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CcDNA AND GENE FOR HUMAN ANGIOGENIN
(ANGIOGENESIS FACTOR) AND METHODS OF EXPRESSION

Field of the Invention

This invention relates to protein production through recombinant DNA
techniques. More particularly, it relates to DNA sequences encoding proteins

having angiogenic activity and to methods of expressing those sequences.

Background Art

3 ’Angiogenesis, the process of developing a hemovascular network, is essen-
tial for the growth of solid tumors and is a component of normal wound healing
and growth processes. It has also been implicated in the pathophysiology of
atherogenesis, arthritis, and diabetic retinopathy. It is characterized by
the directed growth of new capillaries toward a specific stimulus. This

10 growth, mediated by the migration of endothelial cells, may proceed
independently of en@othelial cell mitosis.

The molecular messengers responsible for the process of angiogenesis have

iong been sought. Greenmblatt and Shubik (J. Natl. Cancer Inst. 41: 111-124,

15 1968) concluded that tumor-induced nedvascularization is mediated by a diffus-

ible substance. Subsequently, a variety of soluble mediators have been impli--
cated in the induction of neovascularization. These include prostaglandins
(Auerbach, in Lymphokines, Pick and Landy, eds., 69-88, Academic Press, New

York, 1981), human urokinase (Berman et al., Invest Opthalm. Vis. Seci. 22:
20

191-199, 1982), copper (Raju et al., J. Natl. Cancer Inst. 69: 1183-1188,

1982), and various “angiogenesis factors"”.

Angiogenesis factors have been derived from tumor cells, wound fluid
(Banda: et al., Proc. Natl. Acad. Sci USA 79: 7773-7777, 1982; Banda et al.,
- 25 United States Patent 4,503,038), and retinal cells (D”"Amore, Proc. Natl. Acad.

Sci. USA 78: 3068-3072, 1981). Tumor-derived anglogenesis factors have in

kK

general been poorly characterized. Folkman et al. (J. Exp. Med. 133: 275-288,
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1971) isolated a tumor angiogenesis factor from the Walker 256 rat ascites

tumor. The factor was mitogenic for capillary endothelial cells and was
inactivated by RNase. Tuan et al. (Biochemistry 12: 3159-3165, 1973) found

mitogenic and angiogenic activity in the nonhistone proteins of the Walker 256°
tumor. The active fraction was a mixture of proteins and carbohydrate. A

variety of animal and human tumors have been shown to produce angiogenesis»

factor(s) (Phillips and Kumar, Int. J. Cancer 23: 82-88, 1979) but the chemi-~

cali nature of the factor(s) was not determined. A low molecular weight non=
protein component from Walker 256 tumors has also been shown to be angiogenie
and: mitogenic (Weiss et al., Br. J. Cancer 40: 493-496, 1979). An angio-

genesis factor with a molecular weight of 400-800 daltons was purified to
homogeneity by Fenselau et al. (J. Biol. Chem. 256: 9605-9611, 1981), but it

was: not further characterized. Human lung tumor cells have been shown to

secrete an angiogenesis factor comprising a high molecular weight carrier and
a low molecular weight, possibly non-protein, active component (Kumar et al.,

Int. J. Cancer 32: 461~464, 1983). Vallee et al. (Exgerientia. 41: 1-15,

1985). found angiogenic activity associated with three fractions fromr Walker
256 tumors. Tolbert et al. (United States Patent 4,229,531) disclose the
production of angiogenesis factor from the human adenocarcinoma cell line HT-
29, but the material was only partially purified and was not chemically char-
acterized. Isolation of genes responsible for the production of angiogenesis
factors has not heretofore been reported at least in part due to the lack of

purity and characterization of the factors.

Isolation of angiogenesis factors has employed high performance liquid
chromatography (Banda et al., 1bid); solvent extraction (Folkman. et al.,
ibid); chromatography on silica gel (Fenselau et al., ibid), DEAE cellulose
(Weiss et al., ibid), or Sephadex (Tuan et al., ibid); and affinity chromato-
graphy (Weiss et al., ibid).
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Recently, Vallee et al. (United States Patent Application
Serial No. 724,088, filed April 17, 1985, and USSN
fileq concurrently with this application, both of which.are

hereby incorporated by reference) have purufied an angioéenic
protein from a human adenocarcinoma cell line. The purified

’

protein, known as angiogenin, was chemically characterized and
its. amino acid sequence determined.

Because angiogenesis factoré play an important role in wound healing

(Rettura et al., FASEB Abstract #4309, 61st Annual Meeting, Chicago, 1977) and

10 may find applicability in the development of screening tests for malignancies

(Klagsbrun ¢ al., Cancer Res. 36: 110-114, 1976; and Brem et al., Science

195:. 880~-881, 1977), it would clearly be advantageous to produce angiogenic

proteins. in sufficient quantities to permit their application in therapy and
diagnosis. The techniques of genetic engineering are ideally suited to

15:  increase production levels of these proteins. The cloning of genes

encoding angiogenic proteins 1s a necessary first step in such large-scale
production.

Furthermore, it may in some instances be desirable to obtain these

proteins from non-tumor cells, such as in the case of human therapeutics,

20 where contamination with certain tumor products would be unacceptable. This
- invention therefore provides for the production of angiogenic proteins in non-

tumor cells using recombinant DNA techniques.

Q;sclqsure of the Invention

Briefly stated, the present invention discloses a DNA sequence
-encoding a protein having angiogenic activity. A DNA sequence
encoding angiogenin, or a protein having substantially the same
biological activity as angiogenin, is also disclosed. The DNA
Séquences may be obtained from cDNA or genomic DNA, or may be
prepared by DNA synthesis techniques.

30 The invention further discloses vectors comprising a DNA sequence encod-

ing a protein having angiogenic activity. Vectors comprising a DNA sequence

encading a protein having substantially the same biological activity as
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anglogenin are also disclosed. The vectors further comprise a promoter
sequence upstream of and operably linked to the DNA sequence. In general, the
vectors will also contain a selectable marker, and, depending on the host cell
used, may contain such elements as regulatory sequences, polyadenylation
signals, enhancers, and RNA splice sites. k

An additional aspect of the present invention discloses cells transfected
or: transformed to produce a protein having angiogenic activity. Cells trans-
fected or transformed to produce a protein having substantially the same
biological activity as angiogenin are also disclosed. The cells are
transfected or transformed to contain an expression vector comprising a DNA

Sequence encoding a protein having angiogenic activity.

A further aspect of the present invention discloses” a method for produc=
ing a protein having angiogenic activity. The method comprises (a) introduc-
ing into a host cell a vector comprising a DNA sequence encoding a protein
having angiogenic activity; (b) growing the host cell in an appropriate
medium; and (e¢) isolating the protein product encoded by the DNA sequence and
produced by the host cell. A method for producing a protein having substanti=
ally the same biological activity as angiogenin i1is also disclosed.” The

proteins produced by these methods are also disclosed.

Other aspects of the invention will become evident upon reference to the
detailed description and drawings. ’

Brief Description of the Drawings

Figure 1 illustrates the amino acid Sequence of angiogenin purified from
human adenocarcinoma HT-29 cells.

Figure 2 illustrates the strategy used for sequencing the angiogenin cDNA .
and genomic clones. The top portion refers to the ¢DNA and the bottom portion
to the genomic DNA. Solid bars indicate the coding regions, arrows indicate .
the fragments sequenced. The locations and directions of the three Alu
sequences are indicated by large hatched arrows.
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Figure 3 illustrates a portion of the sequence of the genomic DNA insert
in AHAGl. The cDNA insert of PHAGL corresponds to nucleotides 106 to 731 of
the genomic DNA, with a substitution at nucleotide 252.

Figure 4 illustrates the construction of the mammalian cell expression
vector pHAGF~-MT-DHFR.

Figures 5 and 6 illustrate the construction of the yeast expression
vector pYAGF.

Best Mode for Carrying Out the Invention

Prior to setting forth the invention, it may be helpful to define certain
terms to be used hereinafter.

Biological activity is a function or set of functions performed by a

molecule in a biological context (i.e., 1in an organism or an In vitro

facsimile). For angiogenin, biological activity is characterized by its
angiogenic activity.

Angiogenic activity is the chemical stimulation of
hemovascular development in tissue. It is generally associated
with diffusible substances produced by a variety of cell types.

Angiogenic activity may be characterized by a positive response
in the chick embryo chorioallantoic membrane assay (Knighton et
al., Br. J. Cancer 35: 347-356, 1977) and/or the rabbit cornea .
implant assay (Langer and Folkman, Nature 263: 797-800, 1976).

DNA construct is a DNA molecule, or a clone of such a molecule, which has

been modified by human intervention to contain segments of DNA which are

combined and juxtaposed in a manner which would not otherwise exist in
nature.

Angiogenic proteins are produced by a variety of cell types, including
tumor cells and retinal cells. Until recently, these proteins have not been

obtained in sufficient purity to permit their chemical and physical character-
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ization. Through the application of a novel multi-step purification pro-
cedure, an exemplary angiogenic protein, hereinafter angiogenin, has been
purified from culture media of a human tumor cell line. Determination of the‘

protein sequence has allowed the isolation of corresponding DNA sequences and

the expression of these sequences through recombinant DNA techniques.

The 1isolation of angiogenic proteins 1is based on the fractionation of
conditioned cell media by ion exchange chromatography, followed by high
performance liquid chromatography.

Although tumor cells are the preferred source of an
antiogenic protein according to the present invention, other
types of cells, notably‘retinal cells, are known to produce angio-
genesis factors. A particularly preferred cell lineris the human
adenocarcinoma cell line HT-29 (Fogh and Trempe, in Human Tumor
Cells in Vitro, Fogh, ed., 115-160, Plemun, New York, 1975).

HT-29 isolates have been deposited with Americal Type Culture
Collection under accession numbers HTB38 and CRL8905. The cells
may be cultured according to known methods, e.g. as monolayer
cultures in Dulbecco's modified Eagle's medium or other suitable
media. A preferred medium is Dulbecco's modified Eagle's medium
supplemented with 2 mM L-glutamine and 5% heat inactivated fetal
bovine serum (DME/5). The medium is changed periodically and cells
are subcultured according to known procedures.

To facilitate isolation of angiogenic protein(s) from the cell medium, it
is: preferred that the cells be transferred to a serum free maintenance medium
once they have reached confluent growth. A preferred maintenance medium is

DME/5 without serum but containing L-glutamine at a concentration of 5 mM.

Medium in which cells have Seen cultured or maintained, known as condi-
tioned medium, is then removed from the cells and preferably filtered to
remove cell debris, then treated to remove high molecular weight proteins. 4
preferred méthod of treatment is acidification, e.g. by’ the addition of
glacial acetic acid to a concentration of 5% (v/v), followed by centrifuga-
tion. It may also be desirable to concentrate the filtered, acidified mediuyg
prior to further purification steps.
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The filtered, treated medium is then chromatographed on a cation exchange
matrix, such as carboxymethyl cellulose (CM cellulose). It 1is preferred that
the treated, conditioned medium be lyophilized, reconstituted in 0.1 M sodium
phosphate buffer pH 6.6, and applied to the matrix. Under such conditions,

“the angiogenesis factor(s) will bind to the matrix and may be eluted with the
same buffer containing 1 M NaCl.

The eluate from the cation exchange matrix is further fractionated by
reversed-phase high performance liquid chromatography. The eluate {is
lyophilized, reconstituted in a sultable solvent, such as 0.1% trifluoroacetic
acid (TFA) in water, and eluted by applying a gradient of a second solvent to
the column. A linear gradient of 1sopropanol/acetonitrile/water (5:5:4 v/v/v)
hontaining 0.08% TFA is preferred. Material eluted from the HPLC column may
then be dialyzed to remove the solvent, lyophilized, and reconstituted.

The reconstituted HPLC column eluate is then assayed for angiogenic
activity to identify the active fraction(s). Several assays for angiogenic
activity are well known in the art, including the chick embryo chorioallantoic
membrane assay (Knighton et al., Br. J. Cancer 35: 347-356, 1977) and the
cornea implant assay (Langer and Folkman, Nature 263: 797-800, 1976).

When HT-29 cells are employed as the starting material, two active frac—
tions are obtained from the HPLC column. One fraction contains a ma jor pro-
tein component of M. ~16,000 and lesser amounts of a M. ~14,000 species. The
second fraction contains a single protein species of M. ~14,000, which has
been designated angiogenin. On further analysis, angiogenin was found to have
an- isoelectric point greater than 9.5 and a molecular weight of approximately
14,193 daltons by amino acid sequence analysis. Surprisingly, in contrast to
most previously described angiogenesis factors, angiogenin is not mitogenic in
conventional assays. The amino acid sequence of angiogenin was found to be

35Z homologous to the pancreatic ribonucleases.

When an angiogenic protein has been obtained in substantially pure form,
its amino acid Sequence 1is determined by known methods, for example, Edmap
degradation (Edman and Begg, Eur. J. Blochen. l: 80-91, 1967). It is nor

necessary to determine the entire amino acid sequence. Preferably, a sequence
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of at least 5-10 amino acids will be determined.

From the amino acid sequence, a DNA probe }s designed. Generally, it
will be necessary to design a family of probes corresponding to all of the

possible DNA sequences encoding the amino acid sequence. It is preferred that_

such a probe be at least 14 nucleotides in length in order to minimize false

positive signals when screening DNA clones. Suitable probes may be

synthesized by known methods (for review, see Itakura, 1in Trends in

Biochemical Science, Elsevier Biochemical Press, 1982) or purchased from

commercial suppliers.

cDNA (complementary DNA) and/or genomic DNA libraries are then prepared
and screened with the probe(s) using conventional hybridization techniques.
Téechniques for preparing such libraries are well known in the art (see, for
example, Lawn et al., Cell 15: 1157-1174, 1978; and Michelson et al., Proc.
Natl. Acad. Sci. USA jﬂl} 472-476, 1983). Clones which hybridize to the

probe(s) are then selected and sequencea.

Alternatively, if a sufficient quantity of pure angiogenic protein is
obtained, it may be used to prepare an antibody; and the antibody in turn used

to screen an expression cDNA library (Young and Davis, Pro. Natl. Acad. Sci.

USA 80: 1194-1198, 1983).

If a full length cDNA clone is obtained, it may be inserted directly into
an- expression vector for use in producing the angiogenic protein. Lacking a
full length cDNA clone, the remaining coding sequence may be obtained by
several methods, and a full length coding sequence may then be comstructed. A
cDNA clone may be used as a probe to screenm édditioual cDNA libraries or to
screen genomic DNA libraries. If the amino acid sequence of the protein is
known, the missing material may be synthesized and joined to the cDNA and/or
genomic DNA fragments to construct a complete coding sequence. Under some
citcumstance;; it is- preferred that the coding sequence further encode a
leader peptide in‘orde: to facilitate proper processing and secretion of the
angiogenic protein produced according to the present 1nvention.  The leader
peptide may be that of the angiogenic peptide itself, or a heterologous leader
peptide which functions in the particular host cel{.

*
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When a full length DNA sequence encoding an anglogenic protein has been
obtained, it is then inserted into a suitable expression vector. Expression
vectors for use in carrying out the present invention will further comprise a
promoter operably 1linked to the DNA sequence encoding the angiogenie
l;rocein. In some instances it is preferred that expression vectors further
comprise an origin of replication, as well as sequences which regulate and/or
enhance expression levels, depending on the host cell selected. Suitable

expression vectors may be derived from plasmids or viruses, or may contain
elements of both.

Preferred prokaryotic hosts for use in carrying out the present invention

are strains of the bacteria Escherichia coli, although Bacillus and other
genera are also useful. Techniques for transforming these hosts and express=
ing foreign genes cloned in them are well known in the art (see, for example,

Maniatis et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

Laboratory, 1982). Vectors used for expressing foreign genes 1in bacterial
hosts will generally contain a seléctable marker, such as a gene for
antibiotic resistance, and a promoter which functions in the host cell.
Appropriate promoters include the trp (Nichols and Yanofsky, Meth. in
Enzymology 101: 155, 1983) lac (Casadaban et al., J. Bact. 143: 971-980, 1980)

and phage ) promoter systenms. Plasmids useful for transforming bacteria
include pBR322 (Bolivar, et al., Gene 2: 95-113, 1977), the pUC plasmids
(Messing, Meth. in Enzymology 101l: 20~77, 1983; and Vieira and Messing, Gene

19: 259-268, 1982), pCQV2Z (Queen, J. Mol. Appl. Genet. 2: 1-10, 1983), and

derivatives thereof.

Eukaryotic microorganisms, such as the yeast Saccharomyces cerevisiae,

may also be used as host cells. Techniques for transforming yeast are
described by Beggs (Nature 275: 104-108, 1978). Expression vectors for use in
yeast include YRp7 (Struhl et al., Proc. Natl. Acad. Sci. USA 76: 1035-1039,

1979), YEpl3 (Broac.h et al., Genme 8: 121-133, 1979), pJDB248 and pJDB219
(Beggs, ibid)’, and de'rivat:ives thereof. Such vectors will generally comprise
a2 selectable marker, such as the nutritional marker TRP, which allows
selection in a host strain carrying a trpl mutation. Preferred promoters for
use in yeast expression vectors include promoters from yeast glycolytie genes

(Hitzeman et al., J. Biol. Chem. 255: 12073-12080, 1980; Alber and Kawasaki,
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J. Mol. Appl. Genet. 1: 419-434, 1982) or alcohol dehydrogenase genes (Young

et:al., in Genetic Engineering of Microorganisms for Chemicals, Hollaender et

al., eds., p.335, Plenum, New York, 1982; and Ammerer, Meth. in Enzymology

101: 192-201, 1983). To facilitate purification of an angiogenic protein

produced in a yeast transformant and obtain proper disulphide bond formation,-

a: signal sequence, preferably from a yeast gene encoding a secreted protein,
may be Joined to the coding sequence for the angiogenic protein. A
particularly preferred signal sequence is the pre=pro region of the MFal gene
(Kurjan and Herskowitz, Lell 30: 933-943, 1982).

Higher eukaryotic cells may also serve as host .cells in carrying out the
present Iinvention. Cultured mammalian cells are preferred. Expression
vectors. for use in mammalian cells will comprise a promoter capable of direct-
ing the transcription of a foreign gene introduced into a mammalian cell. A
particularly preferred promoter is the mouse metallothionein-l1 (MT-1) promoter
(Palmiter et al., Science 222: 809f814, 1983). Also contained in the
expression vectors is a polyadenylation signal, located downstream of the
insertion site. The polyadenylation signal may be that of the cloned

anglogenic protein gene, or may be derived from a heterologous gene.

Cloned gene sequences may rthen be introduced into cultured mammalian
cells by, for example, calcium phosphate-mediated transfection (Wigler et al.,
Cell 14: 725, 1978; Coraro and Pearson, Somatic Cell Genetics 7: 603, 1981;
Graham and Van der Eb, Virology 52: 456, 1973). A precipitate is fofmed of
the DNA and calcium phosphate, and this precipitate is applied to the cells.

Some of the cells take up the DNA and maintain it in51de the cell for several
days. A small fraction of these cells (typically 10~ ) integrate the DNA into
the genome. 1In order to identify these integrants, a gene that confers s
selectable phenotype (a selectable marker) is generally introduced into the
cells along with the gene of interest. Preferred selectable markers include
genes. that confer resistance to .drugs, sueh an neomycin, hygromycin, and
methotrexate. Selectable markers may be introduced into the cell on a separ-
ate plasmid at the same time as the gene of Interest, or they may be intro-

duced on the same plasmid.

b
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The copy number of the integrated gene sequence may be increased through
amplification by wusing certain selectable markers (e.g., dihydrofolate
reductase, which confers resistance to methotrexate). The selectable marker
1s introduced into the cells along with the gene of interest, and drug selec~-
Eion is applied. The drug concentration is then increased in a step-wise
manner, with selection of resistant cells at each step. By selecting for

increased copy number of cloned sequences, expression levels may be substanti-=
ally increased.

Angiogenic proteins produced according to the present invention may be
purified form the host cells or cell media by cation exchange chromatography

and high performance liquid chromatography as described above.

It will be appreciated that other angiogenic proteins may be isolated by
the above process. Different cell lines may be expected to produce angiogenic
proteins having different physical properties. Additioﬁally, variations may
exist due to genetic polymorphisms .ot cell-mediated modifications of the
proteins or their precursors. Furthermore, the amino acid sequence of an
angiogenic protein may be modified by genetic techniques to produce proteins
with altered biological activities. For example, based on the homology
between angiogenin and ribonuclease, the cys residues at positions 26, 39, 57,
81, 92 and 107, the histidines at positions 13 and 114, and the lysine at
position 40 are preferred sites for replacement by other amino acids by site
specific mutagenesis (Zoller et al., Manual for Advanced Techniqﬁes lfi

Molecular Cloning Course, Cold Spring Harbor Laboratory, 1983). The resultant

DNA sequence will encode a protein having substantially the same amino acid
sequence as anglogenin, but exhibiting a higher or lower level of angiogenic
activity. An increase in the biological activity could permit the use of
lower dosage levels. A molecule having reduced angiogenic activity or no
angiogenic activity, but retaining certain structural features, could still
bind receptors on endothelial or other cells and, by blocking the site of
action, form’an antagonist to the action of the natural protein, resulting in
an approach to the treatment of angiogenesis-related disease states. Such

proteins are within the scope of the present invention.
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Angiogenic proteins produced according to the present invention may be
used to produce therapeutic or diagnostic compositions by combining them with
suitable carriers. The therapeutic compositions may be used to promote the.
development of a hemovascular network in a mammal,' for example, to induce
~t:ollateral circulation following a heart attack, or to promote wound healing,-
for example in Joints or other locations. Preferably, the therapeutic
compositions according to the present invention will be administered
intravenously or by direct topical application to the wound site. For
example, if injury occurs to the meniscus of the knee or shoulder as

frequently occurs in sports-related injuries or osteoarthritis, injection of

. anglogenic proteins at the site of the injury may promote healing of torn or

traumatized fibrocartilage material, Effective doses will vary according to
the severity of the condition and the target tissue. Furthermore, angiogenic
proteins have diagnostic applications in screening for the presence of
malignancies, either by using the protein to assay for the presence. of
antibodies or to produce antibodies for use as immunodiagnostic reagents. 4
diagnostic ‘composition containing the protein may be incubated with a
biological sample under conditions suitable for the formation of an antigen~
antibody complex. The formation of the complex (i.e., the presence of
antibodies 1in the sample) is then detected. Techniques for such assays are
well known in the art, e.g. the enzyme linked immunosorbent assay (Voller et

al., The Enzyme Linked Immunosorbent Assay, Dynatech Laboratories, Inc.,

197%) or the Western blot assay (see, for example, Towbin et al., Proc. Natl

———

Acad. Sci. UsA 76: 4350, 1979). Similarly, a diagnostic composition
comprising an antibody against an anglogenic protein may be used to assay for
the presence of the protein in a biological sample. The angiogenic proteins
may- also be used to develop angiogenesis inhibitors which may be useful in
the: treatment of disorders associated with angiogenesis. Recombinant DN
provides a superior method for the production of these proteins in the
quan'tities needed for these applications.
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EXPERIMENTAL

Materials and Methods

Restriction endonucleases, T4 DNA ligase, T4 kinase, alkaline phosphatase,
endonuclease Bal 31 and Klenow fragment of DNA polymerase I (E. coli) were
purchased from Bethesda Research Laboratories or New England Biolabs. Reverse
transcriptase (avain myeloma virus) was obtained from Seikagaku U.S.A., Inec.
Dideoxynucleotide triphosphates, deoxynucleotide triphosphates, PBR322 and pUCIL3
were purchased from P-L Biochemicals. Universal primers (hepta decamer) for
dideoxy sequencing were purchased from New England Biolabs, and the [u-3zP]dAIP,
['y—3zP]A’I'P, and [3SS]dATPuS were obtained from Amersham.

Example 1: Isolation of cDNA and Genomic Sequences Encoding Angiogenin.

A human cDNA library was prepared from human liver poly(A)-mRNA employing
plasmid pUC13 as a cloning vector (Ma'niatis et al., ibid). This plasmid was
previously tailed with G”s at its Pstl site (Michelson & Orkin, 1982). A mixture
of 26 synthetic oligonucleotides [CCCTGAGGCTTAGC(A/G)TC(A/G)TA(A/G)TG(C/T)TG] was
purchased from P-L Biochemicals and employed as a hybridization probe. The
nucleotide mixture is complementary to nucleotide sequences that code for Gln-
His-Tyr-Asp-Ala-Lys-Pro-Gln-Gly. This sequence is present in the amino-terminal
region of human angiogenin isolated from the colon adenoccarcinoma cell line HT-29
(see Figure 1). The nucleotide mixture was radiolabeled with T4 kinase and
[BZP]ATP to a specific activity of approximately 3 X ].08 cpm/ug and employed for
the screening of 350,000 transformants from the liver library by the method of
Wallace et al. (Nucleic Acids Res. 9: 879-894, 1981). Seven recombinant plasmids
that hybridized strongly with the probe were isolated and purified by cesium
chloride gradient centrifugation. The DNA inserts in each of the positive clones

were digested with various restriction enzymes and analyzed by polyacrylamide gel
electrophoresis. . Their sequence was determined by the chemical degradation
method of Maxam & Gilbert (Meth. in Enzymology 65: 499-560, 1980). Each sequence

was determined two or more times, and greater than 852 of the sequence was

determined on both strands.
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The plasmid containing the largest cDNA insert (pHAGl) was then sequenced by
the method of Maxam & Gilbert (ibid) according to the strategy shown in the top
of Figure 2. This cDNA insert contained 697 nucleotides and included 12 G°s at
the 5° end, a short noncoding sequence, a leader sequence coding for a signal
l;eptide of 24 (or 22) amino acids, 369 nucleotides coding for the mature protein
of 123 amino acids, a stop codon, 175 nucleotides of 3° noncoding sequence, a
poly(A) tail of 36 nucleotides, and 23 C”s on the 3 end. Thé cDNA insert
corresponds to nucleotides 106 to 731 of the genomic DNA sequence shown in Figure
3, with a substitution at nucleotide 252 (encoding a Gly at residue 23). Plasmid

PHAGL has been deposited with American Type Culture Collection under accession
number 40192.

A human genomic library (Maniatis et al., Cell 15: 687-702, 1978) consisting
of about 3 X 106 A Charon 4A bacteriophage was screemed with the cDNA inset of
clone pHAGL which had been radiolabeled by nick translation (Rigby et al., J.
MoI. Biol. 113: 237-251, 1977). One strongly hybridizing phage clone,
designated }HAGl, identified by the method of Benton & Davis (Science 196: 181~

182, 1977) was plaque purified, and the phage DNA was isolated by the plate lysis
method (Maniatis et al., 1982, ibid). The genomic insert was analyzed by
digestion with various restriction enzymes. A DNA fragment generated by
digestion of the insert with Pvull was about 5 kilo bases in size and strongly
hybridized to the cDNA probe. This fragment was subcloned into plasmid pBR322
and. subjected to DNA sequencing by the dideoxy method (Messing et al., Nucleic
Acids Res. 9: 309-321, 198l; Norrander et al., Gene 26: 101-106, 1983)‘employing
[assIdATPuS as described in the Amersham cloning and sequencing manual. A ~3 kb
DNA fragment generated by digestion of the phage genomic insert with Kpnl which
strongly hybridized to the probe was subcloned into the M13mpl8 phage vector and
subjected to DNA sequencing. employing the synthetic oligonucleotide probe as a
primer. Systematic deletions of the genomic DNA with endonuclease Bal 31 were

carried out essentlally as described by Poncz et al. (Proc. Natl. Acad. Sci. USA

79: 4298—4302’, 1982), Guo & Wu (Meth. in Enzymology 100: 60-96, 1983). About 95%
of the genomic DNA sequence was determined two or more times, and greater thafn
50% of the genomic sequence was determined on both strands. A portion of this
sequence corresponded to the coding sequence for angiogenin. The vector AHchl

has. been deposited with American Type Culture Collection under accession number
40193,

I
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The gene for angiogenin was also found in a DNA fragment of about 5 kilo
bases that was generated by digestion of AHAGLl with PvuIl. This DNA fragment was
subcloned into pBR322 and subjected to DNA sequencing by the dideoxy chain
termination method employing the strategy shown in the bottom of Figure 2. The
;omplete sequence of the gene for human angiogenin (Figure 3) indicated that the
gene contains about 800 nucleotides and is free of intervening sequences in the
coding and 3° noncoding regions of the gene. The possibility of an intron(s) in

the 5° flanking region cannot be excluded, however, since the largest cDNA did
not extend into this region.

.

The gene for angiogenin contains three Alu repetitive sequences (Schmid &
Jelinek, Sciemce 216: 1065-1070, 1982) in its flanking regionms (Figures 2 and
3). The first Alu repeat was located in the immediate 5° flanking region of the
gene, while the second was present in the immediate 3° flanking region. These
two Alu repeats were in the same inverted orientation. The third Alu repeat was
located about 500 nucleotides downstream from the second Alu sequence in the 37
flanking region of the gene and was iﬁ the typical orientation with the poly(A)
on the 3° end of the 300 nucleotide sequence. Furthermore, each Alu repeat was
flanked by a pair of short direct repeat sequences. The nucleotide sequences for

the three Alu repeats were about 87% homologous to the conmsensus Alu sequence of
Schmid & Jelinek (ibid). "

A tentative TATA box (Goldberg, M.L., Doctoral Dissertation, Stanford
University, 1979) and a transcription initiation site were idenéified at
nucleotides =32 and +1 respectively; but no potential CAAT box was found in the
immediate vieinity. A sequence of TCAAT was identified, however, at nucleotide
=225 which is about 190 bp upstream from the proposed TATA box. Two sequences of
AATAAA which are involved in the polyadenylation or processing of the messenger
RNA at the 3° end (Proudfoot & Brownlee, Nature 263: 211-214, 1976), were
identified at nucleotides 703 and 707. Polyadenylation of the mRNA occurs at
nucleotide 731 which is 20 nucleotides downstream from the end of the second
AATAAA sequeﬁ;e. The consensus sequence of CACTG, which also may be involved in
polyadenylation or cleavage of the mRNA at the 3° end (Berget, Nature 309: 179-
182, 1984), was present starting at nucleotide 747. A stretch of 32 nucleotides
with alternating purine and pyrimidine was found starting with nucleotide 1416.

This sequence provides a potential region for a left-handed helix structure or 2~
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DNA: in the gene (Rich et al., Ann. Rev. Biochem. 53: 791-846, 1984). A computer

search of the flanking regions of the gene for anglogenin as well as 1in the

complementary strand showed no open reading frames.

The amino acid sequence of human angiogenin iIs about 35X homologous with
human ribonuclease. The structures of the two proteins are compared in Figurebﬁ
in. which residues in common are circled. The location of the disulfide bonds,
determined by direct protein sequence analysis, further emphasizes the homolegy

to ribonuclease.
Example 2: Production of Angiogenin in Transfected Mammalian Cells.

For expressing angiogenin in transfected mammalian cells, expression vector
PHAGF-MT-DHFR, comprising the angiogenin genomic coding sequence (HAGF), the
mouse metallothionein-l (MT-1) promoter, and a DHFR selectable marker joined to

the: SV40 promoter, was constructed.

As. shown in Figure 4, the HAGF insert was isolated from )MHAGLl as a Pvull
fragment and inserted into pBR322 which had been 1linearized with Smal. The
resultant plasmid was then digested with BglII, which cuts ia the 5° untranslated
reglon of the HAGF sequence: The DNA was then digeétéd with Bal 317to produce a
HAGF sequence having a 5° terminus at nucleotide +7 from the site of
trénscription initiation. The DNA was then digested with BamAI. The resulting
fragment ends were blunted using DA polymerase 1 (Klenow fragmént). and the
fragment comprising the pBR322 and HAGF coding sequences was purified by
electrophoresis on a 0.7% agarose gel. The DNA was extracted from the gel and
recircularized. The resultant plasmid, designated pBR322-HAGF, was digested with
BamHI. and EcoRI and the ~3 kb fragment comprising the angiogenin sequence was
purified by electrophoresis on a 0.7% agarose gel.

The final expression vector was then constructed in the following manner.

Plasmid pMTFIX (Kurachi and Palmiter, Thrombosis and Hemostasis S4: 282, 1985),

comprising the mouse metallothionein (MT-l) promoter, human Factor IX coding
sequence, SV40 promoter, and a modified DHFR gene (Levinson et al., EPO
publication 117,060) was digested with BamHI and EcoRI (Figure 4). The fragment
comprising the pUCl3 sequence and the SV40-DHFR expression unit was gel
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purified. This fragment was then joined to the BamHI-EcoRI HAGF fragment. The
resultant vector was designated pHAGF-MT-DHFR (Figure 4).

Plasmid pHAGF-MT-DHFR was then transferred into baby hamster kidney (BHK)
cells by standard calcium phosphate-mediated tramsfection procedures. Cells
containing the vector were grown at 37°C in 5% €Oy in Dulbecco”s modified Eagle”s
-medium contalning glucose and glutamine (Gibeco), supplemented with 3.7 g/l
NaHCO3, 10Z heat inactivated fetal calf serum and antibiotics. Cells containing
the plasmid were then selected for methotrexate (MIX) resistance by sequentially
increasing the concentration of MIX in the culture medium. MIX concentrations
used were 1 M, 10 @, 100 M, and lmM. Cells which survived in the presence of
1mM>MTX were then induced by the addition of either 80 M ZnSO4, 2 M CdSO4, or a

mixture of the two salts to the culture medium.

Angiogenin mRNA was assayed essentially as described by Durnam and Palmiter
(Analyt. Biochem. 131: 385-393, 1983). Sense strand DNA from an M13mpl8 clone

containing the entire angiogenin gene'in a ~2.9 kb insert was used to wmake a
standard curve. A dodecaoligonucleotide complementary to the coding sequence for
amino acids 35 to 41 of angiogenin was labelled with 32p at its 5 end and used
as a probe in solution hybridization.

Messenger RNA levels were elevated > 20-fold using cd™ induction and > 15-
fold for zn'' induction.’

To assay for the presence of angiogenin; the induced, conditioned medium was
acidified, frozen and thawed, centrifuged, and the supernatant dialyzed against
water and Ilyophilized. The 1lyophilized material was then dissolved in and
dialyzed against 0.1 M sodium phosphate buffer pH 6.6, supplemented with lysozyme
as a carrier. The dialyzed sample was applied to a column of CM-52 cellulose and '
partially purified angiogenin was eluted with the same buffer containing 1 X
NaCl. The eluate was applied to a Cl8 reversed phase HPLC column and
fractionated as des;ribed above. A protein having the chromatographic and

electrophoretic properties of tumor-derived angiogenin was eobtained.

The resultant protein is assayed for angiogenic activity by the CAM method
using published procedures.
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Example 3: Production of Angiogenin in Yeast.
A vector for expressing angiogenin in transformed yeast is illustrated inm

Figure 6. It contains an expression unit consisting of the yeast ADHII promoter

(Young et al., in Genetic Engineering of Microorganisms for Chemicals, Hollaender,

et al., eds., p. 335, Plenum, New York, 1982), a portion of the MF al pfe—pro
sequence (Kurjan and Herskowitz, Cell 30: 933-943, 1982), and the HAGF sequence.

A portion of the ADHII gene is obtained from the plasmid pADR2 (Beler and
Young, Nature 300: 724-728, 1982) as a Sphl fragment of approximately 1530 bp.
This fragment 1s subecloned into an M13 phage vector and mutagenized essentially

as described by Zoller et al. (Manual for Advanced Techniques in Molecular

Cloning Course, Cold Spring Harbor Laboratory, 1983) using a wmutagenic primer
having the sequence GTA ATA CAC AGA ATT CAT TCC AGA AA. The replicative form of
the- mutagenized phage 1s digested with Sphl and Eco RI and a partial ADH II

promoter fragyént of approximately 176 bp is purified. The upstream portion of
the promoter is then restored by joining the ~176 bp fragment, the ~L kb Bam HI-
Sphl fragment of ADH II (from pADR2), and Bam HI + Eco RI cut pUC13: The
resultant plasmid is designated pUCADH2 (Figure 6).

Referri;g to Figure 5, the lgial gene is obtained” from a yeast genomic
library of partial Sau 3A fragments cloned into the Bam HI site of YEpl3 (Nasmyth
and Tatchell, Cell 19: 753-764, 1980) and identified by complementation of the
matoZ mutation. One such clone is designated pZA2. The MFal sequence is cut at
position =71 with HinfI, the ends filled using DNA polymerase I (Klenow
fragment), and Eco RI linkers are added. The signal sequence is then isolated as
an Eco RI = Hind III fragment and subcloned in pUCl2 to coastruct plasmid
pUCPP &F .

The HAGF coding sequence is isolated from JHAGL as a 1115 bp Accl
fragment. The fragment ends are blunted using DNA polymerase I (Klenow fragment)
and Hind III linkers are added to the ends. The resultant fragment is digested
with Hind III and Eco RV and a ~666 bp fragment is gel purified. Sal I linkers

are then ligated to the Eco RV terminus, the fragment is cut with Sal I, and the ~

67& bp fragment is gel purified.
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The HAGF sequence 1is then joined to a portion of the_gggl signal sequence.
Plasmid pUCPPof 1is digested with PstI and Hind III and the 237 bp fragment is
isolated. The ~674 bp HAGF fragment and the 237 bp MFal fragment are ligated to
Pst 1 + Sal I cut pUC13. The resultant recombinant plasmid is digested with Pst
f and Sal I énd the ~911 bp MF ol-HAGF fragment 1s gel purified and inserted into
Pst T + Sal I cut M13mplO (replicative form). A precise junction between the
Lys-Arg processing site of MFal and the first amino acid of angiogenin is
achieved through in vitro wutagenesis of the resultant recombinant phage using
the mutagenic primer TGG ATA AAA GAC AGG ATA ACTC. The replicative form of the
mutagenized phage 1is cut with Pst I and Sal I and the ~880 bp MFal = HAGF
fragment is gel purified.

Referring to Figure 6, the ADH II - MFal - HAGF expression unit is then
assembled. Plasmid pUCADH2 is cut with Bam HI and Eco RI an the ~1200 bp ADH II
fragment is gel purified. Plasmid pUCPPaF 1s cut with Eco RI and Hind III and
the ~340 bp MFal fragment is gel purif;ed. The two fragments are ligated to Bam
HI + Hind III cut pUCl2 to construct PUCADHPP. This plasmid is digested with Bam
HI and Pst I and the ~1300 bp ADHII - MFal fragment is purified. This fragment
and the ~880 bp MFal - HAGF fragment are then Joined, in a triple ligation, to
Bam HI + Sal I cut pUCl2. The resultant plasmid is designated pUCAMA.

The yeast expression vector PYAGF 1is constructed by ligating the Bam HI-Hind
III expression unit fragment from pUCAMA to Bam HI + Hind III digested YEpl3.

Yeast cells are transformed with PYAGF and cultured by conventional
methods. Angiogenin is purified from cell extracts or culture media essentially

as described above.

From " the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various_modifications may be made without deviating from the spirit
and scope of ;he invention. Accordingly, the invention is not limited except as

by the appended claims.
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We claim:

1. A DNA sequence encoding a protein having angiogenic activity.

LS

2. A DNMA sequence encoding a protein having substantially the same biological
activity as angiogenin.

E3

3. A DNA sequence according to claim 2 wherein said protein has the amino acid

sequence shown in Figure 1.
4... The DNA sequence of claim 2 wherein said sequence is a cDNA.

5.. The DNA sequence of claim 2 wherein said sequence is a fragment of genomic
DNA.. '

6... The DNA sequence of claim 2 wherein said protein includes a signal peptide

at its amino terminus.

7. The DNA sequence of claim 2 including a 5° non-coding region which includes

a TATA box sequence and a transcription initiation site.

8.. The DNA sequence of claim 2 including a 3” non-coding region which includes
a. polyadenylation signal.

9. & DNA sequence as shown in Figure 3 from nucleotide 185 to nucleotide 553,

said sequence encoding a protein having substantially the same biological
activity as angiogenin.

10. A DNA sequence encoding a protein having substantially the same amino acid

sequence as anglogenin, wherein said protein has little or no anglogenic

activity.

»

11. A vector comprising a DNA sequence encoding a protein having anglogenic
activity. ' )
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A vector comprising a DNA sequence encoding a protein having substantially

the same biological activity as angiogenin.

A vector according to claim 12 wherein said protein has the amino acid

sequence shown in Figure 1.

A vector according to claim 12 wherein said vector is a plasmid or deriv-

ative thereof.

A vector according to claim 12 wherein said vector is a virus or derivative
thereof.

A vector according to claim 12 further comprising a promoter sequence

upstream of and operably linked to said DNA sequence.

A vector according to claim 16 wherein said promoter is a metallothionein

gene promoter.

*

A vector comprising a DNA sequence encoding a protein having substantially

the same amino acid sequence as angiogenin, wherein said protein has little

or no angiogenic activity.

A cell containing a DNA comnstruct comprising a DNA sequence encoding a

protein having angiogenic activity and a promoter sequence upstream of and
operably linked to said DNA sequence.

A cell containing a DNA construct comprising a DNA sequence encoding a
protein having substantially the same biological activity as anglogenin and

a promoter sequence upstream of and operably linked to the DNA sequence.

A cell according to claim 20 wherein said protein has the amino acid

-

sequence shown in Figure 1.

A cell according to claim 20 wherein said promoter is a metallothionein gene

promoter.
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A bacterial cell according to claim 20.
A yeast cell according to claim 20.
A mammalian cell according to claim 20.

A cell containing a DNA construct comprising a DNA sequence encoding a
protein having substantially the same amino acid sequence as angiogenin,

wherein said protein has little or no angilogenic activity. -

A method for producing a protein having substantially the same biological
activity as angilogenin comprising the steps of inserting into a cell a DNA
construct comprising a DNA sequence encoding said protein and a promoter
sequence upstream of and operably linked to said DNA sequence; growing said

cells in a suitable medium; and separating the protein from the cells.

The method of claim 27 wherein said protein has the amino acid sequence

shown in Figure 1. *

The method of claim 27 wherein said promoter is a metallothionein gene

promoter.

The method of claim 27 wherein said cell is a bacterial cell.
The method of claim 27 wherein said cell is a yeast cell.

The method of claim 27 wherein said cell is a mammalian cell.
A protein produced according to the method of claim 27.

A method of-ptgducing a protein having substantially the same amino acid
sequence’as anglogenin, wherein said protein has little or no angiogenicS
activity, comprising the steps of inserting into a cell a DNA construct
comprising a DNA sequence encoding said protein and a promoter sequenceT
upstream of and operably linked to said DNA sequence; growing said cells in

a suitable medium; and separating the protein from the cells.



WO 87/01372 PCT/US86/00809

35.

36.

37.

38 L2

- 23 -

A protein produced according to the method of claim 34,

A therapeutic composition comprising a protein according to claim 33 and -
pharmaceutically acceptable carrier.

A diagnostic composition comprising a protein according to claim 33.

A therapeutic composition comprising a protein according to claim 35 and a
pharmaceutically acceptable carrier.



PCT/US86/00809

WO 87/01372

<

177

*HO-0axd~-biy-b1y
€CT

-3Yyd-91I1-19g5-uTn-dsy-nsI-sTH-TRA~O0Id~NdT-ATD-Usy-nT9H-sLD-eTVY
:mm\mnﬁ eA-TeA-usy-bay-a smn»monm TV-IYyL-e1y-bay-14L-uro9-skp-oxg
leM:QHB|Ohm|HmMIhHulhﬂwlmﬂmlswamhqlm%Ulu£P|uz91am>znawlm£m
lmwmlumMImhqlhmMImHHlmuélswq:Cmﬁlewtmhélmﬁmloumlcmmlhﬁolcmﬂ
twmqlcm413A0|m>UlmHHlﬂﬂ¢tm%qlmﬂHlummlmnilw%qlcm<thﬁolmﬂmlmHH
lwwmlunklcm<lmaHlmm<|mhqlmNUIOHmlemlu:Et:wahﬁwlmu<lmu<!mu<
lmwzthHlule:HOlm%UlH%&lmhél&mélmmmlmHﬁlhaUlcawloumlmhqlmH<
leélum&lmﬂmchOquPlswawzmlmﬂmlu£B|u%Blmu<lumm|:mmlmwﬁlsawv
ST T

I OId

SUBSTITUTE SHEET



WO 87/01372 PCT/US86/00809

277
[INAG e ]
VENDS [ l
n 1
-
ludy—. l l
HIouH U l
[0dH
VENDS — :
ms
2
Venos—-o « l
18PN — l I
venos J l
199y
venos
1108 1
[Hwog
[isd 3 14 venog |
N W7
D
. venos r Vénng/"
O l13isg l 113isg
.- b | 1
(TR
S S N (R
{35y
[TIputH by
venog

SUBSTITUTE SHEET



PCT/US86/00809

WO 87/01372

377

YYD 19L 1D9 119 119
nyo sL) ety (ea tea
391 1OV 20V J19 9YI
s£D 1yl ayrL Yea uyd
08
IVY JLIVY J9Y J9D ovV
sL1 arr x3s bay sk
0s
YYD 191 JVI ¥YOY Jv9
19 s 24AL bxy-dsy

OLLIOJLOLID 1LOL1IJ991291 DVYYILIOLIOD 20999239%¥ID WYL 93D

d0LlS 014

£zt

L1l9 O¥Y YOV JLL 999 939 YOV J29

{°A usy bBiy ayd L(9 ey 1yl e[v

001

JLL 101 1J& 9YY J9Y VLY ¥OVY V1D

ayd 235 295 s&1 195 3[r bay nan
oL

JAYY I9D LY 11VY LLL YOV DVYY JLY

usy A19D SIH 311 3ayd Iyl usy arl

LYD 99D 299 9VYD ¥II ¥YYY JD09 LvD

dsy bay £19 uy9 o014 sf1 ery dsv

0z

190 190 J1L
bxy bay aud

0zt
¥9d IOVl 9YD
5Iv 2AL uro
VY YVHD YOV
usy nyo bay
J¥D YYY 291
dsy sA1 s&D

or

LYl JV¥D 9vD
2L STH uro

IIY ¥OL 9¥D 1¥9 9LI Iv¥D 219 123D
91I 235 U9 dsv naT STH [ea Oxd
291 YOO 122 991 D23 JJL 199 v99
sX> o014 oxq diJ oxd 135 A9 Ao
06
J¥D 1IJD J¥Y Y99 LYY DYV JYVY VYYD
STH Oa1d usy ATD usy s&1 usy ngo
09
232 WOL J3Y 910 299 990 ¥9IY 99V
014 13s Iyl na1 A9 bay bay bay
JJVY D1J JLI DJY¥D YOV J¥l 99¥ D01
Iyl nat ayd STH Iyl x&L 6ay zas
ot

139 913 J0¥ 923 YID IOV S1J 199 91D 199 91D 919 IJIL IJ19 OLL SLL 9IL 119 J99 91D 299 9OLY

YIlL J99 1vvY
a1 A1D usy
ott
I¥d Y1D 9vYVY
s na1 si1
191 J1v¥ D09
s&) 271 e(v
21V 21V J9Y
I3W ITL 23S

(1]

JVY LYD OVYI

usy dsy uto
) &

9L9 91¥ 9Y IYVYIOLLOLD

eIV NI IYL OXd 01d IYr na1 LD N1 A[D nIT [N IYd [PA NI N1 031 [ea A1D naT A1) I9W T°A I3 +

1- ot- oz- ¥z~

LI29VIZOVID JDLIDI9LLL LIJLDIVIVD IVIODLOOOLL JILOLIOIVY I9DILLVVLD J991LILIDL 91JJIDOYVN DOVOYIVILO 193091VoLY
DLLIYSIOLYD VYVYDOLOOL DOLLLVEVYL VLVVOVLVVV YODOVVOOVD LVVLILOOYOL SLIVYOOVOL LVOOOYVOOV J9DDLLUIVD VIVYVLILVLD
YYNOOYOLDD IDLLOOVOVLI JI9VYOOLLODI WVOVYOOO9L VOOOVVIOLL VOILOVIIOVLI YVYOVOVIVD LOYODVLIOL VYIDLLLLYD DLOVOVOLOV
OVYVLLVVOL VOVIVYVIVY IVVOLLVLIID JLLOLVVIOL YIDJVWOVOVLI OWDIIIVLOOL IIILOVOVID VIDIVOOYIL IIOLOLVVIL Jdlorvrsoll
IV3I535555 0353933VOV DIDIDOVIVL L¥SDOLIDLD VIVIII1999 9113395355 SIIVSL0ILD JVOLIDLOLY DOLOLD9Ivd DVIIOVIOOL
J00YILLLID IIIYVYOVLD: VILILLIVLIOL LLLLLYVYLDD D22090VIOV J93D099099V JV.LIVOO9LD DYLOVYIIIL JIDVYOLIIDL DILOLLYIID
OVYILLLDDID JLIIDIILDD <AUOFU<DFW DO2LTILYDDD IDILIOVIOLD ¥DOLIDOVYD IHILOLILDT OLILIVODDY DVODOLLLLL Livirelide

1-¢ 9Old

60S

X 44

Lrc

b b 24

S8t

1014

got-

00Z-

00~

oo~

00§~
009~

SUBSTITUTE SHEET



PCT/US86/00809

WO 87/01372

477

YVVYIVIIWD L9LD1IDVYY IILLVLIOVVY
IVYIIVLLIDL HLIVINOLIIDY LIDVLIVVOV
VIVIIDOVOL IDLVVIIDIL D9919JI9VY
NOVIVYILOL 1ID291IVOLL 1IVIIIILOV

132LID9VLL DDLDVILIVD VIVIOLVVIL

LIDLLVILID JLVILIOVID JLVLILLOVII

VYODVLVYYY DVYLIODILLIV JLILOVICYY VOLOVYYYIL LISLILOVIL DOOLIDOLLD IDIDIVYIVY
DLLIDIDIYY DOVLLLIYVYD LLYLOVYYOL JVILIDOVID IOVOVIOVLII DVIIVIDOVD IIODIIVIVYYD
YYII9DILVY ¥I1IDI9LLY LIDIDJID9L IJILDLLIVOL HOLVIIIILL VIOVIOLIDLOO 19LIVILIVVL
VIVLLIOVYLILY YVIVYIOOLL 99IDVVYOVI LIVLILLIVIVY 99LLOVIOOV DVOLLOLOLL LVVIOVVILO

LOLIVIVIVY VVLIOLLLIILD VOVIVV.LLOD YLILOVYIVOV VIIOVVLLLLI LOLLLYDOVYYD LIOLLVYVILID

LR L T TP Y

LVYIYIIIOND LOYIILLOOV 99299YDDVL

JIWNILLIDI LYYIYOINIY OVWOLIDOVID SIDLIOWLIDNYD JILOYLIVLIID YIYIVIOOLD 919I9995L09

VILYYYYDLD LVYVYVVYLIOVL JIJLOLIIODOY

YYILOOLYOV YOVIOLIOLY JIVIWYILYD VYIYYILOOWD IVILYOVINVD HIOOYOLIOY ¥9OILLLID

SVOJIVVASL LD0DDVOLOIV L1J9I95vaD
DIJDLLIVIL VYOVILVVIOV YVVYILLYYY
VILDLOLLLL DIVOIOVLIO9 OVOLIVOLLIV
¥ILVOVOVVD OJVIVIVVIOV LOVVIIVOOV
VVIOOVINOVY NDILLLVVOY JIO¥VIOVLIDD

LOVIVIOOVYD DHVLILVIOLOV VIVILLLLOV

emoomaca we

0DJ20LLIYIVY OVLYLLOYYD D99LLLLOLY 9I91I9VYIDD IDIOIVVIOV VOLVILIOVL ILIOIVVYIOL
VIVLVLLLLIV LLOJLVIOLOL LOLOLLIVIVO 9YIIILIOLY YOOIVYVYOLLL OLVOLILLIYY LYOVOVIILV
YYYIOYLVYYD LYIOYIIIVV LOLVIVIVOV LVYIVIVYOVIY IYIVIVIYIVY ILOLOVILOL OLLIOVLIVLIL
YIILLLIOVYD VYOVIDLLIOY OVOLYIWYVYD YIOLLOVLILIVY LVYVYIDOVVYIV VIVYVYILIOLD ILLILLIOLLY

YLJJDL39DIVY JILLVYYYVYD OIVIVIVOVD VYOVIOIVOLL OLVIOOLVLIO VYYOOVYOLH 1D1O510DVIL

¥33535355I¥0 ¥D993130%9 LIJLOYYOLL

S499LLIDVYI IIILLIL0II WILLLIIDOVYI YOVOVLOYLL LILOLOLLIL LYYIDODLIDD VIVOIYIIvd

JLY2DIYOVL IYDYDLIOVL WYVWIIILIDO

¥OLIIOLIDL JLLVDLOWYND LLIDDDLIDOLD LILIJLIIYYD SIIOVILI99D 1OIWYOVI9D IWVOOLOVYL

I3995Y¥33353 1910i5v0L) I9Y99LYovD
I91ISOLIOV IIJIDLLLLIVYD DIIILLIILY
OVVOVILILY LIJLILLIOLLL 1JIVOOLIIOV

JILIILLLLL ILLIITILLL 190L2rr01l II5I1Iii50 otvvvovivo ONIVIOLIVYD DYHYILIDIL

SLLVLYII99 IDLLVYLLOVD LIOLIJLIOVOV Uh<<muﬂh04 SLVYINVOLIDL OLVYVYVIYY VYIVVLILIOLY

IJDYOVYVIV VVIJIDOIVY IIDLLVOLLY IVYIDOLIOL HVIVYOVIID V¥IOLOLIIID LILIVIILLID

¢—¢ 9Old

L6ET
L6
L6TT
L6oz
L8661
LG8
L6Lt
L69t
L6st
Lért
L6ET
Lezy
(X344
Leot
Leé
Les
LéL
L6
L6€S

SUBSTITUTE SHEET



WO 87/01372 PCT/US86/00809

5/7
FIG. 4
MHAG | pBR322
Bglll
EcoRI
oo ﬁ~ BamHL

BamHL

pBR322-HAGF

Sall

SUBSTITUTE SHEET



WO 87/01372 PCT/US86/00809

6/7

FIG. 5

Hinfl

PstI
Accl EcoRY Accl HinfI
T | ] | EcoRI
]
HAGF
- c
Eco RI ‘ Pstl

Hind IIT

pUCPP=F

pUC T2

<+——pUuCI3

pUCMF=AGF

SUBSTITUTE SHEET



«

WQ 87/01372 PCT/US86/00809

pUCPP=F
puc12

Pst] Sal I
| [
' MF=i— HAGF |
(880 bp)

/ puUCi2

pUCADHPP

puUC 12

EcoRI
Sphl

BamHI

ADHI MF< Salg
¢ HAGF

SUBSTITUTE SHEET



INTERNATIONAL SEARCH REPORT

International Application No PC+ /Ug 96/00809
1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbois apply, indicate ali) 3 ’

According to Internationai Patent Classification (IPC) or to both National Classification and IPC

CO7H 15/12; co7k 13/00; A61K 37/48; (C12Q 1/00
U.S. 536/27; 530/397; 514/8; 435/7

Il. FIELDS SEARCHED

Minimum Documentation Searched ¢

Classification System | Classification Symbols
U.S \ 435/7, 70, 91, 172.3, 243, 253 and 317
te 514/61 536/27
| 530/347; 935/13, 29

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched 8

Chemicgl Abstracts Data Base (CAS) 1967-1286;
B1010g1;a1 Abst?acts‘Data Base (Biosis] 1969-1986;

fil. DOCUMENTS CONSIDERED TO BE RELEVANT 1¢

Category *® l Citation of Document, 18 with indication, where apgropriate. of the relevant passages 17 Relevant to Claim No, 18
¥
-Y 4 USs,A, 4.529,590 (LEVEEN) 16 July . - 1-38
1985, see columns 2 to 4
Y ¢ US,A, 4.438,032 (GOLDE) 20 Mafch 1984, 1-38
' see columns 5 and 6., 13 and 21 to
24
Y ., Us,a, 4,229,531 (TOLBERT) 21 October™ 1-38

1980, see columns 2 and 3

Yy 4 CANCER RESEARCH, (Baltimore, MD, USA) 1-38
Volume 39, issued April 1979
TSUKAMOTO ET AL) "Tumor Angiogensis
Activity in Clonal Cells Transformed
by Bovine Adenovirus Type 3", see
pages 1305 to 1307

* Special categories of cited documents: 15 “T" later document published after the international filing date

. iority date and not in conflict with the application but
“A" document defining the general state of the art which is not or pr :
considered to be of particular relevance ;:r:sle;ttignunderstand the principle or theory underlying the
[ " '3
'E g?rliel;id?cumant but published on or after the international “X* document of particular relevance; the claimed invention
ing date cannot be considered novel or cannot be considered to
“r d?‘f"ﬂ"fm \{l?:jlch may é?r%wt rfoumb'l t:nt ipric:c;'ity cl?lm(szhor involve an inventive step
which Is cited to establish the publication date of another *Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be congidered to involve an inventive step when the
“0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“p" document published prior to the international filing date but in the art. i
{ater than the priority date claimed “&" document member of the same patent family
IV. CERTIFICATION
Date of the Actual Completion of the international Search % Date of Malling of this International Search Report 2

20, June 1986 Q.8 JLH_1986

International Searching Authority 1 Sianatz of Atiyed Ogi/er 0 -

ISA/US Thomas D. Mays

Form PCT/ISA/210 (second sheet) (October 1981)



International Application No.

PCT/us86/00809

FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET

Y PROCEEDINGS NATIONAL ACADEMY OF SCTIENCES 1-38

(USA), (Washington, D.C., USA) Volume 79,
issued December 1982, (BANDA ET AL)
"Isolation of a Nonmitogenic Angiogenesis
Factor from Wound Fluid" see

s

V.D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 10

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:

1.|____[ Claim numbers ___________ . because they relate to subject matter12 not required to be searched by this Authority, namely:

ZD Claim numbers______.___. , because they relate to parts of the international application that do not comply with the prescribed require-
ments to such an extent that no meaningful international sgarch can be carried out 13, specifically:

VL& QBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 11

~ This International Searching Authority found multiple inventions in this international application as follows:

I. Claims 1-32 & 34 drawn to a process for producing a
protein; class 435 subclass 70.

IT. Claims 33 § 35; drawn to an angiogenin protein product;
class 530 subclass 397.

t.[;] As all required additional search fees were timely pald by the applicant, this international search report covers all searchable claims
of the international application.

2.[:1 As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the International application for which fees were paid, specifically claims:

S.U No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to
the invention first mentioned in the claims; it is covered by claim numbers:

4.[] As all searchable claims could be searched without effort justifying an additional fée, the International Searching Authority did not
invite payment of any additional fee.

Remark on Protest
D The additional search fees were accompanied by applicant's protest.
]:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (supplemental sheet (2)) (October 1981)

»n

A



PCT/US86/00809

ATTACHMENT TO SUPPLEMENTAL SHEET (2) Part VI.

III. Claims 36 & 38; drawn to an angiogenin

therapeutic composition; class 514 subclass 8.

IV. Claim 37; drawn to a diagnostic composition;

class 435 subclass 7.



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

