
EP 0 237 545 B1 Description Background 5      The present invention
pertains in general to hematopoietic growth factors and to polynucleotides
encoding such factors. The present application pertains in particularto
mammalian pluripotent colony stimulating factors, specifically human
pluripotent granulocyte colony-stimulating factor (hpG-CSF), to fragments
and polypeptide analogs thereof and to polynucleotides encoding the same.
The human blood-forming (hematopoietic) system replaces a variety of white
blood cells (including 10  neutrophils, macrophages, and basophils/mast
cells), red blood cells (erythrocytes) and clot-forming cells
(megakaryocytes/platelets). The hematopoietic system of the average human
male has been estimated to pro- duce on the order of 4.5 x 1 011
granulocytes and erythrocytes every year, which Is equivalent to an annual
rep- lacement of total body weight. Dexter et al., BioEssays, 2, 154-158
(1985). It is believed that small amounts of certain hematopoietic growth
factors account for the differentiation of 15   a small number of
progenitor "stem cells" into the variety of blood cell lines, for the
tremendous proliferation of those lines, and for the ultimate
differentiation of mature blood cells from those lines. Because the
hematopoietic growth factors are present in extremely small amounts, the
detection and identification of these factors has relied upon an array of
assays which as yet only distinguish among the differentfactors on the
basis of stimula- tive effects on cultured cells under artificial
conditions. As a result, a large number of names have been coined 20  to
denote a much smaller number of factors. As an example of the resultant
confusion the terms, lL-3, BPA, multi-CSF, HCGF, MCGF and PSF are all
acronyms which are now believed to apply to a single murine hematopoietic
growth factor. Metcalf, Science, 229,16-22 (1985). See also, Burgess, et
al. J.Biol.Chem., 252, 1988 (1977), Das, et al. Blood, 58, 600 (1980),
lhle, et al., J.lmmunol., 129,2431 (1982), Nicola, et al., J.Biol- .Chem.,
258, 9017 (1983), Metcalf, et al., Int.J.Cancer, 30, 773 (1982), and
Burgess, et al. Int.J.Cancer,26, 25  647 (1980), relating to various murine
growth regulatory glycoproteins. The application of recombinant genetic
techniques has brought some order out of this chaos. For example, the amino
acid and DNA sequences for human erythropoietin, which stimulates the
production of erythrocytes, have been obtained. (See, Lin, PCT Published
Application No. 85/02610, published June 20, 1985.) Recom- binant methods
have also been applied to the isolation of cDNA for a human
granulocyte-macrophage colony- 30  stimulating factor. See, Lee, et al.,
Proc. Natl. Acad. Sci. (USA), 82, 4360-4364 (1985) and Wong, et al.,
Science, 228, 810-814 (1985). See also Yokota, et al. Proc. Nati. Acad.
Sci. (USA), 81, 1070 (1984), Fung, et al., Nature, 307, 233 (1984), and
Gough, et al., Nature, 309, 763 (1984) relating to cloning of murine genes,
as well as Kawasaki, et al., Science, 230, 291 (1985) relating to human
M-CSF. A human hematopoietic growth factor, called human pluripotent
colony-stimulating factor (hpCSF) or pluri- 35  poietin, has been shown to
be present in the culture medium of a human bladder carcinoma cell line
denomi- nated 5637 and deposited under restrictive conditions with the
American Type Culture Collection, Rockville, Maryland as A.T.C.C. Deposit
No. HTB-9. The hpCSF purified from this cell line has been reported to
stimulate proliferation and differentiation of pluripotent progenitor cells
leading to the production of all major blood cell types in assays using
human bone marrow progenitor cells. Welts et al., Proc. NaH. Acad. Sci.
(USA), 82,1526- 



40  1530 (1985). Purification of hpCSF employed: [err] precipitation; anion
exchange chromatography (DEAE cellulose, DE52); gel filtration (AcA54
column); and C18 reverse phase high performance liquid chromatography. A
protein identified as hpCSF, which is eluted in the second of two peaks of
activity in C18 reverse phase HPLC fractions, was reported to have a
molecular weight (MW) of 18,000 as determined by sodium dodecyl sulphate
(SDS)-polyacrylamide gel electrophoresis (PAGE) employing silver staining.
HpCSF 45   was earlier reported to have an isoelectric point of 5.5 [Welte,
et al., J. Cell. Biochem., Supp 9A, 116 (1985)] and a high differentiation
activity for the mouse myelomonocytic leukemic cell line WEHI-3B [err]
[Welte, et al., UCLA Symposia on Molecular and Cellular Biology, Gale, et
al., eds., New Series, 28 (1985)]. Preliminary studies indicate that the
factor Identified as hpCSF has predominately granulocyte colony-stimulating
activity during the first seven days in a human CFU-GM assay. so
Another factor, designated human CSF-[err], has also been isolated from
human bladder carcinoma cell line 5637 and has been described as a
competitor of murine [err]-labelled granulocyte colony-stimulating factor
(G- CSF) for binding to WEHI-3B [err] cells In a dose-response relationship
identical to that of unlabelled murine G- CSF[Nicola, etal., Nature,
314,625-628 (1985)]. This dose-response relationship had previously been
reported to be unique to unlabelled murine G-CSF and not possessed by such
factors as M-CSF, GM-CSF, or multi-CSF 55  [Nicola, et al., Proc. Natl.
Acad. Sci. (USA), 81, 3765-3769 (1984)]. CSF-[err] and G-CSF are also
unique among CSF's in that they share a high degree of ability to induce
differentiation of WEHI-3B [err] cells. Nicola, et al., ImmunologyToday,
5,76-80(1984). At high concentrations, G-CSF stimulates mixed
granulocytelmacrophage colony-forming cells [Nicola, et al., (1984) supra],
which is consistent with preliminary results indicating the 3    EP 0 237
545 B1 appearance of granulocytic, monocytic, mixed granulocytic/monocytic
and eosinophilic colonies (CFU-GEMM) after 14 days incubation of human bone
marrow cultures with hpCSF. CSF-[err] has also been described as
stimulating formation of neutrophilic granulocytic colonies in assays which
employed mouse bone marrow cells, a property which has been a criterion for
identification of a factor as a G-CSF. On the basis of these similarities,
5   human CSF-[err] has been identified with G-CSF (granulocytic colony
stimulating factor). Nicola et al., Nature, 314, 625-628 (1985). Based upon
their common properties, it appears that human CST-[err] of Nicola, et al.,
supra, and the hpCSF of Welte, et al., supra, are the same factorwhich
could properly be referred to as a human pluripotent granulo- cyte
colony-stimulating factor (hpG-CSF). Characterization and recombinant
production of hpG-CSF would be 10   particularly desirable in view of the
reported ability of murine G-CSF to completely suppress an in vitro WEHI-3B
[err] leukemic cell population at "quite normal concentrations", and the
reported ability of crude, injected prepa- rations of murine G-CSF to
suppress established transplanted myeloid leukemias in mice. Metcalf,
Science, 229, 16-22 (1985). See also, Sachs, Scientific American, 284(1),
40-47 (1986). To the extent that hpG-CSF may prove to be therapeutically
significant and hence need to be available in 



15 commercial scale quantities, isolation from cell cultures is unlikely to
provide an adequate source of material. It is noteworthy, for example, that
restrictions appear to exist against commercial use of Human Tumor Bank
cells such as the human bladder carcinoma cell line 5637 (A.T.C.C. HTB9)
which have been reported as sour- ces of natural hpCSF isolates in Welte,
et al. (1985, supra). The European patent application EP-A-01 69566
discloses the isolation of a human CSF from the tumor 20 cell line CHU-1
and its physics chemical characterisation. The subsequent European patent
application EP-A-0215126 which is based on seven different priority
documents of which only the first one precedes the first priority date in
the present case discloses the further characterisation of said CSF and its
production by recombinant DNA technology. 25 Summary of the Invention
According to the present invention, DNA sequences coding for all or part of
hpG-CSF are provided. Such sequences may include: the incorporation of
codons "preferred" for expression by selected non-mammalian hosts ; the
provision of sites for cleavage by restriction endonuclease enzymes ; and
the provision of additional 30 initial, terminal or intermediate DNA
sequences which facilitate construction of readily expressed vectors. The
present invention also provides DNA sequences coding for microbial
expression of polypeptide analogs or deri- vatives of hpG-CSF which
differfrom naturally-occurring forms in terms of the identity or location
of one or more amino acid residues (i.e., deletion analogs containing less
than all of the residues specified for hpG-CSF ; sub- stitution analogs,
such as [err]hpG-CSF, wherein one or more residues specified are replaced
by other resi- 35 dues ; and addition analogs wherein one or more amino
acid residues is added to a terminal or medial portion of the polypeptide)
and which share some or all the properties of naturally-occurring forms.
Novel DNA sequences of the invention include sequences useful in securing
expression in procaryotic or eucaryotic host cells of polypeptide products
having at least a part of the primary structure and one or more of the
biological properties of naturally occurring pluripotent granulocyte
colony-stimulating factor. DNA sequ- 40  ences of the invention are
specifically seen to comprise: (a) the DNA sequence set forth in Table VII
or the complementary strands; (b) a DNA sequence which hybridizes (under
hybridization conditions such as illus- trated herein or more stringent
conditions) to the DNA sequences in Table VII or to fragments thereof ; and
(c) a DNA sequence which, but for the degeneracy of the genetic code, would
hybridize to the DNA sequences defined in part (a) or (b) and which
sequences code for a polypeptide having the same aminoacid sequence. 45
Specifically comprehended in part (b) are genomic DNA sequences encoding
allelic variant forms of hpG-CSF and/or encoding other mammalian species of
pluripotent granulocyte colony-stimulating factor. Specifically
comprehended by part (c) are manufactured DNA sequences encoding hpG-CSF,
fragments of hpG-CSF and analogs of hpG-CSF which DNA sequences may
incorporate codons facilitating translation of messenger RNA in microbial
hosts. Such manufactured sequences may readily be constructed according to
the methods of so Alton, et al., PCT published application WO 83/04053.
Also comprehended by the present invention is that class of polypeptides
coded for by portions of the DNA complement to the top strand human cDNA or
genomic DNA sequences of Tables VII or VIII herein, i.e., "com- plementary
inverted proteins as described by Tramontano, et al., Nucleic Acids Res.,
12, 5049-5059 (1984). The present invention provides purified and isolated
polypeptide products having part or all of the primary 



ss structure (i.e., continuous sequence of am no acid residues) and one or
more of the biological properties (e.g, immunological properties and in
vitro biological activity) and physical properties (e.g., molecularweight)
of na- turally-occurring hpG-CSF including allelic variants thereof. These
polypeptides are also characterized by being the product of procaryotic or
eucaryotic host expression (e.g., by bacterial, yeast, higher plant,
insectand mam- 4    EP 0 237 545 B1 malian cells in culture) of exogenous
DNA sequences obtained by genomic or cDNA cloning or by gene synth- esis.
The products of typical yeast (e.g., Saccaromyces cerevisiae) or procaryote
[e.g., Escherichia coil (E. coli)] host cells are free of association with
any mammalian proteins. The products of microbial expression in verte-
brate (e.g., non-human mammalian and avian) cells are free of association
with any human proteins. Depending 5   upon the host employed, polypeptides
of the invention may be glycosylated with mammalian or other eucaryotic
carbohydrates or may be non-glycosylated. Polypeptides of the invention may
also include an initial methionine amino acid residue (at position -1).
Also comprehended by the invention are pharmaceutical compositions
comprising effective amounts of polypeptide products of the invention
together with suitable diluents, adjuvants and/or carriers useful in hpG-
10   CSF therapy. Polypeptide products of the invention may be "labelled"
by association with a detectable marker substance (e.g., radiolabelled with
[err]) to provide reagents useful in detection and quantification of human
hpG-CSF in solid tissue and fluid samples such as blood or urine. DNA
products of the invention may also be labelled with detectable markers
(such as radiolabels and non-isotopic labels such as biotin) and employed
in DNA hybri- 15  dization processes to locate the human hpG-CSF gene
position and/or the position of any related gene family in a chromosomal
map. They may also be used for identifying human hpG-CSF gene disorders at
the DNA level and used as gene markers for identifying neighboring genes
and their disorders. Polypeptide products of the present invention may be
useful, alone or in combination with other hematopoietic factors or drugs
in the treatment of hematopoietic disorders, such as aplastic anemia. They
may 20  also be useful in the treatment of hematopoietic deficits arising
from chemotherapy or from radiation therapy. The success of bone marrow
transplantation, for example, may be enhanced by application of hpG-CSF.
Wound healing bum treatment and the treatment of bacterial inflammation may
also benefit from the application of hpG-CSF. In addition, hpG-CSF may also
be useful in the treatment of leukemia based upon a reported ability to
differentiate leukemic cells. Welte, et al., Proc. Natl. Acad. Sci. (USA),
82, 1526-1530 (1985) and Sachs, 25  supra. Numerous aspects and advantages
of the invention will be apparent to those skilled in the art upon con-
sideration of the following detailed description which provides
illustrations of the practice of the invention in its presently preferred
embodiments. 30   Brief Description of the Drawings 



The Figure is a partial restriction endonuclease map of the hpG-CSF gene
accompanied by arrows depi- cting the sequencing strategy used to obtain
the genomic sequence. 35  Detailed Description According to the present
invention, DNA sequences encoding part or all of the polypeptide sequence
of hpG-CSF have been isolated and characterized. The following examples are
presented by way of illustration of the invention and are specifically
directed 40  to procedures carried out prior to Identification of hpG-CSF
cDNA and genomic clones, to procedures resulting in such identification,
and to the sequencing, development of expression systems based on cDNA,
genomic and manufactured genes and verification of expression hpG-CSF and
analog products in such systems. More particularly, Example 1 is directed
to amino acid sequencing of hpG-CSF. Example 2 is directed to the
preparation of a cDNA library for colony hybridization screening. Example 3
relates to construction of hyb- 45    ridization probes. Example 4 relates
to hybridization screening, identification of positive clones, DNA sequenc-
ing of a positive cDNA clone and the generation of polypeptide primary
structure (amino acid sequence) information. Example 5 is directed to the
identification and sequencing of a genomic clone encoding hpG-CSF. Example
6 is directed to the construction of a manufactured gene encoding hpG-CSF
wherein E.coli preference codons are employed. 50       Example 7 is
directed to procedures for construction of an E. coil transformation vector
incorporating hpG- CSF-encoding DNA, the use of the vector in procaryotic
expression of hpG-CSF, and to analysis of properties of recombinant
products of the invention. Example 8 is directed to procedures for
generating analogs of hpG- CSF wherein cysteine residues are replaced by
another suitable amino acid residue by means of mutagenesis performed on
DNA encoding hpG-CSF. Example 9 is directed to procedures for the
construction of a vector 55  incorporating hpG-CSF analog-encoding DNA
derived from a positive cDNA clone, the use of the vector for transfection
of COS-1 cells, and the cultured growth of the transfected cells. Example
10 relates to physical and biological properties or recombinant polypeptide
products of the invention.    EP 0 237 545 B1 Example 1 (A) Sequencing of
Material Provided By Literature Methods 5      A sample (34 [err], 85-90%
pure of SDS, silver stain-PAGE) of hpG-CSF was obtained from Sloan
Kettering Institute, New York, New York, as isolated and purified according
to Welte, et al., Proc. Natl. Acad. Sci. (USA), 82, 1526-1530 (1985). The
N-terminal amino acid sequence of this sample of hpG-CSF was determined in
a Run #1 by micro- sequence analysis using an AB407A gas phase sequencer
(Applied Biosystems, Foster City, California) to pro- 10    vide the
sequence information set out in Table I below. In Tables I-IV single letter
codes are employed, "X" designates a residue which was not unambiguously
determined and residues In parentheses were only alter- natively or
tentatively assigned. 



TABLE I 15 1          5           10                     15
K-P-L-G-P-A-S-K-L-K-Q-(G,V,S)-G-L-X-X-X 20 A high background was present in
every cycle of the run for which results are reported in Table I,
indicating that the sample had many contaminating components, probably in
the form of chemical residues from purifi- cation. The sequence was
retained only for reference use. In Run #2, a second sample (5-6 [err],
~95% pure) was obtained from Sloan Kettering as for Run #1 and a 25
sequencing procedure was performed as for Run #1. This sample was from the
same lot of material employed to generate Fig. 4 of Welte, et al., Proc.
Natl. Acad. Sci.(USA), 82, 1526-1530 (1985). The results are given in Table
II. 30                                       TABLE  II 1          5
10                   15                20 35
T-P-L-G-P-A-S-(S)-L-P-Q-[err]-M-[err]-X-K-(R)-X-X-(R)-(L)-X- Although more
residues were identified, Run #2 did not provide a sufficiently long,
unambiguous sequence from which a reasonable number of probes could be
constructed to search for hpG-CSF DNA. It was calculated 40 that at least
1536 probes would have been required to attempt isolation of cDNA based on
the sequence of Table II. Again, contamination of the sample was believed
to be the problem. Accordingly, a third sample (3-5 [err], ~40% pure) was
obtained from Sloan Kettering as above. This prep- aration was
electroblotted after separation by SDS-PAGE in an attempt at further
purification. Sequence analysis of this sample yielded no data. 45 (B)
Sequencing of Materials Provided by Revised Methods In order to obtain a
sufficient amount of pure material to perform suitably definitive amino
acid sequence analysis, cells of a bladder carcinoma cell line 5637
(subclone 1A6) as produced at Sloan-Kettering were 50   obtained from Dr.
E. Platzer. Cells were initially cultured lscove's medium (GIBCO, Grand
Island, New York) in flasks to confluence. When confluent, the cultures
were trypsinized and seeded into roller bottles (1-112 flasks/bottle) each
containing 25 ml of preconditioned Iscove's medium under 5% [err]. The
cells were grown overnight at [err] at 0.3 rpm. Cytodex-1[err] beads
(Pharmacia, Uppsala, Sweden) were washed and sterilized using the following
proced- 55    ures. Eight grams of beads were introduced into a bottle and
400 ml of PBS was added. Beads were suspended by swirling gently for 3
hours. After allowing the beads to settle, the PBS was drawn off, the beads
were rinsed in PBS and fresh PBS was added. The beads were autoclaved for
15 minutes. Prior to use, the beads were washed in Iscove's medium plus 10%
fetal calf serum (FCS) before adding fresh medium plus 10% FCS to    



EP 0 237 545 B1 obtain treated beads. After removing all but 30 ml of the
medium from each roller bottle, 30 ml of fresh medium plus 10% FCS and 40
ml of treated beads were added to the bottles. The bottles were gassed with
5% [err] and all bubbles were removed by suction. The bottles were placed
in roller racks at 3 rpm for 1/2 hour before reducing the speed 5   to 0.3
rpm. After 3 hours, an additional flask was trypsinized and added to each
roller bottle containing beads. At 40% to 50% of confluence the roller
bottle cultures were washed with 50 ml PBS and rolled for 10 min. before
removing the PBS. The cells were cultured for 48 hours in medium A
[lscove's medium containing 0.2% FCS, [err]M hydrocortisone, 2mM glutamine,
100 units/ml penicillin, and 100 [err]/ml streptomycin]. Next, the cul-
ture supernatant was harvested by centrifugation at 3000 rpm for 15 min.,
and stored at [err]. The cultures 10  were refed with medium A containing
10% FCS and were cultured for 48 hours. After discarding the medium, the
cells were washed with PBS as above and cultured for 48 hours in medium A.
The supernatant was again harvested and treated as previously described.
Approximately 30 liters of medium conditioned by 1A6 cells were
concentrated to about 2 liters on a Mil- lipore Pellicon unit equipped with
2 cassettes having 10,000 M.W. cutoffs at a filtrate rate of about 200
ml/min. 15  and at a retentate rate of about 1000 ml/min. The concentrate
was diafiltered with about 10 liters of 50 mM Tris (pH 7.8) using the same
apparatus and same flow rates. The diafiltered concentrate was loaded at 40
ml/min. onto a 1 liter DE cellulose column equilibrated in 50 mM Tris (pH
7.8). After loading, the column was washed at the same rate with 1 liter of
50 mM Tris (pH 7.8) and then with 2 liters of 50 mM Tris (pH 7.8) with 50
mM NaCl. The column was then sequentially eluted with six 1 liter solutions
of 50 mM Tris (pH 7.5) containing the 20  following concentrations of NaCl:
75 mM; 100 mM; 125 mM ; 150 mM ; 200 mM ; and 300 mM. Fractions (50 ml)
were collected, and active fractions were pooled and concentrated to 65 ml
on an Amicon ultrafiltration stir- red cell unit equipped with a YM5
membrane. This concentrate was loaded onto a 2 liter AcA54 gel filtration
column equilibrated in PBS. The column was run at 80 ml/hr. and 1 0 ml
fractions were collected. Activefractions were pooled and loaded directly
onto a C4 high performance liquid chromatography (HPLC) column. 25
Samples, ranging in volume from 125 ml to 850 ml and containing 1-8 mg of
protein, about 10% of which was hpG-CSF, were loaded onto the column at a
flow rate ranging from 1 ml to 4 ml per minute. After loading and an
initial washing with 0.1 M ammonium acetate (pH 6.0-7.0) in 80% 2-propanol
at a flow rate of 1/ml/min. One milliliter fractions were collected and
monitored for proteins at 220 nm, 260 nm and 280 nm. As a result of
purification, fractions containing hpG-CSF were clearly separated (as
fractions 72 and 73 of 30  80) from other protein-containing fractions.
HpG-CSF was isolated (150-300 [err]) at a purity of about 85 [err] 5% and
at a yield of about 50%. From this purified material 9 [err] was used in
Run #4, an amino acid sequence analysis wherein the protein sample was
applied to a TFA-activated glass fiber disc without polybrene. Sequ- ence
analysis was carried out with an AB 470A sequencer according to the methods
of Hewick, et al., J. Biol. Chem., 256, 7990-7997 (1981) and Lai, Anal.
Chim. Acts, 163, 243-248 (1984). The results of Run #4 appear 35  in Table
III. TABLE III 1                                5
10 



Thr - Pro - Leu - Gly - Pro - Ala - Ser - Ser - Leu - Pro- 45
15                                                 20 Gln  - Ser - Phe -
Leu - Leu - Lys -(Lys)- Leu -(Glu)- Glu- 25
30 50 Val - Arg - Lys - Ile -(Gln)- Gly - Val - Gly - Ala - Ala- Leu - X  -
X   - 55 In Run #4, beyond 31 cycles (corresponding to residue 31 In Table
III) no further significant sequence infor- mation was obtained. In order
to obtain alongerunambiguous sequence, in a Run #5,14 [err] of hpG-CSF
purified from conditioned medium were reduced with 10 [err] of
[err]-mercaptoethanol for one hour at [err], then thoroughly 7    EP 0 237
545 B1 dried under a vacuum. The protein residue was then redissolved in 5%
formic acid before being applied to a polybrenized glass fiber disc.
Sequence analysis was carried out as for Run #4 above. The results of Run
#5 are given in Table IV. 5                              TABLE  IV 5
10 10    Thr - Pro - Leu - Gly - Pro - Ala - Ser - Ser - Leu - Pro 15
20 Gln - Ser - Phe - Leu - Leu - Lys - Cys - Leu - Glu  - Gln- 15
25                                         30 Val  - Arg  - Lys - Ile - Gln
- Gly - Asp - Gly - Ala  - Ala  - 35
40 20  Leu - Gln - Phe - Lys  - Leu - Gly - Ala - Thr - Tyr - Lys - 45 Val
- Phe - Ser - Thr -  (Arg) -  (Phe) -  (Met) -X- 25  The amino acid
sequence give in Table IV was sufficiently long (44 residues) and
unambiguous to construct probes for obtaining hpG-CSF cDNA as described
infra. Example 2 30      Among standard procedures for isolating cDNA
sequences of interest is the preparation of plasmid-borne cDNA "libraries"
derived from reverse transcription of mRNA abundant in donor cells selected
on the basis of their expression of a target gene. Where substantial
portions of the amino acid sequence of a polypeptide are known, labelled,
single-stranded DNA probe sequences duplicating a sequence putatively
present in the "target" cDNA may be employed in DNA/DNA hybridization
procedures carried out on cloned copies of the 



35 cDNA which have been denatured to single stranded form. Weissman, et
al., U.S. Patent No. 4,394,443; Wal- lace, etal., NucleicAcids
Res.,6,3543-3557(1979), and Reyes, etal., Proc. Natl. Acad. Sci.
(USA),79,3270- 3274 (1982), and Jaye, et al., Nucleic Acids Res., 11,
2325-2335 (1983). See also, U.S. Patent No. 4,358,535 to Falkow, et al.,
relating to DNA/DNA hybridization procedures in effecting diagnosis; and
Davis, et al., "A Manual for Genetic Engineering, Advanced Bacterial
Genetics", Cold Spring Harbor Laboratory, Cold Spring 40  Harbor, N.Y.
(1980) at pp. 55-58 and 174-176, relating to colony and plaque
hybridization techniques. Total RNAwas extracted from approximately 1 gram
of cells from a bladder carcinoma cell line 5637 (1A6) using a guanidinium
thiocynate procedure for quantitative isolation of intact RNA. [Chirgwin,
et al., Biochemis- try, 18, 5294-5299 (1979)]. The sterile aqueous RNA
solution contained total RNA from the 1A6 cells. To obtain only the
messenger 45  RNA from the total RNA solution, the solution was passed
through a column containing oligodeoxythymidylate [oligo (dT)]
(Collaborative Research, Inc., Waltham, Massachusetts. Poly-Adenylated
(poly-[err]) tails characteri- stic of messenger RNA adhere to the column
while ribosomal RNA is eluted. As a result of this procedure, approximately
90 [err] of poly-adenylated messenger RNA (poly-[err] mRNA) were isolated.
The isolated poly-A messenger RNA was pre-treated with methylmercury
hydroxide (Alpha Ventron, Danvers, Massachusetts) at 50  a final
concentration of 4 mM for 5 minutes at room temperature prior to use in a
cDNA reaction. The methyl- mercury hydroxide treatment denatured
interactions of messenger RNA, both with itself and with contaminating
molecules that inhibit translation. Payvar, et al., J Biol.Chem., 258,
7636-7642 (1979). According to the Okayama procedure [Okayama, et al.,
Molecular & Cellular Biology, 2, 161-170 (1982)], a cDNA bank was prepared
using mRNA obtained from 1A6 cells. The cDNAs were then transformed by
incu- 55   bation into a host microorganism E.coli K-12 strain HB101 for
amplification. 8    EP 0 237 545 B1 Example 3 Hybridization probes designed
on the basis of the hpG-CSF amino terminal sequence of Table IV consisted
of a set of 24 oligonucleotides each being 23 bases in length and
containing three inosine residues. The probe 5   oligonucleotides were
manufactured according to the procedure of Caruthers, et al., Genetic
Engineering, 4, 1-18 (1982) and labeled with [err]P ATP by kinasing with
polynucleotide kinase. The probe oligonucleotides, corresponding to the
messenger RNA for residues 23-30 of the sequence of Table IV, are
illustrated in Table V. 10 TABLE V hpG-CSF Probes 15 [err]   GC  IGC  ICC
[err]TC  ICC [err]TG [err]AT [err]TT[err] 



20      The assignment of neutrality to l's was based on the published work
of Takahashi, et al., Proc. Natl. Acad. Sci. (USA), 82, 1931-1935 (1985)
and Ohtsuka, etal., J. Blol. Chem., 260,2605-2608 (1985). However, inosine
may have a destabilizing effect if base paired with a G or T. In Takahashi,
et al., inosines may appear to have a neutral effect because they average
out as a group to near neutrality (e.g., three having paired favorably with
C and two not favorable to pairing with T). 25      To test the effect of
having l's base pair with G's, control experiments were designed using an
N-myc gene sequence and clone. The sequences picked from the N-myc gene had
the same overall G and C content at the first two positions of each codon
as was prescribed by the hpG-CSF probes. Thus, the N-myc test probes were
of the same length, contained l's in the same relative positions and had
potentially the same average Tm (62-66C., not accounting for the 3 or 4
inosine residues Included) as the hpG-CSF probes. 30      Two sets of N-myc
test probes were constructed according to the procedure of Caruthers, et
al., supra. Set I, as illustrated in Table VI included: 1, a 23 mer with
perfect match ; 2, in which three third position C's were replaced with l's
generating the worst possible case for adding l's; and 3, In which four
third position C's were replaced with l's. The second set of test probes
was designed to represent a more random distribution of inosine base pairs,
that might give an overall neutral base pairing effect. Set II, as
illustrated in Table VI, 35  included: 4, containing two l's that will base
pairwith C's and one with aG ; and 5, identical to4 with the addition of
one more I: G base pair. TABLE VI 40 N-myc Test Probes 1.   5 CAC AAC TAT
GCC GCC CCC TCC CC3 45 2.   [err]CAC AAC TAT GCI GCC CCI TCI CC[err] 50
3.   [err]CAI AAC TAT GCI GCC CCI TCI CC[err] 4.   [err]AAC GAG CTG TGI GGC
AGI CCI GC[err] 55 5.   [err]AAI GAG CTG TGI GGC AGI CCI GC[err] Five
replica filters containing N-myc DNA sequences and chicken growth hormone
DNA sequences (as a 9    EP 0 237 545 B1 negative control) were baked in a
vacuum oven for 2 hours at 80C. prior to hybridization. All filters were
hyb- ridized as described in Example 4 for the hpG-CSF probes except the
period of hybridization was only 6 hours. Filters were washed three times
at room temperature then once at [err], 10 minutes each. The filters were
monitored with a Geiger counter. 5      The filter representing N-myc probe
3 gave a very weak signal relative to the other four probed filters and 



was not washed any further. After a 10 minute [err] wash, the Geiger
counter gave the following percent signal with probe one being normalized
to 100%: Probe 2, 20%; Probe 3 [err], 2%; Probe 4,92%; and Probe 5, 75%.
After a [err] wash, the percentages were: Probe 2, 16% ; Probe 4, 100%; and
Probe 5, 80%. A final wash at [err] yielded the following percentages:
Probe 2, 1.6%; Probe 4, 90%; and Probe 5, 70%. 10     Thus, in the presence
of three l's, as in probes 2 and 4, up to a 60-fold difference in signal is
observed as the theoretical Tm (l's not included in the calculation) is
approached [based upon a worst case I base pairing (Probe 2) and a
relatively neutral I base pairing case (Probe 4)]. The standardization
information gained by the N-myc test hybridizations was utilized in washing
and moni- toring of the hpG-CSF hybridization as indicated below, to gauge
the degreeof confidence with which the results 15  of less than stringent
washing might be accepted. Example 4 According tothe procedure of Hanahan,
etal., J. Mol. Biol., 166,557-580 (1983), bacteria containing recom- 20
binants with cDNA inserts as prepared in Example 2 were spread on 24
nitrocellulose filters (Millipore, Bedford, Massachusetts) laid on agar
plates. The plates were then incubated to establish approximately 150,000
col- onies which were replica plated to 24 other nitrocellulose filters.
The replicas were Incubated until distinct col- onies appeared. The
bacteria on the filters were lysed on sheets of Whatman 3 MM paper barely
saturated with sodium hydroxide (0.5 M) for 10 minutes, then blotted with
Tris (1 M) for 2 minutes, followed by blotting 25  with Tris (0.5 M)
containing NaCI (1.5 M) for 10 minutes. When the filters were nearly dry,
they were baked for 2 hours at [err] in a vacuum oven prior to nucleic acid
hybridization. [Wahl, et al., Proc. Natl. Acad. Sci. (USA), 76, 3683-3687
(1979)]; and Maniatis, et al., Cell, 81, 163-182 (1976). The filters were
prehybridized for 2 hours at [err] in 750 ml of 10X Denhardt's, 0.2% SDS
and 6X SSC. The filters were rinsed in 6X SSC, then placed four in a bag
and hybridized for 14 hours In 6X SSC and 10X 30   Denhardt's. There was
approximately 15 ml of solution per bag containing 50 x [err] cpm of
32p-labeled probe (oligonucieotides). After hybridization, the filters were
washed three times in 6X SSC (1 liter/wash) at room temperature for 10
minutes each. The filters were then washed two times at [err] for 15
minutes each, once at 50 for 15 minutes and once at [err] for 15 minutes
using 1 liter volumes of 6X SSC. The filters were autoradiographed 35  for
2 hours at [err] using an intensifying screen and Kodak XAR-2 film. On this
autoradiograph, there were 40-50 positive signals detected Including 5 very
intense signals. The areas containing the strongest five signals and an
additional five positives were scraped from the mas- ter plates and
replated for a secondary screening using the same probe mixture under the
same conditions. The wash procedure differed in thatthe high temperature
washes consisted of two at [err] for 15 minutes each 40  and then one at
60C. for 15 minutes. Based on the N-myc probe studyof Example 3, the final
wash temperature in the second screening was raised because the aggregate
melting temperature for the 24 23-mers was 60- [err], similar to that of
the N-myc probes. Just after the second [err] wash, the filters were left
damp and an autoradlograph was made. Comparison of this autoradiograph with
a second autoradlograph taken for a similar period of time after a final
wash at [err] showed that only two of the 10 clones being tested did not
suffer a 45  substantial loss in signal in rising from 55-[err]. These two
clones were later shown to be of nearly Identical 



lengths and restriction endoclease patterns. One clone designated Ppo2, was
selected for sequencing. Sequencing of the recombinant hpG-CSF cDNA clone,
Ppo2, obtained by the above procedure was accom- plished by the dideoxy
method of Sanger, et al., Proc. Natl. Acad. Sci. (USA) 74, 5463-5467
(1977). The sin- gle-stranded DNA phage M-13 was used as a cloning
vectorforsupplying single-stranded DNA templates from so  the
double-stranded cDNA clones. The Sanger, et al., method revealed the
sequence as set forth in Table VII accompanied by its amino acid
translation and a complementary strand In the polypeptide coding region. 55
10    EP 0 237 545 B1 [ERR]    EP 0 237 545 B1 [ERR] 50 55 12    EP 0 237
545 B1 [ERR]    EP 0 237 545 B1 The following characteristics of the
sequence of Table VII are of note. At the 5' end of the sequence there are
shown bases corresponding to those of the poly G cDNA linker. There then
occur about five bases (desig- nated as "N") whose sequence could not
readily be determined unambiguously by the Sanger, et al. method due to the
preceding multiple G's. The sequence thereafter reveals a series of 12
codons encoding a portion 5   of a putative leader sequence for the
polypeptide. Based on correspondence to the amino terminal sequence of
natural isolates of hpCSF described in Example 1, the initial threonine
residue of the putative "mature" form of hpG-CSF is indicated by +1. Mature
hpG-CSF is thereafter revealed to include 174 residues as indicated.
Following the "stop" codon (the OP codon, TGA) are approximately 856 bases
of an untranslated 3' sequence 



and multiple A's of the poly A "tail". Unique HgiAi, and Apal restriction
endonuclease recognition sites, as well 10     as two Stul sites (discussed
infra with respect to construction of procaryotic and eucaryotic expression
systems) are also designated in Table VII. Owing to the lack of asparagine
residues in the polypeptide, there are no appa- rent sites for
N-glycosylation. The underscored 6 bases near the end of the 3'
untranslated sequence represent a potential polyadenylation site. It is
noteworthy that each of two additional cDNA clones identified by the
hybridization procedures des- 15 cribed above from among a total of 450,000
clones failed to include DNA encoding the entire leader sequence from the
transcription Initiation site onward. Indeed, all three hpG-CSF clones
terminated in the 5' region at exactly the same site, indicating that
secondary structure of the mRNA transcribed severely hinders cDNA for-
mation beyond this site. As a practical matter, therefore, cDNA expression
screening such as described in Okayama, et al., Mol. and Cell. Biol., 3,
280-289 (1983) and as actually employed to isolate GM-CSF in Wong, 20  et
al., Science, 228, 810-814 (1985) could not have readily applied to
isolation of hpCSF DNA because such isolation systems ordinarily rely upon
the presence of a full length cDNA transcript in the clones assayed. The
above sequence is not readily susceptible for securing direct expression of
hpG-CSF in a microbial host. To secure such expression, the hpG-CSF coding
region should be provided with an initial ATG codon and the sequence should
be inserted in a transformation vector at a site under control of a
suitable pro- 25 moter/regulator DNA sequence. Example 5 In this example,
cDNA encoding hpG-CSF as isolated in the previous example was used to
screen a 30 genomic clone. A phage lambda human fetal liver genomic library
[prepared according to the procedure of Lawn, et al. Cell, 15, 1157-1174
(1978) and obtained from T. Maniatis] was screened using a nick translated
probe consisting of two hpG-CSF cDNA fragments isolated by digestion with
HgiAI and Stul (HgiAl to Stul, 649 b.p.; Stul to Stul, 639 b.p.). A total
of approximately 500,000 phage were plated on 12 (15 cm) petri dishes and
plaque lifted and hybridized to probe using the Benton/Davison procedure
[Bentonet al., Science, 196, 35  180 (1977)]. Atotal of 12 positive clones
were observed. Three clones (1-3) yielding the strongest signals upon
autoradiography In a secondary screening were grown in 1 liter cultures and
mapped by restriction enzyme digestion and Southern blotting using a
radiolabeled 24-mer oligonucleotide (kinased with [err]P ATP) 5'
CTGCACTGTCCAGAGTGCACTGTG3'. The mapping results showed that Isolates 1 and
3 were identical and 2 contained 2000 additional bases 5' to the hpG-CSF
gene. Therefore, done 2 was used for further charac- 40  terization. DNA
from clone 2 was digested with R1 to release an 8500 bp hpG-CSF containing
fragment which was subsequently subcloned into pBR322 and further mapped by
restriction endonuclease digests, Southern Blotting, M13 subcloning and
sequencing. The sequence obtained Is as set out in Table VIII. 45 50 55 14



EP 0 237 545 B1 [ERR]    EP 0 237 545 B1 [ERR]    EP 0237 545 B1 [ERR]
EP 0 237 545 B1 [ERR]    EP 0 237 545 81 [ERR]    EP 0 237 545 B1 A
restriction endonuclease map (approximately 3.4 Kb) of genomic DNA
containing the hpG-CSF gene is detailed in Figure 1. The restriction
endonucleases shown in Figure 1 are: Ncol, N ; Pstl, P ; BamHl, B ; Apal.
A; Xhol, X; and Kpn, K. The arrows below the map depict the sequencing
strategy used to obtain the genomic sequence. The boxed regions are those
found in the cDNA clone with the dashed open ended box representing 5
sequence not present in the cDNA clone, but identified by probing mRNA
blots. The identification of coding sequences proposed for exon one was
carried out by Northern blot analysis. A 24 mer oligonucleotide probe,
5'CAGCAGCTGCAGGGCCATCAGCTT[err], spanning the predicted splice junctures
for exons 1 and 2 was hyb- ridized to hpG-CSF mRNA in a Northern blot
format The resulting blot shows an mRNA the same size (~1650 bp) as that
seen with an exon 2 oligonucleotide probe. This data combined with the
ability to direct expression 10   of hpG-CSF from the pSVGM-Ppol vector
(Example 9) using the Met initiation codon depicted in Table VIII, defines
the coding sequences contained in exon 1. Exons 2-5 are defined by the
coding sequences obtained 



in the cDNA clone (Ppo2) of the hpG-CSF gene (Table VII). Example 6 15 This
example relates to preparation of a manufactured gene encoding hpG-CSF and
including E. coli pre- ference codons. Briefly stated, the protocol
employed was generally as set out in the disclosure of co-owned Alton, et
al., PCT Publication No. W083/04053, which is incorporated by reference
herein. The genes were designed for 20 initial assembly of component
oligonucleotides into multiple duplexes which, in turn, were assembled into
three discrete sections. These sections were designed for ready
amplification and, upon removal from the amplifi- cation system, could be
assembled sequentially or through a multiple fragment ligation in a
suitable expression vector. The construction of Sections I, II and 11 is
illustrated in Table IX though XIV. In the construction of Section 25   I,
as illustrated in Tables IX and X, oligonucleotides 1-14 were assembled
into 7 duplexes (1 and 8); 2 and 9; 3 and 10 ; 4 and 11 ; 5 and 12; 6 and
13 ; and 7 and 14). The 7 duplexes were then ligated to form Section I as
shown in Table X. It may also be noted in Table X that Section I includes
an upstream Xbal sticky end and a downstream BamHI sticky end useful for
ligation to amplification and expression vectors and for ligation to
Section II. 30 TABLE IX EChpG-CSFDNA SECTION I 35
CTAGAAAAAACCAAGGAGGTAATAAA                         1
TAATGACTCCATTAGGTCCTGCTTCTTCT                          2 40
CTGCCGCAAAGCTTTCTGCTGAAATGTCTGG                           3
AACAGGTTCGTAAAATCCAGGGTGACGGT                          4
GCTGCACTGCAAGAAAAACTGTGCGCTA                          5
CTTACAAACTGTGCCATCCGGAAGAGC                         6
TGGTACTGCTGGGTCATTCTCTTGG                        7
CATTATTTATTACCTCCTTGGTTTTTT                         8
GCAGAGAAGAAGCAGGACCTAATGGAGT                          9 50
TGTTCCAGACATTTCAGCAGAAAGCTTTGCG                          10
CAGCACCGTCACCCTGGATTTTACGAACC                         11
TAAGTAGCGCACAGTTTTTCTTGCAGTG                        12
ACCAGCTCTTCCGGATGGCACAGTTTG                        13
GATCCCAAGAGAATGACCCAGCAGT                       14 20   



EP 0 237 545 B1 [ERR]    EP 0 237 545 81 As illustrated in Tables XI and
XII, in the construction of Section II, oligonucleotides 15-30 were
assembled into 8 duplexes (15 and 23; 16 and 24; 17 and 25; 18 and 26; 19
and 27; 20 and 28; 21 and 29; and 22 and 30). These 8 duplexes were then
ligated to form Section II, as shown in Table XII. As further shown in
Table XII, Section II has an upstream BamHI sticky end and a downstream
EcoRI sticky end useful for ligation to an 5   amplification vectorand for
ligation to Section I. Near Its downstream end, Section II also includes a
downstream Sstl site useful in the eventual ligation Sections II and III.
TABLE XI 10 EChpG-CSFDNA SECTION  II 15 GATCCCGTGGGCTCCGCTGTCTTCT
15 TGTCCATCTCAAGCTCTTCAGCTGGC                      16
TGGTTGTCTGTCTCAACTGCATTCTGGT                       17 20
CTGTTCCTGTATCAGGGTCTTCTG                     18 CAAGCTCTGGAAGGTATCTCTCCGGA
19 ACTGGGTCCGACTCTGGACACTCTGCA                      20 25
GCTAGATGTAGCTGACTTTGCTACTACT                       21
ATTTGGCAACAGATGGAAGAGCTCAAAG                       22
GACAAGAAGACAGCGGAGCCCACGG                     23 ACCAGCCAGCTGAAGAGCTTGAGATG
24 30                  ACAGACCAGAATGCAGTTGAGACAGACA
25 CTTGCAGAAGACCCTGATACAGGA                     26
CAGTTCCGGAGAGATACCTTCCAGAG                      27 35
TAGCTGCAGAGTGTCCAGAGTCGGACC                      28
AAATAGTAGTAGCAAAGTCAGCTACATC                       29
AATTCTTTGAGCTCTTCCATCTGTTGCC                       30 40 45 50 55 22 



EP 0 237 545 B1 [ERR]    EP 0 237 545 B1 Finally, Section III was
constructed as shown in Tables XIII and XIV. Forthis construction,
oligonucleotides 31-42 were assembled into 6 duplexes (31 and 37 ; 32 and
38; 33 and 39; 34 and 40; 35 and 41; and 36 and 42). The 6 duplexes were
then ligated to form Section III as depicted in Table XIV. As also shown in
Table XIV, Section III includes an upstream BamHI sticky end and a
downstream EcoRI sticky end useful for ligating 5   into an amplification
vector, and at least in the case of the EcoRI end, into an expression
vector. In addition, Section II has an upstream Sstl site useful in the
eventual ligation of Sections II and Ill. TABLE  XIII 10 EChpG-CSFDNA
SECTION III 15 GATCCAAAGAGCTCGGTATGGCACCAG                           31
CTCTGCAACCGACTCAAGGTGCTATGCCG                            32
GCATTCGCTTCTGCATTCCAGCGTCGTGC                            33 20
AGGAGGTGTACTGGTTGCTTCTCATCTG                            34
CAATCTTTCCTGGAAGTATCTTACCGTGT                            35
TCTGCGTCATCTGGCTCAGCCGTAATAG                           36
AGAGCTGGTGCCATACCGAGCTCTTTG                           37 25
ATGCCGGCATAGCACCTTGAGTCGGTTGC                            38
TCCTGCACGACGCTGGAATGCAGAAGCGA                            39
ATTGCAGATGAGAAGCAACCAGTACACC                           40 30
CAGAACACGGTAAGATACTTCCAGGAAAG                            41
AATTCTATTACGGCTGAGCCAGATGACG                           42 35 40 45 50 55 24



EP 0 237 545 B1 5 [ERR] 50 55 25    EP 0 237 545 B1 The Xbal to BamHI
fragment formed by Section I is ligated into an M 13 mp 11 phage vector
opened with Xbal and BamHI. The vector is then reopened by digestion with
BamHI and EcoRI, followed by ligation with the BamHI to EcoRI fragment
formed by Section II. At this stage, Sections I and 11 have been joined in
proper orientation. Next, another M 13 mp 11 vector is opened by BamHI to
EcoRI digestion and then ligated with the 5   BamHI to EcoRI fragment
formed by Section III. The vector containing Sections I and 11 is digested
with XbaI and Sstl. Likewise, the vector containing Sec- tion Ill is
digested with Sstl and EcoRI. Both of the smaller of the two fragments
resulting from each digestion are ligated into a a plasmid pCFM1156 which
is previously opened with Xbal and EcoRI. The product of this reaction is
an expression plasmid containing a continuous DNA sequence, as shown in
Table XV, encoding 10   the entire hpG-CSF polypeptide with an amino
terminal methionine codon (ATG) for E. coli translation initiation. 15 20
25 30 35 40 45 50 56 26    EP 0 237 545 81 [ERR] 



50 55 27    EP 0 237 545 B1 [ERR] 50 55 28    EP 0 237 545 B1 Although any
suitable vector may be employed to express this DNA, the expression plasmid
pCFM1156 may readily be constructed from a plasmid pCFM836, the
construction of which is described in published Euro- pean Patent
Application No. 136,490. pCFM836 is first cut with Ndel and then
blunt-ended with Poll such that both existing Ndel sites are destroyed.
Next, the vector is digested with Clal and Sacll to remove an existing 5
polylinker before ligation to a substitute polylinker as illustrated in
Table XVI. This substitute polylinker may be constructed according to the
procedure of Alton, et al., supra. Control of expression in the expression
pCFM1156 plasmid is by means of a lambda [err] promoter, which itself may
be under the control of a [err] re- pressor gene (such as is provided in E.
coil strain K12[err]Htrp). 15 20 25 30 35 40 45 50 55 29    EP 0 237 545 B1
[ERR] 



15 45 50 55 30    EP 0 237 545 B1 Example 7 This example relates to E. col
expression of an hpG-CSF polypeptide by means ofa DNA sequence encod- ing
[err] hpCSF. The sequence employed was partially synthetic and partially
cDNA-derived. The synthetic 5   sequence employed E. coli preference
codons. Plasmid Ppo2, containing the hpG-CSF gene shown in Table VII, was
digested with HgiAl and Stul provi- ding an approximately 645 base pair
fragment including the gene for mature hpCSF (as shown in Table VII) with
seven of the leader sequence residue codons at the 5' end and about 100
base pairs of the 3' non-coding region. HgiAl digestion leaves a 5', 4-base
sticky end identical to that of Pstl, and Stul leaves a blunt end. This 10
allows for ready insertion of the fragment into M13 mp8 (Rf) cut with Pstl
and with the blunt-end-forming res- triction enzyme, Hincll. Upon
amplification In M13, the hpG-CSF DNA was excised by digestion with Apal
and BamHI which cut, respectively, at the Apal site spanning the codons for
residues + 3 to + 5 of hpCSF and at a BamHl site "downstream" of the Hincll
site in the Ml 3 mp8 restriction polylinker. In order to allow for E. coil
expression of the hpG-CSF polypeptide, a synthetic fragment was prepared as
set out in Table XVII below. 15 TABLE XVII 5' - C TAG AAA AAA CCA AGG AGG
TAA TAA ATA 20                        3' - TTT TTT GGT TCC TCC ATT ATT TAT
Xba I -1 +1 Met Thr Pro Leu 25               ATG ACA CCT CTG GGC C - 5' TAC
TGT GGA GAC -3' ApaI 30      As may be determined from analysis of
TableXVII, the linkerincludes anApal sticky end, codons specifying the
Initial three residues of the amino terminal of hpG-CSF ("restoring the
[err], - specifying codons deleted upon Apal digestion of the M13 DNA
described above and employing codons preferentially expressed in E. coil),
a translation initiating ATG, a sequence of 24 base pairs providing a
ribosome binding site, and an Xbal sticky end. 35      The expression
vector employed for E. coli expression was that described as pCFM536 in
European Patent 



Application No. 136,490, by Morris, published April 10, 1985. (See also,
A.T.C.C. 39934, E. coli JM103 har- boring pCFM536). Briefly, plasmid
pCFM536 was digested with Xbal and BamHI. The hpG-CSF fragment (Apal/BamHI)
and linker (Xbal/Apal) described above were then ligated thereinto to form
a plasmid designated p536Ppo2. 40      Plasmid p536Ppo2 was transformed
into a phage resistant variant of the E. coli AM7 strain which has pre-
viously been transformed with plasmid pMWI (A.T.C.C. No. 39933) harboring a
[err] gene. Transformation was verified on the basis of the antibiotic
(amp) resistance marker gene carried on the pCFM536 progenitor plasmid.
Cultures of cells in LB broth (ampicillin 50 [err] 1 ml) were maintained at
[err] and upon growth of cells in culture to A600 = 0.5, hpCSF expression
was induced by raising the culture temperature to 42C. for 3 hours. The 45
final O.D. of the culture was A600 = 1.2. The level of expression'of
hpG-CSF by the transformed cells was estimated on a SDS-poly acrylamide gel
stained with coomassie blue dye to be 3-5% of total cellular protein. Cells
were harvested by centrifugation at 3500 g for 10 minutes in a JS-4.2
rotor. Cells at 25% (w/v) In water were broken by passing 3 times through a
French Pressure Cell at 10,000 p.s.i. The broken cell suspen- 50  sion was
centrifuged at 10,000 g for 15 minutes in a JA-20 rotor. The pellet was
resuspended in water and sol- ubilized at about 5 mg/ml total protein in 1%
lauric acid, 50 mM Tris, pH 8.7. The solubilized pellet material was
centrifuged at 15,000 g for 10 minutes and to the supernatant [err] was
added to 20 mM. After 1 hour, this sample was loaded onto a C4 HPLC column
for purification according to the procedures of example 1 (B) with
adjustments made for volume and concentration. 55      A second
purification procedure was developed to yield larger quantities of hpG-CSF
formulated in a nonor- ganic-containing buffer. This material is suitable
for in vivo studies. One hundred and fifty grams of cell paste was
resuspended In about 600 ml of 1 mM DTT and passed 4 times through a Manton
Gualin Homogenizer at about 7000 PSI. The broken cell suspension was
centrifuged at 10,000 g for 30 minutes and the pellet was 31    EP 0 237
545 B1 resuspended in 400 ml of 1% deoxycholate (DOC), 5 mM EDTA, 5 mM DTT,
and 50 mM Tris, pH 9. This sus- pension was mixed at room temperature for
30 minutes and centrifuged at 10,000 g for 30 minutes. The pellet was
resuspended in about400 ml of water and centrifuged at 10,000 g for30
minutes. The pelletwas solubilized in 100 ml of 2% Sarkosyl and 50 mM at pH
8. [err] was added to 20 [err] and the mixture was stirred 16 hours 5   at
room temperature, and then centrifuged at 20,000 g for 30 minutes. To the
supernatant was added 300 ml acetone. This mixture was put on,ice for 20
minutes and then centrifuged at 5000 g for 30 minutes. The pellet was
dissolved in 250 ml of 6 M guanidine and 40 mM sodium acetate at pH 4, and
put over a 1,200 ml G-25 column equilibrated and run in 20 mM sodium
acetate at pH 5.4. The hpG-CSF peak (about 400 ml) was pooled and put on a
15 ml CM-cellulose column equilibrated in 20 mM sodium acetate at pH 5.4.
After loading, the 10  column was washed with 60 ml of 20 mM sodium acetate
at pH 5.4 and with 25 mM sodium chloride, and then 



the column was eluted with 200 ml of 20 mM sodium acetate at pH 5.4 and
with 37 mM sodium chloride. 150 ml of this eluent was concentrated to 10 ml
and applied to a 300 ml G-75 column equilibrated and run in 20 mM sodium
acetate and 100 mM sodium chloride at pH 5.4. The peak fractions comprising
35 ml were pooled and filter sterilized. The final concentration of hpG-CSF
was 1.5 mg/ml, is greater than 95% pure as determined 15  by analysis on a
gel, and contained less than 0.5 ng of pyrogen per 0.5 mg of hpG-CSF. The
pyrogen level was determined using a Limulus Amebocyte Lysate (LAL) test
kit (M. A. Bioproducts, Walkersville, Maryland). Example 8 20       This
example relates to the use of recombinant methods to generate analogs of
hpG-CSF wherein cysteine residues present at positions 17, 36, 42, 64 and
74 were individually replaced by a suitable amino acid residue. Site
directed mutagenesis procedures according to Souza, et al., published PCT
Application No. W085/00817, published February 28, 1985, were carried out
on [err] encoding DNA of plasmid p536Ppo2, described infra, using synthetic
oligonucleotides ranging in size from 20 to 23 bases as set out in Table
XVIII 25  below. Oligonucleotide No. 1 allowed for formation of a gene
encoding [err] hpG-CSF; oligonucleotide No. 2 allowed for formation of
[err] hpG-CSF, and so on. 30                                      TABLE
XVIII Oligonucleotide                             Sequence 35 1.
5'-CTG  CTC AAG TCC TTA GAG CAA GT-3' 2.                  5'-GAG AAG CTG
TCT GCC ACC TACA-3' 3.                  5'-TAC AAG CTG TCC CAC CCC GAG-3'
40               4.                  5'-TGA  GCA GCT CCC CCA GCC AG-3' 5.
5'-CTG GCA GGC TCC TTG AGC CAA-3' The Cys to Sersite directed mutagenesis
restrictions were carried outusing M13 mp10 containing an Xbal- 45  BamHI
hpG-CSF fragment isolated from p536Ppo2 as a template. DNA from each M13
mp10 clone containing a Cys-Ser substitution was treated with Xbal and
BamHI. The resulting fragment was cloned into expression vector pCFM746 and
expression products were isolated as in Example 7. The plasmid pCFM746 may
be constructed by cleaving a plasmid pCFM736 (the construction of which
from deposited and publically available materals is described in Morris,
published PCT Application No. so  W085/00829, published February 28, 1985)
with Cial and BamHI to remove an existing polylinker and by sub- stituting
the following polylinker. 55 32    EP 0 237 545 B1 TABLE XIX 5
ClaI 



[err] CGATTTGATTCTAGAATTCGTTAACGGTACCATGGAA
TAAACTAAGATCTTAAGCAATTGCCATGGTACCTT 10
GCTTACTCGAGGATCCGCGGATAAATAAGTAAC[err]
CGAATGAGCTCCTAGGCGCCTATTTATTCATTGCTAG[err] Sau3a 15 In a purification
procedure for Cys to Ser analogs according to the present invention, about
10-15 g of cell paste was resuspended in 40 ml of 1 mM DTT and passed 3
times through a French Pressure Cell at 10,000 psi. The broken cell
suspension was centrifuged at 1,000 g for 30 minutes. The pellet was
resuspended in 1% DOC, 5 mM EDTA, 5 mM DTT, 50 mM Tris, pH 9 and allowed to
mix 30 minutes at room temperature. The 20 mixture was centrifuged at
10,000 g for 30 minutes, resuspended in 40 ml [err], and recentrifuged as
10,000 g for 30 minutes. The pelletwas dissolved in 10 ml of 2% Sarkosyl,
50 mM DTT, 50 mM Tris, pH 8. After mixing for 1 hour, the mixture was
clarified by centrifugation at 20,000 g for 30 minutes, and then applied to
a 300 ml G-75 column equilibrated and run in 1% Sarkosyl, 50 mM Tris, pH 8.
Fractions containing the analog were pooled and allowed to air oxidize by
standing with exposure to air for at least one day. Final concentrations 25
ranged from 0.5-5 mg/ml. Example 9 In this example, a mammalian cell
expression system was devised to ascertain whether an active polypep- 30
tide product of hpG-CSF DNA could be expressed in and secreted by mammalian
cells (COS-1, A.T.C.C. CRL- 1650). This system was designed to provide for
secretion of a polypeptide analog of hpGCSF via expression and secretory
processing of a partially synthetic, partially cDNA-derived construction
encoding [err] hpG-CSF preceded by a leader polypeptide having the sequence
of residues attributed to human GM-CSF in Wong, et al., Science 228,
810-815 (1985) and Lee, et al., Proc. Natl. Acad. Sci. (USA), 82 4360-4364
(1985). 35      The expression vector employed for preliminary studies of
expression of polypeptide products of the inven- tion was a "shuttle"
vector incorporating both pBR322 and SV40 DNA which had been designed to
allow for autonomous replication in both E. coil and mammalian cells, with
mammalian cell expression of inserted exogenous DNA undercontrol of aviral
promoter/regulator DNA sequence. This vector, designated pSVDM-1 9,
harbored in E. coli HB101, was deposited August 23, 1985, with the American
Type Culture Collection, 12301 40   Parklawn Drive, Rockville, Maryland,
and received the accession No. A.T.C.C. 53241. The specific manipulations
involved in the expression vector construction were as follows. A
leader-encod- ing DNA sequence was synthesized as set out in Table XX
below. 45 50 55 33    



EP 0 237 545 B1 TABLE XX -17 HindIII                  Met Trp 5' - A GCT
TCC AAC ACC ATG TGG 3' - AGG TTG TGG TAC ACC 10 -10 Leu Gln  Ser Leu Leu
Leu Leu Gly Thr Val CTG CAG AGC CTG CTG  CTC TTG GGC ACT GTG 15 GAC GTC TCG
GAC GAC  GAG AAC CCG TGA CAC -1    +1 20                Ala Cys Ser Ile Ser
Ala Pro Leu GCC TGC AGC ATC TCT GCA CCC CTG GGC G -3' CGG ACG TCG  TAG AGA
CGT GGG GAC -5 ' 25 As indicated in Table XX, the sequence includes Hindill
and Apal sticky ends and codons for the 17 amino acid residues attributed
to the "leader" of human GM-CSF. There follow codons specifying an alanine
residue, a proline residue and a leucine residue. The proline and leucine
residues duplicate the amino acids present at 30  positions + 2 and + 3 of
hpG-CSF, while the alanine residue is duplicative of the initial amino
terminal (+ 1) resi- due of GM-CSF rather than hpG-CSF. Replacement of
threonine by alanine was designed to be facilitative of proper host cell
"processing off" of the GM-CSF leader by cellular mechanisms ordinarily
involved in GM-CSF secretory processing. Plasmid pSVDM-19 was digested with
Kpnl and the site was blunt ended with Klenow enzyme. Thereafter 35  the
DNAwas cutwith HindIII. The resulting large fragmentwas combined and
ligated with the HindIII/Pvullfrag- ment shown in Table VII (isolated from
plasmid Ppo2 as the second largest fragment resulting from HindIII
digestion and partial digestion with Pvull) to form plasmid pSV-Ppol. The
manufactured GM-CSF leader sequ- ence fragmentofTableVIII was then ligated
into pSV-Ppol (following its cleavagewith HindIII and Apal) to yield
plasmid pSVGM-Ppol. 40      Calcium phosphate precipitates (1-5 [err]) of
plasmid pSVGM-Ppol DNA was transformed into duplicate 60 mm plates of COS-1
cells essentially as described in Wigler, et al., Cell, 14,725-731 (1978).
As a control, plas- mid pSVDM-19 was also transformed into COS-1 cells.
Tissue culture supernatants were harvested 5 days post-transfection and
assayed for hpG-CSF activity. Yields of [err] hpG-CSF from the culture
supernatant were on the order of 1 to 2.5 [err]/ml. 45      Following
successful expression of the [err] hpG-CSF product encoded plasmid
pSVGM-Ppol in COS-1 cells, another vector was constructed which included
the human GM-CSF leader sequence but had a codon for a threonine residue
(naturally occurring at position 1 of hpG-CSF) replacing the codon for
alanine at that 



position. Briefly, an oligonucleotide was synthesized
([err]CAGCATCTCTACACCTCTGGG) for site-directed mutagenesis (SDM). The
HindIII to BamHI hpG-CSF fragment in pSVGM-Ppol was ligated into M13 mp10
for 50  the SDM. The newly synthesized hpG-CSF gene containing a Thr codon
in position one was isolated by cleav- age with HindIII and EcoRI. The
fragment was then cloned into pSVDM-19 prepared by cleavage with the same
two restriction endonucleases. The resulting vector pSVGM-Ppo(Thr) was
transformed into COS cells and the yields of hpG-CSF measured in the
culture supemates ranged from 1 to 5 [err]/ml. Finally, the genomic
sequence whose isolation is described in Example 5 was employed to form an
exp- 55  ression vector for mammalian cell expression of hpG-CSF. More
specifically, pSVDM-19 was digested with Kpnl and HindIII and the large
fragment used in a fourway ligation with a synthetic linker with HindIII
and Ncol sticky ends, as shown in Table XXI. An Ncol-BamHI fragment
containing exon 1 isolated from pBR322 (8500 hpG-CSF), a genomic subclone,
and a BamHI-Kpnl fragment containing exons 2-5 isolated from the plasmid 34
EP 0 237 545 B1 pBR322 (8500 hpG-CSF genomic subclone). The resulting
mammalian expression vector, pSV/ghG-CSF pro- duced 1 to 2.5 [err]/ml of
hpG-CSF from transformed COS cells. TABLE XXI 5 HindIII [err] AGCTTCCAACAC
10                                       AGGTTGTGGTAC[err] Nco I Example 10
15 This example relates to physical and biological properties orrecombinant
polypeptide products of the inven- tion. 1. Molecular Weight 20 Recombinant
hpG-CSF products of E. coil expression as in Example 7 had an apparent
molecular weight of 18.8 kD when determined in reducing SDS-PAGE (as would
be predicted from the deduced amino acid analysis of Table VII), whereas
natural isolates purified as described in Example 1 had an apparent
molecular weight of 19.6 kD. The presence of N-glycans associated with the
natural isolates could effectively be ruled 25  out on the basis of the
lack of asparagine residues in the primary sequence of hpG-CSF in Table VII
and there- fore a procedure was devised to determine if O-glycans were
responsible for molecular weight differences bet- ween natural isolates and
the non-glycosylated recombinant products. Approximately 5 [err] of the
natural isolate material was treated with neuraminidase (Calbiochem,
LaJolla, California), a 0.5 [err] sample was removed, and 



the remaining material was incubated with 4 mU O-Glycanase
(endo-x-n-acetylgalactoseaminidase, Genzyme, 30  Boston, Massachusetts) at
[err]. Aliquots were removed after 1/2,2 and 4 hours of incubation. These
samples were subjected to SDS-PAGE side by side with the E. coli derived
recombinant material. After neuraminidase treatment, the apparent
molecularweight of the isolate shifted from 19.6 kD to 19.2 kD, suggestive
of removal of a sailic acid residue. After 2 hours of treatment with
O-glycanase, the molecular weight shifted to 18.8 kD- identical to the
apparent molecular weight of the E. coli derived material. The sensitivity
of the carbohydrate 35  structure to neuraminidase and O-glycanase suggests
the following structure for the carbohydrate component: N-acetylneuraminic
acid-[err](2-6)(galactose [err] (1-3) N-acetylgalactoseamine-R, wherein R
is seine orthreonine. 2. [err]-Thymidine Uptake 40      Proliferation
induction of human bone marrow cells was assayed on the basis of increased
incorporation of 3H-thymidine. Human bone marrow from healthy donors was
subjected to a density cut with Ficoli-Hypaque (1.077 g/ml, Pharmacla) and
low density cells were suspended in iscove's medium (GIBCO) containing 10%
fetal bovine serum and glutamine pen-strep. Subsequently, 2 x 104 human
bone marrow cells were incubated with either control medium or the
recombinant E. coli material of Example 7 in 96 flat bottom well plates at
[err] 45  in 5% [err] in air for 2 days. The samples were assayed in
duplicate and the concentration varied over a 10,000 fold range. Cultures
were then pulsed for 4 hours with 0.5 [err] Ci/well of [err]-Thymidine (New
England Nuclear, Boston, Massachusetts). [err]-Thymidine uptake was
measured as described In Ventua, et al., Blood, 61, 781 (1983). In this
assay human hpG-CSF Isolates can induce [err]-Thymidine incorporation into
human bone marrow cells at levels approximately 4-10 times higherthan
control supematants. The E. coli-derived hpG-CSF material 50   of Example 6
had similar properties. A second human bone marrow cell proliferation study
was carried out using culture medium of transfected COS-1 cells as prepared
in,Example 9 and yielded similar results, indicating thatencoded
polypeptide products were indeed secreted into culture medium as active
materials. 56  3. WEHI-3B [err] Differentiation Induction Capacity of
recombinant, E. coli-derived materials to Induce differentiation of the
murine myelomonocytic leukemic cell line WEHI-3B [err] was assayed in
semi-solid agar medium as described in Metcalf, Int. J. Cancer, 35    EP 0
237 545 B1 25, 225 (1980). The recombinant hpG-CSF product and media
controls were incubated with ~60 WEHI-3B [err] cells/well at 37C. in 5%
[err] in air for 7 days. The samples were incubated in 24 flat bottom well
plates and the concentration varied over a 2000-fold range. Colonies were
classified as undifferentiated, partially differen- tiated or wholly
differentiated and colony cell counts were counted microscopically. The E.
coil recombinant 5   material was found to induce differentiation. 4.
CFU-GM, BFU-E and CFU-GEMM Assays Natural isolates of pluripotent human
G-CSF (hpG-CSF) and the recombinant pluripotent human G-CSF 



10   (rhpG-CSF) were found to cause human bone marrow cells to proliferate
and differentiate. These activities were measured in CFU-GM [Broxmeyer, et
al., Exp. Hematol., 5,87, (1971)] BFU-E and CFU-GEMM assays [Lu, et al.,
Blood, 61, 250 (1983)] using low density, non-adherent bone marrow cells
from healthy human volunteers. A comparison of CFU-GM, BFU-E and CFU-GEmm
biological activities using either 500 units of hpG-CSF or rhpG-CSF are
shown in Table XXII below. 15      All the colony assays were performed
with low density non-adherent bone marrow cells. Human bone mar- row cells
were subject to a density cutwith Ficoll-Hypaque (density, 1.077 g/[err];
Pharmacia). The low density cells were then resuspended in Iscove's
modified Dulbecco's medium containing fetal calf serum and placed
foradherence on Falcon tissue culture dishes (No. 3003, Becton Dickenson,
Cockeysville, MD.) for 1-1/2 hours at [err] 20 TABLE XXII 25
CFU-GM              BPU-E                CFU-GEMM Medium
0[err]0                  26[err]1                0[err]0 30         natural
hpG-CSF          83[err]5.4              836.7               40 rhpG-CSF
875                 81[err]0.1              6[err]2 35      Medium control
consisted of iscove's modified Dulbecco medium plus 10% FCS, 0.2 mM hemin
and 1 unit of recombinant erythropoietin. For the CFU-GM assay target cells
were plated at 1 x [err] in 1 ml of 0.3% agar culture medium that included
supplemented McCoy's 5A medium and 10% heat inactivated fetal calf serum.
Cultures were scored for col- onies (greater than 40 cells per aggregate)
and morphology assessed on day 7 of culture. The number of col- 40    onies
is shown as the mean [err] SEM as determined from quadruplicate plates. For
the BFU-E and CFU-GEMM assays, cells (1 x [err]) were added to a 1 ml
mixture of Iscove's modified Dulbecco medium (Gibco), 0.8% methylcellulose,
30% fetal calf serum 0.05 nM 2-mercaptoethanol, 0.2 mM hemin and 1 unit of
recombinant erythropoietin. Dishes were incubated in a humidified
atmosphere of 5% [err] and 5% [err]. Low oxygen tension was obtained using
an oxyreducer from Reming Bioinstruments (Syracuse, 45   N.Y.). Colonies
were scored after 14 days of incubation. The number of colonies is shown as
the mean [err]SEM, as determined from duplicate plates. Colonies formed in
the CFU-GM assay were all found to be chloracetate esterase positive and
non-specific esterase (alpha-naphthyl acetate esterase) negative,
consistent with the colonies being granulocyte in type. Both natural
hpG-CSF and rhpG-CSF were found to have a specific activity of a
approximately 1 x [err] U/mg 50  pure protein, when assayed by serial
dilution in a CFU-GM assay. The BFU-E and CFU-GEMM data in Table XXII are
representative of three separate experiments and similar to the data
reported previously for natural hpG-CSF. It is important to note that the
rhpG-CSF is extremely pure and free of other potential mammalian growth
factors by virtue of its production in E. coli. Thus rhpG-CSF is capable of
supporting mixed colony for- mation (CFU-GEMM) and BFU-E when added in the
presence of recombinant erythropoietin. 55 



5. Cell Binding Assays It was previously reported that WEHI-3B[err] cells
and human leukemic cells from newly diagnosed 36    EP 0 237 545 B1
leukemias will bind [err]-labeled murine G-CSF and that this binding can be
complete for by addition of unlabeled G-CSF or human CSF-[err]. The ability
of natural hpG-CSF and rhpG-CSF to compete for binding of [err]-hpG-CSF to
human and murine leukemic cells was tested. Highly purified natural hpG-CSF
(>95% pure; 1 [err]) was iodi- nated [Tejedor, et al., Anal.Biochem., 127,
143 (1982)] was separated from reactants by gel filtration and ion 5
exchange chromatography. The specific activity of the natural 1251-hpG-CSF
was approximately [err]Ci/[err] protein. Murine WEHI-3B[err] and two human
peripheral blood myeloid leukemic cell preparations (ANLL, one classified
as M4, the other as M5B) were tested for their ability to bind
[err]-hpG-CSF. The murine and freshly obtained human peripheral blood
myeloid leukemic cells were washed three times with PBS/1% BSA.
WEHI-3B[err] cells (5 x 106) or fresh leukemic cells (3 x [err]) were
incubated in duplicate 10  in PBS/1% BSA (100 [err]) in the absence or
presence of various concentrations (volume: 10 [err]) of unlabeled hpG-CSF,
rhpG-CSF or GM-CSF and in the presence of [err]-hpG-CSF (approx. 100,000
cpm or 1 ng) at [err]. for 90 min. (total volume: 120 [err]). Cells were
then resuspended and layered over 200 [err] ice cold FCS in a 350 [err]
plastic centrifuge tube and centrifuged (1000 g; 1 min.). The pellet was
collected by cutting off the end of the tube and pellet and supernatant
counted separately in a gamma counter (Packard). 15      Specific binding
(cpm) was determined as total binding in the absence of a competitor (mean
of duplicates) minus binding (cpm) in the presence of 100-fold excess of
unlabeled hpG-CSF (non-specific binding). The non- specific binding was
maximally 2503 cpm for WEHI-3B[err] cells, 1072 cpm for ANLL (M4) cells and
1125 cpm for ANLL (M5B) cells. Experiments one and two were run on separate
days using the same preparation of [err]- hpG-CSF and display internal
consistency in the percent inhibition noted for 2000 units of hpG-CSF. Data
20  obtained are reported in Table XXIII below. 25 30 35 40 45 50 55 37    



EP 0 237 545 B1 [ERR] 15 38    EP 0 237 545 B1 As shown in Table XXIII,
[err]-hpG-CSF demonstrated binding to the WEHI-3B[err] leukemic cells. The
bind- ing was inhibited in a dose dependent manner by unlabeled natural
hpG-CSF or rhpG-CSF, but not by GM-CSF. In addition, binding of natural
hpG-CSF to human myelomonocytic leukemic cells (ANLL, M4) was observed. The
binding to these cells is paralleled in response to natural hpG-CSF in
liquid cultures by differentiation into 5   mature macrophages as judged by
morphology. The absence of binding of natural [err]-hpG-CSF to monocytic
leukemic cells from another patient (ANLL, M5B) suggests that certain
leukemias may differentially express or lack receptors for hpG-CSF. The
ability of rhpG-CSF to compete for the binding of natural [err]-hpG-CSF,
similar to natural hpG-CSF, suggests that the receptors recognize both
forms equally well. These studies demonstrating the binding of natural
[err]-labeled hpG-CSF to leukemic cells are paralleled 10  in culture by
the ability of natural hpG-CSF to induce granulocytic and monocytic
differentiation of light density bond marrow cells obtained from one
patient with an acute promyelocytic leukemia (M3) and a second patient with
an acute myeloblastic leukemia (M2). Cells from each patient were cultured
for four days in medium alone or in the presence of 1 x [err] units of
rhpG-CSF. Cells from the M3 control cultures incubated in medium alone were
still promyelocyte in type; while cells cultured in the presence of
rhpG-CSF showed mature cells of the 15   myeloid type including a
metamyelocyte, giant band form and segmented meutrophilis and monocyte. The
actual differentials for this patient, on 100 cells evaluated for the
control, 100% promyelocytes, and forthe rhpG- CSF treated cells, 22% blasts
plus promyelocytes, 7% myelocytes, 35% metamyelocytes, 20% band forms plus
segmented neutrophils, 14% monocytes and 2% macrophages. Of note Is the
fact that one of the polymor- phonuclear granulocytes still contained a
prominent auer rod, suggesting that at least this cell represented a 20
differentiated cell belonging to the leukemic clone. Cells from the second
patient with a myeloblastic leukemia (M2) were also cultured for four days
in the presence of absence of rhpG-CSF. Visual analysis of M2 cells cul-
tured in medium alone revealed large "blast-like" cells, some of which had
nucleoli. Some of the M2 cells, when treated with rhpG-CSF, differentiated
to mature segmented neutrophils displaying residual auer rods in the center
neutrophil suggesting differentiation occurring in a cell belonging to the
leukemic clone. The actual dif- 25  ferentiation of 100 cells evaluated
morphologically revealed that control cells consisted of 100% blasts. The
rhpG-CSF treated cells consisted of 43% blasts, 1% myelocytes, 15%
metamyelocytes, 28% band forms plus segmented neutrophils, 2% promonocytes
and 11% monocytes. The leukemic cells were also examined for
differentiation at four other concentrations of rhpG-CSF (5 x [err], 1 x
[err], 2.5 x [err] and 5 x [err] U/ml, data not shown). Even atthe lowest
concentration of rhpG-CSF tested (5 x [err] U/ml), there was significant
differentiation 30  (cells differentiated beyond myelocytes) of the M3
(50%) and M2 (37%) leukemic cells. 



6. Immunoassay To prepare polyclonal antibodies for Immunoassay use the
antigen employed was pluripotent G-CSF puri- 35    fied from the human
bladder carcinoma cell line 5637 (1A6) as prepared in Example 1 (B). This
material was judged to be 85% pure based on silver nitrate staining of
polyacrylamide gels. Six week-old Balb/C mice were immunized with
multiple-site subcutaneous injections of antigen. The antigen was
resuspended in PBS and emulsified with equal volumes of Freund's complete
adjuvant. The dose was 5 to 7 [err] of antigen per mouse per injection. A
booster immunization was administered 18 days later with the same amount of
antigen emul- 40 sified with an equal volume of Freund's incomplete
adjuvant. 4 days later mouse serum was taken to test for the antibody
specific to human pluripotent G-CSF. Dynatech Immulon 11 Removawell strips
in holders (Dynateck Lab., Inc., Alexandria, Virginia) were coated with
hpG-CSF 5 [err]/ml in 50 mM carbonate-bicarbonate buffer, pH 9.2. Wells
were coated with 0.25 [err] in a volume of 50 [err]. Antigen coated plates
were Incubated 2 hours at room temperature and overnight at [err]. The 45
solution was decanted and the plates were incubated 30 minutes with PBS
containing 5% BSA to block the reactive surface. This solution was decanted
and the diluted preimmune or test sera were added to the wells and
incubated for 2 hours at room temperature. Sera were diluted with PBS, pH
7.0 containing 1% BSA. The serum solution was decanted and plates were
washed three times with Wash Solution (KPL, Gaithersburg, Maryland).
Approximately 200,000 cpm of iodinated rabbit anti-mouse lgG (NEN, Boston,
Massachusetts) in 50    50 [err] PBS, pH 7.0 containing 1% BSAwas added to
each well. After incubating 1-1/2 hours atroom temperature, the solution
was decanted and plates were washed 5 times with Wash Solution. Wells were
removed from hol- der and counted in a Beckman 5500 gamma counter.
High-titered mouse sera showed greater than 12-fold higher reactivity than
the corresponding preimmune sera at a dilution of 1: 100. The immunological
properties of E. coil-derived hpG-CSF were determined by reactivity to
high-titered 55   mouse serum specific to mammalian-cell derived hpG-CSF.
0.25 [err] of 90% pure E. ooli-derived protein was coated to Immulon II
Removawells in a volume of 50 [err] and mouse serum was assayed as
described above. High-titered mouse sera showed a 24-fold higher reactivity
to the E. coli-derived material than did the cor- responding preimmune sera
at a dilution of 1: 100. 39    EP 0 237 545 B1 7. Serine Analog Bioassays
[err]hpG-CSF, [err]hpG-CSF, [err]hpG-CSF, [err]hpG-CSF, and [err]hpG-CSF
products prep- ared according to Example 9 were assay for hpG-CSF activity
in the [err]-thymidine uptake, CFU-GM, and 5    WEHI3B [err] assays. In
each assay, the [err] analog had activity comparable to that of recombinant
molecules having the native structure. The remaining analogs had on the
order of 100-fold lesser activity in the [err]-thymi- dine uptake assay,
250-fold lesser activity in the CFU-GM assay, and 500-fold lesser activity
in the WEHI-3B [err] assay. This data is supportive of the proposition that
cysteines at positions 36,42,64 and 74 may be needed 



for full biological activity. 10 8. In vivo Bioassay Alzet[err] osmotic
pumps (Alzet Corp., Palo Alto, CA; Model 2001) were connected to indwelling
right jugular vein catheters and implanted subcutaneously in seven male
Syrian golden hamster. Four of the pumps con- 15  tained a buffer (20 mM
sodium acetate (pH 5.4) and 37 mM sodium chloride] and 1.5 mg/ml E.
coli-derived hpG-CSF while 3 contained buffer alone. The claimed pumping
rate for the osmotic pumps was 1 microliter/hr. for up to seven days. At
the third day after implantation of the pumps, the mean granulocyte count
of the four treated hamsters was six-fold higher than that of the three
(buffer) controls and the increased granulocyte count was reflected in a
four-fold increase in total lymphocytes. Erythrocyte count was unchanged by
treatment. 20   These results indicate that the recombinant material
produces a specific enhancement of production and/or release of
granulocytes in a mammal. The present invention embraces hpG-CSF products
such as polypeptide analogs of hpG-CSF and frag- ments of hpG-CSF.
Following the procedures of the above-noted published application by Alton,
et al. (WO/83/04053) one may readily design and manufacture genes coding
for microbial expression of polypeptides 25  having primary conformations
which differ from that herein specified for in terms of the identity or
location of one or more residues (e.g., substitutions, terminal and
intermediate additions and deletions). Alternately, mod- ifications of cDNA
and genomic genes may be readily accomplished by well-known site-directed
mutagenesis techniques and employed to generate analogs and derivatives of.
Such products would share at least one of the biological properties of
hpG-CSF but may differ in others. As examples, projected products of the
invention 30 include those which are foreshortened by e.g., deletions; or
those which are more stable to hydrolysis (and, therefore, may have more
pronounced or longer lasting effects than naturally-occurring) ; or which
have been altered to delete one or more a potential sites for
o-glycosylation (which may result in higher activities for yeast- produced
products) ; or which have one or more cysteine residues deleted orreplaced
by, e.g., alanine orserine residues and are potentially more easily
isolated in active form from micrbial systems; or which have one or 35
more tyrosine residues replaced by phenylalanine and may bind more or less
readily to hpG-CSF receptors on target cells. Also comprehended are
polypeptide fragments Duplicating only a part of the continuous amino acid
sequence or secondary conformations within hpG-CSF, which fragments may
possess one activity of (e.g., receptor binding) and not others (e.g.,
colony growth stimulating activity). It is noteworthy that activity Is not
necessary for any one or more of the products of the invention to have
therapeutic utility (see, Welland, et al., 40   Blut, 44, 173-175 (1982)]
or utility in other contexts, such as in assays of hpG-CSF antagonism.
Competitive antagonists may be quite useful in, for example, cases of
overproduction of hpG-CSF. According to another aspect of the present
invention, the DNA sequence described herein which encodes hpG-CSF
polypeptides is valuable for the information which it provides concerning
the amino acid sequence of the mammalian protein which has heretofore been
unavailable despite analytical processing of isolates of 45
naturally-occurring products. The DNA sequences are also conspicuously
valuable as products useful in effect- ing the large scale microbial
synthesis of hpG-CSF by a variety of recombinant techniques. Put another
way, DNA sequences provided by the invention are useful in generating new
and useful viral and circular plasmid 



DNA vectors, new and useful transformed and transfected microbial
procaryotic and eucaryotic host cells (including bacterial and yeast cells
and mammalian cells grown in culture), and new and useful methods for 50
cultured growth of such microbial host cells capable of expression of
hpG-CSF and its related products. DNA sequences of the invention are also
conspicuously suitable materials for use as labelled probes in iolating
hpG- CSF and related protein encoding human genomic DNA as well as cDNA and
genomic DNA sequences of other mammalian species. DNA sequences may also be
useful in various alternative methods of protein synthesis (e.g., in insect
cells) or in genetic therapy in humans and other mammals. DNA sequences of
the invention are 55   expected to be useful in developing transgenic
mammalian species which may serve as eucaryotic "hosts" for production of
hpG-CSF and hpG-CSF products in quantity. See, generally, Palmiter, etal.,
Science, 222(4625), 809-814 (1983). Of applicability to hpG-CSF fragments
and polypeptide analogs of the invention are reports of the 40    EP 0 237
545 B1 immunological activity of synthetic peptides which substantially
duplicate the amino acid sequence extant in naturally-occurring proteins,
glycoproteins and nucleoproteins. More specifically, relatively low
molecular weight polypeptides have been shown to participate in immune
reactions which are similar in duration and extent to the immune reactions
of physiologically significant proteins such as viral antigens, polypeptide
hor- 5   mones, and the like. Included among the immune reactions of such
polypeptides is the provocation of the for- mation of specific antibodies
in immunologically active animals. See, e.g., Lemer, et al., Cell, 23,
309-310. (1981) ; Ross, et al., Nature, 294, 654-656 (1981) ; Walter, et
al., Proc. Natl. Acad. Sci. (USA), 77, 5197-5200 (1980); Lemer, et al.,
Proc. Natl. Acad. Sci. (USA), 78, 3403-3407(1981); Walter, et al., Proc.
Natl. Acad. Sci. (USA), 78, 4882-4886 (1981); Wong, et al., Proc. Natl.
Acad. Sci. (USA), 78, 7412-7416 (1981) ; Green, et al., 10  Cell, 28,
477-487 (1982); Nigg, et al., Proc. Natl. Acad. Sci. (USA), 79, 5322-5326
(1982) ; Baron, et al., Cell, 28,395-404(1982); Dreesman, etal., Nature,
295,185-160(1982); and Lemer, Scientific American, 248, No.
2,66-74(1983).See,also, Kaiser, etal., Science,223,249-255(1984)relatingto
biological and immunological activities of synthetic peptides which
approximately share secondary structures of peptide hormones but may not
share their primary structural conformation. 15     While the present
invention has been described in terms of preferred embodiments, it is
understood that variations and modifications will occur to those skilled in
the art. Therefore, it is intended that the appended claims cover all such
equivalent variations which come within the scope of the invention as
claimed. 20  Claims Claims for the Contracting States BE. CH. DE. FR. GB.
IT. Ll. LU. NL. SE 1. A polypeptide which: 25     a) has part or all of the
primary structure and one or more of the biological properties typical of
naturally- occurring human pluripotent granulocyte colony-stimulating
factor (hpG-CSF) of the sequence set forth in 



Table VII, b) is a non-naturally occurring polypeptide ; and c) is the
product of procaryotic or eucaryotic expression of an exogenous DNA
sequence. 30     2. A polypeptide according to Claim 1 wherein the
exogenous DNA sequence is a cDNA sequence. 3. A polypeptide according to
Claim 1 wherein the exogenous DNA sequence is a genomic DNA sequence. 4. A
polypeptide according to Claim 1 wherein the exogenous DNA sequence is
carried on an autonomously replicating DNA plasmid or viral vector. 5. A
polypeptide according to Claim 1 further characterized by being covalently
associated with a detectable 35  label substance. 6. A polypeptide
according to Claim 5 wherein said detectable label is a radiolabel. 7. A
DNA sequence which codes upon expression in a procaryotic or eucaryotic
host cell for a polypeptide product having at least a part of the primary
structure and one or more of the biological properties of natural-
ly-occurring pluripotent granulocyte colony-stimulating factor, said DNA
sequence being selected from among: 40     (a) the DNA sequence set out in
Table VII or the complementary stands thereof; (b) DNA sequences which
hybridize to the DNA sequences defined in (a) or fragments thereof; and (c)
DNA sequences which, but for the degeneracy of the genetic code, would
hybridize to the DNA sequ- ences defined in (a) or (b) and which sequences
code for a polypeptide having the same amino acid sequ- ence. 45      8.A
procaryotic or eucaryotio host celi transformed or transfected with a DNA
sequence according to Claim 7 in a manner allowing the host cell to express
said polypeptide product. 9. A host cell according to Claim 8 wherein the
host is E. coli. 10. A host cell according to Claim 8 wherein the host cell
is a mammalian cell. 11. A non-naturally occurring polypeptide product of
the expression of a DNA sequence of Claim 7 In a so  procaryotic or
eucaryotic host. 12. A cDNA sequence according to Claim 7. 13. A genomic
DNA sequence according to Claim 7. 14. A DNA sequence according to Claim 7
and including one or more codons preferred for expression in E. coil cells.
55      15. A DNA sequence according to Claim 7 and coding for expression
of human pluripotent granulocyte col- onystimulating factor. 16. A DNA
sequence according to Claim 15 and including one or more codons preferred
for expression in yeast cells. 41    EP 0 237 545 B1 immunological activity
of synthetic peptides which substantially duplicate the amino acid sequence
extant in 



naturally-occurring proteins, glycoproteins and nucleoproteins. More
specifically, relatively low molecular weight polypeptides have been shown
to participate in immune reactions which are similar in duration and extent
to the immune reactions of physiologically significant proteins such as
viral antigens, polypeptide hor- 5   mones, and the like. Included among
the immune reactions of such polypeptides is the provocation of the for-
mation of specific antibodies in immunologically active animals. See, e.g.,
Lemer, et al., Cell, 23, 309-310 (1981); Ross, et al., Nature, 294,
654-656(1981); Walter, et al., Proc. Natl. Acad. Sci. (USA), 77, 5197-5200
(1980) ;Lemer, etal., Proc. Natl.Acad. Sci. (USA),78,3403-3407(1981)
;Walter,et al., Proc.Natl.Acad.Sci. (USA), 78, 48824886(1981); Wong, et
al., Proc. Natl. Acad. Sci. (USA), 78,7412-7416(1981); Green, et al., to
Cell, 28, 477 487 (1982); Nigg, et al., Proc. Natl. Acad. Sci. (USA), 79,
5322-5326 (1982) ; Baron, et al., Cell, 28, 395-404 (1982); Dreesman, et
al., Nature, 295,185-160 (1982); and Lemer, Scientific American, 248, No.
2, 66-74 (1983). See, also, Kaiser, et al., Science, 223,249-255 (1984)
relating to biological and immunological activities of synthetic peptides
which approximately share secondary structures of peptide hormones but may
not share their primary structural conformation. 15      While the present
invention has been described in terms of preferred embodiments, it is
understood that variations and modifications will occur to those skilled in
the art Therefore, it Is intended that the appended claims cover all such
equivalent variations which come within the scope of the invention as
claimed. 20   Claims Claims for the Contracting States BE. CH. DE. FR. GB.
IT. Ll. LU. NL. SE 1. A polypeptide which: 25      a) has part or all of
the primary structure and one or more of the biological properties typical
of naturally- occurring human pluripotent granulocyte colony-stimulating
factor (hpG-CSF) of the sequence set forth in Table VII, b) is a
non-naturally occurring polypeptide ; and c) is the product of procaryotic
or eucaryotic expression of an exogenous DNA sequence. 30      2. A
polypeptide according to Claim 1 wherein the exogenous DNA sequence is a
cDNA sequence. 3. A polypeptide according to Claim 1 wherein the exogenous
DNA sequence is a genomic DNA sequence. 4. A polypeptide according to Claim
1 wherein the exogenous DNA sequence is carried on an autonomously
replicating DNA plasmid or viral vector. 5. A polypeptide according to
Claim 1 further characterized by being covalently associated with a
detectable 35  label substance. 6. A polypeptide according to Claim 5
wherein said detectable label is a radiolabel. 7. A DNA sequence which
codes upon expression in a procaryotic or eucaryotic host cell for a
polypeptide product having at least a part of the primary structure and one
or more of the biological properties of natural- ly-occurring pluripotent
granulocyte colony-stimulating factor, said DNA sequence being selected
from among: 40      (a) the DNA sequence set out in Table VII or the
complementary stands thereof; (b) DNA sequences which hybridize to the DNA
sequences defined in (a) or fragments thereof; and (c) DNA sequences which,
but for the degeneracy of the genetic code, would hybridize to the DNA
sequ- ences defined in (a) or (b) and which sequences code for a
polypeptide having the same amino acid sequ- 



ence. 45      8. A procaryotic or eucaryotic host cell transformed or
transfected with a DNA sequence according to Claim 7 in a manner allowing
the host cell to express said polypeptide product. 9. A host cell according
to Claim 8 wherein the host is E. coli. 10. A host cell according to Claim
8 wherein the host cell is a mammalian cell. 11. A non-naturally occurring
polypeptide product of the expression of a DNA sequence of Claim 7 In a so
procaryotic or eucaryotic host. 12. A cDNA sequence according to Claim 7.
13. A genomic DNA sequence according to Claim 7. 14. A DNA sequence
according to Claim 7 and including one or more codons preferred for
expression in E. coli cells. 55      15. A DNA sequence according to Claim
7 and coding for expression of human pluripotent granulocyte col-
onystimulating factor. 16. A DNA sequence according to Claim 15 and
including one or more codons preferred for expression in yeast cells. 41
EP 0 237 545 B1 17. A DNA sequence according to Claim 12 or 13 coding for
expression of human pluripotent granulocyte colony-stimulating factor. 18.
A DNA sequence according to Claim 7 covalently associated with a detectable
label substance. 19. A DNA sequence according to Claim 18 wherein the
detectable label is a radlolabel. 5      20. A single-stranded DNA sequence
according to Claim 18. 21. A DNA sequence coding for [err] hpG-CSF. 22. A
biologically functional plasmid or viral DNA vector including a DNA
sequence according to Claim 7. 23. A procaryotic or eucaryotic host cell
stably transformed or transfected with a DNA vector according to Claim 22.
10      24. A process forthe production of a polypeptide having partorall
of the primary structure and one ormore of the biological properties of
naturally occurring pluripotent granulocyte colony-stimulating factor,
which pro- cess is characterized by culturing under suitable nutrient
conditions, procaryotic or eucaryotic host cells trans- formed or
transfected with a DNA sequence according to Claim 7 in a manner allowing
the host cell to express said polypeptide, and isolating desired
polypeptide products of the expression of DNA sequence. 15     25. A
process for the production of a polypeptide having the primary structure of
human pluripotent granulo- cyte colony-stimulating factor, which process is
characterized by culturing under suitable nutrient conditions, procaryotic
or eucaryotic host cells transformed or transfected with a DNA sequence set
forth in Table VII in a manner allowing the host cells to express said
polypeptide, and isolating desired polypeptide products of the 



expression of the DNA sequence. 20      26. A pharmaceutical composition
comprising an effective amount of a polypeptide according to Claim 1 and/or
produced by the process of Claim 24 or 25 and a pharmaceutically acceptable
diluent, adjuvantor carrier. 27. A pharmaceutical composition according to
Claim 26 further characterized by being free of association with any human
protein. 28. Use of a polypeptide according to Claim 1 for the manufacture
of a medicament for providing 25  hematopoletic therapy to a mammal. 29.
Use of a polypeptide according to Claim 1 for the manufacture of a
medicamentfor arresting proliferation of leukemic cells. 30. A DNA sequence
coding for a polypeptide analog of hpG-CSF having one or more cysteine
residues deleted or replaced by alanine or serine residues. 30      31. A
non-naturally occurring polypeptide product of the expression in a
procaryotic or eucaryotic host cell of a DNA sequence according to Claim
30. 32. A biologically functional plasmid or viral DNA vector including a
DNA sequence according to Claim 30. 33. A procaryotic or eucaryotic host
cell stably transformed or transfected with a DNA vector according to Claim
32. 35      34. A polypeptide according to Claim 1 preceded by a methionine
residue. 35. A polypeptide having the hematopoietic biological properties
of naturally occurring pluripotent granulo- cyte colony-stimulating factor,
said polypeptide having an amino acid sequence selected from the
polypeptide sequence set forth in Table VII, or any allelic variants,
derivatives, deletion analogs, substitution analogs, or addition analogs
thereof, and characterized by being non-naturally occurring and by being
the product of pro- 40  caryotic or eucaryotic expression of an exogenous
DNA sequence. 36. A non-naturally occurring polypeptide consisting only of
the amino acid sequence 1-174 set forth in Table VII. 37. A pharmaceutical
composition comprising an effective amount of the polypeptide according to
Claim 34 or 36 and a pharmaceutically acceptable diluent, adjuvant or
carrier. 45 Claims for the Contracting State AT 1. A process for the
production of a polypeptide having part or all of the primary structure and
one or more of the biological properties of naturally occurring pluripotent
granulocyte colony-stimulating factor, which pro- 50  cess is characterized
by culturing, under suitable nutrient conditions, procaryotic or eucaryotic
host cells trans- formed or transfected with an exogenous DNA sequence in a
manner allowing the host cell to express the polypeptide, and isolating
desired polypeptide having the sequence set forth in Table VII and
characterized by being a non-naturally occurring polypeptide. 2. A process
according to Claim 1 wherein the exogenous DNA sequence is a cDNA sequence.
55      3. A process according to Claim 1 wherein the exogenous DNA
sequence is a genomic DNA sequence. 4. A process according to Claim 1
wherein the exogenous DNA sequence is carried on an autonomously
replicating DNA plasmid or viral vector. 



5. A process according to Claim 1 wherein the polypeptide is covalently
associated with a detectable label 42    EP 0 237 545 B1 substance. 6. A
process according to Claim 5 wherein said detectable label is a radiolabel.
7. A process according to Claim 1 wherein the exogenous DNA sequence codes
upon expression in a pro- caryotic or eucaryotic host cell for a
polypeptide product having at least a part of the primary structure and one
5   or more of the biological properties of naturally-occurring pluripotent
granulocyte colonysimulating factor, said DNA sequence being selected from
among: (a) the DNA sequence set out in Table VII or the complementary
stands thereof; (b) DNA sequences which hybridize to the DNA sequences
defined in (a) or fragments thereof; and (c) DNA sequences which, but for
the degeneracy of the genetic code, would hybridize to the DNA sequ- 10
ences defined in (a) or (b) and which sequences code for a polypeptide
having the same amino acid sequ- ence. 8. A process according to Claim 1,
using a procaryotic or eucaryotic host cell transformed or transfected with
a DNA sequence as set out in Claim 7 in a manner allowing the host cell to
express said polypeptide pro- duct. 15      9. A process according to Claim
8 wherein the host is E. coli. 10. A process according to Claim 8 wherein
the host cell is a mammalian cell. 11. A cDNA sequence as set out in Claim
7. 12. A genomic DNA sequence as set out in Claim 7. 13. A DNA sequence as
set out in Claim 7 and including one or more codons preferred for
expression in 20   E. coil cells. 14. A DNA sequence as set out in Claim 7
and coding for expression of human pluripotent granulocyte
colony-stimulating factor. 15. A DNA sequence according to Claim 14 and
including one or more codons preferred for expression in yeast cells. 25
16. A DNA sequence according to Claim 11 or 12 and coding for expression of
a human pluripotent granulo- cyte colony-stimulating factor-coding. 17. A
DNA sequence as set out in Claim 7 covalently associated with a detectable
label substance. 18. A DNA sequence according to Claim 17 wherein the
detectable label is a radiolabel. 19. A single-stranded DNA sequence
according to Claim 17. 30      20. A DNA sequence coding for [err] hpG-CSF.
21. A biologically functional plasmid or viral DNA vector including a DNA
sequence as set out in Claim 7. 22. A procaryotic or eucaryotic host cell
stably transformed or transfected with a DNA vector according to 



Claim 21. 23. A process for the production of a polypeptide having the
primary structure of human pluripotent granulo- 35  cyte colony-stimulating
factor, which process is characterized by culturing under suitable nutrient
conditions, procaryolic or eucaryotic host cells transformed or transfected
with a DNA sequence set forth in Table VII in a manner allowing the host
cells to express said polypeptide, and isolating desired polypeptide
products of the expression of the DNA sequence. 24. A process of producing
a pharmaceutical composition which process Incorporating an effective
amount 40  of a polypeptide produced by the process according to Claim 1
and/or Claim 23 in a pharmaceutically accept- able diluent, adjuvant or
carrier. 25. A process according to Claim 24 wherein the polypeptide is
free of association with any human protein. 26. Use of a polypeptide having
part or all of the primary structure and one ormore of the biological
proper- ties of naturally occurring pluripotent granulocyte
colony-stimulating factor, which process is characterized by 45  culturing,
under suitable nutrient conditions, procaryotic or eucaryotic host cells
transformed or transfected with an exogenous DNA sequence in a manner
allowing the host cell to express the polypeptide, and isolating des- ired
polypeptide having the sequence setforth in Table VII and characterized by
being a non-naturally occurring polypeptide, for the manufacture of a
medicament for providing hematopoietic therapy to a mammal. 27. Use of a
polypeptide having part or all of the primary structure and one ormore of
the biological proper- 50  ties of naturally occurring pluripotent
granulocyte colony-stimulating factor, which process is characterized by
culturing, under suitable nutrient conditions, procaryotic or eucaryotic
host cells transformed or transfected with an exogenous DNA sequence in a
manner allowing the host cell to express the polypeptide, and isolating
des- ired polypeptide having the sequence setforth in Table VII and
characterized by being a non-naturally occurring polypeptide, for the
manufacture of a medicament for arresting proliferation of leukemic cells.
55      28. A DNA sequence coding for a polypeptide analog of hpG-CSF
having one or more cysteine residues deleted or replaced by alanine or
serine residues. 29. A non-naturally occurring polypeptide product of the
expression in a procaryotic or eucaryotic host cell of a DNA sequence
according to Claim 28. 43    30. A biologically functional plasmid or viral
DNA vector including a DNA sequence according to Claim 30. 31. A
procaryotic or eucaryotic host cell stably transformed or transfected with
a DNA vector according to Claim 30. 32. A polypeptide produced according to
the process of claim 1 which is preceded by a methomine residue. 5      33.
A polypeptide having the hematopoietic biological properties of naturally
occurring pluripotent granulo- cyte colony stimulating factor, said
polypeptide having an amino acid sequence selected from the polypeptide
sequence set forth in Table VII, or any allelic variants, derivatives,
deletion analogs, substitution analogs, or addition analogs thereof, and
characterized by being non-naturally occurring and by being the product of
pro- 



caryotic or eucaryotic expression of an exogenous DNA sequence. 10     34.
A non-naturally occurring polypeptide consisting only of the amino acid
sequence 1-174 set forth in Table VII. 35. A pharmaceutical composition
comprising an effective amount of the polypeptide having only the sequ-
ence 1-174 set forth in Table VII, and a pharmaceutically acceptable
diluent, adjuvant or carrier. 36. A process of producing a pharmaceutical
composition which process comprises incorporating an effec- 15  tive amount
of the polyeptide having only the sequence 1-174 setforth in Table VII in a
pharmaceutically accept- able diluent, adjuvant or carrier. AnsprUche i..-
20 Fur die Vertragsstaaten BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 1.
Polypeptid, welches: a) einen Tell oder die Gesamtheit der Prlmarstruktur
und eine oder mehrere der typischen biologischen 25      Eigenschaften von
natOrlich auftretendem menschlichem pluripotente Granulozytkolonien
erregendem faktor (hpG-CSF) der in Tabelle VII dargestellten Sequenz
besizt, b) ein nicht-natUdich auftretendes Polypeptid ist; und c) das
Produkt prokaryontischer oder eukaryontischer Expression elner exogenen
DNA-Sequenz ist. 2. Polypeptid nach Anspruch 1, dadurch gekennzeichnet,
dall die exogene DNA-Sequenz eine cDNA-Se- 30 quenz ist. 3. Polypeptid nach
Anspruch 1, dadurch gekennzeichnet, dag die exogene DNA-Sequenz eine
genomi- sche DNA-Sequenz ist. 4. Polypeptid nach Anspruch 1, dadurch
gekennzeichnet, daB die exogene DNA-Sequenz auf einem auto- nom
replizierenden DNA-Plasmid- oderviralen Vektor vorliegt. 35      5.
Polypeptid nach Anspruch 1, dadurch gekennzeichnet, dall es kovalent mit
einer nachweisbaren Mar- kierungssubstanz verknipft ilt. 6. Polypeptid nach
Anspruch 5, dadurch gekennzeichnet, dell besagte nachweisbare Markierung
eine radioaktive Markierung ist 7. DNA-Sequenz, die be! Expression in einer
prokaryontischen odor eukaryontlschen Wirtszelle fir ein 40
Polypeptidprodukt kodiert, das wenigstens einen Tell der Primirstruktur und
sine oder mehrere der biologl- schen Eigenschaften von natidich
auftretendem pluripotente Granulozyikolonien erregendem Faktor besitzt,
wobei besagte DNA-Sequenz ausgewhIlt ist aus: a) der DNA-Sequenz, die In
Tabelle Vill dargestellt lst, oder den komplementiren Strangen derselben;
b) DNSA-Sequenzen, die zu den In (a) defnierten DNA-Sequenzen odor
Fragmenten derselben hybridisie- 45     ren; und c) DNA-Sequenzen, die,
ohne die Degeneration des genetischen Codes, zu den in (a) oder (b)
definierten DNA-Sequenzen hybridisleren wfirden und die fMr ein Polypeptid
mit derselben Aminosuuresequenz kodle- ren. 8. Prokaryontische oder
eukaryontische Wirtszelle, die mit einer DNA-Sequenz nach Anspruch 7 in
einer 



so  Weise transformiert odertransfizlert Ist, die es derWirtszelle erlaubt,
besagtes Polypeptidproduktzu exprimie- ren. 9. Wirtszelle nach Anspruch 8,
dadurch gekennzeichnet, dali der Wirt E. coil ist. 10. Wirtszelle nach
Anspruch 8, dadurch gekennzeichnet, daR die Wirtszelle eine Siugetierzelle
ist 11. Nicht-natirdich auftretendes Polypeptidprodukt der Expression elner
DNA-Sequenz nach Anspruch 7 55  in einemn prokaryontischen odor
eukaryontischen Wirt. 12. cDNA-Sequenz nach Anspruch 7. 13. Genomische
DNA-Sequenz nach Anspruch 7. 14. DNA-Sequenz nach Anspruch 7, die ein oder
mehrere ffir die Expression In E. coll-Zellen bevorzugte 44    *C  L  M
S* Codons einschlieLt. 15. DNA-Sequenz nach Anspruch 7, die fOr die
Expression von menschllchem pluripotente Granulozytko- lonhen erregendem
Faktor kodiert. 16. DNA-Sequenz nach Anspruch 15, die ein oder mehrere fMr
die Expression In Hefezellen bevorzugte 5   Codons einschileft. 17.
DNA-Sequenz nach Anspruch 12 oder 13, die ur die Expression von
menschlichem pluipotente Gra- nulozytkolonien erregendem Faktor kodiert.
18. DNA-Sequenz nach Anspruch 7, kovalent verknipft mit einer nachwelsbaren
Markierungssubstanz. 19. DNA-Sequenz nach Anspruch 18, dadurch
gekennzeichnet, daS die nschweisbaren Markierung eine 1O radioaktive
Marixerung ist. 20. Einzelstrangige DNA-Sequenz nach Anspruch 18. 21.
DNA-Sequenz, die fOr (MAa') hpG-CSF kodiert. 22. Blologisch funktionaler
Plasmid- oderviraler DNA-Vektor, der sine DNA-Sequenz nach Anspruch 7 ein-
schlIeBt. 15      23. Prokaryontische oder eukaryontische Wirlszelle,
stabil transformniert oder transfiziert mit elnem DNA- Vektor nach Anspruch
22. 24. Verfahren zur Herstellung sines Polypeptids, das einen Tell oder
die Gesamthelt der Primirstruktur und emne oder mehrere der blologischen
Elgenschaften von natulrlich auftretndern pluripotente Granulozytko- lonien
erregendem Faktor besltzt, wobei dieses Verfahren gekennzeichnet Ist durch
Kultivieren von prokary- 20  ontischen oder eukaryontischen Wktszellen, die
mit elner DNA-Sequenz nach Anspruch 7 In einer Weise transformnlert oder
transfiziert sind, die es der Wirtszelle eriaubt, besagtes Polypeptid zu
exprimieren, unter geelgneten NAhrstoffbedingungen und Isolieren besagter
Polypeptidprodukte der Expression der DNA-Se- quenz. 25. Verfahren zur
Herstillung slnes Polypeptid, das die Primarstruklur des menschlichen
pluripotente Gra- 



25  nulozytkolonien erregenden Faktors besitzt, wobel dieses Verfahren
gekennzeichnet it durch Kultivieren von prokaryontischen oder
sukaryontischen Wirtszellen, die mit elner DNA-Sequenz, wie sie in Tabelle
VII darge- stellt ist, in miner Welse transfoninlert odor transffziert
sind, die es den Wirtszellen erlaubt, besagtes Polypeptid zu exprimleren
unter geeigneten Nahrstoftbedingungen und lisolleren der gewLinschbten
Polypeptidprodukte der Expression der DNA-Sequenz. 30      26.
Pharmazeutische Zusammensetzung, die eine wirksame Menge eines Polypeptids
nach Anspruch I und/oder hergestellt nach din Verfahren von Anspruch 24
oder 25 und ein pharmazeutisch akzeptables Streckmittel, Adjuvans
oderTragernittel umfalt. 27. Pharmazeutische Zusammensetzung nach Anspruch
26, dadurch gekennzeichnet, daB sie von Ver- knripfung mit irgendelnem
menschlichen Protein frel ist. 35      28. Verwendung mines Polypeptids
nach Anspruch I fir die Heratellung eines Arznilmittels fOr die hema-
topoetische Therapie mines Saugetler. 29. Verwendung sines Podypeptids nach
Anspruch 1 fr dlie Herstellung mines Arznelmittels, um die Proli- feration
von Leukimiezellen zum Stillstand zu bringen. ;>            30.
DNA-Sequenz, de fOr ein Polypeptld-Analogon von hpG-CSF kodiert, wobei ein
oder mehrere Cys- 40  tein-Resti weggelassen odor durch Alanin- oder
Serin-Reste ersett sind. 31. Nicht-natflirich aufiretendes
Polypeptidprodukt der Expression einer DNA-Sequenz nach Anspruch 30 in
elner prokaryontischen odor eukaryontischen Wirtszille. 32. Biologisch
funktionaler Piasmid- odor viraler DNA-Vektor, der elne DNA-Sequenz nach
Anspruch 30 einschlile3 45      33. Prokayontische odor eukaryontische
Wirtszelle, stabil transformlert odor transfeiert mit einem DNA- Vektor
nach Anspruch 32. 34. Polypeptid nach Anspruch 1, dem ein
Mothlonin-Restvorangeht. 35. Polypeptd mit den hernatopoetischen
biologischen Elgenschaftin von natfirlich aufIretendem pluripo- tente
Granulozykolonlen enregendem Faktor, wobei besagtes Polypeptid eine
Aminosluresequenz besitzt, die SD ausgewihIt ist aus der Polypeptidsequenz,
die In Tabelle Vil dargestellt ist odor irgendweichen allelischen
Varianten, Derivaten, Deletionsanaloga, Substftutionsanaloga odor
Additionsanaloga derselben und dadurch gekennzeichnet, daB sle
nicht-natlich auftritt und das Produkt prokaryontlacher odor
eurkarycnftscher Expression einer exogenen DNA-Sequenz lst. 36.
Nicht-natflrich auftretendes Polypeptid, das nur aus der Aminosauresequenz
1-174 besteht, die in 55 Tabelle Vll dargestellt ist. 37. Pharmazeutleche
Zusammensetzung, die eine wirksame Menge des Polypeptids nach Anspruch 34
odor 36 und ein pharmazeutisch akzeptabies VirdOnnungsmittel, Adjuvans odor
Trigermittel umfaBt. 45    EP 0 237 545 81        1 !IIi1 111111 1lI ! H
INI 



1,C  L  K  S* FOr den Vertragsstaat AT 1. Verfahren zur Herstellung eines
Polypeptids, des elnen Teil oderdie GesamtheitderPrimarstruktur und eine
odermehrere der biologischen Eigenschaften von natUrlich auftretendem
pluripotente Granulozytkolonien s   erregendem Faktor besitzt, wobei dieses
Verfahren gekennzeichnet ist durch Kultivieren von prokaryontischen
odereukaryonfischen Wirtszellen, die miteinerexogenen DNA-Sequenzin
elnerWeise transfomiertodertrans- fiziert sind. die es der Wirtszelle
eriaubt, das Polypeptid zu exprimieren, untpr geeigneten NAhrstoffbedingun-
gen und Isolieren des gewuinschten Polypeptids, das die in Tabelle VII
dargestellte Sequenz besitt und dadurch gekennzeichnet ist, dal3 es ein
nicht-naturlich auftretendes Polypeptid bst. 10     2. Verfahren nach.
Anspruch 1, dadurch gekennzeich net, daf& die exogene DNA-Sequenz eine
cDNA-Se- quenz ist 3.Verfahren nachAnspruch 1, dadurch gekennzeichnet,
dal3dieexogeneDNA-Sequenzeinegenornische DNA-Sequenz ist. 4. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, da( die exogene DNA-Sequenz auf einem
auto- 15  nom replizierenden DNA-Plasmid- oderviralen Vektor vorliegt. 5.
Verfahren nach Anspruch 1, dadurch gekennzeichnet, dart das Polypeptid
kovalent mit elner nachweis- baren Markierungssubstanz verknupft ist. 6.
Verfahren nach Anspruch 5, dadurch gekennzeichnet, dal3 besagte
nachweisbare Marierung eine radioaktive Markierung ist. 20      7.
Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die exogene
DNA-Sequenz be! Expression in einer prokaryontischen oder eukaryontischen
Wirtszelle fOr ein Polypeptidprodukt kodiert, das wenigstens elnen Tell der
Primgrstuktur und eine odermehrere der biologischen Elgenschaften von
natOrlich auftretendem pluripotente Granulozytkolonien erregendem Faktor
besitzt, wobei besagte DNA-Sequenz ausgewdhIt ist aus: a) der DNA-Sequenz,
die in Tabelle VII dargestellt ist, oder den komplementiren StrAngen
derselben; 25      b) DNA-Sequenzen, die zu den in (a) definierten
DNA-Sequenzen oder Fragmenten detselben hybuidisie- ren ; und c)
DNA-Sequenzen, die, ohne die Degeneration des genetischen Codes, zu den in
(a) oder (b) definierten DNA-Sequenzen hybridisleren wrirden und dieffirein
Polypeptid mitderselben Aminosauresequenz kodie- ren. 30      8. Verfahren
nach Anspruch 1, das eine prokaryontische oder eukaryontische Wirtszeile
verwendet, die mit einer DNA-Sequenz, wie in Anspruch 7 dargelegt, in einer
Weise transfornmiert oder transfiziert ist, die es der Wirtszeile eriaubt,
besagtes Polypeptidprodukt zu exprimeren. 9. Verfahren nach Anspruch 8,
dadurch gekennzeichnet, da8 der Wirt E. coil ist. 10. Verfahren nach
Anspruch 8, dadurch gekennzelchnet, daB die Wirtezelle eine Saugetierzelle
ist. 35      11. cDNA-Sequenz, wie in Anspruch 7 dargelegt. 12. Genomische
DNA-Sequenz, wie in Anspruch 7 dargelegt. 13. DNA-Sequenz, wie in Anspruch
7 dargelegt, die ein oder mehrere 10r die Expression in E. coi-Zellen
bevorzugte Codons einachieft. 



14. DNA-Sequenz wie in Anspruch 7 dargeiegt, die fOr die Expression von
menschliohem pluripotente Gra- 40  nulozytkolonlen erregenden Faktor
kodlert 15. DNA-Sequenz nach Anspmuch 14, die ein oder mehrere fOr die
Expression in Hefezellen bevorzugte Codons einschlieft 18. DNA-Sequenz nach
Anspruch 11 oder 12, die Mr die Expression einer Kodlemung fOr menschlichen
pluripotente Granulozytkobonien erregenden Faktor kodiert. 45      17.
DNA-Sequenz wle in Anspruch 7 dargelegt, kovalentverkndpft nit elner
nachwelsbaren Markisrungs- substanz. 18. DNA-Sequenz nach Anspruch 17,
dadurch gekennzelohnet, dai die nachwelsbare Marlderung eine radloaktlve
Marlderung ist. 19. Einzdstrgngige DNA-Sequenz nach Anspiuch IT. 50
20. DNA-Sequenz, die fMr (Aa1) hpG-CSF kodlert. 21. Biologisch
funktionalerPlasmid-oderviralerDNA-Vektor, dereine DNA-Sequenz, wIb in
Anspmuch dar- gelegt, einschleft. 22. Prokaryontische oder eukaryontsche
Wlrtszelle, stabDl transformilet oder transftiziert mit elnem DNA- Vektor
mach Anspruch 21. 55      23. Verfahren zur Herstellung eines Polypeptids,
das die P~rimlistuktur von menschichem pluripotente Granulozytkolonien
erregendem Faktor besitzt, wobsi dieses Verfahren gekennzeichnet ist durch
Kultivieren von prokaryontischen oder eukaryontdschen Wirtszellen, die mit
einer DNA-Sequenz, wie ale in Tabelle VII dar- gestelit ist, in einer Weise
transformiert oder transfiiert sind, di es den Wirtszeilen erlaubt,
besagtes Poly- 46    EP 0 237 54581                       M   S peptid zur
exprimieren unter geeigneten Nahrstoffbedingungen und Isolieren der
gewfinschten Polypeptldpro- dukte der Expression der DNA-Sequenz 24.
Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei
dieses Verfahren sine wirksame Menge sines Polypeptids, hergesteilt nach
dem Verfahren nach Anspruch I und/oder Anspruch 23, 5   in sin
pharmazeutisch akzeptables VerdOnnungsmittel, Adjuvans oder Trigernittel
einarbeitst. 25. Verfahren nach Anspruch 24, dadurch gekennzeichnet, daB
das Polypeptid frel von Verknipfung mit Irgendeinem menschlichen Protein
lst. 26. Verwendung sines Polypeptids, das sinen Tell oder die Gesamtheit
der Primirstruitur und sine oder mehrers der biologiachen Eigenschaften von
naturlich auftretendem pluripotente Granulozylkolonien erregen- 1o  dem
Faktor besitzt, wobei dieses Verfahren gekennzeichnet ist durch Kultivieren
von prokaryontischen oder eukaryontischen Wirtszellen, die mit
einerexogenen DNA-Sequenz in einerWeise transformiert und transfiziert
sind, die es derWirtszelle erlaubt, das Polypeptid zu exprimieren, unter
geeigneten Nahrstoffbedingungen und Isolieren des gewflnschten Polypeptids,
das die in Tabelle VIl dargestellte Sequenz besitzt und dadurch 



gekennzeichnet Ist, dag es ein nicht-natfrlich auftretendes Polypeptid ist,
for die Herstellung eines Arzneimit- i5  tels zum fur die hematopoyetische
Therapie sines Saugetiers. 27. Verwendung sines Polypetids, das einen Teil
oder die Gesamtheit der Primirstruktur und sine oder mehrere der
biologischen Eigenschaften von natOrlich auftretendem pluripotente
Granulozytkolonien erregen- den Faktor besitzt, wobei dieses Verfahren
gekennzeichnet ist durch Kultivieren von prokaryontischen oder
eukaryontlschen Wirtszellen, die mit einer exogenen DNA-Sequenz in einer
Weise transforrnlert oder transfi- 20  ziert sind, die es der Wirtszeile
erlaubt, das Polypeptid zu exprimieren, unter geeigneten
Nihrstoffbedingungen und Isoiieren des gewflnschten Polypeptids, das die in
Tabelle VII dargestelite Sequenz besitzt und dadurch gekennzeichnet Ist,
daS es sich urn sine nichtnatrirtich auftretendes Peptid handelt, fOr die
Herstellung sines Arznelmittets, um die Proliferation von Leuklrniezellen
zum Stillstand zu brIngen. 28. DNA-Sequenz, die fir sin Polypeptid-Analogon
von hpG-CSF kodlert, wobel ein oder mehrere Cys- 25  tbn-Reste weggelassen
odsr durch Alanin- oder Serin-Rests erselzt sind. 29. Nicht-natflrlich
auftretendes Polypeptidprodukt der Expression elner DNA-Sequenz nach
Anspruch 28 In einer prokaryontischen oder eukaryontischen Wrtszelle. 30.
Biologisch funktlonaler Plasmid- oder viraler DNA-Vektor, der sine
DNA-Sequenz nach Anspruch 30 einschlielt. 30      31. Prokaryontleche oder
eukaryontlsche Wirtszetle, stabil transfonmlert odor transfiziert mit einem
DNA- Vektor nach Anspruch 30. 32. Polypeptid, hergestelit nach dem
Verfahren von Anspruch 1, dem sin Methionin-Rest vorangeht. 33. Polypeptid
mit den hematopoetischen biologischen Elgenschaften von natfrlich
auftretendem pluripo- tents Granulozytkolonien erregendem Faktor, wobel
besagtes Polypeptid sine Aminosiresequenz besitzt, die 3s  ausgewihit ist
aus der In Tabelle VII dargestellten Polypeptidsequenz oder Irgendwelchen
allelischen Varian- ten, Derivaten, Deletionsanaloga,
SubstitutionsanalogaoderAddltionsanaloga derselben und dadurch gekenn-
zeichnet ist, daB es nicht-natirlich auftritt und das Produit von
prokaryontlschsr oder eukaryontischer Expression einer exogenen DNA-Sequenz
fst. 34. Nicht-natiirlich auftretendes Polypeptid, das nuraus
derAminosauresequenz 1-174, die in Tabelle VI] 40  dargestellt ist,
besteht. 35. Pharmazeutische Zusammensetzung, die sine wirksame Menge des
Polypeptids, die nur die Sequenz 1-74, die in Tabelle VII dargestellt Iat,
besitzt, und sin pharmazeutisch akzeptables VerdOnnungsmittel, Adju- vans
oder Tragermittel umfalt. 36. Verfahren zur Herstellung diner
phanmazeutlichen Zusammensetzung, wobel diesses Verfahren das 4s
Einarbeiten elnerwirksamen Menge des Polypeptids, das nur die Sequenz
1-174, die In Tabelle VII dargestellt Ist, besilzt, in sin pharmazeutisch
akzeptables Verdfrnnungsmittel, Adjuvans oder Trigermittel unfaAt.
Revendicatlons 50 Revendications pour les Etats Contractants: BE, CH, DE,
FR, GB, IT, Li, LU, NL, SE 1. Polypetide qui, a) prdsents une paftie ou
touts la structure principals et une ou plusleurs des propri6ts6
biologiques typi- 



55      ques du facteur de stimulation de colonies de granulocytes
plurlactifs humains existant naturellement (hpG- CSF) de la sequence
indiqude dane lo tableau VlI, b) eat un polypeptide existant
non-naturellement; et c) eot l prodult de l'expression eucaryote ou
procaryoto d'uns sequence dADN exogene. 47    EP 0 237 545 81
I II!lI  111 il lII,1  11 I II 2. Polypeptide selon la revendication 1,
dans lequel la sdquence d'ADN exogene eat une saquence d'ADNc. 3.
Polypeptide selon la revendication 1, dans lequel la s6quence d'ADN exogbne
est une s6quence d'ADN g6nomique. 5      4. Polypeptide sclon la
revendication 1, dans lequel la sequence d'ADN exogbne eat porthe parun
vecteur viral ou plasmide d'ADN A replication autonome. 5. Polypeptide
selon la revendication 1, caract6rise de plus en ce qu'il eat associe, de
fagon covalente, 3 un traceur detectable. 6. Polyneptide selon la
revendication 5, dans lequel led it traceur detectable eat un radiotraceur.
10      7. S6quence d'ADN qui code, lorn de l'expression dans une cellule
h6te eucaryote ou procaryote, pour un polypeptide avait au mains une partie
de la structure principale et une ou plusleurs des proprietes biologiques
du facteur de stimulation de colonies de granulocytes plurnactifs existant
naturellement, ladite s6quence d'ADN etant choisie parmi: (a) la sequence
d'ADN indiquee dans le tableau VII ou les brins compilmentaires de
celle-ci; i5     (b) des sequences d'ADN qui s'hybrident en sequences d'ADN
d6finies dans a) ou des fragments de cel- les-ci; et (c) des sequences
d'ADN qui, n'6taitia ddgen6rescence du code g6n6tique, s'hybrideraient en
se6quences d'ADN d6finies dans a) ou b) et lesquelles s6quences codent pour
un polypeptide ayant la meme saquence d'acides amin6s. 20      8. Cellule
hote eucaryote ou procaryote, transfornme ou ayant subi une transfection
avec une sfquence d'ADN selon la revendication 7 d'une fagon perrnettant A
la cellule hote d'expriner ledit polypeptide. 9. Cellule hote sclon la
revendication 8, dans laquelle I'hbe sat E. coiL 10. Cellule hote selon Is
revendication 8, dans laquelle Is cellule hOts eot une cellule de
mammifere. 11. Polypeptide existant non-naturellement produit par I'
expression d'une sequence d'ADN de la reven- 25  dication 7 dans un hote
eucaryote ou procaryote. 12. S*quence d'ADNc seon la revendication 7. 13.
Sdquence d'ADN genomique sclon la revendication 7. 14. Sequence d'ADN sclon
la revendication 7 et comportant un ou plusiburs codons preferes pour
i'expres- sion dans des cellules E. Coil. 



30      15. Sequence d'ADN seion la revendication 7 et codant pour
1expression du facteurde stimulation de colo- nies de granulocytes
pluriactifs hurnains. 16. Sbquence d'ADN sclon la revendication 15 et
incluant un ou plusieurs codons preferes pour i'expres- sion dans des
cellules de levure. 17. Sequence d'ADN sclon la revendication 12 ou 13
codant pour l'expression du facteur de stimulation 35 de colonies de
granulocytes pluriactifs humains. 18. Sequence d'ADN sclon la revendication
7 associie, de fagon covalente, A un traceur detectabie. 19. Sequence d'ADN
selon la revendication 18, dans laquelle le traceur detectable et un
radiotraceur. 20. Sequence dADN A brin unique sclon la revendication 18.
21. Siquence d'ADN codant pour (Ala') hpG-CSF. 40      22. Vecteur d'ADN
viral ou plasmide biologiquement fonctionnel incluant une sbquence d'ADN
sclon la revendication 7. 23. Cellule hote eucaryote ou procaryote,
transformee ou ayantsubi une transfection, de fagon stable, avec un vecteur
d'ADN sclon la revendication 22. 24. Procede pour la production d'un
polypeptide ayant une partie ou toute la structure principale et une Cu 4
plusieurs des proprietes biologiques du facteur de stimulation de colonies
de granulocytes pluriactifs existant naturellement, ilquel procede et
caracterise par la misc en culture, dans des conditions nutritives
appropriees, de cellules hWts eucaryotes or procaryotes, transfornees ou
ayant subi une transfection avec une sequence d'ADN solon la revendication
7 d'une facon permettant A la cellule hfte d'exprimer ledit polypetide, et
i'iaolation des produits podypeptidiques souhaites de i'expresaion de la
sequence d'ADN. 50      25. Procede pour la production d'un polypeptide
ayant la structure principals du facteur de stimulation de colonies de
granulocytes pluriactifs hunains, lequel procede eat caract*risA par la
miss en culture, dans des conditions nutritives appropriees, de ceilules
hotes eucaryotes ou procaryotes, transforimes ou ayant subi une
transfection avec une s~quence d'ADN indiqude dans le tableau Vil d'une
fagon permettant aux cellules hotes d' ox primer ledit polypeptide, et
l'isolation des produits polypeptidiques souhaltes de rexpression de la 5s
siquence d'ADN. 26. Composition phanmaceutique comprenant une quantitf
efficace d'un polypeptide selon la revendication I et/ou produit par le
procidA de la revendication 24 ou 25 et un support, adjuvant ou diluant
pharnaceutique- ment acceptable. 48    EP 0 237 545 i1             c  L  M
S 27. ComposItion pharrnaceutique selon la revendication 26, caract6riase
de plus en ce qu'elle eat depour- vue de toute association avec une
proteine humaine quelconque. 28. Utilisation d'un polypeptide selon la
revendication 1 pour la fabrication d'un medicament fournissant une
th6rapie hematopolTetique A un mammiffre. 



5      29. Utilisation d'un polypeptide selon la revendicatlon I pour la
fabrication d'un medicament pour stopper la proliferation de cellules
leucemiques. 30. Sequencs d'ADN codant pour un polypeptide analogue A
hpG-CSF, ayant un ou plusieurs r6sidus de cysteine, supprimis ou remplaces
par des residus d'alanine ou de serine. 31. Produit polypeptfdique existant
non-naturellement de l'expression dans une cellule hote eucaryote ou 10
procaryote d'une s6quence d'ADN seion la revendication 30. 32. Vecteur
d'ADN viral ou plasmide biologiquement fonctionnel Incluant une sequence
d'ADN selon la revendication 30. 33. Cellule h6teeucaryote ou procaryote,
transformrneou ayantsubl unetransfection, de facon stable, avec un vecteur
d'ADN selon la revendication 32. fS      34. Polypeptide selon la
revendication I precod6 par un r6sidu de m6thionine. 35. Polypeptide ayant
lea propriet6s biologlques h6matopoli~tques du facteur de stimulation de
colonies de granulocytes pluriactifs existant naturellement, ledit
polypeptide ayantunh siquence d'acides amines, chol- sie a partir de la
sequence de polypeptide indlqude dans le tableau VII, ou tout analogue
d'addition, analogue de substitution, analogue d'6limination, d6riv6,
variant allelomorphe de celle-ci, et caract6ris6 en ce qu'il exists * K->
20  non-naturellement et en ce qu'il eat le produit do lexpression
eucaryote ou procaryote d'une sequence d'ADN exogbne. 36. Polypeptide
existant non-naturellement, constitue seulement de la sequence d'acides
amin~s 1-174, indiqueo dans le tableau VIl. 37. Composition pharmaceutique
comprenant une quantit6 efficace du polypeptide selon la revendication 25
34 ou 36 et un support, adjuvant ou diluant pharmaceutiquement acceptable.
Rovendications pour I'Etat Contractant AT 1. Procedd pour la production
d'un polypeptide ayant une partie ou toute Ia structure principal. et une
ou 3o  plusieurs des proprietes biologiques du facteur de stimulation de
colonies de granulocytes pluriactifs existant naturellernent, lequel
procede eat caracterlse par la miss en culture, dons des conditions
nutritives appropri6es, de cellules h6tes eucaryotes ou procaryotes,
transfonnries ou ayant subi une transfection avec une siquence d'ADN
exogene d'une fagon permettant A la cellule hote d'exprimer l polypeptide,
et l'isolation du polypeptide souhait6 ayant la sequence indiqu6e dans le
tableau Vii et caract6ris6 en ce qu'il eat un polypeptide existant 36
non-naturellement. 2. Proced6 solon la revendication 1, dans lequel la
sequence d'ADN exogene est une sequence d'ADNc. 3. Procdd6 selon la
revendboation 1, dans lequel la s6quence d'ADN exogene eat une s~quence
d'ADN genomique. 4. Proc6dl salon la revendication 1, dans lequel Ia
siquence d'ADN exogene eat port6e par un vecteur 40  viral ou plasmide
d'ADN A replication autonome. 5. Procde selon la revendication 1, dans
leque le polypeptide eat associe, de fagon covalent., at un traceur
detectable. 6. Procdd6 selon Is revendication 6, dans lequed ledit traceur
detectable est un radiotraceur. 7. Proc6d6 solon la revendication 1, dans
lequel la siquence d'ADN exogqne code,lors de l'expression 



45  dans une callule hote eucaryote ou procaryote, pour un polypeptido
ayant au molns une partie de la structure principalet une ou plusieurs des
propri6t6s biologiques du facteur de stimulaffon de colonies do
granulocytes pluriactifs existant naturellement ladite sequence d'ADN 6tant
cholsie parmi: a) la sequence d'ADN indiquee dans le tableau VII ou lea
brins compl6mentaires de celloci; b) des s6quences d'ADN qul s'hybndent en
s6quences d'ADN d6finles dans (a) ou des fragments de cel- ao     les-cl;
et c) des sequences d'ADN qui, n'6tait l d6g6ndrescence du code genetique,
s'hybrideralent en se6quences d'ADN d6finies dans (a) ou (b) et lesquelles
sequences codent pour un polypeptide ayant la mame sequence d'acides
aminis. 8. Proedie selon la revendlcation 1, utillsant une cellule hote
eucaryote ou procaryote, transformee ou so  syant subi une transfection
avec une siquence dADN comrne indlque dens la revendication 7 d'unefagon
per- mettant a ia cellule hOt. d' exprimer ledit polypeptide. 9. Procidi
solon la revendication 8, dans lequel l'hOte eat E. cIll. 10. Procidd solon
la revendication 8, dans lequel la collule hote eat une cellule do
mammif're. 49    EP 0 237 545 Bi          I lIlII IIILI 1 1111 *C  L  M  S
1I. Sequence dADNc cornme indique dans la revendication 7. 12. S6quence
d'ADN g6nomique comme indique dens la revendication 7. 13. S6quence d'ADN
comme indlqu6 dans la revendication 7 et incluant un ou plusieurs codons
prefdrds pour l'expression dans des cellules E. coil. 5      14. S6quence
d'ADN comme indiqu6 dans la revendication 7 et codant pour l'expression du
facteur de sti- mulation de colonies de granulocytes plurlactifs humains.
15. Sequence d'ADN selon la revendication 14 et incluant un ou plusieurs
codons prefdr6s pour I'expres- sion dans des cellules de levure. 16.
S6quence d'ADN selon la revendication 11 au 12etcodant pourl'expression
d'unfacteurdestimulation 1o  de colonies de granulocytes pluriactifs
humains. __         17. S6quence d'ADN comme indlque dans la revendication
7 associ6e, de fagon covalente, ; un traceur detectable. 18. Sequence d'ADN
selon la revendlcation 17, dans laquelle le traceur detectable est un
radiotraceur. 19. Sequence d'ADN a brin unique selon la revendication 17.
15      20. Sdquence d'ADN codant pour (Alai) hpG-CSF. 21. VecteurdADN
viral ou plasmide biologiquementfonctionnel incluentune s6quence d'ADN
comnme Indi- que dans la revendication 7. 22. Cellule hOte eucaryote ou
procaryote, transform6e ou ayantsubi une transfectlon, de fagon stable,
avec 



un vecteur d'ADN selon la revendication 21. 20      23. Proc6d6 pour la
production d'un polypetide ayant la structure principals du facteur de
stimulation de colonies de granulocytes pluiactifs humains, loquel procede
est caractdrlsi par la mise en culture, dans des conditions nutritives
appropriees, de cellules hotes eucaryotes ou procaryotes, transformees ou
ayantsubi une transfection avec une sequence d'ADN indiquee dans le tableau
Vll d'une fagon pennettant aux cellules hdtes d'exprimer ledit polypeptide,
et I'lsolation des produits polypeptidlques souhait6s de 1'expresslon de la
25  s6quence d'ADN. 24. Procede de production d'une composition
pharmaceutique, lequel procede comprend l'incorporation d'une quantit
efficace d'un polypeptide produit par le procede selon la revendication I
st/ou la revendication 23 dans un support, adjuvant ou dituant
phannaceutiquement acceptable. 25. Proced6 selon la revendication 24, dens
lequel le polypeptide n'est pas associ6 a une prot6ine humaine 30
quelconque. 26. Utilisation d'un polypeptide ayant une partie ou toute la
structure principals et une ou plusieurs des proprift~s biologiques du
facteur de stimulation de colonies de granulocytes pluriactifs existant
naturellement, lequel procdd6 est caracterise par la miss en culture, dans
des conditions nutritives appropriees, de cellules hotes eucaryotes ou
procaryotes, transformres ou ayant subi une transfection avec une sequence
d'ADN exo- 35 gene d'une fagon permettant a la cellule hOte d'exprimer le
polypeptide, et l'isolatlon du polypeptide souhaite ayant la sequence
indiquee dens le tableau VAl et caracterise en ce qu'i est un polypeptide
existant non-natu- rellement, pour la fabrication d'un medicament pour
foumir uns therapie hematopoietique a un mammifire. 27. Utillsation d(un
polypeptide ayant une partle ou toutela structure principale et une ou
plusieurs des pro- prietes biologiques du factbur de stimulation de
colonies de granulocytes pluriactifs existant naturellement, 40 lequel
procede est caracterise par la miss en culture, dans des conditions
nutritives approprides, de cellules hotes eucaryotes ou procaryotes,
transformdes ou ayant subi une transfection avec une sequence d'ADN exo-
gine d'une fagon permettant a la cellule hote d'exprimer le polypeptide, et
l'isolatlon du polypeptide souhalte ayant la sequence indiquee dans Is
tableau VAl et caractirisd en ce qu'0 est un polypeptide existant non-natu-
rellement, pour la fabrication d'un midicament pour stopper la
prolIftration de cellules leucemiques. 46      28. Sequence d'ADN codant
pour un polypeptide analogue & hpG-CSF, ayent un ou plusiburs residus de
cystiine supprimns ou renplacis par des residus d'alanhne ou de s sine. 29.
Prodult polypeptidique existant non-naturellernent de l'expression dans une
cellule hOts eucaryote ou procaryote d'une sequence cdADN sWlon la
revendication 28. 30. Vecteur d'ADN viral ou plasmide biologiquement
foncttonndl Incluant une sequence d'ADN selon la so  revendication 28. 31.
Cellule hotb eucaryote ou procaryote, transformee ou ayantsubi une
transfection, de fagon stable, avec un vecteur d'ADN solon Ia revendlcation
30. 32. Polypeptide produitselon le procedd de la revendicafton I qui est
precedE parun resadu de mithionine. 33. Polypeptide ayant lee proprifts
blologiques himatopotitlques du facteur de stimulation do colonies 55   de
granulocytes plurlactifs existent naturellement, ledit polypeptide ayant
une sequence d'acides aminis choi- sie A partir de la sEquence do
polypeptide fndlquee dens to tableau VlI, ou tout analogue d'addition,
analogue 



do substitution, analogue d'Elimination, d~riv ou variant all4lrnorphe de
cello"cl, at caract*ri6s en co qu'il exists non-naturellement at en ce
qu'il ast le prodult de 1'expressbon eucaryote ou procaeyots d'une
seiquence 50    r C-    L  M  s  A d'ADN exogene. 34. Polypeptide existent
non-naturellement constitue seulement de la s6quence d'acides amines 1-174
indiqu6e dans le tableau VII. 35. Composition pharmaceutique comprenant une
quantite efficace du polypeptide ayant seulement la s   sequence 1-174
indiqu6e dans le tableau VII, et un support, adjuvant ou diluant
pharmaceutiquement accep- table. 36. Proc6de de production d'une
composition pharmaceutique, lequel proc6d6 comprend l'incorporation d'une
quantlte efficace du polypeptide ayant seulement la sequence 1-174 indiquee
dans le tableau VIl dans un support, adjuvant ou diluant pharmaceutiquement
acceptable. 10 20 25 30 35 40 45 50 55    


