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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 research may be distinguished which 

have led to factors related to the polypeptides of the present invent! 
namely the 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-B2 
and/or CIF-B.
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1.1. The TGF-fts

The TGF-fJs are 25 kd disulfide-linked homodimers and 
heterodimers originally purified from human platelets. Other 
factors that are functionally and/or structurally related to the 
TGF-fls have also been found, e.g. new forms of TGF-β, activins, 
inhibins, and the Mullerian inhibiting substance (MIS) in 
mammals, as well as the product of thi? decapentar/legic gene 
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 cDNAs. 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 precursor to form the mature bioactive dimers, The conservation 
of multiple cysteines involved 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 invention it has become apparent that 
there are three forms of TGF-β, namely TGF-bl, TGr-62 and 
TGF-61,2, which result from homodimeric and heterodimeric 
combination of the subunits 61 and ,62 (S, Cheifetz et ah, Cell 
48 [February 13, 19873 409-415). The polypeptide originally 
described as TGF-β in fact consists of two βΐ subunits, The 
βΐ and β2 subunits are more closely related to each other than 
to any other known members of their gene family and exhibit 
about 70 % amino acid sequence similarity in their Tl-terminal 
halves.
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Another striking aspect of the members of the TGF-β 
family which has only very recently emerged is the high degree 
of sequence conservation, e.g. 99 % between the human and mouse 
TGF-Bl sequences. This argues for a critical biological role 
of the TGF-&S across species.

The biological function of the TGF-^s 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 lines, but induce 
proliferation of some mesenchymal cells as a possibly secondary 
response to elevated expression of autocrine mitogens. 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 differenti
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-.&s 
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-Ss appear to affect differentiation and 
morphogenesis by influencing or regulating the interaction of ·
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cells with the extraeel 1ular matrix, fi.g. by controlling 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-&1 and TGF-&2 are not identical 
and they have different receptor-recognition properties, There 
may exist different receptors for TGF-B1 and TGF-B2, some of 
which are cross-reactive. This suggests some unique function 
for TGF-^2. 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 
ag'ed; in osteoporosis; and, in view of their suppressive action 
on both T and B lymphocytes, as antiinflammatory or immuno
suppressive agents.

The TGF-&3, particularly TGF-S1, might also be 
involved in the regulation of hematopoiesis (M. Ohta et al. , 
Nature 329 [October 1987] 539---940).

The amino acid and nucleotide sequences for human 
TGF-B1 (originally 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 0, 105; R, Derynck et 
al., J, Biol, Chern, 261 (April 5, 1986) 4377-4379; and 
Genentech EP 200 341 (published on December 10, 1986),

TGF-&2 apparently had not been identified as such 
at the first priority of the present invention. Subsequently, 
partial amino acid sequences were published, e.g, for the first 
29 N-terminal amino acids of mature porcine TGF-B2 in .
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S, Cheifetz et al., Cell 48 (February 13, 1987) 409-415 and for 
the first 51 N-terminal amino acids of mature human TGF-B2 in
T. Ikeda et al., Biochemistry 26 (May 1987) 2406-2410; the 
complete amino acid sequence of mature human TGF-&2 was then 
published in H. Marquardt et al., J, Biol. Chem. 262 (September 5, 
1987) 12127-12131, i.e, later than the priority dates for the 
present invention.

1.2. CIF-B
Another line of research has been involved in the 

isolation, purification and characterization of the GIFs, i.a. 
of a bovine demineralized-bone protein named cartilage-inducing 
factor B (CIF-B), described e.g. in S.M. Seyedin et al.,
PNAS 82 (1985) 2267-2271, and various methods for extraction 
or partial purification of this or related factors are described 
e.g. in Collagen EP 121 976 and USP 4 627 982.

CIF-B is involved in endochondral bone formation 
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 inflammation or 
for treating a dysfunction or malfunction of hematopoiesis or 
lymphopoiesis.

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 amino 
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 invention in S.M, Seyedin, J■ Biol ■ Chem. 262 (February 15, 
1987) 1946-1949.

It is now known that TGF-&2 and Cl’F-B are probably
identical,

1,3, G-TsF
The third line of research has been concerned with 

glioblastoma-derived T-cell suppressor factor (O-TsF).
patients with glioblastoma have depressed cell·" 

mediated immunity. This was already apparent as early as 
1 972 (W.H. Brooks et al., J, Exp. Med. 136 [1 972] 1 631 -1647).
Both peripheral blood lymphocytes and the tumor-infiltrating 
lymphocytes of glioblastoma patients exhibit depressed in 
vitro proliferative responses. Furthermore the patients show 
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 lines 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. Immunol. 152 [1984] 1837-Ί844·,
M, Schwyzer and A. Fontana, J, Immunol. 134 [1985] 1003-1009).
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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 fsrm 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) 
^533-1536, .

k
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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 been 
obtained, one of which was fully characterized,

The product G-TsF has a purity of at least 90%, Its 
7specific activity is at least 5 x TO units/mg in the

thymocyte assay, Half-maximal inhibition is obtained at a
concentration of 1 x 10'^ 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,

It thus provides recombinant mature G-TsF and a process 
for the preparation of mature G-TsF by recombinant ONA techniques, 
and corresponding cDNAs,

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



WO 88/03807 PGT/EP87/00716

- 9 -

part by recombinant DNA 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 derivatives.

A preferred embodiment of cDNA 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 prou-tion of the protein should not, on 
expression, change the main functional and structural properties 
of the mature or precursor protein for which the sequence codes,
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Theitfore, such variations in sequence are encompassed in the 
invention. Such nucleotide modifications deliberately 
engineered into the DNA sequence can be made by one skilled 
in the art using known techniques.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 methods 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 is the Chinese Hamster Ovary (CHO) cell line. Another 
suitable mammalian cell line is the monkey COS-1 cell line, 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 ONA 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 regulatory 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 vector which includes nucleic acid encoding 

G-TsF, ,
b) traps formation of an heterologous host cell with the vector,«
c) culture of' the transformed host cell and
d) recovery of expressed G-TsF from the culture.

Nucleic acid that encodes mature G-TsF or G-TsF 
precursor is provided herein. It 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 recombinant methods 
is made possible by knowledge of the G-TsF coding sequence or the 
sequence coding for G-TsF and its precursor, disclosed herein, These 
derivatives include silent and expressed mutants in the nucleic 

acid encoding mature G-TsF or encoding G-TsF precursor.
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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 substitution may be identified by 

screening G-TsF yields from transformants,
Expressed G-TsF mutants fall into one 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 epitope.

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, 
©specially substitutions targeted for the interior of the primary 
amino acid sequence. They are useful, in modifying the biological 
activity of G-TsF.

tnsertional 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 inserUonal 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 DRAWINGS

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 the predicted nucleo
tide sequence corresponding to the determined cDNA sequence are 
indicated by asterisks. Probe B was a mixture of sixteen 29-mers,
At ambiguous positions 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-&1 are underlined., 
The arrow indicates the protease cleavage site and the beginning of 
the mature protein,

Figure 2b depicts the sequencing strategy which was followed to 
arrive at the sequence of the cDNA in the region of the mature G-TsF. 
After subcioning of the. EcoRI insert of lambda SUP23 in pBS,Ml3 
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 the obtained sequence 
were synthesized and employed to obtain the sequence coding for the 
major G-TsF peptide as depicted.

Figure 2c is a schematic diagram and partial restriction endonuclease 
map of G-TsF CONA, The coding sequence is boxed and the mature peptide 
is indicated by the shaded part at the 3'-end, The sequenced cDNA
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inserts of lambdaSUP25, 1ambdaSUP40 and lambdaSU,- 42 are aligned 
above the diagram.

Figure 2d shows the nucleotide and the amino acid sequences for the 
human G-TsF precursor. The nucleotide sequence of the region of 
lambdaSUP25 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 line. 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 line. Three 
possible glycosylation sites in the precursor sequence are underlined 
with a thin line.

Figure 2e is a comparison of the amino acid sequences of G-TsF and 
TGF-&1 precursors analyzed according to the standard "align" program 
of Intel!igenetics. 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 

p91023(B)-SUP25-l containing the full-length SUP25 cDNA.
AdMLP 3 adenovirus major late promoter·, DHFR = dihydrofolate reductase 
cDNA,

Figure 3b depicts the expression plasmid named pXMT3.neo7/SUP4P-l for 
CHO- an^-COS-cel1s with SUP40 cDNA. Ad MLP = adenovirus major late 
promoter; TKP 3 thymidine kinase promoter of Herpes simplex virus;
OHFR 3 di hydrofolate reductase cONA.

Substitute sheet,



WO 88/03807 PCT/EP87/00716

-14a-

Figure 4 shows the final purification step fo* G'-TsF from 308 glio
blastoma cells from 1 1 of glioblastoma supernatant on Pro-RPCTM 
with trifluoroacetic acid/isopropanol. Fractions from reversed-phase 
FPLC on Pro-PPCTM 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 SOS-PAGE under reducing conditions on a 
10-15 t 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 (·) and TGF-βΙ (*) on 
ConA-induced thymocyte proliferation. The solvent (0.1 % trifluoro- 
acetic acid in 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,
8, Suppression of IL-2-dependent T cell growth by G-TsF and TGF-&1. 
Ovalbumin-specific T helper cells were cultured in the presence of 
various concentrations of recombinant IL-2 together with G-TsF (·) 
at a concentration of 1.6 x 10"Π M or TGF-fSI (a) at a concentration 
of 10“Iθ M. Controls consisted Of solvents (see above) or medium in 
which TGF-βΙ was diluted (ο/δ).

Figure 6 shows the final purification 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 insert shows the SDS-PAGE of 
100-microl aliquots from fractions 28 to 34 as described for Fig, 4.

Figure 7a is a map of the plasmid named pP^Sl-SUP25-1 for expression 
of G-TsF in E.coli based on the lambda promoter. P|_ 3 lambda promoter.

Figure 7b shows the construction of the expression plasmid pP^Sl-SUP25-1. 
The partial HaelJl-Xbal fragment of G-TsF cDNA was derived by first 
converting the Haelll site at position 2141 of the 1ambda3UP25 cDNA 
with Xbal linkers to an Xbal site. Then partial cleavage of the cDNA 
with Haelll and Xbal was performed.

•g'OBSTlTUT’B
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Figure 8 shows the expression and purification of recombinant G-TsF 
from E.coli:

A. Immunoblot of total E. coli protein recovered following induction
of the lambda promoter P^ at 42°C, Lanes 0 to 6 are for the various 

incubation times. '
B. SDS-PAGE of fractions 30 and 31 from the revers&d-phase FPLC on 
Pro-RPC™ showing that essentially pure G-TsF is recovered from 
Pro-RPC™.

Figure 9 indicates the inhibition of thymocyte proliferation by 
recombinant G-TsF from E,> coli,
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Figure lQshows 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 cDNA (pXMT3.neo7).
Lane 2 - supernatant from CHO cells transfected with vector containing 
G-TsF cDNA (pXMT3.neo7/SUP40-l) and selected at 1 nM methotrexate.
Lane 3 = as Lane 2, but selected at 10 nM methotrexate.

Figure 11 shows the inhibition of thymocyte proliferation with recombinant 
G-TsF from CHO cells. Dilution = final dilution of CHO supernatant 
in thymocytes assay.
□ = supernatant from control CHO cells transfected with pXMT3,neo7, 

without acid activation.
o = as □ , but with activation with 1 M acetic acid overnight at 

room temperature.
■ = supernatant from CHO cells transfected with pXMT3.neo7/SUP40-l 

and selected at 10 nM methotrexate, without acid activation.
• = as ■ , 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-61 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,

j
j

I
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4. DETAILED description

4.1. In a Drst aspect the G-TsF was purified to homogeneity and 
the first 20 amino acids of the mature human protein sequenced:

G-TsF was purified, after concentration and diafiItration
of glioblastoma cell-derived supernatants, in a process including
chromatography on hydroxyl apatite and Pro-RPC™, cation-exchange 

TMchromatography on Mono-S ■ and a final reversed-phase FPLC on 
Pro-RPC . The decisive step in the purification scheme was the 
cation-exchange chromatography on Mono-S™ 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 Che final reversed-phase chromatography step (see Fig. 4) since 
after 3PS-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 activity of 5 x 10? 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 by gas-phase
sequencing of the peak fraction: AlaLeuAspAlaAlaTymCysPheArgAsnValGIn
AspAsnCysCysLeuArgPrqLeu , 5

15 20

As demonstrated in Fig. 2e both human G-TsF and TGF-βΙ 
from porcine· piateIets(R&D Systems) inhibit the Concanavalin- 
A-induced proliferative response of thymocytes, The concentration 
required for half-maximal inhibition of thymocyte activation is 
lo"11 M for TGF-βΙ. An almost identical dose-response curve is 

observed by using purified G-TsF instead of TGF-βΙ> the half-maximal 
inhibition occurring at 8 x 10"^ Since crude supernatant 

of 308 glioblastoma cells was originally found to suppress T cell 
activation by interfering with the effect of IL-2, purified G-TsF
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and TGF-βΙ were analyzed on an ovalbumin-specific T helper cell line 
(QVA-7T) established from CS7BL/6 mice. At the concentrations tested 
(G-TsF at 1.6 x 10-11 M', TGF-βΙ at IO"10 M) both factors inhibited 

the IL-2-dependent growth of OVA-7 T cells almost completely 
(Figure 5, part 8). 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-βΙ 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-like, 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,£90 

"G-TsF precursor" when used without further qualification 

means a protein having more than 30 % amino acid sequence similarity 
with the full amino acid sequence indicated in Fig. 2d, e.g.^60 %.

In one as’pect 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-S™. In particular, the process comprises

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

b) chromatography over hydroxylapatite,

SUBSTITUTE SHEET



Φ WO 88/03807 PCT/EP87/00716 φ

-18a-

c) reversed-phase chromatography over Pro-RPC™ using trifluoro

acetic acid/acetonitrile (2x) as an eluant,

d) cation-exchange chromatography, preferably over Mono-S™, and

e) reversed-phase chromatography over Pro-RPC™ using trifluoro

acetic acid/2-propanol as an eluent.

SUBSTITUTE SHEET



WO 88/03807 PCT/EP87/00716

- 19 -

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-RPC™, 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:

A1aLeuAspAlaAlaTyrCysPheArgAsnValG1nAspAsnCysIleLeuArgProLeu  
1 5 10 15 20

TyrI1eBlankPheVal 
25

This partial sequence differs from the corresponding 
sequence in Fig. 2a in having He 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. In 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. Mania'tis et al,, Molecular Cloning, A Laboratory 
Manual, Cold Spring Harder Laboratory, New York (1982),

However, as for TGF-βΙ, 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 involved 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 polypeptide 
including formation of inter- and intramolecular disulfide 
bridges, storage in secreting vesicles 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 
accomplished.

The invention encompasses recombinant mature G-TsF and 
its precursor part, their recombinant synthesis and the formation 
of bicactdve G-TsF y-ja its precursor’, particularly, biologically 
active G-TsF having the sequences of Fig. 2d Jncluding precursor
S-TsF ( mature G-TsF and G-TsF precursor part, and polypeptide
fragments j <—------------— — — _ — insertion,
substitution and/or deletion mutants thereof,It comprises for example 
the preparation of bioactive 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 cGNA library derived from the human glioblastoma cell line 308. 
This library established in lambda gtlO 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-βΙ. This clone, dubbed lambda$UP25, was subsequently used to 
isolate additional cDNA clones for G-TsF (lambdaSUP4Q 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 cDNA 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 cDNAs start within several 
nucleotides from the 51 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 likely used for initi
ation of translation because it is the first ATG in an open reading 
frame coding for a 414 amino acid - long protein containing the 
ami no-terminal sequence of the G-TsF peptide at amino acid



WO 88/03807 PCT/EP87/00716 φ

22 -

positions 303-323. In addition it is immediately preceeded by 
several stop codons in the same reading frame and the first 20 amino 
acids of the predicted protein show the strong hydrophobic!ty 
characteristic of signal peptides. The first cluster of significant 
homology to the predicted TGF-βΙ 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 library

RNA was. isolated using the larea-liCI method and poly- 
adenyUted RNA was selected by oiigo(dT) cellulose chromatography,
The first cDNA strand was then synthesized with reverse trans
criptase and the RNA/PNA hybrid converted to double-stranded cDNA.
The cDNA was made blunt-ended with ST nuclease and T4 DNA polymerase, 
methylated with EcoRI 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 0600 hfl by plating oh BBL agar plates and 
eluting the phages from the top-agar layer,



WO 88/03807 PCT/EP87/00716

- 23 -

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 
filters were then processed and screened using two probes derived 
from the assumed ami no-terminal amino acids of G-TsF (Fig. 1), The 
oligonucleotide probes were synthesized with a DNA 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 [gamma-^PlATP. The second probe 

consisted qf a 39-mer and a 42-mer (Fig, 1) with 12 complementary 
bases at their 3'-end, which could therefore be filled-in after 
annealing using O32P]dGTP and the klenow fragment of DNA 

polymerase I, Filters were prehybridized .ur 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 % SOS 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 cDNA recovered from it was later used to 

rescreen the library,

4.2.4. Subcloning and sequencing
Lambda ONA was extracted from the positive clones

following a minipreparation procedure. The cDNA inserts were 
recovered after EcoRI cleavage and subcloned into the ρβδ,ΜΙί 
sequencing vector (stratagene), ONA sequencing was performed 
using the dideoxy chain-termination method of Sanger, To obtain 
an overlapping set of sequences in both directions, the insert 
was first digested with Hindlli, Subclones were then obtained 
from the Hindlli fragments either by exonuclease and mung bean 
nuclease digestions or by cleavage at restriction sites revealed 
in partial sequence data. Additional sequence information was
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h obtained in the region of the'ΛΜ 6*?$F peptide with the
if . :
Π help of synthetic oligonyfiteoUib Ambiguous areassi ! .
jj remaining after sequencing ch? vjtpie region in both directions
t{ with Klenow DNA polymerase were resolved using reverse trans-
Il criptase for the chain elongation reaction,
H The sequencing (see Fig, M) shewed that G-TsF is
’! translated as a precursor protein from which the mature protein
J has to be released by proteolytic: cleavage, This active protein

is a dimer of two mature peptide parts. The amino acid sequence
J of the mature G-TsF peptide starts at amino acid position 303 of: 1 ■ ■ '

the precursor. The G-TsF precursor contains three potential 
N-glycosy1atlon 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 daltons (disregarding a possible glycosyiation),
Mature G-TsF may be 0-glycosy t ted and G-TsF precursor 

may be 0- and/or N-glycosylated. Such glycosylated forms are also 
part of the invention,

e Allelic and/or variant forms are also part of the: ............... . ' .
invention.I ■ .

ρ Comparison of the sequence of mature G-TsF with
h sequences published for related factors during the priority year
Il for the present invention, namely for the first 29 N-terminal
{l amino acids of porcine TGF-B2 (S, Cheifetz et al,, Ce11 48
j| [February 13, 1987] 409-415) or for the first 51 N-terminal amino
!j acids of human TGF-B2 (T, Ikeda et al,, Biochemistry 26

jj [May 5, 1987] 2406-2410), or for the first 30 N-terminal amino
acids of bovine ClF-8 (S,M, Seyedin et al,, J, Biol. Chern, 262 
[February 15, 1987] 1946-1949) shows complete identity: thus 
G-TsF is the human analogue of the above factors and the considerable 
structural similarity confirms the very strong interspecies 
sequence conservation which is also observed in the case of TGF-B1,

As already mentioned above under 1,, the complete amino 
* acid sequence of mature human TQF-62 has been published independently

during the priority year for the present invention (H, Marquardt et
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al., Bio1« chem· 262 [September 5, 1987] 12127-12131); that 
sequence is identical to the amino acid sequence for mature G-TsF 
in Fig. 2d,

ί,ι-TsF shows further an amino acid sequence similarity
of 71 % with TGF-βΊ, The similarity is extremely high from amino acid
329 to 345 and for the 14 C-terminal amino acids (Fig, 2e). This
is also seen with the two more 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 th* conservation
of all nine cysteine residues in G-?sF, The amino acid sequence 
similarity of G-TsF precursor with TGF-fil precursor is 30 %.

Some structural patterns are also conserved in the 
precursor ports of TGF-&1 and G-TsF, The mature peptides are 
obviously released by proteolytic cleavage at Lys-Arg residues,
The structural homology between the G-TsF and TGF-βΙ precursors 
is far less pronounced than between the mature proteins but there 
are definite clusters of sequence homology 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 
molecule involved in the transport and processing of the molecule 
and in tbs 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 only 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 t. TsF, other related biologically active 
polypeptides will fall within the definition. 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 
fp*· cysteine at sites not critical for biological activity.
Further, post-translational processing of human pre-G-TsF, e.g. 
in cell lines derived from non-primate mammals, may produce 
micro-heterogeneity in the amino terminal region of mature G-TsF, 
so that alanine will no longer be 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 he susceptible 
to proteolytic hydrolysis whereby G-TsF is released, either in 
vivo for in situ generation or, as part of a manufacturing 
protocol!, in vitro.

Recombinant G-TsF ordinarily means mammalian, preferably 
human, recombinant G-TsF, recombinant G-TsF from sources such as 
murine, porcine, equine or bovine is however included within the 
definition 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 another species.

ϊ
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DNA which encodes G-TsF may be obtained by chemical 
synthesis, by screening reverse 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 obtained in any suitable pro- or eucaryotic 
’ expression system using known methods, e.g. as described in

Genentech EP 200 341,

4.3.1. Suitable expression vectors are DNA sequences encoding 
G-TsF and operably linked to suitable control sequences capable 
of effecting the expression of G-TsF in the host. 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 DNA encoding a

j, 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,

DNA regions are operably linked when they are functionally 
related to each other. For example DNA for a presequence or 
secretory leader is operably linked to DNA for a polypeptide if 
it is 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 sequence if 
it is positioned so as to permit translation. Generally, operably 
linked means contiguous and, in the case of secretory leaders, 
contiguous and in reading phase.

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



WO 88/03807 PCT/EP87/00716

-29-

Ovary (CHO) cell lines and COS-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 generally 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-,61, 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 variants:

4.3.2.1. First variant: with p91023(B)-SUP25-1

The full-length SUP25 cDNA was cloned into the CHO-and 
COS-cell expression vector p91023B (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.
All clones having incorporated the p91023(B)-SUP25-1 DNA were 
thenselected in a(-)-medium under conditions where only cells 
producing dihydrofolate reductase will survive. Since the vector 
p91023(B) 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 m<Hii>ft,Qateor 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 XMT3pgQ7/SUP40-l

In a further construction the full-length SUP40 cDNA 
(see Fig. 2c) was inserted into the COS-and CHO-cell expression 
vector pXMT3,neo7. This vector is a modification of pXM (V. Yong 
et al., Cell 47 [1986] 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 procaryotic and eucaryotic hosts
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and in addition the strong adenovirus major late promoter 
for expression of cDNAs cloned into a site close to the 
promoter and its linked elements. pXMT3.neo 7 was derived from 
pXM 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-cDNA 
in pXMT3.neo7 in the right transcriptional orientation, named 
pXMT3.neo7/SUP4Q-l (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 
(DSM), Grisebachstr, 8, 0-3400 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 line DUKX and clones containing the plasmid 
DNA 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. It 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 CHQ/SUP40-1 /1OMTX 
--- have been deposited on November 11 , 1987 under Accession Number 

ECACC 87111101 under the Budapest Treaty with the European 
Collection of Animal Cell Cultures, Per ton Down, Salisbury, Wiltshire 
SP4 OJG, United Kingdom,
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4.3.3. Expression in E. coli

The plasmid used for expression in E. coli is based on 
the lambda promoter. An oligonucleotide was synthesized and the 51-end 
of the G-TsF sequence ligated with the Ndel site of the vector.

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

This construct was used to transfect E. coli strain 
W3110 lambda V139 which produces a temperature-sensitive 
lambda receptor. The expressed product was extensively charac
terized. As can be seen from Fig. g the recombinant G-TsF from 
E. coli has been purified to homogeneity, giving a single h 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- 
meric G-TsF.

For expression in E. coli a methionine residue must be 
inserted in front of the mature G-TsF cDNA. Met-G-TsF is also' 
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 
yields, 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 biological 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 completely understood, the 
precursor peptide appears to be of major importance irt 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 failure 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,

ί 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 cDNAs 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 interleukin-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,

4

The following Example illustrates the invention without 
being meant to be limitative:
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5. EXAMPLE

5.1. PURIFICATION OF G-TsF

5.1.1. Glioblastoma cells SN 308 (A. Fontana et al., J. Immunol.
132 C19843 1837-1844) are grown in tissue culture flasks or in 
multitrays (Nunc). The medium is Dulbecco's Modified Eagle's 
Medium with 10# 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 10® cells/175 cm^ flask or 4 x 10θ 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,

3.1.2. 1. liter of serum-free supernatant (altogether 1.1 x 105 

• units in the thymocyte assay) 1s concentrated to 139 ml in the
Pellicon"^ cassette system and a PTGC^ membrane (Millipore), and 

diafiltrated against 5 volumes of 10 mM Tris,HCl, pH 7,5,

5,1.3. The sample is then chromatographed on a hydroxyl apatite 
column:

dimensions: 1,6 x 24 cm·, 49 ml
buffer A: 10 mM tris.HCI, pH 7.5 + 10 microM CaCL·
buffer 8: 0,5 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 % trifluoroacetic acid in water
buffer B: 0,1 % trifluoroacetic acid in acetonitrile

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

5,1,5, Rechromatography on Pro-RPC??’ the pool of biological 

activity is diluted 1:5 with buffer A and added to the column, The 
biological activity is eluting at 30-32 % eluent B,

TM
5,1,6, Cation-exchange chromatography on Mono-S (Pharmacia): 

dimensions: HR 10/10; 8 ml
buffer A: 25 mM ammonium formiate, 5o % 2-propanol , 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 8,

TM
5,1,7. Reversed-phase chromatography on Pro-RPC with trifluoroacetic 
acid/2-propanol:

dimensions: HR 5/2; 0,4 ml
buffer A: 0,1 % trifluoroacetic acid/water
buffer B: 0,1 % trifluoroacetic acid/2-propanol
The pool· with the biological activity is diluted 1:5 with

buffer A and added to the column, Elution of the biological activity 
takes place at 24-26 % of buffer B, Chromatography is .started 
by - - addition of the sample in buffer A followed by gradient

elution with increasing concentrations of buffer B,
The result is shown in Pig, 4. The peak fraction from
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this column chromatography has the following characteristics:
- The proliferation of stimulated thymocytes is half-maximally 
inhibited at a dilution of 1:5000 in a 200 microl test sample. This 
is 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/HeJ mice.

suspended in 150 microl of RPM! medium 
supplemented with 300 microg/ml L-glutamine, 1 x 10’5 M 

2-mercaptoethanol and 5 M fetal calf serum·‘The cells are 
incubated in flatbottomed microtiter plates for 72 hours 
in the presence of Concanayalin-A (0,5 microg/wel1), 
Sixteen hours before harvest 0,5 microCi of C^H]- 
thymidine (5,0 Ci/mmol) is added per well,, The results 
are expressed as percent suppression compared with the 
Concanavalin-A response of thymocytes treated 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 medium which caues half-maximal 
inhibition in the assay,

- The interleukin-2 - dependent proliferation of antigen-specific 
T helper cells is also inhibited over 90 % at concentrations of 
G-TsF of 10”’°M (see Fig, 5, part B),

The test method is as follows: 2 x 10^ T-helper 
cells 0VA-7T are cultivated In microtiter plates in the 
presence of various concentrations of IL-2 (Amersham,

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

is Iscove's Complete Medium (Behringwerke Cat,No. 7852),
5 x 10”5 m 2-flercaptoetbanol and 300 microg/ml L-glutamine. 
The Incorporation of 3H-Tdr (1 microCi/well) is measured 
over 15 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 
gradient 5-15 %) and silver staining gives a visible band of

molecular weight 12,5 kd (extrapolated from standards with 93, 57,

j

J

ί

SUBSTITUTE SHEET
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45, 3T, 21 and 14 kd)(see Fig. 4). The concentration of protein 
is estimated to be 0.5 raicroy/ml on the basis of the quantities 
of standard used, corresponding to a specific biological activity 
of the protein of 5 x 10? units/rng 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 together these data 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 pur-' ied to homogeneity.
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5.2. CLONING AND SEQUENCING OF cDNA

5.2.1. Isolation 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 dodecyl sulfate) and homogenized thrice
for 30 seconds in a Sorvall Omnimiv 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 sodium 
acetate pH 5.0, 0.2 % sodium dodecyl sulfate, 1 mM EDTA) and extracted 
with water-saturated phenol. The aqueous phase is separated after 
centrifugation and extracted again with a 1:1 mixture of phenol and 
chloroform. The RNA is 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.HCl pH 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 precipitated 
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 from 50 14-cm plates.

5.2.2, Synthesis of cDNA
The first cDNA strand is synthesized from 20 microg 

nRNA in 200 microl of a solution containing 50 mM Tris.HCl pH 8,3,
50 mM KCl, 8 mM MgClg, 1 mM dithiothreitol, 30 microg/ml oligo(dT),
0,1 microg/ml actinomycin D, 1 mM of each of dATP, dCTP > dGTP and
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dTTP, 1 unit/microl RNAse inhibitor RNAsin (Promega) and 1.5
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 ord«r to remove 
the unincorporated triphosphates, actinomycin D and salts.
0,3 M sodium acetate pH 7.0 is added to the eluted cDNA/mRNA 
hybrid and the mixture precipitated with 2,5 volumes of ethanol 
overnight at - 20°C. The precipitate is recovered by centrifugation, 
washed once with 80 % ethanol and dissolved in 20 micro! TEN.

The second strand is synthesized by the method 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.HCl

pH 3,0, 5mi'l MgClg, lOiaM (NH4)2SO4> 100 jpM KC1, 0,05 mM each of dATP, 
dCTP, dGTP and dTTP, 0.1 M dithiothreitol, 20 microCi a[32P]dCTP 

(Amersham, 3000 Ci/mmole), 20 microl RNAse H (Bethesda Research Labora
tories; 3’units/microl), 10 microl DNA polymerase J (New England Biolabs,

10 units/microl) and the hybrid cDNA/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.HCl 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 SI 
by treatment for 30 minutes at 22°C in 400 microl of 250 mM NaCl,
30 mM sodium acetate pH 4,5, 1 mM ZnS04 and 1,0 units Si nuclease (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 DNA fragments are 
discarded by passage through a G150 column. After ethanol 
precipitation the cDNA is dissolved in a small volume (10-20 microl)
TEN.

si The ends of the cDNA are then prepared for linker ligation
by incubating, with T4 DNA 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

ί of dATP, dCTP, dGTP and dTTP and 4 microl of T4 DNA polymerase I
(New England Biolabs, 10 units/microl), The enzyme is inactivated

jj by treatment for 10 minutes at 70 °C.

jj Synthetic EcoRI linkers (New England Biolabs) are then

H kinased at their 5'-ends as follows: 20 microg of linker DNA are in-
jj cubated for 40 minutes at 37°C in 200 microl of 70 mM Tris.HCl pH. 7,5,

I 10 mM MgClg, 5 mM dithithreitol, 2 mM ATP and 10 microl polynucleotide
kinase. t

1 The 5*-phosphorylated linkers are then ligated to the cDNA: "

. the heat-inactivated cDNA reaction mixture is brought to 100 microl
i and the following concentrations: 35 mM Tris.HCl pH 7,5, 7 mM MgCl>

1 mM ATP and 5 mM dithiothreitol. 1,6 microg of kinased EcoRI Tinkers
I is added and ligation effected overnight at 15°C with 10 microl T4
I DNA ligase (New England Biolabs), The ligase is then, inactivated at

J 70°C for 10 minutes and the EcoRI linkers completely cleaved by treatment
j 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 cDNA over a Sepharose 4B column, cDNA of more 
than 300 bp elutes in the exclusion volume, is precipitated with 
ethanol and dissolved in a small volume of TEN. The cDNA is then 
size-fractionated on a 1% Sea-plaque agarose gel in electrophoresis



WO 88/03807 PCT/EP87/00716

-42-

buffer (40 mM Tris.acetate pH 7.8, 1 mM EuTA) at 50 V, 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. Sutcl iff, Nucl. Acids Res. 5 [1978] 2721 -2728). An equal 
volume of TE and '3M sodium acetate pH 7.0 are
added, the agarose is melted 5 minutes at 70°C and cooled Tor 5 
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,

S.2,3. Cloning into lambda gtl0
The size-fractionated cDNA is cloned

into phage lambda gtlQ (T.V. Huynh et al., ONA Cloning, Glover Ed.,
Press, vol. 1 [1935} 49-73). Lambda gtlQ arms dephosphorylated with 

phosphatase may be obtained from Stratagene Cloning Systems,
1 microg of lambda gtlO arms are ligated in a total volume of 8 microl, 
as described under 5.2.2., with the total cDNA obtained from 20 microg 
mRNA, using 1.6 microl T4 DNA ligase. The phages are then incubated 
with a packaging extract (Gigapack, Stratagene Cloning Systems) 
following the manufacturer's instructions and E.coli cells C6Q0 hfl 
(Stratagene) are infected. The packaging of the phages, is taking place 
with 20 microl freeze thaw ard 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 MgSO^J H20, 50 mM Tris.HCl 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 MgSO^. 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.coTi cells are plated in
30 ml Top-Agar in BBL™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 plaques is scraped off and shaken 
overnight in 20 ml phage buffer at 4°C, The agar is centrifuged off 
at 6000 rpm and the eluted phage suspension stabilised with 300 
micro! 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 DNA 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 follows:

a) Probe A: 100 microg each of the two Probe A oligonucleotides 
are heated at 70°C for 10 minutes in 18 micro! water, then 2 microl 
of a solution of 1 M NaCl, 100 mM Tris.HCl pH 7,5 are added and 
the probes are hybridized to each other for one hour at 37°C and
2 hours at room temperature. The mixture is then brought to 50
microl and the following concentrations are established: 50 mM Tris,
HC1 pH 8.0, 6 mM MgCl5 mM dithiothreitol, 0,05 mM each of dATP,
dGTP and dTTP, and 100 microCi of aC^pjdCTP (Amersham, 3000 Ci/mMol).

After addition of 2 micro1· of DNA polymerase I Klenow fragment
the mixture is incubated for 45 minutes at room temperature and
the unincorporated nucleotides are separated from the synthe Szed 

ft
double-stranded ONA fragment over a Sephadex G25 column, 1 x 10 

8to 2 x 10 cpm/100 nanog of Probe A are obtained.

b) Probe Bi this is radioactively labelled with 100 microCi 
oC^PJATP (Amersham, 300 Ci/mMol) and 2 microl of polynucleotide kinase
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(Boehringer, 11 units/microl) in a 20 micro! kinasing mixture, 
under conditions as described under 5,2.2. 0.5 x IQ"7 to 1 x 10

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 
. TMafter infection of E. coli C600 in 0.7 % Top-Agarose, in BBL 

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 hovrs 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 % SDS, 0.1 % Ficoll, o.l % polyvinylpyrrolidone, 0,1 % calf 
serum albumin, 100 microg/ml yeast tRNA and o.OS % sodium 
pyrophosphate overnight at 42°C. £

The first replica is hybridized with 2 x 10 cpm/ml 
of Probe A, the second replica with o,5 x 106 cpm/ml of Probe 8.

After hybridization has been effected the plates are washed twice 
for 30 minutes with a large volume of NET with 0,2 % SDS at room 
temperature. The temperature is then progressively increased to
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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 is 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 eluted 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. Ml3 (see below) a labelled RNA probe was 
obtained by transcribing the pSUP25 subclone with T3 RNA polymerase.

This is performed in a 10 micro! 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, 25units 
RNasin^i 50 micro ci a32^-dCTP (400-800 Ci/mmole), 1 roicrog 

linearized plasmid DNA and 10 units of T3 RNA polymerase. Incu
bation time is 3 0minutes at 37°C,g

Approximately 1 x 10 cpra of probe per ml of hybridization 
solution were used to screen Further replicas prepared after 
additional plating Of the cDNA library as described above. Two 
further clones are iflolatc-d from this screen (lambdaS'uP40 and 
lambdaSUP 42, see Fig, 2c).

1
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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 cDNA fragments obtained under

5,2.5.;contain cDNA coding for full-length G-TsF it must be sequenced.
First a small amount of phage DNA 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 MgSO^ for 15 minutes at
37°C. The resultant mixture is added to 20 ml of 

TMBBL, medium containing 0,2 % maltose 
and 10 mM MgSQ^ 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 NaCl,
2 g/1 MgSO4,7 HgO, 50 mM Tris,HC1 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 DNA 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 DNA is then dissolved in a small volume of TE. 
v :e half of the resultant phage DNA is cleaved· with. EcoRI in a 
10 microl reaction mixture and the inserted cDNA 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 DNA recovered from the 
agarose as described under 5.2,2,by phenol extraction and ethanol

■fi
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precipitation. About 50 n. 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 EcoRI and dephosphorylated at the 5' ends 
with alkaline phosphatase from calf intestine (Boehringer) 
according to the manufacturer1s instructions. 1 to 2 microl of 
the ligation 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 MgClg, 10 mM MgSO^, 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 ampici 11 in, When the 
plate has been pretreated with 100 microl of a solution containing 
4 mg 5-bromo-4-ch1oro-3-indolyl-£-D-ga1actopyranoside and 50 mg 
isopropyl-fS-D-thiogalactopyranoside per ml of dimethyl formamide, 
then the β-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 ampici 1 Hn, 
Plasmid ONA is isolated with the "boiling method" as described in 
Maniatis (1982, supra),
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5.2.6.2. Sequencing of cDNA fragments

One third of the plasmid ONA obtained 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 ammonium acetate 
is added and the DNA precipitated with 2 volumes ethanol. The 
precipitate is dissolved in 8 microT water, 1,5 micro! of reaction 
buffer (0.5 M NaCl, 0,1 M Tris.HCl pH 7.5, 0.1 M MgClg, 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-xriphosphates the DNA is 
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 illustrated in Fig, 2b. As a first primer Probe 8 
(see 5.2.4,2,) can be used. It is possible to read a region of 
about 200 nucleotides thereby. 1his gives enough sequence information 
to synthesize two further sequencing primers;

- Primer 1: 5*-GCG TAT TTA TGG AGT TCA G-3'
- Primer 2: 5'-GGA GAA GCA GAT GOT TCT GGA T-31

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 ami no-terminal 
peptide sequence and can also be inferred by comparison with the 
published sequence for TGF-£1 (R. Derynck et al,, Nature 316 
C1985] 701-704).

The full sequence of the cDNA between positdons 1 and 1695 
was derived after subcloning and sequencing of a series t/f over
lapping cDNA fragments obtained by splitting the SUP25-cDNA 
with various restriction enzymes or by treating subclones with



WO 88/03807 PCT/EP87/00716

- 49 -

mung-bean nuclease and exonuclease III according to the method 
of S, Herrikoff, Gene 28 (1984) 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, 2c and 2d).

The full sequence for the mature protein has 71 % 
similarity with TGF-βΐ, and the protein sequence is, as for 
TGF-βΙ, 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,
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5,3. Expression of recombinant G-TsF

5.3.1 Expression in CHO cells

5,3,1,1. Construction of expression vectors

The lambda SUP25 and lambdaSUP40 cDNAs (see Fig, 2c) 
are recloned into the COS-and CHO-cell expression vectors p910238
and pXMT3,neo 7,

p91023B is described in G,G, Wong et ab, Science 228 
(1985) 810-815.

pXMT3,neo 7 was devided from the pXM vector, which 
contains the same main elements as p91023B and is described in 
Y, Yang et ab, Cell 47 (1986) 3-10,

In short, these vectors both contain elements permitting 
growth in E, coil and eucaryotic cells, The inserted cDNA 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 promoter of adenovirus followed by parts 
of the three leader sequences of. the late transcript of adenovirus, 
an intron from an immunoglobulin gene, a polyadenylation site from 
SV40 and the VA genes of adenovirus which function together with the 
51 -untrans1ated leader sequences in the control of translation,

In addition the vectors contain a mouse dihydrofolate 
reductase cDNA inserted between the cloning site, which is located 
after the immunoglobulin Intron, and the polyadenylation sequence 
from SV40 (see Fig, 3a), Therefore, these vectors can also be 
transfected into CHQ cells and the transferred genes amplified 
together with the dihydrofolate reductase cDNA by selection of 
subclones resistant to increasing concentrations of methotrexate 
(according to 3, Haynes et ab , Nucl,Acid,Res, 11 (1983) 687-706) ,

The pXMT3,neo 7 construct is 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. Colb ere-Garapin et al., J,Mol .Biol. 150 
[1981], 1-14, In detail, the Pstl-EcoRI region of the polylinker 
from pOC18 (C. Ya njch-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 
pXMT3, For the Insertion of the neo-gene the 1882 bp fragment 
obtained from a partial PvuII cleavage of pAG60 (F. Golbere- 
Garapin et al,, J.Mol.Biol. 150 [1981] 1-14) containing the 
thymidine kin ase promoter couplecl to the neo-gene was inserted 
into Stul-cleaved pXMT3 and a plasmid containing the neo-gene and 
the adenovirus major late promoter in the same transcriptional 
orientation, pXMT3,neo 7 was selected (see F1g, 3b),

The recloning is effected as described under 5,2,6,1, 
into the EcoRI site of the vectors (see Figs, 3a and 3b),

5,3,1,2, Transfection of CHO cells and amplification of the G-TsF cQNA

Transfection of the djhydrofolate reductase - deficient 
CHO cell line OUKX-B (G. Urlaub and L,H, Chasin, PNAS 77 [1980] 
4216-4220) was performed by electroporation according to £,Neumann 
et a!,, EMBO 0,1, [1982] 841-845, Cells were grown to near-confluency 
in a + medium (Yibco), washed once with PBS without Ca++ and Mg'"*' 
and released from the plates by incubation in PBS containing 0,5 mM 
EDTA and 0,8 mM EGTA for approximately 5 minutes, The cells were 
centrifuged and resuspended in TBS (25 mM Tris.HCl pH 7.5, 137 mM 
NaCl, 5 mM KC1, 0,7 mM CaCTg, 0,5 mM MgOlg and 0,6 mM Na2HP04). 
Following an additional centrifugation the cells were suspended in 
cold TBS and adjusted to 107 cel1s/ml, Electroporation was performed 
with 100 micro! aliquots of this suspension using an ISCO model 494 
power supply and a HaefUger electroporation unit, Cells were in
cubated together with 5ytg of linearized plasmid ONA for 30 minutes 
before the pulsing and for another 30 minutes thereafter, 5 pulses
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were delivered at five seconds intervalls. The power supply
settings used were: 2000 )/, 514, 3raA’> voltage limit 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.

2
Following the electroporation the cells were jeeded into 75 cm 
culture flasks in a+ medium. G418 was added 24 hours later at a con
centration of 0.5 mg/ml and cell clones haying incorporated the 
plasmid DNA containing the neo-gene were selected. 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 d 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 Confirmation of production of bioactive recombinant 
human G-TsF by CHO ells

The cell clones selected in 1 r.M and 10 nM methotrenate 
as well as a control culture transfected with the vectors without 
cDNA inserts and selected the same way were seeded at a ceil density 
Of 2 to 4 x 10^ cells I 75 cra^ flask and grown to SO % confluertcy,

Then the cells were washed three times with PBS to remove the 
rofithotreXate and incubated for 48 hours with 6 ml of serum-free 
α-raedium or ci-medium containing 10 % fetal calf serum, After preci
pitation of the proteins from the serum-free culture supernatants 
with trichloroacetic acid, SDS-PAGE and immunoblotting was performed 
according to standard protocol? as described by H, Towbin et al.,
PNAS 78 [1979] 4350-4354. The rabbit antiserum employed was 
obtained by immunizing rabbits with a synthetic peptide correspond/ g
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to the arainoterminal part of G-TsF. The peptide Ala-Leu-Asp-Ala-Ala- 
Tyr-Cys -Phe-Arg-^n-Val-Gln-Asp-Asn-(j^s-Cys-Leu-Arg-Pro-Leu- 3

Tyr-Ile-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 InM methotrexate (see Fig, 10),

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

—---------------------------------------------- , Following acid activation
of the G-TsF complex produced by the cell clones the clones
selected with 10 nM ----------- ---------------........ ..............
methotrexate caused half-maximal inhibition in the assay ata dilution
-- beyond b 5000 -—■--*-------——--------- (see Fig. 11),
This experiments definitely proves the production of bioactive 
recombinant human G-TsF by CHO cells transfected with the G-TsF cDNA,
The specific activity calculated from the amount of G-TsF estimated to be 
present in the immunoblot (see Fig, 10) (approximately TOC ng/ml) is 
at least as high as the 5 x 10 units/mg calculated for the material 
Isolated from glioblastoma cells (see 5.1,3.),

substitute ΒΗεετ
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Further, the inhibitory activity of the supernatant ob
tained from CHO ceils transfected with pXMT3.neo7/SUP40-1 a;id 
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-βΙ antibo
dies (R & D Systems), whereas this normally results in 87% inhi
bition in the absence of antibodies, These antibodies have been 
shown to be cross-reactive for TGF-βΙ and G-TsF; they neutralize 
natural G-TsF from blioblastoma cells.

z

z
/

/
/
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5.3.2. Expression in E. coli

A part of the lambda SUP25 cDNA containing the coding 
region f°r mature G-TsF peptide and 3'-untranslated sequences 
down to the Hind ID site (see Fig. 2c) is cloned into pP^Sl.
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) This construct (pP^Sl-SUP25-1) 
is transfected into E. coli strain W3110 lambdaY139 which produces 
a tempcrature-sensitive lambda repressor. The bacteria are then 
grown at 30°C. After the density of 0.6 ΟΟβθθ is attained the

promoter is induced by raising the temperature to 42°C 
• (this inactivates the lambda repressor). After 54 hours of incu

bation total E. coli protein is isolated and the recombinant G-TsF 
checked after separation over a 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 medium containing E. coli with the 
recombinant plasmid to a density of 0DgQQ=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 
of buffer (10 mM tris.HCl pH 7.5; mM EDTAj 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
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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 Pl00,160-200 mesh, K 100/100 ) and 
eluted with buffer (composition as under 1) (120 ml, flow-rate
260 mi/hour). Aliquots of the fractions were separated by PAGE and
immunoblotted . -- ----------- -, Fractions 23 and 24 were merged,
lyophilized, dissolved in 40 ml of distilled water and dialyzed 
for 6 days against distilled water. The dialyzed material (85 ml) 
was then brought 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 % trifluorbacetic 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) Cation-exchange f.p.l.c. over Mono S (Pharmacia HR 10/10):
The lyophilized 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 ml; flow-rate: 1 ml/min 
gradient: 0-100 % in 60 minutes.

The fractions containing G-TsF were determined in SDS-PAGE after 
silver staining (Fig, 9). Fractions 31 and 32 (eluted with 175 mM
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NaCl, approximately 8 microg protein) were lyophilized with 1 mg 
mannite.

5) Reversed-phase f.p.l.c. over Pro-RrC (Pharmacia HR 5/2):
The lyophilized product was dissolved in 1 ml of buffer A (0.1 % 
trifluoroacetic acid in water) and transferred to the column:

8uffer 8: 0,1 % trifluoroacetic acid in acetonitrile
fraction size: 1 ml; flow-rate: 1 ml/min 
gradient: 5-60 % buffer 8 in 45 minutes

The fractions are characterized by SDS-PAGE and silver staining of 

aliquots. The material from 'the fraction eluting 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 (Ala^Leu-blank-Ala- 
Ala-Tyr-blank-Phe-blank-Asn) confirms the identity and the correct 
amino-termini sequence of the recombinant G-TsF expressed in 
E.coli).

7) An aliquot of fractions 31 and 32 of step 4) was tested in the 
thymocytes proliferation assay (see 5.1.7.) and shown to have the 
inhibitory activity (see Fig. 10) although half-maximal inhibition 
was observed only at concentrations of approximately lO^M. 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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δ.

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 effect, 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-&2, CIF-B and 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 pro!iteration of 
thymocytes and by the inhibition of the inter! eukin-2-dependent 
proliferation of murine antigen-specific T helper cells, In vivo 
assay may e.g. be effected 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 1S9 289. G-TsF inhibits early activating mechanisms 
in T-cells, including IL-2-dependent steps. This activity is 
useful in controlling the human >aiune system in many indications 
ranging from organ transplantation to auto-immune diseases such as 
chronic polyarthritis and immune-dependent encephalitis.

Thus, concentrations of 10"^ M (based on the monomer) 

result in half-maximal inhibition of Concanaval in-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. — — — ----- — —
It 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 [1983] 1329-1330) and in the rat muscle 
cell induction assay (S.M. Seyedin et al,, PNAS 82 [1985] 2267- 
2271).

Further applications of interest include the use of 
G-TsF in the treatment of skin<-graft 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.g, 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 irrcrograms 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 topically, e.g. in the form of oint ments 
or suspensions, or systemieally, 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 preferred indications for G-TsF are wound 
healing, either surface of internal wounds, osteoporosis, organ 
transplantation and autoimmune diseases,

G-TsF may be combined with activating agents such as 
TGF-ct, TGF-61, EGF (epidermal growth factor) or other growth and differ
entiation 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 Chinese Hamster Ovary
CIF-B Cartilage-Inducing Factor B
DMEM Dulbecco's Modified Eagle's Medium
EDTA ethylene diamine tetracetic acid
EGTA ethyleneglycolibis-(A-aminoethylether)-N,N,N' ,N'-tetra-

acetic acid t
FPLC™ fast protein liquid chromatography (Pharmacia)

G-TsF Glioblastoma-derived T-cell suppressor Factor
3H-Tdr tri triated thymidine
IL-2 Interleukin-2
MIS MUllerian Inhibiting Substance
NET 750 mM NaCl, 5 mM EDTA, 50 mM Tris.HCl pH 7,5
PAGE polyacrylamide gel electrophoresis
PBS phosphate-buffered saline: 8g/l NaCl, Q.2g/1 KC1,

1.15 g/1 Na2HPO4, 0.2 g/1 KH2P04
SDS sodium dodecyl sulfate
TBS 10 mM Tris.HCl pH 7,5, 140 mM NaCl
TE 10 mM Tris.HCl pH 7,5, 1 mM EDTA
TEN 100 mM NaCl, 10 mM Tris.HCl pH 7.5, 1 mM EDTA
TES 10 mM Tris.HCl pH 7,5, 1 mM EDTA, 0.2 % SDS
TGF-β Transforming Growth Factor β (* TGF-βΙ)
TGF-βΙ Transforming Growth Factor βΐ
TGF-£2 Transforming Growth Factor β2
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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 10? 
units/mg in the thymocyte proliferation assay,
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4, a host cell transformed with a vector according to 
any one of the preceding claims.5, A host cell according to claim 4 which iseukaryotic,6, A host cell according to claim 5 which is a Chinese Hamster ovary Geli*7, A host cell transformed with a vector according to claim l or 2 which is prokaryotic,8, A host cell according to claim 7 which is 8, cell,9, A method for producing g-tsf protein which comprises culturing a cell according to any one of claims 4 to 8 under conditions which enable expression of the g-tsf protein and isolating the g-tsf protein produced thereby.10, g-TsF protein whenever produced by the method of claim 9,
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11. cDNA corresponding to the gene set forth in any one 
of claims 1 to 3.

12. The vector pXMT3.neo7/SUP40-l 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 pPLSl-SUP25-l 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 d Scribed with reference to the drawings 
and/or Examples,

DATED this 27th day of February, 1991.
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By Its Patent Attorneys
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Figure 1: Oligonucleotides used for serening the cDNA library

Probe A:

1 10 20

--4

ω
§

3
C
-4
σ'
in
s

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gin Asp Asn Cys Cys Leu Arg Pre Leu Tyr Ala Asp

* * * * * * t * * ft ft ft ft* ftftft ft ft * Aft ft ftftft ftftft ft* ft* ft ft ft *** ft ft ft * * ft ft ft ft ft ft ft
5“-GCC CTG GAT GCT GCC TAC TGC TTC CGC

3·-
AAT

-TTA
GTG
CAC

CAG
GTC

GAC—3 * 
CTG TTG ACG ACG GAC TCC GGC GAC ATA CGA CTG-5

Probe Bt

4 13
Ala Ala Tyr Cys Piie Arg Asn Val Gin Asp

5*-GCI GCI TAG TGC TTC IGI AAC GT1 CAl GA-3
T T T T
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Figure 2a: Complete nucleotide and amino acid sequences of 
mature human G-TsF

Protease cleavage site

CGT 
Ara j

IGCT 
| Ala

TTG
Leu

GAT
Aso

GCG
Ala

GCC TAT TGC TTT
Phe

hGA 
Ac a

AAT
As.'

GTG
Mai

CAG
Gin

GAT
Asp

AAT
Asn

TGC
Cvs

TGC
CvsAla Tvr Cys

i
SI

/0

10Θ
CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG GAT CTA GGG TGG AAA TGG ATA CAC
Leu Arq Pro Leu Tyr lie Asp Phe Lys Arq Asp Leu Gly Trp Ly3 Tro lie His

20
135

Jo

162
□AA CCC AAA GGG TAC AAT GCC AAC TTC TGT GCT GGA GCA TGC CCG TAT TTA TGG
Glu Pro Lys Glv Tyr Aan Ala Asn PHe Cvs Ala Glv Al a Cvs Pro T vr Leu Trp

40

1S9

so
216

AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA TAT AAT ACC ATA AAT CCA
Ser Ser Asp Thr Gin Hia Ser Arq Mai Leu Ser Leu Tvr Asn Thr lie Asn Pro

oC 70
243 270

□AA GCA TCT GCT TCT CCT TGC TGC GTG TCC CAA GAT TTA GAA CCT CTA ACC ATT
Glu Ala Ser Ala Ser Pro Cys Cys Mai Ser Gin Asp Leu Glu Pro Leu Thr lie

So
297 324

CTC TAC TAC ATT GGC AAA ACA CCC AAG ATT GAA CAG CTT TCT AAT ATG ATT GTA
Leu Tyr Tyr lie Gly Lys Thr Pro Lvs lie Glu Gin Leu Ser Asn MET He Mai

70
351

loo

AAG TCT TGC AAA TGC AGC TAA
Lya Ser Cys Lys Cys Ser

Ito
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Figure 2b: Sequencing strategy

EcoRI

Protease 
cleavage site

Primer 1 ------->.
<Primer 2

EcoRI

sequenced
t _____ _ region

— ■ -y~-------------- ----- —
3,3 kb cDNA fragment (lambda SUP25)

'SUBSTITUTE X



WO 88/03807 PCT/EP87/00716

4/17

Figure 2c; Schematic diagram and partial restriction endonuclease 
map of G-TsF cDNA

1--------
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I— XSUP40
1

1---- λ SUP 25
--- ,

------------------ J
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Figure 2d : Nucleotide and amino acid sequences 
for the human G-TsF precursor

10 10 10 10 )0 50 »0
CAAGCAGGAT ACOTTTTTCT OTTGGGCATT CACTAGATTG TTTOCAAAAG TT7CCCATCA AAAACAAACA

so )( loo no no no no
ACAACAACAA AAAACCAAAI.' AACTC7CCTT OATCTATACT TTCAGAATTG TTGATT7C7T TTTTTTTATT

ISO )5) 170 ISO 1)5
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TTT
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OTC
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CTC
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CTO
MU

TCT
Jar

ACC
τη* Cy·

254
AOC
Hr

ACA
Thr

CTC
Mu

in 246 301 316
OAT ATO OAC CAO TTC ATO coc MO AGO Arc OAO cco ATC COC COO CAO ATC CTO ACC
Alp A«C Asp 01(1 Ph· All? tyi At? u· Olu Ala tla Ar? oiy oln tl· MU Hr

nt 346 161 374
MO CTO AAO ctc ACC ACT CCC CCA OAA OAC TAT CCT OAO ccc OAO CAA OTC ccc CCO
iy« L«U tya uu Thr stt pre fro Olu A»P fye Pro Olu Pre Olu Olu Vat pro Pro

nt 404 421
OAO ore. ATT TCC ATC TAC MC AOC ACC AGO CAC TTO CTC CAO CAO MO OCO AOC cco
Otu Val n· ut 11· *yr Aan He Thr A:? Aap MU MU Oln OlU Ly· Ala Jar Ar?
4 16 451 454 441
AGO cco ccc occ TOC CAQ COC CAO AOQ AOC OAC CM OAO TAC TAC occ MC CAO OTT
AC? All Ala AM CY · OtM AH Olu AH He Aap olu Olu Tyr Tyr Ala Lya Olu Vat

4?« 511 526 541
TAC AAA ATA OAC ATO CCO CCC TTC TTC ccc TCC CM MT occ ATC cco ce? ACT TTC
ryt ty· tl· A»P HU pro pre Ph· Ph· pre Jar Olu Aan Ala (M Pi' rro Thr Pha

Hi 571 )55 401
TAC AGA ccc TAC TTC AOA ATT QTT CQA Tff OAC OTC TCA Oca ATO OAO MO MT Oct
tyt At? Pro tyt Ph· Al? II· Vat At? Ph· Aap Val Jar Ala Hat Olu Ly. Α·η Ala

its 5)1 644 nt
tec MT TTO OTO AM OCA CAO TTC ACA OTC TTT COT TTO CAO MC CCA AM OCC ACA
Jer Aan Uu Vat try» Ala OlU Ph· At? Vat Ph· At? Mu Oln Aan pre Ly· At· At?

476 691 706
οτό. CCT CM Cm COO ATT OA0 CTA TAT CAO ATT CTC MO TCC AM OAT TTA ACA TCT
V»1 Pro OlU Oln AH lit Olu L«U ryr Oln tla Hu ly. Jar w· A“P Mu Thr Hr

nt 714 751 746
CCA ACC CAO CSC TAC Arc CAC AOC AM OTT OTO AM ACA AOA OCA CM GiC OM TOO
pm The otn ah fyt lla Aap s«r ty· Vat Val ty» The At? Ala Olu Oly flu ftp

Mt H4 an 4 24
CTC TCC TTC CAT OTA ACT OAT OCT OTT Cat OM TOO ctt CAC CAT AM OAC Add mC
Mu J«t Ph· α·ρ Vat Thr A‘P Ala Val Hla OlU ftp Mu Hla Hla Lye Aap Ar? Aan

sst 456 47 ΐ 446
CTO OCA ITT AM ATA AOC TTA CAC TOT CCC TOC TOC ACT TTT OTA eci. TCT MT AAT
Mu Oly Ph· Uya It· ’•r Uu Hl a cya Pro cy« Cya Thr Ph· val Pro Jar Aan Aan

901 916 921 946
TAC ATC ATC CCA MT AAA AOT OAA OM Cta OM OCA AOA TTT OCA όα T ATT OAT 30C
TY ? I1 · tl· Pro Aan lya lit OlU Olu MU Olu Ala At? Ph· Ala Oly tla *»P 0)y

941 974 ))1
ACC fee ACA TAT ACC AST oof OAT CAO AM ACT ATA MC TCC ACT AGO Mt AM AAC
The w The ty< tht S«t oiy Aap otn tya Thr tl· ty. Jar rnr At? lyv Lya A<n

toot ion ton list
AQT 000 MO ACC CCA CAT CTC CTO CTA ATO TTA TTO Ccc TCC TAC AOA CTT OAO TCA
He oty Ly· Thr pre Hl a Leu MU Leu flu MU Mu Pre Hr Tyr AH L«U OM Hr

1064 1051 1096 till
Cm CAO ACC MC coo COO MO MO COT OCT ttO Oat OCG OCC TAT TOC TTT ACA iat
OM Oln. TM Aan At? Ar? Lya Lya AC? Ala Hu Aap Ala Ala ryr Cy· Ph· Ar< Aah

11)5 1HI 11)5 tut
OTO CAO OAT MT TOC TOC Cta cot CCA err TAC ATT OAT TTC MO AGO OAT CTA 000
vat Oln Aap Aan Cya Cya UU At? pep Leu Tyr tla Atp Ph· Lya *r? Λ·Ρ Mu oty

1164 1301 1214 un
TOO AAA TOO ATA CAC OM ccc AAA 000 TAC MT occ MC rfc- TOT OCT COA OCA TCC
Trp cy* ftp tit ma OlU Pro Cya Oly Tye Aan Ala Α·η Ph· Cya Ala oiy Ala cyt

ins till tin
cco TAT TTA TOO AOT TCA OAC ACT CAO CAC AOC ACS OTC CTO AOC TTA TAT MT ACC
Pfo tyr L«U Ttp Hi ut Aap Thr Otn HU Jar Ar? val MU Jar Mu tyr Ain Thr

vnt nos tin )))5
ATA Mf CCA OM OCA TCT OCT TCT CC? TOC TOC OTO TCC CM OAT TTA OM CCT CTA
tl· Aan Pre Olu Ala Hr Ala sar Ptd cya Cya Val Sar OM Aap MU OtU pro Uu

list 1)55 UH tH»
ACC ATT CTC TAC TAC ATT OOC AAA ACA ccc MO ATT OM CAO CTf TCT MT ATO ATT
The (la Uu tyt TVt tl· oiy Cya The Pre LY» It· Olu OM MU Jar Aan Hat tla

uu Itis mt me me l<«
OTA AAO TCT toe AM TOC AGO Τ·Α AATTCTTGOA AAaOTOOCAA OAcCaaAATO aCMTOATW
v>) tyt itf cyt oyi cyt >tt

U75 no 15)5 1)55 1st» Uls 1))5
ΤόΑΤΑΑΤΟλΤ Oatoacoaco acmcsatoa tocttotaac aaOaaaacat AaOAGAGCCT tOOTTCATCA

1)45 1))5 1)55 t)75 1115 1)55 1505
OTOTTAAAAA ATTTTTOAAA A00C5OTACT AOTTCAOACA CTTTCCAAGT TTCTGTTCTC TTTOTTAAM

15 15 15)5 1515 1545 15)5 1555 15)5
CTOSCATCTO ACACAAAAAA AQTTCAaGGC CTTAtTCTAO ATTTCACCTA CTTTOTAAGT SASaOAOACA

ASAaOCAMT TTTTTTAM
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Figure 2e: Comparison of the amino acid sequences of G-TsF and TGF-β] precursors
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Figure 3a : CHO- and COS- cells expression vector

A
SV 40 Poly(A)
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Figure 3b : Expression plasmid for CHO- and COS- cells 
with SUP40 cO'NA
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Figure 4 ~ Final purification-step for G-TsF from 308 glioblastoma cells from 1 1 of glioblastoma
' ’ supernatant on Pro-RPCfM with trifluoroacetic acld/isopropanol

70

60

c -
ο ο 

i0 - C ο
- CL 
-Q O

JO -c Q.
c ·—

20

K)

Fraction Numbtr

80 V.

50 i
ιϋ

PCT
/EP87/00716



SU
BS

TITUTE SH
EE

T

Figure 5; Activity of pure human G-TsF
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Figure 6 ; Final purification of G-TsF from 10 1 of glioblastoma supernatant 

on Pro-RPC 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 pPSI-SUP25-1
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Figure 8 · Expression and purification of recombinant 
G.-.T.SE_ from F . ml i

A 3

12.5 kd G-TsF

6543210 30 31
hours fraction number
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Figure 9: Inhibition of thymocyte .proliferation by recombinant 
G-TsF from E, coiT
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Figure 10 : Demonstration of expression of recombinant 
G-TsF by CHO cells
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G-TsF

1 2 3

SUBSTITUTE



*

Figure Π : Inhibition of --  thymocyte proliferation
G-TsF from CHO cells

- with recombinant

Dilution
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