con- Line d:   Amino acid sequence of cyanogen
taining RNA. bromide-cleaved bovine beta ECGF.         As used herein,
"ECGF" denotes endothelial Figure 4 illustrates hydrogen-bonded base   25
cell growth factor or its fragments produced by cell pairs.
or cell-free culture systems, in bioactive forms hav- Figure  5
illustrates  the  design  of an     ing the capacity to influence cellular
growth, dif- oligonucleotide probe for human Endothelial Cell
ferentiation, and migration in vitro as does ECGF Growth Factor.
native to the human angiogenic process. Figure 6 illustrates a schematic
diagram of  30    Different alleles of ECGF may exist in nature. human ECGF
cDNA clones 1 and 29. The open          These variations may be
characterized by differ- reading box represents the open reading frame
ences in the nucleotide sequence of the structural encoding human beta
ECGF. The EcoRI sites cor-     gene coding for proteins of identical
biological respond to synthetic oligonucleotide linkers used in  function.
It is possible to produce analogs having the construction of the cDNA
library. The poly (A)  35  single or multiple amino acid substitutions,
dele- tail at the 3' end of clone 1 is shown by [err].     tions,
additions, or replacements. All such allelic Figure 7 illustrates homology
between human    variations, modifications, and analogs resulting in ECGF
cDNA sequence and oligonucleotide probes.     derivatives of ECGF according
to Fig. 8 which Line a:   Bovine trypsin- or cyanogen bro-      retain the
biologically active properties of native mide-cleaved beta ECGF amino acid
40   ECGF are included within the scope of this inven- sequence.
tion. Line b:   Unique oligonucleotide probe.             "Expression
vectors" refer to vectors which are Line c:   Human ECGF cDNA sequence (de-
capable of transcribing and translating DNA se- termined from lambda ECGF
clones       quences contained therein, where such sequences 1 and 29).
45  are linked to other regulatory sequences capable of Line d:   Human
ECGF amino acid sequence,       affecting their expression. These
expression vec- deduced from cDNA sequence analy-      tors must be
replicable in the host organisms or sis.
systems either as episomes, bacteriophage, or as Figure 8 illustrates the
complete cDNA se-     an integral part of the chromosomal DNA. One quence
of human ECGF. The cDNA inserts from   50  form of expression vector which
is particularly suit- ECGF clones 1 and 29 were subcloned into
able for use in the invention is the bacteriophage, M13mp18 and the
ECGF-encoding open reading        viruses which normally inhabit and
replicate in bac- frame and flanking regions sequenced by the chain  teria.
Particularly desirable phage for this purpose termination method. In frame
stop codons at the 5'  are the lambda [err]   and [err]   phage described
by and 3' ends of the ECGF-encoding open reading   55  Young and Davis,
supra. Lambda [err] is a general frame are indicated by the underlined
sequence    recombinant DNA expression vector capable of and trm,
respectively. The single-letter notation for  producing polypeptides
specified by the inserted amino acids is used: A, Ala; C, Cys; D, Asp; E,
Glu;  DNA. 5    
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degradation, upon induction with a  are commonly available. Yeast promoters
suitable synthetic analogue of lactose (IPTG), foreign pro-  for the
expression of foreign DNA sequences in teins or portions thereof are
synthesized fused to  yeast include the promoters for 3-phosphoglycerate
the prokaryotic protein B-galactosidase. The use of  kinase or other
glycolytic enzymes. Suitable ex- host cells defective in protein
degradation path-   5   pression vectors may contain termination signals
ways may also increase the lifetime of novel pro-  which provide for the
polyadenylation and termina- teins produced from  the induced lambda [err]
tion of the mRNA transcript of the cloned gene. clones. Proper expression
of foreign DNA in lamb-  Any vector containing a yeast-compatible promoter,
da [err] clones will depend upon the proper orienta-  origin of
replication, and appropriate termination tion and reading frame of the
inserted DNA with  10  sequence is suitable for expression of ECGF. respect
to the B-galactosidase promoter and trans-  -  Cell lines derived from
multicellular organisms lation initiating codon.
may also be used as hosts. In principle, any such Another form of
expression vector useful in     cell culture is workable, whether from a
vertebrate recombinant DNA techniques is the plasmid - a      or
invertebrate source. However, interest has been circular unintegrated
(extra-chromosomal), double-  15  greatest in vertebrate cells, and
propagation of stranded DNA loop. Any other form of expression
vertebrate cells in culture (tissue culture) has be- vector which serves an
equivalent function is suit-  come a routine procedure in recent years.
Exam- able for use in the process of this invention.     ples of such
useful hosts are the VERO, HeLa, Recombinant vectors and methodology dis-
mouse C127, Chinese hamster ovary (CHO), W138, closed herein are suitable
for use in host cells  20   BHK, COS-7, and MDCK cell lines. Expression
covering  a  wide  range  of prokaryotic  and      vectors for such cells
ordinarily include an origin of eukaryotic organisms. Prokaryotic cells are
pre-   replication, a promoter located in front of the gene ferred for the
cloning of DNA sequences and in the  to be expressed, RNA splice sites (if
necessary), construction of vectors. For example, E. coli K12  and
transcriptional termination sequences. strain HB101 (ATCC No. 33694), is
particularly  25     For use in mammalian cells, the control func- useful.
Of course, other microbial strains may be  tions (promoters and enhancers)
on the expression used. Vectors containing replication and control
vectors are often provided by viral material. For sequences which are
derived from species com-      example, commonly used promoters are derived
patible with the host cell or system are used in   from polyoma, Adenovirus
2, and most frequently, connection with these hosts. The vector ordinarily
30   Simian Virus 40 (SV40). Eukaryotic promoters, carries an origin of
replication, as well as char-  such as the promoter of the murine
metallothionein acteristics capable of providing phenotypic selec-  gene
[Paulakis and Hamer, Proc. Natl. Acad. Sci. tion in transformed cells. For
example, E. coli can  80:397-401 (1983)], may also be used. Further, it is
be transformed using the vector pBR322, which      also possible, and often
desirable, to utilize the contains genes for ampicillin and tetracycline
resis-  35  promoter or control sequences which are naturally tance
[Bolivar, et al., Gene, 2:95 (1977)].        associated with the desired
gene sequence, pro- These antibiotic resistance genes provide a     vided
such control sequences are compatible with means of identifying transformed
cells. The expres-  the host system. To increase the rate of transcrip-
sion vector may also contain control elements      tion, eukaryotic
enhancer sequences can also be which can be used for the expression of the
gene   40  added to the construction. These sequences can of interest.
Common prokaryotic control elements   be obtained from a variety of animal
cells or on- used for expression of foreign DNA sequences in    cogenic
retroviruses such as the mouse sarcoma E. coli include the promoters and
regulatory se-   virus. quences derived from  the B-galactosidase and
An origin of replication may be provided either tryptophan (trp) operons of
E. coil, as well as the   45  by construction of the vector to include an
exoge- pR and pL promoters of bacteriophage lambda.       nous origin, such
as that provided by SV40 or Combinations of these elements have also been
other viral sources, or may be provided by the host used (e.g., TAC, which
is a fusion of the trp pro-  cell chromosomal replication mechanism. If the
moter with the lactose operator). Other promoters  vector is integrated
into the host cell chromosome, have also been discovered and utilized, and
details  50  the latter is often sufficient. concerning their nucleotide
sequences have been        Host cells can prepare ECGF which can be of
published enabling a skilled worker to combine and  a variety of chemical
compositions. The protein is exploit them functionally.
produced having methionine as its first amino acid. In addition to
prokaryotes, eukaryotic microbes,  This methionine is present by virtue of
the ATG such as yeast cultures, may also be used. Sac-  55  start codon
naturally existing at the origin of the charomyces cerevisiae, or common
baker's yeast,    structural gene or by being engineered before a is the
most commonly used among eukaryotic mi-     segment of the structural gene.
The protein may croorganisms, although a number of other strains   also be
intracellularly or extracellularly cleaved, giv- 6    
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amino acid which is found naturally  ducing DNA into cells such as nuclear
injection, at the amino terminus of the protein. The protein  viral
infection or protoplast fusion may be success- may be produced together
with either its own or a  fully used. The cells are then cultured on
selective heterologous signal peptide, the signal polypeptide  media, and
proteins for which the expression vec- being specifically cleavable in an
intra- or extracel-   5   tor encodes are produced. lular environment.
Finally, ECGF may be produced     Clones containing part or the entire cDNA
for by direct expression in mature form without the   ECGF are identified
with specific oligonucleotide necessity of cleaving away any extraneous
poly-   probes deduced from a partial amino acid se- peptide.
quence determination of ECGF. This method of Recombinant host cells refer
to cells which  10  identification requires that the non-degenerate have
been transformed with vectors constructed    oligonucleotide probe be
designed such that it spe- using recombinant DNA techniques. As defined
cifically hybridizes to ECGF ds-cDNA. Clones con- herein, ECGF is produced
as a consequence of      taining ECGF cDNA sequences are isolated by this
transformation. ECGF or its fragments pro-   radioactively labeling the
oligonucleotide probe with duced by such cells are referred to as "recom-
15  32P-ATP, hybridizing the radioactive oligonucleotide binant ECGF".
probe to the DNA of individual clones of a cDNA The procedures below are
but some of a wide   library containing ECGF-cDNA, and detection and
variety of well established procedures to produce  isolation of the clones
which hybridize by auto- specific reagents useful in the process of this
in-  radiography. Such a cloning system is applicable vention. The general
procedure for obtaining an   20  to the lambda [err]    system described by
Young mRNA mixture is to obtain a tissue sample or to   and Davis, supra.
culture cells producing the desired protein, and to  Clones containing the
entire sequence of extract the RNA by a process such as that dis-    ECGF
are identified using as probe the cDNA closed by Chirgwin, et al.,
Biochemistry, 18:5294  insert of the ECGF recombinants isolated during
(1979). The mRNA is enriched by poly(A)mRNA-   25  the initial screening of
the recombinant lambda [err] containing material by chromatography on oligo
cDNA library with ECGF-specific oligonucleotides. (dT) cellulose or poly(U)
Sepharose, followed by  Nucleotide sequencing techniques are used to de-
elution of the poly(A) containing mRNA fraction.  termine the sequence of
amino acids encoded by The above poly(A) containing mRNA-enriched    the
cDNA fragments. This information may be used fraction is used to synthesize
a single-strand com-  30  to determine the identity of the putative ECGF
plementary cDNA (ss-cDNA) using reverse tran-     cDNA clones by comparison
to the known amino scriptase. As a consequence of DNA synthesis, a   acid
sequence of the amino-terminus of bovine hairpin loop is formed at the 3'
end of the DNA   ECGF and of a peptide derived by cyanogen bro- which will
initiate second-strand DNA synthesis.  mide cleavage of ECGF. Under
appropriate conditions, this hairpin loop is  35 used to effect synthesis
of the ds-cDNA in the    EXAMPLE presence of DNA polymerase and deox-
yribonucleotide triphosphates.                    A. Preparation of Total
RNA The resultant ds-cDNA is inserted into the ex- pression vector by any
one of many known tech-  40   Total RNA (messenger, ribosomal and transfer)
niques. In general, methods can be found in Man-  was extracted from fresh
two-day old human brain iatis, et al., supra, and Methods In Enzymology,
stem essentially as described by Chirgwin, supra, Volumes 65 and 68 (1980);
and 100 and 101         (1979). Cell pellets were homogenized in 5 vol-
(1983). In general, the vector is linearized by at  umes of a solution
containing 4 M guanidine least one restriction endonuclease, which will
pro-  45  thiocyanate, and 25 mM Antifoam A (Sigma Chemi- duce at least two
blunt or cohesive ends. The ds-  cal Co., St. Louis, Mo.). The homogenate
was cen- cDNA is ligated with or joined into the vector inser-  trifuged at
6,000 rpm in a Sorvall GSA rotor for 15 tion site.
minutes at 10 C. The supernatant fluid was ad- If prokaryotic cells or
other cells which contain  justed to pH 5.0 by addition of acetic acid and
the substantial cell wall material are employed, the   50  RNA precipitated
by 0.75 volumes of ethanol at most common method of transformation with the
[err] for two hours. RNA was collected by cen- expression vector is calcium
chloride pretreatment  trifugation and dissolved in 7.5 M guanidine hy- as
described by Cohen, R.N., et al., Proc. Nat'l.  drochloride containing 2 mM
sodium citrate and 5 Acad. Sci. USA, 69:2110 (1972). If cells without cell
mM dithiothreitol. Following two additional precipi- wall barriers are used
as host cells, transfection is  55  tations using 0.5 volumes of ethanol,
the residual carried out by the calcium phosphate precipitation  guanidine
hydrochloride was extracted from the method described by Graham and Van der
Eb,        precipitate with absolute ethanol. RNA was dis- Virology, 52:456
(1973). Other methods for intro-  solved in sterile water, insoluble
material removed 7    



11                EP 0 259 475 B1                    12 by centrifugation,
and the pellets were re-extracted  As shown in Figure 2, the DNA fragments
were with water. The RNA was adjusted to 0.2 M potas-   then inserted into
EcoRI cleaved and phosphatase- sium acetate and precipitated by addition of
2.5  treated lambda [err]  , using [err] DNA ligase. A library volumes of
ethanol at [err] overnight.           of 5.7 x [err] phage was produced, of
which ap- 5   proximately 65%  were recombinant phage. The B. Preparation
of Poly(A)-containing RNA          library was amplified by producing plate
stocks at [err]  on E. coli Y1 088 [supE supF metB trpR The total RNA
precipitate, prepared as de-     hsdR- [err] tonA21 strA lacU169
(proC::Tn5) scribed above, was dissolved in 20 mM  Hepes      (pMC9)].
Amplification procedures are described in buffer (pH 7.2) containing 10 mM
EDTA and 1%   10   Maniatis, et al., supra. Important features of this SDS,
heated at  [err] for 10 minutes, then quickly  strain, described by Young
and Davis, supra, in- cooled to [err]. The RNA. solution was then diluted
clude (1) supF (required suppression of the phage with an equal volume of
water, and NaCI was        amber mutation in the S gene), (2) hsdR- hsdM+ -
added to bring the final concentration to 300 mM   (necessary to prevent
restriction of foreign DNA NaCI. Samples containing up to 240 [err] units
of  15  prior to host modification), and  (3) lacU169 RNA   were
chromotagraphed   on  poly(U)-         (proC::Tn5), and (4) (pMC9) (a lac
I-bearing Sepharose[err] using standard procedures. Poly(A)-     pBR322
derivative which represses, in the absence containing RNA was eluted with
70% formamide       of an inducer, the expression of foreign genes that
containing 1 mM Hepes buffer (pH 7.2), and 2 mM    may be detrimental to
phage and/or cell growth). EDTA. The eluate was adjusted to 0.24 M NaCI
20 and the RNA was precipitated by 2.5 volumes of     D. Identification of
Clones Containing ECGF Se- ethanol at [err].
quence C. Construction of cDNA Clones in Lambda [err]         To screen the
library for recombinant phage 25  containing ECGF cDNA, 1.5 x [err] phage
were The procedure followed for the enzymatic reac-  plated on a lawn of E.
coli Y1 090 [AlacUl 69 proA[err] tion is shown in Figure 1. The mRNA (20
[err]) was   Ion araD139 strA supF (trpC22::Tn10) (pMC9)] and copied into
ds-cDNA with reverse transcriptase and  incubated at [err] for 6 hours.
After the plates DNA polymerase I exactly as described by Buell,   were
refrigerated overnight, a nitrocellulose filter et al., supra, and
Wilkensen, et al., J. Biol. Chem.,  30  was overlaid on the plates. The
position of the filter 253:2483 (1978). The ds-cDNA was desalted on
was marked with a needle. The filter removed after Sephadex[err] G-50 and
the void-volume fractions       one minute and left to dry at room
temperature. further purified on an Elutip-D[err] column (Schleicher  From
each plate, a duplicate filter was prepared & Schuell, Keene, NH) following
the manufacturer's  exactly as described, except that the filter was left
directions. The ds-cDNA was made blunt-ended by   35  in contact with the
plate for 5 minutes. All filters incubation with SI nuclease [Ricca, et
al., J. Biol.  were then prepared for hybridization, as described Chem.,
256:10362 (1981)]. The reaction mixture    in Maniatis, et al., supra. This
involved DNA de- consisted of 0.2 M sodium acetate (pH 4.5), 0.4 M
naturation in 0.5 M NaOH, 1.5 M NaCI, neutraliza- sodium chloride, 2.5 mM
zinc acetate and 0.1 unit  tion in 1 M Tris-HCI, pH 7.5, 1.5 M NaCI, and of
SI nuclease per ng of ds-cDNA, made to a final  40  heating of the filters
for 2 hours at 80 C in vacuo. reaction volume of 100 [err]. The ds-cDNA was
in-        To screen the human brain stem cDNA library cubated at [err] for
one hour, extracted with phe-  for clones containing ECGF inserts, a
specific nol:chloroform, and then desalted on a Sephadex[err]
oligonucleotide was designed. This oligonucleotide G-50 column as described
above.                   was based upon a partial amino acid sequence The
ds-cDNA was then treated with EcoRI   45  analysis of the amino terminus of
ECGF. As shown methylase and Klenow fragment of DNA poly-         in Figure
3, lines a & b, bovine ECGF is isolated as merase I using reaction
conditions described in   two species, designated alpha and beta ECGF,
Maniatis, et al., Molecular Cloning, supra. The   which differ only in the
amino acids found at the cDNA was again desalted on Sephadex[err] G-50 as
respective amino termini. As shown in Figure 3, described above and then
ligated to 0.5 [err] of  50  line b, beta-ECGF is a slightly larger species
than phosphorylated EcoRI linkers using [err] DNA ligase  alpha-ECGF. The
exact amino acid sequence at (Maniatis, et al., supra). The mixture was
cleaved  the amino terminus of beta-ECGF is undetermined, with EcoRI and
fractionated on an 8% acrylamide    however, a sequence derived from fast
atom bom- gel in Trisborate buffer (Maniatis, et al., supra).  bardment
mass spectral analysis and the amino DNA with a size greater than 1
kilobase was eluted  55  acid composition of the amino terminal tryptic
pep- from the gel and recovered by binding to an Elutip-  tide of bovine
beta-ECGF is shown. The amino [err] column, eluted with 1 M NaCI and then
col-     terminal blocking group appears to be acetyl. If lected by ethanol
precipitation.                  intact beta-ECGF is cleaved by trypsin, a
second 8    13                EP 0 259 475 B1                   14 



amino amino acid sequence found in beta but not   rolidone, bovine serum
albumin), 5% dextran sul- alpha ACGF starting with PheAsnLeu... is deter-
fate, and 100 [err]/ml denatured salmon sperm mined. This sequence is also
found at the amino   DNA. The [err]-labeled oligonucleotide was added
terminus of acidic fibroblast growth factor [Thomas,  following four hours
of prehybridization, and hy- K.A. et al., Proc. Natl. Acad. Sci.,
82:6409-6413   5   bridization continued overnight at [err]. Un- (1985)].
The amino terminus of alpha-ECGF is Asn-  hybridized probe was removed by
sequential wash- TyrLys... (Figure 3, line a) and is the equivalent of  ing
at [err] in 2X SSPE, 0.1% SDS. beta-ECGF minus an amino terminal extension.
In      From 1.5 x [err] plaques screened, 2 plaques Figure 3, lines c and
d set forth for comparison the  gave positive autoradiographic signals
after over- amino acid sequence of cyanogen bromide-cleaved   10  night
exposure. These clones were purified to ho- bovine alpha and beta ECGF,
respectively.         mogeneity by repeated cycles of purification using
For oligonucleotide design, the amino acid se-  the above oligonucleotide
as hybridization probe. quence lleLeuProAspGlyThrValAspGlyThrLys, cor-
The two clones that were isolated, ECGF responding to alpha-ECGF amino
acids 19-29 in-    clones 1 and 29, were analyzed in further detail.
clusive, was chosen. Rather then design a mixture  15   Upon digestion with
EcoRI, clone 1 and 29 re- of oligonucleotides covering all of the possible
cod-  vealed cDNA inserts of 2.2 and 0.3 Kb, respec- ing sequences (owing
to the degeneracy of the     tively. Nick translation of cloned cDNA and
its genetic code), a long unique oligonucleotide was  subsequent use as a
radiolabeled probe in South- designed. Such oligonucleotide probes have
been   ern blot analysis (Maniatis, et al., supra) revealed previously
shown to be successful probes in  20  that clones 1 and 29 were related and
overlapping screening complex cDNA [Jaye, et al., Nucleic     clones. The
overlapping nature of these two clones Acids  Research  11:2325-2335,
(1983))  and     is shown in Figure 6. genomic [Gitschier, et al., Nature,
312:326-330      Clones 1 and 29 were analyzed in further detail (1984)]
libraries. Three criteria were used in de-  as follows: An additional two
oligonucleotides were signing the ECGF probe: (1) The dinucleotide CG   25
designed, based upon the amino acid sequence of was avoided. This strategy
was based upon the     bovine ECGF. These oligonucleotides were de-
observed  under  representation  of the  CG       signed based upon the
same considerations as dinucleotide in eukaryotic DNA [Josse, et al., J.
those used in the design of the oligonucleotide Biol. Chem. 236:864-875,
(1961)]; (2) preferred   used  to  isolate  clones  1  and  29. These codon
utilization data was used wherever possible.  30  oligonucleotides (ECGF
oligonucleotides II and III) A recent and comprehensive analysis of human
are shown in Figure 7. These two oligonucleotides codon utilization was
found in Lathe, J. Mol. Biol.  as well as [err] were radioactively labeled
in 183:1-12 (1985); and (3) wherever the strategies of  a kination reaction
as described above and used as CG dinucleotide and preferred codon
utilization   hybridization probes in Southern  blotting experi- were
uninformative, unusual base pairing was al-  35  ments. The results of
these experiments showed lowed. This strategy was based upon the natural
that the 0.3 Kb cDNA insert of clone 29 hybridized occurence of G:T, I:T,
I:A and I:C base pairs which  to ECGF oligonucleotides I and 11 but not to
ECGF occur in the interaction between tRNA anticodons  oligonucleotide III
or [err]; the 2.2 Kb cDNA and mRNA codons [Crick, J. Mol. Biol. 19:548-555,
insert of clone 1 hybridized to oligonucleotide I, II, (1966)]. A diagram
of usual and unusual base pairs  40  III as well as [err]. These data and
subse- is shown in Figure 4. Use of I (Inosine) in a     quent nucleotide
sequence determination of clones hybridization probe was first
demonstrated, in a  1 and 29 showed that the 3' end of clone 1 ends model
experiment, by Ohtsuka, et al., J. Biol.    with a poly(A) tail.
Hybridization of clone 1 to ECGF Chem. 260:2605-2608 (1985). The overall
strategy  oligonucleotide III, which is based on a cyanogen and  choice
made  in  the  design  of the   45  bromide cleavage product of bovine
ECGF, as well oligonucleotide used to screen the human brain    as to
[err], strongly suggested that this clone stem cDNA library for ECGF is
shown in Figure 5.  contains the rest of the coding sequence for both In
addition, two other oligonucleotides, designed  alpha and beta ECGFs as
well as a large (greater with the same strategy, were constructed.
than 1 Kb) 3' flanking sequence. Approximately 30 pmole of the
oligonucleotide   50  The cDNA inserts from clones 1 and 29 were shown in
Figure 5 were radioactively labeled by  isolated, subcloned into M13mp18,
and the ECGF- incubation with [err] and T4 poly-        encoding open
reading frame and flanking regions nucleotide kinase, essentially as
described by Man-  sequenced by the chain termination method [Sang- iatis,
et al., supra. Nitrocellulose filters, prepared as  er et al., Proc. Natl.
Acad. Sci. USA 74:5463-5467 described above, were prehybridized at [err] in
55  (1977)]. The nucleotide sequence of these clones 6X SSPE  (1X SSPE  =
0.18M  NaCI, 0.01M          and the amino acid sequence deduced from the
[err] pH 7.2, 0.001 M EDTA), 2X Denhardt's (1X   nucleic acid sequence is
shown in Figure 8. Exami- Denhardt's - 0.02%  each Ficoll[err],
polyvinylpyr-   nation of the nucleotide sequence reveals an open 9    15
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reading frame of 465 nucleotides encoding human      Recombinant
DNA-derived human ECGF has ECGF. The 155 amino acids of human ECGF were
utility, therefore, as an improved substitute for found to be flanked by
translation stop codons The  crude bovine ECGF in the in vitro culturing of
[err]-terminal amino acid of human beta ECGF        human endothelial cells
and other mesenchymal deduced from the cDNA sequence is methionine,   5
cells for research use. The activity of human ECGF which most likely serves
as the translation initiation  is expected to be the same as or better than
residue. These data, together with the relatively  bovine ECGF in the
potentiation of endothelial cell non-hydrophobic nature of the first 15-20
amino   growth due to the high degree of homology in the terminal residues,
strongly suggest that human    amino acid sequences of both proteins. The
ex- beta ECGF is synthesized without a [err]-terminal  10  pected effective
dose range for potentiating cell signal peptide. A comparison of Figures 3
and 8   division and growth in vitro is 5 - 10 ng of purified shows that
the amino terminal amino acid se-      ECGF per milliliter of culture
medium. Production quence of trypsin-cleaved bovine beta ECGF as     of the
ECGF via recombinant-DNA technologies as well as that of bovine alpha ECGF
are nearly      outlined in this patent application and subsequent
identical to the amino acid sequence predicted   15  purification as
described by Burgess, et al., [J. Biol. from the nucleotide sequence of
lambda ECGF       Chem. 260:11389-11392 (1985)] will provide large clones 1
and 29. An overall homology between the  quantities of a pure product of
human origin (here- two species of over 95% is observed.
tofore unavailable in any quantity or purity) with Northern blot analysis
(Maniatis, et al, supra)  which to develop models of human homeostatis
reveals that ECGF mRNA is a single molecular  20  and angiogenesis. species
which comigrates with 28S rRNA (Figure       Recombinant DNA-derived human
ECGF also 9). Considering the variation in the estimated size  has utility
in the potentiation of cell growth on a of 28S rRNA, the approximate size
of ECGF mRNA    prosthetic device, rather than a tissue culture flask is
4.8  1.4 Kb. All of the sequence encoding the  or bottle. This device may
or may not be coated mature forms of both alpha and beta ECGF is  25  with
other molecules which would facilitate the at- encoded within ECGF clones 1
and 29, which to-    tachment of endothelial cells to the device. These
gether encompasses approximately 2.3 Kb. Thus,    facilitating molecules
may include extracellular ma- these data demonstrate that the region 5' and
trix proteins (eg. fibronectin, laminin, or one of the flanking the
ECGF-encoding sequences, is very     collagens), human serum albumin,
heparin or other large (approximately 2.5  1.4 Kb).          30
glycosaminoclycans or inert organic molecules. En- cDNA inserts from clone
1 and clone 29 were    dothelial cells would be cultured on these surfaces
excised by digestion with EcoRI and subcloned in  using effective doses of
ECGF in the culture me- pUC8 at the EcoRI site. The plasmid formed from
dium, ultimately covering the device with an en- clone 1 was designated
pDH15 and the plasmid      dothelial cell monolayer. This device would then
formed from clone 29 was designated pDH14. The  35  provide a
non-thrombogenic surface on the pros- plasmids were deposited in American
Type Culture  thetic device, thus reducing the risk of potentially
Collection, 12301 Parklawn Drive, Rockville, MD   life-threatening
thrombogenic events subsequent to 20852. The plasmid from clone 1, pDH15,
was       implantation of the prosthetic device. designated ATCC 53336 and
the plasmid from           ECGF has utility in diagnostic applications.
clone 29, pDH 14, was designated ATCC 53335.  40  Schreiber, et al., [Proc.
Natl. Acad. Sci. 82:6138 Thus, this example describes experimental pro-
(1985)] developed a double antibody immunoassay cedures which provide human
endothelial cell      for bovine ECGF. In this assay, 96-well polyvinyl
growth factor essentially free of other proteins of  chloride plates were
coated with rabbit anti-ECGF human origin.
and the remaining binding sites subsequently bloc- ECGF has utility in the
growth and amplifica-  45  ked with 10% normal rabbit serum. Samples of
tion of endothelial cells in culture. Currently, ECGF  ECGF were then added
to the wells and incubated. for cell culture use is extracted from bovine
brain  After washing, murine monoclonal anti-ECGF was by the protocol of
Maclag, et al., [Proc. Natl. Acad.  added. After incubation and several
washes, rabbit Sci., 76:11, 5674-5678 (1978)]. This crude bovine
anti-mouse lgG coupled with peroxidase was ad- ECGF is mitogenic for human
umbilical vein en-  50  ded. The reaction product was quantitated spec-
dothelial cells [Maciag, et al., J. Biol. Chem    trophotometrically  after
conversion   of  0- 257:5333-5336 (1982)] and endothelial cells from
phenylenediamine in the presence of hydrogen other species. Utilization of
heparin with ECGF and  peroxide. A similarly constructed immunoassay a
fibronectin matrix permits the establishment of  may be useful for
monitoring human ECGF levels stable endothelial cell clones. The
recommended   55  in disease states affecting endothelial cell growth.
concentration of this crude bovine ECGF for use as  Purified
recombinant-DNA derived ECGF would be a mitogen in vitro is 150 micrograms
per milliliter  useful as a standard reagent in quantifying un- of growth
medium.                                 known ECGF samples. 10    17
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ECGF also may have potential in the treatment   9. Endothelial cell growth
factor obtainable by the of damaged or in the regeneration of blood vessels
process of claim 2. and other endothelial cell-lined structures. It should
be appreciated that the present inven-  10. A replicable expression vector
capable of ex- tion is not to be construed as being limited by the   5
pressing endothelial cell growth factor as de- illustrative embodiment. It
is possible to produce     fined in claim 9 in a self-replicating recom-
still other embodiments without departing from the      binant system.
inventive concepts herein disclosed. Such embodi- ments are within the
ability of those skilled in the  11. A self-replicating recombinant system
trans- art.                                           10       formed with
the vector of claim 10. Claims
12. The recombinant system according to claim 11 Claims for the following
Contracting States             wherein said system is in a cell. BE, CH,
LI, DE, FR, GB, IT, LU, NL, SE 15  13. The recombinant system according to
claim 11 1. A process for producing human endothelial cell       wherein
said system is cell-free. growth factor comprising, providing a replica-
ble expression vector capable of expressing     14. The recombinant system
according to claim 11 the DNA sequence encoding human endothe-
obtained by transforming or infecting a mem- lial cell growth factor in a
suitable host, trans-  20  ber of the group consisting of an E. col, B.
forming said host to obtain a recombinant host,     subtilis, insect, yeast
and vertebrate cell. and maintaining said recombinant host under conditions
permitting expression of said en-    15. The recombinant system according
to claim 11 dothelial cell growth factor - encoding cDNA        obtained by
transforming eukaryotes. sequence to produce endothelial cell growth  25
factor, said human endothelial cell growth fac-  16. The process according
to claim 1 wherein re- tor having the sequence of a-ECGF or [err]-ECGF
covering said endothelial cell growth factor shown in Figure 8 or being an
allelic variant,      comprises reaction of the proteins expressed
modification or analogue of said a-ECGF or [err]-       by the recombinant
host system with a reagent ECGF, which retains the biologically active   30
composition comprising at least one binding properties of native ECGF.
protein specific for endothelial cell growth fac- tor. 2. The process
according to claim 1 including the further step of recovering said
endothelial cell  17. Human endothelial cell growth factor having growth
factor.                             35       the sequence of a-ECGF or
[err]-ECGF shown in Figure 8, or being an allelic variant, modifica- 3. The
process according to claim 2 wherein said       tion or analogue of said
a-ECGF of [err]-ECGF, expression vector is a bacteriophage.
which retains the biologically active properties of native ECGF, said human
endothelial cell 4. The process according to claim 3 wherein said  40
growth factor being essentially free of other bacteriophage is a member of
the group con-        proteins of human origin. sisting of lambda [err] and
lambda [err]. 18. The endothelial cell growth factor of claim 17 5. The
process according to claim 2 wherein said       comprising a polypeptide
sequence extending expression vector is a plasmid.            45       from
the [err]-terminal amino acid of endothe- lial cell growth factor. 6. The
process according to claim 5 wherein said plasmid is derived from pBR322.
19. A cDNA clone comprising the complete coding sequence for human
endothelial cell growth 7. The process according to claim 2 wherein the
50   factor, said cDNA having the DNA sequence control function on said
expression vector is       encoding a-ECGF or [err]-ECGF shown in Figure
provided by viral material.                         8 or being an allelic
variant, modification or analogue of said DNA sequence which en- 8.  The
process according to claim 7 wherein said       codes a protein retaining
the biologically active viral material is derived from a member of the   55
properties of native ECGF. group consisting of bovine papilloma virus, Ep-
stein Barr virus, adenovirus, Simian virus 40   20. The cDNA clone of claim
19 containing untran- and baculovirus.
slated nucleotide sequences located 5' and 3'    17                EP 0 259
475 B1                    18 ECGF also may have potential in the treatment
9. Endothelial cell growth factor obtainable by the of damaged or in the
regeneration of blood vessels     process of claim 2. 



and other endothelial cell-lined structures. It should be appreciated that
the present inven-  10. A replicable expression vector capable of ex- tion
is not to be construed as being limited by the   5  pressing endothelial
cell growth factor as de- illustrative embodiment. It is possible to
produce     fined in claim 9 in a self-replicating recom- still other
embodiments without departing from the     binant system. inventive
concepts herein disclosed. Such embodi- ments are within the ability of
those skilled in the  11. A self-replicating recombinant system  trans-
art.                                           10      formed with the
vector of claim 10. Claims                                             12.
The recombinant system according to claim 11 Claims for the following
Contracting States            wherein said system is in a cell. BE, CH, LI,
DE, FR, GB, IT, LU, NL, SE 15  13. The recombinant system according to
claim 11 1. A process for producing human endothelial cell      wherein
said system is cell-free. growth factor comprising, providing a replica-
ble expression vector capable of expressing     14. The recombinant system
according to claim 11 the DNA sequence encoding human endothe-
obtained by transforming or infecting a mem- lial cell growth factor in a
suitable host, trans-  20  ber of the group consisting of an E. coil, B.
forming said host to obtain a recombinant host,    subtilis, insect, yeast
and vertebrate cell. and maintaining said recombinant host under conditions
permitting expression of said en-    15. The recombinant system according
to claim 11 dothelial cell growth factor - encoding cDNA       obtained by
transforming eukaryotes. sequence to produce endothelial cell growth  25
factor, said human endothelial cell growth fac-  16. The process according
to claim 1 wherein re- tor having the sequence of [err]-ECGF or [err]-ECGF
covering said endothelial cell growth factor shown in Figure 8 or being an
allelic variant,     comprises reaction of the proteins expressed
modification or analogue of said [err]-ECGF or [err]      by the
recombinant host system with a reagent ECGF, which retains the biologically
active   30   composition comprising at least one binding properties of
native ECGF.                         protein specific for endothelial cell
growth fac- tor. 2. The process according to claim 1 including the further
step of recovering said  endothelial cell  17. Human endothelial cell
growth factor having growth factor.                             35      the
sequence of a-ECGF or [err]-ECGF shown in Figure 8, or being an allelic
variant, modifica- 3. The process according to claim 2 wherein said
tion or analogue of said a-ECGF of [err]-ECGF, expression vector is a
bacteriophage.              which retains the biologically active
properties of native ECGF, said human endothelial cell 4. The process
according to claim 3 wherein said  40   growth factor being essentially
free of other bacteriophage is a member of the group con-        proteins
of human origin. sisting of lambda [err] and lambda [err]  . 18. The
endothelial cell growth factor of claim 17 5. The process according to
claim 2 wherein said       comprising a polypeptide sequence extending
expression vector is a plasmid.            45      from the [err]-terminal
amino acid of endothe- lial cell growth factor. 6. The process according to
claim 5 wherein said plasmid is derived from pBR322.                 19. A
cDNA clone comprising the complete coding sequence for human endothelial
cell growth 7. The process according to claim 2 wherein the   50   factor,
said cDNA having the DNA sequence control function on said expression
vector is      encoding a-ECGF or [err]-ECGF shown in Figure provided by
viral material.                        8 or being an allelic variant,
modification or analogue of said DNA sequence which en- 8.  The process
according to claim 7 wherein said       codes a protein retaining the
biologically active viral material is derived from a member of the  55
properties of native ECGF. group consisting of bovine papilloma virus, Ep-
stein Barr virus, adenovirus, Simian virus 40   20. The cDNA clone of claim
19 containing untran- and baculovirus.
slated nucleotide sequences located 5' and 3' 11    19                EP 0
259 475 B1                   20 to the coding sequence of human endothelial
growth factor as obtainable by any of claim 1 cell growth factor as defined
by the endothelial  to 8 in a self-replicating recombinant system, cell
growth factor mRNA.                          wherein a DNA insert coding
for ECGF as 



obtainable according to any of claims 1 to 8 is 21. A composition
comprising a therapeutically ef-   5  introduced into a replicable
expression vector fective amount of human endothelial cell          by
recombinant DNA technology. growth factor as defined in claim 17 or 18 to
promote wound healing in a mixture with an    10. A method for preparing a
self-replicating re- acceptable carrier.
combinant system expressing an endothelial 10      cell growth factor as
obtainable by any of Claims for the following Contracting State: AT
claim 1 to 8, wherein a self-replicating system is transformed with a
vector obtainable accord- 1. A process for producing human endothelial cell
ing to claim 9. growth factor comprising, providing a replica- ble
expression vector capable of expressing   15  11. The method according to
claim 10, wherein the DNA sequence encoding human endothe-          said
system is in a cell. lial cell growth factor in a suitable host, trans-
forming said host to obtain a recombinant host,  12. The method according
to claim 10, wherein and maintaining said recombinant host under       said
system is cell free. conditions permitting expression of said en-  20
dothelial cell growth factor encoding cDNA se-  13. The method according to
claim 10, wherein a quence to produce endothelial cell growth fac-
member of the group consisting of an E.coli, B. tor, said human endothelial
cell growth factor    subtilis, insect, yeast and vertebrate cell is having
the sequence of a-ECGF or [err]-ECGF           transformed or infected.
shown in Figure 8 or being an allelic variant,  25 modification or analogue
of said a-ECGF or [err]  14. The method according to claim 10, wherein a
ECGF, which retains the biologically active       eukaryotic organism is
transformed. properties of native ECGF. 15. The process according to claim
1, wherein 2. The process according to claim 1 including the   30
recovering said endothelial cell growth factor further step of recovering
said endothelial cell  comprises reaction of the proteins expressed growth
factor.                                    by the recombinant host system
with a reagent composition comprising at least one binding 3. The process
according to claim 2 wherein said     protein specific for endothelial cell
growth fac- expression vector is a bacteriophage.    35      tor. 4. The
process according to claim 3 wherein said  16. The process according to
claim 2, wherein bacteriophage is a member of the group con-       said
human endothelial cell growth factor is sisting of lambda [err]   and
lambda [err]  .         essentially free of other proteins of human 40
origin. 5. The process according to claim 2 wherein said expression vector
is a plasmid.               17. The process according to claim 16, wherein
said endothelial cell growth factor comprises a 6. The process according to
claim 5 wherein said     polypeptide sequence extending from the [err]
plasmid is derived from pBR322.           45     terminal amino acid of
endothelial cell growth factor. 7. The process according to claim 2 wherein
the control function on said expression vector is  18. A method for
preparing a cDNA clone compris- provided by viral material.
ing the complete coding sequence for human 50      endothelial cell growth
factor, said cDNA hav- 8.  The process according to claim 7 wherein said
ing the DNA sequence encoding a-ECGF or [err] viral material is derived
from a member of the    ECGF shown in Figure 8 or being an allelic group
consisting of bovine papilloma virus, Ep-   variant, modification or
analogue of said DNA stein Barr virus, adenovirus, Simian virus 40
sequence which encodes a protein retaining and baculovirus.
55      the biologically active properties of native ECGF, wherein said
cDNA clone is prepared in 9. A method for preparing a replicable expression
a manner known per se. vector capable of expressing endothelial cell 12
21                EP 0 259 475 B1                    22 19. The method
according to claim 18, wherein the  8. Verfahren nach Anspruch 7, worin das
virale cDNA clone contains untranslated nucleotide        Material von
einem Mitglied der aus Rinderpa- sequences located 5' and 3' to the coding
pillomavirus, Epstein-Barr-Virus, Adenovirus, sequence of human endothelial
cell growth fac-     Affenvirus 40 (SV40) und Bakulovirus beste- 



tor as defined by the endothelial cell growth   5  henden Gruppe abgeleitet
ist. factor mRNA. 9. Endothelzellwachstumsfaktor, erhaltlich durch 20. A
method for preparing a composition for pro-     das Verfahren nach Anspruch
2. motion of wound healing, comprising combin- ing a therapeutically
effective amount of hu-  10  10. Replizierbarer Expressionsvektor, der zur
Ex- man endothelial cell growth factor as obtain-      pression von
Endotheizellwachstumsfaktor, wie able in any of claims 1 to 8 and an
acceptable     definiert in Anspruch 9, in einem selbstreplizie- carrier.
renden rekombinanten System fahig ist. PatentansprOche
is  11. Selbstreplizierendes rekombinantes System, PatentansprUche fOr
folgende Vertragsstaaten          transformiert mit dem Vektor nach
Anspruch BE, CH, Ll, DE, FR, GB, IT, W, NL, SE                10. 1.
Verfahren zum Erzeugen von humanem Endo-        12. Rekombinantes System
nach Anspruch 11, thelzellwachstumsfaktor, umfassend das Be-  20     worin
das System in einer Zelle ist. reitstellen eines replikationsfahigen
Expres- sionsvektors, der zur Expression der DNA-Se-   13. Rekombinantes
System  nach Anspruch 11, quenz, die flr humanen Endothelzellwachs-
worin das System zellfrei ist. tumsfaktor kodiert, in einem geeigneten Wirt
ffhig ist, das Transformieren des Wirtes zum   25  14. Rekombinantes System
nach Anspruch 11, Erhalten eines rekombinanten Wirtes und das       das
durch Transformieren oder Infizieren eines Halten des rekombinanten Wirtes
unter Bedin-       Mitgliedes der aus E. coil, B. subtilis, Insekten,
gungen, die die Expression der fOr den Endo-       Hefe  oder
Vertebratenzellen  bestehenden theizellwachstumsfaktor kodierenden cDNA-Se-
Gruppe erhaltlich ist. quenz erlauben, um  Endothelzellwachstums-  30
faktor zu erzeugen, wobei der humane Endo-     15. Rekombinantes System
nach Anspruch 11, er- thelzellwachstumsfaktor die Sequenz von a-
halten durch Transformation von Eukaryonten. ECGF oder A-ECGF hat, die in
Figur 8 gezeigt ist, oder eine allelische Variante, eine Modifika-  16.
Verfahren nach Anspruch 1, worin das Wieder- tion oder ein Analog des
a-ECGFs oder ,-  35       gewinnen des Endothelzellwachstumsfaktors ECGFs
ist, das die biologisch aktiven Eigen-      die Reaktion der von dem
rekombinanten schaften von nativem ECGF beibeh~lt.
Wirtssystem  exprimierten Proteine mit einer Reagenzzusammensetzung umfaBt,
die minde- K-2~-  2. Verfahren nach Anspruch 1 einschlieBlich des     stens
ein Bindeprotein umfalt, das fOr Endo- weiteren Schritts der
Wiedergewinnung des   4o    thelzellwachstumsfaktor spezifisch ist.
Endotheizellwachstumsfaktors. 17. Humaner Endothelzellwachstumsfaktor mit
der 3. Verfahren nach Anspruch 2, worin der Expres-       Sequenz von aECGF
oder 8-ECGF, gezeigt in sionsvektor ein Bakteriophage ist.
Figur 8, oder eine allelische Variante, eine Mo- 45      difikation oder
ein Analog des a-ECGF oder 0- 4. Verfahren nach Anspruch 3, worin der
Bakte-        ECGF, das die biologisch aktiven Eigenschaf- riophage ein
Mitglied der aus Lambda gtio und     ten von nativem ECGF beibehalt, wobel
der Lambda gtii bestehenden Gruppe ist.                humane
Endothelzellwachstumsfaktor im we- sentlichen frei von anderen Proteinen
humanen 5. Verfahren nach Anspruch 2, worin der Expres-  50   Ursprungs
ist. sionsvektor ein Plasmid ist. 18. Endothelzellwachstumsfaktor nach
Anspruch 6. Verfahren nach Anspruch 5, worin das Plasmid       17,
umfassend eine Polypeptidsequenz, die von pBR322 abgeleitet ist.
sich von der NH2-terminalen Aminosaure des a6
Endothelzellwachstumsfaktors erstreckt. 7. Verfahren nach Anspruch 2, worin
die Kontroll- funktion auf dem Expressionsvektor durch vira-  19.
cDNA-Kion, umfassend die volistandige kodie- les Material bereitgestellt
wird.                  rende Sequenz far humanen Endothelzell- 13    23
EP   259 475B 1                    24 1       **-- C   L      I
wachstumsfaktor, wobel die cDNA elne DNA-       6. Verfahren nach Anspruch
5, worin das Plasmid Sequenz hat, die fOr a-ECGF oder ,-ECGF,
von pBR322 abgeleitet ist. gezeigt in Figur 8, kodiert, odor eine
allelische Variante, eine Modiflikation odor ein Analog    7. Verfahren
nach Anspruch 2, worin die Kontroll- dieser DNA-Sequenz ist, die (das) fOr
ein Pro-   5  funktion auf dem Expressionsvektor durch vira- J'    toin
kodiert, das die biologisch aktiven Elgen-      les Material bereitgestellt
wird. 



schaften von nativem ECGF beibeh~lt. & Verfahren nach Anspruch 7, worin das
virale 20. cDNA-Klon nach Anspruch 19, enthaltend un-          Material von
einem Mitglied der aus Rinderpa- translatierte Nukleotidsequenzen, die 5'
und 3'  10  pillomavirus, Epstein-Barr-Virus, Adenovirus, von der
kodierenden Sequenz des humanen             Affenvirus 40 (SV40) und
Bakulovirus beste- Endothelzellwachstumsfaktors angeordnet sind,
henden Gruppe abgeleitet ist. definiert durch die mRNA ftr Endotheizell-
wachstumsfaktor.                                9. Verfahren zum Herstellen
eines replikationsfa- 16      higen Expressionsvektors, der Endothelzell-
21. Zusammensetzung, umfassend eine therapeu-          wachstumsfaktor,
erhaltlich nach einem  der tisch wirksame Menge von humanem Endo-
AnsprUche 1 bis 8, in einem selbstreplizieren- theizellwachstumsfaktor, wie
in Anspruch 17         den rekombinanten System exprimieren kann, odor 18
definiert, zur F6rderung der Wundhei-       wobel ein DNA-insert, das fOr
ECGF, wie or- lung in elner Mischung mit elnem vertraglichen   20  haltlich
nach einem der Ansprlche 1 bis 8, Tr~ger.
kodiert, durch rekombinante DNA-Technologie in eonen replizierbaren
Expressionsvektor ein- PatentansprUche fUr folgenden Vertragsstaat:
gefUhrt wird. AT 26  10. Verfahren zum Herstellen elnes selbstreplizie- 1.
Verfahren zum Erzeugen von humanem Endo-            renden rekombinanten
Systems, das Endothel- theizellwachstumsfaktor, umfassend das Be-
zellwachstumsfaktor, wie erh~ltlich nach einem reitstellen eines
replikationsfahigen Expres-       der AnsprUche 1 bis 8, exprimiert, wobei
ein sionsvektors, der zur Expression der DNA-Se-
selbstreplizierendes System mit einem gemalB quenz, die far humanen
Endothetzellwachs-  30       Anspruch 9 erhaitlichen Vektor transformiert
tumsfaktor kodiert, in einem geeigneten Wirt        wird. fahig ist, das
Transformieren des Wirtes zum Erhalten eines rekombinanten Wirtes und das
11. Verfahren nach Anspruch 10, worin das Sy- Halten des rekombinanten
Wirtes unter Bedin-        stem in elner Zelle ist. gungen, die die
Expression der far den Endo-  36 theizellwachstumsfaktor kodierenden
cDNA-Se-    12. Verfahren nach Anspruch 10, worin das Sy- quenz erlauben,
um  Endothelzellwachstums-          stem zellfrei ist. faktor zu erzeugen,
wobei der humane Endo- thelzellwachstumsfaktor die Sequenz von a-      13.
Verfahren nach Anspruch 10, worin ein Mit- ECGF oder 8-ECGF hat, die in
Figur 8 gezeigt  4o    glied der aus E. coil, B. subtilis, Insekten, Hefe
ist, oder eine allelische Variante, elne Modifika-  odor Vertebratenzellen
bestehenden Gruppe tion oder ein Analog des a-ECGFs oder 8-
transformiert oder infiziert wird. ECGFs ist, das die biologisch aktiven
Eigen- schaften von nativem ECGF beibehalt.            14. Verfahren nach
Anspruch 10, worin ein eukary- 45      ontischer Organismus transformiert
wird. 2. Verfahren nach Anspruch 1 einschlieBlich des weiteren Schritts der
Wiedergewinnung des       15. Verfahren nach Anspruch 1, worin das Wieder-
Endothelzelfwachstumsfaktors.                       gewinnen  des
Endothelzellwachstumsfaktors die Reaktion der von dem rekombinanten 3.
Verfahren nach Anspruch 2, worin der Expres-  60    Wirtssystem
exprimierten Proteine mit einer sionsvoktor ein Bakteriophage ist.
Reagenzzusammensetzung umfaBt, die minde- stens ein Bindeprotein umfatt,
das fUr Endo- 4. Verfahren nach Anspruch 3, worin der Bakte-
thelzellwachstumsfaktor spezifisch ist. riophage ein Mitglied der aus
Lambda gtio und Lambda gtii bestehenden Gruppe ist.       55  16. Verfahren
nach Anspruch 2, worin der humane Endothelzellwachstumsfaktor im
wesentlichen 5. Verfahren nach Anspruch 2, worin der Expres-        frei
von anderen Proteinen menschlichen Ur- sionsvektor ein Plasmid ist.
sprungs ist. 14    25                EP 0 259 47S B1                   2(
*Ic   L  M   S  I 17. Verfahren nach Anspruch 16, worin der Endo-   2.
Proc~dd solon la revendication 1, comprenant theizellwachstumsfaktor  eine
Polypeptidse-      on outre l'op ration de r~cup ration de ce fac- quenz
umfal3t, die sich von der NH2-torminalen    tour de croissance de cellule
endothdliale. Aminosaure des Endothelzellwachstumsfaktors orstreckt.
5   &  Proc~d6 solon la revendication 2, dans loquel le vecteur
d'expression est un bact~riophage. 



18. Verfahren zum Herstellen eines cDNA-Klones, umfassend die vollstandige
kodierende So-     4. Procede solon la revendication 3, dans loquel quenz
far humanen Endothelzollwachstumsfak-      le bactbriophage est un membre
du groupe tor, wobei die cDNA eine DNA-Sequenz hat,  10     constitu4 par
lambda gt1o et lambda gtii. die flr a-ECGF oder p-ECGF, gezeigt in Figur 8,
kodiert, oder eine allelische Variante, eine  5. Proc~d4 salon la
revendication 2, dans lequel Modifikation oder ein Analog der DNA-Sequenz
le vecteur d'expression est un plasmide. ist, die (das) fOr ein Protein
kodiert, das die biologisch aktiven Eigenschaften von nativem   15  6.
Proced4 selon la revendication 5, dans lequel ECGF beibehalt, wobei der
cDNA-Klon auf an        le plasmide est dnriv4 de pBR322. sich bekannte
Weise hergestellt wird. 7. Proc~d6 solon la revendication 2, dans loquol
19. Verfahren nach Anspruch 18, wobei der cDNA-      la fonction de
contr8le de ce vecteur d'expres- i-)     Klon nicht translatiorte
Nukleotidsequenzon,  20  sion est procurde par de la matibre virale. die 5'
und 3' von der kodierenden Sequenz des humanen
Endotheizellwachstumsfaktors     8. Proc6d6 selon la revendication 7, dans
lequel angeordnet sind, definiert durch die Endothel-    cette matibre
virale est d~rivde d'un membre zollwachstumsfaktor-mRNA, enthalt.
du groupe comprenant le virus du papillome 25      bovin, le Virus
d'Epstein-Barr, un ad~novirus, 20. Verfahren zum Herstellen einer
Zusammenset-      le virus simien 40 et le baculovirus. zung zur F6rderung
der Wundheilung, umfas- send das Vereinen einer therapeutisch wirksa-  9.
Facteur de croissance de cellule endoth6liale men Menge von humanem
Endothelzellwachs-          qui pout 8tre obtenu solon le proc~d6 de la
tumsfaktor, wie erhiltlich nach einem der An-  30  revendication 2. sprUche
1 bis 8, und eines akzeptablen Tra- gers.
10. Vecteur d'expression replicable, capable d'ex- primer le factour de
croissance de cellule en- Revendlcatlons
dotheliale solon la revendication 9, dans un Revendlcatlons pour les Etats
contractants  35       systbme recombinant auto-r6pliquable. sulvants: BE,
CH, Li, DE, FR, GB, IT, LU, NL, SE 11. Systbme recombinant auto-repliquable
trans- 1. Proc~d4 de production de facteur de croissan-     form6 avec le
vecteur de la revendication 10. ce de cellule endothiliale humaine solon
le- quel on met & la disposition un vecteur d'ex-  4o  12. Systbme
recombinant solon la revendication pression r6plicable capable d'exprimer
la se-     11, dans loquel ce systbme est dans une cellu- quence d'ADN
codant pour le facteur de crois-    le. sance de cellule endothdliale
humaine dans un h8te approprie, on transforme cot h8te pour   13. SystAme
recombinant solon la revendication obtenir un h8te recombinant et on
maintiont  45   11, dans lequel ce systbme est sans cellule. cot h8te
recombinant dans des conditions per- mettant l'expression de la sequence
d'ADNc    14. Systbme recombinant solon la revendication codant pour ce
factour de croissance de cellu-    11, obtenu par transformation ou
infection d'un le endoth~liale, afin de produire le facteur de   membre
d'un groupe comprenant E. coli, B. croissance de cellule endoth6liale, ce
facteur  50  subtilis, un insecte, une levure et une cellule de croissance
de cellule endothdliale compor-     de vert6brd. tant la sdquence de
l'ECGF-a ou de I'ECGF-p illustr~o sur la figure 8, ou consistant en un  15.
Systhme recombinant solon la revendication variant all6lique, un produit de
modification ou  11, obtenu par transformation d'eucaryotes. un analogue de
cot ECGF-a ou ECGF-p,  55 conservant les propriftds biologiquement acti-
16. Proced6 solon la revendication 1, dans loquel ves de l'ECGF natif.
Ia r~cup~ration de ce factour de croissance de cellule ondothdliale,
comprend la r6action des 15    27                EP 0 259 475 B1
28         c   L       S prot~ines exprim6es par le syst~me-h8te re-
obtenir un h8te recombinant et on maintient combinant, avec une composition
& base de         cot h8te recombinant dans des conditions per- rdactif
comprenant au moins une proteine de       mettant l'expression de la
sequence d'ADNc liaison specifique du facteur de croissance de    codant
pour ce facteur de croissance de cellu- cellule endotheliale.
6       le endoth6liale, afin de produire le facteur de croissance de
cellule endothdliale, ce facteur 



17. Facteur de croissance de cellule endoth~liale    de croissance de
cellule endoth6liale compor- humaine, ayant la s6quence de l'ECGF-a ou
tant la sequence de l'ECGF-a ou de l'ECGF-p de l'ECGF-# illustrde sur la
figure 8, ou consis-  illustr~e sur la figure 8, ou consistant en un tant
en un variant all~lique, un produit de mo-  io  variant all~lique, un
produit de modification ou dification ou un analogue de cot ECGF-a ou
un analogue de cet ECGF-a ou ECGF-G, ECGF-P, conservant les propridt~s
biologique-     conservant les propri~tes biologiquement acti- ment actives
de l'ECGF natif, ce facteur de       ves de I'ECGF natif. croissance de
collule endoth6liale humaine etant A peu prbs exempt d'autres proteines
1s  2. Proc~dd selon la revendication 1, comprenant d'origine humaine.
en outre l'op~ration de r~cup~ration de ce fac- tour de croissance de
cellule endoth~liale. 18 Factour de croissance de collule endotheliale
selon la revendication 17, comprenant une se-  3. Proc6d4 selon la
revendication 2, dans lequel quence polypeptidique s'6tendant & partir de
20  le vecteur d'expression est un bact~riophage. I'aminoacide NH2-terminal
du facteur de crois- sance de cellule endothdliale.                4.
Proc~d6 selon la revendication 3, dans loquel le bactdriophage est un
membre du groups 19. Clone d'ADNc comprenant la s6quence corn-
constitu6 par lambda gtio et lambda gti1. plate codant pour le facteur de
croissance de   25 cellule ondothdliale, cot ADNc ayant la sdquen-  5.
Procdd6 selon la revendication 2, dans loquel ce d'ADN codant pour l'ECGF-a
ou l'ECGF-,a       le vecteur d'expression est un plasmide. illustroe sur
la figure 8, ou consistant en un variant all6lique, un produit de
modification ou  6. Proc~dd selon la revendication 5, dans lequel un
analogue de cette sdquence d'ADN codant  30   le plasmide est d6riv6 de
pBR322. pour une prot~ine conservant les propriftes biologiquement actives
de l'ECGF natif.       7. Procedd selon la revendication 2, dans lequel la
fonction de contr8le de ce vecteur d'expres- 20. Clone d'ADNc selon la
revendication 19, conte-   sion est procur~e par de la matibre virale. nant
des s~quences nucldotidiques non tradui-  36 tes situdes aux extr6mit6s 5'
et 3' de la s6-  8. Procdd6 selon la revendication 7, dans lequel quence
codant pour le facteur de croissance       cetto matibre virale est d6rlv~e
d'un membre de collule endotheliale humaine, ainsi quo cola   du groupe
comprenant le virus du papillome est ddfini par l'ARNm de facteur de
croissance    bovin, to virus d'Epstein-Barr, un addnovirus, le de cellule
ondotheliale.                  40      virus simien 40 et le baculovirus.
21. Composition comprenant une quantit6 th~ra-    9. Proc~d4 de preparation
d'un vecteur d'expres- peutiquement efficace de facteur de croissan-
sion rdplicable, capable d'exprimer le facteur ce de cellule endothdliale
humaine ainsi quo      de croissance de cellule endoth~liale tel qu'il cola
est d6fini dans la revendication 17 ou 18  45  pout 8tre obtenu selon l'une
quelconque des afin de favoriser la cicatrisation d'une plaie, en
revendications 1 a 8, dans un syst me recom- m6lange avec un vdhicule
acceptable.              binant auto-r4plicable, dans lequel on introduit
un segment d'insertion d'ADN codant pour le Revendleatlons pour l'Etat
contractant sulvant       facteur ECGF qui pout 8tre obtenu selon l'une :AT
50      quelconque des revendications 1 a 8, dans un vecteur d'expression
r~plicable en mettant en 1. Proc~d4 de production de facteur de croissan-
oeuvre la technologie de l'ADN recombinant. ce de cellule endoth~liale
humaine selon le- quel on met a la disposition un vectour d'ex-  10.
Proc~d4 de preparation d'un systeme recombi- pression replicable capable
d'exprimer la s6-  s5  nant auto-rdplicable, exprimant un facteur de quence
d'ADN codant pour (o facteur de crois-     croissance de cellule
endothdliale, tel qu'il sance de cellule endothdliale humaine dans un
peut 8tre obtenu selon l'une quelconque des h8te appropri6, on transforme
cot h8te pour       revendications 1 a 8, dans loquel on transfor- 16    29
EP 0 259475 B1                    30       c   L  I   S me un systhme
autor6plicable a l'aide d'un        de facteur de croissance de cellule
endothelia- vecteur qui pout 8tre obtenu solon la revendi-   le. cation 9.
20. Proc~d6 de preparation d'une composition fa- 11. ProcMd6 solon la
revendication 10, dans lequol   5  vorisant la cicatrisation d'une plaie,
solon le- le systbme est une cellulo.                       quel on associe
une quantite thdrapeutique- ment efficace de factour de croissance de cel- 



12. Procedd solon la revendication 10, dans lequel   lule endotheliale
humaine tel qu'il pout 8tre le systhme est exempt de cellulo.
obtenu solon I'une quelconque des revendica- 10     tions 1 A 8, et un
v6hicule acceptable. 13. Proced6 solon la revendication 10, dans loquel on
transformo ou on infecte un membre du groupe consistant en E. coli, B.
subtilis, un insecte, une levure et une collule de vert6bre. 15 14. Proc6d4
solon la revendication 10, dans lequel on transformo un organisme
eucaryote. 15. Proced4 solon la revendication 1, dans loquel la
recuperation de co facteur de croissance de   20 cellule endoth~liale,
comprend la reaction des prot6ines exprimdes par le systbme-h8te re-
combinant, avec une composition a base de reactif comprenant au moins une
proteine de liaison specifique du facteur de croissance de   28 cellule
endothdliale. 16. Procd6 solon la revendication 2, dans loquel le facteur
de croissance de cellule endotheliale humaine, est a peu pres exempt
d'autres pro-  30 teines d'origine humaine. 17. Proc~d4 solon la
revendication 16, dans lequel le factour de croissance de cellule
endoth6lia- le, comprend une s~quence polypeptidique   35 s'6btndant a
partir de I'aminoacide NH2 termi- nal du facteur de croissance de cellule
endo- thdliale. 18. Proced6 de pr6paration d'un clone d'ADNc   4o
comprenant la sequence complbte codant pour le facteur de croissance de
cellule endothdliale humaine, cot ADNc ayant la sequence d'ADN codant pour
l'ECGF-a ou l'ECGF-p illustr6e sur la figure 8, ou consistant en un variant
alleli-  4s que, un produit de modification ou un analogue de cette
s6quence d'ADN codant pour une proteine conservant les propri~t6s
biologique- ment actives de I'ECGF natif, solon lequel on prepare ce clone
d'ADNc de fagon connue en   so soi. 19. Procdd6 solon la revendication 18,
dans lequel le clone' d'ADNc contient des s9quences nu- cleotidiques non
traduitbs situees aux extremi-  55 t~s 5' et 3' de la sequence codant pour
le facteur de croissance de cellule endoth~liale humaine, ainsi quo cola
est defini par l'ARNm 17    


