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Description

Field of the Invention

This invention relates to the production of a
protein having the abillty to stimulate the growth
and differentiation of primate hematopoietic pro-
genitor cells, in particular colony stimulating factor

(CSF). The invention in one aspect provides a

method for producing CSF protein by recombinant
DNA technigues, to vectors containing the gene for
expressing said protein, to microorganisms and cell
lines transformed with sald vectors and to C8SF
protein thus produced.

Background of the Invention

The many different cell types found in blood
are all derived from pluripotent hematopoietic stem
cells. Stem cells perform two functions: (1) they
reproduce themselves, thereby maintaining a stem
cell population in the body and {2) they provide
progeny cells committed to differantiate into any of
the mature blood cell types. The cell which is
committed to differentiate along a particular
hematopoietic pathway is termed a progenitor cell.
Progenitor celis for T lymphocytes, B lymphocytes,
granulocytes, red blood cells, platelets, and
eosinophils, as well as earlier progenitors which
can individually give rise to several of the mature
cell types, have been studied experimentally both
in vivo and in vitro (Dexter, T.M. 1983 J. Pathology
141 415-433). It has been determined in vitro that
profiferation and/or differentiation of each progeni-
tor cell fype depends upon specific "factors”™ which
have been derived from various sources. For exam-
ple, the later progenitors of red blood cells require
a factor callad erythropoietin. The factors required
for survival, profiferation and differentiation of the
myeloid progenitors commifted to form mature
neutrophilic granulocytes, monocytes and mature
macrophages are called colony stimulating factors
(CSFs).

CSF activity has been studied extensively in
the mouse. Most adult mouse organs produce CSF
activity. However, compasitions containing CSF ac-
tivity that have been obtained from various fissues
and by various methods appear to differ in their
biochemical characteristics. Thus, the structural re-
lationships between the different factors remain un-
known. Furthermore, CSF activity appears to act at
more than one step of granulocyte and macro-
phage development, and again it has been uncer-
tain whether a single factor is responsible for all of
the observed activities or whether a different factor
acts at each step. (Burgess, A. and Metcalf, D.
1980 Blood 56 847-957).

Human CSF activity has been obtained from
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placenta, certain fetal tissues, macrophages, and
stimulated T cells. A line of T cells (Mo) that
produces ane or more potent CSF activities was
established from a patlent with a T cell variant of
hairy cell leukaemia (leukaemic reticuloen-
dotheliosis) {Golde et al 1978 Blood 52 1068-1072).

The ability of CSF activity to stimulate
granulocyte and macrophage production indicated
that pharmaceutical compositions having CSF ac-
tivity are clinically useful in situations whers in-
creased production of these {myeloid) cell types is
required. Indeed, several patients with extremely
high levels of apparently normal circulating
granulocytes have bean shown to have tumors
which over-produce CSF. In one case, upon sur-
gical removal of the tumor, the granulocyte count
rapidly declined towards a normal level, strongly
suggesting that CSF may be useful in reguiating
the numbers of circulating granulocytes. (Hocking,
W., Goodman, J., and Golde, D. Bilood 81 600
(1983)). In particular, GSF compositions are useful
clinically for the treatment of myelo-suppression
caused by chemotherapeutical or irradiation treat-
ment of cancer. in addition, C8F compositions are

.useful in treating severe infections because CSF

can increase andfor activate the number of
granulocytes and/or monocytes.

There are various different types of known CSF
activities, including granulocyte-CSF  (G-CSF),
macrophage-CSF  (M-CSF), granutocyte-macro-
phage CSF {(GM-CSF) and multi-CSF. The present
invention Is concerned with GM-CSF. CSF proteins
are known from various animal sources. However,
the present invention is concerned with primate
GM-CSF, more particularly human GM-CSF and
ape GM-CSF,

Biological and biochemical characterization of
compositions having CSF activity, and study of
these compasitions in the clinical setting have been
hampered to date by the scarcity and impurity of
human and/or other primate CSF compositions. it
can be appreciated that it would be desirable to
identify the protein or proteins responsible for CSF
activity. Furthermore, it would be dasirable to have
a primate, preferably human source of such CSF
that could readily supply these proteins in quan-
tities and purity sufficient for biological and bio-
chemical characterization and for use as therapeu-
tic agents.

Recently developed tachniques of molecular
cloning make it possible to clone a nucleotide
sequence which encodes a protein and to produce
that protein in quantity using a sultable host-vector
systemn (Maniatis, T. et. al. Molecular Cloning - A
Laboratory Manual Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y. 1982). The protein can
then be recovered by known separation and pu-
rification tectiniques. Cloning methods which have
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been used to date can be grouped into three
general categories: (1) methods based upon knowl-
edge of the protsin structure, for example, its ami-
no acid sequencs; (2) methods based upon iden-
tification of the protein expressed by the cloned
gene using an antibody specific for that protein;
and (3) methods based upon identification of an
RNA species which can be translated o vield the
protein or activity encoded by the gense of interest.

Each of these classes of methods becomes
difficuit to apply when the protein of interest, such
as CSF protein, is avallable in very low amount.
Thus, if it is difficult to obtain an adequate quantity
of purified protein, then it is difficult to determine
the amino acid sequence or even partial sequences
of the protein. Similarly, identification of an ex-
pressed protein by antibody binding is preferen-
tially carried out using a high-titer monospecific
polyclonal antissrum. Such an antiserum cannot be
obtained in the absence of quantities of the pure
protein (antigen). A monoclonal antibody offers an
alternative approach, but the required antibody can
also be difficult to obtain in the absence of suitable
antigen, and such monoclonal antibody may not
react with the protein in the form in which the
protein is expressed by available recombinant host-
vector systems. Finally, franslation of an RNA spe-
cies to yield an identiffable protsin or activity re-
quires that the RNA in question be present in the
RNA source in sufficient abundance to give a reli-
able protein or activity signal. The relative abun-
dance of an RNA encoding a particular protsin
generally parallels the abundance of the protein, so
that a rare protein is usually encoded by a rare
mRNA.

The Mo cell fine has been used both as a
starting material for purifying human CSFs and for
identifying the corresponding messenger RNAs.
However, even with this relatively good source of
CSF activity, it has proved to be exdremely difficuit
to isolate enough of the protsin for structural stud-
ios.

US Patent 4,438,032 discloses the partial pu-
rification of a CSF and, in general terms, a recom-
binant process which allegedly produces this. How-
aver, the purified material is stated to contain prob-
ably less than 40% of CSF and the alleged recom-
binant process relies on structural information
which was not available before the present inven-
tion. UK Patent Application 2,092,159A is con-
cerned with a process for the isolation of a human
CSF from hybridoma cells. However, it is not clear

with which CSF this application is concerned and

the hybridoma cells were not deposited so that this
cannot be checked.

In order to overcome the problems inherent in
cloning the nuclectide sequence encoding a rare
protein such as CSF by the methods described
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above, a novel method was developed. This meth-
od requires only that the gene product or its activ-
ity can be reliably measured. Sultable methods of
GM-CSF assay are described in Example 2
hereinafier.

Summary of the recombinant DNA process of the
fnvention -

In its first aspect the present invention over-
comes the problems of the prior art and provides a
ready source of protein having GM-CSF activity
using recombinant DNA technology. In accord with
the present invention, a novel cloning technique
that requires only an assay for GM-CSF activity is
utilized to clone cDNA {a gene) coding for a protein
having GM-CSF eactivity. Thus, the present inven-
tion provides a cDNA (gene) coding for a protein
having GM-CSF activity (i.e. GM-CSF/cDNA), a
host cell eg microorganism or ceil line transformed
with a recombinant vector containing such GM-
CSF/cDNA, such racombinant vectors, and a meth-
od for producing GM-CSF protein by expressing
said GM-CSF/cDNA by culturing a microorganism
or cell line. Because the GM-CSF protein is pro-
duced from a clone in accord with the present
invention, we can be sure that it is a protein that
has GM-CSF activity. The invention further com-
prises a method for preparing and isolating a trans-
formation vector containing GM-CSF/cDNA, said
method comprising:

preparing RNA from a cell that produces GM-
CSF;

preparing polyadenylated messenger
from said RNA;

preparing singte stranded cDNA from said
messenger BNA;

converting the single stranded cDNA to double
stranded cDNA;

inserting the double stranded cDNA into trans-
formation vectors and transforming bacteria with
said vector to form colonies;

picking poots of 200 to 500 colonies each and
isolating plasmid DNA from each pool;

transfecting the plasmid DNA into suitable host
cells for expressing CSF protein;

culturing the transfected cells and assaying the
supernatant for GM-CSF activity; and

selecting GM-CSF positive pools and screen-
ing the colonies used to make the pool to identify a
colony having GM-CSF activity.

The GM-CSF proteins of this invention are
growth and differentiation hormones for the cells of
the myeloid system. They are for example in-
dicated for use clinically for the treaiment of
myelo-suppression especially {(symptomatic)
granulocyto-penia following chemotherapeutical or
irradiation treatment of cancer.

RNA

e p— - —- - =BT
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Brief Description of the Drawings

Fig. 1 thustrates DNA sequences that code for
a GM-CSF protein in accord with the present inven-
tion. The DNA sequence set out in full codes for
one variation of human GM-CSF, referred io as
CSF-Thr. Another allele codes for an identical prod-
uct except that Thr at position numbered 100 is

replaced by lle (CSF-lle). The changes illustrated

above the human sequence are for differences in
tha DNA sequence coding for gibbon GM-CSF
(GM-CSF of the Gibbon ape}{CSF-G). Deduced
amino acld sequences are also illustrated.

Fig. 2 is a schematic illustrating the preparation
of piasmid pTPL from plasmid pAdD26SVpA(3).

Fig. 3 is a schematic continuing from Fig. 2
and illustrating the preparation of plasmid p91023
from plasmid pTPL.

Fig. 4 Is a schematic continuing from Fig. 3
and iliustrating plasmid p91023(B).

Fig. 6 Is a schematic representation of vector
pTALC-185R.

Fig. 7 is a schematic representation of vector
AJ-14,

Detailed Description of the Process

The following definitions are supplied in order
to faciliate the understanding of this case. To the
extont that the definitions vary from meaning cir-
culating within the art, the definitions below are to
control.

Amplification means the process by which cells
produce gene repeats within their chromosomal
DNA.

GM-CSF is a biological activity defined by the
assays as described herein.

GM-CSF protein is a protein from a primate
source that exhiblts GM-CSF activity. For purposes
of the present invention the term GM-CSF protein
includes modified GM-CSF protein, allelic vari-
ations of GM-CSF protein, and GM-CSF protein
proceded by a MET residus.

Downstream means the direction going towards
the 3" end of a nuclectide sequence.

An enhancer is a nucleotide sequence that can
potentiate the transcription of a gene independent
of the position of the enhancer in relation to the
gene or the orientation of the segquence.

A gene is a deoxyribonucleotide sequence
coding for a given protein. For the purposes herein,
a gene shall not include untransiated flanking re-
gions such as RNA transcription initiation signals,
polyadenylation addition sites, promoters or enhan-
cers.

Ligation is the process of forming a
phosphodiester bond between the §' and 3' ends of
two DNA strands. This may be accomplished by
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several well known enzymatic techniques, including
blunt end ligation by T4 ligase.

Orientation refers to the order of nucleotides In
a DNA sequence. An inverted orientation of a DNA
sequence is one in which the §' to 3' order of the
saquence in relation to another gequence Is re-
versed when compared to a point of reference In
the DNA from which the sequence was obfained.
Such points of reference can include the direction
of transcription of other specified DNA sequences
in the source DNA or the origin of replication of
replicable vectors containing the sequence.

Transcription means the synthests of RNA from
a DNA template.

Transformation means changing a cell's
genotype by the cellular uptake of exogenous DNA.
Transformation may be detected in some cases by
an alteration in cell phenotype. Transformed cells
are called transformants. Pre-transformation cells
are reforred to as parental cells.

Translation means the synthesis of a polypep-
{ide from messenger RNA.

GM-Colony-stimulating factor activity (GM-
CSF) can be derived from a number of cellular
sources including conditioned medium from periph-
eral bioed mononuciear cells, lung and placental
tissue, and bons marrow, urine from anemic pa-
tients, serum, and normal and neoplastic cells of T-
lymphocyte and mononuclear phagocyte lineage.
One cell fine that produces GM-CSF is the Mo cell
line deposited with and available from ATCC under
the code number CRLE066. The CSF produced by
this cell line is of course a human CSF. One source
of Gibbon GM-CSF Is the T-cell line designated
UCD MLA-144 and deposited with and available
from the ATCC under code number HB 8370 de-
posited September 29, 1983.

In order to isolate a GM-CSF clone in accord
with the present invention, a novel procedure was
used that requires only an assay technique for GM-
CSF activity. First, a cell that produces GM-CSF
activity such as T-lymphocyte cells {or other sour-
ces such as set forth above) is identified. The
mRNA of the cell is then harvested. Preferably, T-
lymphocyte cells are used. in such case the mem-
brane bound mRNA, which contains the mRNA for
lymphokines, is separated from free mRNA in the
cells. This separation is belleved to enrich the
collected mRNA 5-10 times for lymphokine se-
quences and thus reduces the effort involved in
identifying the desired GM-CSF  clone.
Polyadenylated messenger RNA Js then prepared
by chromatography on oligo dT cellulose.

A cDNA lJibrary is prepared from the mRNA
using a vector suitable for transfection into a host
to express the desired protein having GM-CSF
activity. First strand cDNA is prepared using stan-
dard methods using the mRNA prepared above.
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The RNA/CDNA hybrid is then converted to double-
stranded cDNA form. The ¢DNA can then be in-
serted info a suvitable vector.

The preferred host-vector system for the isola-
tion of a GM-CSF clone is based on expression of
the GM-CSF cDNA in a suitable transformation
vector. A suitable transformation vector can rely on
the transient introduction of DNA into mammalian
cells (Mellon, P., V. Parker, Y. Gluzman, T. Maniatls
1981 Cell 27 279-288). In order to isolate the
desired GM-CSF transformants, It is not required
that all cells of the population stably contain exoge-
nous genes that express the desired GM-CSF
product. it is possible to transiently introduce ex-
ogenous genes into a subpopulation of cells such
that the subpopulation will express the desired
product over a period of several days. Because a
selectable marker is not required in the transforma-
tion vector for the DNA transfection and expression
system in accord with the present invention, the
exogenous DNA can be lost upon growth of the
cells over a 1-2 week period. However, 2-3 days
after transfection of suitable mammalian cells, the
desired products are found to be synthesized and
can be detacted.

The host-vector system of choice is based on
the development of CV-1 monkey cell lines trans-
formed with a replication-origin-defective SV40
DNA molecule {Gluzman, Y., Cell 23 175-182,
1881). The transformed monkey CV-1 cells contain-
ing defective SV40 DNA, designated COS (CV-1,
origin defective, 5V40}, do not contain a complete
copy of the $V40 genome, but produce high levels
of large T antigen and are permissive for SV40
DNA replication. They also efficiently support the
replication of SV40 containing deletions in the early
ragion and of bacterial plasmids which contain the
SV40 origin of replication (Myers, R.M. & Tjian, R.
1980 PNAS 77 6491-6495). Thus, this system pro-
vides a means of amplifying transfected exogenous
DNA via SV40 mediated DNA replication in order to
increase the level of mMRNA and protein expressed
from the exogenous DNA. However, other similar
systems are also useful.

Vectors used for GM-CSF expression typically
contain various elements such as enhancers, pro-
moters, introns, polyadenylation sites, 3' noncoding
regions and translational activators as will be de-
scribed below.

The vectors hersin may include enhancers. En-
hancers are functionally distinct from promoters,
but appear to operate in concert with promoters.
Their function on the cellular level is not well un-
derstood, but their unique characteristic is the abil-
ity to activate or potentiate transcription without
being position or orientation dependent. Promoters
need to be upstream of the gene, while enhancers
may be present upstream or 5' from the promoter,
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within the gens as an intron, or downstream from
the gene between the gene and a polyadenylation
site or 3' from the polyadenylation site. Inverted
promoters are not functional but inverted enhancers
are. Enhancers are cis-acting, i.e., they have an
effect on promoters only if they are present on the
same DNA strand. For a general discussion of
enhancers see Khoury et al, Cell 33:313-314
(1983). -

Preferred enhancers for use with mammalian
colls are obtained from -animal viruses such as
simian virus 40, polyoma virus, bovine papilloma
virus, retrovirus or adenovirus. ideally. the enhan-
cer should be from a virus for which the host cell is
permissive, i.e. which normally infects cells of the
hc type. Viral enhancers may be obtained readily
from publicly available viruses. The enhancer re-
gions for several viruses, e.g., Rous sarcoma virus
and simian virus 40, are well known. See Luciw et
al., Cell 33:705-716 (1983). It would be a matter of
routine molscular biology to excise these regions
on the basis of published restriction maps for the
virus in question and, if necessary, modify the sites
to enable splicing the enhancer into the vector as
desired. For example, see Kaufman et al, J. Mol.
Biol., 159:601-621 (1982) and Mol. Cell Biol. 2(11})-
:1304-1319 (1982). Alternatively, the enhancer may
be synthesized from sequence data; the sizes of
viral enhancers (generally less than about 150 bp)
are sufficiently small that this could be accom-
plished practicaily.

Another element which should be present in
the vector assembly is a polyadenylation splicing
(or addition) site. This is a DNA sequence located
downstream from the translated regions of a gene,
shortly downsiream from which in turn transcription
stops and adenine ribonucleotides are added to
form a polyadenine nucleotide tall at the 3' end of
the messenger RNA. Polyadenylation is important
in stabilizing the messenger RNA against degrada-
tion in the cell, an event that reduces the level of
messenger RNA and hence the level of product
protein.

Eucaryotic polyadenylation sites are well
known. A concensus sequence exists among
sucaryotic genes: the hexanucieotide 5'-AAUAAA-
3 is found 11-30 nucleotides from the point at
which polyadenylation starts. DNA sequences con-
taining polyadenylation sites may be obtained from
viruses in accord with published reports. Exem-
plary polyadenylation sequences can be obtained
from mouse beta-globin, and simian virus 40 late or
early region genes, but viral polyadenylation sites
are preferred. Since these sequences are known,
they may be synthesized in vitro and ligated to the
vectors in conventional fashion.

The sequence  which  separates the
polyadenylation site from the translational stop
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codon is preterably an untranslated DNA sequencs
such as an unpromoted eucaryotic gene. Since
such sequences and genes are not endowed with a
promoter they will not be expressed. The sequence
should extend for a considerable distance, on the
order of up to about 1,000 bases, from the stop
codon to the polyadenylation site. This 3' untran-
slated sequence generally results in an increase in
product vieids. The vector may terminate from
about 30 bp downstream from the concensus
polyadenylation sequence, but it is preferable to

---retain the 3' sequences found downstream from the

polyadenylation site in its wild-type environment.
These sequences typically extend about from 200
to 600 base palrs downstream from the
polyadenylation site.

The presence of introns in the untranslated
transcribed portion of the vector may increase
product yields. Such introns may be obtained from
other sources than either the host cells or the gene
sources. For example, a hybrid intron comprising a
5' splice site from the second intron of the ad-
enovirus tripartite leader and a 3" splice site from
an immunoglobulin gene inserted downsiream from
franscription start site in the adenovirus major late
promoter results in increased product vield.

in the preferred embodiment of the GM-CSF
cloning and expression vector there is a trans-
lational activator gene. Translational activators are
genes which encode either protein or RNA pro-
ducts which affect franslation of a desired mRNA.
The best example is the adenovirus virus-asso-
ciated (VA) gene (VA!} which is transcribed into a
short RANA species that interacts with sequences in
the 5" untranslated region of the adenovirus major
late mBNAs (Thimmappaya et al., 1982 Cell
31,543). The necessary sequences for translational
activation by VA RNA lie within the adenovirus late
mANA fripartite leader. The adenovirus tripartite
leader is spliced together from noncontiguous re-
gions of the adenovirus genome and is present on
the 5' end of the adenovirus major tate transcripts.
VA RNA can interact fo activate translation of
mRNAs which contain the tripartite leader se-
guence. Thus, the preferred cDNA cloning and
oxpression vector contains the spliced form of the
tripartite leader, and the adenovirus VA genes.

These vectors can be synthesized by tech-
niques wall known to those skilled in this art. The
components of the vectors such as enhancers,
promoters, and the like may be obtained from
natural sources or synthesized as described above.
Basically, if the components are found in DNA
available in large quantity, e.g. components such
as viral functions, or if they may be synthesized,
e.g. polyadenylation sites, then with appropriate

“use of restriction enzymes large quantities of vec-
tor may be obtained by simply culturing the source
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organism, digesting its DNA with an appropriate
endonuclease, separating the DNA fragments, iden-
tifying the DNA contalning the element of interest
and recovering same. Ordinarily, a transformation
vector will be assembled in smali quantity and then
ligated to a suitable autonomously replicating syn-
thesis vector such as a procaryotic piasmid or
phage. The pBR322 plasmid may be used in most
cases. See Ksufman et al., op. cit,

The synthesis vectors are used to clone the
ligated transformation_vectors in conventional fash-
ion, e.g. by fransfection of a permissive procaryotic
organism, replication of the synthesis vector to high
copy number and recovery of the synthesls vector
by cell lysis and separation of the synthesis vector
from cell debris.

The vectors containing cDNA prepared from a
cell that produces GM-CSF activity are then trans-
fected .into E. coli and plated out on petri dishes at
approximately 2000 colonies per dish. The colonles
are lifted off onto a nitroceliulose filter and the fiiter
is transferred to a new plate which is kept as a
master. After growing these colonies, repiicas are
made and aligned with the original by careful mark-
ing so that sections of the replica filters can be
identified with the corresponding portion of the
master piate,

Each replica filter is cut into sections contain-
ing a predetermined number of colonies per sec-
tion, preferably about 200-500Q colonles per section.
The colonies from each section are scraped into
mediuim such as L-Broth, the bacteria collected by
centrifugation and the plasmid DNA separated. The
plasmid DNA from each section is transtected into
a suitable host for expression of protein. The pre-
forred synthesis vector herein is a mutant of the E.
coli plasmid pBR322 in which sequences have
been deleted that are delsterious to eucaryotic
colls. See Kaufman et al, op. cit. Use of this
mutant obviates any need to defete the plasmid
residue prior to transfection. After growing the tran-
sfected cells , the medium is assayed for CSF
activity, A positive assay indicates that a colony
containing CSF/cDNA is on a particular section of a
filter.

To determine which of the clones on the sec-
tion of the original master filter contains GM-
CSF/cDNA, each clone on the filter section is pic-
ked and grown. The cultures are then placed in a
matrix. Pools are prepared from each horizontal
row and vertical column of the matrix. DNA sam-
ples are prepared from each pooled culture and
transfected into the host celis for expression.
Supernatants from these pools are assayed for
GM-CSF activity. One vertical column pool and
horizontal row pool should produce GM-CSF activ-
ity. The cione common to these pools wiil contain
GM-CSF/cDNA. I the matrix containg more than
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one positive clone, more than ane column and row
will be positive. In such case, further screening of a
small number of clones may be necessary.

The GM-CSF/cDNA is excised from the clones
by restriction enzymes and can be sequenced by
known techniques. it can be readily appreciated
that the procedure described hersin can be used to
obtain GM-CSF/cDNA from any source. The com-
plete DNA sequence of a GM-CSF/cDNA in accord
with the invention is illustrated in Fig. 1 afong with
the predicted amino acid sequence of the trans-
lated GM-CSF protetn product.

The DNA sequence coding for a protein exhib-
iting GM-CSF activity in accord with the present
invention, such as illustrated in Fig. 1, can be
modified by conventional techniques to produce
functionailly equivalent variations in the final GM-
CSF protein in which one or more amino acids has
or have been added, substituted or removed with-
out substantially affecting the primate GM-CSF ac-
tivity in the human bone marrow assay, described
herein. Thus, for example, onse, two, three, four or
five amino acids can be replaced by other amino
acids. Belgian Patent No. 898,016, which is incor-
porated herein by reference, describes one such
typical technique for replacing cysteine by, e.g.,
serine.

GM-CSF/cDNA in accord with this invention
includes the mature GM-CSF/cDNA gene preceded
by an ATG codon and GM-CSF/cDNA coding for
allelic variations of GM-CSF protain. One allele is
ilustrated in full in Fig. 1. Another allele that we
discovered has a thymidine residue at position 365
instead of the cytosine residue illustrated in Fig. 1.
The GM-CSF protein of this invention includes the
1-methionine derivative of GM-CSF protein (Met-
CSF) and allelic variations of GM-CSF protein. The
mature GM-CSF protein illustrated by the se-
quence in Fig. 1 begins with the sequence
Ala*Pro*Ala*Arg*** the beginning of which is de-
picted by an arrow after nucleotide number 59 in
Fig. 1. The Met-CSF would begin with the se-
quence Met*Ala*Pro*Ala*Arg®"* The allele vari-
ation illustrated in full in Fig. 1 has a Thr at amino
acid residue number 100 {beginning at Ala after the
arrow) and can be referred to as CSF-Thr. Another
variation has an ile residue at position 100 and can
be referred to as CSF-lls. Purified GM-CSF protein
of the present invention exhibits a specific activity
of at least 107 units/mg of protein and preferably at
least 4 x 107 unitsf/mg when assayed with human
bone marrow cells.

Host-vector systems for the expression of GM-
CSF may bs procaryotic or eucaryotic, but the
complexity of GM-CSF may make the preferred
expression system a mammalian one. Expression
is easily accomplished by transforming procaryotic
or eucaryotic cells with a suitable GM-CSF vector.
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The DNA sequence obtained by the above de-
scribed procedure can be expressed directly in
mammalian cells under the control of suitable pro-
moter. Heterologous promoters well-known by
those skilled in the art can be used. In order to
express GM-CSF in procaryotic or in yeast cells,
the leader sequence (or secretory sequence) must
be removed. The position of the codon for the N-
terminus of the mature GM-CSF protsin is illus-
trated in Fig. 1. This can be done using standard
techniques known by those skilled in the art. Once
the desired GM-CSF/cDNA clone is obtained,
known and appropriate means are ufilized to ex-
press the GM-CSF protein, e.g. insertion into an
appropriate vector, and transfection of the vector
into an appropriate host cell, selection of trans-
formed cells, and culture of these transformants to
express GM-CSF activity. Suitable host cells in-
clude bacteria, e.9. E. coli, yeast, mammalian e.g.
CHO, and insect cells. The GM-CSF protein thus
produced may have a methionine group at the N-
terminus of the protein (herein called Met-CSF).
The mature proteln produced by procaryotic and
eucaryotic cells will be otherwise identical in amino
acid sequence, but the sucaryotic product may be
glycosylated to the same or a different extent as in
the natural product. Various methods of cbtaining
GM-CSF protein in accordance with the invention
are illustrated in the Examples hereinafter. Other
methods or materials, e.g. vectors, will be readily
apparent o those skilled in the art on the basis of
the Examples and the foregoing description.

GM-CSF protein expressed in appropriate pro-
caryotic or eucaryotic cells can be recovered by
purification and separation techniques known to
those skilled in the art. However, a preferred pu-
rification process which enables GM-CSF protein
from both recombinant and natural sources to be
obtained in high purity and activity has also been
discovered and is described below.

Summary of the Preferred Purification process

The present invention overcomes the problems
of the prior art and provides a method for purifying
protein having GM-CSF activity. GM-GSF protein in
accord with the present invention, has specific ac-
tivity of at least about 1 x 107 units per mg of
protein, preferably at least 2 x 107 units per mg of
protein and more preferably at least about 4 x 107
units per mg of protein when assayed in the human
bone marrow assay.

In accord with the present invention, a method
for purifying GM-CSF protein comprises: precipitat-
ing the protein with ammonium sulfate af 80%
saturation to form a pellet containing the GM-CSF
protein; resuspending the pellet in a buffered solu-
tion at a pH in the range of about 6 to about B;
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applying the buffered solution containing GM-CSF
to a chromatographic column, eluting with the buf-
fered solution containing sodium chloride and col-
lecting the fractions having GM-CSF activity; pool-
ing the active fractions, applying them to a C4
revarse phase column and eluting with a 0 to 0%
acetonitrile gradient to collect the active fraction.

Brief Description of the Drawings relating to the

purffication process

Fig. 5 illustrates SDS-PAGE analysis of the
purified GSF protein.

Detailed Description of the purification process

The GM-CSF protein to be purified in accor-
dance with the process of the invention can be
derived from any of the natural sources describad
above as starting sources for the recombinant DNA
process, for example the Mo cell line or the UCD
MLA-144 Gibbon cell line.

Alternatively, the GM-CSF protein may be pro-
duced using the recombinant DNA techniques of
the invention.

GM-CSFs from any source can be purifiad by
the process of the present invention. The con-
ditioned medium from any source of GM-GSF pro-
tein is preferably concentrated by ultra-filtration to
a protein concentration of at least about 0.1 mg
protein per ml. The protein is then precipitated by
adding ammonium sulfate to 80% of saturation.
The resulting pellet is resuspended in an aqueous
sotution buffered at a pH in the range of about 6 to
about 8. Examples of suitable buffers include Tris-
HCI, HEPES, sodium citrate, and the like.

The buffered solution is fractionated by column
chromatography. Suitable materials for use in the
chromatography column are octylsephaross,
DEAE-uitrogel, AcAd4-ulirogel, AcA-54 uitrogel, and
the like. One or more of these materials can be
used in sequence to obtain higher purity.

Fractions from each column are collected and
assayed for GM-CSF activity. The active fractions
are pooled and diluted with trifluoroacetic acid
(TFA), heptafluorobutyric acid (HFBA), or the like,
and applied to a C4 reverse phase column. The
CSF activity is then eluted using a 0-80% acetoni-
trile gradient in TFA or HFBA, preferably at a
concentration of 0.10% or 0.15% (volfvol} respec-
tively, depending upon which acid was used to
apply the pooled fractions to the column.

The fractions having GM-CSF activity are ana-
lyzed by SDS polyacrylamide get electrophoresis
{13.5% gel as described by Lammli, U. Nature 227,
680 (1970)). Additional treatments using the above
mentioned chromatographic column matsrials can
further purify the GM-CSF protein to homogeneity.

10

i5

20

25

30

35

50

65

Purified GM-CSF protein fractionated by SDS-
PAGE revealed a heterogeneous GM-CSF protein
having an apparent molecular weight in the range
of about 15,000 to about 26,000 daitons. This ap-
parent size heterogeneity is due to the extensive
glycosylation of the protein and is a common fea-
ture of glycoproteins. Fractionation of less purified
samples from Mo cell conditioned medium by
SDS-PAGE {under non-reducing conditions) and
assaying protein eluted from the gel revealed the
presence of a second protein having CSF activity
having an apparent molecular weight of about
28,000 to 30,000.

GM-CSF activity binds and elutes from octyl-
sepharose, DEAE ultrogel and the C4 reverse
phase column. Roughly 60% of the GM-CSF activ-
ity binds a Con-A sepharose (40% flow through)
and can be eluted with alpha methylmannoside.

Molecular weight analysis of recombinant GM-
CSF by gel filtration in low .salt concentration re-
vealed that about 30% of the activity etuted with an
estimated molecular weight of about 19,000 but
70% of the material behaved as dimers, eluting at
a position corresponding to a molecular weight of
about 38,000. If 1M NaCl is included in this col-
umn, ali of the activity elutes in a broad peak at
about 19,000 daltons.

The purified GM-CSF is stabie for at least 16
hours when Incubated at 4" C (pH 7.4) in 4M
guanidine hydrochioride; in 10mM EDTA; 10mM 2-
mercaptosthanol; and in 30% (v/iv) ethanol. The
CSF activity also is stable in 0.1% trifluroacetic
acid (TFA) (pH 2.0) and 0.1% TFA plus 25% (v/v)
acetonitrile.

As aforesaid, the GM-CSF protein in accord
with the present invention is indicated for use in the
treatment of myelo-suppression such as
(symptomatic) granulocytopenia, for example caus-
ed by chemotherapeutical or radiation treatment of
cancer. In addiiion, GM-CSF proteins of the inven-
tton are indicated for use in the treatment of severe
infection. For such use, an indicated dosage of
about 200 to 1000 ug per patient is typically in-
dicated. The GM-CSF protein is preferably injected
into the patient intravenously in a sultable phar-
macological carrier. Examples of such carriers in-
clude pharmacological saline and human serum
albumin in safine. '

In addition, the GM-CSF proteins of the inven-
tion have other activities and uses. For Instance, it
has bean shown that murine GM-CSFs activate
neutrophils. Thus, it would be expected that the
primate GM-CSFs of the present invention will also
activate neutrophils. Thersfore, physiological func-
tions of GM-CSF may be serveralfold. In the bone
marrow, this lymphokine can stimulate proliferation
and differentiation of effector cells for host defense
while, in the periphery, new and existing cells can




15 EP O 188 479 B1 16

be activated. In a localized immunological response
GM-CSF can retain circulating neutrophils in or
away from areas of inflammation. Inappropriate lo-
calization andfor activation of noutrophils can be
involved in the pathophysiology of a variety of
immune-mediated disorders such as rheumatoid
arthritis.

The invention will be further understood with
reference 10 the following illustrative embodiments,
which are purely exemplary, and should not be
taken as limitive of the true scope of the present
invéntion, as described in the ciaims.

In the examples, unless otherwise specified,
temperatures are in ~ C.

Restriction endonucleases are utilized under
the conditions and in the manner recommended by
their commercial suppliers. Ligation reactions are
carried out as described by Maniatis et al., supra at
245-8, the disclosure of which is incorporated here-
in by reference, using the buffar described at page
246 thereof and using a DNA concentration of 1-
100 ug/ml, at a temperature of 23° C for blunt
ended DNA and 16" C for "sticky ended" DNA.
Electrophoresis is done in 0.5-1 5% Agarose gels
containing 90 mM Tris-borate, 10 mM EDTA. All
radiolabsled DNA is labeled with *P, whatever
labeling technique was used.

By "rapid prep"” is meant a rapid, small scale
production of bacteriophage or plasmid DNA, e.g.,
as described by Maniatis et al., supra, at p. 365~
373.

EXAMPLE A

Step 1. Mo Celi Line Cultures

Mo cells (ATCC CRL 8066) were grown rou-
tinely in Alpha (6% COQ2) or Iscove's (10% CO2)
medium containing 20% Fetal Caif Serum (FCS),
2mM giutamine, 100 U/ml streptomycin and 100
ug/ml penicillin. The cells should be subcuitured
every 4-5 days. Cells are counted and seeded into
Falcon T-175 flasks in 100-150 ml medium at den-
sity of 3-4 x 105 cells/mi. Cells will double in 20%
FCS every 4-7 days. Growth rate is not constant
and cells may sometimes appear to stop growing
then go through bursts of growth. Mo ceils can be
grown in serum-free medium. Survival is much
better when cells are not washed when transferred
from FCS to serum-free medium. Optimal density
in Serum-Free medium (SF) is 5 x 10° cells/ml.
Cells will grow slightly (or at least maintain con-
stant number) for 3 days in serum-free medium,
and then should be fed 20% FCS for at least 4
days. This growth schedule (3 days SF, 4 days
20% FCS) can be repeated weekly if SF medium is
required, with no apparent harm to the cells for
several months.
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Step. 2 Assays for GM-CSF Activity

A. Bone Marrow Assay

Obtain fresh bone marrow. Break apart spi-
cules by drawing through 20, 22, then 25 gauge
needle. Dilute 1:1 with sterile phosphate-buffered
saline (PBS} (room temperature) and layer over
Ficoll-Paque {about 30 ml BM-PBS over 6 ml
Ficoll). Spin at 1500 rpm for 40 minutes at room
temperature. Remove fat-and PBS layer and dis-
card. Pipette off the light density layer. Wash 2x
with PBS and count. Plate cells in RPMI
{purchased from GIBCO as RPMI 1640) plus 10%
HIFCS (heat inactivated FCS) for 3 hours to re-
move adherent cells.

Plating medium (make fresh):

20% FCS

0.3% agar dissolved in H20 cooled to 40°C

2x Iscoves (1:1 viv with Agar)

1% P/S final concentration of 100U/m! streptomy-
cin, 100 ug/mi penicillin

10™*M alpha thiocglycerol in 2x Iscoves from 1072M
stock

Cool agar to abouf 40" . Mix with other ingredients.
Cool in H:O both to 37-38° and hold at that
temperature.

After 3 hours, pipstte off the non-adherent
colls. Spin and count. Add 2 x 105 cells/ml of
plating medium and keep in controlled temperature
water bath at 37-38" . Add samples (e.g., medium
from transfocted cells; usually 10 (il sample) to the
first row of wells of a microfiter plate in duplicate.
Add 100 ul cell suspension to each well. Add
additional 50 ul of cell suspension o each well in
the first row. Mix thoroughly and transfer 50 | of
solution from the first row into the next row, etc.
and continue 1:3 dilutions across plate. Wrap the
plate in parafilm. incubate 10-14 days at 10% COa2,
37°C in fully humidified atmosphere and score
colonies.

To score the colonies, the total number of
colonies that grow in each well is counted. In each
assay, several wells are plated without including a
sample (blank) to obtain a background colony
count. The average number of colonies that grow in
the blank wells is subfracted. from the number of
colonies found in each of the wells containing sam-
ples. One unit of GM-CSF is the amount that will
stimulate the formation of one colony above the
background levei per 10° human bone marrow
cells (plated at 10° ceils per ml) when the GM-CSF
concentration is sub-saturating. The sub-saturating
concentration is determined by dilution and com-
paring the number of colonies at various dilutions
to find the concentration just below the saturation
lovel.

For this

assay, the colonies containing

— '1r-iur
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granuiocytes, monocytes or both types of cells are
counted. The types of cells in the colonies are
determined by picking colonies and staining in-
dividual cells. :

B. KG-1 Cell Assay

KG-1 cells (Blood, Vol. 56, No. 3 (1980)) are

grown in Iscoves medium + 10% FCS passed 2x

per week and seeded for each passage at 2x10°
cells/ml. The cells are used for assay only between
passage 30-35. The assay is the same as for bone
marrow as described above, except the KG-1 cells
are plated in agar mixture at 4x103 cells/ml.

The number of colonies growing in each well is
determined and the background count is subfracted
as in the Bone Marrow assay described above.
One KG-1 GM-CSF unit/mi is that concentration of
CSF that will stimulate haif of the maximum num-
ber (saturation) of KG-1 colonies to grow. The
rmaximum number is obtained by including a satu-
rating level of GM-CSF in several wells,

Step 3. Construction of Vector p81023(B)

The transformation vector was pAdD26SVpA(3)
dascribed by Kaufman at al.,, Mol. Cell Biol. 2(11)-
11304~1319 {1982]. It has the structure Hiustrated in
Fig. 2. Briefly this plasmid contains a mouse
dihydrofolate reductase (DHFR)} cDNA gene that is
under transcriptional control of the adenovirus 2
(Ad2) major late promoter. A 5" splice sfte Is in-
cluded in the adenovirus DNA and a 3' splice site,
derived from an immunogiobulin gene, is present
between the Ad2 major late promoter and the
DHFR coding sequence. The SV40 early
polyadenylation site is present downstream from
the DHFR coding sequence. The procaryotic-de-
rived section of pAdD26SVpA(3) is from pSVOd
(Mellon, P., Parker, V., Gluzman, Y. and Maniatis,
T. 1981. Cell 27:279-288) and does not contain the
pBR322 sequences known to inhibit replication in
mammalian cells (Lusky, M., and Botchan, M.
1981, Nature (London) 293:70-81.

pAdD26SVpA(3) is converted into plasmid
pCVSVL2-TPL as iflustrated in Fig. 2
pAdD26SVpA{3) is converted into plasmid
pAdD26SVpA(3) (d) by deietion of one of the two
Pstt sites in pAdD26SVpA(3). This is accomplished
by a partial digestion with Pstl (using a deficiency
of enzyme activity so that a subpopulation of lin-
earized plasmids can be obtained in which only
one Pstl site in cleaved), then treatment with
Kienow, ligation 1o recircularize the piasmid, trans-
formation of E. coli and screening for delstion of
the Pstl site located 3' of the SV40 polyadenylation
sequencs.

The adenovirus tripartite leader and virus asso-
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ciated genes (VA genes) were Inserted into
pAdD26SVpA(3) {d) as lllustrated in Fig. 2. First,
pAdD26SVpA(3) (d) was cleaved with Pwull to
make a linear molecule openad within the 3' por-
tion of the first of the three elements comprising
the tripartite leader. Then, pJAW 43 (Zain et al.
1979, Cell 16 851) was digested with Xho 1, treat-
ed with Klenow, digested with Pvull, and the 140
base pair fragment containing the second and part
of the third leadsrs was isolated by electrophoresis
on an acrylamide gel (6% in Tris borate buffer;
Maniatis et al. [1982] supra). The 140 bp fragment
was then ligated to the Pwull digested
pAdD26SVpA(3) (d). The ligation product was used
to transform E. coli to tetracycline resistance and
colonies were screened using the Grunstein-Hog-
ness procedure using a 3P labelied probe
hybridizing to the 140 base pair fragment. DNA
was prepared from positively hybridizing colonies
to test whether the Pwvull site reconstructed was
5'or 3' of the Inserted 140 base pair DNA specific
to the 2nd and 3rd adenovirus late leaders. In the
correct orientation of the Pvull site is on the 5 side
of the 140 base pair insert. This piasmid is des-
ignated pTPL In Fig. 2.

The Ava Il D fragment of SV40 containing the
SV40 enhancer sequence was obtained by digest-
ing SV40 DNA with Ava Hl, blunting the ends with
Kiencw fraagment of Pol 1, ligating Xho 1 linkers to
the fragments, digesting with Xho 1 to open the
Xho 1 site, and isolating the fourth largest (D)
fragment by gel electrophorasis. This fragment was
then ligated to Xho 1 cut pTPL yielding the plasmid
pCVSVL2-TPL. The orientation of the SV40 D Frag-
ment in pCVSVL2-TPL was such that the SV40 late
promoter is in the same orientation as the ad-
enovirus major late promoter.

To introduce the adenovirus virus assoclated
(VA) genes into the pCVSVL2-TPL first a plasmid
pBR322 is constructed that contains the adenovirus
type 2 Hind 1l B fragment. Adenovirus type 2 DNA
is digested with Hind Hi, and the B fragment is
isolated after gel electrophoresis. This fragment is
then inserted into pBR322, which has previously
been digested with Hind {il. After transformation of
E. coli to ampicillin resistance, recombinants are
screened for insertion of the Hind i B fragment
and the inserted crientation is determined by re-
striction enzyme digestion. pBR322 - Ad Hind It B
contains the adenovirus type 2 Hind lll 8 fragment
in the orientation depicted in Fig. 3.

As illustrated in Fig. 3, the VA genes are con-
veniently obfained from plasmid pBR322-Ad Hind
Il B by digesting with Hpa |, adding EcoRi linkers
and digesting with EcoRl, and recovering the 1.4kb
fragment. The fragment having EcoRi sticky ends
is then ligated into the EcoRi site of pTPL {(which
had previously been digested with EcoRl). After
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transformation of E. coli HB101 and selection for
tetracycline resistance, colonies are screened by
filter hybridization to a DNA probe specific to the
VA genes. DNA is prepared from positively
hybridizing clones and characterized by restriction
endonuclease digestion. The product plasmid is
designated p91023.

The 2 EcoRl sites in p91023 are removed.
p91023 is cut to completion with EcoRli, generating
two DNA fragments, one about 7Kb and the other
about a 1.3 Kb fragment containing the VA genes.
The ends of both fragments are filled in using the
Klenow fragment of Poll, and then both fragments
L.e. 1.3 Kb, 7Kb, are religated together. A plasmid
p91023(A) containing the VA genes and similar to
p91023 but deleted for the 2 EcoR! sites is iden-
tified by Grunstein-Hogness screening with the VA
gene fragment, and by conventional restriction site
analysis.

Then the single Pstl site in p81023(A) is re-
moved and replaced with an EcoRl site. p91023(A)
is cut to completion with Pstl, and then treated with
Klenow fragment of Poll to generate flush ends.
EcoRl linkers are ligated to the blunted Pstl site of
p81023(A). The linear p91023(A), with EcoRl finkers
attached at the blunted Pstl site is separated from
unfigated finkers and digested to completion with
EcoRl, and then refigated. A plasmid p91023(B) is
recovered and identified to have a structure similar
to p91023(A), but with an EcoR) site situated at the
previous Pstl site.

Step 4. Preparation of cDNA Library

Mo cells were induced for 16-20 hrs. with PHA
and PMA io enhance their iymphokine production.
Cells were placed at 5 x 105 cells/ml in Iscove's
medium with 20% FCS, 0.3% (viv) PHA and 5
ng/mi TPA. The cells were collected by centrifuga-
tion. The pelleted cells were resuspended in 20 ml
of ice cold hypetonic lysis buffer (RSB buffer:
0.01M Tris-HCI, PH 74, 0.01M KCl, 0.0015M
MgClz, 1 ug/m! cycloheximide, 50 units/ml RNAsin
and 5mM dithiothreitol). The cells were allowed to
swell on ice for five minutes then were ruptured
mechanically with 10 strokes of a tight fitting
dounce glass homogenizer. The homogenate was
centrifuged at low speed (2000 RPM in a Beckman
J6 cenirifuge) to remove nuclei and unlysed cells.
The supernatant was held on ice while the nuclear
pellst was resuspended in 10 mi or ASB and re-
centrifuged at low speed. This second supernatant
was pooled with the first and the combined super-
natants were centrifuged at low speed to remove
residual contamination with nuciei and unlysed
cells. The supematant from this spin was brought
to 0.15M KCI by addition of 2M KCI then cen-
trifuged at high speed (25,000 RPM, Beckman Sw
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28 rotor for 30 minutes) to pellet the membranes.
The membrane pellst was carefully washed with
cold RSB then resuspended in 12 ml of RSB
containing 2 M sucrose and 0.15M KCI. Two dis-
continuous gradients were prepared in Beckman
SW41 centrifuge tubes by layering 6 ml of the
membrane solution in 2 M sucrose over 2 mi of
RSB with 2.5 M sucrose and 0.15M KClL. The tubes
were filled to the top by overlaying with 2.5 ml of
RSB containing 1.3M sucrose and 0.15M KCi.
These gradients were spun for 4 hours at 27,000
RPM (Beckman, SW41 rotor) at 4° C. The mem-
brane layer (at the interface between the 2.0M and
1.3M sucrose) was carefully removed from the side
using an 18 gauge needle and syringe. The mem-
brane fractions from the two gradients were pooled
and diluted with 1 volume of distilled H20Q then
brought to 0.5% Triton X-100 and 0.5% sodium
deoxycholate then exiracted with an equal volume
of phenol. The aqueous layer was re-extracted with
a 1:1 mixture of phenol and chloroform and finally
an equal volume of chioroform. Finally, the mem-
brane bound RNA was precipitated by addition of
NaCl to 0.256M and 2.5 volumes of cold ethanol and
incubated overnight at -20°C. The precipitated
RNA was collected by centrifugation (4000 RPM for
10 min. in the Beckman J-6 centrifuge} and was
resuspended in 1 ml of distilled water. From 2x10°
cells, approximately 1 mg of RNA was obtained.
The messenger RNA (mRNA} was isolated from
the total ANA by chromotography on a 0.5 mi olige
dT-cellulose column. Briefly the RNA was heated
to 70 C for 5 min, quick chifled on ice, then
diluted 5 fold with room temperature binding buifer
(0.5M LiCl, 0.01M Tris-HC! PH 7.4, 0.002 M EDTA,
and 0.1% $SD8). The RNA in binding buffer was
passed over the oligo dT-cellulose column equiii-
brated with binding buffer at room temperature.
The column was washed with 5 ml of binding
buffar then with 5 ui of 0.15M LiCI, 0.01M Tris-HCI
pH7.4, 0.002M EDTA, and 0.1% SDS. Finally,
mRNA was eluted with 2 ml of 0.01M Tris-HCi
pH7.4, 0.002M EDTA, and 0.1% SDS. The mRNA
was precipitated by addition of NaCl to 0.25 M and
2.5 volumes of ethanol and incubation overnight at
-20" C. The precipitated mRNA was collected by
centrifugation (30,000 RPM for 30 minutes in a
Beckman SWS55 rotor). The tube was carefully
drained and the mRNA pellet was resuspended in
50 ml of Hz20. The resuspended mRNA was
brought to 0.256M NaCl then extracted 1 time with a
1:1 mix of phenol and chioroform then 3 times with
chioroform, The mRNA was precipitated by the
addition of 2.5 volumes of ethanol. The mixture was
frozen and thawed several times in a dry
ice/ethanol bath then centrifuged 15 min. in an
Eppendorf centrifuge. The tube was carefully
drained and the mRNA pellet was resuspended in
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20 ul of distilled HzO. The final yisld was approxi-
mately 30 ug of mRNA,

First strand cDNA was prepared using standard
methods. Briefly, 10 ug of membrane mRNA was
diluted into a 100 ul cDNA synthesis reaction mix-
ture containing 300 mM Tris pH 9.4. 140 mM KC|,
10 mM MgClz, 10 mM B-mercaptosthanol, 500 uM
each of dATF, dGTP, dCTP and dTTP, § ug. of

oligo-dT (phosphorylated and average size of 12-

18) as primer, 150 uCi of 32P dCTP (400 Ci/mmole)
and 20 units of the ribonuclease inhibitor RNAsin.
The reaction was initiated by addition of 100 units
of reverse transcriptase and incubated for 30 min-
utes at 42° C. The reaction was stopped by addi-
tion of EDTA to 40 mM and the RNA was degraded
by incubation for 20 min. at 85 C in 0.2M NaOH.
The base was neutralized by addition of 20 ul 2M
Tris, pH 7.4. The reaction mix was then extracted
with phenol/chloroform, back extracted with 50 ul
10 mM Tris pH 7.5, 1 mM EDTA (TE) and the
aqueous phases wore pooled. The first strand
cDNA was converted to double stranded cDNA by
incubation for 12 hours at 16" G with 40 units of the
Klenow fragment of DNA polymerase | in a 100 ul
reaction contalning 50 mM potassium phosphate,
pH 74, 23 mM DTT, 2-mercaptosthanol, 10mM
MgClz, 150 uMolar each of the 4 deoxynucleotide
friphosphates and 25 uCi of 3P dGPT. The reac-
fion was stopped by extraction with
phenolichloroform  and  the  unincorporated
triphogphates were removed by passing the aque-
ous phase over a 1 ml sephadex G-50 column. The
excluded fractions were pooled and ethanol
precipitated.

The cDNA pellet was washed with cold ethanol
then resuspended in 200 ul of 20mM Tris pH 8.0, 1
mM EDTA, 80uMolar S-adenosyl-Methionine, and
300 units of EcoRl methylase for 60 minutes at
37" C. The reaction was stopped by extraction with
phenol/chioroform and the methylated cDNA was
collected by ethanol precipitation.

The cDNA pellet was rinsed with 70% ethanol
then resuspended in 200 ul S1 buffer (Maniatis et
al) and incubated with 200 units of S1-nuclease at
30" C for 30 minutes. The reaction was stopped by
exiraction with phenol/chloroform and the cDNA
collected by ethanol precipitation.

The double stranded cDNA was blunted by
incubation in 100 ul of 20mM Tris, pH 7.4, 50mM
NaCl, 10mM 2 mercaptoethano! and 500 uMolar of
all four deoxynucleotide triphosphates with 25 units
of Klenow at room temperature for 30 minutes. The
reaction was stopped by extraction with
phenol/chloroform and the cDNA collected by
ethanol precipitation.

The cDNA was ligated in 50 ul of T4 ligase
buffer (Maniatis et al) with 500 pMoles of R1 linkers
purchased from New England Biolabs (sequence:
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pCGGAATTCCG) using 2000 units of T4 ligase
overnight at 16  C. The reaction was stopped by
incubation at 70" for 20 minutes then diiuted to
300 ul such that the final salt concentration was 0.1
M NaCl, 10 mM, MgClz, 50 mM Tris-Cl, pH 7.4.
The cDNA was then digested for 2 minutes at 37
with 700 units of EcoRlL. The reaction was stopped
by extraction with phenol/chloroform and the cONA
coliected by ethanol precipitation. The pellet was
resuspended in 50 ul of TE and passed over a 5ml
C1-4B column. The excluded fractions were pooled
and ethanol precipitated. The precipitated CDNA
was elsctrophoresed through a 1% agarose gel in
Tris acetate buffer in the presence of 1 ug/mi
ethidium bromide. cDNA In the size range 500-
4000 base pairs was isolated from the gel using
the standard glass powder procedure. The sluted
cONA was extracted with phenol/chioreform,
ethanol precipitated and the peliet (after an ethanol
ringe) was resuspended in 50ul of TE. The final
yield was 100-500 ng of cDNA.

The preparation of the expression vector
p91023(B) is described above. The EcoRl digested
and phosphatase treated vector (500ng) was ligat-
ed with 100 ng of ¢cDNA In a 100ul reaction
(standard T4 ligase reaction) overnight at 18" C.
The reaction was stopped by extracting with
phenol/chloroform then the ligated cONA was col-
lected by ethanol precipitation after adding 5 ug of
tRNA as carrier.

The ethanol precipitated DNA was rinsed with
70% ethanol then resuspended in 100 ul of TE.
This DNA was used in 4 ul aliquots to transform E.
coli MC1061 {4 ul in a 100 ul transformation}. Each
of the 25 transformations was spread onto a 150
mm petri dish with 1% agar, L-broth and 10 ug/ml
tetracycline (Tet plate) and incubated overnight at
37°. Approximately 2000 colonies grew on each
plate, resuiting in a total of about 50,000 colonies.
After reaching approximately 0.5 mm in diameter,
the colonies were transferred to nitrocelluiose disks
(137 mm) by carefully placing a dry filter on the
surface of the plate then smoothly peseling off the
filter. All of the colonies on the plate transferred to
the filter which was then placed (colony side up) on
a fresh Tet plate. After allowing the colonies to
grow several hours, one replica was prapared from
each of the filters by placing a fresh wetted filter
exactly over the original filter, pressing them to-
gether, peeling them apart then returning each filter
to a fresh Tet plate and incubating the plates
overnight at 37 . Each replica was carefully
marked such that It would be realigned with the
original filter.

Step 5. Plasmid DNA Pool Preparation

Each of the 25 replica filters was carefully
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sectioned into eighths using a scalpef and noting
the orientation of each eighth relative to the original
master filter. The colonies were scraped from each
section into 10 mi of L-Broth. The bacteria were
collected by centrifugation (3000 RPM, 10 min.,
Beckman J-6 centrifuge) resuspended in 0.6 ml of
25% sucrose, 50 M Tris-HC! pH 8.0 and converted
to protoplasts by addition of 0.12 mi of 5 mg/ml
lysozyme and incubation on ice for 5-10 min, The
protoplasts were next incubated at room tempera-
ture for 10 min. foliowing the addition of 0.125 ml
of 0.5M EDTA then iysed by addition of 0.12m| of
10% SDS in 50 mM Tris-HCI, pH 8.0. The lysate
was mixed gently, incubated at room temperature
for 15 min. then protein and chromosomal DNA
precipitated by the addition of 0.3 m! of 5M NaCl.
After incubation on ice for 15 min., the lysate was
centrifuged in an Eppendorf centrifuge for 30 min.
in the cold. The supernatant was carefully removed
leaving behind the viscous DNA/protein pellet and
was diluted by the addition of 25 ml HzO. The
mixture was extracted with 1 ml of phenol, the
layers separated by centrifugation (10K for 10 min.
in the Sorvall $5-34 rotor) and the aqueous layer
removed to a fresh tube. DNA was precipitated by
adding 0.5 ml of 5M NaCl and 7.5 ml of cold
ethano! and freezing the mixture several times in a
dry ice ethanol bath. The precipitate was collected
by centrifugation (10K, 15 min. in the Sorvall 8S-
34), resuspended in 0.3 m! of 0.3M Sodium acetate
and re-precipitated (in an Eppendorf tube} by the
addition of 1 ml of ethanol. After 10-15 min. in a
dry ice ethano! bath, the precipitated DNA was
collected by centrifugation (§ min. in the Eppen-
dorf) and the final pellet was resuspended in 100 ul
of sterile TE (10 mM Tris pH8, 1mM EDTA). From
a typical preparation, 5-10 ug of plasmid DNA was
obtained. Each preparation contained the DNA from
200-500 colonies on the original filter. A total of
200 DNA samples wers prepared from the 25 fil-
ters.

Step 6. tsolating GM-CSF Clong

Fach of the DNA samples from Step 5 were
separately iransfected into M6 COS monkey cells
as described below.

The MB celis are grown routinely in Dulbecco’s
modified Eagle's Medium (DME available from
Gibco) containing 10% heatinactivated fetal calf
serum (HIFGS), split twice a weok at 1:6 dilution.
Twenty-four hours after splitting 1:6 the M8 celis
are ready for transfection. Twenty-four hours prior
to transfection, 1.2 x 10® M6 cells (split 1:6) are
seeded into a Cell Factory (available from Nunc) in
1.5 iters of DME + 10% HIFCS. Immediately
before transfection, plates are aspirated and
washed twice with 7 ml of serum-free (SF) DME.
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The DNA is dissolved in 0.1 M Tris (pH 7.3) and
added to DME medium containing 2mM glutamine,
100 ug/ml streptomycin, 100 U/m! penicillin and
0.25 mg/mi DEAE Dextran totalling 4 m! with the
Tris-DNA solution. The 4 ml of medium containing
dissolved DNA is added to the plate containing M6
COS cells and incubated for 12 hours.

After incubation, the cells are rinsed once or
twice with 7 mi SF DME. Then, 5 mi of DME with
10% HIFCS, 100 U/iml penicillin, 100 ug/ml strep-
tomycin, 2mM glutamine, and 0.1 mM chloroquin
was added and the cells were incubated for 2 1/2
hours.

After 2 1/2 hours, rinse once with SF DME and
add 10 m! DME + 10% HIFCS/plate. After 30
hours aspirate media and feed 4 mi/plate DME +
10% HIFCS. Harvest by removing the conditioned
medium after 24-26 hours further incubation.

The conditioned medium from each transfec-
tion was assayed for GM-CSF &ctivity using the
KG-1 assay, For each sample, positive for GM-CSF
activity, the clone on the original master filter re-
sponsible for the GM-CSF activity had to be iden-
tified. For example, for one fransfection posttive for
GM-CSF activity, all of the colonies of the section
of the original master filter from where the transfec-
tion DNA sample was derived, were picked. Some
320 of these colonles were picked Into 3 mi of L-
Broth plus 10 ug/m! tetracycline. The cultures were
grown overnight. The 320 colonies were placed in
an 18 x 18 matrix. Pools were prapared from each
horizontal row and vertical column of the matrix (36
total pools) (note: the last horizontal row had only
14 clones). DNA samples were prepared from each
pooled culture then used to :-=nsfect COS cells.
The supernatants from these :ransfections were
assayed using the KG-1 colony assay. Two posi-
tives were obtained from this set of transfections:
one in a vertical column, the other a horizontal row.
The culture common to these pools contained the
GM-CSF clone.

Twelve individual clones from this culture were
isolated and miniprep DMNA was prepared from 10
mi cultures in L-Broth as described above. 10 ul
samples of DNA from these preparations were di-
gested with EcoRl and the resulting DNA fragments
analyzed by agarose gel electrophoresis. Nine of
the twelve clones had a common approximately
750 base pair insert. The DNAs from four of these
clones and the remaining three clones were intro-
duced into M6 COS cells as described above. The
supernatants from these transfections were as-
sayed using the KG-1 assay as well as the bone
marrow assay for GM-CSF. The four clones which
each contained the 750 bone pair fragment all
directed the expression by the M6 COS cells of
high levels of GM-CSF activity as detected in either
assay whie the other three clones did not. Thus,
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the coding region for GM-CSF must be located
within the 750 base palr insert.

The DNA sequence coding for GM-CSF Wik

removed from the transformation vector in the posi-
tive clone by digestion with EcoR! and sequenced
using standard dideoxy sequencing methods after
subcloning fragments info M13 vectors 1o obtein
the seguence illustrated in Fig. 1. The plasmid,

p21023(B) - CSF, that was first shown to direct

GM-CSF expression in COS cells has been des-
ignated pCSF-1. This plasmid has been dsposited
with the American Type Culture Collection in a
strain of E. coli - MC1061 under the deposit num-
ber ATCC 39754 on July 2, 1984.

Step 7. Expression of GM-CSF Protein

M& COS monkey cells transformed with vector
p91023(B) containing GM-CSF/cDNA as isolated in
Step 6 are grown as described in step 6 to pro-
duce GM-CSF protein in the culture medium.

Namely, one mg of this DNA (pCSF-1) was
dissotved in 1 ml of 0.1 M Tris, pH 7.3 and added
to 600 ml of DME containing 2 mM glutamine, 100
U/mi streptomycin, 100 ug/ml penicillin (P/S) and
0.25 mg/ml DEAE Dextran (Molecular weight
500,000 from Pharmacia). The 600 ml of DNA
DEAE Dextran sclution is added o the M6 COS
cells in the cell factory and incubated at 37" for 12
hours. After the incubation, the cefls are rinsed
once with 900 ml of SF DME then incubated for 2.5
hours with 800 ml of DME containing 0.1 mM
chloroquin, 10% HIFCS, 2 mM giutamine and P/S.
After aspirating the chloroquin containing medium,
the cells are rinsed with SF DME and fed 1500 ml
of DME with 10% HIFCS. After 30 hours the cells
are washed with SF DME, the medium is replaced
with 800 ml of SF DME and the transfected celis
are aflowsd to condition the medium for 24 hours
at 37" C. The conditioned medium is aspirated and
replaced with another 800 mi or SF DME. The cells
are allowed to condition this medium for 24 hours
then the conditioned medium is collected. As soon
as possible after harvesting, the conditioned media
sample are concentrated 20 fold by pressurized
ultrafiltration using the Amicon 2.5 litre chamber
with the YM5 membrane {5,000 MW cutoff).

Step 8. Purification of Recombinant GM-CSF

Two hundred mi of concentrated conditioned
medium (from 4 liters of starting material - Step 7)
was brought to 30% saturation of ammonium sul-
fate by addition of solid ammonium sulfate and the
precipitated protein was removed by centrifugation.
The supernatant was brought to 80% saturation of
ammonium sulfate by adding more solid ammo-
nium sulfate and the precipitated protein collected
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by cenirifugation. The pellet was resuspended in 5
mi of 20 mM sodium citrate, pH 6.1, containing 1
M NaCl. The dissoived protein was applied to a 1.6
x 100 cm column of Ultrogel AcAS4 equilibrated in
the same buffer. The GM-CSF activity eiuted from
the column with an apparent molecular weight of
19 k Daltons or after about 90 mi. It has been
observed that if the gel filtration is performed at low
ionic strength, GM-CSF activity is eluted from the
column in two positions with apparent molecular
weights of about 19 k Daltons and 38 k Daltons,
suggesting that GM-CSF may readily form dimers.)
The active fractions were pooled and brought to
0.15% TFA (by addition of 10% TFA) and applied
to a Vydac C4 column (0.46 x 25 cm) equilibrated
in 0.1% TFA. The column was developed with a
finear gradient of 0-90% acatonitrils (1 mi/min., 340
mi total) in 0.1% TFA. The GM-CSF activity eluted
between 39 and 43% acatonitrile (Fractions 16-20).
A 20 ul sample of Fraction-19 was analyzed by
S$DS polyacrylamide gel electrophoresis (13.5% gel
as described by Lammli, Nature 227, 680 (1970)).
A single broad protein band with ‘an apparent MW
of 18-26 k Daltons was observed. The rather broad
size range for GM-CSF is a common feature of
glycoproteins and is thought to reflect extensive
but variable addition of carbohydrate. Protein from
Fraction 19 was submitted to Edman Degradation
using the Applied Biosystems gas phase micro-
sequenator. From approximately 20 ug of protein
applied, the sequence of the first 15 amino acids
was obtained. (A-P-A-R-S-P-8-P-S-T-Q-P-W-E-H).
The high vield of this single protein sequence
strongly suggesied that the GM-CSF protein in
Fraction 19 had been purified to homogeneity. Bio-
assay indicated that Fraction 19 had 3 x 107 units
per Azgo absorbance units. Since typical proteins in
aqueous solution exhibit a range of extinction co-
efficients of 0.8 t0 1.2 Aggo absorbance units per
milligram of protein, the specific activity of the
purified GM-CSF is between about 1 x 107 and
about 4 x 107 unitsfmg when assayed using the
human bone marrow call assay.

EXAMPLE E
CLONING GIBBOM GM-CSF

Step 1. Preparation at mRNA from Gibbon T-Cells

A sample of the gibbon T-Cell line designated
UCD-MLA 144 was cultured for several weeks in
RPMI 1640 {purchased from Gibco) and 20% fetal
calf serum (FCS) until there was obtained 1 x 10°
totai cells. The cells were induced to produce high
lovels of GSF by activation for 24 hours In the
presence of 10 nanograms per ml 12-O-tetr-
decanoyl phorbol 13-acetate (TPA) in RPMI 1540
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plus 1% PCS. The cells were harvested by cen-
trifugation (1000 rpm., 5 min.), washed once with
phosphate buffered saline (PBS) and finally col-
lected by centrifugation.

Membrane bound polysome (MBP) mRNA was
prepared from these cells using the same proce-
dure as described in Example A for the preparation
of Mo calt RNA.

Step 2. First Strand cDNA Reaction

-6 ug of MBP mRNA (from Step 1) was diluted
into a 50 ul cDNA synthesis reaction mixture (see
Example A - Step 4) and the reaction initiated by
the addition of reverse transcriptasse. After incuba-
tion for 30 minutes at 42° C, the reaction was
stopped by addition of EDTA to 50 mM, and dilut-
ed with H20 to 100 ul. The mixture was extracted
with phenol/chloroform and further extracted with
chioroform. The cDNA/RMA hybrids were sepa-
rated from unincorporated iriphosphates by
chromatography on a 2 ml Sepharose CL-4B col-
umn. The excluded fractions were pooled and the
hybrids collected by ethanol precipitations. The
final yield was 570 ng.

Step 3. Second Strand cDNA Reaction

The first strand ¢cDNA pellet (Step 2) was re-
suspended in 50 mi of HO and second strand
synthesis carried out in a standard reaction mixture
with E. coli Polymerase |, E. coli ligase, and RNAse
H. The reaction wan incubated overnight at 16" C
and then incubated for 1 hour at 37" C. The reac-
tion was stopped by addition of EDTA and ex-
tracted with phsnol/chloroform. The cDNA was sep-
arated from unincorporated tiriphosphates by
chromatography on a Sepharose CL-4B cofumn,
the excluded fractions pocled and the cDNA col-
lected by ethanol precipitation.

Step 4. Recombinant cDNA Preparation

The cDNA pellet (Step 3) was resuspended in
75 ul of H2O. Homopolymeric C "tails" were added
to the ends of the cDNA by adding 10 ul of the
cBNA solution to a 25 ul standard reaction mixture
with terminal fransferase, and incubating at 30" C
for 5 minutes. The reaction was stopped by the
addition of EDTA to 40 mM and heat inactivation at
68" C for 10 minutes. 10 ng of this tailed cDNA
was annealed with 50 ng of G-tailed pBR322
{purchased from NEN) in 10 ul of 10 mM Tris, pH
7.5, 1 mM EDTA, and 100 mM NaCl. The anneal-
ing reaction was incubated for 10 minutes at 68°C
and then for 2 hours at 57 .

Step 5. Bacterial Transformation
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E. coli strain MC1061, was grown in L-broth,
chilled on ice, harvested by centrifugation, and
treated wth CaClz to prepare them for transforma-
tior. § ul of the cDNA annealing reaction was then
incubated with 200 ul of the CaClz-treated bacteria.
Fifteen such transformations were petformed, using
alt of the annealed cDNA, and spread on 15 cm,
1% agar L-broth plates containing 10 ugani
tetracycline. Approximately 1000 colonies grew on
gach plate.

Step 6. Replica Plating

10,000 colonies from the transformation were
each picked with a toothpick, transierred to fresh
plates (500 per plate in a grid), and grown over-
night at 37° C. The colonies were then lifted from
each plate by pressing a dry nitrocellulose filter
firmiy over the surface of the plate. Two replica
filters were prepared from each’ of these master
filters. The master filters were stored at 4" C, and
the replica filters freated with base, and baked to
prepare them for hybridization.

Step 7. Preparation of ﬁ'—'_ Labelled Hybridization
Probes

The cDNA insert from pCSF-1 was isolated by
digestion with the restriction enzyme EcoRI, and
electrophoresis in an agarose gel with Tris acetate
and ethidium bromide. The band containing the
cDNA fragment was cut from the gel and purified
by the glass powder technigue.

300 ng of the cDNA fragment was then added
to 1 ul of 10 x T4 DNA Polymerase Buffer (0.33 M
Tris Acetate, pH 7.9, 0.66 M potassium acetate, 0.1
M Magneslum acetate and 10 mM dithiothreitol),
and 3 units of T4 DNA Polymerase (Now England
Biolabs), and diluted with water to 10 ul. After
incubation for 5-10 minutes at 37 C, this mixture
was combined with 1 ul 10 x T4 DNA Polymerase
Buffer; 1 ul of 2 2 mM solution of each of dCTP,
dTTP, dGTP; 10 ul of 32PdATP (10uCisul, 3,300
Ciframoile); and 3 units of Tr DNA Polymerase. The
reaction was incubated for 20 minutes at 37 C.
Then 1 w of 2 mM dATP was added and the
reaction incubated for an additional 10 minutes at
37" cC.

The unincorporated triphosphates were sepa-

rated from the labelled cDNA by chromatography
on a Sephadex G100 column. A second probe was
prepared from a synthetic oligonucleotide having
the sequence:
ATC TGG CTG CAC AG which is complimentary to
the amino terminus of the CSF coding region. This
oligonucleotide was labelled with 32P dATP at its 5'
end using a standard polynucleotide kinase reac-
tion.
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Step 8. Isolation of GM-CSF cDNA Clones

In a standard hybridization screening proce-
dure, some 45 clones hybridized with the T4 label-
led pCSF-1 cONA. Of these, approximately 20 also
hybridized to the iabelled oligonucleotide probe.
The coding region of one of these has been
sequenced, and the sequence data revealed a

number of base substitutions, some of which result .

in amino acid difference in the expressed protein.
These differences are illustrated in Figure 1 above
the DNA sequence for the human GM-CSF gene
cloned in Example A.

EXAMPLE C

CLONING GM-CSF FROM PERIPHERAL BLOOD
LYMPHOCYTE mRNA

Step 1. mRNA Preparation from Peripheral Blood
Lymphocytes

Peripheral blood lymphocyles were preparad
from four plasmapheresis by-products {purchased
from the Red Cross) by fractionation on a Ficoll-
Hypaque gradient. The light density in RPMI-1540
in the presence of 5% fetal calf serum, 0.17%
phyiohemmaglutinin, and  10ng/mi  phorbal
myristate acetate (PMA) at a density of 2 x 108
cells/ml (a total of 6 x 10° cells were obtained). The
ceils were harvested by centrifugation (1000 rmp, 5
min.), washed once with phosphate buffered saline
(PBS) and finally collected by centrifugation.
Cytoplasmic RNA was prepared by a gentle lysis
procedure in which the cells were resuspended in
50 mi cold Triton iysis buffer (140 mM NaCl, 1.5
mM MgClz, 10 mM Tris, pH 8.6, 0.5% Triton X-
100) with 10 mM dithiothreitol (DTT) and 50
units/ml  ANAsin (purchased from Biotec). This
lysate was divided into 2 equal parts and each part
was layered over a 10 ml cushion of lysis buffer
containing 20% sucrose. The cell nuclei wers re-
moved by centrifugation in the cold (4° C, 400 rpm
for 5 minutes). The upper layer (cytoplasmic ex-
tract) was carefully removed and sodium dodecyl-
sulfate (SDS) was added to a final concentration of
1%. This solution was extracted twice with an equal
volume of phenol chloroform (1:1 mixture) and the
RNA was precipitated by adding 2.5 volumes of
cold ethanol. The precipitated RNA was collected
by centrifugation (15 min. at 4000 rpm) and re-
suspended in 0.01 M Tris, pH 7.5, 1 mM EDTA,
0.25 M NaCl (TE buffer plus 0.25 M NaCl) and
reprecipitated by addition of 2.5 volumes of cold
ethanol. Finally, the RNA was collected by cen-
trifugation and resuspended in 5 ml of H20. The
final yleld was 7.5 mg.

Messenger RNA was isolated from the total
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cytoplasmic RNA by selection on oligo dT cel-
lulose. 2.5 mg of total RNA was heated to 65" for
five minutes. NaCl was added to 0.5 M and the
RNA was allowed to cool to room temperature.
This RNA was passed over a one ml column of
oligo dT cellulose equilibrated in TE + 0.5 m NaCl
{binding buffer). Unbound RNA was removed by
washing the column extensively with binding buffer.
Bound messenger RNA was eluted with 3 ml of
H20 and pracipitated by addition of 0.2 ml of 4 M
NaCl and 25 volumes of cold sthanol. The
precipitated mRNA was collected by centrifugation
(30 minutes at 25,000 rpm). The final pellet
{approximately 100 ug) was resuspended in 50 ul
of H20,

Step 2. First Strand cDNA Reaction

20 ug of PBL mRNA was diluted into a 50 ul
cDNA synthesis reaction containing 100 mM Tris
pH 84, 140 mM KCI, 10 mM MgClz, 10 mM 2-
mercaptoethanol, 400 uM each of dATP, dGTP,
dCTP, and dTTP, 5 ug of oligo-dT {average size
12-18) as primer, 26 uCi of 32PdCTP (400
uCi/mmole) and 20 units of the ribonuclease Inhibi-
tor RNAsin. The reaction was initiated by addition
of 60 units of reverse transcriptase at 37 C and
incubated for 30 minutes at 42°C. The reaction
was stopped by addition of EDTA to 40 mM and
extracted with an equal volume of Hz2Q saturated
phenol. The phenol phase was back extracted with
50 ul of TE buffer. The aqueous phases were
pooled. The cDNA/RNA hybrids were separated
from unincorporated triphosphates by passing the
pooled agueous phass over a 5 mi Sepharose CL-
48 column {purchased from Sigma), equilibrated
with TE. The fractions that were excluded from the
column were pooled, brought to 250 mM NaCl and
the nucleic acids precipitated by addition of 2.5
volumes of cold ethanol. The hybrids were col-
lected by centrifugation for 30 minutes at 40,000
rpm. The final pellet (2.5 ug of cDNA) was re-
suspended in 50 ul of H20.

Step 3. Second Strand cDNA Reaction

Second strand ¢cDNA was synthesized by the
combined action of the enzymes E. coli DNA Poly-
merase 1, E. coll DNA ligase and E. coll RNAse H.
The reaction mixture {50 ul) contained 20 mM Tris,
pH 8.0, 4 mM MgCi;, 1.2 mM EDTA, 25 uM NAD,
100 uM each of dATP, dGTP, dCTP, and dTTP;
and 50 uCi #PdCTP (3,000 Cifmmole). The reac-
tion was performed by adding 3 units DNA poly-
merase I, 0.5 units DNA ligase, and 0.75 units of
RNAse H and incubating at 18" for 18 hours, then
at 37" for 1 hour, and then stopped by adding
EDTA to 40 mM and extracted with an equal voi-
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ume of phenol. The phenol phase was back ex-
tracted with 50 ul TE, the aqueous phases poaled,
and the ¢DNA was separated from the unincor-
porated triphosphates by chromatography on a
Sepharose CL-4B column as described obove for
the first strand. Based on incorporation of 32p, the
first strand cDNA was quantitatively converted to a
daubla-stranded form.

Step 4. Recombinant cDNA Preparation

--- Homopolymeric C "tails" were added {o the
ends of the ¢cDNA by gently heating 400 ng of
¢DNA in & 50 ul reaction mixture containing 1 nM
2-mercaptosthanol, 1 mM CoClz, and 9 units of
terminal deoxynucleotidyl transferase at 30° C for
five minutes. The reaction was stopped by the
addition of EDTA to 40 mM and heating to 68" C
for 10 minutes. 200 ng of this talled cDNA was
annealed with 500 ng of G-tailed pAT153
{purchased from Amersham) in 100 ul of 10 mM
Tris, pH 7.5, 1 mM EDTA, and 100 mM NaCl. The
annealing reaction was performed at 57 for 2
hours after a 5 minute preincubation at 68° C.

Step 5. Bacterial Transformation

The cDNA annealing reaction product was
used directly to transform the E. coli strain
MC1081. A fresh colony of bacteria cells was used
to inoculate 50 ml of L-broth and grown for several
hours until the optical density at 550 nm was 0.25.
The cells were chilled on ice and harvested by
centrifugation (2000 rpm for 10 min.). The pellet
was resuspended in 10 ml of cold 0.1 m GaClz and
allowed to sit on ice for 10 minutes. The cells were
collected by centrifugation (2000 rpm for 5 min-
utes) and resugpended in 2.5 mi of 0.1 M CaCl..
10 ul of the cDNA annealing reaction was then
incubated with 200 ul of CaClz-treated bacteria for
30 minutes on ice and then for 2 minutes at 37 C,
followed by addition of 0.8 ml of L-broth and final
incubation for 30 minutes at 37 C.

Twenty of these fransformations were per-
formed, utilizing all of the annealed cDNA. Each
transformation mixiure was spread onto 1% Agar L-
broth plates (15 cm diameter) containing 10 ug/mi
tetracycline. From the twenty transformations a to-
tal of 20 such plates were spread and incubated
overnight at 37 C. On the average approximately
1,500 bacterial colonies grew on each piate for a
total of 30,000 clones.

Step 6. Replica Plating
The original colonies growing on each plate

were transferred to 137 mm nitrocellulose filters by
pressing a dry filter on top of the colonies and
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liftng them off the plate. Two identical replicas
wers prepared from each original fitter by standard
replica plating methods, in which each original filter
was carefully placed colony side up on a sterile
square of filter paper (Whatman 3 MM) resting on a
square piece of glass. A new pra-wetted nitrocel-
luloge filter was carefully aligned on top of the
master filter, covered with a second sterile square
of filter paper and the complete sandwich then
pressed together firmly with a second piece of
glass. The sandwiched filters were numbered and 3
pinholes were punched through them asymmet-
rically so that they could be exactly aligned again
in the fulure. The replica was then removed from
the master and placed colony side up on a new
tetracycline-containing L-broth agar plate. A second
replica was immediately prepared in identical fash-
ion. Each master filter was returned to a plate and
all of the plates were Incubated at 37" for several
hours until the bacterial colonies” had reached ap-
proximately 1 mm in diameter. The criginal master
filters were stored at 4° C and the replicas pre-
pared for hybridization as described below.

Step 7. Preparation of Filters for Hybridization

Each replica filter (Step 8) was placed colony
side up on filter paper (Whatman 3 MM) soaked in
0.5 M NaOH, 1.5 M NaCl for seven minutes. The
filters were fransferred to neutralization filter pa-
pers, soaked in 1 m Tris, pH 7.5, 1.5 M NaCl, for 2
minutes and then transferred to a second set of
neutralization filters for 5-10 minutes. Finally, the
filters were placed on filters soeked in SSC buffer
(0.015 M Sodium Citrate, 0.15 M NaCl, pH 7.4) for
five minutas, air-dried and baked in vacuo at 80" C
for 1-2 hours. -

Step 8. Isolation of GM-CSF cDNA Clones

Duplicate filters were probed with the radioac-
tively labelled pCSF-1 cDNA insert, prepared as
described above in Example B. Some 20 colonies
hybridized with the cDNA. Twelve of these were
picked from the master filter and grown overnight
in L-broth for further analysis. Restriction enzyme
digests (Pst 1) of DNA samples (rapid prep) from
these clones indicated that 3 were nearly full
length. One of these has been sequenced. The
sequence of the GM-CSF coding region of this
clona was identieal to the corresponding sequence
of pCSF-1 but having a T at position 365-CSF-lle.

EXAMPLE E
Cotransformation and Ampiification of GM-CSF

Sequence in CHO Celis Plasmid. p91023(B)-CSF
was introduced into CHO DHFR deficlent cells

= r 1t
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DUKX-B11 (Chasin & Urlaub PNAS 77:4216, 1980)
by protoplast fusion as described (Sandri-Goidig et
al. Mol. Cell. Bio. 1 743-752, 1981). The growth and
maintenance of the CHO cslls has been described
(Kaufman & Sharp, J. Mol. Bio. 150 601-621 1981).
For protoplast fusion, p91023(B)-CSF-1 was intro-
duced into E. Coli HB1(1 and bacteria grown in 50
mi of m9 salts containing 0.5% casamino acids,
0.4% glucose, 0.012% MgS04, Sug/ml thiamine,
and 10 ug/ml tetracycline to an absorbance of 0.6
at 600 nm. Chioramphenical was added to 250

--ug/ml and the culture Incubated at 37" C for an

additional 16 hours in order to amplify the plasmid
copy number. The cells wera centrifuged at 3,000 x
g for 10 min. at 4'C and suspended in 2.5 mi of
chilled 20% sucrose in 50 mM Tris-Cl pHS8.0.
Lysozyme was added (0.5 mi of a Smg/mi solution
in 0.25M Tris-Cl pH8.0) and the mixture held on ice
for 5 min. EDTA (1 ml of 0.25 M EDTA pH8.0) was
added for an additional 5 min. on ice, and then
1.0ml of 0.05 M Tris-Cl pHB8.0 was added slowly.
The suspension was incubated for 15 minutes at
37°C until the bacteria were converted to proto-
plasts. The suspension was then slowly diluted with
20mi of prewarmed medium containing 10% su-
crose and 10mm MgClz and held at 37° C for 15
min. The solution of protoplasts (approximatsly
10%/ml) was added to CHO, DHFR defictent BUKX-
B11 cells in a 6-well plate (approximately 1X108
celisiwell) at a ratio of approximately 1-2X10*
protoplasts/cell and the protoplasts were pelleted
onto the cells by centrifuging at 2000 RPM for 8
min. in a2 swinging microtiter dish rotor of an IEC
Model K centrifuge. After centrifugation, the super-
natant was removed by aspiration. A 2 mi amount
of polysthylene glycol solution 50 g of PEQ - 1450,
(Baker Chem. Co.) in 60 mi of medium was added
to each well of the 6-well plate). The cells were
again centrifuged at 2000 RPM for 90 seconds, the
polyethyiene glycol solution removed, and the
plates rinsed 3 times with 4mi of medium/well.
Cells were then trypsinized, suspended in 10ml
media containing 10% fetal calf serum, and cen-
trifuged in a conical tube at 500 RPM in a clinical
centrifuge. Pelisted celis from 3 wells were pooled
and plated into a 10 cm tissue culture dish. Fresh
medium containing 100 ug/ml of kanamycin,
thymidine, adenoxine, deoxyadenosine, penicillin
and streptomycin and 10% dialyzed fetal calf se-
rum was added to each plate. The kanamycin was
included to prevent the growth of any bacteria
which had escaped conversion to protoplasts.

“Two days later the cells were subcultered 1:15
into alpha-media with 10% dialyzed fetal calf se-
rum, penicillin and streptomycin, but lacking the
nucieosides. Cells were then fed again with the
same selective media (lacking nucleosides} after 4-
5 days.
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Colonies appeared 10-12 days after subcul-
turing into selective media. Two schemes for
rhethotrexate (MTX) selection and amplification
have been followed. In the first schems, single
independent cloned transformants were isolated on
the basis of DHFR expression and subsequently
each clone was propagated under conditions to
amplify the copy number of the foreign DNA ie.,
growth in increasing concentrations of methotrex-
ate. In the second scheme a pool of multiple in-
dependent transformants was isolated on the basts
of DHFR expression and propagated together un-
der conditions fo amplify the foreign DNA, ie.
growth in increasing concentrations of methotrex-
ate. Then individual clones were isolated from the
mass selected population and analyzed for GM-
CSF expression. Those clones exhibiting highest
levels of GM-CSF expression were grown again
under conditions to further amplify the foreign DNA
(ile. growth in increasing concentration of
methotrexate in the culture media). .

In one experiment, seven DHFR transformants
were pooled into alpha medium lacking
nucleosides. These cslls were subsequently grown
in stepwise increasing concentrations of MTX start-
ing at 0.02 uM then steps to 0.1, 0.5 and 2.0
uM*MTX. When assayed for GM-CSF activity in
the KG-1 cell assay, these cells produced from
3,000 to 12,000 units per ml. The selected popufa-
tion was cloned 0.5 uM*MTX and in 2.0 uM*MTX.
Clones obtained in 0.5 uM*MTX (010, D2, and B6)
were subsequently selected for growth in 2.0
uM*MTX. When assayed for GM-CSF actlvity in
the KG-1 cell assay, the cloned cell lines produced
from 15,000 to 300,000 units per mi of GM-GSF
activity. The GM-CSF produced according to this
Example has the amino acid sequence given for
CSF-Thr in Figure 1.

EXAMPLE F

EXPRESSION OF GM-CSF IN E. COU

GM-CSF was expressad in E. coli from vector
pTALC-185R, a diagramatic description of which is
provided in figure 6. The GM-CSF encoding se-
quence begins with the synthetic sequence
ATG*CCA*CCA*CCT*CCT*TCT*CCA*TCT*CC.
A*TCT*ACT, which determines the intitial 11 ami-
no acid residues of mature GM-CSF. The remain-
der of the GM-CSF encoding sequence in pTALC-
185R Is identical to that of pC8F-1, nucleotides 96-
447, followed by the ssquence TAA®TAA°TAG.
Immediately following the triple terminator there is
the pUC-18 polylinker. The tetracycline resistance
gene from pBR322 has been inserted, in the op-
posite orientation to the CSF gene, 100 bases
downstream from the pUC-18 polylinker. The
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tetracycline resistance gene carries its own pro-
moter. Continuing counterclockwise there is next
the gene for g-lactamase followed by the pUC-18
(ColLEl) origin of replication.

The final structural feature of the plasmid be-
fore returning to GM-CSF sequences is the PL
promoter. This promoter is essentially as described
by A. Skatzman and M. Rosenberg (in "Molecular
cloning, a laboratory manual” (1982), Cold Spring
Harbor Laboratory, page 419). CSF expression is
driven by the PL promoter after thermal induction
im & suitable E. coli host strain.

The parental strain used for all the strain con-
structions was W3110 laci°L8 (R. Brent and M.
Ptashne PNAS 78 (1981) 4204-4208.

A fragment of » DNA (A\*nuclectides 34499 to
38214) was integrated into the chromosome of
W3110 lacl98 at the lacZ locus. The integration
was performed using an integration vector com-
posed of pBR325 sequences camrying the genes
for chioramphenicol and ampicillin resistance as
well as the pBR322 replication origin. (F. Bolivar
Gene 4 (1978) 121-136). The A DNA fragment is
inserted into the acZ gene, which itself is present
on the plasmid as a fragment extending from the
BstEil site in Lac! to a Tthilll site downstream of
lacZ.

Integration of the A*DNA into the chromosomal
copy of lacZ was+achieved by homologous recom-
bination and lac , ampicillin sensitive, chioram-
phenicol resistant colonies were found. A second
recombinational event leading to the remaval of all
extra plasmid sequences but leaving the A DNA
fragment integrated was screened for on lactose-
MacConkey plates. The initial lac’, ampS, cam®
phenotype changed to a lac™, amp®, camS
phenotype following the second recombinational
event. The resulting strain was cailed GL400 and
was AR at 30" and ¥ at 42°. This phenotype
demonstrates the existence of a functional
chromosomal copy of the CIB37 allele.

GL400 was rendered lon by PL transduction
from a lysate grown on strain 5G20252 (lacAu169,
aran139 rpsl lona100: Tn1@). The Tn10 was cured
by screening for Tet® on sslective media (S. Maloy,
W. Nunn J. Bacteriol. 145 (1981) 1110-1112).

The final host strain was called Gl413 {lacl°L8,
LacZAa* (ACI, REX, N}, lonA100).

pTALC-185R was transformed into Gl413. An
avernight culture of this strain was grown at 30°C
in 5mis of induction medium containing 7ugmi—!
tetracycline. induction medium contalns, per liter:
20g Casamino Acids
69 NazHPO.7H>0
3g KH2PO,
0.5g NaCl
1g NH.Cl
1% glycarol
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2mg vitamin B1
2mg CaClz.2H20
0.2g MgClz.6H,0

This medium (25mis), containing 7 wg/ml
tetracycline, was inoculated with 125ul of the over-
night cutture and shaken at 30" C in a water bath
untif the culture reached a density of Assg0.5. It
was then rapidly moved to a 40" water bath and
shaken for a further 2 hours to allow synthesis of
GM-CSF. Cells were harvested and checked for
thelr content of GSF by. 8DS-polyacrylamide gel
electrophoresis. Under these conditions GM-CSF
accumulates to approximately 5% of the cellular
protein.

EXAMPLE G

Expression of
cerevisiae

GM-CSF  in

Saccharomyces

A, Vector Construction

A plasmid was constructed which contained the
gene for an enzyme in the uracil biosynthetic path-
way (URA3} as a selection gens and the 2u origin
of repfication. This plasmid was derived from YIp5
{Botstein et al., Gene 8, pp. 17-24 (1979} with the
addition of a fragment containing the origin of repli-
cation from the 2 micron plasmid of yeast.

B. Isolation of the gene for Glyceraldehyde Phos-
phate Dehydrogenese (GPDH)

Two genes for GPOH have been isolated from
yeast (Holland and Holland Journal of Biological
Chemistry 255 pp 2596-2605 (1980)). An
oligonuclestide probe synthesized from the pub-
lished sequence was used to isolate a GPDH gene
from a plasmid library of yeast genomic DNA by
standard methods. A plasmid containing the entire
GAP491 gene has been deposited previously
{ATCC No. 39777).

C. Preparation gf @ glyceraldehyde phosphate
dehydrogenase promoter fo_r heterologous gene ex-
pression

A piasmid was constructed which aliows for the
natural spacing of the GPDH promoter from the
start of the desired heterologous structural gene.
This was accomplished by introducing a Kpnl site
immediately adjacent to the initiator methionine
codon of the GPDH structural gene. The promoter
“cassette” was then inserted into the yeast expres-
sion vector YOpl.

D. Isolation of the gene for « factor
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A gene for the a facior mating pheromone has
been isolated from yeast (Kurjan and Herskowitz
Cell, Vol. 30, pp. 933943 (1982))." An
oligonuciectide probe synthesized from this se-
quence was used to isolate the gene from a plas-
mid library of yeast genomic DNA by standard
methods.

E. Preparation of t_hg GM-CSF Expression Plasmid

From the elements described above, and the
human CSF gene, an expression vector (AJ14,
Figure 7 ) was constructed by standard methods.
in this vector, the natural ieader sequence of CSF
has been removed and the sequence coding for
mature CSF has been inserted adjacent to the o
factor pre-pro sequence. The junctions between the
GPDH promoter, « factor pre-pro sequence, and
mature CSF sequence are precised (below) and
have been confirmed by dideoxynucleotide
ssquencing.
AAATAAACAAAATG.CGTTTTCCTTCA...... AAA
AGA GAG GCG GAA GCT.GCA CCC GCC CGC
TCG...

F. Expression of GM-CSF

The plasmid AJ14 was transformed into a
strain of Saccharomyces cerevisiae. Cells were cul-
tured to produce CSF.

Claims

1. A vector comprising a gene coding for a pti-
mate GM-CSF protein having the amino acid
sequence indicated in Figure | after the arrow
for CSF-Thr, CSF-lle or CSF-G or allelic or
other functionally equivalent variations thereof
in which one or more amino acids has or have
been added, substituted or removed without
subsiantially affecting the primate GM-CSF ac-
tivity in the human bone marrow assay.

2. A vector according to claim 1, in which the
gene codes for a protein having the amino acid
segquence indicated in Figure 1 after the arrow
for CSF-Thr or CSF-lle or allelic or other func-
tionally equivalent variations thereof as defined
in claim 1.

3. A vector according fo claim 1 or 2, in which
the functionally equivalent variations of primate
GM-CSF when purlfied have an activity of at
jeast 1 x 107 units/mg of protein in the human
bone marrow assay.

4. A vector according to claim 1 or 2, in which
the gene codes for a protein having the amino
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10.

11.

12.

13.

14.

16.

16.

17.

18.
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acid sequence indicated in Figure 1 after the
arrow for CSF-Thy.

A vector according to claim 1 or 2, in which
the gene codes for a protsin having the amino
acid sequence indicated in Figure 1 after the
arrow for CSF-He.

A vector according to claim 1, in which the
gene codes for a protein having the amino acid
sequence indicated in Figure 1 after the arrow
for CSF-G.

A vactor according to claim 4, 5 or 8, in which
the amino acid sequence of the protein which
the gene codes for additionally comprises at
its N-terminus the signal sequence preceding

the arrow in Figure 1.

A vector according fo claim 4, 5 or 6, in which
the amino acid sequence of the protein which
the gene codes for additionally comprises a
methionine rasidue at its N-terminus.

A vector according to claim 1, in which the
gene includes a sequence as set out in Figure
1, commencing after the arrow and terminating
at the codon corresponding to amino actd 127,
for CSF-Thr or CSF-lle.

A vector according to claim 1, in which the
gene is the coding ONA of plasmid p 910238,
deposited under ATCC 38754.

The plasmid p 91023B, deposited under ATCC
39754.

A host cell transformed with a vector according
to any one of claims 1 to 11.

A host cell transformed with a vector according
to any one of claims 2, 3 (as dependsnt on
claim 2), 4, 5 and 9 to 11.

A host cell according to claim 12 or 13, which
is procaryotic.

A host cell according to claim 14, which is
E.coli.

A host cell according to claim 12 or 13, which
is sucaryotic.

A host cell according to claim 16, which is
yeast.

A host cell according to claim 16, which is
mammalian.
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19. A host cell according to claim 18, which is a
Chinese Hamster Ovary ceil.

20. A method of producing a primate GM-CSF
protein which comprises culturing a ceill ac-
cording to any one of claims 12 to 19 and
isolating the GM-CSF protein.

21. A method of producing a primate GM-CSF
protein which comprises culturing a csll ac-
cording to claim 13 or any one of claims 14 to

--~ 19 as dependent on claim 13 and isolating the
GM-CSF protein.

22. ¢DNA corresponding to the gene set forth in
any one of claims 1 to 10.

23. ¢DNA corresponding to the gene set forth in
any one of claims 2, 3 (as dependent on claim
2}, 4, 5, 9 and 10.

24. The cDNA of plasmid p 91023B, deposited
under ATCC 39754.

Revendications

1. Un vecteur comprenant un géne codant pour
une protéine GM-CSF de primate ayant la sé-
quence d'aming-acides indiquée & la figure |
aprés la fleche pour CSF-Thr, CSF-lle ou CSF-
G ou ses variations alldliques ou autres varia-
tions fonctionnellement équivalentes, ol un ou
plusieurs amino-acides a été ou ont été ajou-
tés, substitués ou éliminés sans affecter subs-
tantiellement "activité du GM-CSF de primate
dans l'essai de mo8lle osseuse humaine.

2 Un vecteur selon la revendication 1, caractéri-
sé en ce que le géne code pour une protéine
ayant la séquence d'amino-acides indiguée &
la figure 1 aprés la fleche pour CSF-Thr ou
CSF-fle ou ses variations alléliques ou autres
variations fonctionnellement équivalentes telles
que définies & la revendication 1.

3. Un vecteur selon ia revendication 1 ou 2, ca-
ractérisé en ce que les variations fonctionnelle-
ment équivalentes du GM-CSF de primate ont,
forsqu'elles ont été purifiées, une activité d'au
moins 1 x 107 unités/mg de protéine dans
l'essai de moélle osseuse humaine.

4. Un vecteur selon ia revendication 1 ou 2, ca-
ractérisé en ce que le géne code pour une
protéine ayant la séquence d'amino-acides in-
diquée & la figure 1 aprés la fiéche pour CSF-
Thr.
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5. Un vecteur selon la revendication 1 ou 2, ca-
ractérisé en ce que le géne code pour une
protéine ayant la séquence d'amino-acides in-
diquée & la figure 1 aprés 1a fldche pour CSF-
lis.

6. Un vecteur selon la revendication 1, caractéri-
s€ en ce que le géne code pour une protéine
ayant la séquence d'amino-acides indigude 2
la figure 1 aprés la fleche pour GSF-G.

7. Un vecteur selon la revendication 4, 5 ou 6,
caractérisé en ce que la séquence d'amino-
acides de la protéine qui est codée par le
géne en plus comprend sur son N-terminal la
séquence signal précédant la fliche dans la
figure 1.

8. Un vecteur selon la revendication 4, 5 ou 6,
caractérisé en ce que la séquence d'amino-
acides de la proféine qui est codée par le
géne en plus comprend un reste méthionine
sur son N-terminal.

9. Un vecteur selon la revendication 1, caractéri-
s& en ce que le géne comprend une séquence
telie qu'indiquée & la figure 1, commengant
aprés la fleche et se terminant au codon cor-
respondant & |'amino-acide 127, pour CSF-Thr
ou CSF-lle.

10. Un vecteur selon la revendication 1, caractéri-
sé en ce que lo géne est I'ADN codant du
plasmide p 91023B, déposé sous le n” ATCC
39754.

11. Le plasmide p 91023B, déposé sous le
n° ATCC 39754.

12. Une celiute hite transformée avec un vecteur
selon P'une quelconque des revendications t 4
11.

13. Uns cellule héte transformée avec un vecteur
selon 'une queiconque des revendications 2, 3
{en tant que dépendante de la revendication
2),4,5et94a 11.

14. Une celiule hdte selon la revendication 12 ou
13, qui est procaryots.

15. Une cellule hdte selon la revendication 14, qui
est E. coli.

16. Une cellule h&te selon la revendication 12 ou
13, qui est eucaryote.

17. Une cellule hdte selon la revendication 16, qui
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19.

21,

22,

23.

24,
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est une levure.

Une celluie hbte selon la revendication 16, qui
est de mammifére.

Une cellule hiite selon la revendication 18, qui
ast une cellule ovarienne de hamster chinois.

Un procédé de préparation d'une protéine GM-
CSF de primate, caractérisé en ce qu'it com-
prend la culture d'une cellule selon I'une quel-
conque des revendications 12 & 19 et l'isole-
ment de |a protéine GM-CSF.

Un procédé de préparation d'une protéine GM-
CSF de primate, caractérisé en ce qu'il com-
prend la culture d'une cellule selon la revendi-
cation 13 ou selon I'une quelconque des re-
vendications 14 & 19, en tant que dépendantes
de la revendication 13, et I'isolement de la
protéine GM-CSF. :

Le cADN correspondant au géne spécifié 2
Fune quelconque des revendications 1 & 10.

Le cADN correspondant au géne spécifié a
'une quelconque des revendications 2, 3 {en
tant que dépendante de la revendication 2), 4,
5, 9 et 10.

Le cADN du plasmide p 91023B, déposé sous
le n* ATCC 39754.

Patentanspriiche

1.

Vektor umfassend ein Gen kodierend fUr ein
Primaten-GM-CSF-Protein mit der in Figur 1
nach dem Pfeil angegebenen Aminoséurese-
quenz filr CSF-Thr, CSF-lle oder CSF-G oder
allelische oder andere funktionell #quivalente
Variationen davon, in denen eine oder mehrere
Aminosduren zugefligt, ersetzt oder enifernt
sind, ohne die Primaten-GM-CSF-Aktivitdt im
Humanknochenmarkstest wesentlich zu besin-
flussen.

Vektor nach Anspruch 1, worin das Gen fir ein
Protsin mit der in Figur 1 nach dem Pfeil zur
CSF-Thr oder CSF-lle angegebensn Aminc-
s8uresequenz oder allelische oder andere
funktionell Aquivalente Variationen davon, wie
in Anspruch 1 definiert, kodiert.

Vektor nach Anspruch 1 oder 2, worin die
funktionell  Hquivalenten Variationen der
Primaten-GM-CSF nach Reinigung eine Aktivi-
it von mindestens 1 x 107 Einheiten/mg Pro-
tein im Humanknochenmarkstest haben.
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4.

10.

1.

12,

13.

14.

16.

16.

17.

18.

Vektor nach Anspruch 1 oder 2, worin das Gen
fr ein Protein mit der in Figur { nach dem
Pfeil flir CSF-Thr angezeigten Aminosiurese-
quenz kodiert.

Vektor nach Anspruch 1 oder 2, worin das Gen
fiir &in Protein mit der in Figur 1 nach dem
pieil flr CSF-fle gezeigten Aminosdurese-
quenz kodiert.

Vektor nach Anspruch 1, worin das Gen filr ein
Protein mit der in Figur 1 nach dem Pfeil fir
CSF-G gezeigten Aminosiureseqiienz kodiert.

Vektor nach Anspruch 4, 5 oder 6, worin die
Aminosiuresequenz des Proteins, die das Gen
kodiert, zusiitzlich am N-Ende die Signaise-
quenz, die dem Pieil in Figur 1 vorhergeht,
umfaft.

Vektor nach Anspruch 4, 5 oder 6, worin die
Aminosduresequenz des Proteins, wofillir das
Gean kodiert, zuséitzlich einen Methioninrest am
N-Ende umfaBt.

Vektor nach Anspruch 1, worin das Gen eine
Sequenz fiir CSF-Thr oder CSF-lle ainschlieft,
wie in Figur 1 aufgefiihrt, die nach dem Pfeil
beginnt und mit dem Kodon, das der Amino-
sdure 127 entspricht, endet.

Vektor nach Anspruch 1, worin das Gen die
kodierende DNA von Plasmid p91023B, hinter-
lagt unter der Nummer ATCC 39754, ist.

Plasmid p91023B, hinterfegt unter der Nummer
ATCC 39754,

Wirtszelle, fransformiert mit einem Vektor ge-
mip einem der Anspriiche 1 bis 11.

Wirtszelle, transformiert mit einem Vektor ge-
méB einem der Anspriiche 2, 3 (abhéngig von
Anspruch 2), 4, 5 und 9 bis 11,

Wirtszelle nach Anspruch 12 oder 13, die pro-
karyontisch ist.

Wirtszelle nach Anspruch 14, die E. coli ist.

Wirtszelle nach Anspruch 12 oder 13, die eu-
karyontisch ist.

Wirtszelle nach Anspruch 16, die Hefe ist.

Wirtszelle nach Anspruch 16, die eine Shuge-
tierzelle ist.
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19. Wirtszelle nach Anspruch 18, die sine Eiet-
stockzelle eines chinesischen Hamsters ist.

- 20. Verfahren zur Herstellung von Primaten-GM-
CSF-Protein, umfassend, daB man sine Zelle
gem&R einem der Ansprilche 12 bis 19 zlichtet
und das GM-CSF-Protein isoliert.

21. Verfahren zur Herstellung von Primaten-GM-
CSF-Protein, umfassend, da8 man eine Zelle
gemiB Anspruch 13 oder sinem der Ansprl-

---che 14 bis 19, abhdingig von Anspruch 13,
ziichtet und das GM-CSF-Protain Isoliert.

22. cDNA entsprechend dem in einem der Anspri-
che 1 bis 10 angegebenen Gen.

23. cDNA entsprechend dem in einem der Ansprii-
che 2, 3 {abhéngig von Anspruch 2), 4, 5, 9
und 10 angegebenen Gen.

24. ¢cDNA des Plasmids p21023B, hinterlegt unter
der Nummer ATCC 39754.
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FIG. 2

EcoR1

Xhel Hind 111
Pvu Il ‘ BamHI
ADENQVIRUS
) MAJOR LATE
Hind IiI PROMOTER Sal I
Bgl II

BamH [ 1. Pst1 PARTIAL
k-r 2. KLENOW
Hind 111 3. LIGATE

‘p JAW 43

1. Xho I
< 2. KLENOW
3. Pvu II

L. ISQLATE 1408P
FRAGMENT

\ EcoRl \ J_'x
Pvu Il

Xhol ;
COMPLETE Hind 111
BamHI

~Sal 1

26



EP 0 188 479 B1

FIG.3
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FIG. 4
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FIG. 6
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FIG. 7
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