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PRODUCTION AND USE OF A NOVEL T-CELL SUPPRESSOR FACTOR

The present invention relates to the purification from
natural sources of a T-cell suppressor protein, its preparation
by recombinant methods and its use.

1. BACKGROUND

A new family of polypeptide factors that regulate
cell growth and differentiation has emerged.

Three main lines of ressarch may be distinguished which
have led to factors related to the polypeptides of the present invention,
namely tie transforming growth factors B (TGF-Bs), the cartilage-
inducing factors (CIFs) and the glioblastoma-derived T-cell
suppressor factor (G-TsF), The present invention is mainly concerned
with G-TsF. As has become apparent after the priority dates which
are claimed for the invention, G-TsF could be identical to TGF-82
and/or CIF-B.
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1.1. The TGF-Bs

The TGF-Bs are 25 kd disulfide-1inked homodimers and
heterodimers originally purified from human platelets. Other
factors that are functionally and/or structurally related to the
TGF-Bs have also been found, e.g. new forms of TGF-p, activins,
inhibins, and the Millerian inhibiting substance (MIS) in
mammals, as well as the product of the decapentapiegic gsne
complex in Drosophila.

These polypeptides are usually synthesized as part of
larger secretory precursors as deduced for some of them from
analysis of the corresponding cONAs. The homologies of these
proteins with each other reside mainly in the C-terminal domains
of the full peptides, in the parts which are generally cleaved from
the pracursor to form the mature bioactive dimers., The conservation
of multiple cysteinesinvolved in intrachain and interchain disulfide
bond formation is particularly striking. Common to several members
of this family of polypeptides is their apparent involvement in
differentiation processes such as embryogenesis and tissue
repair.

Subsequently to the first priority date which is being
claimed for the present iiivention it has become apparent that
there are three forms of TGF-8, namely TGF-B1, TGF-A2 and
TGF-81.2, which result from homodimeric and heterodimeric
combination of the subunits B1 and 82 (S. Cheifetz et al., Cell
48 (February 13, 1987] 409-415). The polypeptide originally
described as TGF-B in fact consists of two Bl subunits., The
B1 and 82 subunits are more clasely related to each other than
to any other known members of their gene family and exhibit
about 70 % amino acid sequence similarity in their N-terminal .
halves.
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Another striking aspect of the members of the TGF-f
family which has only very recently emerged is the high degree
of sequence conservation, e.g. 99 % between the liuman and mouse
TGF-B1 sequences. This argues for a critical biological role
of the TGF-Bs across species.

The biological function of the TGF-Bs has not been
completely elucidated but as mentioned above is very varied.
Thus in vitro they inhibit the proliferation of normal and
certain tumor-derived epithelial cell Tines, but induce
proliferation of some mesenchymal cells as a possibly secondary
response to elevated expression of autocrine miteyens, The
expression of specific phenotypes by cells with differentiation
potential is frequently profoundly altered by the TGF-Bs.

Thus they block adipogenesis, myogenesis and hematopoiesis

while they promote chondrogenesis and epithelial cell ' fferenti-

ation in vitro, and can also modulate differentiated functions
in lymphocytes, granulosa and adrenocortical cells,

The effects of the TGF-Bs in vivo have been less
thoroughly investigated but since they are present at relatively
high levels in centers of active differentiation and in blood
platelets an active involvement in the genesis of many types
of tissue in normal development as well as in wound-healing
responses is likely,

Indeed, many mesenchymal and epithelial cells whose
differentiation and proliferation are affected by TGF-8s
respond to these factors with elevated expression of fibronectin,
various types of collagen and other cell-adhesion proteins, In
vivo, subcutaneous administration induces abundant deposition of
collagen.

Thus the TGF-Bs appear to affect differentiation and
morphogenesis by influencing or requlating the interaction of -

PCT/EP87/00716
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cells with the extracellular matrix, ¢.g9. by contralling the
abundance and architecture of the extracellular matrix as well
as the ability of cells to interact with it, or by regulating
receptors and intracellular targets for other growth factors.

The functions of TGF-A1 and TGF-R2 are not identical
and they have different receptor-recognition properties, There
may exist different receptors for TGF-B1 and TGF-82, some of
which are cross-reactive. This suggests some unique function
for TGF-p2. Both factors seem, however, to be equipotent in
inhibiting epithelial cell proliferation and adipogenesis and in
induction of fibronectin and collagen expression.

The action of the TGF-Bs is strongly anabolic,
especially in connective tissue, and leads to fibrosis and
angiogenesis.

Practical applications are thus in repair of tissue
injury caused by trauma, burns, surgery, or debility in the
aged; in osteoporosis; and, in view of their suppressive action
on both T and B lymphocytes, as antiinflammatory or immuno-
sJppressive agents.,

The TGF-83, particularly TGF-81, might also be
involved in the requlation of hematopoiesis (M. Ohta et al.,
Nature 329 [October 1987] 539-540).

The amino acid and nucleotide seauences for human
TGF-B1 (oniginally named TGF-B) and its precursor are known from
e.g. R. Derynck et al., Nature 316 (1985) 701-704; R. Derynck et
al., J. Cell. Biochem. (1986) Suppl. 10 C, 1053 R, Derynck et
al., J. Biol. Chem, 261 (April 5, 1986) 4377-4379; and
Genentech EP 200 341 (published on December 10, 1986).

TGF-A2 apparently had not been identified as such
at the first priority of the present invention. Subsequently,
partial amino acid sequences were published, e.g. far the first
29 N-terminal amino acids of mature porcine TGF-R2 in

PCT/EP87/00716 .
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S. Cheifetz et al., Cell 48 (February 13, 1987) 409-415 and for
the first 51 N-terminal aminp acids of mature human TGF-B2 in

T. lkeda et al., Biochemistry 26 (May 1987) 2406-2410; thc
complete amino acid sequence of mature human TGF-f2 was then
published in H. Marquardt et al., J. Biol. Chem. z6< (September 5,
1987) 12127-12131, i.e. later than the priority dates for the
present invention,

1.2, CIF-8

Another line of research has been involved in the
isolation, purification and characterization of tha CIFs, i.a.
of a boyine demineralized-bone protein named cartilage-inducing
factor B8 (CIF-B), described e.g. in S.M. Seyedin et al.,
PNAS 82 (1985) 2267-2271, and various methods for extracticn
or partial purification of this or related factors are described
e.g. in Collagen EP 12) 976 and USP 4 627 982.

CIF-B is involved in endochondral bone fcrmation
since it is a potent inducer of chondrogenesis in vitro, In

Collagen EP 182 483 compositions for implantation to effect bone
repair are described, comprising a protein osteoinductive factor
which might possibly include CIF-B. <Collagen EP 213 776
discloses the use of i.a. CIF-B for treating inflammatio: or
for treating a dysfunction or malfunction of hematopoiesis or
1ymphopoiesis.

Partial but inexact amino acid sequences for the 30
N-terminal amino acids of mature CIF-B isolated from bovine
bone have been disclosed in e.g. Collagen EP 169 016 and, during
the priority year for the present invention, in Collagen
EP 213 776 (published on March 11, 1987); the correct aminc
acid sequence for the 30 first N-terminal amino acids of mature
bovine CIF-8 was published during the priority year for the
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present inventior in S.M, Seyedin, J. Biol. Chem, 262 (February 15,
1987) 1946-1949,
It is now known that TGF-B2 and CIF-8 are probably

identical,

1.3, G-TsF
The third line of research has been concerned with
glioblastoma-derived T-cell suppressor factor (G-TsF).
Patients with glioblastoma have depressed cell«
mediated immunity. This was already apparent as early as
1972 (W.H. Brooks et al., J. Exp. Med. 136 (1972] 1631-1647).
Both peripheral blood lymphocytes and the tumor-infiltrating

lymphocytes of glioblastoma patients exhibit depressed in

vitro proliferative responses. Furthermore the patients shaw
impaired in vivo skin test reactivity to ubiquitous antigens.
As  an immunosuppressive activity is present in the tumor cyst
fluid and serum before but not after removal of the tumor the
defective cell-mediated immunity has been attributed to the
production of immunosuppressive peptides by glioblastoma
cells, In support of this conception is the observation that
crude supernatants produced by several cultured tumor
glioblastoma cell 1ines inhibit the lectin-induced thymocyte
proliferation as well as the interleukin-2-induced growth of
T cell clones and the generation of alloreactive cytotoxic T
cells (A, Fontana et al., J. lmmunol. 152 [1984] 1837~1844;

M, Schwyzer and A. Fontana, J. Immunol. 134 [1985] 1003-1009).

PCT/EP87/00716 (@)
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G-TsF has been described in various states of purity
in the literature and patented without sequence information in
its natural, partially purified form e.g. as Sandoz EP 159 289,
which describes the biochemical characterization and partial
purification of the factor. Other publications are e.g. A. Fontana
et al., J.Immunol. 132 (1984] 1837-1844 and M. Schwyzer and A,
Fontana, J.Immunol. 134 (1985] 1003-1009.

The factor also increases the formation of connective
tissue, has a strong anabolic activity and leads to fibrosis
and angiogenesis.

' During the priority year for the present invention,
the purification of G-TsF to homogeneity and the amino-terminal
“sequence for the first 20 amino acids of the mature protein have
been disclosed in e.g. M. Wrann et al., EMBQ J. 6 (June 1987)

1533-1636. | | | |
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2. SUMMARY OF THE INVENTION

From the foregoing it appears that there is a need
for having the above factors isolated in pure form and further,
in having them available in amounts large enough to enable preparation
of derivatives, further testing and use in various therapeutic
modalities, i.e. to have it available in recombinant form.
The present invention achieves this by a method com
prising
a) isolating human G-TsF in substantially pure form from a
natural source such as glioblastoma cells and

b) preparing recombinat G-TsF and its precursor peptide,

As regards a), this is achieved using techniques of
protein chemistry., Two possible variants of G-TsF have bean
obtained, one of which was fully characterized,

The product G-TsF has a purity of at least 90%, Its
specific zactivity is at least 5 x 107 units/mg in the
thymocyte aszay, Half-maximal inhibition is obtained at a
concentration of 1 X 10‘H M or less in that assay.

As regards b), the present invention makes available
for the first time the complete amino acid and nucleotide
sequences for mature G-TsF and G-TsF precursor and the corres-
ponding cDNAs.

[t thus provides recombinant mature G-TsF and a process
for the preparation of mature G-TsF by recombinant ONA techniques,
and corresponding cONAs.

Further, it provides recombinant G-TsF precursor
and a process for the preparation of G-TsF precursor by
recombinant ONA techniques, and corresponding cDNAs.

Further; it provides recombinant G-TsF precursor part,
and a process for the preparation of recombinant G-TsF precursor
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part by recombinant ONA techniques, and corresponding cDNAs.

The recombinant mature G-TsF or G-TsF precursor may
be a human or a non-human, e.g, a mammalian form. Preferred
is a human form.

The present invention thus makes possible for the
first time the production of mature G-TsF, G-TsF precursor and
G-TsF precursor part in amounts sufficient for therapeutic
applications, further investigation of its multi-faceted bio-
logical activity and, based on knowledge of the sequences, the
production of derjvatives.

A preferred embodiment of cONA and amino acid sequences
for G-TsF is illustrated in fig., 2d. The full sequences are for
G-TsF precursor. The arrow separates the sequences for the
G-TsF precursor part from the sequences for mature G-TsF, the
sequences for mature G-TsF also appear on fig. 2a.

As used herein, the expressions "precursor" and
"precursor part" thus have different meanings, "precursor"
covering the full peptide, including the mature peptide,
whereas "precursor part" means the sequences for the full
peptide minus the sequences for the mature peptide.

Allelic variants (i.e. naturally occurring base
sequence changes which occur within a species which may or may
not alter the amino acid sequence) of the nucleotide and corres-
ponding peptide sequences of figs. 2a and 2d, and variations in
the nucleotide sequence resulting from the degeneracy of the
genetic code are also encompassed for use in the invention
where they encode a polypeptide having G-TsF activity.

Variations in the sequences of figs. 2a and 2d which
art caused by point mutations or larger modifications to enhance
the activity or pro..-tion of the protein should not, on
expression, change the main functional and structural properties
of the mature or pracursor protein for which the sequence codes,
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Thenfore, such variations in sequence are encompassed in the
invention. Such nuzleotide modifications deliberately
engineered into the DNA sequence can be made by one skilled

in the art using known techpjques,Such modification can cause
the deletion, insertion or substitution of amino acids in the
peptide or prepeptide sequence for G-TsF. For example, the
replacement of one or more of the cysteine residues in the
coding sequence can eliminate a corresponding disulfide bridge,
Additionally, the substitution, insertion or deletion of an
amino acid at one or more of the tripeptide asparagine-linked
glycosylation recognition sites 'n the precursor sequence can
result in non-glycosylation at that site, Mutagenic techniques
for such replacement or deletion are well=-known.

The selection of suitable host cells and methuds for
transformation, culture, amplification, screening and product
production and purification are known in the art,

Mammalian cells may be employed as host cells for
production of G-TsF, One particularly suitable mammalian cell
line {s the Chinese Hamster Ovary (CHO) cell line. Another
suitable mammalian cell line is the monkey C0S-1 cell 1ine, or
the CV-1 cell line,

Yeast cells may also be used. Additionally, insect
cells may also be utilized as host cells in combination with
insect vectors, e.g. viral vectors, in the method of the
present. invention. Further, recombinant vaccinia viruses may
be used to produce G=TsF in a broad variety of mammalian, e.g.
human cells.

Another aspect of the present invention provides
vectors for use in the method of expression of G-TsF which contain
the same, or subtantially the same, nucleotide sequences as recited
above, The vectors also contain appropriate control sequences
permitting expression of the G-TsF DNA sequence., Alternatively,
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vectors incorporating modified or naturally occurring allelic
sequences are also embodiments of the present invention. The vector
may contain selected regulatory sequences in operative association
with the above-described G-TsF ONA coding sequences which are
capable of directing the replication and expression thereof in
selected host cells. Useful requlatory sequences for such vectors
are known in the art and may be selected depending upon the chosen
host cells,

The method for preparing recombinant G-TsF comprises the
recovery of expressed G-TsF from a host cell transformed with a
gene coding for G-TsF,

In particular, it comprises
a) construction of a vectar which includes nucleic acid encoding
G-TsF, o
b) transformation of an heterolegous host cell with the vector,
'c) cultu%g ¢f the transformed host cell and
d) recovery of expressed G-TsF from the culture. o
Nuclefc acid that encodes mature G-TsF or G-TsF
~ precursor is provided herein. [t is useful in constructing
the above vectors. This nucleic acid or a nucleic acid capable
of hybridizing therewith may also be labelled and used in
diagnostic assays for ONA or mRNA encoding G-TsF or its precursor
or related proteins, - | -
The preparation of G=TsF derivatives by recomb{nant'methodé
{s made possible by knowledge of the G-TsF coding sequence or the
sequence coding for G-TsF and its precursor, disclosed herein, These
derivatives inc¢lude silent and expressed mutanté in the nucleic
actd encoding mature G-TsF or encoding G=TsF precursor,




WO 88/03807 PCT/EP87/00716 ‘
-2 -

Silent mutants involve the substitution of one degenerate
codon for another where both codons code for the same amino acid
but which substitution could exert a salutory effect on G-TsF yield
in recombinant culture, e.g. by modifying the secondary structure
of mRNA. Such a salutory substitufion may be identified by
screening G-TsF yields from transformants,

Expressed G-TsF mutants fall into ome or more of three
classes; deletions, substitutions or insertions, Deletions are
characterized by the elimination of amino acid residues without
the insertion of a replacement residue. Deletion-mutated G-TsF DNA is
useful in making fragments, for example where it is desired to
delete an immune epitape,

Substitution mutations are those in which one amino acid
residue has been replaced by another, Such mutations are extremely
difficult to make by methods other than recombinant synthesis,
especially substitutions targeted for the interigr of the primary
amino acid sequence. They are useful in modifying the biological
activity of G-TsF,

Insertional mutants are those in which one or more
residues are placed into or at either end of the G-TsF nucleic
acid, Fusions typically are a species of inser.ional mutants in
which the insertion occurs at the carboxyl or amino terminal
residues of G-TsF,
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3. BRIEF DESCRIPTION OF THE NRAWINGS

Figure 1 shows the oligonucleotides used for screening the cDNA
library. The two probes were based on the amino acid sequences
shown, Position 22 was later shown to be isoleucine. Probe A
consisted of two overlapping oligonucleotides; a 39-mer and a
42-mer, with 12 complementary nucleotides at their 3'-end.

After annealing and filling-in with the Klenow fragment of DNA
polymerase I, two 69-mers corresponding to the coding or non-
coding strands were obtained. Positions of thz predicted nucleo-
tide sequence corresponding to the determired cONA sequence are
indicated by asterisks. Probe B was a mixture of sixteen 29-mers,
At ambiguous paesitions deoxyinosine or deoxycytidine and deoxy-
thymidine residues were inserted as indicated,

Figure 2a shows the complete nucleotide and amino acid sequences of
mature human G-TsF, Amino acid similarities to TGF-Bl are under] ined,
The arrow indicates the protease cleavage site and the beginning of
the mature protein,

Figure 2b depicts the sequencing strategy which was fallawed to
arrive at the sequenice of the cONA in the region of the mature G-TsF.
After subcloning of the EcoRI insert of lambda SUP25 in pBS,MI3

part of the sequence was established by the Sanger dideoxy chain-
termination method using Probe 8 (see Fig, 1) as primer. Two further
oligonucleotides corresponding to parts of thé obtained sequence

were synthesized and employed to obtain the sequence coding for the

major G-TsF peptide as depicted.

Figure 2¢ is a schematic diagram and partial restriction undonuclease
map of G-TsF ¢ONA, The coding sequence is boxed and the mature peptide
is indicated by the shaded part at the 3'-end. The sequenced ¢DNA

Rl
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inserts of lambdaSUP25, lambdaSUP40 and lambdaSU: 42 are aligned
above the diagram.

Figure 2d shows the ndc]eotide and the amino acid sequences for the
human G-TsF precursor. The nucleotide sequence of the region of
1ambdaSuP25 confirmed by two other independent clones (position

1-1695) is shown. A hydrophobic stretch of 15 amino acids probably
constituting part of the pre-piece of the G-TsF precursor part and the
mature G-TsF peptide at the carboxy-terminal end are underlined by a
thick 1ine. The postulated protease cleavage site at one end of the
G-TsF peptide is indicated by an arrow. The stretch of basic amino
acids preceeding the cleavage site is indicated by a dotted 1ine, Three
possible glycosylation sites in the precursor sequence are underlined
with a thin Tire.

Figure 2e is a comparison of the amino acid sequences of G-TsF and
TGF-p1 precursors analyzed according to the standard "align" program
of Intelligenetics. Gaps are introduced to maximize the sequence
similarities between the two proteins. Identical amino acids are
indicated by asterisks. The 112 amino acids long mature forms of the
peptides are boxed.

Figure 3a shows the CHO- and COS-cell expression vector named
pd1023(B)-SUP25-1 containing the full-length SUP25 cONA.

AdMLP = adenovirus major late promoter; DHFR = dihydrofolate recuctase
cONA,

Figure 3b depicts the expression plasmid named pXMT3.neo7/SUP4N-1 for
CHO- and COS-cells with SUP40 cDNA. Ad MLP = adenovirus major late
promoter; "KP = thymidine kinase promoter of Herpes simplex virus;

OHFR = dihydrofolate reductase cONA.

SUBSTITUTE SHEET,
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Figure 4 shows the final purification step fo- G-TsF from 308 glio-
blastoma cells from 1 1 of glioblastoma supernatant on Pro-RPCTH

with trifluoroacetic acid/isopropanol. fFractions from reversed-phase
FPLC on Pro-RPCTM were tested for inhibition of ConA-induced thymocyte
proliferation at a final dilution of 1:5000. In addition, 100-microl
aliquots of the fractions were lyophilized in the presence of 1 mg
mannitol and analyzed by SDS-PAGE under reducing conditions on a

10-15 % polyacrylamide gel and silver staining. Lanes 29, 30 and 31
show the proteins present in the three fractions with G=TsF activity.

The migration of the molecular weight marker proteins (BR) is indicated.

Figure 5 shows the activity of pure human G-TsF in two assay systems:
A. Dose-dependent inhibitory effect of G-TsF (e) and TGF-R1 (4) on
ConA-induced thymocyte proliferation. The solvent (0.1 % trifluoro-
acetic acid i 2-propanol 25 % v/v) used for elution of G-TsF from the
final Pro-RPCTM column was taken as a buffer control for G-TsF.

B. Suppression of IL-2-dependent T cell growth by G-TsF and TGF-A1.
Ovalbumin-specific T helper cells were cultured in the presence of

various concentrations of recombinant IL-2 together with G-TsF (e)
at a concentration of 1.6 x 10~11 M or TGF-p1 (a) at a concentration

of 10-!0 M, Controls consisted of solvents (see above) or medium in
which TGF-BT was diluted (o/a).

Figure 6 shows the final puri#ication of G-TsF from 10 1 of gliobla-
stoma supernatant on Pro~RPCTM with trifluoroacetic acid/isopropanol.
Fractions from reversed-phase FPLC on Pro-RPCTM were tested in the
thymocyte proliferation assay. The insart shows the SDS-PAGE of
100-microl aliquots from fractions 28 to 34 as described for Fig. 4.

Flgure 7a is a map of the plasmid named pPL51-SUP25~1 for expression
of G-TsF in E.coli based on the lambda promoter. PL = lambda promoter.

‘Figure 7b shows the construction of the expression plasmid pPL51-SUP25-1.

The partial Haelll-Xbal fragment of G-TsF cONA was derived by first
converting the Haelll site at position 2141 of the Tambda3UP25 cONA
with Xbal linkers to an X»al site. Then partial cleavage of the cONA
with Haelll and Xbal was performed.
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Figure 8 shows the expression and purification of recumbinant G-TsF
from E.coli:

A. Immuncblot of total E. coli protein recovered following induction
of the lambda promoter P at 42°C. Lanes Q to 6 are for the various
incubation times.

B. SDS-PAGE of fractions 30 and 31 from the reversesd-phase FPLC on
Pro-RPCTM showing that essentially pure G-TsF is recovered from
Pro-RPCTM,

Figure 9 indicates the inhibition of thymocyte proliferation by
recombinant G-TsF from E.. coli.
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Figure 10shows the demonstration of expression of recombinant G-TsF

in an immunoblot of cell supernatants obtained from CHO cells.

Lane 1 = supernatant from control CHO cells transfected with the
vector devoid of cONA (pXMT3.neo7).

Lane 2 = supernatant from CHO cells transfected with vector containing
G-TsF cONA (pXMT3.neo7/SUP40-1) and selected at 1 nM methotrexate.
Lane 3 = as Lane 2, but selected at 1€ nM methotrexate.

Figure 11 shows the inhibition of thymocyte proliferation wi*h recombinant
G-TsF from CHO cells. Dilution = final dilution of CHO supernatant .
in thymocytes assay.
Q= supernatant from control CHO cells transfected with pXMT3.neo7,
without acid activation.
o = as O, but with activation with 1 M acetic acid overnight at
room temperature.
8 = supernatant from CHO cells transfected with pXMT3.neo7/SUP40-1
and selected at 10 nM methotrexate, without acid activation,
® = as m, but with acid activation as for o,
Some endogenous inhibition by acid-activated CHO cells
is visible, which could be caused by G-TsF or some other factor
such as TGF-B1 produced by the CHO cells; however, the production
of recombinant material gives rise to an increase in suppressive
activity of at least 2 orders of magnitude.
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4. DETAILED DESCRIPTION

4,1, In a first aspect the G-T<F was purified to homogeneity and
the first 20 amino acids of the mature human protein sequenced:

G-TsF was purified, after concentration and diafiltration
of glicblastoma cell-derived supernatants, in a process including
chromatography on hysroxylapatite and Pro-RPCTM, cation-exchange
chromatography on M.ono-STM and a final reversed-phase FPLC on
Pro-RPC'™, The decisive step in the purification scheme was the
cation-exchange chromatography on Mono-STM which resulted in a
16-fold purification and allowed the correlation of the biological
activity to a 12.5 kd protein band on SDS-PAGE. This was confirmed
by the final reversed-phase chromatography step (see Fig. 4) since
after IDS-PAGE and silver staining a single band of 12.5 kd was
detected in three fractions. The intensities of these bands
correlated with G-TsF activity in the thymocyte assay. Moreover,
the specific actiyity of 5 x 107 units/mg calculated for the 12,5 kd
band is comparable to other cytokines.

From this material the first 20 amino-terminal amino acids
of mature G-TsF (see also Fig. 2a) were obtained hy gas-phase
sequencing of the peak fraction: AlalLeuAspAlaAlaTyrCysPheArgAsnValGln
AspAsnCysCysLeuArgPraleu . 5

15 20

As demonstrated in Fig. 2e both human G-TsF and TGF-f1
fromporcine ptatelets(R&D Systems) inhibit the Concanavalin-
A-induced proliferative response of thymocytes. The concentration
required for half-maximal inhibition of thymocyte activation is
10‘]] M for TGF-p1. An almost identical dose-response curve is
observed by using purified G-TsF instead of TGF-p1, the half-maximal
inhibition occurring at 8 x 10712 M. Since crude superfiatant
of 308 glioblastoma cells was originally found to suppress T cell
activation by interfering with the effect of IL-2, purified G-TsF

PCT/EP87/00716 )
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and TGF-B1 were analyzed on an ovalbumin-specific T helper cell line
(OVA-7T) established from CS57BL/6 mice. At the concentrations tested
(G-TsF at 1.6 x 1071 My TeF-p1 at 10710 M) both factors inhibited
the IL-2-dependent growth of OVA-7 T cells almost completely

(Figure 5, part B). The degree cf inhibition was independent of
concentrations of IL-2 between 1 and 256 units/ml.

In its biologically active form the human G-TsF is
a dimer of two identical subunits joined by interchain cross-
linking over disulfide bridges. Dimerization may precede proteolytic
processing. Heterodimers with TGF-p1 are also biologically active.

Biologically active G-TsF is herein defined as G-TsF
which is capable of inhibiting Concanavalin-A-induced thymocyte
proliferation and IL-2-induced growth of T-cell clones. These
assays are described in the Example hereunder and various

publications. This also defines the meaning of the expression
"G-TsF-1ike activity".

"Mature G-TsF" when used without further qualification means
a protein having more than 71 % amino acid sequence similarity with
the amino acid sequence indicated in Fig. 2d after the arrow, e,g,290 %.
"G-TsF precursor" when used withou;:further qualification
means a protein having more than 30 % amino acid sequence similarity
with the full amino acid sequence indicated in Fig. 2d, e.y.360 %,

In one aspect the present invention thus provides for
substantially pure human G-TsF, and for a process for the preparation
of substantially pure human G-TsF comprising a cation-exchange
chromatography step, preferably a cation-exchange chromatography
step over Mono-STM. In particular, the process comprises

a) concentration and diafiltration of supernatants from cells from
a natural source of G-TsF such as glisbiastoma cells,

b) chromatography over hydroxylapatitzs,

T
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reversed-phase chromatography over Pro-RPCTM using trifluoro-
acetic acid/acetonitrile (2x) as an eluant,

) cation-exchange chromatography, preferably over Mono-STM, and

reversed-phase chromatography over Pro-RPCTM using trifluoro-
acetic acid/2-propanol as an eluent.

'sUBSTITUTE cHEET
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A further purification of G-TsF from 10 1 of glioblastoma
supernatants yielded a broad double-peak of the 12,5 kb material
during the last reversed-phase FPLC on Pro-RPCTM, which indicated
the presence of two overlapping peaks of two slightly separated peptides.
Material from the whole area of the double-peak showed a similar
bioactivity in the thymocyte proliferation assay (see Fig. 6).
Therefore, material from the first and second peak was subjected
to gas-phase sequencing. Material from the first peak (fraction 30)
gave an aminoterminal sequence identical to the one shown in Fig. 2a.
However, material recovered from the second peak (fraction 32)
yielded the following aminoterminal sequence:

'A}aLeuAspAlaA]aTerysPheArgAana]GlnAspAanysI]eLeuArgProLeu
5 10 15 20

- Tyrlle8lankPheVal
25

This partial sequence differs from the corresponding
sequence in Fig. 2a in having Ile instead of Cys in position 16
and Val instead of Lys in position 25 (the amino acid corresponding
to the Asp in position 23 of the material  from fraction 30
¢could not be determined with certainty).

This further sequence could well be that for the
N-terminal portion of a variant of human G-TsF. The present
invention also encompasses this and further variants,
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4.2. 1In a second aspect the above sequence information was then '
used to produce G-TsF by recombinant DNA techniques.

4.2.1, This production may be effected in accordance with
generally known methods, e.g. using procedures similar to those
described in T. Man jatis et al., Molecular Cloning, A Laboratory
Manual, Cold Spring Harhar Laboratory, New York (1982).

However, as for TGF-f1, recombinant G-TsF has proven
difficult to synthesize while retaining its activity. As can be
seen from Fig. 2a the mature amino acid sequence contains a large
number of cysteine residues, at least some of which apparently
are {nvolved in interchain crosslinking in forming the homo-
dimeric G-TsF which is recovered from natural sources. Furthermore,
G-TsF is expressed as a precursor molecule having a large amino

" terminal region which probably is involved in directing the later
fate of G-TsF, i.e, transport across the endoplasmatic
reticulum membranes, proper folding of the precursor poiypeptide
including formation of inter- and intramolecular disulfide
bridges, storage in secreting ve Sicles and regulation of proteo-
lytic cleavage followed by secretion of the bioactive peptide,
However, it has been possible to transform eucaryotic cells to
express heterologous G-TsF, notwithstanding the difficulty in
properly processing the primary translation product in recombinant
culture, Production of mature G-TsF peptide in E. coli was also
accamplished.

The invention encompasses recombinant mature G-TsF and
its precursor part, their recombinant synthesis and the formation
of bicctive G-TsF yia its precursor; particularly, biologically
active G-TsF having the sequences of Fig. 2d’1nc1ud1ng precursor
G-TSF | mature G-TsF and G-TsF precursor part, and polypeptide
fraguents |, — — — — — — = — tnsertion,
substitution and/or deletion mutants thereof.It comprises for example
the preparation of biocactive dimeric G-TsF via the prior synthesis
of the G-TsF precursor or of parts of the G-TsF precursor essential
in folding and proteolytic processing,
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The oligonucleotide probes shown in Fig. 1 were deduced

from the G-TsF partial protein sequence and were used to screen

a cONA library derived from the human glioblastoma cell line 308.
This library established in lambda gt10 has previously been size-
selected for inserts larger than 1 600 bp. Upon screening a total
of 100 000 recombinant phages a single clone was detected giving
a signal with both probes. By using probe - - - B as a sequencing
primer it was found that it contained sequences homologous to
TGF-R1. This clone, dubbed lambdaSUP25, was subsequently used to
isolate additional ¢ONA clones for G-TsF (lambdaSUP40 and lambda
SuP42).

The sequencing strategy followed to establish the
nucleotide sequence in the region coding for the mature peptide
is shown in Fig. 2b.

A partial restriction enzyme map of the G-TsF cONA is
shown in Fig. 2c. The nucleotide sequence as determined by
sequencing both strands of the insert in clone lambdaSUP25 from
position 1 to 1695 and the deduced amino acid sequence, including
that of the precursor protein , are shown in Fig, 2d. Sequencing
of the inserts of clones lambda SUP40 and lambda SUP42 was carried
out for 300 nucleotides at both ends and for the whole region
coding for the mature G-TsF peptide with the help of specific
internal oligonucleotide primers. These cONAs start within several
nucleotides from the 5' end of lambda SUP25 and terminate at
positions 1534 and 1695, respectively, Otherwise their sequences
were found to be identical to that of the lambda SUP25 insert,
which however is longer at the 3' end.

The 5'-untranslated region of the G-TsF cDNA is AT rich
(71 % AT) and an ATG translation initiation codon is located
at positions 182-184. This codon is most 1ikely used for initi-
ation of translaticn because it is the first ATG in an open reading
frame coding for a 414 amino acid - long protein containing the
amino-terminal sequence of the G=TsF peptide at amino acid
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positions 303-323. In addition it is immediately preceeded by
several stop cadons in the same reading frame and the first 20 amino o
acids of the predicted protein show the strong hydrophobicity ‘

characteristic of signal peptides. The first cluster of significant
homology to the predicted TGF-R1 precursor occurs from amino
acid 21 to 24. No homology to the consensus sequence observed
aroand the translation initiation site of other mRNAs is found
except a purine at position -3. However, the following ATG codons
at positions 266, 278 and 503 are not followed by a sequence coding
for a significant run of hydrophobic amino acids,
Post-translational cleavage of the precursor gives rise
to the mature G-TsF. The disposition of the precursor part is not
known but may give rise to other biologically active peptides. The
G-TsF precursor contains several pairs of basic residues which
could also undergo post-translational cleavage and give rise to
separate polypeptide entities.

4,2.2, Construction of a cDNA 11brary

RNA was isolated using the urea<LiCl method and poly-
adenyiated RNA was selected by oiigo(dT) cellulose chromatography.
The first cONA strand was then synthesized with reverse trans-
criptase and the RNA/DNA hybrid c¢onverted to double-stranded cONA.
The cDNA was made blunt-ended with S1 nuclease and T4 ONA polymerase,
methylated with EcoRl methylase, ligated to phosphorylated EcoRI
linkers and the products digested with excess amounts of EcoRI. The
cDNA was size-selected and fragments over 1 600 bp recovered by
phenol extraction and ethanol precipitation. After ligation to
lambda gt 10 arms the recombinant ONA was incubated with an in
vitro packaging extract and the library established following
infection of E. coli €600 hfl by plating on BBL agar plates and
eluting the phages from the top-agar layer.
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4,2.3. Screening of the library

Approximately 100 000 recombinant phages were plated in
E.coli C600 and the plaques replicated onto nylon filters. The
f{lters were then processed and screened using two probes derived
from the assumed amino-terminal amino acids of G-TsF (Fig., 1). The
oligonucleotide probes were synthesized with a ONA Synthesizer.
One was a mixture of sixteen 29-mer corresponding
to a ten amino acids - long portion. It was labelled with
T4 polynucleotide kinase and Egamma-32P]ATP. The second probe
consisted of a 39-mer and a 42-mer (Fig. 1) with 12 complementary
bases at their 3'-end, which could therefore be fiiled-in after
annealing using Ca-2%p1dGTP and the Klenow fragment of DNA
polymerase 1, Filters were prehybridized :2r 4 to 6 hours and
then hybridized with the probes for 16 hours at 42°C. The filters
were washed at 42°C in 5x NET, 0.2 % SDS and then again at
gradually increasing temperatures up to 55°C. Areas of plaques
giving signals with both probes were replated and rescreened
at 47°C, A single plaque was found to give reproducible signals
with both probes and the cONA recovered from it was later used to
rescreen the library.

4.2,4, Subeloning and sejuencing
Lambda ONA was extracted from the positive clones

following a minipreparation procedure. The ¢DNA inserts were
recovered after EcoRl ¢leavage and subcloned {into the pRS.M13
sequencing vector (Stratagene). ONA sequencing was performed
using the dideoxy ¢hain-termination method of Sanger. To abtain
an overlapping set of sequences in bath directions, the ingert
was first digested with HindIIl, Subclones were then obtained
from the HindIIl fragments either by exonuclease and mung bean
nuclease digestions ar by cleavage at restriction sites revealad
in partial sequence data. Additional sequence information was
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obtained in the region of the maiure G+T3F peptide with the
help of synthetic oligonucleotidy primers.Ambiguous areas
remaining after sequencing ths wiuid #egion in both directions
with Klenow ONA polymerase were rwsolved ysing reverse trans-
criptase for the chain elongatio: reagtion.

The sequencing (see Fig, 2d) showed that G-TsF is
translated as a precursor proteia from winigh the mature protein
has to be released by proteolytin sieavage, This active protein
is a dimer of two mature peptide paris. The amino acid sequence
of the mature G-TsF peptide starts at amino acid position 303 of
the precursor, The G-TsF precursor contains three potential
N-glycosylation sites.

The calculated molecular weight for the mature G-TsF
of Fig, 2d is 12 320 daltons. The full molecule, including both
the precursor part and the mature part, has a calculated molecular
weight of 45 540 daltans (disregarding a possible glycosylation).

Mature G-TsF may be O-glycosyi:ted and G-TsF precursor
may be 0- and/or N-glycosylated. Such glycosylated forms are also
part of the invention.

Allelic and/or variant forms are also part of the
invention,

Comparison of the sequence of mature G-TsF with
sequences published for related factors during the priority year
for the present invention, namely for the first 29 N-terminal
amino acids of porcine TGF-B2 (S, Cheifetz et al., Cell 48
(February 13, 1987] 409-415) or for the first &1 N-terminal amino
acids of human TGF-R2 (T. Ikeda et al., Biochemistry 26
(May §, 1987] 2406-2410), or for the first 30 N-términal amino
acids of bovine CIF-B (S.M. Seyedin et al., J. Biol. Chem, 262
(February 15, 1987] 1946-1949) shows complete ifdentity: thus
G=T$F 1s the human analogue of the abave factors and the considerable
structural similarity confirms the very strong interspecies
sequence conservation which is algo observed in the case of TGF<B1,

As already mentioned above under 1,, tha complete amino
acid sequence of mature human TGF-82 has been published independently
during the priority year for the present invention (H. Marquardt et

pcT/EPS7/00716 @)
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al., J. Biol. Chem. 262 (September 5, 1987] 12127-12131); that
sequence is identical to the aminc acid sequanca for mature G-TsF

in Fig. 2d.

li=TsF shows further an amino acid sequence similarity
of 71 % with TGF-p1. The similarity is extremely high from amino acid
329 to 246 and for tme 14 C-terminal amino aeids (Fig, 2e). This
is alsc seen with the two mare distantly related peptides inhibin

and Muellerian inhibiting substance where the corresponding

regions are the most conserved parts of the molecules. The

structural similarity is further strengthened by tr~ #onservation

of all nine cysteine residues in G-7sF, The amino acid sequence
similarity of G-TsF precursor with 7GF-R1 precursor is 30 %.

Some structural patterns are also conserved in the

precursar purts of TGF-A1 and G-TsF,

Tha mature peptides are

obviously released by proteolytic cleavage at Lys-Arg residues.
The structural homology between the G-TsF and TGF-B1 precursors
is far less pronounced than between the mature proteins but there
are cafinite clusters of sequence homolagy scattered over the pre-

cursor part. This indicates a long evolutionary divergence, a
possibly different regulation in the production of the factor and

possibly a modified biological role,

The conserved sequence

clusters may constitute functional domains of the precursor
iolectife involved in the transport and processing of the molecule
and in tha control of the release of the G-TsF peptide.

Characteristics such as molecular weight and the like
for the native or wild type mature G-TsF of Fig. 2d obtained
from glioblastoma cells are descriptive aonly for the native

species of G-TsF. The mutants contemplated herein may vary the
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characteristics of native G-TsF considerably, and this in fact may
be the objective of the mutagenesis. While G-TsF as defined
herein includes native ¢ TsF, other related biologically active
polypeptides will fall within the definif;ion. G-TsF species like
insertion mutants, deletion mutants, or fusion proteins will
bring the mutant outside of the molecular weight established

for native G-TsF. For example, fusion proteins with mature G-TsF
or G-TsF precursor will have a greater molecular weight than
native, mature G-TsF or G-TsF precursor, while deletion mutants
of mature G-TsF or G-TsF precursor will have a lower molecular
weight. Similarly, G-TsF or G-TsF precursor may be engineered in
order to introduce glycosylation sites or to substitute serine
fo= cysteine at sites not critical for biological activity.
Further, post-translatijonal processing of human pre-G-TsF, e.g.
in cell lines derived from non-primate mammals, may p. sduce
micro-heterogeneity in the amino terminal region of mature G-TsF,
so that alanine will no longer ba the amino-terminal amino acid.

Further precursors may be fusion proteins in which mature
G-TsF is linked by a peptide bond at its carboxyl terminus to
an insoluble or gelatinous protein. The sequence at or within
the region of this peptide bond is selected so as to “e susceptible
to proteolytic hydrolysis whereby G-TsF is released, either in
vivo for in situ generation or, as part of a manufacturing
pirotocoll, in vitro.

Recombinant G-TsF ardinarily means mammalian, preferably
human, recombinant G-TsF; recombinant G-TsF from sources such as
murine, parcine, equine or bavine is however included within the
definiticn of recombinant G-TsF so long as it otherwise meets
the standard described above for biological activity. G-TsF is
not species-specific. Therefore, G-TsF from one species may be
used in therapy of anather species.
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DNA which encodes G-TsF may be obtained by chemical
synthesis, by screening reversa transcripts of mRNA from glio-
blastoma or other cells or by screening genomic libraries from
eucaryotic cells. This ONA need not use the codons set forth in
Fig. 2d so long as the host cell recognizes the codons which are
used, and indeed, codon optimization according to the expression
system used may lead to improved production.
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4.3. Expression may be abtained in any suitable pro- or eucaryotic
exprassion system using known methods, e.g. as described in
Genentech EP 200 341.

4.3.1. Sujtable expression vectors are ONA sequences encoding
G-TsF and operably linked to suitable control sequences capable
of effecting the expression of G-TsF in the nost. Such control
sequences include a transcriptional promoter, an optional operator
sequence’ to control transcription, a sequence encoding suitable
mRNA ribosomal binding sites, and sequences which control termination
of transcription and translation. For expression of G-TsF in
eucaryotic cells the vector also should include DONA encoding a
selection gene, The selection gene can be supplied by an unlinked
plasmid in cotransformation,

Vectors comprise plasmids, viruses (including phage),
and integratable DNA fragments, i.e. fragments that are integratable
into the host genome by recombination.

ONA regions are operably linked when they are functionally
related to each other. For example ONA for a presequence or
secretory leader is onerably linked to ONA for a polypeptide if
it {s expressed as a preprotein which participates in the secretion
of the polypeptide. A promoter is operably linked to a coding
sequence if it controls the transcription of the sequence. A
ribosome binding site is operably linked to a coding s¢quence if
it is pasitioned so as to permit transiation. Gentrally, operably
1inked means contiguous and, in the case of secretory jeaders,
contiquous and in reading phase.

Preferred host cells are cells derived from multi=
cel'ular organisms. In principle any higher eucaryotic cell
culture is workable, whether from vertebrate or invertebr
culture. Examples of useful host cell lines are Chinese Hamster

Ty
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Ovary (CHO) cell lines and C0S-7 cell lines.

G-TsF is recovered from lysed, transformed cells and
soluble cell debris separated by centrifugation. Alternatively,
the culture supernatants from transformed cells that secrete
G-TsF are simply separated from the cells by centrifugation. Then
the G-TsF genarally is purified by methods known in the art,

e.g. using gel filtration in the presence of acid followed by
HPLC and elution on an acetonitrile gradient.

As a further or substitute purification step cell lysates
or supernatants are heated for a period and at a temperature
sufficient to denature and precipitate contaminant proteins
but not G-TsF. As TGF-B1, G-TsF is a remarkably heat-stable
protein, perhaps as a result of extensive disulfide bond formation.
As a result the heating should be conducted in a medium that
contains low amounts of disulfide reagents such as dithiothreitol.
Heating may also be combined with acidification since G-TsF is
stable to 1M acetic acid.

Mature G-TsF is not glycosylated. Therefore it is
separated from any residual contaminant heat-stable and acid-
stable glycoproteins by adsorbing the glycoproteins on lectin
columns such as lentil lectin-linked sepharose.

If high purity product i. lesired the crude or partially
purified mixture is subjected thereafter to chromatofocusing.

Similar methods may be used to purify the precursor
peptide.
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4.3.2. Expression in CHO cells

In one embodiment expression was effected in CHO cells,
in two varjants:

4,3.2,1. First variant: with p91023(B)-SUP25-]

The full-length SUP25 cONA was cloned into the CHO-and
COS-cell expression vector p31023B (G.G. Wong et al., Science 228
(1985] 810-815) and a clone having the correct orientation selected
by restriction enzyme analysis (see Fig, 3a). The obtained plasmid
ONA was then transfected into the dihydrofolatereduct e-deficient
CHO cellline DUKX-B ~— = ——= = —- by electroporation.
A1l clones having incorporated the p91023(B)-SUP25-1 ONA were
thenselected in a(-)-medium under conditions where only cells
producing dihydrofolate reductase will survive. Since the vector
p91023(8) provides a gene for mouse dihydrofolate reductase
transfected cell clones can be selected., By further selection
employing the drug methotrexate in increasing concentrations
starting with 1 nM the transfected genes can be amplified. Clones
can be selected up to 10 nM methobevaleor higher and can be shown
to produce bioactive mature G-TsF by immunoblotting and the
thymocyte proliferation assay as described in the EXAMPLE.

4.3.2.2. Second variant: with p XMT301e07/SUP40-]

In a further construction the full-length SUP40 cONA
(see Fig. 2c) was inserted into the C0S-and CHO—cell expression
vectar pXMT3.neo7. This vector is a modification of pXM (Y. Yong
et al., Cell 47 (19861 3-10), which contains the same basic
elements as p91023(B), although assembled differently. Therefore,
as p91023(B), pXM alsoconferscells the elements necessary for
replication of linked DNA in prociryotic and eucaryotic hosts
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and in addition the strong adenovirus major late promoter
for expression of cONAs cloned into a site close to the
promoter and its linked elements. pXMT3.neo 7 was derived from
pAM by insertion of multiple cloning site and the bacterial
neo gene for convenient selection of transfected cells with the
antibiotic G418.
The construct containing the full-length SUP40-cODNA
in pXMT3.neo7 in the right transcriptional orientation, named
pXMT3.neo7/SUP40-1 (see Fig. 3b) and transfected into E. coli
HB 101, has been deposited on August 27, 1987 under Accession
Number DSM 4226 with the Deutsche Sammlung von Mikroorganismen '
(0SM), Grisebachstr, 8, D-3400 Gottingen, German Federal Republic
and converted on November 6, 1987 to a deposit under the Budapest
Treaty on the International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure (1977),
with the same Accession Number,
This plasmid has been transfected into the dthydrofolate-
deficient CHO cell 1ine DUKX and clones containing the plasmid
ONA have been first selected by 0.5 mg/ml G418. Further selection
for amplified dihydrofolate reductase sequences has been per-
formed using a(-)medium and increesing concentrations of metho-
trexate as described above and in the EXAMPLE. [t could be
unambigously demonstrated that cell clones selected with 10 nM
methotrexate produced recombinant mature human G-TsF by
SDS-PAGE and immunoblotting of protein secreted by the
cells (Figure 10). This material was also bioactive in the
thymocyte proliferation assay with an estimated specific activity
— = =— — —— — —— (Fig. 11) which is close to the
activity of material isolated from human glioblastoma cells,
The cells selected in 10 nM methotrexate, dubbed CHO/SUP40<1/10MTX
—~ - — have been deposited on November 11 , 1987 under Accession Number
ECACC 87111101 under the Budapest Treaty with the European
Collection of Animal Cell Cultures, Pocrton Down, Salisbury, Wiltshire
SP4 0JG, United Kingdom.
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4.3.3. Expression in E. coli

The plasmid used for expression in €. coli is based on
the lambda promoter. An oligonucleotide was synthesized and the 5'-end
of the G-TsF sequence ligated with the Ndel site of the vector.

The resultant plasmid, named_EPLS1-SUP25-l (see Figs. 7a
and 7b), transfected into E. coli HB 101, has also been deposited
on August 27, 1987, under Accession Number OSM 4225, with the
Deutsche Sammlung von Mikroorganismen (DSM), and converted
on November6 , 1987 to a deposit under the Budapest Treatyswith the
same Accession Number.

This construct was used to transfect E. coli strair

k3110 lambda Y139 which produces a temperature-sensitive
lambda receptor. The expressed product was extensively charac-
terized. As can be seen from Fig. s the recombinant G-TsF from
E. coli has been purified to homogeneity, giving a single b and in
SDS-PAGE. In addition, protein sequencing revealed the correct
amino-terminal amino acids in the material, thus demonstrating
unambiguously that G-TsF may be efficiently expressed in procaryotic
systems.

Fig. 9 indicates that although at a low level, some
biological activity could be obtained with the recombinant material
from E, coli. The low specific activity suggests that the bioactive ;
dimeric form of G-TsF cannot form spontaneously from denatured mdno-
maric G-TsF.

For expression in E. coli a methionine residue must be
inserted in front of the mature G-TsF cONA. Met-G-TsF is als¢
part of the present invention. The insertion of a methionine residue

may be effected in known manner.
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4.3.4. Expression in other systems

Expression in further systems is of course possible using
conventional techniques, which may result in improved efficacy and
yie]ds, e.g. starting from the above clones and using gene
amplification techniques via selection with increasing concentrations
of methotrexate,

It should be noted that the protein produced may be in
an insoluble form which must be solubilized, or in some other
form which may require refolding by conventional methods (see e.g.
T.E. Creighton, Progr.Biophys.Molec.Biol. 33 [1978] 231-297),

G-TsF is secreted as a latent protein, possibly associated
with portions of its precursor part, and with a binding protein,
and may thus require some further processing, such as disruption of
a noncovalent complex, for full bjological activity, This processing
may e.g. take the form of prior acidification of the supernatant
from producing cells by e.g. dialysis against acetic acid or
ammonium bicarbonate. Alternatively, alkali or chaotropic agents
also come into consideration as activating agents. Preferred is
acidification with e.g., acetic acid.

4.3,5. Although this aspect is not completelyunderstood, the
precursor peptide appears to be of major importance in successful
expression of a biologically active product. It could be helpful or
even essential in folding of the molecules, formation of disulfide
bridges and proteolytic cleavage. After proteolytic release of
mature G-TsF the precursor part peptide may still play an important
role in e.g, potentiating the biological function of G-TsF,

perha.s in relation with cell attachment, or the precursor part
peptide may after proteolytic cleavage form the noncovalent complex
alluded to above (see 4.3.4.) with the dimer of two subunits of
mature G-TsF, perhaps together with a further component such as the
protease involved in cleavage of the precursor. According to one
line of thinking, unregulated epithelial cell growth may be a result
of faijure to activate the latent form of autocrine G-TsF.
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Whatever the above uncertainties, since activation in
vivo is a crucial regulatory step in the target specificity
of G-TsF action, and the precursor clearly is of major importance
in this activation process, the importance of the present invention
may reside even more in the provision of the sequences for the
precursor part peptide than in the sequences for the mature G-TsF.

The full precursor protein could also be synthesized as
such in E, coli, be folded and dimerized, and the mature peptide
later recovered by proteolytic cleavages. Equally well, non-
cleaved natural or mutated precursor forms can be obtained from
cells, e.g, CHO cells transfected with corresponding cONAs and be
cleaved after purification of the precursor, Hybrid forms of the
precursor can be expressed by adding unrelated pre-pieces, for
example those from tnterleukin-2 or GM=CSF, to certain internal
positions of the precursor. These hybrid proteins may be more
efficiently secreted and may or may not be correctly cleaved in the
cells, Uncleaved forms may also be isolated from the cell lines and
cleaved in vitro, The protease cleavage site could be mutagenized
to yield sequences recognized by different proteases, Again,
uncleaved precursors containing these modified cleavage sites
could be isolated and cleaved by the respective enzymes,

The following Example {llustrates the invention without
being meant to be limitative:

[ON. - soe . [ b b wear @
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5, . EXAMPLE
§.1. PURIFICATION OF G-TsF

5.1.1. Glioblastoma cells SN 308 (A. Fontana et al., J.Immunol.
132 [1984] 1837-1844) are grown in tissue culture flasks or in
multitrays (Nunc). The medium is Dulbecco's Modified Eagle's
Medium with 104 fetal calf serum and 300 microg/ml L-glutamine.
After confluency is obtained the cells are washed with Hank's
solution, treated with Trypsin/Versen (Gibco) and seeded at a
density of 8 x 106 cells/175 cm? flask or 4 x 108 cells/multitray.
After confluency has been achieved the cells are incubated for

3 days in serum-free medium with 1 microg/ml indomethacin. Then
the supernatants are collected and used for purification of G-TsF
as described in step 5.1.2. Alternatively, the cells are harvested
1 day after confluency and are used for mRNA isolation as described
in step 5.2,1,

5.1.2, 1 liter of serum-free supernatant (altogether 1.1 x 10°

. uUnits in the thymocyte assay) 1s concentrated to 139 ml in the
Pe111conTM cassette system and a PTGCTM membrane (Millipore), and
diafiltrated against 5 voluses of 10 mM Tris,HCl, pH 7.5.

5¢1.3. The sample {s then chromatographed on a hydroxylapatite

column:
- dimensionss 1.6 x 24 cm; 49 ml
buffer A: 10 mM tris.HC1, pH 7.5 + 10 microM CaC12
buffer B¢ 0.9 M sodium phosphate, pH 7.5
flow rate: 2 ml/min

The biological activity elutes at 100-250 mM phosphate
(buffer B)
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5.1.4. This is followed by reversed-phase chromatography on
Pro-RPC " (Pharmacia) with trifluoroacetic acid/acetonitrile as
an eluent:

dimensions: HR 5/10% 2 ml

buffer A: 0.1 % trifluorcacetic acid in water

buffer B: 0.1 % trifluoroacetic acid in acetonitrile
0.1 % trifluoroacetic acid {s added to the pool with the biological
activity (29 m1), the solution is centrifuged and the supernatant
(11,4 mg protein) 1s added to the column, The biological activity
elutes at 1-25% buffer B (under conditions of excess protein).

- 5,1,5, Rechromatography on Pro-RPe?'1 the pool of biological
activity 1s diluted 1:5 with buffer A and added to the column, The
- biological activity s eluting at 30-32 % eluent B,
o ™
$.1.6, Cation-exchange chromatography on Mono-S (Pharmacia):

dimensions: HR 10/10; 8 ml ‘
buffer Ai = 25 mM ammonium formiate, 50 % 2~pronano1. pH 4,0
buffer B: 500 mM NaCl in buffer A

The pool with the biological activity is diluted 1: 10
with buffer A, The activity is eluting at 68-69 % buffer B,
- ' ™
5.1.7. Reversed-phase chromatography on Pro RPC with trlf]uoroacetic
acid/2-propanol:
~ dimensions: HR 5/2 0.4 ml

buffer At 0.1 % trifluoroacetic acid/water
buffer B: 0.1 % trifluoroacetic acid/2-propanol

The pool with the biological activity is diluted 1:6 with
buffer A and added to the column. Elution of the biological activity
takes place at 24-26 % of buffer B8, Chromatography is .started
By — - -~ - - addition of the sample in buffer A followed by gradient
elution with increasing concentrations of buffer 8,

The result is shown in Fig. 4. The peak fraction from
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this column chromatography has the following characteristics:

- The prolifepation of stimulated thymocytes is half-maximally
inhibited at a dilution of 115000 in a 200 microl test sample. This
{s equivalent to an activity of about 25 000 units/ml.

The test method is as follows: samples of
50 microl of supernatant at various dilutions are
added to 6 x 105 thymocytes from C3H/Hed mice.
== == == suspended in 150 microl of RPMI ‘medium
supplemented with 300 microg/ml L-glutamine, 1 x 10°5 M
2-mercaptoethanol and § % fetal calf serum, The cells are
incubated in flatbottomed microtiter plates for 72 hours
in the presence of Concanavalin-A (0.5 microg/well).
Sixteen hours before harvest 0.5 microCi of [3H]-
thynidine (5.0 Ci/mmol) is added per well. The results
are expressed as percent suppression compéred with the
Concanavalin-A response of thymocytes treatad with a

medium control., For standardization purposes percent
suppression can be plotted to give a standard curve

from which conversion may be made to units of G=TsF
activity, One unit of G-TsF is defined as the amount of

G-TsF in 1 ml final assay medfum which cau~3s half- -maximai
inhibition in the assay.

- The interleukin-2 - dependent proliferation of antigen-specific
T helper cells {s also inhibited over 90 % at concentrations of
G-TsF of 10714 (see Fig. S, part 8).

The test method 1s as follows: 2 x,104 T<helper
cells QVA-7T are cultivated in microtiter plates in the
presenca of various concentrations of (L-2 (Amersham,

HEET
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ARN 1010. batch 10) and of test fractions. The medium

is Iscove's Complete Medium (Behringwerke Cat,No. 7852),

§ x 105 M 2-gercaptoethanol and 300 microg/ml L-glutamine.
The incorporation of 3H-Tdr (1 microCi/well) is measured
over 16 hours, The results are measured as cpm values of
3H-Tdr-uptake and expressed as percentage inhibition.

- Lyophilisation in the presence of carrier followed by SDS-~PAGE
(g1 gradient 5-15 %) and silver staining gives a visible band of
mofecular weight 12,5 kd (extrapolated from standards with 93, 67,

SUBSTITUTE SHEET
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45, 31, 21 and 14 kd)(see Fig. 4). The concentration of protein

is estimated to be 0.5 microy/ml or the basis of the quantities

of standard used, corresponding to a specific biological activity
of the protein of 5 x 107 units/mg in the thymocyte proliferation
assay and a half-maximal inhibition of the assay at a concentration
of 10']]M (see Fig. 5, part A).

' Taken toagether these datq'on the specific activity of the
purified protein, together with the demonstration of a single

Brand in SDS-PAGE, unambiguously demonstrate that biologically
active G-TsF has Been.pur4'ied to homogeneity; |
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5.2. CLONING AND SEQUENCING OF cDNA

5.2.1. Isolaticn of mRNA

The cells from 50 plates -—- grown as described in
step 5.1.1. are scraped from the plates, centrifuged, and the
pellet is suspended in 40 ml of a lysing solution (6M urea,
3 M LiCl, 50 mM sodium acetate pH 5.0, 200 microg/ml heparin,
0.2 % sodium dodecyi sulfate) and homogenized thrice
for 30 seconds in a Sorvall Omnim{. and stored at 4°C overnight.
After centrifugation at 10 000 rpm and 4°C = — — — — —
the precipitate is washed once with 8 M urea, = — — — = —-
4 M LiCl, then dissolved in 50 ml of acetate buffer (200 mM scdium
acetate pH 5.0, 0.2 % sodium dodecyl sulfate, 1 mM EDTA) and extracted
with water-saturated phenol. The aqueous phase is separated after
centrifugaticn and extracted again with a 1:1 mixture of phenol and
chloroform. The RNA 1is precipitated with 2 volumes of ethanol
overnight at - 20°C. After centrifugation for 10 minutes at
10 000 rpm the precipitate is dissolved in 10 ml TES. The solution
is brought to /.5 M NaCl and run over a column with 500 mg oligo(dT)-
cellulose (PL, type 7). After an intensive wash with 0.5 M NaCl,
10 mM Tris.HC1 4 7.5, 1 mM EDTA, the bound poly(A)-containing
mRNA is eluted with sterile water. 0.3 M sodium acetate pH 7.0
and 2.5 volumes of ethanol are added, the mRNA is precipitatad
overnight at - 20 °C and the solution centrifuged at 10 000 rpm.
The precipitate is dissolved in water and brought to a concentration
of about 1 microg/microl. Approximately 40-60 microg mRNA are
recovered trom 50 14-cm plates.

5.2.2, Synthesis of cDNA

The first cDNA strand is synthesized from 20 micirog
nRNA in 200 microl of a solution containing 50 mM Tris.HC1 pH 8.3,
50 mM KC1, 8 mM MgClz, 1 mM dithiothreitol, 30 migrog/ml oligo(dT),
0.1 microg/ml actinomycin D, 1 mM of each of dATP, dCTP, dGTP and

=5
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dTTP, 1 unit/microl RNAse inhibitor RNAsin N
unit/microl avian myeloblastosis virus reverse transcriptase
(Life Sciences). ‘Incubation is effected for 4 hours at 42°C. The
reaction is stopped with 1/10 volume 0.5 M EDTA and run over a
Pasteur pipette filled with Sephadex G 150 in ordsr to Temove
the unincorporated triphosphatés, actinomycin D and salts,
0.3 M sodium acetate pH‘7.0 is added to the eluted cONA/mRNA
hybrid and the mixture precipifated with 2.5 volumes of ethaho]

(Promega) and 1.5

overnight at - 20°C. The precipitate is recovered by centrifugation,
washed once with 80 % ethanol and dissolved in 20 microl TEN.

The second strand is synthesized by the methqd of
U. Gubler and B.J. Hoffman, Gene 25 (1983) 263-269 with the following

modifications in a 400 microl reaction mixture consisting of 20 mM Tris.HC]

pH 8.0, Smid MaCl,, IOqM (NH4)2504, 100AmM KC1, 0.05 mM e%%h‘of dATe,
dCTP, duTP and dTTP, 0.1 M dithiothreitdl, 20 microCi al~"PldCTP
(Amersham, 3000 Ci/mmole), 20 microl RNAse H (Bethesda Research Labora-
tories; 3'units/microl), 10 microl DNA polymerase I (New England Biolabs,
10 units/microl) and the hybrid cONA/mRNA obtained above, Incu-
bation lasts for 90 minutes at 12°C and 3 hours at 22°C. The
reaction is stopped with 1/20 volume 0.5 M EDTA and the low molecular
weight components are separated over a Sephadex G150 column., The
double-stranded cONA is then precipitated with ethanol and dissolved
in 20 microl TEN. _

The cONA is then methylated at the EcoRI sites by treatment
for one hour at 37°C in 50 microl of 50 mM Tris.,HC1 pH 8.0,
0.1 mM EDTA, 80 microM adenosyl methionine (Sigma) and 5 microl
EcoRI methylase (New England Biolabs, 20 units/microl).

Further, any hairpin loop formed is cut with nuclease Sl
by treatment for 30 minutes at 22°C in 400 microl of 250 mM NaCi,
30 mM sodium acetate pH 4.5, 1 mM ZnS0, and 10 units S nuc]ease‘(PL).

- - ———— -
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After extraction with phenol/chloroform 1:1 the cDNA is precipitated
with ethanol, dissolved in 100 microl TEN and small ONA fragments are
discarded by passage through a G150 column. After ethanol
precipitation the cDNA is dissolved in a small volume (10-20 microl)
TEN.

The ends of the cONA are then prepared for linker ligation
by incubating. with T4 ONA polymerase for 30 minutes,
at 37°C in 40 microl of 33 mM Tris-acetate pH 7.9, 66 mM potassium
acetate, 10 mM magnesium acetate, 2.5 mM dithiothreitol, 0.1 mM each
of dATP, dCTP, dGTP and dTTP and 4 microl of T4 DNA polymerase I
(New England Biolabs, 10 units/microl), The enzyme is inactivated
by treatment for 10 minutes at 70 °C.

Synthetic EcoRI linkers (New England Biolabs) are then
kinased at their S5'-ends as follows: 20 microg of linker DNA are in-
cubated for 40 minutes at 37°C in 200 microl of 70 mM Tris.HC] pH 7.5,
10 mM MgC]z, 5 mM dithithreitol, 2 mM ATP and 10 microl polynucleotide
kinase.

The 5'-phosphorylated linkers are then ligated to the cONA:
the heat-inactivated cONA reaction mixture is brought to 100 microl
and the following concentrations: 35 mM Tris.HCl pH 7.5, 7 mM MgC]z,

1 mM ATP and 5 mM dithiothreitol, 1,6 microg of kinased EcoRl linkers
is added and ligation effected overnight at 15°C with 10 microl T4

ONA 1igase (New England Biolabs). The ligase is then inactivated at
70°C for 10 minutes and the EcoRI linkers completely cleaved by treatment
for 4 hours at 37°C with a large excess of EcoRI (New England Biolabs,
1000 units). The enzymes are extracted with 1 volume of phenol and the
cDNA precipitated with ethanol. The monomeric linker fragments can

be separated from the cONA over a Sepharose 4B column, cONA of more
than 300 bp elutes in the exclusion volume, is precipitated with
ethanol and dissolved in a small volume of TEN. The cONA is then
size-fractionated on a 1% Sea-plaque agarose gel in electrophoresis
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buffer (40 mM Tris.acetate pH 7.8, 1 mM ECTA) at 50 Y, stained with
ethidium bromide, and the DNA fragments larger than 1600 bp cut out from
the gel. Hinfl fragments of pBR 322 are used as size markers

(J:G. Sutcliff, Nucl. Acids Res. 5 [1978] 2721-2728). An equal

volume of TE and "3M sodium acetate §gH 7.0 are

-added, the agarose is melted 5 minutes at 70°C and cooled for S

minutes to 27°C. The agarose is extracted twice with an equal

volume of phenol and the cDNA recovered from the aqueous phase by
precipitation with ethanol.

$,2.3. Cloning into lambda gt10

The size-fractionated cONA is cloned
into phage lambda gtl10 (T.V. Huynh et al., ONA Cloning, Glover Ed., IRL
Press, val. 1 (1985} 49-78). Lambda gt1Q arms dephosphorylated with

phosphatase may be obtained from Stratagene Cloning Systems.

| microg of lambda gt10 arms are ligated in a total volume of 8 microl,
as described under 5.2.2,, with the total cONA obtained from 20 microg
mRNA, uysing 1.6 micr¢] T4 DNA ligase. The phages are then incubated
with a packaging extract (Gigapack, Stratagene Cloning Systems)
following the manufacturer's instructions and £.coli cells C6Q0 hfl
(Stratagene) are infected. The packaging of the phages is taking place
with 20 microl freeze thaw 24 30 microl sonic extract for 2 hours

at 22°C. The phages are then diluted with 1 ml dilution buffer (5.8 g
NaCl, 2 g MaS04.7 Hy0, 50 mM Tris.HC1 pH 7.5) and stabilized with

40 microl of chloroform. A fresh overnight culture of C600 hfl is then
centrifuged and suspended in one-half volume 10 mM MgSO4. 1 ml of this
suspension of bacteria is infected with one-third of the nhage
suspension for 20 minutes at 37°C and the E.coli cells are plated in

30 ml Top-Agar in gel M medium — - = — — — — = (0.8 % Bacto-
agar Difco, 10 g Trypticase,— - =~ 5 g NaCl pH 7.2) on 1.5 % agar in
a 245 x 245 mm biological testing dish (Nunc) and incubated for 5-6 hours
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at 37°C. The Top-Agar with the plagues is scraped off and shaken
overnight in 20 ml phage buffer at 4°C. The agar is centrifuged off
at 600V rpm and the eluted phage suspension stabilised with 300
microl of chloroform. In this manner 500 000 recombinant phages are
obtained from 3 plates, containing cDNA inserts over 1600 pb

in length.

5.2.4., Synthesis of radioactive oligonucleotide probes

5.2.4.1. The oligonucleotides for Probe A and Probe B as shown

in Fig. 1 are prepared using an Applied Biosystems ONA Synthesizer
in accordance with the manufacturer's instructions (for Probe A
the assumed amino acid at position 22, Ala, was found later to be
wrong but this was of no consequence for the experiment).

5.2.4.2. They are then radioactively labelled as follus:

a) Probe A: 100 microg each of the two Probe A oligonucleotides

are heated at 70°C for 10 minutes in 18 microl water, then 2 microl
of a solution of 1 M NaCl, 100 mM Tris.HC1 pH 7.5 are added and

the probes are hybridized to each other for une hour at 37°C and

2 hours at room temperature. The mixture is then brought to S50
microl and the following concentrations are established: 50 mM Tris,
HC1 pH 8.0, 6 mM MgC]z, 5 mM d1th1othre1tol 0,05 mM each of dATP,
dGTP and dTTP, and 100 micraCi of a[ P]dCTP (Amersham, 3000 Ci/mMol).
After addition of 2 micro® of DNA polymerase I Klenow fragment

the mixture is incubated for 45 minutes 4t room temperature and

the unincorporated nucleotides are separated from the synthe zed
double-stranded ONA fragment over a Sephadex G25 column. 1 X 108

to 2 x 108 cpm/100 nanog of Probe A are obtained.

b)prabe B: this is  radioactively labelled with 100 microCi
PJATP (Amersham, 300 Ci/mMol) and 2 microl of polynucleotide kinase

-
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(Boehringer, 11 units/microl) in a 20 microl kinasing mixture,
ander conditions as described under 5.2.2. 0.5 x 107 to 1 x 107
units/100 nanog are obtained.

5.2.5. Screening and selection of G-TsF clones

About 100 000 recombinant phages (see 5.2.3.) are plated,
after infection of E. coli C600 in 0.7 % Top-Agarose, in BBLTM
medium on 10 x 14 cm Petri dishes with 1.5 % agar. After incubation
for 6 to 9 hours at 37°C the resultant plaques are replicated
on Nylon filters (Pall) following the manufacturer's instructions.
Two replicas are prepared. The DNA on the filters is first denatured
with 0.5 N NaOH, 1.5M NaCl solution for 5 minutes and then neutralized
with 3M Na-acetate pH 5.5 for 5 minutes. Finally, the filters are
air-dried, dipped into chloroform for 30 seconds, air-dried and
baked for 1 hour at 80°C.

The filters are then washed for 2 hoyrs at 65°C in a
solution of NET with 1% SDS and prehybridised for 4 hours at
42°C in a solution of NET with 0.2 % SDS, 0.1 % Ficoll, 0.1 %
polyvinylpyrrolidone, 0.1 % calf serum albumin and 100 microg/ml
of denatured salmon sperm DNA.

Hybridisation is effected in a solution of NET with
0.2 % S0S, 0.1 % Ficoll, o,1 % polyvinylpyrrolidone, Q0.1 % calf
serum albumin, 100 microg/ml yeast tRNA and 0.05 % sodium
pyrophosphate overnight at 42°C.

The first replica is hybridized with 2 x 10
of Probe A, the second replica with 0.5 x 108 cpm/ml of Probe 8.
After hybridization has been effected the plates are washed twice
for 30 minutes with a large volume of MET with 0.2 % SDS at room
temperature. The temparature is then progressively increased to

¢ cpm/ml
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42°C, 47°C, 52°C and 57°C and washing effected with the same
solution twice for 15 minutes. After each washing step the
filters are exposed for 16 to 48 hours on Kodak XAR-5 X-ray film
with intensifier screens.

Clones hybridizing with both probes could be identified
on the filters after washing at 52°C. An area corresponding to
these clones {s picked out of the plate and the phages are eluted
in phage buffer. Since the area picked still contains a number of
different recombinant phages, the eluted phages are used for
renewed infection of E. coli C600 and the phages plated at low
density. Replica are made again on nylon filters as described above,
and the filters hybridized with the corresponding probes. A
single plaque may now be picked from the plate. It is 2luted in
1 ml of phage buffer and the resultant phage suspension is
kept at 4°C. -
- "After subcloning the cDNA insert of this clone (dubbed
lambdaSUP25) into pBS. M13 (see below) a labelled RNA probe was
obtained by transcribing the pSUP25 subclone with T3 RNA polymerase.
' This is performed in a 10 microl assay containing
40 mM Tris .HC1 pH 8.0, 8 mM MgCl,, 2 mM spermidine, 50 mM NaCl,
75 mM dithiothreitol, 1 mM each of dATP, dGTP and dUTP, 25 ynits
RNasinTM; 50 micro CiaQZpédCTP (400-800'Ci/mmoie), 1 microg.
linar jzed plasmid ONA and 10 units of T3 RNA polymerase. Incu-
bation time is 3 Ominutes at 37°C. |
Approximately 1 x 106 cpm of probe per ml of hybridization
solution were used to screen further replicas prepared after
additidna]plat;ng. of the cONA library as described above, Two
further clones are itolated from this screen (lambdaSuP40 and
lambdaSUP 42, see Fig. 2c).
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5.2.6. Confirmation of identity of G-TsF clone

5.2.6.1. Recloning into sequencing vector pBS.M13

In order to confirm that the cONA fragments obtained under
5,2.5..contain cONA coding for full-length G-TsF it must be sequenced,
First a small amount of phage ONA is isolated. 50 microl of the
phage suspension obtained under 5.2.5. are used to infect a 100 microl
suspension of E.coli C600 cells in 10 mM MgSQ, for 15 minutes at
37°C. The resultant mixture is added to 20 ml of

BBLTM medium containing 0.2 % maltose
and 10 mM MgS0, is agitated. - —-~—-for 4 to 7 hours at 37°C.
2 ml of chloroform are added for 30 minutes to the partially
lysed culture, then it is centrifuged for 10 minutes at 5000 rpm
and the supernatant is incubated for 60 minutes at 37°C with
30 microl of DNAse I (1 mg/ml) and 40 microl RNAse (5 mg/ml).
The phages are precipitated at 4°C overnight by addition of an
equivalent volume of 20 % polyethylene glycol 6000, 2 M NacCl,
2 9/1 MgS0,.7 Hy0, 50 mM Tris.HCT pH 7.5, The pellet obtained
after centrifugation for 20 minutes at 5000 rpm is taken up in
500 microl phage buffer and extracted once with 500 microl of
chloroform. The phage ONA in the aqueous phase is then treated
with 3.8 microl of 20 % SDS and 7.5 microl of /.5 M EDTA at 68°C
for 15 minutes, the proteins in the solution are extracted with
phenol, and the DNA precipitated with ethanol,

The ONA is then dissolved in a small volume of TE.

(e half of the resultant phage DNA is cleaved with EcoRl in a

10 microl reaction mixture and the inserted cONA fragment separated
from the lambda arms over a Sea-Plaque agarose gel as described
under 5,2.2. The band is cut out and the ONA recovered from the
agarose as described under 5.2.2.by pherol extraction and ethanol
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precipitation. About 50 rn_ cDNA fragment are ligated with 50 ng
pBS.M13 vector (Stratagene Cloning System) in a 10 microl ligation
mixture as described under 5.2.2. For this the pBS.M13 vectormust
first be cleaved . with EcoRl and dephosphorylated at the 5' ends
with alkaline phosphatase from calf intestine (Boehringer)
according to the manufacturer's instructions. 1 to 2 microl of

the liga%ion mixture are then transfected into a 100 microl
suspension of competent E. coli JM 109. )
Competent JM 109 cells may be obtained by standard methods such

as methods described in T. Maniatis et al., Molecular Cloning:

A Laboratory Manual, Cold Spring Harbor Laboratory, New York

(1982), 100 microl of cell suspension are thawed over ice and

2 microl of ligation mixture are added. Incubation takes place for
20 minutes over ice, the cells are then incubated for 45 seconds at
37°C and agitated for 1 hour at 37°C in 1 ml SOC medium (2% . '
Bacto-Tryptone, 0.5 % yeast extract, 10 mM NaCl, 2.5 mM KC1,

10 mM MgC]Z. 10 mM Mgs0y 20 mM glucose). The bacteria are pelleted
by — == — centrifugation, suspended in 100 microl of SOB

medium (SOC medium without the glucose) and spread over a 1.5 %

agar plate in SOB medium with 50 microg/ml ampicillin, When the
plate has been pretreated with 100 microl of a solution containing
4 mg 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside and 50 mg
isopropyl-p-D~thiogalactopyranoside per ml of dimethylformamide,
then the p-galactosidase contained in the vector causes a blue color
of the E. coli colonies, Colonies with insertions are colorless.
These colonies are seeded into 6 ml cultures and grown overnight.
The growth medium may be SOC medium with 50 microg/ml ampicillin.
Plasmid ONA is isolated with the "boiling method" as described in
Maniatis (1982, supra),
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5.2.6.2. Sequencing of cONA fragments

One third of the plasmid ONA ohbtained from 6 ml of
culture medium is denatured by treatment for 5 minutes with
1/10 volume 2 N NaOH, 2 mM EDTA; 1/5 volume 5 M ammonjum acetate
is added and the DNA precipitated with 2 volumes ethanol. The
precipitate is dissolved in 8 microl water, 1,5 microl of reaction
buffer (0.5 M NaCl, 0.1 M Tris.HC1 pH 7.5, 0.1 M MgC12, 1 mM EDTA)
is added, and appropriate oligonucleotide primers are hybridized
with the cDNA, After addition of the various mixtures of deoxy-
nucleotide- and dideoxynucleotide-triphosphates the ONA 1is
sequenced according to the method of F. Sanger et al., PNAS 74 (1977)
5463-5477 using Klenow DNA polymerase I.

The sequencing strategy to confirm the identity of the
SUP25 cDNA is 11lustrated in Fig. 2b. As a first primer Probe B
(see 5.2.4,2,) can be used. It {s possible to read a region of
about 200 nucleotides thereby. 1his gives enough sequence information
to synthesize two further sequencing primers:

- Primer 1: 5'-CCG TAT TTA TGG AGT TCA G-3'
- Primer 2: 5'-GGA GAA GCA GAT GCT TCT GGA T-3'

With these two primers it is possible to read the complete
region covering the 112 amino acids of the mature protein (see
Fig. 2a). The correct position of the mature peptide within the
precursor protein is deduced from the determined amino-terminal
peptide sequence and can also be inferred by comparison with the
published sequence for TGF-B1 (R. Derynck et al., Nature 316
(19851 701-704).

The full sequence of the ::DNA between positions 1 and 1695
was dariyed after subcloning and sequencing of a series of over-
lapping cONA fragments obtained by splitting the SUP25-c¢DNA

with various restriction enzymes or by treating subclores with




WO 88/03807

- 49 -

mung-bean nuclease and exonuclease [II according to the method
of S. Hemikoff, Gene 28 (1384) 351-359).

In addition the SUP40 and SUP42 cDNAs were sequenced
for 300 nucleotides from both ends and in the regions coding
for the mature peptide using the internal sequencing primers
described above, The sequenced regions were found to be identical
to the SUP25 cDNA (see Fig. 2¢ and 2d).

The full sequence for the mature protein has 71 %
similarity with TGF-B1, and the protein sequence 1is, as for
TGF-B1, at the carboxy-terminal end of a precursor protein (see
Fig. 2b). This follows from the presence of a termination codon
at the 3'-end and of an arginine residue as part of a potential
protease cutting site in front of the first amino acid in the
mature protein,

PCT/EP87/00716 ®
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5,3. Expression of recombinant G-TsF

§.3.1 Expression in CHO cells

5§.3.1,1. Construction of expression vectors

The lambda SUP25 and JambdaSUP40 cONAs (see Fig, 2c)
are recloned into the COS-and CHO-cell expression vectors p910238
and pXMT3.neo 7,

p910238 1s described in G,G. Wong et al., Science 228
(1985) 810-815, |

pAMT3.neo 7 was deyided from the pXM vector, which
contains the same main elements as p910238 and is described in
Y. Yang et al., Cell 47 (1986) 3-10,

In short, these vectors both contain elements permitting
growth in E, coli and eucaryotic cells, The inserted cONA may further
be expressed in CHO and COS cells, They contain initiation sites
for replication in procaryotes and eucaryotes, the enhancer element
from SV40, the major late promater of adenavirus followed by parts
of tig tiivee leader sequences Of the late transcript of adenovirus,
an intron from an imwunoglobulin gene, a polyadenylation site from
SV40 and the VA genes of adenovirus which function together with the
5'-<untranslated leader sequences 1in the control of translation,

In addition the vectors contain a mouse dihydrofolate
redlictase cONA inserted between the cloning site, which {s located
after the immunoglobulin intron, and the polyadenylation sequence
from SV40 (see Fig. 3a), Therevore, these vectors can also be
transfected into CHO cells and the transferred genes amplified
together with the dihydrofolate reductase cONA by selection of
subclones resistant to increasing concentrations of methotrexate
(according to J. Haynes et al., Nucl.Acid.Res. 11 (1983) 687-706).

The pXMT3.neo 7 construct {s derived from the pXM vector
to facilitate the cloning procedure by inserting multiple cloning
sites. Further, the bacteriel neo-gene under the control of the
thymidine kinase promoter of Herpes sinplex virus is inserted between
the SV40 origin of replication and the VA genes. This allows a first
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selection step after transfection of CHO cells using G418 sulphate
(Gibco) according to F. Colbére-Garapin et al., J.Mol.Biol. 150
(19811, 1-14. In detail. the PstI-EcoRI region of the polyl1nker
from pUC18 (C. Yanich-Perron et al., Gene 33 [1985] 103)

was inserted into the pXM plasmid after cleavage with Pstl and

- EcoRI, which removed a 36 bp fragment from pXM. This gave clone

pRMT3. For the insertion of the neo-gene the 1882 bp fragment
obtained from a partial Pvull cleavage of pAGEO (F. Colbére-
Grapin et al,, J.Mal.Bi01. 150 [1981] 1-14) containing the
thymidine kin ase promoter coupled to the neo-gene was inserted
into Stul-cleaved pXMT3 and a plasmid containing the neo-gen¢ and
the adenovirus major late promoter in the same transcriptional
orientation, pkMT3.neo 7 was selected (see Fig, 3b),

The recloning 1s effected as described under 5,2,6.1,
into the EcoRl site of the vectors (see Figs. 3a and 3b),

5.3,1.2, Transfection of Cﬂﬂwcélls_and;ampjificqtjqn of the”G:TsE>qDNA_

Transfection of the divydrofolate reductase - daficient
CHO cell Tine DUKX-B (G. Urlaub and L.H. Chasin, PNAS 77 (19801
4216-4220) was performed by electroporation according to &, Neumann
et al,, EMBO J. 1, (1982] 841-845. Cells were grown to near-\onf1uency
in a + medium (Yibco) washed once with P8BS without Ca™™ and Mg
and released from the plates by incubation in PBS containing 0.5 mM
EOTA and 0,5 mM EGTA for approximately § minutes. The cells were
centrifuged and resuspended in TBS (25 mM Tris.HC1 pH 7.5, 137 mM
NaCl, 5 mM KC1, 0.7 mM CaC]a, 0,5 mM MgCl and 0.6 mM NazHP04)
Following an additional centrifugation the cells were suspended in
cald TBS and adjusted to 107 cells/ml, Electroporation was performed
with 100 microl aliquots of this suspension using an [SCO model 494
power supply and a Haefliger electroparation unit. Cells were in«

cubated together with Sjtg of linearized plasmid ONA for 30 minutes

before the pulsing and for another 30 minutes thereafter. 5 pulses
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were dalivered at five seconds intervalls. The power supply
settings used were: 2000 V, 5W, 3mA; voltage 1imit between 600
and 1800 Volts as specified giving field strengths of 3000 to
9000 V/cm. The capacitors were selected to charge to 169 microF.
Following the electroporation the cells were .eeded into 75 e
culture flasks in a+ medium. G418 was added 21 lours later at a con-
centration of 0.5 mg/ml and cell clones having incorporated the
plasmid DNA containing the neo-gene were sglected. The mixture of
growing cell clones was released from the plates by incubation

in PBS containing 0,5 mM EDTA and 0.5 mM EGTA and reseeded in
a(-)-medium (Gibco) to select for the presence of ¢ hydrofolate
reductase in the cells. Further amplifications of the transfected
genes was then achieved by selection after reseeding the cultures
in increasing concentrations of methotrexate, --- starting

with 1 nM and increasing to 3 and 10 nM.

5.3,1.3 Cohfirmation of prqductiOn'of bioactive recombinant
human G-TsF by CHO 'ells

The cell clones selected in 1 r4 and 10 nM methotrenate
a5 well as a control culture transfected with the vectors without
cDNA {nserts and selected the same way were seeded at a cell density
of 2 to 4 x 106 cells / 75 cn? flask and giown to 50 % confluency.
Then the cells were washed thres times with PBS to remove the
‘methotrexate and incubated for 48 hours with 6 ml of serum-free
a-mediym or a-medium containing 10 % fetal calf serum. After preci-
pitation of the Preteing from the serun-free culture supernatants
with trichloroacetic acid, SDS-PAGE and immunoblotting was performed
according to standard protocols as described by H. Towbin et al.,
PNAS 76 {19797 4350-4354. The ratbit antiserum employed was
obtained by immunizing rabbits with a synthetic peptide correspondi
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to the aminoterminal part of G-TsF. The peptide Ala-Leu-Asp-Ala-Ala-

Tyr-Cys-Phe-Arg-%an-Va]-G]n—Asp-Asn-?gs-Cys-Leu-Arg-Pro-ggu- °

Tyr-I1e-Asp-Phe-Lys-Arg-Asp-Leu-Gly was synthesized on a Biosystem
25

Peptide synthesizer according to the manufacturer's protocol
and injected into rabbits according to standard procedures.

The immunoblotting experiments unambiguously identify
the production of human recombinant mature G-TsF in the cell clones
selected in 10 nM methotrexate. No G-TsF material was detectable
under these conditions in the control cells and the cells selected
in 1nM methotrexate {see Fig. 10).

The supernatants obtained in 10% serum medium devoid of me-
thotrexate were tested in the thymocyte proliferation assay as des-
cribad in step 5.1.7. Whereas the supernatants from control cells and
cells selected in 1 nM methotrexate revealed very little inhibitive
activity, the madium obtained from the cell clones selected in 10 nM
methotrexate showed inhibition of thymocyte proliferation.

v i S e mmmmmmmm . Following acid activation

of the G-TsF complex produced by the cell clones the clones

selected with 10 M ==-wmemccmmcmmcmamncaaanae e
methotrexate caused half-maximal inh1b1t1on in the assay ata dilution
-~ beyond 1: 5000 ~====ws=masmcamsecccmanannna- (see Fig. 11),

This experiments defiritely proves the production of bjoactive
\f reconbinant human G-TsF by CHO cells transfected with the G-TsF cDNA,
The specific activity calculated from the amount of G-T8F estimated to be
present in the immunoblot (see Fig., 10) (approximately 'CC¢ ng/ml) is
L at least as high as tie 5 x 10’ units/mg calculated for the material
isolated from glioblastoma cells (see 5.1.3.).
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Further, the inhibitory activity of the supernatant ob-
tained from CHO cells transfected with pXMT3.neo7/SUP40-1 and
selected at 10 nM methotrexate was completely neutralized in the
thymocyte assay after incubation of methotrexate-free supernatant
diluted 1:10 with 24 microg/ml of polyclonal anti-TGF-B1 antibo-
dies (R & D Systems), whereas this normally results in 87% inhi-
bition in the absance of antibodies, These antibodies have been
shown to be cross-reactive for TGF-B1 and G-TsF; they neutralize
natural G-TsF from blioblastoma cells.

) et i 4 S aede 8 ar—
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5.3.2. Expression in E. colj

A part of the lambda SUP25 cDNA containing the coding
region for the mature G-TsF peptide and 3'-untranslated sequences
down to the Hipg III site (see Fig. 2c) is cloned into pP S1.

This vector allows expression of cDNA under the control of the
lambda promoter. For the construction an oligonucleotide is first
synthesized which connects the Haelll site at position 1099-1102
of the G-TsF cDNA with the Ndel site in the vector in such a way
that an ATG translation initiation codon is created. This is
followed directly by the sequence coding for mature G-TsF of 112
amino acids in length (Figs. 7a and 7b) Thi¢ censtruct (pPL51-SU925~1)
is transfected inty E. coli strain W3110 lambdaY139 which produces
a temperature-sensitive lambda repressor. The bacteria are then
grown at 30°C. After the density of 0.6 00600 is attained the

PL promoter is induced by raising the temperature to 42°C

(this inactivates the lambda repressor). After 54 hours of incu-
bation total E. coli proteir is isolated and the recombinant G-TsF
checked after separation over & polyacrylamide gel, using the
polyclonal rabbit antibody to G-TsF described in 5.3.1.3. Thus

the production of G-TsF could be demonstrated starting one hour
after inactivation of the lambda repressor at 42°C (see Fig. 8).

The identity of the G-TsF expressed in E. coli was further
checked by growing 6 1 of culture nedium containing E. coli with the
recombinant plasmid to a density of 00600=0.6, inducing for 5 hours
at 42°C and isolating the G-TsF as follows:

1) Extraction: The 8 g of cells obtained were suspended in 28 ml

«f buffer (10 mM tris.HC1 pH 7.5, mM EDTA; 1.5 % SDS; and

0.5 % 2-mercaptoethanol), heated at 50°C for 20 minutes and then
centrifuged for 15 minutes at 48 000 g. The supernatant was discarded
and the pellet extracted again with the same buffer but containing




@ wossposer o ©LCT/EP87/00716

..55»-

5 % SDS. Both supernatants were mixed and the viscosity reduced by
energetic agitation. ’

2) Chromatography over Biogel: The extracted protein was fractionated
over a Biogel column (Biogel P100, 160-200 mesh, K 100/100) and

eluted with buffer (composition as under 1) (120 ml, flow-rate ,

26C mi/hour), A]iquots of the fractions were separated by PAGE and
immunoblotted . — — —.—~ -. Fractions 23 and 24 were merged,
1yophilized, dissolved in 40 ml of distilled water and dialyzed

for 6 days against distilled water. The dialyzed material (85 ml)

was then breught to pH 2.15 with trifluoroacetic acid.

3) Reversed-phase f.p.l.c. over Pro-RPC (Pharmacia HR 16/10):
The dialyzed fractions were centrifuged at 48 000 g for 10 minutes

and the clear supernatant (9 mg protein) transferred to the column:

Buffer A: 0.1 % trifluorocacetic acid in water
buffer B: 0.1 % trifluoroacetic acid in acetonitrile

fraction sizes: 2 ml; flow-rate: 2 ml/min
gradient: 5-60 % in 45 minutes

" The fractions containing G-TsF (fractions 43 and 44) were checked by

immunoblotting, merged, given 5 mg mannitol as carrier and lyophilized,

4) Catibn-exchange f.p.l.c. over Mono S (Pharmacia HR 10/10):
The 1yophilized product was dissolved in 2 ml of buffer A (25 mM
ammonium formiate pH 4.0; 50 % 2-propanol) and transferred to the
column: | - ’

Buffer B: 500 mM NaCl in buffer A

fraction size: 1 mly flow-rate: 1 mi/min

aradient: 0-100 % in 60 minutes. o -
The fractions containing G-TsF were determined in SDS-PAGE after

silver staining (Fig. 9), Fractions 31 and 32 (eluted with 175 aM
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NaCl, approximately 8 microg protein) were lyophilized with 1 mg
mannite.

5) Reversed-phase f.p.l.c. over Pro-ReC (Pharmacia HR 5/2):
The 1yophiiized product was dissolved in 1 ml of buffer A (0.1 %
trifluoroacetic acid in water) and transferred to the column:
Buffer B: 0.1 % trifluoroacetic acid in acetonitrile
fraction size: 1 ml; flow-rate: 1 ml/min
gradient: 5-60 % buffer B in 45 minutes
The fractions are characterized by SDS-PAGE and silver staining of
aliquots. The material from - the fraction 2luting at 36 % buffer 8
(approximately 1 microg protein) is used for amino-terminal sequencing.

6) Amino-terminal sequencing: 800 microl from fraction 26 of
step 5) were transferred directly onto the glass filter of an
Applied Biosystems gas-phase-sequenator (Run 155, 87 05 15).
Degradation and amino acid identification were effected following
the manufacturer's instructions, The result (AlasLeu-blank-Ala-
Ala-Tyr-blank-Phe-blank-Asn) confirms the identity and the correct
amino-terminal sequence of the recombinant G-TsF expressed in
E.coli).

7) An aliquot of fractions 31 and 32 of step 4) was fested in the
thymocytes proliferation assay (see 5.1.7.) and shown to have the
inhibitory activety (see Fig. 10) although half-maximal inhibition
was observed only at concentrations of approximately 10'7M. This
indicates that only a small fraction of the monomer G-TsF is

able to spontaneously form the bioactive dimeric form.
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The’present invention is thus making possible the
preparation of large quantities of recombinant G-TsF for further
study and therapeutic applications.

It is clear that G-TsF is a multifunctional peptide
which, apart from its immunosuppressant ei'fect, also controls the
proliferation, differentiation and other functions in many ’
types of cells., ’

G-TsF is useful in the indications mentionned under
"1. BACKGROUND" for TGF-B2, CIF-B8 an¢ G-TsF, primarily as an
immunosuppressive, wound healing, bone forming and antiinflammatory
agent, e.g. in tumor, transplant, autoimmune, osteoporosis, tissue
injury and inflammation conditions.

The factor is biologically active mainly as the dimer
of about 25 kd.

’ The immunosuppressant activity may for example be determined
in vitro by the inhibition of lectin-stimulated proliferation of
thymocytes and by the inhibition of the interleukin-2-dependent
proliferation of murine antigen-specific T helper cells. In vivo
assay may e.g. be effectéd in the alloreactive cytolytic T-cell
model and in the encephalomyelitis model as described in S.H. Hefeneider
et al., J. Immunol. 130 (1983) 222-227 and in A. Ben-Nun et al.,

—— —————

J._Immunol. 129 (1982) 918-919. Further test models are described

in Sandoz EP 159 289. G-TsF inhibits early activating mechanisms

in T-cells, including IL-2-dependent steps. This activity is

useful in controlling the human ‘+mune system in many indications
ranging from organ transplantation to auto-immune diseases such as
chronic polyarthritis and immune-dé'pendent.} ancephalitis.

Thus, concentrations of 10711 M (based on the monomer) -
result in half-maximal inhibition of Concanavalin-A-induced
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thymocytes proliferation and interleukin-2-induced T-helper cell
proliferation (see EXAMPLE)

Further, G-TsF increases connective tissue formation,
and leads to fibrosis and angiogenesis. — — — — — —
[t is thus useful in the treatment of skin lesions caused by trauma,
burns, operations or senility. The capability of G-TsF to promote
the formation of collagen makes it useful also for the treatment
of, e.g,, osteoporosis, where insufficient formation of collagen
and other components of the bone matrix leads to pathogenesis.

The above tissue-forming activities may be shown in
known test models, e.g. in the rat wound healing assay (M.B.

Sporn et al., Science 219 (19831 1329-1330) and in the rat fuscle
cell induction assay (S.M. Seyedin et al,, PNAS 82 [1985] 2267-
2271).

Furthe~ applications of interest include the use of
G-TsF in the treatment of skinegraft donor sites, injuries to the
cornea, bedsores and diabetic ulcers. Even a potential use in
cancer therapy .can be envisaged.

Further, knowledge of the full sequence for the mature
and precursor G-TsF enables the preparation of recombinant G-TsF
derivatives having modified, e.q, improved properties over those
of the mature product.

It is quite possible that the precursor part as such
has beneficial pharmacological activities of its own.
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For the above indications the appropriate dosage will,

of course, vary depending upon, for example, the G-TsF employed,
"the host, the mode of administration and the nature and severity

of the condition being treated. However, in general, satisfactory
results in animals are indicated to be obtained at daily dosages from
about 0,3microgram per kg to about 15 micrograms per kg animal

body weight, In larger mammals, for example humans. an indicated
daily dosage is in the range from about 20 m‘crograms to about

1000 micrograms, e.g. 50 micrograms to 500 micrograms of G=TsF in
mature form, conveniently administered, for example, in divided

doses up to four times a day,

G-TsF may be administered by any conventional route for
peptides, in particular tapically, e.g. in the form of oint ments
or suspensions, or systemically, e.g. in the form of parenteral
injections or infusions. '

The present invention also provides pharmaceutical
compositions comprising G-TsF in association with at least one
pharmaceutical carrier or diluent. Such compositions may be

manufactured in conventional manner. Unit dosage forms contain,
for example, from about 5 micrcg to about 500 microg of G-TsF,

Particularly prefarred indications for G-TsF are wound

healing, either surface of ‘ntzrnal wounds, osteoporosis, organ
rapsplantation and autoimmune diseases.

G-TsF may be combined with activating agents such as
TGF-at, TGF-B1, EGF (epidermal growth factor) or other growth and differ-
antiation factors. The'amount of activating agent present depends directly
upon the amount of G-TsF present in the activated compositions
as administered to the recipient.
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7. ABBREVIATIONS

CHO
CIF-8
DMEM
EDTA
EGTA

FpLcTH
G-TsF
3-Tdr
IL-2
MIS
NET
PAGE
PBS

50S
78S

TE

TEN
TES
TGF-p
TGF-A1
TGF-p2

Chinese Hamster Qvary
Cartilage-Inducing Factor B8
Dulbecco's Modified Eagle's Medium
ethylene diamine tetracetic acid

ethylenegtycol-bis-(8-aminoethylether)-N,N,N',N'-tetra-

acetic acid

fast protein 1iquid chromatography (Pharmacia)
Glioblastoma-derived T-cell suppressor Factor
tritriated thymidine

Interleukin-2

MUllerian Inhibiting Substance

750 mM NaCl, 5 mM EDTA, 50 mM Tris,HC] pH 7.5
polyacrylamide gel electrophoresis

phosphate-buffered saline: 8g/1 NaCl, 0.2g/1 KC1,
1.15 g/ NaZHP04, 0.2 g/1 KH2P04

sodium dodecyl sulfate

10 mM Tris.HC1 pH 7.5, 140 mM NaCl

10 mM Tris,HCY pH 7.5, 1 mM EDTA

100 mM¥ NaCl, 10 mM Tris.HC1 pH 7.5, 1 mM EDTA
10 MM Tris.HC1 pH 7.5, 1 mM EDTA, 0,2 % SOS
Transforming Growth Factor p (= TGF-p1)
Transforming Growth Factor A1

Transforming Growth Factor f2

&
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A vector comprising a gene coding for human G-TsF
having the amino acid sequence indicated in Figure 2d
after the arrow, or allelic variations thereof having
G-TsF activity.

2. A vector according to claim 1 in which the G-TsF
protein has the amino acid sequence indicated in Figure
2d, or allelic variations thereof having G-TsF activity.

3. A vector according to claim 1 in which the gene
codes for G-TsF having an activity of at least 5 x 107
units/mg im the thymocyte proliferation assay.

4. A host cell transformed with a vector according to
any one of the preceding claims.

4.. 5, A host cell according to claim 4 which is
A eukaryotia,
% [ A X X )
L egeed 6. A host cell according to claim 5 which is a Chinese
k ; Hamstier Ovary Celil.
7. A host cell transformed with a vector according to
¢laim 1 or 2 which is prokaryotic.
. 8. A host cell according to claim 7 which is E. coli.
’o-‘ :
LI 9. A method for producing G-TsF protein which comprises
"o culturing a cell according to any ona of claims 4 to 8
. under conditions which enable expression of the G-TsgF
e, protein and isolating the G-TsF protein produced thereby.
[ ) (XX ]
Te Ted 10. G=TsF protein whenever produced by the method of

91027 immdat08.a: v E10494anres,61
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11. ©DNA corresponding to the gene set forth in any one

of claims 1 to 3.

12. The vector pXMT3.neo?7/SUP40~1 as hereinbefore
described deposited under accession number DSM.4226.

13. The vector CHO/SUP40-1/10MTX as hereinbefore
described deposited under accession number ECACC
87111101.

14. The vector pP;S1-SUP25-1 as hereinbefore described
deposited under accession number DSM 4225.

15. A vector according to claim 1, a cell transformed
thereby or G-TsF proteins derived therefrom substantially
as hereinbefore ¢ ascribed with reference to the drawings

and/or Examples,

DATED this 27th day of February, 1991.
SANDQs AG

By Its Patent Attorneys
DAVIES & COLLISQN
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1s8ns,

y3ans 3

Figure 1: O0ligonucleotides used for screcning the c¢DNA Tibrary
Probe A:
1 10 20
Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp Asn Cys Cys Leu Arg Prc Leu Tyr Ala Asp
L] AR AR A& AXxPs AR AAA 2R * AAS Ak kA AR LR AAA AAR AR & L LR *h
5'-GCC CTG GAT GCT GCC TAC TGC ‘TTC CGC AAT GTG CAG GAC-3*

a an
3*-TTA CAC GIC CTG TTG ACG ACG GAC TCC GGC GAC ATA CGA CTG-5°

Probe B:
4 13
Ala Ala Tyr Cys Phe Arg Asn Val Gla Asp

5*-GCI GCI TAC TGC T1C . IGI AAC GTI CAIl GA-3'
T T T T

8

S34No1I4

LL/1

91.,00/L8d3/1Dd

L08ED/88 OM ‘
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Complete nucleotide and amino acid sequences of

Protease
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CGT|GCT
ArajAla

mature human G-TsF

cleavage site

TTG SAT
Leu Aso

CGT

l

CCA

Leu Arg Pro

GAAR
Glu

ccc
Fro

ARA

Lys

CTT TAC
Leu Tyr

GCG
Ala

ATT
Ile

=CC
Ala

GAT
Asp

TAT
Tvr

TGE
Cvys

TTT
Fhe:

TTC
Fhe

20

GGG TAC
Gly Tyr

HAT
Asn

GCC

Ala

AAC
R8N

g1

A~
™mw

Lys

135
TTC
Fhe

AGG
Arg

TGT
Cvs

AGA AAT
Ara Ase
/o0

GAT CTA

GTG
HYal

GGG
Gly

TGG
Tre

GAT
Asp

ARA
Lys

AAT
AsN

TGC
Cvs

54
TGC
Cvs

TGG
Tro

ATA
Ile

Yal-]
CAC
Hig

AGT
Ser

GRA
Glu

CTC
Leu

RAG
Lys

TCAH
Ser

GCA
Ala

GAC
Asp

ACT CAG
Thr Gln

50

CAC
His

AGC
Ser

AGG
Arg

189
GTC
Val

CTG
Leu

TCT
Ser

GCT TCT
Ala Ser

TAC
Tyr

Tyr

90

TCT
Ser

TAC

TGC
Cvys

ATT GGC
Ile Gly

ARAAR TGC
Lys Cys

ccT
Pro

TGC
Cvs

TGC
Cys

243
GTG
Val

AAA
Lys

AGC

Ser

e

297

ACA CCC AAG
Thr Pro Lvs

TAA

3514

TCC
Ser
80

aTT
Ile
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Asp Leu
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AGC TTA
Ser Leu
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TTA
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162
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TTA
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Figure 2b: Sequencing strategy
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Schematic diagram and partial restriction endoriuclease

Figure 2c:
map of G-TsF cODNA
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Figure 24 : Nucleotide and amina acid saquences

for the human G-IsF precursor

1] 20 10 {0 99 LL] 1
CAAGCAGGAT AGGTTTTICT GTTCCGCATT CACTAGATTC PTTGCAAAAG TTTCOCATCA AAMACAMACA

L1 9% 100 1n 110 {10 e
ACAACAACAA AAAACCAAALl AACTGTCCTT GATCTATACT TTGAGAATTG TTCATTTCTT TITITITATY

150 189 120 140 19¢
CTOACTTTTA AAAACAACTT TTTTTICCAC TTTTITAAAAA ATO CAC TAC TQT GTC CTC %5 GCY
AZT Hie Tyc Qye Vel Lo, Set Ala
e e,

E3 %) 126 L 194
TTT CTG ATC CTQ CAT CTA GTC AGO GTC GCQ CTC AGC CTG TCT ACC T<C AGC ACA CTC
Phe Leu Ile Leu W10 Leu Val The Vol Ale Leu Sec¢ Leu Sec T=¢ Cys Ser Tht Léu

111 p1.L) Jot 14
GAT ATG GAC CAG TTC ATG ¢GC AAG ACG ATGC GAQ GGG A7C CGC COG CAG ATC CTO ACC
Atp met Asp Gln PRe Ree Alg Lyé Af3 tle Glu Aja 1le Acqg Qly Gln fle Leu Se¢

BRI 346 161 )16
MG CTG AAG CTG ACC AGT CCC CGA GAA GAC TAT CCT OAG CCC GAQG GAA GTC CCC €3G
Lys Leu Lys Leu ThE Se¢ 2¢o N¢o GLU Asp Tyr Pro Glu Pro Glu Glu val Peo Peo

391 406 (B3}
GAG GTG ATT TCC ATC TAC AAC AGG ASG AGQ CAC TTG CTC CAG GAG AAQ GCG AGC QGG
Glu val Tle et fle Tye Asn Sec TAC Acq Aep Leu Leu Gla Glu Lys Ale Set Afq

416 151 \44 481
AGG GGG GCC 4CC TGC GAQ. CGC GAG AGQ AGC GAC GAA GAG TAC TAC 3CC AAG GAG 3TT
ACe Ala Ala Ale Cye Glu Arqg Glu Agq Sec Aep Glu Glu Tye Tyc Ale Lys Glu Vel

496 stt 816 sl
T)C AAA ATA GAG ATG CCQ GCC T2C TTC CAC I0C SAA AAT OCC ATC CCO QC5 ACT TTC
fye Lye Cle Asp Aet Pra P¢o Phe Phe 7co Jec Glu Aen Ala tle Pi~ Teo the Phe

494 11 $46 401
TAC AGA. CCT TAG TTC AGA ATT GTT COA TTT GAC GTG TCA QCA ATG GAG AAG AAT 4CT
Ty¢ Acg Pro Tyc Phe Acq Ile Vel Acq Phe Aep Val Se¢ Ale Aet Glu Lys An Ala

3% (35 $46 481
T6C AAT TTG QTG AAM OCA GAQ TTC AGA GTC TTT COT TTO CAG AAC CCA AAA GCC AGA
Ser Aen Leu val Lys Ala Glu Phe Acq val ?he A¢qg Leu Oln Aan Pro Lys Ala Acq

474 a9 106
GIG CCT GAA CAA GGG ATT GAD CTA TAT CAG ATT CTC AAG TCC AAA GAT TTA ACA TCT
Vel Pco QLU Gln Arg {le Glu Lew Tye Gln [le Leu Ly Se¢ Lys Adp Leu ThF Jef

17 18 151 146
GCA ACC CAG GGG TAC ATC CAC ACC AAA GTT GTO AAA ACA ACGA GCA GAA A3C QM 7¢C
Pfa ThC Gln Acq Tye lle Adp Ser Lys Vel Vel Gye The Atqg Ale Glu dly 3ty Trp

781 194 8l [
CTC TCC TTC GAT GTA ACY AT 4CT GTT CAT GAA 1GO GTT CAC GAT AAA GXC AGE AAC
Lou Sec fne Asp Vel TRe Adp Als Val His Glu Tep Leu Hle Hié Lys Aep Afq Aen

4941 496 (323 L11}
GOA TTT AAA ATA- AGC TTA CAGC TOT CCG TOC TOC ACT TTT OTA CCJ. TCT AT AAT
Gly PRe Lys (le Sec Leu His Cyd Pco Cys Cyd The Phe Vel Ptd Sec Aen Adn

901 96 L2 I 146
TAC ATC ATG CCA AAT AAA AGT GAA GAA CTA GAA GCA AGA TTT QCA GGT AT GAT 3GC
TYe tle lle pco Aen Lye Sec Qlu Glu Leu Glu Als Acg Phe Ala Qly Tle Asp Oly

361 914 991
ACC TCC ACA TAT ACC AGT QGT GAT CAG AAA ACT ATA. AAG TCC ACT ACG AAL AMA MC
The 3e¢ TRT Tyt Thr Sec Aly Aep Gln Lys the tle Lys Seg The Aeq Lyv Lys Aan

1908 1034 1016 L8t ;
AGT GGG AAQ ACC CCA GAT CTC ¢TG CTA ATA TTA TTQ &CC TCC TAG AGA GTT CAQ TCA
fe¢ Gly GLys The Pro Hia Leu Leu Leu Aot Leu Leu 2ra Ser Tyc Acq Leu Gly Se¢

1066 o 10l e 1994 tity
CAA CAG ACC AAC COO €4Q AAG AAG. COT GCT TG QAT 0CG OCC TAT TGC TTT AGA WP
Gla Gin TRE Aen Atg Acq Lys Lys Acg Ala Leu Aep Ale Als Tye Cys Phe At Aia

e ) 1l 1144 [$34¢
QTQ CAG GAT AAT TGC TGC CTA GOT CCA CTT TAC ATT GAT TTC AAG AGQ GAT CTA ¢da
val cln Aep Agn Qys Cye Leu Acqg Pro teu Tye tle Asp Phe Lys Acq Adp Leu dly

N 1184 1104 1334} [$31

100- AAA TGG ATA. CAGC GAA CCC AAA GGG TAC AAT QGG AAG TTC TAaT OCT GAA GCA T13C
Tep Lys Tep tle Ale Glu Pra- Lyd Qly Tye Aen Ala Asn Phe Cyé Als Gly Ala Gy

1311 1281 Li1s
GC3 TAT TTA GG AGT TCA GAC ACT CAQ CAC AQC AdQ AT €78 AGG PTA. TAT MAT ACC
Pto TYC Geu Tep Se¢ Set Aep: TAT Gln Nla Sar Arg Val Leu Sec Leu Tye Ada e

1t 1108 . 13230 R3LI)
ATA AAT CQCA dAA GCA TCT GAT TCT ¢CT tAC T4C GTQ T4G CAA GAT TTA dAA CCT ¢TA
tle Asa Pro Glu Ala See Ala Ser Pro Cys Cys Val Sec Qla Aep Leu Gly #to Ley

1381 1144 L (L IN
AGC ATT CTC TAC TAC ATT QA& AAA ACA CCC AAG ATT GAA CAG QTT TCT AAT ATQ ATT
The tle Leu Tye Tyt tle Qly Lys TAe 2eo tys tle Glu dln Ceu Sac Aen et Lle

al 14 [S¥]) e tess )
GTA AAG TCT 1dC AAA TAC AGC TAA AATICTTA0A AAAGTGACAA CAGEAAMATG ACAATAATIA
Vel Lys Se¢ Cys Lys Cys Sec

) Wi 14he 1494 1404 331 1418 848
TSATAATOAT GATGACOACG ACAAGEATOA. TGCTTATAAC AAGAAMACAT AAGAGAGCCT tGGTTCATGA

(1
L

-
0

L84 1484 1364 474 1984 1494 1604
ATGTTAMAAA ATTTTTCAMA AGCGGTACT AGTTCAGACA CTTTIGAAGT TIGTCTICTG TTTITTAMA
1418 tite 1616 1646 1644 1646 164
CTGEEATCTG ACACAAAMAA. AGTTEAAGGS GTTATICTAG ATTTCACCTA CTTTATAAGT GAGAGAGACA

1444
ACAAGCAAAT TTTTTIAM
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Figure 2e: Comparison of the amino acid sequences of G-TsF and TGF-Pl precursors
11 21 31 41 51 61 66 76 86
G TSP 1 MHYCVLSAFLILHLVIVALSLSTCSTLOMDQFHRKRTEAIRGQILSKLKLTSPPEDYPEPEEVPE -~~~ EVISIYNSTROLLQEKASRRA
aa AdAasa -
TGF-84 1 MPPSGLRLLPLLLPLLWLIVLTPGPPAAGLSTCKTIDMELVKRKRIEATRGQILSKLRLASPP-~——SQGEVPPGPLPEAVLALYNSTRD -~ <= RV
10 20 30 40 50 60 66 76 86 88
96 163 113 123 ° 133 149 159 169 179
AACERERSDE---EYYAKEVYKIDMPPEEPSENATPPTFY RPYFHIVRFDVSAMEKNA-~—~SNLVKAEFRVFRLONPKARVPEQRIELYQI LKSKDLTS
I - t ] ' * N - - * - - E AR AAAR
AGESAEPEPEREADYYAKEVTRVLM-——VETHNE] YDKFKQSTHS IYMEFNTSELREAVPEPVLL SRAELRLLRRLKLK ~=~VEQUVELYQ-———— KYSN
98 108 115 125 - 135 145 155 172 177
185 199 205 219 229 239 249 259 269 279
PLORYILSKVVKTRAEGERLSFDVTDAVUEWLUIIKDRNLGE K TSLIICPCCTFVESNNY T1PNKSEELEARFAGI DGTSTY TSGDOKTIK STRKKNSGKTP
- RARARAAA F R AR & A A 'Y " A ] an x
MSWRYLSNRLLAPSDSPEWLSFDVTGVVRQWLSRGGETEGERLSAKCSC —mmmmmmmmm e ~—DSRONTLQVDINGFTTGRRGDLAT ] ————-— HGMNRP
187 197 207 217 233 243 257
289 299 309 319 329 339 349 359 369 379
HLLLMLLPSYRLESQQTNRRXKHALDARYCFRNVADNCCLRPLY 1D KRDLGWRWIIIEPKGYNANFCAGACPY LWSSDTQIISRVLSL.YNT INPEASAS PC
(S X X3 a r ] Ll = KRARABARAARNAR
FLLLMATPLERAQHLQfSSRHRRELDTNYCFSSTEKNCCVRQLYIDFRKDLGHKNIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPC
267 276 286 296 306 31 326 336 346 35
389 399 409

CVSQDLEPLTILYYIGKTPKIEQLSNMIVKSCKCS] 414

an - aAlAS " - a - AA SARAAALA RAARAR

CVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS| 391
366 376 386
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Figure 3a: CHO- and COS- cells expression vector
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Figure 3b : Expression plasmid for CHO- and C0S- cells
with SUP40 <uUNA
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F:qure 4 : Final gurification step for G-TsF from 308 glioblastoma cells from 1 1 of gliob?3astoma
“supernatant on Pro-RPCTM with trifluoroacetic acid/isopropanol
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Figure 5: Activity qf_pure-human G-TsF
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Figure 6 : Final purification of G-TsF from 10 1 of glioblastoma supernatant N
,, on Pro-RPCTM with TFA/isopropanol
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Figure 7a:; Plasmid for expression of G-TsF in E, coli based on
the lambda promoter
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Figure 7b: Construction of the expression plasmid pP, S1-SUp25-1]

Xbal -~Ndel fragment

TS

,/ Xbal

\ Partial
HaelTl-xbal,
\ fragment of

aelll G=TsF cDKA

Ndel

01 1gXuc1eot1‘de P LG-TsF:

5'-TATEGCTTTGGATGCGG-3"

3" ZACCGAAACCTACGCC=5"
Met;!\l aLeuAspAlaAla

'matura G-=TsF ~
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Figure 8 : Expression and purificacion of recombinant
» G=TsF _from E. coli
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Figure 10 : Demonstration of expression of recombinant
G-TsF by CHO cells
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Figure 11 : Inhibition of --- chymocyte proliferation ——- with recombinant §
G-TsF from CHO cells ~
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