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Process for the production of biologically active protein

The present invention relates to a process for the preparation of biologically active,
dimeric, TGF-B (Transforming Growth Factor type B), to novel TGF-Bs, and pharmaceu-
tical compositions comprising it. TGF-$ produced according to the invention can be used
- for the promotion and acceleration of wound healing and bone and tissue repair, the treat-
ment of cancer, as a bone marrow protective agent, mediator of cardioprotection, anti

inflammatory or immunosuppressive agent or as a growth regulator in mammalian cell
cultures.

Background of the invention - -

Two growth modulating proteins have originally been characterized by their ability to
reversibly induce phenotypic transformation of mammalian cells in vitro and have
therefore been designated as Transforming Growth Factors type o and type B (Anzano,
M.A. et al. (1983) PNAS 80, 6264-6268). Despite their common nomenclature TGF-a. and
TGF-8 have shown to be both structurally as well as functionally entirely distinct proteins
each acting through its own unique receptor system. TGF-a which competes with
epidermal growth factor (EGF) for binding to the same cell surface receptor (Todaro, G.J.
et al. (1980) PNAS 77, 5258-5262) and which shares sequence homologies and similar

~ activity with EGF (Marquardt, H. et al. (1984) Science 223, 1079-1082) is synthesized as
a transmembraneous precursor of 159 amino acids and is proteolytically processed into a
peptide of 50 amino acid residues (Derynck, R. et al. (1984) Cell 38, 287-297). As a potent
mitogen for mesenchymal cells, TGF-c. is produced and released by numerous trans-
formed cell lines and human cancers, but is also expressed in activated macrophages and
in other normal tissues, thus making its role in neoplasia still unclear.

TGF-pB was originally purified to homogeneity from human platelets (Assoian, R.K. et al.
(1983) J. Biol. Chem. 258, 7155-7160), human placenta (Frolik, C.A. et al. (1983) PNAS
80, 3676-3680) and bovine kidney (Roberts, A.B. et al. (1983) Biochemistry 22,
5692-5698) and identified as a homodimeric protein with a molecular mass of 25.000 D.
First characterized by its ability to act synergistically with EGF or TGF-a. to induce
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actions of TGF-p are related to the response of cells or tissues to stress or injury, and to
the repair of resultant damage. After inflammation, TGF-f plays the major role in the
formation of granulation tissue, increases the expression of genes associated with
extracellular matrix formation such as fibronectin, collagen and several protease inhibitors
and stimulates collagen-matrix contraction by fibroblasts, suggesting its possible role in
connective tissue contraction (Roberts, A. and Sporn, M.B. (1988) Adv. Cancer Res. 51,
107-145; Sporn, M.B. and Roberts, A. (1989) J. Amer. Med. Assoc. 262, 938-941).

Until now, three distinct types of TGF-Bs designated as TGF-B1, TGF-2 and TGF-B3-
which are functionally closely related and share a high degree of receptor cross-reactivity
have been cloned and characterized by sequence analysis. All TGF-Bs are synthesized as
390 to 412 amino acid precursors that undergo proteolytic cleavage to produce the
monomeric forms, which consist of the C-terminal 112 amino acids. In their mature,
biologically active forms, TGF-8s are acid- and heat-stable disulfide-linked homodimers
of two polypeptide chains of 112 amino acids each. The complete amino acid sequences of
human (Derynck, R. et al. (1985) Nature 316, 701-705), murine (Derynck, R. et al. (1986)
J. Biol. Chem. 261, 4377-4379) and simian TGF-B1 (Sharples, K. et al. (1987) DNA 6,
239-244) show remarkable sequence conservation, differing only in a single amino acid
residue. Comparison of the amino acid sequence of human TGF-81, human TGF-p2

(de Martin, R. et al. (1987) EMBO J. 6, 3673-3677; Marquardt, H. et al. (1987) J. Biol.
Chem. 262, 12127-12131) and human TGF-B3 (Ten Dijke, P. et al. (1988) PNAS 85,
4715-4719) has demonstrated that the three proteins exhibit in their mature forms about
70-80 % sequence identity. A heterodimeric TGF-B1.2 has been isolated from porcine
platelets and consists of one subunit of TGF-81 disulfide-linked to one subunit of TGE-B2
(Cheifetz, S. et al. (1987) Cell 48, 409-415).

Recently, attempts have been undertaken aiming to produce TGF-Bs by means of
recombinant techniques rather than isolating these factors from natural sources (e.g.
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in the sequence listing under SEQ ID No. 1, 2, and 3, the 112 amino acids containing

mature forms of TGF-B1, TGF-B2 and TGF-B3 contain 9 cysteine residues each, at least

some of which are involved in intrachain and interchain disulfide bond formation which

results in the complex tertiary structure of the biologically active, dimeric molecules.

Heterologous expression of TGF-P may lead to a product which, although having the

correct primary structure, fails to fold properly to produce the correct secondary or tertiary
structures and which, therefore, lacks the biological activity.

To date, the secondary and tertiary structures of TGF-Bs are unknown.

Taking the complexity of the native TGF-B molecules into account, it has generally been
considered expedient to express the respective TGF-B genes in cells derived from higher
organisms. The expression of simian and human TGF-$1 in Chinese hamster ovary (CHO)
cells under the control of the SV40 promoter is described in European Patent Applications
293.785 and 200.341, respectively. Recombinant TGF-B2 could be expressed in the same
cell line as disclosed in European Patent Application 268.561 and in German Offen-
legungsschrift 38 33897. Eukaryotic expression of a fusion protein of TGF-f3 (with
TGF-B1) is disclosed in European Patent Application 267.463.

Although expression of recombinant TGF-Bs can be achieved in eukaryotic systems, the
yields of biologically active, correctly folded material obtained are still far from being
satisfactory. On the other hand, it seemed unlikely that biologically active TGF-B could be
obtained when the respective gene was expressed in a microbial host, since in e.g. bacteria
the intracellular conditions are not conducive to refolding, disulfide bond formation and
disulfide-stabilized dimerization which is apparently essential for activity. Thus, only very
little biologically active TGF-B2 could be obtained after expression of the respective gene
in E. coli under the control of the lambda promoter as described in European Patent
Application 268.561. This lack of activity is considered to be due to the fact, that the
biologically active, dimeric form of TGF-B2 fails to form spontaneously from the mono-
meric primary translation product when exposed to the reducing environment inside the
bacterial cells. Another report describes the expression of TGF-8 cDNA in E. coli under
the control of the trp promoter yielding a radioactively labelled protein band with an
apparent molecular weight of 13'000 D in an autoradiogram of a SDS polyacrylamide gel,
but no activity was measured (Urushizaki, Y. et al. (1987) Tumor Res. 22, 41-55).
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subsequently has to be refolded in order to undergo the transition from the denatured
unfolded form to the proper, functionally active three-dimensional structure, the
conformation of which is stabilized by relatively weak interatomic forces such as
hydrogen bonding, hydrophobic interactions and charge interactions. In the case of
cysteine containing proteins this process may also involve formation of disulphide bonds.
When the formation of disulfide bonds is chemically promoted, the formation of incorrect
intramolecular and, in the case of dimeric or multimeric proteins, intermolecular bridges
should be prevented or at least minimized, since the formation of undesired, incorrectly
folded isomers may yield non-homogenous material, thus complicating the further purifi-
cation of the protein having the desired structure, or may generate a protein with reduced
activity.

A number of publications have appeared which report refolding attempts for individual
proteins produced in bacterial hosts, or which are otherwise in a denatured or non-native
form. Formation of a dimeric, biologically active human colony stimulating factor-1
(CSF-1) after expression in E. coli is described in PCT Application No. 88/8003 and by
Halenbeck, R. et al. (1989) Biotechnology 7, 710-715. The procedures described involve
the steps of initial solubilization of CSF-1 monomers isolated from inclusion bodies under
reducing conditions in a chaotropic environment comprising urea or guanidine hydro-
chloride, refolding which is achieved by stepwise dilution of the chaotropic agents, and
final oxidation of the refolded molecules in the presence of air or a redox-system. In PCT
Application No. 88/8849 a process for recovering recombinant interleukin-2 (IL-2) is dis-
closed, characterized in that IL-2 isolated from refractile bodies is denatured under
reducing conditions with 6 M guanidine hydrochloride, the soluble IL-2 is oxidized by a
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promoters of the fully reduced proteins (US Patent No. 4.572.798). The process for
isolating recombinant refractile proteins as described in US Patent No. 4.620.948 involves
strong denaturing agents to solubilize the proteins, reducing conditions to facilitate correct
folding and denaturant replacement in the presence of air or other oxidizing agents to
reform the disulfide bonds. The proteins to which said process can be applied include
urokinase, human, bovine and porcine growth hormone, interferon, tissue-type plasmino-
gen activator, FMD coat protein, prorennin and the src protein. A method for renaturing
unfolded proteins including cytochrome ¢, ovalbumin and trypsin inhibitor by reversibly
binding the denatured protein to a solid matrix and stepwise renaturing it by diluting the
denaturant is disclosed in PCT Application No. 86/5809. A modified monomeric form of
human platelet-derived growth factor (PDGF) expressed in E. coli is S-sulfonated during
purification in order to protect thiol moities and is dimerized in the presence of oxidizing
agents to yield the active protein (Hoppe, J. et al. (1989) Biochemistry 28, 2956).

The foregoing references are merely representatives of a huge amount of literature dealing
with the refolding of non-native proteins derived from different sources. The man skilled
in the art on the other hand knows that the success of refolding experiments cannot be
predicted. Unsuccessful experiments are usually not reported. There is no certainty that
anyone of the reported refolding conditions would work at all with a given denatured
protein such as TGF-B. Considering the fact, that TGF-f is a dimeric protein containing 9
cysteine residues per chain and a number of intramolecular as well as intermolecular
disulfide bonds, which are required for activity, it is a particularly difficult challenge to
produce biologically active TGF-B from its monomeric, denatured or otherwise non-native
form. Nowhere in the literature is a specific process described for the preparation of
biologically active dimeric TGF-B from its non-native form.

Object of the invention

It is the object of the present invention to provide a process for the production of biologic-
ally active, dimeric TGF-B-like protein from its denatured or otherwise non-native form.
This object is achieved by the unexpected finding that considerable amounts of the desired
dimeric product can be obtained when the monomeric form of said protein is subjected to
refolding conditions. Surprisingly, the production of the active dimer is achieved under
various conditions in a one step procedure which is superior over the multi step procedures
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463, (G-TsF; Wrann, M. et al. (1987) EMBO J. 6, 1633-1636), a growth inhibitor isolated from
conditioned medium of BSC-1 monkey kidney cells (polyergin; Holley, R.-W. et al. (1980)
PNAS 77, 5989-5992; Ristow, H.J. (1986) PNAS 83, 5531-5533) a cartilage-inducing
peptide isolated from bovine bone (CIF-B; Seyedin, S.M. et al. (1987) J. Biol. Chem. 262,
1946-1949), TGF-B4 from chicken embryo chondrocytes (Jakowlew, S.B. et al. (1988)
Molecular Endocrinology 2, 1186-1195) and TGF-BS from Xenopus-Laevis (Kondaiah, P.
et al. (1990) J. Biol. Chem. 265, 1089-1093), as well as fragments and mutants of the
above mentioned proteins retaining the biological activity. Further included within the
definition of "TGF-B-like protein" are two forms of inhibin and three forms of activin
(gonadal proteins that regulate pituitary secretion of follicle stimulating hormone),
Mullerian inhibiting substance (MIS, which inhibits the development of the Mullerian
duct in mammalian male embryos), bone morphogenic proteins (BMP, a group of poly-
peptides involved in the induction of cartilage and bone formation), the transcript from the
decapentaplegic gene complex of Drosophila (dpp, which acts to control morphogenesis in
the fly embryo), Vg-1 (the product of the Xenopus transcript which is present in the
vegetal pole of oocytes), and Vgr-1, a related mammalian gene (Mason, A. et al. (1986)
Biochem. Biophys. Res. Commun. 135, 957-964; Cate, R. et al. (1986) Cell 45, 635-698;
Wozney, J.M. et al. (1988) Science 242, 1528-1534; Padgett, R. et al. (1986) Nature 325,
81-84; Weeks, D.L. and Melton, D.A. (1987) Cell 51, 861-868; Lyons, K. et al. (1989)
PNAS 86, 4554-4558). '

Preferred TGF-B-like proteins are human TGF-B1 (Derynck, R. et al. (1985) Nature 316,
701-705), human TGF-$2 (Marquardt, H. et al. (1987) J. Biol. Chem. 262, 12127-12131)
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(a) the cell migration promoting activity on normal Balb/c 3T3 fibroblasts, which can
be measured by counting the number of cells that migrate into a "wounded” mono-
layér culture of said cells, in the presence of a serum-free medium containing the
TGF-B-like protein, as compared to the number of cells that migrate in the absence
of the TGF-B-like protein, or

(b) the growth promoting activity on normal Balb/c 3T3 fibroblasts determined by the
stimulatory effect of the TGF-B-like protein on cellular DNA synthesis and cell
division,

(c) the growth inhibition of A375 melanoma cells determined by a colorimetrical assay
which reflects the number of cells treated with the TGF-B-like protein for a given
culture period as compared to the number of non-treated cells,

(d) the accelerated healing of partial-thickness burn wounds, by a process of
re-epithelialization, in old mice following multiple topical applications of the
TGF--like protein as compared to untreated control wounds,

(¢) the accelerated healing of full-thickness incisional wounds, as determined by tensile
strength measurements and the histological analyses of biopsies, in adult rats
following single topical applications of the TGF-B-like protein as compared to
untreated control wounds, or

(f) the increase in formation of fibrous granulation tissue, together with a marked
increase in vascularity of the said tissue, both in and around porous wound-chamber
implants in adult rats following multiple local injections of the TGF-8-like protein
into the chamber as compared to untreated control chambers.

The monomeric form of the TGF--like protein can be produced by means of recombinant
DNA technology or synthetically by methods well known in the art. The dimeric form is

the mature, biologically active molecule consisting of two disulfide-linked polypeptide
chains.
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are so-called chaotropic agents well known in the art, which, in aqueous solution and in
suitable concentrations change the spatial configuration of the respective protein through
alterations at the surface thereof,, either through altering the state of hydration, the solvent
environment, or the solvent-surface interaction. Examples of such chaotropic agents or
denaturants include urea, guanidine hydrochloride, sodium thiocyanate at concentrations
in the range of about 4 to about 9 M, and detergents such as SDS, which are supplied in
concentrations in the order of 0.01 to 2 percent. Also, acidification of the aqueous solution
containing the TGF-B-like protein to a pH of about 2 to about 4 as well as basic conditions

of e.g. pH 10 and above and elevated temperatures will result in denaturation of the
monomer.

The term "refolding conditions” refers to buffer conditions wherein the denatured mono-
mer is permitted to assume a conformation associated with the biological activity. Con-
ventional buffer systems such as Tris, phosphate or citrate buffers can be used at a pH of
about 6 to about 10. Under refolding conditions intra- and interchain disulfide bond
formation is promoted. Such conditions include the presence of a solubilizing agent and a
redox system which permits the continuous oxidation and reduction of the thiol/disulfide
pairs. The buffer system may additionally contain suitable salts.

Suitable solubilizing agents are detergents, Iireferably mild detergents, organic, water-
miscible solvents, or phospholipids or a mixture of two or more such agents.

Detergents are surface active compounds, such as SDS, Triton or Tween, used in a con-
centration permitting folding of the TGF-B-like protein. Preferred are mild detergents
which permit folding of the monomeric TGF-B-like protein into the spatial conformation
which after dimerization is associated with the biological activity, while retaining said
monomer in a soluble form. Mild detergents, which solubilize TGF-B-like proteins without
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3-(3-chlolamidopropyl)dimethylammonio- 1-propanesulfonate.

Organic, water-miscible solvents can replace the detergent in the refolding buffer. Such
solvents are, for example, acetonitrile, lower alkanols, especially C,-C, alkanols such as
ethanol or isopropanol, or lower alkandiols, especially C,-C,4 alkandiols such as ethylene-
glycol, at a concentration range of 10 to 50 percent per volume.

Alternatively, phospholipids can replace the detergent or the organic, water-miscible
solvent in the refolding buffer. Such phospholipids are, for example, phosphatidylethanol-
amine, phosphatidylcholine, phosphatidyliserine and phosphatidylinositole at a concentra-
tion range of 0.1 to 5 mg/ml as well as synthetic phospholipid derivatives or variants such
as dihexanoylphosphatidylcholine or diheptanoylphosphatidylcholine in the same concen-
tration range. '

Suitable redox systems which encourage the formation of disulfides are e.g. low molecular
weight sulfhydryl/disulfide reagent combinations such as glutathione in its oxidized and
reduced form, dithiothreitol in its oxidized and reduced form, B-mercaptoethanol or
B-mercaptomethanol in its oxidized and reduced form, cystine and its reduced form, and
cystamine and its reduced form at a concentration of about 1 to 100 mM, especially of
about 1 to 10 mM, wherein the molar ratio of the oxidized and the reduced form is
between 100:1 and 1:100, especially between 6:1 and 1:6.

The preferred sulfhydryl/disulfide redox system is glutathione in its oxidized and reduced
form.

Alternatively, thioredoxin or disulfideisomerase at a concentration range of about 10
to 1000 pg/ml, especially of about 50 to 200 yg/ml can be used instead of the low
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noneric formof human platel et-derived growh factor (PDGF) expressed in
coli s gn3sivenfigh paridtifaliy Felates to a process for the production of a dimeric, biologically
active Transforming Growth Factor type B-like protein, comprising subjecting the
denatured, monomeric form of said TGF-8-like protein to buffer conditions comprising a
" low molecular weight sulfhydryl/disulfide redox system in the presence of a solubilizing
agent at a pH of about 6 to about 10 and a temperature of about 0°C to about 37°C. Prefer-
ably, the pH is about 8.0 and the temperature is about 4°C.

In a preferred embodiment the sulfhydryl/disulfide redox system is glutathione in its
oxidized and reduced form at a concentration of about 1 to 10 mM, wherein the molar
ratio of the oxidized and the reduced form is 1:1 to 1:2, and the weak detergent is 3-(3-

chlolamidopropyl)dimethylammonio-1-propanesulfonate at a concentration of about
30 mM to about 60 mM.

Particularly, the production of a dimeric, biologically active TGF-B-like protein is per-
formed in a one step procedure, wherein the monomer of said protein is dissolved in the
refolding buffer and the reaction mixture is incubated for 2 to 400 hours at 4°C while re-
folding and dimerization continuously take place. The protein concentration during the re-
folding reaction is of considerable importance since when being too high, the monomers
might undergo substantial aggregation leading to the formation of undesired higher-order
oligomers. Final yields of dimeric product are increased, if the protein concentration is
less than about 2 mg/ml, a concentration range of 0.01 to 0.5 mg/ml is preferred.

Optionally, to further promote disulfide formation, an effective amount of an oxidation
promoting agent containing Cu?* ions (such as CuCl,, Ca@NO3), or o-phenanthroline/Cu?*
complexes) or Fe3* ions (such as FeCly or Fe5(SO,);) might be added to the refolding
buffer. An effective amount is the amount which at minimum will be necessary to conduct
the oxidation of sulfhydryl groups within a convenient time period and which is
approximately equivalent to the concentration of free sulfhydryl groups in the TGF-B-like
protein which are destined to be involved in forming the desired disulfide bonds. Prefer-
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refolding conditions, the protection groups are removed by the excess of the sulfhydryl/di-

sulfide redox system and dimerization occurs spontaneously.

The invention relates further to a process for the production of a dimeric, biologically
active TGF-B-like protein, in which the monomeric form of said TGF-B-like protein is
produced by the steps of:

(@) culturing a microbial host comprising a nucleotide sequence encoding the
TGF-B-like protein linked in the proper reading frame to an expression control
sequence such that said protein is expressed,

(b) recovering the TGF-B-like protein in a denatured, monomeric, soluble form,

Suitable microbial hosts are yeast strains as Saccharomyces cerevisiae or bacteria such as
Escherichia coli or Bacillus subtilis.

Microbial hosts comprising a nucleotide sequence encoding the TGE-B-like protein linked
in the proper reading frame to an expression control sequence can be prepared by
recombinant DNA techniques which are well known in the art and which comprise the
steps of

- preparing a hybrid vector comprising a DNA sequence encoding the TGF-B-like protein
under the expression control of a suitable expression control sequence,

- transforming said microbial host with said hybrid vector, and

- selecting transformed microbial host cells from untransformed host cells.

The nucleotide sequence coding for TGF--like proteins such as mature human TGF-B1,
TGF-B2 or TGF-B3 ar¢ known (Derynck, R. et al. (1985) Nature 316, 701-705; Mar-




described in the prior art for the refoldin'g—ai other proteins,
ail ed description of the invention The present |nvent|on relates to a
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gin, e g SRk {1885 7. BRL GRS, 29U1A187%2131; Ten Dijke, P. et al. (1988)

PNAS 85, 4715-4719) and can e.g. be chemically synthesized by methods known in the
art. Alternatively, cDNAs encoding TGF-B-like proteins can be prepared after isolation of
the respective mRNA from TGF-f-like proteins producing mammalian cells.

Expression control sequences are promoter sequences which ensure the effective expres-
sion of the TGF-8-like proteins.

The selection of a suitable vector is determined by the microbial host cell provided for the
transformation,

Examples of vectors that are suitable for the expression of the TGF-B-like protein in an

E. coli strain are bacteriophages, for example derivatives of the bacteriophage A, or
plasmids, such as the plasmid pBR322 and its derivative pPLMu. Suitable vectors contain
a complete replicon and a marker gene, which renders possible the selection and identifi-
cation of the microorganisms transformed by the expression plasmids by means of a
phenotype feature. Suitable marker genes impart to the microorganism, for example,
resistance to heavy metals, antibiotics such as ampicillin or tetracyclin, and the like.

Several promoters can be used for regulating the expression of TGF-B-like proteins in
E. coli. Especially promoters of strongly expressed genes are used. Suitable promoters are

the E. coli lac, tac, trp and lpp promoters, furthermore the phage AN or the phage ApL
promoter, and others.

Vectors suitable for replication and expression in S. cerevisiae contain a yeast-replication
origin and a selective genetic marker for yeast. Hybrid vectors that contain a yeast
replication origin, for example the chromosomal autonomously replicating segment (ars),
are retained extrachromosomally within the yeast cell after transformation and are
replicated autonomously during mitosis. Also, hybrid vectors that contain sequences
homologous to the yeast 2 plasmid DNA can be used. Such hybrid vectors are integrated
by recombination in 2y plasmids already present within the cell, or replicate
autonomously. Suitable marker genes for yeast are especially those that impart antibiotic
resistance to the host or, in the case of auxotrophic yeast mutants, genes that complement
the host lesions. Corresponding genes impart, for example, resistance to the antibiotic

cycloheximide or provide for prototrophy in an auxotrophic yeast mutant, for example the
URA3, LEU2, HIS3 or the TRPI gene.
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nitrogen sources include, for example, amino acids, such as casamino acids, peptides and

proteins and their degradation products, such as tryptone, peptone or meat extracts,

furthermore yeast extract, malt extract, corn steep liquor, as well as ammonium salts, such

as ammonium chloride, sulphate or nitrate which can be used either alone or in suitable

mixtures. Inorganic salts which may be used include, for example, sulphates, chlorides,

phosphates and carbonates of sodium, potassium, magnesium and calcium. Additionally,

the nutrient medium may also contain growth promoting substances. Substances which

promote growth include, for example, trace elements, such as iron, zinc, manganese and

the like, or individual amino acids.

The monomeric TGF-B-like protein is recovered from the microbial host cells by methods
well known in the art. These methods include lysis or mechanical disruption of the cells in
order to release the desired protein, followed by the separation of the TGF-8-like protein
from the host cell proteins, e.g. by precipitation and/or chromatographic means.

In cases where the monomeric TGF-f-like protein is produced in the microbial host cells
as an insoluble aggregate (inclusion body) it has to be solubilized before being exposed to
the refolding conditions. Accordingly, the present invention further relates to a process
wherein the monomeric TGF-B-like protein is produced by the steps of:

(a) isolating the water-insoluble protein fraction containing the TGF-B-like protein from
the host cells and-
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Solubilization and denaturation of the monomer is achieved by acidification of the crude
protein suspension containing the monomeric TGF-B-like protein in the non-soluble form
to a pH of about 1 to about 4, preferably to about 2.5, optionally in the presence of a
reducing agent, such as DTT, or by the addition of chaotropic agents, preferably guanidine
HCI or most preferably urea, in a concentration of about 4 to 9 M, basic pH or elevated
temperatures as described before. The solubilized monomer can be purified from
solubilizing chaotropes by dialysis and, if a precipitate occurs during dialysis, by
additional centrifugation. The solubilized monomer is chromatographically purified and
used for refolding to get the biologically active, dimeric product.

After refolding, the biologically active dimer is purified in order to remove impurities, in
particular, pyrogens or other endotoxins which might be present in the preparation after
production of the recombinant protein in microbial host cells. Separation of the dimer is
performed by chromatography such as sizing gel chromatography, hydrophobic interaction

chromatography or ion exchange chromatography, €.g. on a Mono S column and reverse
phase HPLC.

The present invention further felatcs to dimeric biologically active TGF-B-like proteins
when produced according to the process of the invention. These TGF-B-like proteins can
be used in a variety of therapeutic modalities.

The invention relates further to a monomeric, S-sulfonated TGE-B-like protein, which can
be produced by S-sulfonating the monomeric TGF-B-like protein. Monomeric, S-sulfon-
ated TGF-B-like proteins are novel compounds, which can be used for the production of
biologically active, dimeric TGF-B-like proteins.

The present invention concerns further a pharmaceutical composition comprising an
effective amount of a dimeric, biologically active TGF--like protein produced according
to the invention, or a pharmaceutically acceptable salt thereof in dosage unit form.

Such composition is in the form of infusion solutions or preparations for parenteral, for
example intramuscular or intravenous, oral, or especially for local, i.e. topical, admini-
stration, respectively. The solutions are preferably isotonic aqueous solutions or sus-
pensions which can be prepared before use, for example from lyophilised preparations
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TG [erS{?mng ke protein as conpared to untreated control wounds, (e) the
accel erat ed heaI | ng of full-thickness incisional wounds, as determ ned by
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TGF- [ erwéttihj; kigents adfbrenmsiti efkpﬁb‘l&lﬁihﬁ@s salts for negul Rinigahe osmdticopressarends, or
- and/or buffers. The present pharmaceutical compositions, which may, if desired, contain

e further pharmacologically valuable substances, are produced in a manner known per se,

for example by means of conventional mixing, dissolving, lyophilising and/or sterilising
processes, and contain from approximately 1 ng to 100 ug/g, especially from approximate-

ly 10 ng to 10 pg/g of preparation, and in the case of lyophilisates up to 100 %, of the

. active ingredient.

The TGF-B-like proteins are dual in character in that they on the one hand stimulate the
proliferation of certain cell types, namely fibroblasts, and on the other hand inhibit the -
proliferation of other cell types, namely tumor cells and cells of the immune system.

The dimeric, biologically active TGF-B-like proteins produced according to the invention,
optionally in the form of their salts, such as in particular non-toxic pharmaceutical acid
addition salts, optionally in form of pharmaceutical formulations, are applied in an
effective amount. By the form "effective amount” is intended an amount which exerts a
significant healing, e.g. an amount which stimulates the desired cells to grow and which is
not toxic to normal cells. This amount can be determined e.g. by in vitro growth

~ experiments. Due to the dual character of TGF--like proteins, an "effective amount” is

- also such which to a significant extent inhibits the growth and proliferation of tumour cells
and cells of the immune system. If human or veterinary use is intended, the amount has to
be adjusted to the particular tissue to be treated, the mode of application, the severity of
the disease, and the age and general condition of the patient to be treated. In general, the
either single or daily dosages for adult humans will be in the range of about 0.01 to 20 ug
for both the growth stimulating and the inhibiting effect.

T N S T



_—
(f) the increase in formation of fibrous granul atlon ti ssue, together

a marked I ncrease in vascularity of the sai & Betnd! lated and
around por ous wound- chanber i mplants in adul I ng rul ti
| ocal injections of the TG-[err]-like protein anber !
conpared to untreated control chanbers. The nononeric formo t he ?

TG [err]-like protein can be prodiéced by neans of reconbi nant DNA

technol ogy or synthetically by methods well known in the art. The dimeric

formis the mature, biologically active nolecule consisting of two
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ref ol dinigats OpkHid 12y mitinedls, Fhdre PaskidBlakly WML beRtigs! 41, in the case of wound

healing, most particularly of old human beings.

The compositions of this invention promote cell migration and proliferation. Since wound
healing involves both cell migration and cell proliferation patterns these in vitro findings '
become directly relevant to the in vivo wound healing process.

Prevention or treatment of bed sores (decubitus ulcers) is a preferred use since they
frequently occur in hospital patients, particularly geriatric and wheel chair patients. In
elderly people the wound healing process is slower and this group of patients tends to
show a higher incidence of wounds (not only decubitus and diabetic ulcers, but trauma,
burns and the like) that either heal slowly or do not heal at all.

Two types of application of the compositions of this invention are proposed for both
veterinary and, in particular, human medicine.

The first, and preferred application is a topical one for the promotion of surface wound
healing, particularly in elderly human beings where the wound healing processes are
noticeably slower. There are no limitations as to the type of wound that may be treated,
and these include (but are not limited to): Surface ulcers including decubital (bed sore),
diabetic, dental, oral, varicose and haemophiliac surface ulcers; burns (especially second
and third degree); surgical incisions (including those of dental and cosmetic surgery);
accidental wounds (including incisions, penetrations, lacerations and other traumata) and
therapeutically induced wounds (including those induced during radiotherapy). When
applied topically, the compositions may be combined with other ingredients, such as ad-
juvants, carriers, solubilizing agents and any other known, or as yet unknown, secondary
growth factor(s). There are no limitations as to the nature of these ingredients except that
they must be pharmaceutically and physiologically acceptable for administration and must
not degrade the activity, or render harmfully toxic, the active ingredients of the compo- -
sitions. When the compositions of this invention are applied to surface ulcers, burns,
surgical or accidental wounds, the compositions are preferably in the form of a powder,
gel, ointment, salve or irrigant, or they may be impregnated into transdermal patches,
plasters and bandages, preferably in a.lit'luid or semi-liquid form, or they may be incor-
porated into a tooth paste or a gum or resin for chewing.
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bi ol ogi cal |y active dimer. This process does not invol ve any change-in the
primary structure (i.e. the am no acid sequence) oT‘Tﬁ_—WUnUner-~but-—
relates to the formation of the three-di mensional ¢Ro&RLIRLEQNRYS

t

di meri:c product which is associated with the biol og lac
process includes the formation of disulfide bonds a my& m% |on of
nmononmers into dinmeric structures. - Before bei ng subj di ng
condi ti ons, the nononeric TG--[err]-like protein has to be present in a
denat ur ed (|. . unfol ded) form Capable of effectively denaturing proteins
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. unknown, secondary growth factor(s). There are no limitations as to the nature of these

+ ingredients except that they must be pharmaceutically and physiologically acceptable for

. administration and must not de grade the activity, or render harmfully toxic, the active

: ingredients of these compositions.

'j

For healing the wounds, the amount of active ingredient to be applied has to be adjusted to

the type, severity and location of the wound, and also to the age and general condition of

* the patient to be treated. In general a single or daily amount of from about 1 ug to 20 pg of

TGF-B-like protein per 1 cm? of wound has already a significant healing effect. For
internal use a higher amount should be applied depending on the mode of administration
due to the dilution of the TGF--like protein in the body fluids.

1 Further uses of the TGF-p-like proteins produced according to the invention are in bone

- and tissue repair, treatment of cancer in mammals, as an anti-inflammatory or immuno-
suppressive agent, as a growth regulator in mammalian cell cultures or as a bone marrow
. protective agent or mediator of cardioprotection.

Examples ,
The following examples illustrate the invention without being meant to be limitative.

§ Example 1: Cloning and sequencing of TGE-1, TGF-B2 and TGF-B3 cDNA
- A. Culuuring of cells
Human glioma cells from the CI-215 line (de Muralt, B. et al. (1985) Eur. J. Cancer Chn
8 Oncol. 21, 207) are grown in tissue culture flasks (Falcon T75) containing Dulbecco’s
Modified Eagle Medium (DMEM, Gibco) and 10 % foetal calf serum.
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TGF- [ ganidedih BO nurO%eatinie asid with 0.2 % (w/v) NP40 detergcnt at 4°C. The nuclei are

REPLAQ;%I;% frodhele cytoplasm by centrifugation at 2.500 rpm for 10 minutes at 4°Cina” 9-
Sorvall RT 6000-B table centrifuge. The supernatant is centrifuged at 15.000 rpm for 30

minutes at 4°C in a Sorvall RC 5-B centrifuge fitted with a SS-34 rotor. The resulting
supernatant is discarded and the pellet is resuspended in 30 ml 0.2 M TRIS/HCI (pH 7.5),
5 mM EDTA, 2 % SDS, 25.000 units/l Heparin (Sigma), and then extracted 3 times with
phenol/chloroform (1:1, v/v), the chloroform consisting of 24 parts chloroform and 1 part
isoamylalcohol (v/v). To the final aqueous phase 1 volume 3 M sodium acetate (pH 5.0)
and 2.5 volumes ethanol are added. The ethanol precipitate is washed twice with 70 %

ethanol. The RNA pellet is resuspended in 2 ml 10 mM TRIS/HCI (pH 7.5), 1 mM EDTA,

0.05 % SDS. Polyadenylated RNA is isolated by oligo-dT cellulose chromatography as
described by T. Maniatis in "Molecular Cloning: A Laboratory Manual. Cold Spring
Harbor Laboratory, New York (1982)".

C. Synthesis of cDNA :

The first strand cDNA is synthesized from 10 pg of poly AT RNA in 100 ! of a solution
containing 50 mM TRIS (pH 8.3), 50 mM KCl, 10 mM MgClp, 1 mM DTT, 30 pg/ml
oligo-dT 12-18, 1 mM each dATP, dCTP, dGTP and dTTP, 50 units RNase inhibitor
(Promega) and 1000 units of Moloney Leukaemia Virus reverse transcriptase
(Gibco-BRL). The reaction is incubated for 1 hour at 37°C. The reaction is then diluted to
400 pl with a second strand buffer containing 20 mM TRIS/HCI (pH 7.5), 5§ mM MgCly,
100 mM KCl. 12.5 units RNase H (Gibco-BRL) are added and the reaction mixture is
incubated for 10 minutes at 37°C. The reaction mixture is cooled on ice for 5 minutes and
125 units of E. coli DNA polymerase I (Promega) are added. The reaction mixture is then
incubated for a further 2 hours at 16°C. 40 p1 0.5 M EDTA are added followed by a
phenol/chloroform (1:1, v/v) extraction. To the aqueous phase, 1/10 volume of 3 M
sodium acetate (pH 6.0) and 4 volumes ethanol are added whereafter the reaction mixture
is precipitated for 30 minutes at -70°C.

The ethanol precipitation is centrifuged for 10 minutes at 17.000 g, the pellet is washed
twice with 70 % ethanol and dried in a Speed-Vac. The double stranded cDNA is
dissolved in sterile water and electrophoresed in an agarose gel in TRIS-borate buffer
(pH 8.8) to evaluate the size and quantity of the cDNA.
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5 pg of the cDNA are then prepared for linker ligation by incubating with 20 units of T4
DNA polymerase for 10 minutes at 37°C in 200 1 33 mM TRIS-acetate (pH 7.9),

66 mM potassium acetate, 10 mM magnesium acetate, 0.5 mM DTT and 0.1 mM each
| dATP, dGTP, dCTP and dTTP. The reaction is cooled to room temperature and then
1 20 units of Klenow Polymerase (Gibco-BRL) are added and incubated for 5 minutes at
room temperature and 5 minutes on ice. After adding 10 pl of 0.5 M EDTA the reaction
mixture is phenol/chloroform extracted and the cDNA is ethanol precipitated and
| dissolved in sterile water as described above.

{ 12-mer synthetic 5'-phosphorylated linkers (New England Biolabs No. 1070) are then

| ligated to S pg cDNA in 100 pl of a solution containing 10 pg linker in 50 mM TRIS/HCI
1 (pH7.8), 10 mM MgCl,, 20 mM DTT, 1 mM ATP at 16°C using 4000 units T4 DNA
ligase (New England Biolabs). The ligase is then heat inactivated at 70°C for 10 minutes,
the reaction is diluted to 500 pl in 10 mM TRIS/HCI (pH 7.5), 6 mM MgCl,, 100 mM

i NaCl and is digested with 1000 units of EcoRI (Boehringer) for 6 hours at 37°C. 50 ul
0.5 M EDTA are added and the reaction mixture is heated at 70°C for 10 minutes. The
heated reaction mixture is directly added to a Bio-gel A15M column (200-400 mesh,

Bio-Rad) to remove the monomer linker fragments. cDNA of more than 300 bp elutes in
the exclusion volume.

D. Cloning into lambda gti1

Lambda gt11 arms are prepared by digesting 100 pg of lambda vector DNA with EcoRI
(New England Biolabs) according to the supplier. The digested DNA is dephosphorylated
using 1 unit of Calf Intestine Alkaline Phosphatase from Boehringer Mannheim as

| described. 20-30 ng of cDNA from the Bio-gel A15M column are coprecipitated in
ethanol with 1 pug of gt11 dephosphorylated arms and resuspended in 10 pl of a solution
containing 50 mM TRIS/HCI (pH 7.8), 10 mM MgCl,, 20 mM DTT, 1 mM ATP, 15 %
polyethylene glycol (MW 6000) and 200 units of T4 DNA ligase. The ligation mixture is
incubated for 2 hours at 16°C. The reaction mixture is centrifuged for 10 minutes and the
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can be YusG99 geiis tedeberibed (WoungyR. and Davis, R. (1983) PNAS 80, 1194). i heated :
E. Screening and selection of clones containing TGF-B1, TGF-B2 and TGF-B3 inserts The rep
Six replica nylon filters (Cuno) are made from each of the 10 YT-plates and the phages on . the filte
the filters are denatured with 0.5 M NaOH, 1.5 M NaCl and neutralized as described in . . temper:
"Molecular Cloning: A Laboratory Manual" (T. Maniatis, Cold Spring Harbour rescreel
Laboratory, New York, 1982). The filters are placed in 0.2 x SSC, 0.2 % SDS at 90°C for . positive
15 minutes and then prehybridized for 4 hours at 45°C in 2 x SSC, 1 % SDS, 0.1 % ficoll, : 100 pl:
0.1 % polyvinylpyrrolidone, 0.1 % bovine serum albumin, 50 mM NaPO, (pH 6.8), 50 room te
pg/ml denatured salmon sperm DNA, 0.1 pg/ml oligo A 12-18 and 100 pg/ml poly A* ~ contain
RNA. Each of the 6 replicas is hybridized overnight at 45°C in the prehybridization buffer to the Iy
to which one out of six different 32P-labelled 39 bp oligomers (see below) to a . "Molec
concentration of 2 x 10° cpm/ml had been added. Labora
: - (pH17.5
The six oligomers used for hybridization are synthesized on an Applied Biosystem DNA with Ec
Synthesizer and correspond to the nucleotide sequence encoding either the first amino reactior
acids (oligomers 1, 3 and 5) or the last amino acids (oligomers 2, 4 and 6) of the mature are puri
forms (112 amino acids) of TGF-1 (see SEQ ID No. 1), TGF-B2 (see SEQ ID No. 2) and and Sct
TGF-B3 (see SEQ ID No. 3), respectively. phenol/
with 70

The two oligomers used for the detection of TGF-B1 sequences are:
1) ' GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 3' F. Sequ
2) 5' TCA GCT GCA CTT GCA GGA GCG CAC GAT CAT GTT GGA CAG 3' * The Ecy
. cDNA
The two oligomers used for the detection of TGF-B2 sequences are: describ
3)5' GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 3' section
4)5' TTA GCT GCA TTT GCA AGA CTT TAC AAT CAT ATT AGA AAG 3' the 112
ID No.

The two oligomers used for the detection of TGF-B3 sequences are:
5)5' GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3' | G.Am
6)5' TCA GCT ACA TTT ACA AGA CTT CAC CAC CAT GTT GGA GAG 3' The ab
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heated at 95°C for 5 minutes and added to the prehybridization buffer as described above.

The replicas 1 to 6 are hybridized with oligomers 1 to 6, respectively. After hybridization,
the filters are washed twice each with 2 x SSC, 1 x SSC and 0.1 x SSC at room
temperature for 15 minutes. Positive plaques are identified by autoradiography and are
rescreened by repeating the procedure given above until all of the plaques on the plate are
positive. A single plaque is eluted in 1 ml of SM phage dilution buffer (see section 1.D),

i 100 pl are added to 1 ml E. coli Y 1090 cells and the mixture is kept for 20 minutes at
room temperature. The E. coli Y 1090 cells and phages are added to 100 ml YT-medium

' containing 0.2 % maltose and incubated at 37°C for 7 hours. After adding 1 ml chloroform
- to the lysed cells, the phage DNA is purified according to the method described in

. "Molecular Cloning: A Laboratory Manual" (T. Maniatis, Cold Spring Harbour

- Laboratory, New York, 1982). The purified DNA is dissolved in 1 ml 10 mM TRIS/HCl
(pH 7.5), 1 mM EDTA and 100 pl are digested to completion in a total volume of 1 ml
with EcoRI following the recommendations of the supplier (Boehringer). The enzyme
reaction is phenol/chloroform extracted and ethanol precipitated. The EcoRI cDNA inserts
are purified by gel electrophoresis (Ultrapure BRL) using NA-45 DEAE paper (Schieicher
and Schuell). The DNA is eluted in 50 mM TRIS/HCI (pH 7.5), 5 mM EDTA, 1 M NaCl,
phenol/chloroform extracted and ethanol precipitated. The resulting pellet is washed twice
with 70 % ethanol and resuspended in 10 mM TRIS/HCI (pH 7.5), 1 mM EDTA.

F. Sequencing of cDNA inserts

The EcoRI cDNA inserts are subcloned into Bluescript KS* Vector (Stratagene). The
cDNA identity is confirmed by double-stranded sequencing according to the method
described by F. Sanger et al. (1977) PNAS 74, 5463 using the above oligomers (see
section 1.E) and a Sequenase kit (U.S. Biochemicals). The nucleotide sequence covering
the 112 amino acids of the mature TGF-B1, TGF-$2 and TGF-B3 are depicted under SEQ
ID No. 1, 2 and 3, respectively.

G. Amplification of cDNA inserts and subcloning into plasmid PGem-5
The above oligomers (see section 1.E) for identifying TGF-p1, TGF-p2 and TGF-3
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- amphficauon are performed under the following temperatures using a Perkm-E er Cetus kanam;
Heating Block: 93°C/0.1 minutes, 55°C/0.2 minutes, 71°C/1.5 minutes. The resulting 339 overnig
bp fragments covering the coding sequences of TGF-B1, TGF-B2 and TGF-B3, respect- 100 ml
ively, are gel purified and subcloned into plasmid PGem-5ZF(+) (Promega) digested with sample
Ncol, dephosphorylated with Calf Intestinal Alkaline Phosphatase (Boehringer) and filled . interva
in with Klenow polymerase (Gibco-BRL). The resulting constructs are designated as ~ (5 min,
pGKM 125 (TGF-B1), pGKM 740 (TGF-B2) and pGKM 126 (TGF-B3) and are used to ¢ pelleti
transform competent E. coli Y 1090 cells (see example 2). Clones carrying the correct i 95°C.!
inserts encoding TGF-B1, TGF-B2 and TGF-B3 are designated as E. coli Y1090/pGKM
125 (TGE-B1), E. coli Y1090/pGKM 740 (TGF-f2) and E. coli Y1090/pGKM 126 Prepar
(TGF-B3), respectively. : Compe

Mania

Example 2: Expression of TGF-81, TGF-82 and TGF-B3 in E. coli Cells c
A. General methods B. Cor
pPLM

Bacterial strain (E. coli K12): E. coli
LC 137: htpR,,,, longg, lac,y,, mal,y, TPym, PhOam, ISPL, tsx::Tnl0, supC, (Goff, S.A. et examp
al. (1984) PNAS 81, 6647-6651). of Bin
' S5ugo

Plasmids: Sall (g
pPLMu:  (Buell, G. et al. (1985) Nucleic Acids Res. 13, 1923-1938). This plasmid Tecom
carries the bacteriophage A P|, promoter with the phage Mu ner gene ribosome Supi3

binding site (Van Leerdam, E. et al. (1982) Virology 123, 19-28). tion al

SS834.

pclgss: Plasmid encoding a thermolabile AClgs; repressor and conferring resistance to pende

kanamycin (Remault, E. et al. (1983) Gene 22, 103-113). buffer



.the oxidation of sulfhydryl groups within a convenient tine period and
which is approxi mately equivalent to the concentration of free sulfThydryl
groups in the TGF-[err]-like protein which are dﬂ!l'ﬁi$ﬂ6&d{a§@eebﬁzﬁdfé60| ved in

form ng the desired disul fide bonds. Prefer- : unts range
between 0.01 to 100 [err] M Furthernore, Jerr] ional ly be
bubbl ed through the refolding buffegzgeither in the bsence of
oxi dation pronoting agents. Oxidation nmay al so be perforned using I[err]
(Kamber, B. et al., 1980, Helv. 63, 899-915) or Benzochi non derivatives
(Kanber, B. PCT appl. WD 89/01484).

SDS gel-electrophoresis:

SDS polyacrylamide gel-electrophoresis (SDS-PAGE) and protein staining is done as

described previously (Laemmli, U.K. (1970) Nature 227, 680-685) using the

Miniprotean II cell from BIORAD and 1 mm thick 18 % polyacrylamide gels.

Heat induction:
7 ml of LB-Medium (Maniatis et al. (1982), Molecular Cloning, Cold Spring Harbor
~ Laboratory, New York) in a 20 ml culture tube containing 40 pg of each ampicillin and
~ kanamycin (LB/amp/kan) are inoculated with a single colony and incubated with shaking
overnight at 30°C. 5 ml of this overnight culture are added to 15 ml of LB/amp/kan in a
- 100 ml Erlenmeyer flask. This flask is transferred to a 42°C waterbath shaker. A 2 mi
sample is taken before transfer (non-inducing conditions) and 1 ml samples at 1 hour
‘ intervals after the transfer (inducing conditions). Cells are pelleted by centrifugation
(5 min, 10.000 rpm in an Eppendorf centrifuge) and the supernatant is discarded. The
pellet is resuspended in 100 pl of sample buffer for SDS-PAGE and heated for 10 min at
i 95°C. 5 pl aliquots are loaded for SDS-PAGE.

Preparation of competent cells:

Competent E. coli cells are prepared by the calcium chloride procedure as described in
Maniatis et al. (1982), Molecular Cloning, Cold Spring Harbor Laboratory, New York.
Cells carrying plasmid pclgs; are grown at 30°C.

B. Construction of expression vectors pPLMu.hTGF-B1, pPLMu.hTGF-2 and
pPLMu.hTGF-B3 and expression of TGF-81, TGF-B2 and TGF-83

E. coli Y1090/pGKM 125, E. coli Y1090/pGKM 740 and E. coli Y1090/pGKM 126 (see
example 1.G) cells are grown in LB medium and plasmid DNA is prepared by the method
of Birnboim, H.C. and Doly, H. (1979) Nucleic Acids Research 7, 1513.

5 g of plasmid DNA are cut to completion in 50 pl restriction buffer with either Ncol and
Sall (pGKM125), Ncol and EcoRV (pGKM740) or Ncol alone (pGKM126) following the
recommendations of the supplier (Boehringer). The DNA is precipitated by addition of

5 pl 3 M sodium acetate, 100 mM MgCl,, 5 mM EDTA and 150 pl ethanol. After incuba-
tion at -70°C for 15 min the DNA is pelleted by centrifugation at 13.000 g for 15 minina
SS834 rotor in a Sorvall centrifuge. The supematant.is discarded and the pellet is resus-
pended in 80 ul 0.089 M TRIS borate, 0.089 M boric acid and 0.002 M EDTA (TBE
buffer) containing 0.25-% bromphenol blue and 0.25 % xylene cyanol. 4 times 20 pl
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bef ore being exposed to the refolding conditions.

performed using sodiumsulfite in the presence of a e
cysteine, resulting in the reversile protection of thIO| reS|dues as

nt such @s

S-sul fonates. Under refol d| ng conditions, the protection groups are reno¥ed
by the excess of t he sul fhydryl/di- sulfide redox system and dinerizatiof
occur sSasRien aip glsgapRhoresed oy A% asarpen gal in TRE huker cerfainging (8 yghnlf or t hemedium
\% Odﬁcf‘ﬂmn’gfﬁ(ﬂme rciesm GoltdIP A6 %ogrﬁlrde\ﬁlizlirf@:reécg{eg thel Yot @nP6ARE! 'é g vt enight cu
oteps GPIOTBIA LR hRIEes The I prRenteat codtigser B TORE1 BEF e s eqﬁen above i
encodi aml TGE-B3, respectively], arervisualiked ydet short wavkKB¥ light}due opr witkea raadi ng ‘ 3.5 mim
eSO B e SRS A Bl | e
nononefPRIYing 300 mamp for hS housy, Thgisius amem mrmxmwe@@e sbevwedns as; cellsare
Sacchagmines@pesdidan 20iAqEr bacteria such as Escherichia coli or Bacillus (Sorvall
subtilis. MCcCrobial hosts conprising a nucleotide sequence encodi ng the
TG--[err]-like protein |inked
5 pl of plasmid pPLMu are linearized by digestion with either Ncol and Sall, Ncol and Exampl
EcoRYV or Ncol alone and gel purified as described above for the fragment DNAs. 100 ng The cod
of the linearized and purified pPLMu vector DNA and 3 times the molar equivalent of the Sacchar
respective purified fragment DNA are incubated at 4°C for 15 hours in 20 pl of ligation phosph:
buffer (70 mM TRIS/HCI, pH 7.5, 10 mM MgCl,, 5 mM DTT, 0.1 mM adenosine-triphos-
phate) containing 1 unit of DNA ligase (Boehringer). The exg
A. cons
10 pl of the ligation mixture are added to 200 pl of cold (4°C) competent E. coli LC 137 B. cons
cells carrying plasmid pclgs; After 30 min the cells are heat shocked by incubation for pIDB2(
1.5 min in a 42°C water bath. 2 ml of LB medium are added and the culture is shaken for ional te:
60 min at 30°C. 200 p! aliquots are plated on LB plates containing ampicillin and TGF-B1
kanamycin and incubated for 22 hours at 30°C. Single colonies are cultivated and plasmid
DNA is analysed. Subcloning of the DNA fragments coding for TGF-B1, TGF-p2 and A. Con:
TGF-B3 in pPLMu results in plasmids pPLMu.hTGF-f1, pPLMu.hTGF-B2 and Plasmic
pPPLMu.hTGF-f3, respectively. Clones containing the above constructs are referred to as endonu
E. coli LC 137/pPLMu.hTGF-B1, E. coli LC 137/pPLMu.hTGF-B2 and E. coli alkbs
LC 137/pPLMu.hTGF-83, respectively. 534 bp
. (coding
E. coli LC 137/pPLMu.hTGF-B1, E. coli LC 137/pPLMu.hTGF-B2 and E. coli The 1k
LC 137/pPLMu.hTGF-f3 cells are heat induced (see example 2.A) and the expressed pIDB2
proteins are analysed by SDS-PAGE. TGF-81, TGF-B2 and TGF-B3 all appear as heat Copent
induced proteins 2 hours after heat induction migrating w1th an apparant molecular weight plasmi
of approximately 12.000 D.
: B. Con
C. Fermentation of transformants Plasmit
filled it
Overnight cultures of E. coli LC 137/pPLMu.h.TGF-B1, E. coli LC 137/pPLMu.h.TGF-p2 Biolab:

and E. coli LC 137/pPLMu.h.TGF-$3 in 2 1 Erlenmeyer flasks containing 750 ml of LB

as pGK



in the proper reading frame to an expressi on controt—seguence—can—be
prepared by reconbi-nant DNA techni ques which arﬁis\@g&t kr&o in the art and
whi ch conprise the steps of - preparing a hybridjjy 1°§'an a DNA
sequence encoding the TG--[err]-like protein undHMd & i on control
of a suitable expression control sequence, - tral m cr obi al
host with said hybrid vector, and-25sel ecting transforned m crobial host
cells fromuntransforned host cells. The nucl eoti de sequence codi ng for
TGF-[err]-like proteins such as mature human TG--[errl1, TG--[err]2 or
miTGE- [ erpgdiumethdbme/ obermpigiltin and kaparaycin arecsrayn qt 307Ce 369 sul of therower- Var -
10- 12- night cultures are added to 750 ml of LB medium containing antibiotics as mentioned

above in 2 1 Erlenmeyer flasks and heated to 42°C by shaking for approximately

r © 3.5 minutes in a 65°C water bath. The flasks are then transferred to a 42°C shaker and
* incubated for 3 hours. The flasks are cooled down to 12°C in an ice water bath and the
©) ~ cells are collected after centrifugation for 10 minutes at 8.000 rpm in a GSA rotor
(Sorvall).

Example 3: Expression of TGF-B1, TGF-B2 and TGF-83 in Saccharomyces cerevisiae

g - The coding sequences of mature TGF-B1, TGF-B2 and TGF-B3 are expressed in

1 - Saccharomyces cerevisiae under the control of the inducible promoter of the yeast acid
. phosphatase (PHOS).

os-

The expression vectors are constructed in two steps:
* A. construction of plasmid pJDB207/PHO5-RIT 12,
B. construction of plasmids pJDB207R/PH05-TGF-B1, pJDB207R/PHO5-TGF-B2 and
. pJDB207R/PHO5-TGF-B3, where A) provides the yeast vector and the PHOS transcript-
T - ional terminator and B) provides the expression cassettes with an insert coding for mature
TGF-B1, TGF-B2 and TGF-B3, respectively, under the control of the PHOS promoter.
dd
A. Construction of plasmid pJDB207/PHOS-RIT 12
Plasmid p31RIT 12 (European patent application EP 277.313) is linearized with restriction
s - endonuclease Sall. Partial HindIII digestion in the presence of ethidiumbromide results in
" a1 kb Sall/HindIII fragment comprising the 276 bp Sall/BamHI pBR322 sequence, the
534 bp promoter of the yeast acid phosphatase PHOS, the yeast invertase signal sequence
. (coding for 19 amino acids) and the PHOS transcriptional terminator.
The 1 kb Sall/HindIII fragment of p31RIT 12 is cloned in to the yeast-E.coli shuttle vector
pJDB207 (Beggs, J.D. in: Molecular Genetics in yeast, Alfred Benzon Symposium 16,
Copenhagen, 1981, pp. 383-389), which had been cut with Sall and HindIIl. The resulting
zht plasmid containing the 1 kb insert is referred to as pJDB207/PHO5-RIT 12,

SRR SRV L A ST TS

B. Construction of plasmid pJDB207R/PH05-TGF-32

4 Plasmid pGKM740 (TGF-B2) (see example 1.G) is cut with NcoL. The sucky ends are

~ filled in a reaction with Klenow DNA polymerase. EcoRI linker (5'-CCGGAATTCCGG;
Biolabs) are added and the mixture is ligated. The resulting circular plasmid is referred to
as pGKMA668 (TGF-B2) and is cut with EcoRI and Sall. A 0.4 kb EcoRI/Sall fragment is




quardt, H et al. (1987) J. Biol. Chem 262, 121?—7’—&2&8%4:&%9—1—!% P. #t

al . (1988) PNAS 85, 4715-4719) and can e.g. be I 1y s theS| zed by:
nmet hods known in the art. Alternatively, cDNAs mB ]-1ike

- proteins can be prepared after isolation of the f from
TG--[err]-like proteins produci ng mammal i an cel I cont r ol 4
sequences are pronoter sequences wit€h ensure the effective expres- sionj jof

the TG--[err]-like proteins. The selection of a suitable vector is J
determ ned by the microbial host cell provided for the transformation. j

Exanpl isglatstd fjare £B agarosagel epuriticdiand sesaspesred Hstenils vater as & conceniration % promot
TGF- [ epf 35 hg/kt 'I‘ﬂdefr@gﬂ?cdt RoMAink the-MhiursSéddin eQ[x@ndé&iftIQ]F -Bphagam Ater examl Grown ;
derivati sof t.he rlhgcgg.ae erJg ‘gfa\}g sm ds ugh as the plasmd:
pBR322! ¢ facogop QLT whie aILél?Pt g ‘é‘“‘c%ﬁ? “h a conplete prepare
replicon and a narKker gene V\:hl ch renders possible the selection and but con

dent t
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the m B R fagment. Blasmil DIDB VIO RET 13 inetvitnBeabs Anasiobi oii s - used to
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used for regul theﬁlfa err]-1ike E r ot (’%ts}(éai&b coli.

Especi ggnpas;nqurb @eﬁf W@!ﬁr&&[’ﬁ’@% n é@oﬁc | e KH,PC

pr onot gragmafitcotiing for TGELB2, laAé the BimHI/KhoPvetidrifraghicnt@icdigated! Oht her mor e t he 4oiia0,
phage Lo ! rJ[ '\ione w191 thE %ﬂ-eﬁi genJ tﬁllaer the control of the PHOS5 promoter cloned in an

anticlockwise orientation into pJDB207 is referred to as pJDB207R/PHOS-TGF-f2. Cells £
3000 13
In an analogous manner, mature TGF-B1 and TGF-B3 are expressed in S. cerevisiae. The " [66 m}
plasmids containing the coding sequences of TGF-B1 and TGF-33 are pPGKM 125 and (0.5-0.
pGKM126, respectively (see example 1.G). After digestion of these plasmids with Ncol, 2 min
add.tion of EcoRI linkers and ligation, the resulting circular plasmids are cut with EcoRI glass b
and Sall. The EcoRY/Sall fragments are cloned into pJDB207 as described above. The rpm at
resulting plasmids are referred to as pJDB207R/PHO5-TGF-B1 and
pIDB207R/PHOS-TGF-$3. Examy
The pr
C. Transformation of S. cerevisiae strain GRF18 be app
Saccharomyces cerevisiae strain GRF18 (MATa, his3-11, his3-15, leu2-3, leu2-112, can®, and ot
DSM 3665) is transformed with plasmids
pIDB207R/PHOS-TGF-B1 A. Ret
pIDB207R/PHOS-TGF-B2 E. col
pJDB207R/PHOS-TGF-B3 disrup
using the transformation protocol described by Hinnen, A. et al. (1978) PNAS 75, 1929. cells 2

Transformed yeast cells are selected on yeast minimal medium plates deficient in leucine. Meth:
Single transformed yeast colonies are isolated and referred to as

throu

Saccharomyces cerevisiae GRF18/pJDB207R/PHO5-TGF-B1 tionsf
Saccharomyces cerevisiae GRF18/pJDB207R/PHO5-TGF-B2 and centri
Saccharomyces cerevisiae GRF18/pJDB207R/PHOS5-TGF-B3. buffe:
in 10(

D. Fermentation of S. cerevisiae transformants and preparation of cell extracts . for 1€
The yeast transformants, as mentioned above, contain plasmids with PHOS | i mM I

promoter-controlled expression cassettes and therefore require derepression of the




prormt'er and ot hers. Vectors suitable for replication and expression in
S. cerevisiae contain a yeast-replication origin and a selective genetic
mar ker for yeast. Hybrid vectors that contain a vy hept B&&Repmed)rl gin,
for eganple the chronosomal autononously replicati , are
ret ai tﬁed extrachronosonal ly within the yeast cell t| on and
are rpI | cat ed aut ononously during-gytosis. Al so, hybr| d vectors t hat

cont aiin sequences honol ogous to the yeast 2[err] plasnmid DNA can be used.
Such 'ybrl d vectors are integrated by reconbination in 2[err] plasmds

al r eagly ppame@senfor ierexpression of d1GF-f b TGE PR ioc TGF- A3 (Transfiorawmings. arSeadhabl e nar ker

e hasE Wﬁﬁ’*‘”ﬁ?‘??@i%“%ﬁf&%mﬁh P50 2D e e, A ?ﬁé‘?“*ﬁnce °

~ conpl err@FﬂPa’quéc ng| teéliﬁ‘o%lpceﬁfbe&m&mg Basgmhouv yningyagids

LW

r esi st abeecdntaihing 1031 Ibh@ara?glﬁe’ﬁkteﬁl&a thIdgbRA%n -@lﬁm‘hﬁ{e daa eO g fF?F')I in an
Sg)ri gt r 0%mc8sey e betlS-dehe Seconé prec ﬁ‘B—e%ré washed in 0.9 Ll@aCl e
*used to inoculate 100 ml of low P; minimal medium prepared according to the recipe of
the Difco Yeast Nitrogen Base medium (without amino acids), but containing 0.03 g/ - .-
KH,POy, 10 g/l L-asparagine, 1 g/l L-histidine and 20 g/ glucose. The cultures are .
agitated at 30°C at 180 rpm.

Cells from 10 ml of culture are collected at 5h, 24 hand 48 h by centrifugation at

3000 rpm and washed once in 0.9 % NaCl. The cell pellet is resuspended in lysis buffer
[66 mM potassium phosphate pH 7.4, 4 mM Zwittergent (Calbiochem)]. 8 g of glass beads
(0.5-0.75 mm in diameter) are added and the suspension is shaken vigerously 4-5 times for
2 min each on a Vortex Mixer in the cold. The cell extract is decanted to get rid of the
glass beads. Cell debris in the extract are sedimented by centrifugation for 5 min at 3000
rpm at 4°C. The supernatant and pellets are separated and stored at -20°C.

Example 4: Production of dimeric, biologically active TGF-ﬁl,. TGF-B2 and TGF-B3

The procedures given below for the production of dimeric, biologically active TGF-B2 can
be applied in analogy for the recovery of dimeric, biologically active TGF-B1, TGF-83,
and other "TGF--like proteins”, respectively.

A. Recovery of non-soluble, monomeric TGF-82 from E. coli

E. coli LC 137/pPLMu.hTGF-B2 cells are fermented as described in example 2.C. Cell
disruption and recovery of non-soluble TGF-B2 is performed at 4°C. About 18 g of wet
cells are suspended in 60 ml of 0.1 M TRIS/HCI, 10 mM EDTA, 1 mM PMSF (Phenyl
Methan Sulphonyl Fluoride), pH 8.3 (disruption buffer). The cells are passed two times
through a Frenchpress (SLM Instruments, Inc.) according to the manufacturers instruc-
tions and the volume is brought to 200 ml with the disruption buffer. The suspension is
centrifuged for 20 min at 15.000 g. The pellet obtained is suspended in 100 ml disruption
buffer containing 1 M NaCl and centrifuged for 10 min as above. The pellet is suspended
in 100 ml disruption buffer containing 1 % Triton X-100 (Pierce) and again centrifuged
for 10 min as above. The washed pellet is then suspended in 50 ml of 20 mM Tris/HC, 1
mM EDTA, 1 mM PMSF, 1 % DTT and homogenised in a Teflon tissue grinder. The
resulting suspension contains crude monomeric TGF-B2 in a non-soluble form.
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sequences
which allow the secretion of the TG--[err]-1like

t he expression vector. Suitable signal sequence Hmﬂ H
yeast acid phosphatase (PHOJ err])-28-the yeast invertase gene. The

transfornmed m crobial hosts are cultured in a |liquid medium cont ai ni ng
assim | atabl e sources of carbon, nitrogen and inorganic salts, applying

for exarrpl e the PGK or the GAP pronoter. Opt |1 jlﬂ

the ADHI, ADHI I, or PHO5 gene, and al so promtﬂlﬁ,ﬁﬁmgg&ql{ﬁﬁl ycol ysi s

met hods known in the art. Various carbon sources are usable. Exanple of’

preferge ! ohydrates, such as gl ucose,
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pepti de Foorn te?nperature The supernatant is chromatographed on a Sephacryl S-100 column

(Pharmacia, 2.6 x 78 cm) in 10 % acetic acid at a flow rate of 1.4 ml/min. (Alternatively,
the chromatography can be performed on Sephacryl S-100 HR (Pharmacia) and the
column can be run in 1 % acetic acid or 5 mM HC, respectively.) Fractions containing
monomeric, denatured TGF-82 eluting between 190 min and 220 min are pooled. This
material is used for refolding to get biologically active, dimeric TGF-B2 (examples
4.G.J.K.L) or for further purification for structural analysis (example 4.D.).

C. Recovery of monomeric TGF-B2 from Saccharomyces cerevisiae

The pellet of broken cells obtained from a 500 ml fermentation performed as described in
example 3.D is suspended in 20 ml 4M urea, 0.1 M TRIS, 1 % DTT, pH 8.0. The mixture
is kept at room temperature for 30 minutes with intermittant vortexing every S minutes.
Insoluble material is removed by centrifugation at 30°000g for 30 minutes at 4° C and the
supernatant is adjusted to pH 2.5 with acetic acid and dialysed extensively against 5 %
acetic acid overnight at 4°C. The solution is centrifuged as above and the clear supernatant
is concentrated by ultrafiltration on a YM 10 membrane (Amicon) to a final volume of 4
ml. The sample is then chromatographed on Sephacryl S-100 HR (Pharmacia) in 5 %
acetic acid as described in example 4.B yielding monomeric TGF-B2.

D. Further purification of monomeric TGF-82 by RP-HPLC

Aliquots of the pooled fractions from the Sephacryl S-100 column (example 4.B) are
purified on a Vydac 214TP5415 HPLC reverse phase column (4.6 x 150 mm, The Separa-
tions Group, Hesperia, CA, USA). The column is equilibrated in a mixture of 70 % TFA
0.1 % in water and 30 % TFA 0.08 % in acetonitrile, and the product is eluted by a linear
gradient over 30 min ending with a mixture of 55 % TFA 0.1 % in water and 45 % TFA
0.08 % in acetonitrile at a flow rate of 1 ml/min. The eluate is monitored for absorbance at
216 nm and individual peaks are collected manually according to the UV absorbance.
Denatured, monomeric TGF-2 is eluted at 21.5 min. Depending on the individual reverse
phase column used for the separation the same preparation of TGF-B2 is eluted around

16 min and 18 min, respectively.

TGF-B2 fractions are analysed by RP-HPLC using the same column and solvent system as
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pr ot esl ns and their "degradati on products, such._as_tryptone, peptone or neat

extracts, furthernore yeast extract, malt extract, corn Steep tieguor, as
wel | gas ammonium salts, such as anmmmoni um chl orfhiSheesids PEG iRy RLq N L F at e
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the rfutrient nmedium may al so contain growh pronoting substances.
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by t Hecslemarséd feentibn tifvies BERY Infih lahd 20 ani! RispdclivElyOffeiobRifkast cel |
protgins, e.g. by precipitation and/ or chronatographic neans. = In cases
wherg the nmononeric TGF-[err]-like protein is produced in the m crobial

host jcEGF32is analyzedsaften atlmiawgrof ghéraichily fddusedrmtidatiyorcink TGIEpLO be

sol ubi }4 ' .20 t he. ref ol di. ng..cqndi ti ons. Accordingly,
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- mixture elutes as a single peak confirming the identity of the material.

'~ E. Analysis of monomeric TGF-82 by SDS-PAGE

Individual aliquots of the Sephacryl S-100 column (example 4.B) or the reverse phase

' column (example 4.D) are dried in vacuo and analysed by SDS-PAGE (Limmli, U.K.
(1970) Nature 227, 680) on 15 % polyacrylamide slab gels stained with Coomassie Blue
R-250. A single band of an apparant molecular weight of about 12.000 D is obtained
which is indistinguishable from reduced natural porcine TGF-B2.

F. N-terminal amino acid sequence determination of monomeric TGF-f2

TGF-B2 from example 4.B is evaporated in vacuo, dissolved in 25 pl acetic acid and
subjected to amino acid sequence determination on a gas phase protein sequencer model
470A (Applied Biosystems). |

The N-terminal amino acid sequence is:

5 10 15
Ala-Leu-Asp-Ala-Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X-
X-Leu~-Arg-Pro
wherein X denotes an amino acid not positively identified.

Sirnilarly, the N-terminal amino acid sequence is determined for the 4-vinylpyridine

{ derivative of TGF-B2 prepared as described by Marquardt, H. et al. (1987) J. Biol. Chem.
262, 12127-12131.




(a) isolating the water-insoluble protein fractlon cont ai ni ng t he
TGF-[err]-like protein from t he host ceH-s—and

- 14 - (b) solubilizing the TG--[err]-like pr. I '_;'n Solublllzatlon and

denaturation of the nmononer is achieved by aci e %L crude
protei n suspensi on containing the nononeric T |< otein in the
non-soluble formto a pH of about -BOt-o about 4, about 2.5,

optionally in the presence of a reducing agent, such as DIT, or by the
addi ti on of chaotropic agents, preferably guanidine HO or nost preferably
urea, in a concentration of about 4 to 9 M basic pH or el evated
teﬁperaltﬂérm&rﬁﬁnﬂgﬁﬁﬁ(bQst&ﬁfcﬁé@ls The sol ubilized nononer can be purified

from 5 10 15
Ala-Leu-Asp-Ala-Ala-Tyr-Cys—Phe-Arg-Asn-Val-Gln-Asp-Asn-X-
20 25

Cys-Leu—-Arg~-Pro-Leu-Tyr—-1le—-Asp-Phe-X-Arg-Asp~Leu-

wherein X denotes an amino acid not positively identified. Cysteine was determined as
S-pyridylethylcysteine.

G. Generation of dimeric, biologically active TGF-82
3 mg of monomeric denatured TGF-B2 from example 4.B is dissolved in 140 ml 50 mM
Tris/HCI pH 8.0, IM NaCl, 5 mM EDTA, 2 mM reduced glutathione, 1 mM oxidised
glutathione and 33 mM Chaps (Calbiochem). After 72 hours at 4°C the pH of the solution
is adjusted to pH 2.5 with HCl and the mixture is concentrated 10 times by ultrafiltration
on a YM 10 membrane (Amicon, Danvers, MA, USA) in an Amicon stirred cell. The con-
centrated solution is diluted to the original volume with 10 mM HCI and concentrated to a
final volume of 10 ml by the same method. The precipitate formed is removed by centri-
fugation at 5000 g for 30 minutes. The supernatant contains disulfide linked dimeric
TGF-B2 as judged by SDS-PAGE under non-reducing conditions. The biological activity
of the preparation is measured by the cell migration and growth assay (example 5.A) and
the cell growth inhibition assay (example 5.B).

Alternatively, instead of using monomeric TGF-B2, the S-sulfonated TGF-B2 derivative
(example 4.M) is used for the generation of dimeric active TGF-B2 by applying essentially
the procedure described in this example with the exception of the sodium chloride
concentration which is 2M. Purification and isolation of the dimeric TGF-B2 is performed
with the same methods as dimeric TGF-B2 generated from the underivatised monomeric
protein (example 4.H and 4.1).

H. Isolation of dimeric TGF-B2 by cation exchange chromatography on a Mono S column
The concentrated solution from example 4.G is applied at a flow rate of 1 ml/min onto a
Mono S HR 5/5 column (Pharmacia) equilibrated in a mixture of 85 % buffer A (20 mM
sodium acetate, 30 % isopropanol, pH 4.0) and 15 % buffer B (buffer A containing 1 M
sodium chloride). The column is then washed at the same flow rate keeping the buffer
mixture composition constant until the absorbance reading at 280 nm has reached baseline
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sol ubi l'i zi ng chaotropes by dialysis and, if a_pLeeLpL%a%e—eeeufs-during
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I. Further purification of dimeric TGF-B2

Dimeric TGF-B2 from example 4.G is diluted with the same volume of 0.1 % TFA in

water and subjected to RP-HPLC on a Vydac 214TP5415 column (4.6 x 150 mm, The

Separations Group, USA) equilibrated in a mixture of 80 % TFA 0.1 % in water and 20 %
- TFA 0.08 % in acetonitrile. The column is eluted by a linear gradient over 40 min starting

upon injection at the equilibration conditions and ending with a mixture of 60 % TFA

0.1 % in water and 40 % TFA 0.08 % in acetonitrile at a flow rate of 1 ml/min. The eluate
- is monitored for absorbance at 216 nm. TGF-B2 is eluted with a retention time of 32.7 min

and collected manually. SDS-PAGE analysis under non reducing conditions revealed a

single sharp band of apparent molecular weight of about 25 kD. The obtained dimeric
TGF-B2 is of high purity.

J. Alternative method I for the generation of dimeric, biologically active TGF-B2
Monomeric TGF-B2 from example 4.B is dissolved at a concentration of 0.1 mg/ml in 50
mM sodium phosphate, pH 8.0, 2M NaCl, 5 mM EDTA, 2.5 mM cysteine, 1 mM cystine
and 50 mM Chaps (Calbiochem). After 300 hours at 4°C the pH is adjusted to pH 2.5 with
10 % TFA. Then 30 mg/ml of Sepralyte C-1 (preparative grade, 40 jm, Analytichem
International, Harbor City, CA, USA), pretreated sequentially with 0.1 % TFA in
acetonitrile and 0.1 % TFA in water, is added and the mixture is gently stirred for 30 min
at room temperature. The gel is filtered over a glass frit covered with fresh prewashed
Sepralyte C-1 (20 % the amount added to the refolding solution). The gel is washed first
with (5 times the gel volume) buffer A (0.2 M NaCl/0.1 % TFA/water), then with a
mixture of 80 % buffer A and 20 % buffer B (0.08 % TFA in acetonitrile). TGF-B2 is
eluted with a mixture of 70 % buffer A and 30 % buffer B. The eluate is applied directly
onto a Mono S column HR 5/5 (Pharmacia). Purification and isolation of TGF-BZ is
performed as in examples 4.H and 4.1, respectively.

Altematively; acetonitrile in buffer A and buffer B, respectively, used for washing the



The present invention concerns further a pharreceutical conposition ]

conprising an effective amount of a dineric, hiologically active

TG--[err]-like protein produced according_totTH Sh eplaced o
pharmaceutical |y acceptable salt thereof in dos LI Such
conposition is in the formof infusion solution ons for

parenteral, for exanple intranuscuyar or intravenous, oral, or especiall
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- 15 - performed with a mixture of 90 % buffer A and 10 % buffer B and elution of TGF-B2 is
- achieved with a stepwise gradient (steps of 2 % buffer B) starting with a mixture of 80 %
buffer A and 20 % buffer B and ending with a mixture of 70 % buffer A and 30 % buffer

B. Further procedure is as in examples 4.H and 4.1, respectively.

K. Alternative method II for the generation of dimeric, biologically active TGF-B2
Monomeric TGF-B2 from example 4.B is dissolved at a concentration of 0.5 mg/ml in 100

|

mM Tris/HCI, pH 8.5, 1M NaCl, 5 mM EDTA, 1 mM reduced glutathione, 1 mM oxidised "

=~ glutathione and 50 mM Chaps (Calbiochem). After 450 hours at 4°C the mixture is
adjusted to pH 4.0 with acetic acid, diluted by addition of 7 volumes of 20 mM sodium
acetate, pH 4.0 and pumped onto a Mono S column HR 5/5 (Pharmacia). Further
procedure as in example 4.H and 4.1, respectively.

.L. Alternative method III for the generation of dimeric, biologically active TGF-B2 using
thioredoxin as a disulfide promoting agent

Monomeric TGF-B2 from example 4.B is dissolved at a concentration of 0.025 mg/ml in
100 mM Tris/HCI, pH 8.0, 50 mM Chaps, 0.05 mg/ml thioredoxin. The mixture is
incubated at 4°C for 24 hours. As determined by the cell migration and growth assay
(example 5.A) the yield of refolded dimeric active TGF-P2 is similar to that of the method
described in example 4.G. Purification and isolation of dimeric TGF-B2 is as in examples
4.H and 4.1. TGF-B2 is separated from thioredoxin by the Mono S column of example 4.H.

M. Preparation of S-sulfonated TGF-B2 and its use for the generation of dimeric,
biologically active TGF-f2 '

Monomeric TGF-B2 from example 4.B is dissolved at room temperature in 6M urea, 100
mM Tris/HCl, pH 8.0, 50 mM sodium sulfite and 0.2 mM cysteine. Formation of S-sul-
fonated TGF-B2 is monitored by RP-HPLC using the conditions of example 4.D. The
retention time of S-sulfonated TGF-B2 is 31.8 min. After completion of the reaction, the
PH of the solution is adjusted to pH 2.0 with 1 N HCL S-sulfonated TGF-B2 is desalted on
a FPLC "Fast Desalting Column" HR 10/10 (Pharmacia) in 10 mM HCI. Refolding of

S-sulfonated TGF-B2 to give dimeric active TGF-B2 is done essentially according to the
procedure of example 4.G.

N. Recyclisation of incorrectly folded TGF-82
Solid guanidinium hydrochloride and DTT is added to the material not bound to the Mono

S colu
pHis a
subject
Reducs
prepar:
togethe
ing the

0. Ger
Hetero
112 an
Tespect
and iso
separat

P. Pept
TGF-B

TGF-B

92 g (
dried ir
Tris-ac
Corpor
carried
Pseudc
37°C.

RP-HFP
gradier
0.1 ml
desorp

The cc
proton
identf



whi ch contain the active ingredient alone or together wwth a .
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t unor dtateredimenicckGF-$s gpnsisting ofvwa diffsrentalisulfide-linked polypeptide chains of
112 amino acids each can be prepared by subjecting equimolar amounts of the two
respective monomers to refolding conditions as described in example 4.G. Purification
and isolation of the dimers is performed according to examples 4.H and 4.1 allowing the
separation of the heterodimeric form from the homodimers.

P. Peptide mapping and sequence determination of monomeric TGF-$1, TGF-82 and
TGF-B3, respectively

 TGF-2:

92 ug (6.7 nmoles) S-pyridylethylated recombinant TGF-B2 described in example 4.F. are
dried in an vaccum centrifuge and redissolved in 200 pl 5 mM HCI. 200 p10.2 M
Tris-acetate buffer, pH 7.8, containing 10 mM Zwittergent 3-12 detergent (Calbiochem
Corporation, La Jolla, CA) is added and mixed with the protein solution. The cleavage is
carried out with 2 pg (dissolved in 50 pl water) endoproteinase Asp-N (from
Pseudomonas fragi mutant, Sequence Grade, Boehringer Mannheim Biochemica, FRG) at
37°C. After 13 hours, 50 pl 10 % (v/v) TFA are added and the mixture is separated by
RP-HPL.C on a C4 narrow-bore column (Vydac 214TP52, 2.1x250 mm) with a linear
gradient of 5 t0 40 % (v/v) acetonitrile in 0.1 % TFA/water in 35 min at a flow rate of
0.1 ml/min and UV detection at 216 nm. The collected peaks are analysed by plasma
desorption mass spectroscopy as described in example 4.S.

The comparison of the measured molecular mass (in Daltons, D) of the peptides in their
protonated form (M+H?") with the calculated molecular mass allows the following
identification:
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patie o be tre;%?gg Sieqq t he E@er single or daily dosages for: 20%,(
adul t Z?oLans wil 11832.3 n thk83rlahge of aNAINPBASASPECCMSQerr]g for both the S-pyric

gr owt fkssél mul at i ”&9%'3" thelidlhi biting ﬁfAﬁ?ﬂ,‘FRNVQ Asp-N
29.0 . 1307.7 1306.6 DNCCLRPLY separa
31.2 1320.0 1318.5 DTQHSRVLSLY gradier
32.1 1421.1 1419.7 DNCCLRPLYI
33.0 3132.3 31315 DTQHSRVLSLYNTINPEASASPCCVSQ Retent.
36.9 3425.3 34249 DLGWKWIHEPKGYNANFCAGACPYL Time (
WSS
445 3739.5 3739.5 DLEPLTILY YIGKTPKIEQLSNMIVKSC 10
KCS . 8.8
- 11.6
TGF-B1:

. 194
32 pg (2.5 nmoles) S-pyridylethylated recombinant TGF-B1 (prepared similarly as :
S-pyridylethylated recombinant TGF-B2) are cleaved with 1.5 pg endoproteinase Lys-C 36.5
using the same procedure as for the digestion of TGF-B2 except that the incubation time is
%h and a linear gradient of 12 to 27 % acetonitrile in 90 min is used on a C18 column 39.8
(Vydac 218TP5205, 2.1x50 mm). | . 45.6
Retention M+H* Calculated Peptide Sequence 719
Time (min) (D) Mass M (D) "

82.6

94 810.6 . 808.9 WIHEPK
13.2 619.2 617.7 DLGWK
204 1584.6 1583.7 ALDTNYCFSSTEK :
34.9 1613.3 1611.9 VEQLSNMIVRSCK i Q.Sm
50.6 1869.8 1868.3 NCCVRQLYIDFRK | cerevi:
79.8 2875.2 2874.3 GYHANFCLGPCPYIWSLDTQYSK
87.1 4189.1 4189.0 VLALYNQHNPGASAAPCCVPQALEPL An ali

l PIVYYVGRKPK in exal
8.8 3965.0 3963.7 VLALYNQHNPGASAAPCCVPQALEPL examp

PIVYYVGRK
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-16- The .pharmaceutical conposition of this invention have a clinical use
in the treatnent of animals, particularly mammal s, nore partlcularly human
bei ngs, and, in the case of wound heali ng, nps%«partTCUT“T y of: ol d human
bei ngs. The conpositions of this |nvent|on ﬁg EnlReplhcgd at i on and
proliferation. Since wound heal i ng |nvolves tion and cel
proliferation patterns these in vigse finding ﬁﬁ‘g tIy rel evant to
the in vivo wound healing process. Preventi t of bed sores
(decubitus ulcers) is a preferred use since they frequently occur |n
hospital patients, particularly geriatric and wheel chair patients. In

el derl yp E@Ie the wound healing process is slower and this group of
patlents tends to show a hi gher incidence of wounds (not only decubitus and
di abetic ulcers, but trauma, burns and the |ike) that elther heal slowy or

do not 20¢a!(1a6 rddles) S- y&-mym &teafrec%&nimaﬁ@tr@l d n& ?fak ons of this
lmr;\é:ag;t :.$O . ad’y?eﬂ?oxyi)atecf recom! mgg;[ 'PGiéeBZ?r I nda}gé/steci1 with 0 4 g endlogl%l 4 human

Asp-N as described for TGF-B2 except that the incubation time is 22.5 hours and the

separation is carried out on a C18 column (Vydac 218TP5205, 2.1x50 mm) with a linear

gradient of 16 to 32 % acetonitrile in 80 min.

Retention M+H* Calculated Peptide Sequence
- Time (min) (D) Mass M (D)
170 13080  1306.6 ENCCVRPLY
. 838 1381.0 13795 DTNYCFRNLE
© 116 1205.5 1206.3 ' DTTHSTVLGLY
.,_- 12524 12504 DTNYCFRNL
; 194 14215 14215 DTTHSTVLGLYNT
: 1551.2 15519  DLEPLTILYYVGR
© 365 30304 30294 DTTHSTVLGLYNTLNPEASASPC
CVPQ
39.8 27826 27812 DTNYCFRNLEENCCVRPLYI
45.6 34573  3456.0 DLGWKWVHEPKGYYANFCSGPCPYL
RSA
77.9 37265 37255 DLEPLTILY YVGRTPKVEQLSNMV
VKSCKCS
82.6 67369 67369 DTTHSTVLGLYNTLNPEASASPCC
VPQDLEPLTILYYVGRTPKVEQL
SNMVVKSCKCS

Q. Structural characterisation of monomeric TGF-BZ expressed in Saccharamyces
cerevisiae

An aliquot of the material from example 4.C is further purified by RP-HPLC as described

in example 4.D and the N-terminal amino acid sequence is determined as described in
example 4.F.



The first, and preferred application is a Wpromtion !f
surface wound healing, particularly in elderly human bei ngs ere the wound

heal i ng processes are noticeably slower. T 1gs Been Réphtdgat i ons as to the
type of wound that may be treated, and thes ijﬁ ﬂ"mﬁ are not limted
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I ngredi ents except that they nust be pharmaceutically and physiologically
acceptabl e for adm nistration and nust not degrade the activity, or render
harnfully toxic, the add@ve ingredients of 2he conpo- sitions. Wen the : Exampl
conpositions of this invention are applied to surface ul cers, burns, :
surgical_aqr accidental wounds, the conpositions are preferably in the form

of a poddteuPHI BRIV Sl Yo AFPTRReglvie TAEE " RARYLARYGRY i npregnat ed A. Cell
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R. Refolding of monomeric TGF-B2 expressed in Saccharamyces cerevisiae and isolation __
and characterisation of dimeric TGF-B2 " The cel
- measur]
Refolding of the monomeric TGF-B2 expressed in Saccharomyces cerevisiae and * period

isolation of dimeric biologically active TGF-B2 is performed as described in example (Dulbe:
4.G, 4.H and 4.1 respectively. i

{ respect
' monola

S. Molecular mass of dimeric TGF-82
_ The grc
An aliquot of 6 pg monomeric TGF-B2 and of 20 pg dimeric biologically active TGF-B2 stimula
obtained in example 4.D and 4.1, respectively is dissolved in 25 % acetic acid, adsorbed on . said mc
nitrocellulose and analysed on a BIO ION 20 Plasma Desorption Mass Spectrometer ' 44 hou
(Applied Biosystems, Uppsala, Sweden). The molecular masses determined are @@ c
_ c
M= 12'738.0 for monomeric TGF-2 (calculated Mass n
M=12'719.7) v
: (b)
M=25'422.0 for dimeric TGF-B2 (calculated Mass g
M=25'421.2 assuming all cysteins as 3
disulfides) C
T. Molecular mass of dimeric TGF-B3 In thes
TGF-8
Dimeric biologically active TGF-B3 is prepared similarly to TGF-B2 described in liter of

examples 4.A, 4.B, 4.G, 4.H and 4.1. The molecular mass of dimeric biologically active promo



17‘§ The second application is a systenic one for the—heaking of -i nternal
vvoungs either follow ing surgery, or damage tqh;s@[;eett&s ues of the inner
orgaps where surgery is either inpossible or is I lacéhai n, there
are %o limtations as to the type of tissue or Mlﬂ ated and

t hese include (but are not Iimted to) deep sur to the inner
orgads and tissues; bone and carti3®ge (after fracture); gastric, duodenal
and &ther intestinal ulcers. Wen applied systemically, the conpositions of
the gnvention may be fornmulated as liquids, pills, tablets, |ozenges for
ent eéaTGEcﬁi!i inidstermined as described in gxdniple drSnTihemqlegudanmeasgfoundiisct i on. For .t he
treat-"gment of internal incisions follow ng surgery, they nmay be in the form
of anm irri &%pt, 0Dreferabl i n combi nation with a physiologically acceptable
sal i ne MredIBH0 Agai n, (ﬁn@lﬁ%@m%ﬁ%&z@%%&ﬁﬁmﬁhe conpositi ons may be
conbiined with other i NgaR diyREihs asdighifides)adj uvants, carriers, solubilizing
agents and any ot her known, or as yet unknown, secondary growth factor(s).

. Theré are no linmtations as to the nature of these

. Example 5: In vitro activity test for TGF-81, TGF-B82 and TGF-$3

- A. Cell migration and growth assay
The assay is based on the chemotactic activity of TGF- on fibroblasts (Postlethwaite,

A.E. etal. (1987) J. Exp. Med. 165,251) and is performed as described by Burk, R. (1973)
- PNAS 70,369. ;

The cell migration promoting activity of TGF-B1, TGF-B2 and TGF-p3 is assayed by
measuring the number of normal Balb/c 3T3 fibroblasts which migrate over a culture
period of 22 hours into a wounded monolayer culture of said cells in serum-free medium
(Dulbecco’s Modified Eagle Medium, Gibco) containing TGF-B1, TGF-B2 or TGF-§3,
respectively, as compared to the number of fibroblasts which migrate into a wounded
monolayer culture in the absence of TGF-p.

The growth promoting activity of TGF-81, TGF-B2 and TGF-#3 is determined by the

stimulatory effect on cellular DNA synthesis and cell division. This activity is apparent in

said monolayer cultures observed under the light microscope after a culture period of

44 hours and is quantified by either

(a) counting the number of cell nuclei, in any given field of view, in cultures of said
cells grown in serum-free medium containing TGF-B1, TGF-B2 or TGF-p3,
respectively, as compared to the number of cell nuclei counted, in any given field of
view, in cultures grown in the absence of TGF-B, or

(b) measuring the amount of radio-labelled H-thymidine uptake in cultures of said cells
grown in serum-free medium containing TGF-B1, TGF-B2 or TGF-83, respectively,
as compared to the amount of 3H-thymidine uptake in cultures grown in the absence
of TGF-B.

In these dose response experiments concentrations of the completely purified TGF-B1,
TGF-B2 and TGF-B3 proteins (see example 4.K) in the range of 0.1 to 1000 pg per milli-
liter of culture medium are sufficient to elicit 50 % of the maximal migration and growth
promoting response.
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| Gssué khluge phites (FaRoh)wuiitdihiag RENN0640 Bediugh (Gibed) and So% foewl dalft | ve. for the
serum. Control wells receive medium alone. 1.5 x 10* A375 melanoma cells are added to
each well. After a 72 hours incubation period at 37°C in 5 % CO,, the A375 cell After 5
monolayers are washed once, fixed and stained with crystalviolet for 15 minutes. Unbound are sur
stain is washed out intensively. The stained cells are lysed with 33 % acetic acid to release that ha
the stain (which is confined to the cell nuclei) and the OD was measured at 590 nm with a project
multiskan-8 Channel Photometer equipped with an Olivetti M 24 PC to calculate the . by pla
activity of the test compounds. Since the intensity of staining in each well is directly (56-84
related to the number of nuclei (and therefore to the number of cells), this technique the du;
provides a colorimetrical assay for measuring the anti-proliferative effects of TGF-1, o
TGF-p2 and TGF-B3 molecules. An ex:
follow

Treatment with purified TGF-B1, TGF-B2 and TGF-B3 over a concentration range of
0,001 to 10 nM inhibits the growth of A375 melanoma cells.

Grou
Example 6: In vivo activity tests for refolded TGF-B1, TGF-B2 and TGF-83 T
A. Healing of Partial-Thickness Wounds in Old Mice 2
It is recognised that wound healing processes become impaired with advancing age 3
(Grove, G.L. (1982) Arch. Dermatol. Res. 272:381) and therefore represent major 4
problems in the field of geriatric medicine. Therefore, the in vivo biological effects of the
refolded active dimeric TGF-Bs on the healing of partial-thickness wounds (formed by 5
second degree burning) are investigated in a partially deficient or impaired wound repair 6
situation, namely in old animals, using the following protocol similar to the one described :
by Schultz, G.S. et al. (1987) Science 235:350. . Ther
' : . applic
Single middermal thermal injuries are made on the dorsal thorax of anaesthetized old 1 stimu
C57/BL6 mice (aged 450 days or more), whose backs have been previously shaved and inad
depilitated with a commercial cream-type hair remover, by a single 10 second application treate
of a brass template (1x1 cm, 8 gm) which has been equilibrated at 80°C in a water bath. énoug
The resulting blister is surgically removed and the burns are treated daily, for 5 days, with applie
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Exanpl e 1: C oning-and sequencing of TG~[err]l,_TG-[err]2 and TG--[err]3
cDNA A Culturing of cells Human glionma cells fromthe Cl-215 line (de

Muralt, B. et al. (1985) Eur. J. Cancer din. heézn.ias eplaced gr-own in
tissue culture flasks (Falcon T75) containing Du d Eagl e
Medi um (DMEM G bco) and 10 % foetal calf serumi

- 18 - B. RNA extraction 1x10[esg] cells fromthe Cl - 215 hurran glioma
cell line are harvested and Dounce hono- genized in 30 M 5 %citric acid
with 0.2 % (wv) NP40 detergent at 4[err]C. The nuclei are

a topical application of 25 ul sterile vehicle buffer solution (consisting of 0.8 % w/v
Hydroxypropyl cellulose in a solution of 10 mM Histidine, 140 mM NaCl, pH 7.4)
containing various amounts (500 ng, 100 ng or 10 ng) of the refolded active dimeric
TGF-B form, or with buffer solution alone, or are left untreated. All topically applied
materials are sterile, endotoxin-free and pyrogen-free, and all mice are individually caged
for the duration of the experiment. Each experimental group consists of § animals.

After § days of treatment with TGF-, the mice are anaesthetized, the blisters (if present)
are surgically removed from the burns, and the burns are photographed. Areas of burns
that have regenerated epithelium are outlined onto uniform thickness transparent overhead
projector film and the percentage of each original burn area that has healed is calculated
by planimetry. Results are also compared with the epithelial regeneration process in young
(56-84 day old) C57/BL6 mice with identical middermal burns which are left untreated for
the duration of the experiment.

An example of such an experiment using refolded dimeric active TGF-B2 is shown in the
following table where values shown represent the mean and range of group evaluations.

Group Animals  TGF-B2 dose per  %age of original burn

incision (ng) area healed on day 6
1 Oid 500 59+8
2 Ol 100 55+6
3 Old 10 46+7
4 O1d Buffer Only 10+£9
5 ~od Untreated 16+6
6 Young Untreated 66+9

The results of the planimetrical analyses shown in the above table demonstrate that topical
application of refolded active dimeric TGF-B2 daily for 5 days in a suitable vehicle buffer
stimulates and accelerates epithelial regeneration in partial-thickness wounds on old mice
in a dose dependant fashion (Groups 1-3) when compared with vehicle buffer only or un-
treated wounds (Groups 4 & 5 respectively ). Young mice are apparently competent '
enough to successfully re-epithelialize their wounds in the absence of any topically
applied TGF-B (Group 6). Histological analyses reveal the extent of the enhanced
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centrifuged at 15.000 rpmfor 30 m nutes at.[ﬁ SorvaII RC 5-B .
i i's
]ﬁl" Bﬁﬁ /HCI (pH 7.5), 5

nmv EDTA, 2 % SDS, 25.000 units/| arl n (Sl extracted 3
phase 1 vo 3. M sodi um acet at. 0) and 5 volu hanol are
P ddeq e-pranelFizin fPes foetdies Sith 4 Bieckrmfit Bt feraspetfebemAtBES O Rua
described by T. Maniatis i n Nbl ecul arCI oni ng: A Laboratory Manual. Cold betwe:
[err]l, of a Sqlution containing 50 M TRI'S mM KCl, 10 niv
Leuka m rever nscri co-BRL). The reaction is
i ncuba %8?”@%8%5—@?82% e &%9%??33T eaction is then diluted to 400 [err]
reaction

cream-type hair remover. In the experimental groups, edges of the left side incisions (as

10 mM Histidine, 140 mM NaCl, pH 7.4) containing various amounts (2 pug, 1 pg, 0.1 pg

Albumin) in the said vehicle buffer and edges of incisions in control animals receive The r

separated fromthe cytoplasm by centrifugation at 2.500 rpmfor 10 m nutes
at 4[err]Cin a Sorvall RT 6000-B table cent—r"r*f*uge—%he—s&per—nat ant is
centrifuge fitted with a SS-34 rotor. The rges
di scarded and the pellet is resuspended in 3
times with phenol/chl orof orm (1: '1 v/v), the chloroformconsisting of 24
parts chloroformand 1 part isoanylalcohol (v/v). To the final aqueous
pel | etDays6 irethe JiGHPartated wourlds10 mV TRI S/ HO  (pH 7. 5) , 1 "M EDTA, 0.05 9% Anex
SDS. Pol yadenyl ated RNA i s i soI ated by oligo-dT cellul ose chronatography asfollow
Spri ngB-Hiealing o B RAUS " C. Synthesis of cDNA The
first meraaragk%fee% éb&@fdl&’&! e H{xﬁéﬁcl'?Gi?ﬁH ral‘Qal@tf) umk%gaedﬁhra]se% in 100 tmep
MyCl [ érfvo modghiofivpund seqadh ppgely onghe healing fullﬁnc tesg werrds @ormed bycTp,
dGTP asmdgldmﬁmEﬁlngmntﬁuRNa@eumgﬂme lfbmimh EstBEs sirile 13 R oretekéritld Mol oney Grou
"with a second strand buffer contai ning 20 M TRIS/HCl (pH 7. 5), 5 nmv

M9 | oihgte, AHARTKMES'S oot forg et frcfiidR3fe Aads Wit Yl s@EOrPEIEh G 1 Ne

both s1des of the dorsal midline of pentobarbitone anaesthetized male Wistar rats

(300-350 g) whose backs have been previously shaved and depilitated with a commercial

viewed with the dorsal side uppermost) receive single topical applications (100 ul) of a

sterile vehicle buffer (consisting of 0.8 % w/v Hydroxypropyl cellulose in a solution of

or 0.01 ug) of a refolded active dimeric TGF-B form. Edges of the contralateral right side

incisions receive corresponding equal amounts of a placebo control (Bovine Serum

vehicle buffer alone in the left side incisions and no treatment in the right side incisions that a

following surgical incisioning. All topically applied materials are sterile, endotoxin-free, buffer

and pyrogen-free. Edges of each wound are then coapted with 5 evenly placed, interrupted f.ull-th
horizontal mattress sutures of 5-0 Ethilon. All animals are caged separately and the Hme |
wounds are left to heal for varying periods up to and including 21 days post treatment. Histol
After sacrifice the entire dorsal skin is removed from each animal and all subcutaneous fat and c
is carefully dissected from the underside of each of the skins using a surgical scalpel. A contre
template consisting of two parallel surgical blades (8 mm distance between blades) is then . 14da

used to excise strips of skin (between sutures on each incision) for tensile strength
measurements. Samples are taken from one end of each incision for histological analysis.
The maximum load tolerated by each excised skin sample is measured with a Universal
Tensile Strength Machine Model 144501 (Zwick, Ulm, FRG). Measurements are made on
30 mm x 8 mm strips which are secured between hydraulic clamps and then stretched to
breaking point at a rate 10 mm per minute, with the maximum load recorded on a chart
recorder. Measurements are made on triplicate samples from each wound and
experimental groups consisted of 4 animals. Breaking strength is not measured on wounds
showing evidence of infection or excessive haemorrhaging (less than 3 % of all wounds). |




I ncubated for 10 mnutes at 37[err]C. The reacti mxture is cooled on ice
for 5 mnutes and 125 units of E. coli DNA pol ymeanm

added. The reaction m xture is then incubated forThaShdarHéaaéenik

16[err]C. 40 [err]l 0.5 M EDTA are added foIIovved Ioroform
(1:1, v/v) extraction. To the aqueous phase, 1/ 10 HISodl um
acet ate (pH 6.0) and 4 volunmes ethagpl are added Wnerea reaction
mxture is precipitated for 30 mnutes at -70[err]C The et hanol
precipitation is centrifuged for 10 mnutes at 17.000 g, the pellet is
washed twice with 70 %et hanol and dried in a Speed-Vac. The doubl e

strande cﬁ%ﬁ E%igjsh r n

agar oseg Ri étgor st ] f@grﬁﬂ% !'ﬁdﬁ@@?j’?o eva ggtﬁefﬁﬁie% szlla?g 1%%1

quant i t §0 }gwmg, tablepwhere values shown represent the average ratios of tensile strength

- between TGF-B2-treated wounds and placebo-treated wounds at 3 equally spaced
timepoints over a 21 day day time period.

- 19

Group TFG-B2 dose per Ratio of Tensile Strength
incision (ug) TGF-: Placebo Treatment at

Day7 Dayl4 Day2l

1 2.00 19:1 17:1 14:1
2 1.00 1.8:1 14:1 1.3:1
3 0.10 14:1 13:1 12:1
4 0.01 12:1 11:1 10:1
5 None¥* 1.0:1 10:1 1.0:1

(* ratio of vehicle buffer only v no treatment)

The results of the tensile strength measurements shown in the above table demonstrate
that a single topical application of refolded active dimeric TGF-B2 in a suitable vehicle
buffer enhances the breaking strength up to 2 fold, and accelerates the healing, of
full-thickness incisional wounds in adult rats in a dose dependent fashion over a 21 day
time period (Groups 1-4) when compared against the control group (Group 5).
Histological analyses reveal thie marked increase influx of mononuclear cells, fibroblasts
and collagen production in TGF-B-treated wounds over the 21 day period as compared to
control wounds. A transient hyperkeratosis is also evident in TGF-B-treated wounds up to
14 days after the treatment.

C. Wound Chamber Implant Model in Adult Rats

The biological effects of refolded active dimeric TGF-8s are also investigated in a third in
vivo model of wound repair, namely on the cellular ingrowth, vascularization and
formation of fibrous granulation tissue in and around porous chamber implants in adult

rats, based on a protocol similar to the one described by Spomn, M.B. et al., (1983) Science
219:1329.

Empty rigid polytetrafluoroethylene tubes (internal and external diameters, 10 and 12 mm



5 [err]g of the cDNA are then nethylated at_the EcoR S|tes by I ncubati ng

for 1 hour at 37[err]Cin 100 [err]l 50 nM TRISTACT (pH 8. 0)—0.1 nM EDTA,
80 [err] M adenosyl - net hi oni ne and 40 units M&tggtjj}y,] New Engl and

Bi ol abs). The reaction mxture is extracted orof orm and t he
CDNA is ethanol precipitated and di ssol ved;i ‘"ﬂmgﬁ r as descri bed
above. 5 [err]g of the cDNA are tdd4m- prepare | i gati on by

i ncubating with 20 units of T4 DNA pol ynerase for 10 minutes at 37[err]Cin

200 [err]l 33 MM TRI S-acetate (pH 7.9), 66 mM potassium acetate, 10 nM

magnesi wspextivelys length. 32 miv) BECh perforated byMppon kimataly2.SQregwarly e:med holes TTP.

The re t enow
P68l LoD Lol KA ARAH o gl i, 8

Pol yrer are a m.nut es at room Gr
t enper awrseer&md @%M&%‘éy wentedssubsqutancousiyi ip gymoeprisal fashion, trangh EDTA t he

react i Ogimall ihtcgichs gﬁo ﬁﬁi\ftﬂ&kél%hﬁf efﬁalrnmtﬁmfoaetaa@bdsmzédmdmm:amst ggnol
preci pi ead an | SSOI V LN, steril e water es ov.e nmer
synt het {3365‘%0@%9%5?% (HSSHERA8S NI ‘Eﬁﬁfs F‘(ﬂaﬂg &@w BEHPSare then

| i gat edareeldsed eith]stngtOhdgical ARS CmyFAdamﬁ AatosClips, Danm) evhichi ave remded] err] g 1
ll'GFléﬂ ] %ﬁalg Oaf{EMﬂBgﬂ Eﬁl%vﬁ'iflg Bﬁeaﬂ dsgrd}}}{' Lﬁ@gu{n%cg bec%gle'g}{lcgglate"d WhATP at 2
fibrous connecnve tissue although there is a relative absence of cells within the chambers 3
themselves. This model provides a sterile, defined and enclosed space within each
chamber where various parameters of a wound healing response can be quantitated. 4
Animals are used for experimentation 14 days after implantation of the chambers, after
- full healing of the surgical incision.
At this time daily injections of 100 pl sterile vehicle buffer solution (consisting of 0.5 % The:
w/v Hydroxypropy! cellulose in a solution of 10 mM Histidine, 140 mM NaCl, pH 7.4) injec
containing various amounts (1 pg, 0.1 pg or 0.01 pg) of a refolded, active dimeric TGF-B enha
form are given directly into the left side chambers (as viewed with the dorsal side man!
uppermost). Right side chambers receive corresponding equal amounts of a placebo whic
control (Bovine Serum Albumin) in the said vehicle buffer. Control animals receive dose
vehicle buffer alone in the left side chambers whereas right side chambers remain obse
untreated for the duration of the experiment. Experimental groups consist of 5 animals. appe
Injections are made once daily for 5 days and all injected materials are sterile,
endotoxin-free and pyrogen-free. All animals are individually caged for the duration of the Onj
experiment and are sacrificed 24 hr after the last series of injections. Chambers are then left-
removed from each animal by aseptic technique, and the fibrous tissue from inside each tissu
chamber is 'wet' weighed. The total serous protein in the chamber fluid is estimated using plac
the method of Lowry et al., (1951) J. Biol. Chem. 193:265. Samples of fibrous tissue vasc
removed from inside and outside each chamber are prepared for histological analysis. grea
Sterility of the chamber contents is checked by incubation of chamber fluid samples on mig
brain/heart infusion plates for 72 hr at 37°C. Measurements are not made on chambers insi
showing evidence of infection or rejection (less than 3 % of all chambers). thicl
' _ ofa
An example of such an experiment using refolded dimeric active TGF-B2 is shown in the (Gr
following table where values shown represent the average ratios of measurements ' Tesy
obtained for protein in 5 matched pairs of chambers (left v right) from each group of ' con:

animals. o , chat
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Iiga}e (New Engl and Biol abs). The ligase is then heat inactivat ed at
70[efr] C for 10 m nutes, the reaction Is diluted to 500 [errjfln 10 nM

TRIS/HCO (pH 7.5), 6 nM MOl [err], 100 nM Naﬁhsghgaﬂhssgééﬁ d with 1000
units of EcoRl (Boehringer) for 6 hours at 37 MIN 0.5 M EDTA
A

are added and the reaction mixture is heat ed 10 m nut es.
The heated reaction mxture is di+43tly added 15M col um
(200+4OO mesh, Bio-Rad) to renove the nononer Ilnker fragments cDNA of
m)re1than 300 bp elutes in the exclusion volume. ~“D. Cloning into | anbda
gt 11’ Lanbda gt11 arns are prepared by digesting 100 [err]g of |anbda vector
DNA w t h. EcoRl New Engl and Bi ol abs) accordi n% to the supplier. The

di gest e STOMA | o‘ﬁ? gﬂ%ﬁﬁﬁyl aReto of protein inimiatched Cal f I ntestine Al kaline
Phosphat ase fr vebambarn(les : HegBYri bed. 20-30 ng of cDNA from

t he Bi 0-gel Al15M columm are cgprecipitated in thanol with 1 [err]g of gtil
dephosphoryl at ed arns and res&-&é@&&dﬁé‘ﬂ-n f a solution containing

50 M TRI S/ HCl (pH 10 an\/ggz'err] 0{2/! TT, 1 nMATP, 15 % _
pol yet hyl ene gl ycdr MNGOOO) an units T4 DNA ligase. The ligation

m Xtureaq s i ncuba for 2 hours gt 16[err]CIIhe reaction mxture is
centrifuged for 10"m nutes and tﬁ :

3 0.01 _ 21:1 13:1

4 None* 10:1 10:1

* ratio of vehicle buffer only v no treatment

The results of the protein measurements shown in the above table demonstrate that local
injection of refolded active dimeric TGF-B2 daily for 5 days in a suitable vehicle buffer
enhances, up to 3 fold, the accumulation of total fibrous tissue, in a dose-dependant
manner, in left-sided chambers as compared to the right-sided contralateral chambers
which have received corresponding equal amounts of a placebo protein. A small
dose-dependent increase in the amount of serous protein in left-sided chambers is also
observed following multiple injection with TGF-B2 (Groups 1-3). No differences are
apparent between left-sided and right-sided chambers in the control group (Group 5).

On post-mortem biopsy of animals in Groups 1-3 it is consitently observed that the
left-sided TGF-B-treated chambers are more firmly attached to the surrounding connective
tissue of the body wall than the contralateral right-sided chambers that have received
placebo injections. Furthermore, histological analyses show that the thickness and
vascularity of the fibrous tissue surrounding the TGF-B-treated chambers is markedly
greater than that of the tissue surrounding the placebo-treated chambers. Sheets of
migrating fibroblasts and mononuclear cells are also evident within the fibrous tissue
inside TGF-B-treated chambers. No apparent differences are observed in either the
thickness or vascularity of the fibrous tissue surrounding the chambers, nor in the degree
of attachment of chambers to the connective tissue of the body wall in the control group
(Group 4). These results suggest that the diffusion of TGF-B from the chamber is
responsible for the observed differences in effect. A sterile infiltrate of inflammatory cells,
consisting predominantly of macrophages, is found in the serous fluid of TGF-B-treated
chambers, whereas contralateral placebo-treated chamber fluid shows a predominance of



-20- pellet is resuspended in 10 [err]l, of sterllmandthenln
vitro packaged for 3 hours at roomterrper Easc&aé Beelj0 the supplier
(Promega). 0.5 m of SM phage dilution buf 50 MM TRI S/ HCl ( pH
7.5), 100 mM Nadl, 100 mM MgSO err] and O. are added and
stabilized with 25 [err]]l of chloroform Atotal 2000 phages are

anplified on 10 YT-plates (15 cmdi_ggter) using 0 7 %agarose (Si gnma)
with E. coli Y 1090 cells as described (Young, R and Davis, R (1983) PNAS
80, 1194). E. Screening and selection of clones containing TG-[err]1,

fTGF [e”b%'rﬁdtﬁhd'rﬁéigdraﬂdhk& ttéﬁ%&éoﬁﬁ&s bﬁﬂhm%hﬂit)éi@u]{GH s - mmd irff € rfgde
rom ea e es e es 0 e fi s are denature
with 0. g&\ﬁfﬁ@u € aje fou W!if%?i%( %@&’@UE’FH 4"2"% Pe&é’? ﬁwmtéeﬁl ar

Cl oni ng:brén/bairo irdtisioy fdvi2ualat 37C. Mani atis, Cold Spring Har bour Laboratory,
New York, 1982). The filters are placed in 0.2 x SSC, 0.2 % SDS at 90[err]C
for 15 mnutesand then prehybrldl zed for 4 hours at 45[err]Cin 2 x SSC, 1

:chngrma Y pl pyrrolidone, 0.1 % bovine serum
al bum nASQng,M NaPQerr] (pH 6.8), 50

Ingredients: % (v/v)
Sorbitan monostearate 2.0
Polyoxyethylene sorbitan monostearate .
- Cetyl alcohol .
: Light liquid paraffin 8.0
Isopropyl myristate .
Active substance, TGF-B-like protein 1.0-1073
Propylene glycol 2.0
Glycerin 2.0
Deionised water ' 76.0
Preservatives and other stabilizers ' gq.s.
Heat the aqueous phase to 55-60°C, dissolve the active substance in it, and disperse the
melted lipid phase in it by vigorous stirring. Cool to toom temperature and homogenize.
In a similar manner a cream comprising 0.01 to 20 pg/ml, respectively, can be produced.
Of this cream 100 pl/cm? of wound is applied.
B. Ointment
Ingredients: - % (v/v)
Sorbitan trioleate 5.0
Wax, microcrystalline 3.0
Light liquid paraffin 9.0
Isopropyl myristate | 10.0
Lanolin alcohols 3.0
Active substance, TGF-B-like protcm | 1.0:107°

Propylene glycol . 2.0

Gly

Dei
Pre

Dis
soli

Inc
pro

Ing
Act
+F
Ar

pH

Th

The



[err]g/ m denatured sal non sperm DNA, 0.1 [e_rL]_gj_nj'_ol_LgD_A—J:z;w and 100
[err]g/nml poly Alerr] RNA. Each of the 6 replicas is hybridized overnight

at 45[err]C:in the prehybridization buffer t'nusvﬂheecﬁa cedf s x
different [err]P-labelled 39 bp oligoners (se ﬁ oncentration of
2 x 10[err] cpm nl had been added. The si x for
hybri di zati on are synthesized on ap44pplied B| osyst em DNA Synt hesi zer and
correspond to the nucl eoti de sequence encoding either the first am no acids
(oligonmers 1, 3 and 5) or the last am no acids (oligonmers 2, 4 and 6) of
the mat @Glg eh«nrrrs (112 amno acids) of TGF-[err]l (seezSEQID No. 1),
TG [ er 2) and TG--[err]3 (see SEQ,ID No. 3),
respect M\/aéfésmms?ﬁg %Q%PP orrers used for the detecttdbn of TG--[err]1l
sequenc&zicmised Waters' GCC CTG GAC ACC AAC TAT TGC TTGAGE TCC ACG GAG AAG 3
2) 5 Teh&Rl CTT GCA GGA GCG CAC GAT CAT GIT GG 3 The two
ol i goners useg or the detection of TG--[err]2 sequenCes are: 315 CCT TTG
GAT GCG_GCC TAT TGC TTT AGA AAT GIG CAG GAT 3" 4)5' TTA TIITGCAAGA
cTT TAcDAssplveshe active supstance inthe aqueous phase, with gentle heating, and disperse

solution in the melted lipid phase. Cool to room temperature and homogenize.

In a similar manner an ointment comprising 0.01 to 20 pg/ml, respectively, can be
produced. Of this ointment 100 pl/cm? of wound is applied.

C. Parenteral Solution

Ingredients:

Active Substance, TGF-f-like protein 0.05 mg/ml
+ Human Serum Albumin 1 mg/ml
Arginine or Glycine 20 mg/ml

+ Carbohydrate 5-20 mg/ml

pH 7
The carbohydrate is glucose, mannose, dextran, hydroxyethyl starch or a mixture thereof.

The pH is adjusted with phosphate, succinate, amino acids or a mixture thereof.

Vials with 0.05 mg TGF-B-like protein/0.5 ml are made and lyophilised.

Deposition of microorganisms
The following microorganisms were deposited at the Deutsche Sammlung von
Mikroorganismen (DSM), Mascheroder Weg 1b, D-3300 Braunschweig (FRG):

microorganismus deposition date accession number
E. coli LC 137/pPLMu.hTGF-1 November 28,1989 DSM 5656
E. coli LC 137/pPLMu.hTGF-$2 November 28,1989 DSM 5657
E. coli LC 137/pPLMu.hTGF-B3 November 28,1989 DSM 5658

Saccharomyces cerevisiae GRF 18 March 4, 1986 DSM 3665



The two ol i goners used for the detection of IGl:_-{_er_r‘—}s—seqtrefrces are: 5)5'
GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3' 6)5' GCT ACA TTT
ACA AGA CTT CAC CAC CAT GIT GRA GAG 3 This Sheet Has Been eplace

-21- 40 ng each oligomer is labelled at its “ HlH“lBZP— dATP and 20
ction buffer

units of termnal transferase (G bco-BRL) in a

cont ai ni ng 100 mM pot assi um cacodyl4fte (pH 7.2), 2 nmvi CoCl [err] and 0.2 nM

DIT for 1 hour at 37[err]C. The reaction mxture is gel filtrated over a

Sephadﬁi_;@péilI ﬁl um. The eluted | abelled oligoners are heated at 95[err]C

for %Und added to the prehybridi zati on buffer as described above.
Sequence Type: Nucleotide with corresponding polypeptide

Sequence Length: 339 base pairs

Strandedness: double

Topology: linear

Source: human cDNA

Immediate experimental source: E. coli LC 137/pPLMu.hiTGF-B1 (DSM 5656)
Features: from 1 to 336 coding region for TGF-B1

GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 39
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys

AAC TGC TGC GTG CGG CAG CTG TAC ATT GAC TTC CGC AAG 78
Asn Calrg Cys Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys
20 25

GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAC 117
Asp Leu Gly Trp Lys Trp Ile His Glu Pro Lys Gly Tyr
30 35

C@T GCC AAC TTC TGC CTC GGG CCC TGC CCC TAC ATT TGG 156
st Ala Asn Phe Cys Leu Gly Pro Cys Pro Tyr Ile Trp '
45 50

AGC CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG TAC 195
Ser Leu Asp Thr Gln Tyr Ser Lys Val Leu Ala Leu Tyr
55 60 ' 65

AAC CAG CAT AAC CCG GGC GCC TCG GCG GCG CCG TGC TGC 234
Asn Gln His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys
70 75

GTG CCG CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC 273
Val Pro Gln Ala Leu Glu Pro Leu Pro Ile Val Tyr Tyr
80 85 . 90

GTG GGC CGC AAG CCC AAG GTG GAG CAG CTG TCC AAC ATG . 312
Val Gly Arg Lys Pro Lys Val Glu Gln Leu Ser Asn Met
95 100 .

ATC GTG CGC TCC TGC AAG TGC AGC TGA
Ile Val Arg Ser Cys Lys Cys Ser
105 110

GCT
Ala

Asn

GAT
Asp

Asn
40

AGT

Ser

Asn

GTG
Val

ATT
Ile

ATT
Ile

105



The replicas 1 to 6-are hybridized with oligonmers 1 to 6, r
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SSC and 0.1 x SSC at

al |

espectively.

the filters are washed-twice—each—wth—2 x SSC, 1 x

room t enperature for
i dentified by autoradi ography and are resck
gi ven above until

of the plaques on the

plaque is eluted in 1 m of SM phag di | ut'i

[err]l

37[ err] SEQqn)Nom)urs

phage
Cl onin

are added to 1 nl E.
20 m nutes at

ooeRel

r|f
V%ﬁ

e

ordj

Bt

col

roomtenperature.

15 m nut es.

Tk

Posi tive plaques are

i

section 1.D), 100

ng the procedure
Ive. A single

90 cells and the m xture is kept for

The E. coli

Y 1090 cell's and phages are
added to 100 m YT-nedi um containing 0.2 % mal tose and i ncubated at

scribed in "
Spring Harbour Laboratory,

After adding 1 m chloroformto the lysed cells, the

R S

Mbl ecul ar

New Yor Bsaqubgeﬂ‘ﬁngth:eﬁﬂbasépmb DNA is dissolved in 1 ml 10 M TRIS/HO (pH
are digested to conpletion in a total vol une

7.5),

L strivh

(EQECO%

of 1 m wt
( Boehr i H‘QE?IPgY“ﬂH@a%nzyrre reaction i s phenol/chl orof ormextracted and

O [err]l
| owi ng the reconmendati ons of the supplier

et hanol Spire! Rirhai EONAThe EcoRl

el ectr
Schuel
NaCl ,

pel | et

(pH 7.5),

s A A L e

thorﬁsks

ULtra
°P§‘°@ pogcs:
p Feaatesciromr IofoB36 codingaegien far TGEPBRanol

is washed twice with 70 % et hano
1 nM EDTA.

re B

GCT TTG GAT GCG GCC

Ala

AAT
Asn

GAT
Asp

AAT
Asn
40

AGT
Ser

AAT
Asn

GTG
vVal

ATT
Ile

ATT
Ile
105

Leu Asp

TGC TGC
Cys Cys
15

CTA GGG
Leu Gly

GCC AAC
Ala Asn

TCA GAC
Ser Asp
55

ACC ATA
Thr Ile

TCC CaA
Ser Gln
80

GGC AAA
Gly Lys

GTA AAG
Val Lys

Ala

CTA
Leu

TGG
Trp
30

TTC
Phe

ACT
Thr

AAT
Asn

GAT
Asp

ACA
Thr
95

TCT
Ser

Ala
5

CGT
Arg

Lys

TGT
Cys

CAG
Gln

cCa
Pro
70

TTA
Leu

CCC
Pro

TGC
Cys

cCa
Pro

TGG
Trp

GCT
Ala
45

CaC

His

GAA
Glu

GAA
Glu

AAG
Lys

Lys
110

CDNA inserts are purified by gel

CTT
Leu
20

ATA
Ile

GGA
Gly

AGC
Ser

GCA
Ala

CCT
Pro
85

ATT
Ile

TGC
Cys

TAC
Tyr

CAC
His

GCA
Ala

AGG
Arg
60

TCT
Ser

CTa
Leu

Glu

AGC
Ser
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precipitated. The resulting

and resuspended in 10 mM TRI S/ HG
F. Sequencing of cDNA inserts

TAT TGC TTT AGA AAT
Tyr Cys Phe

Arg

ATT
Ile

GAA
Glu

TGC

Cys

GTC
Val

GCT
Ala

ACC
Thr

CAG
Gln
100

TAA

Asn
10

GAT
Asp

CcCC
Pro

CCG
Pro

CTG
Leu

TCT
Ser
75

ATT
Ile

CTT
Leu

GTG CAG GAT

val

TTC
Phe

Lys

TAT
Tyr
50

AGC

Ser

CCT
Pro

CTC
Leu

TCT
Ser

Gln

AAG
Lys
25

GGG
Gly

TTA
Leu

TTA
Leu

TGC
Cys

TAC
Tyr
90

AAT
Asn

Asp

AGG
Arg

TAC
Tyx

TGG
Trp

TAT

Tyr

39

78

117

156

195

65

TGC
Cys

TAC,

Tyr

ATG
Met

234

273

312

339



The EcoRI cDNA inserts are subcloned into Bluescript KSerr] Vector }
(Stratagene). The cDNA identity is confirmed by doubl e-stranded sequencing
according to the nethod described by F. Sanger et al. (1977) PNAS 74, 5463

usi ng the above oligoners (see section 1.E) raiiéh@ upbsupRaiEq<I t (U. S.

Bi ochem cal s). The nucl eoti de sequence coveri no acids of the
mature TGF-[err]l, TG--[err]2 and T [err]3HlImMﬂ|j nder SEQ I D No.
1, 2 and 3, respectively. G Aer|I i cation s and subcl oni ng
into plasmd PGem5 The above oligoners (see section 1.E) for identifying
TG--[err]1, TG-[err]2 and TG-[err]3

-22-  S@EFEIPND.3re used to anplify the cDNA inserts encoding the nmature

112 am %%ql?e%cg i‘ype. Nucleotide with corresponding polypeptide

Sequence Length: 339 base pairs

Strandedness: double

Topology: linear

Source: human cDNA

Immediate experimental source: E. coli LC 137/pPLMu. hTGF-B3 (DSM 5658)
Features: from 1 to 336 coding region for TGF-$3

GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 39
Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu
] 10
AAC TGC TGT GTG CGC CCC CTC TAC ATT GAC TTC CGA CAG . 78
Asn Cys Cys Val Arg Pro Leu Tyr Ile Asp Phe Arg Gln
15 20 25
GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC 117
Asp Leu Gly Trp Lys Trp Val His Glu Pro Lys Gly Tyr
30 35

TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC 156
Tyr Ala Asn Phe Cys Ser Gly Pro Cys Pro Tyr Leu Arg
40 45 50 :
AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC' 195
Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr

55 60 65
AAC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC 234
Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys

70 75
GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT 273
Val Pro Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr
80 85 90
GTT GGG AGG ACC CCC AAA GTG GAG CAG CTC TCC AAC ATG 312
Val Gly Arg Thr Pro Lys Val Glu Gln Leu Ser Asn Met
95 100

GTG GTG AAG TCT TGT AAA TGT AGC TGA 339
Val Val Lys Ser Cys Lys Cys Ser
105 . 110
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foms (i ncluding the stop codon). The EcoRI cDNA inserts of the

escri pt KS[err] pl asm ds (see sectlon 1.F) are gel purified as desz{ d

.'5 in reﬁm&hcmHasrBeal&TlacePerr] | reaction m xture containing 10 mM TRI S/ HCI

(pH 8. 35) 5 MM MyCl_[rr], 0.05 % (W v) NP-40, 0.05 % (w V)
Twelen 20 of eaCh dATP, dGTP dCTP_and dTTP usi-hg-5—tnits Taq
PoI nmerase (Perkin-Elmer Cetus). 30 rounds of anplification are iﬁrfor med

unger the follow ng terrperatures usi ng a PerKkin- Elm“mmw g- Bl ock:
93[ger r].G 0. ut es .o5[err ﬁg&ﬁut es, 71l[er The
“Hheons A

L codi ng sequen&es of TGF [err] 1,
TGE- [err]2 and TG [err]3 respect- ively, are gel purified and subcl oned

Wt B BRSets ORE 6 acion P s 2BARY, HUDERUR vk ARl BASRRBAH2t o

Kl enovypoB {(’Iﬁ@dﬁéﬂc(e@rMCth théreof; comprising)subjensingube denanwediesi gnat ed as
pPGM %ﬁ@uﬂéﬂ%ﬂoﬁhr&éﬁdﬁ -1&%%:@2 to[réfo@:ﬁ% %{Hgté M126 (TG--[err]3) and

are used to transform conpetent col S (see exanple 2).
Clones carrying the correct inserts encoding TG-[err]1l, TG~ [err]2 and

TG [ 2. Phétesd fccBffih G_gtbaélﬁ% 2$n Which ére}’é;a&%/cb%ubagﬁxc{uﬁai sbRibillzing E. col i
YlOQOIC%%EKM 740 (TGF-[err]2) and E. coli YIO90/pGKM 126 (TG--[er r% 3),
respe :

3. Process according to claim 2 in which the solubilizing agent is selected from the group
consisting of a mild detergent, an organic, water-miscible solvent or a phospholipid, or a
mixture of two or more such agents.

4. Process according to claim 1 in which the monomeric form of said TGF-B-like protein

is produced by the steps of:

(a) culturing a microbial host comprising a nucleotide sequence encoding the
TGF-f-like protein linked in the proper reading frame to an expression control
sequence such that said protein is expressed,

(b) recovering the TGF-B-like protein in a denatured, monomeric, soluble form.

5. Process according to claim 4 wherein the monomeric TGF-§-like protein is present as

an insoluble aggregate in the microbial host cells and wherein the process further com-

prises the steps of:

(a) isolating the water-insoluble protein fraction containing the TGF-8-like protein from
the host cells and

(b) solubilizing the TGF-B-like protein.

6. Process according to claim 4 in which the microbial host is a yeast or a bacterium.

7. Process according to claim 4 in which the nucleotide sequence encodes a protein
selected from the group consisting of human TGF-B1, TGF-B2 and TGF-B3.

8. Process according to claim 5 in which the insoluble aggregate is solubilized at a pH of
about 1 to about 4 and in which the resulting monomer of the TGF-B-like protein is puri-
fied by chromatography.



Exanmpl e 2: Expression of TG-[err]1, TG-[err]2 and TGF-[err]3 in E coli
A. General nmethods Bacterial strain (E coli K12): LC 137: htpR[ err],
lon[err], Tac[err] mal[err], trp[err], pho[err], rspL, tsx 0, sup(ery]
(Goff, SpA-shét Hid!Been(RePIBetd PNAS 81, 6647- 6651 PLI\/U (Buel |
G et al. c Acids Res. 13, 1923- 193 d i
carries t mmﬁmu““mﬂmge [err] Pi8O¢] pronot \ﬂ Mu ner gen:
ri bosone ndi ng site (Van Leerda s(1982) Vi rol og

123, 19-28). pcl 857: Pl asm d encoding a therrml ab| I e [err]Cl[err]
repressor and conferring resistance to kananmycin (Rermault, E. ;

al . (193%4cdse B&ofding 198t 8)in which the insoluble form of the TGF-B-like protein is
solubilized at a pH of about 2.5.

10. Process according to claim 5 in which the insoluble aggregate is solubilized with a
chaotropic agent.

11. Process according to claim 10 in which urea or guanidine-HCl is used as chaotrop.

12. Process according to claim 11 in which the chaotrop has a concentration of about 4 to
about 9 M.

13. Process according to claim 10 in which a detergent is used as chaotrop.

14. Process according to claim 2 in which the monomer is subjected to refolding condition
comprising a low molecular weight sulfhydryl/disulfide redox system in the presence of a

solubilizing agent at a pH of about 6 to about 10 and a temperature of about 0°C to about
37°C.

15. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
selected from the group consisting of glutathione in its oxidized and reduced form,
dithiothreitol in its oxidized and reduced form, B-mercaptoethanol in its oxidized and
reduced form, cystine and its reduced form, and cystamine and its reduced form at a
concentration of about 1 to 100 mM, wherein the molar ratio of the oxidized and the
reduced form is between 100:1 and 1:100.

16. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
glutathione in its oxidized and reduced form at a concentration of about 1 to 10 mM,
- wherein the molar ratio of the oxidized and the reduced form is between 6:1 and 1:6.

- 17. Process according to claim 14 in which the low molecular weight sulfhydryl/disulfide

redox system is replaced by thioredoxin or disulfideisomerase at a concentration of about
10 to 1000 pg/ml.

18. Process according to claim 17 in which the low molecular weight sulfhydryl/disulfide
redox system is replaced by thioredoxin at a concentration of about 50 to 200 pg/ml.
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SDS gel - el ectrophoresis: SDS pol yacryl am de gel -el ectrophoresi s
5- PAGE) _and protein—staifing is done as described previously (Laemmii,
U K: (1970) Nature 227, 680-685) using the Mniprotean Il cell from Bl ORAD
~and 1 nm THi ryl am de gels. Heat induction: 7 m of

LB- Medi um{‘ | (1982), Mol ecul ar cmﬂmﬂm'mlmﬂm ng Har bor
Labor at ory a 20 M csfture tube r]g of each
anpicillin and kananym n (LB/anp/kan) are i nocul ated*wi th & single col ony

and incubated with shaking overnight at 30[err]C. 5 m of this overnight
culture are added to 15 m of '‘LB/anp/kan in a 100 m Erl ennmeyer flask. This

bet or o\ 4 FAPERCPphBe [ otfer A7 Wbie BF e AR BB a pilrucbogtP, C ° 17"

20. Process according to claim 19 in which the mild detergent is a non-ionic, an ionic or a
zwitterionic detergent.

21. Process according to claim 19 in which the detergent is selected from the group
consisting of sulfobetaines, 3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate,
3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy- 1-propanesulfonate, digitonin,
cholate and deoxycholate at a concentration of about 1 to 100 mM.

22. Process according to claim 19 in which the detergent is 3-(3-chlolamidopropyl)-
dimethylammonio- 1-propanesulfonate at a concentration of about 30 mM to 60 mM.

23. Process according to claim 3 in which the solubilizing agent is an organic, water-
miscible solvent.

24. Process according to claim 23 in which the organic, water-miscible solvent is
acetonitrile, a lower alkanol, or a lower alkandiol, at a concentration of about 10 to 50 %
per volume.

25. Process according to claim 3 in which the solubilizing agent is a phospholipid.

* 26. Process according to claim 25 in which the phospholipid is selected from the group
consisting of phosphatidylethanolamine, phosphatidylcholine, phosphatidylserine and
phosphatidylinositole at a concentration range of 0.1 to 5 mg/ml.

27. Process according to claim 14 in which the pH is about 8.0 and the temperature is
about 4°C.

28. Process according to claim 14 in which the refolding conditions addmonally comprise
metal ions at a concentration of about 0.01 to 100 uM.

29. Process according to claim 28 in which the metal ions are Cu?* or Fe3*.

30. Process according to claim 14 in which additionally O, is bubbled through the buffer
system.



intervals after the transfer (inducing conditions).' Cells are pelleted by
centrifugation (5 mn, 10.000 rpmin an Eppendorf centrifuge) and the

super nat ant—i-s--di-scarded—7Fhe pellet is resuspended in 100 [err]l of sanple

buffer for SDS— PAGE and h ated for 10 mn aWal i quot s
are Ioadé'Zi?ls Preparation of co Conpetent E. coli
cells are e cal ci um chyari de pro “ ed in
Mani ati s e Mol ecul ar d oni ng, ““m“lgmmmt bor at ory,
New Yor k. Oells carrying plasmd pcl[err] are gr*ovvru at 39[efr]C B.

Construction of expression vectors pPLMi. h(TGF-[err] 1, pPleu hTG--[err] 2 and

h
B ool | A BuBF ke TRIARCOR e e itp e Sy B 5 7 S e
(see exahrdioned) its okidizedrandgedused ftmn_aB arponcenaation %ah@mldom pr epar ed
by the fwfteklaﬂ t m§1a£r Pé‘iﬁi @m&bﬁmzﬁa%@ﬁi&edﬁéed(féﬁﬂ B 1: N 1 2 ﬁmﬂiﬂ »dﬁlcﬁles earch

7, 1513. 5 [err of DNA a npletion in 'é

restri ctthfbﬁplbmwg amtns éﬂ@wé}ol@qe@ppr@ml)émthxlﬁtmgs -prmps fﬁ)&a SRV

( pPGKM7 4 QonedénttEen ofhsone 30 R¥MY8 86 ) m¥o!l | owi ng t he recommendati ons of the
supplier (Boehringer). The DNA is precipitated by addition of 5 [err]l 3 M
sodi um acetate, 100 nM MgCl [err], 5 mM EDTA and 150 [err]| ethanol. After

i ncuba- 32 BrocaSs acéaiding to@ldior 1 ihSwhich thehdimBNé prateipaibitainetiis ipyrified byi f ugat i on
at 13.0Q§ é-r?: mnin a SS34 rotor in a Sorvall centrifuge. The
supernat ant 1 Sodrstarded and t he pellet is resus-

33. Dimeric, biologically active TGF-B-like protein whenever produced by the process of
claim 1.

34. A monomeric, S-sulfonated TGF-B-like protein.

35. The use of a monomeric, S-sulfonated TGF-B-like protein for the production of a
dimeric, biologically active TGF-$-like protein.

36. A pharmaceutical composition comprising an effective amount of a dimeric, biologic-
ally active TGF-8-like protein produced by the process of claim 1.

37. The use of a dimeric, biologically active TGF-B-like protein in suitable amounts and in
a suitably acceptable pharmaceutical formulation, said protein produced by the process of
claim 1, for the production of a pharmaceutical preparation for the treatment of wounds
and in bone and tissue repair or as a bone marrow protective agent or mediator of cardio-
protection or for the treatment of cancer in a mammal, or for the production of an anti-
inﬂamrhatory or immunosuppressive preparation.



pended in 80 [err]l 0.089 MTRIS borate, 0.089 Mboric acid and 0.002 M ))
EDTA (TBE buffer) containing 0.25 %brorrphenol bl ue and 0. 25 % xyl ene /( -
cyanol. 4 tinmes 20 [err]l

-24-  sanipBlkest Has Beett Regldckdphor esed t hrough a kWBE buf f er
containi et hi di um brom de at 5 ‘“\m wm r onphenol

bl ue mar bottom of the310 cml (C)jm nm& k gel. The
DNA fragnments codi ng r mature TG--[err]l, T erer | 2 ahd TGF-[err] 3,
respectively, are visualized under short wave. UV |ight, cut out with a
razor bl gRém&(fdr ESpGR)Yoel uted fromthe gel piece in a Schleicher & Schull

Bi ot rap apparatus applying 200 manp for 1.5 hours. The eluted DNA fragnents

are precipitated (see above) and resuspended in 20 [err]| TE.
1. Process for the production of a dimeric, biologically active Transforming Growth Factor

‘type B (TFG-B)-like protein or a salt thereof, comprising subjecting the denatured
monomeric form of said TGF--like protein to refolding conditions.

2. Process according to claim 1 in which the refolding conditions include a solubilizing
agent.

3. Process according to claim 2 in which the solubilizing agent is selected from the group
consisting of a mild detergent, an organic, water-miscible solvent or a phospholipid, or a
mixture of two or more such agents.

4. Process according to claim 1 in which the monomeric form of said TGF--like protein
is produced by the steps of:
(a) culturing a microbial host comprising a nucleotide sequence encoding the
" TGF-B-like protein linked in the proper reading frame to an expression control
sequence such that said protein is expressed,
(b) recovering the TGF-B-like protein in a denatured, monomeric, soluble form.

5. Process according to claim 4 wherein the monomeric TGF-p-like protein is present as

an insoluble aggregate in the microbial host cells and wherein the process further com-

prises the steps of: ,

(@) isolating the water-insoluble protein fraction containing the TGF-8-like protein from
the host cells and

(b) solubilizing the TGF-B-like protein.

6. Process according to claim 4 in which the microbial host is a yeast or a bacterium.

7. Process according to claim 4 in which the nucleotide sequence encodes a protein
selected from the group consisting of human TGF-B1, TGF-82 and TGF-B3.

8. Process according to claim 5 in which the insoluble aggregate is solubilized at a pH of
about 1 to about 4 and in which the resulting monomer of the TGF-B-like protein is puri-
fied by chromatography. |



5 [err]l of plasmd pPLMi are linearized by digestion with either Ncol and

Sal I, Ncol and EcoRV or Ncol alone and gel purified as described above for
thefragnemi——BNﬁ:s—‘Imthe | irneari zed and tor

and 3 tings, ah reglatkval ent of the respective purif] nt DNA
are i ncub: m for 15 hours in 20 [errumﬁmu EM“err (70
nv TRI S/ HCI MyCl [errkq .5 M DIT triphos-
phat e) cont of DNA [i gase (Boehri nger) 10 [err]] of the
ligation m xture are added to 200 [err]l of cold (4[err]C) conpetent E.

coli LGy Réc&ss hb&reﬁgrw tragnrshwni@h {he idselublic foin Ftha8TGIF-BHikberareinlis ar e

heat shgﬁkggm% aéﬁg tion.f 1.5 mnina 42[err]C water bath. 2 nml of LB
medi um e o1 of aReut 4 ure is shaken for 60 min at 30[err]C 200
[err]l ali quots are plated on LB plates containing anpicillin and kananycin
and inc ated and
ol asrm a PO Abeeroaab @i s il b gt Geer el s So1B Wil 4

TG [ercljlantrojife{-'agearr]Z and TG--[err]3 in pPLM results in plasm ds

pPLMu. hTGF-[err]1, pPLM. hTGF-[err]2 and pPLMu. hTGF-[err] 3, respectively.

Cl ones containing the above caonstructs are referr to a coli LC

137/ pPL V- Frocgss pesariling teclairg| 10 in whichyrpppyguamdine- ?&1 aﬁa chaotoR i |

137/ pPLMu. hTGF-[err] 3, respectively. E. coli LC 137/pPleu hTG--[err] 1, E

co LS BTGB 30 S8 o PG bl 1

about 9 M.

13, Process according to claim 10 in which a detergent is used as chaotrop.

14. Process according to claim 2 in which the monomer is subjected to refolding condition
comprising a low molecular weight sulfhydryl/disulfide redox system in the presence of a
solubilizing agent at a pH of about 6 to about 10 and a temperature of about 0°C to about
37°C.

15. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
selected from the group consisting of glutathione in its oxidized and reduced form,
dithiothreitol in its oxidized and reduced form, B-mercaptoethanol in its oxidized and
reduced form, cystine and its reduced form, and cystamine and its reduced form at a
concentration of about 1 to 100 mM, wherein the molar ratio of the oxidized and the
reduced form is between 100:1 and 1:100.

16. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
glutathione in its oxidized and reduced form at a concentration of about 1 to 10 mM,
wherein the molar ratio of the oxidized and the reduced form is between 6:1 and 1:6.

17. Process according to claim 14 in which the low molecular weight sulfhydryl/disulfide

redox system is replaced by thioredoxin or disulfideisomerase at a concentration of about
10 to 1000 pg/ml.

18. Process according to claim 17 in which the low molecular weight sulfhydryl/disulfide
redox system is replaced by thioredoxin at a concentration of about 50 to 200 pg/ml.

SRR .
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proteins are anal ysed by SDS-PAGE. TG--[err]l1l, TGF-[err]2 and TG--[err]3
al | appear—as—teat” 1 nduced proteins 2 hours after heat induction mgrating

with an

Fer nent a sipke ﬁg&l rmant's  Overni ght cultures of E

137/ pPLMu ﬂ“ “Bﬂm E. coli LC 137/pPLMi.h. T m."jgmu ]i oli LC

137/pPL i 0 B engﬁler fl asks of LB
25 - nmediumwith 40 ng/ |1 of anpl lin and kananym n are grown at

30[err]C 300 M of the over- night cultures are added to 750 ml of LB

medi um g gl e”f. £ R bl 3R SHIERNLL QAIGHIERUEebls & ndidddhiiguy o7 [l asks

and heated to 4 akl ng or appr oxi

20. Process according to claim 19 in which the mild detergent is a non-ionic, an ionic or a
zwitterionic detergent.

21. Process according to claim 19 in which the detergent is selected from the group
consisting of sulfobetaines, 3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate,
3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-propanesulfonate, digitonin,
cholate and deoxycholate at a concentration of about 1 to 100 mM.

22. Process according to claim 19 in which the detergent is 3-(3-chlolamidopropyl)-
dimethylammonio- 1-propanesulfonate &t a concentration of about 30 mM to 60 mM.

23. Process according to claim 3 in which the solubilizing agent is an organic, water-
miscible solvent.

24. Process according to claim 23 in which the organic, water-miscible solvent is
acetonitrile, a lower alkanol, or a lower alkandiol, at a concentration of about 10 to 50 %
per volume. '

25. Process according to claim 3 in which the solubilizing agent is a phospholipid.

26. Process according to claim 25 in which the phospholipid is selected from the group
consisting of phosphatidylethanolamine, phosphatidylcholine, phosphatidylserine and

phosphatidylinositole at a concentration range of 0.1 to 5 mg/ml.

27. Proéess according to claim 14 in which the pH is about 8.0 and the temperature is
about 4°C.

28. Process according to claim 14 in which the refolding conditions additionally comprise
metal ions at a concentration of about 0.01 to 100 uM.

29. Process according to claim 28 in which the metal ions are Cu?* or Fe3*.

30. Process according to claim 14 in which additionally O, is bubbled through the buffer
system.



3.5 mnutes in a 65[err]C water bath. The flasks are then transferred to a
42[ err] C shaker and incubated for 3 hours. The flasks are cooled down to
12[err] CTm an ice water bath and the cell's are collecte

centrif ' tes at 8.000 rpmin a GSA orval ).

Exarrp: qugtshégmjsggm&g l££|1"‘51'IIJ'GF-S[ err]l, TGF-p[ elr r]j2 anleMig\i'lm )

Saccharonglmwill He The codi ngggequences of mat tir ec ] N”I
]

TG--[err ]3 are expreSsed in Saccharonyces cerevi§iat under

the control of the inducible pronoter of the yeast acid phosphatase (PHO5).

The expression vectors are constructed in tw steps: A construction of
DS AT e epepdng <5 o SR 8 SER A PR sy

D . : § L

|toJ D8207_§dlﬁtﬁ>i5t ond ﬁlﬁ:% exidizéd ;ndnﬁafdﬁgd?gﬁmmggm% &g}maﬁaboue¢t@10a$%£ }?e PH'th
ranscript- .ignal -termnator a Q 8 X es W
an inse e’(%‘b&ﬁdn?l Taley léeq;&@_zf ci)qx -?err § éng’sﬁ‘&%}'[dg?r 3,

r espect thecdojybikizing agenés 3-@rchlolamifiopropytiosthylammonio- 1-propanesyHepaedt f on of
pl asm dﬁ%%ﬁﬁ_ggélfkpﬁmﬂ 4o ﬁ&dﬁ]@@m p31RI T 12 (European patent application

EP 277. I heart zed w restriction endonucl ease Sall. Parti al
Hi ndl 1l digestion in the presence of ethidiunbromde results in
32. Process according to claim 1 in which the dimeric protein obtained is purified by
chromatography.
FO 7.4/BO/sf*/Ib*
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a Fkb Sall/H ndlll fragnment conprising the 276 bp Sal |/ BanH pBR322
seduence, the 534 bp pronoter of the yeast acid phosphatase PHO5, the st
i ndertase signal sequence (coding for 19 amino acids) and the PHO5 V
tramscrlptlonal termnator. The 1 kb Sall/Hi ndlIl fragnent of p31RIT 127 s
clgned in to the yeast-E. coli shuttle vector pJDB207 (Beggs, JD. in:
Molgecul ar Genetics in yeast, Al fred Benzon Synposium 16, Copenhagen, 1981,

]

ppg§ 383- 389 3}lShmHasHBeIa:aRle: phedn cut with Sall and Hindlll. The resulting

4 lﬂ"" 'ﬁmu b insert is referred to as pJDB207/ PHO5-RI T 12.
e

Const ruc ﬂ pJDB207R/ PHOS5- TGF-[err] 2 Plasm d pGKM/40
err]2) (see exanp

1.6 is cut with Ncol. t6 ky ends are filled
ina reactlon wi th Kl enow DNA pol ynerase. EcoRl nare@%—kﬁ CCGGAATTCCGG;

Bi ol abs) are added and the m xture is ligated. The resulting circular
plasmd is referred to as pGKMA668 (TG-[err]2) and is cut with EcoRl and

Sall. A 0.4 kb EcoRI/Sall fragment is
Process for the production of biologically active protein

Abstract of the disclosure

The invention relates to a process for the production of biologically active, dimeric
TGF-, to novel TGF-Bs and pharmaceutical compositions comprising it. TGF-§ produced
by this process can be used in various therapeuti¢ modalities.



-26- isolated froman agarose gel, purified and resuspended in qi e
water at a concentration of 25 [err]g/m . The fragnent contains the metdre
codi ng sequence of TG--[err]2 with an ATGin frame to codon GCT which

~i A Al J f I [e TG:' [ er 1.0, IThao DLNE O cwnt Ar | ©

deffmes | 2y I FHre—F-H05—
i go R L6 ! HRELSp31RISE 12 {see. above) gﬁ%’%gﬁ%\‘%§$ﬁﬁfﬁco@(?

Cripfog s pagedy Y RROMERHOS.R| T 12 s dutd weWPBARHP2Eadd. Xio pagetime.
Clymes)p :Bagad)-/AXhod pagecageen| i s i sol gt &0 RE) PHoB2gadatis tr pazadosal
RUeWIng(sk rpagesl .on. tdhegéd agnent . The Bt PEaswRe(sPHpazedr.ontst sageiir.agnpnt
AIRIraal |: phgedgiBnto pagel ne: f pr TGF- [ err]3§-;-’i-b@€m¢tt he p&dtd, dhpigedest of
fr 4deFE G ®HORIefed. One correcf clone wijth the TG-[err]2 gene under [he
control of the hed in an jamATc QK WECERT ottt i on intp
pJDB207 is referred to as pJDB207R/ PHO5- TGF-T&TTT2: tHTamana-egeHs

2 PR HEZE 5 Hple 1. G . After digestion of
these plasm ds with Ncol, addition of EcoRl linkers and ligation, the -

oSt L AR R S OB g, B0 S0
dimeric, TGF-B (Transforming Growth Factor type B), to novel TGF-Bs, and pharmaceu-
tical compositions comprising it. TGF-B produced according to the invention can be used
for the promotion and acceleration of wound healing and bone and tissue repair, the treat-
ment of cancer, as a bone marrow protective agent, mediator of cardioprotection, anti
inflammatory or immunosuppressive agent or as a growth regulator in mammalian cell
cultures.

Backeround of the invention

Two growth modulating proteins have originally been characterized by their ability to -
reversibly induce phenotypic transformation of mammalian cells in vitro and have
therefore been designated as Transforming Growth Factors type o and type B (Anzano,
M.A. et al. (1983) PNAS 80, 6264-6268). Despite their common nomenclature TGF-¢ and

- TGF-B have shown to be both structurally as well as functionally entirely distinct proteins
each acting through its own unique receptor system. TGF-¢. which competes with
epidermal growth factor (EGF) for binding to the same cell surface receptor (Todaro, G.J.
et al. (1980) PNAS 77, 5258-5262) and which shares sequence homologies and similar
activity with EGF (Marquardt, H. et al. (1984) Science 223, 1079-1082) is synthesized as
a transmembraneous precursor of 159 amino acids and is proteolytically processed into a
peptide of 50 amino acid residues (Derynck, R. et al. (1984) Cell 38, 287-297). As a potent
mitogen for mesenchymal cells, TGF-« is produced and released by numerous trans-
formed cell lines and human cancers, but is also expressed in activated macrophages and
in other normal tissues, thus making its role in neoplasia still unclear.

TGF-B was originally purified to homogeneity from human platelets (Assoian, R.K. et al.
(1983) J. Biol. Chem. 258, 7155-7160), human placenta (Frolik, C.A. et al. (1983) PNAS

.~ 80, 3676-3680) and bovine kidney (Roberts, A.B. et al. (1983) Biochemistry 22,
5692-5698) and identified as a homodimeric protein with a molecular mass of 25.000 D.
First characterized by its ability to act synergistically with EGF or TGF-«. to induce
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resulting plasmds are referred to as pJDB207R/ PHO5- TG~ [err] 1 and
pJDB207R/ PHO5- TGF-[err] 3. C. Transformation of S. cerevisiae strain GRF18
Saccharonyces cerevisiae strain GRF18 (MAT[err], his3-1 1, his3-15, |eu2-3,
| eu2- 112, can[err], DSM 3665) is transfornmed with plasm ds

pJDB207R/ PHO5- TGF-[err] 1 pJDB207R/ PHO5- TG--[err] 2 pJDB207R/ PHO5- TG~ [err] 3
using the transformati on protocol descyibed by H nnen, A et al. (1978)
PNAS 75, 1929. Transfornmed yeast cells are selected on yeast mnimal medium
pl ates deficient in leucine. Single transforned yeast colonies are isolated
and r ef er aecharageaadéradém goowthads uaanmesforsnaicN RRFcEHS rd E¥1e / RGEHD hasTiden[ err | 1
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adipogenesis, myogenesis, chondrogenesis, osteogenesis und immune cell function,
stimulation of chemotaxis, or induction or inhibition of differentiation depending upon the
cell or tissue type, and the presence or absence of other growth factors. Many of the
actions of TGF-B are related to the response of cells or tissues to stress or injury, and to
the repair of resultant damage. After inflammation, TGF-f plays the major role in the
formation of granulation tissue, increases the expression of genes associated with
extracellular matrix formation such as fibronectin, collagen and several protease inhibitors
and stimulates collagen-matrix contraction by fibroblasts, suggesting its possible role in
connective tissue contraction (Roberts, A. and Sporn, M.B. (1988) Adv. Cancer Res. 51,
107-145; Sporn, M.B. and Roberts, A. (1989) J. Amer. Med. Assoc. 262, 938-941).

Until now, three distinct types of TGF-fs designated as TGF-B1, TGF-B2 and TGF-B3
which are functionally closely related and share a high degree of receptor cross-reactivity
have been cloned and characterized by sequence analysis. All TGF-Bs are synthesized as
390 to 412 amino acid precursors that undergo proteolytic cleavage to produce the
monomeric forms, which consist of the C-terminal 112 amino acids. In their mature,
biologically active forms, TGF-fs are acid- and heat-stable disulfide-linked homodimers
of two polypeptide chains of 112 amino acids each. The complete amino acid sequences of
human (Derynck, R. et al. (1985) Nature 316, 701-705), murine (Derynck, R. et al. (1986)
J. Biol. Chem. 261, 4377-4379) and simian TGF-B1 (Sharples, K. et al. (1987) DNA 6,
'239-244) show remarkable sequence conservation, differing only in a single amino acid
residue. Comparison of the amino acid sequence of human TGF-B1, human TGF-B2

(de Martin, R. et al. (1987) EMBO J. 6, 3673-3677; Marquardt, H. et al. (1987) J. Biol.
Chem. 262, 12127-12131) and human TGF-B3 (Ten Dijke, P. et al. (1988) PNAS 85,
4715-4719) has demonstrated that the three proteins exhibit in their mature forms about
70-80 % sequence identity. A heterodimeric TGF-B1.2 has been isolated from porcine
platelets and consists of one subunit of TGF-f1 disulfide-linked to one subunit of TGF-f2
(Cheifetz, S. et al. (1987) Cell 48, 409-415).

Recently, attempts have been undertaken aiming to produce TGF-Bs by means of
recombinant techniques rather than isolating these factors from natural sources (e.g.



-27- pronoter for the expression of TG--[err]1l, TG-[err]2 or TG--[err]3.
Transfornmants are each growrin two successive precultures (10 ml and 50

n) in yeasthi$sned LBl Beel Repllkdy M8 nedi um prepared according to the recipe of
the Difco Ye se wi t hout ami no acids but containing 10 g/l

L- aspar agi ne M‘an [err])[err]SOerr], 1 g/l L-histidine and 20 g/|
gl ucose. The econd precuBture are washed in 0.9 % Nad and

all the cells are used to i noculate 100 m of low P[err] m ninmal nmedium
prepared according to the recipe of the Difco Yeast N trogen Base medi um
(wi t hout eplitaletsdén ordler tomhtaio suificiant ngnoﬁm@ﬁorgtsnrtgmp aaripucherapgytic10 g/ |

agi T 2?2392?8%% | Hoe B FLAE GG o datipncl) AffRARY o SRR MESIORAR, | o0 oo
at 5 h, 24TG whllsareﬁmnyg e htql%le@aﬂpumy #s 3o sqtmramdh@\m@peé gepicied 0. 9
% NaCl . Tha theddquere/iBting Gnde@ SEPEDARA 11 2) ani 3| thelURfaino acids containing

mature forms of TGF-B1, TGF-82 and TGF-B3 contain 9 cysteine residues each, at least

some of which are involved in intrachain and interchain disulfide bond formation which

results in the complex tertiary structure of the biologically active, dimeric molecules.

Heterologous expression of TGF-f may lead to a product which, although having the

correct primary structure, fails to fold properly to produce the correct secondary or tertiary

structures and which, therefore, lacks the biological activity.

To date, the secondary and tertiary structures of TGF-Bs are unknown.

Taking the complexity of the native TGF-B molecules into account, it has generally been
considered expedient to express the respective TGF-B genes in cells derived from higher
organisms. The expression of simian and human TGF-B1 in Chinese hamster ovary (CHO)
cells under the control of the SV40 promoter is described in European Patent Applications
293.785 and 200.341, respectively. Recombinant TGF-B2 could be expressed in the same
cell line as disclosed in European Patent Application 268.561 and in German Offen-
legungsschrift 38 33897. Eukaryotic expression of a fusion protein of TGF-B3 (with
TGF-B1) is disclosed in European Patent Application 267.463.

Although expression of recombinant TGF-s can be achieved in eukaryotic systems, the
yields of biologically active, correctly folded material obtained are still far from being
satisfactory. On the other hand, it seemed unlikely that biologically active TGF-$ could be
obtained when the respective gene was expressed in a microbial host, since in e.g. bacteria
the intracellular conditions are not conducive to refolding, disulfide bond formation and
disulfide-stabilized dimerization which is apparently essential for activity. Thus, only very
little biologically active TGF-B2 could be obtained after expression of the respective gene
in E. coli under the control of the lambda promoter as described in European Patent
Application 268.561. This lack of activity is considered to be due to the fact, that the
biologically active, dimeric form of TGF-B2 fails to form spontaneously from the mono-
meric primary translation product when exposed to the reducing environment inside the
bacterial cells. Another report describes the expression of TGF-B ¢cDNA in E. coli under
the control of the trp promoter yielding a radioactively labelled protein band with an
apparent molecular weight of 13'000 D in an autoradiogram of a SDS polyacrylamide gel,
but no activity was measured (Urushizaki, Y. et al. (1987) Tumor Res. 22, 41-55).
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gl ass beads (0.5-0.75 mmin dianeter) are added and the suspension is
shaken vigerously 4-5 times for 2 min each on a Vortex M xer in the cold.
The cell extract is decanted to get rid of the glass beads. Cell debris in
the extract are sedinented by centrifuggtion for 5 mn at 3000 rpm at
4[err]C. The supernatant and pellets are separated and stored at -20[err]C.
Exanpl e 4: Production of dineric, biologically active TG--[err]1,
TG--[err]2 and TGF-[err]3 The procedures given bel ow for the production of
dinmeric, biologically active TG--[err]2 can be applied in anal ogy for the
recovery of Wlea®secomblrans Preiss Ate\praduded at ighlevels nbactegpl (sugh 3. ot her
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It is therefore generally agreed, that the recombinant refractile protein has to be
solubilized under conditions which are suitable in maintaining it in its denatured form and
subsequently has to be refolded in order to undergo the transition from the denatured
unfolded form to the proper, functionally active three-dimensional structure, the
conformation of which is stabilized by relatively weak interatomic forces such as
hydrogen bonding, hydrophobic interactions and charge interactions. In the case of
cysteine containing proteins this process may also involve formation of disulphide bonds.
When the formation of disulfide bonds is chemically promoted, the formation of incorrect
intramolecular and, in the case of dimeric or multimeric proteins, intermolecular bridges
should be prevented or at least minimized, since the formation of uridesircd, incorrectly
folded isomers may yield non-homogenous material, thus complicating the further purifi-
cation of the protein having the desired structure, or may generate a protein with reduced
activity.

A number of publications have appeared which report refolding attempts for individual
proteins produced in bacterial hosts, or which are otherwise in a denatured or non-native
form. Formation of a dimeric, biologically active human colony stimulating factor-1
(CSF-1) after expression in E. coli is described in PCT Application No. 88/8003 and by
Halenbeck, R. et al. (1989) Biotechnology 7, 710-715. The procedures described involve
the steps of initial solubilization of CSF-1 monomers isolated from inclusion bodies under
reducing conditions in a chaotropic environment comprising urea or guanidine hydro-
chloride, refolding which is achieved by stepwise dilution of the chaotropic agents, and
final oxidation of the refolded molecules in the presence of air or a redox-system. In PCT
Application No. 88/8849 a process for recovering recombinant interleukin-2 (IL-2) is dis-
closed, characterized in that IL-2 isolated from refractile bodies is denatured under
reducing conditions with 6 M guanidine hydrochloride, the soluble IL-2 is oxidized by a



in 100 mM disruption buffer containing 1 % Triton X-100 (Pierce) and again
centrifuged for 10 mn as above. The washed pellet is then suspended in 50
m of 20 MM Tris/HA, 1 nM EDTA, 1 nM PMSF, 1 % DTT and honpgeni sed in a
Teflon tissue grinder. The resulting suspension contains crude nononeric
TG--[err]2 in a non-soluble form

- 28- B. Sol ubilization and purificafion of nononeric TG--[err]2 10 ml of
the TGF-[err]2 suspension obtained according to exanple 4. A or 4.C are
acidified with 10 % acetic acid to pH 2.5 and centrifuged in an Eppendorf
cent ri f ugeodteslled@xidizntivh in tenpresape bHCUHdons] had thepmdidiatdlit-2 iisrefolded by
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(IFN-B) have been refolded using SDS for solubilization and Cu** ions as oxidation
promoters of the fully reduced proteins (US Patent No. 4.572.798). The process for
isolating recombinant refractile proteins as described in US Patent No. 4.620.948 involves
strong denaturing agents to solubilize the proteins, reducing conditions to facilitate correct
folding and denaturant replacement in the presence of air or other oxidizing agents to
reform the disulfide bonds. The proteins to which said process can be applied include
urokinase, human, bovine and porcine growth hormone, interferon, tissue-type plasmino-
gen activator, FMD coat protein, prorennin and the src protein. A method for renaturing
unfolded proteins including cytochrome ¢, ovalbumin and trypsin inhibitor by reversibly
binding the denatured protein to a solid matrix and stepwise renaturing it by diluting the
denaturant is disclosed in PCT Application No. 86/5809. A modified monomeric form of
human platelet-derived growth factor (PDGF) expressed in E. coli is S-sulfonated during
purification in order to protect thiol moities and is dimerized in the presence of oxidizing
agents to yield the active protein (Hoppe, J. et al. (1989) Biochemistry 28, 2956).

The foregoing references are merely representatives of a huge amount of literature dcaiing
with the refolding of non-native proteins derived from different sources. The man skilled
in the art on the other hand knows that the success of refolding experiments cannot be
predicted. Unsuccessful experiments are usually not reported. There is no certainty that
anyone of the reported refolding conditions would work at all with a given denatured
protein such as TGF-B. Considering the fact, that TGF-B is a dimeric protein containing 9
cysteine residues per chain and a number of intramolecular as well as intermolecular
disulfide bonds, which are required for activity, it is a particularly difficult challenge to
produce biologically active TGF- from its monomeric, denatured or otherwise non-native
form. Nowhere in the literature is a specific process described for the preparation of
biologically active dimeric TGF-B from its non-native form.

Object of the invention _
It is the object of the present invention to provide a process for the production of biologic-
ally active, dimeric TGF-B-like protein from its denatured or otherwise non-native form.
This object is achieved by the unexpected finding that considerable amounts of the desired
- dimeric product can be obtained when the monomeric form of said protein is subjected to
" refolding conditions. Surprisingly, the production of the active dimer is achieved under .
various conditions in a one step procedure which is superior over the multi step procedures



t he chromat ography can be perforned on Sephacryl S 100 HR (Pharnmacia) and
the columm can be run in 1 %acetic acid or 5 MM HC , respectively.)
Fractions containing nononmeric, denatured TGF-[err]2 eluting between 190
mn and 220 mn are pooled. This material is used for refolding to get
biologically active, dineric TG--[err]2 (exanples 4.GJ.K L) or for further
purification for structural analysis (gxanple 4.D.). C. Recovery of
nmononeric TG--[err]2 from Saccharonyces cerevisiae The pell et of broken
cells obtained froma 500 m fernentation perfornmed as described in exanple
3. D i s susieseriteed in the2frioriardfior thegafolding ofbMHBY froteings DTT, pH 8.0. The m xture
Is kept at roomtenperature for 30 mnutes with intermttant vortexing
every 5 minutes. Insoluble material is renmoved by centrifugation at 30' 000g

for 30 m retaidedadesaription ofcthe inyentien supernatant is adjusted to pH 2.5 with
aceti Cc acifheaftesedlt Avigsh ﬁﬁ:@mm\fpﬂfb&s@%tﬁéﬁro'au%&p@u ginteicObiglidaight at
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vol une of e denature, Mongherid ﬁmhftﬁrsmdhlrmtmw;&pwtmfcﬁmgaoncyiho& 100 HR
(Pharmacia) in 5 %acetic acid as described in exanple 4.B yielding

nmononeric TGF-[err] 2. D. Further purification of nononeric TG--[err]2 by
RP- HPLC Al Tlguets "'BGFtﬂr&ikp puiteid” isriaehdahe dmbracet TEFRdp A&EH-§2 agl TGF-f200um
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( bovmc, as well as heterodmcnc TGF-Bs consisting of two different subunits of 112 amino

acids each. Further included within the definition are growth-regulating proteins of the
TGF-f superfamily sharing a sequence homology of at least about 25 % with TGF-B1,
TGF-B2 or TGF-B3, such as a T cell suppressor factor from human glioblastoma cells
(G-TsF; Wrann, M. et al. (1987) EMBO J. 6, 1633-1636), a growth inhibitor isolated from
conditioned medium of BSC-1 monkey kidney cells (polyergin§ Holley, R.W. et al. (1980)
PNAS 77, 5989-5992; Ristow, H.J. (1986) PNAS 83, 5531-5533) a cartilage-inducing
-peptide isolated from bovine bone (CIF-B; Seyedin, S.M. et al. (1987) J. Biol. Chem. 262,
1946-1949), TGF-B4 from chicken embryo chondrocytes (Jakowlew, S.B. et al. (1988)
Molecular Endocrinology 2, 1186-1195) and TGF-BS from Xenopus-Laevis (Kondaiah, P.
et al. (1990) J. Biol. Chem. 265, 1089-1093), as well as fragments and mutants of the
above mentioned proteins retaining the biological activity. Further included within the
definition of "TGF-B-like protein” are two forms of inhibin and three forms of activin
(gonadal proteins that regulate pituitary secretion of follicle stimulating hormone),
Mullerian inhibiting substance (MIS, which inhibits the development of the Mullerian
duct in mammalian male embryos), bone morphogenic proteins (BMP, a group of poly-
peptides involved in the induction of cartilage and bone formation), the transcript from the
decapentaplegic gene complex of Drosophila (dpp, which acts to control morphogenesis in
the fly embryo), Vg-1 (the product of the Xenopus transcript which is present in the
vegetal pole of cocytes), and Vgr-1, a related mammalian gene (Mason, A. et al. (1986)
Biochem. Biophys. Res. Commun. 135, 957-964; Cate, R. et al. (1986) Cell 45, 685-698;
Wozney, J.M. et al. (1988) Science 242, 1528-1534; Padgett, R. et al. (1986) Nature 325,
81-84; Weeks, D.L. and Melton, D.A. (1987) Cell 51, 861-868; Lyons, K. et al. (1989)
PNAS 86, 4554-4558). |

Preferred TGF-B-like proteins are human TGF-B1 (Derynck, R. et al. (1985) Nature 316,
701-705), human TGF-B2 (Marquardt, H. et al. (1987) J. Biol. Chem. 262, 12127-12131)



tions Goup, Hesperia, CA USA). The colum is equilibrated in a m xture of
70 % TFA 0.1 %in water and 30 % TFA 0.08 % in acetonitrile, and the
product is eluted by a linear gradient over 30 min ending with a m xture of
55 % TFA 0.1 %in water and 45 % TFA 0.08 % in acetonitrile at a flowrate
of 1 M/mn. The eluate is nonitored for absorbance at 216 nm and

i ndi vi dual peaks are collected manualhky according to the UV absorbance.
Denat ured, nononeric TG-[err]2 is eluted at 21.5 mn. Depending on the

i ndi vi dual reverse phase colum used for the separation the sane

pr epar at i and hainahi FGF-BBr(Ten Dijke) Ritet d]. L1988NENKS 85,47454719) with theransipeacidvel y.

TG--[err]2 {u{n%gg Jiecfnnac&l{n m@@é&&’en&d lla}/ngl:\t)x%de P%liﬂ N1, Qeana%n?csﬁg&“m}zand

sol vent sy 9

Biologically active TGF-B-like proteins are originally defined as being capable of
inducing anchorage-independent growth of untransformed cell lines (Tucker, R.F. et al.
-(1983) Cancer Research 43, 1581-1586) or inhibiting growth of neoplastic target cells

(Roberts, A.B. et al. (1985) PNAS 82, 119-123). "Biological activity" for the purpose

herein is defined as either

(a) the cell migration promoting activity on normal Balb/c 3T3 fibroblasts, which can
be measured by counting the number of cells that migrate into a "wounded" mono-
layer culture of said cells, in the presence of a serum-free medium containing the
TGF-B-like protein, as compared to the number of cells that migrate in the absence
of the TGF-8-like protein, or

(b) the growth promoting activity on normal Balb/c 3T3 fibroblasts determined by the
stimulatory effect of the TGF-B-like protein on cellular DNA synthesis and cell
division,

(c) the growth inhibition of A375 melanoma cells determined by a colorimetrical assay
which reflects the number of cells treated with the TGF-B-like protein for a glven
culture period as compared to the number of non-treated cells,

(d) the accelerated healing of partial-thickness burn wounds, by a process of
re-epithelialization, in old mice following multiple topical applications of the
TGF-B-like protein as compared to untreated control wounds,

(e) the accelerated healing of full-thickness incisional wounds, as determined by tensile
strength measurements and the histological analyses of biopsies, in adult rats
following single topical applications of the TGF-B-like protein as compared to
untreated control wounds, or

(f)  the increase in formation of fibrous granulation tissue, together with a marked
increase in vascularity of the said tissue, both in and around porous wound-chamber '
implants in adult rats following multiple local injections of the TGF-B-like protein
into the chamber as compared to untreated control chambers.

The monomeric form of the TGF-B-like protein can be produced by means of recombinant
DNA technology or synthetically by methods well known in the art. The dimeric form is

. the mature, biologically active molecule consisting of two disulfide-linked polypeptide
chains.



above. TGF-[err]2 s eluted by a linear gradient over 42 mn starting from
100 % TFA 0. I % in water and ending with a mxture of 30 % TFA in water and

70 % TFA itrile. TG--[err]2 is eluted as a single peak
Oy 4 B H ePracel! : )
after 30.4 %%h'/qlm ﬁ?ﬁmon the individual colum used retention tines of

29 mn and ctively, are obtained. TG--[err]2 is anal yzed
after adm x aI |y reduced-gatural porcine TG-[err]2 (British
Bi ot echnol ogy Limted, Oxford, UK) which has an identical primary structure
as human TG-[err] 2 (I\/arquardt H et al. (1987% . Biol. Chem 262,
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Before being subjected to refolding conditions, the monomeric TGF-B-like protein has to
be present in a denatured (i.e. unfolded) form. Capable of effectively denaturing proteins
are so-called chaotropic agents well known in the art, which, in aqueous solution and in
suitable concentrations change the spatial configuration of the respective protein through
alterations at the surface thereof, either through altering the state of hydration, the solvent
environment, or the solvent-surface interaction. Examples of such chaotropic agents or
denaturants include urea, guanidine hydrochloride, sodium thiocyanate at concentrations
in the range of about 4 to about 9 M, and detergents such as SDS, which are supplied in
concentrations in the order of 0.01 to 2 percent. Also, acidification of the aqueous solution
containing the TGE-B-like protein to a pH of about 2 to about 4 as well as basic conditions

of e.g. pH 10 and above and elevated temperatures will result in denaturation of the
monomer. -

The term “refolding conditions” refers to buffer conditions wherein the denatured mono-
mer is permitted to assume a conformation associated with the biological activity. Con-
ventional buffer systems such as Tris, phosphate or citrate buffers can be used at a pH of
about 6 to about 10. Under refolding conditions intra- and interchain disulfide bond
formation is promoted. Such conditions include the presence of a solubilizing agentand a
redox system which permits the continuous oxidation and reduction of the thiol/disulfide
pairs. The buffer system may additionally contain suitable salts.

Suitable solubilizing agents are detergents, ﬁrcfcrably mild detergents, organic, water-
miscible solvents, or phospholipids or a mixture of two or more such agents.

Detergents are surface active compounds, such as SDS, Triton or Tween, used in a con-
centration permitting folding of the TGF-B-like protein. Preferred are mild detergents
which permit folding of the monomeric TGF-B-like protein into the spatial conformation
which after dimerization is associated with the biological activity, while retaining said
monomer in a soluble form. Mild detergents, which solubilize TGF-p-like proteins without



TGF-[err]2 fromexanple 4. B is evaporated in vacuo, dissolved in 25 [err]|

acetic acid and subjected to am no acid sequence determ nation on a gas
phase pm;sﬂeamﬂwnemednodel 470A (Applied Bi osystem;)

am no acl
15 Al a-L
wher ei n

MBEW Tyr - X- Phe- Arg- Asn- Val - @ n- Asp Asn- X- X-Leu-Arg-Pro
e€s an amno acid not papitively identified. Simlarly, the

N-term nal am no acid sequence is determ ned for the 4-vinyl pyridine
derivative of TG-[err]2 prepared as descri bed by Marquardt, H et al.

(1987) J.

irBicovatin@rthem c26 Be nd@-ichie (£24.3tigitonin), cationic (e.g. N-[2,3-(Dioleyloxy)-
propyl]-N,N,N-trimethylammonium; Diizgiines, N. et al. (1989) Biochemistry 28,
9179-9184) or anionic (e.g. sodium cholate, sodium deoxycholate) or zwitterionic ones
(e.g. sulfobetaines (Zwittergent), 3-(3-chlolamidopropyl)dimethylammonio-1-propane-
sulfonate (Chaps), 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-propane-
sulfonate (Chapso)). They are present in the refolding buffer at a concentration of about 1
to 100 mM, especially in the range of 30 to 60 mM. Preferred detergents are the zwitter-
ionic detergents 3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate and 3-(3-
chlolamidopropyl)dimcthylanimonio-2-hydroxy-l-propancsulfonatc. Most preferred is
3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate. '

Organic, water-miscible solvents can replace the detergent in the refolding buffer. Such
solvents are, for example, acetonitrile, lower alkanols, especially C,-C,4 alkanols such as
ethanol or isopropanol, or lower alkandiols, especially C,-C, alkandiols such as ethylene-
glycol, at a concentration range of 10 to 50 percent per volume. ‘

Alternatively, phospholipids can replace the detergent or the organic, water-miscible
solvent in the refolding buffer. Such phospholipids are, for example, phosphatidylethanol-
amine, phosphatidylcholine, phosphatidylserine and phosphatidylinositole at a concentra-
tion range of 0.1 to 5 mg/ml as well as synthetic phospholipid derivatives or variants such
as dihexanoylphosphatidylcholine or diheptanoylphosphatidylcholine in the same concen-
tration range.

Suitable redox systems which encourage the formation of disulfides are e.g. low molecular
weight sulfhydryl/disulfide reagent combinations such as glutathione in its oxidized and
reduced form, dithiothreitol in its oxidized and reduced form, B-mercaptoethanol or
B-mercaptomethanol in its oxidized and reduced form, cystine and its reduced form, and
cystamine and its reduced form at a concentration of about 1 to 100 mM, especially of
about 1 to 10 mM, wherein the molar ratio of the oxidized and the reduced form is
between 100:1 and 1:100, especially between 6:1 and 1:6.

The preferred sulfhydryl/disulfide redox system is glutathione in its oxidized and reduced

form.

Alternatively, thioredoxin or disulfideisomerase at a concentration range of about 10
to 1000 pg/ml, especially of about 50 to 200 pg/ml can be used instead of the low

The N-term nal

10



- 30- The N-term nal am no acid sequence is: 5
10 15 .

Al a- Leu- Asp- Al a- Al a- Tyr - Cys- Phe- Ar g- Asn- Val - d n- Asp- Asn- X-

20 25

Cys- Leu- Ar g- Pro- Leu- Tyr-I | e- Asp- Phe- X- Ar g- Asp- Leu- wherein X denotes an
am no acid not positively identifiedr 18yst ei ne was deternined as

S- pyri dyl et hyl cyst ei ne. G GCeneration of dinmeric, biologically active

TG-[err] 2 molecular weight sulfhydryl/disulfide reagent combinations.

Salts which can be used in the refolding buffer include salts of Na*, Li*, K*, NH,*, Mg?*,
Ca?*, or Mn?* with C1 -, F -, Br -, J , HCOj3, SO,4%, phosphate, acetate, cyanate or
rhodanid, or other alkali metal- or alkaline earthmetal -.halogen or pseudohalogen com-
pounds at a concentration of up to 3 M. Preferred is NaCl at a concentration of 1 to 2 M.

The invention particularly relates to a process for the production of a dimeric, biologically
active Transforming Growth Factor type B-like protein, comprising subjecting the
denatured, monomeric form of said TGF-B-like protein to buffer conditions comprising a
low molecular weight sulfhydryl/disulfide redox system in the presence of a solubilizing -
agent at a pH of about 6 to about 10 and a temperature of about 0°C to about 37°C Prefer-
ably, the pH is about 8.0 and the temperature is about 4°C.

In a preferred embodiment the sulfhydryl/disulfide redox system is glutathione in its
oxidized and reduced form at a concentration of about 1 to 10 mM, wherein the molar
ratio of the oxidized and the reduced form is 1:1 to 1:2, and the weak detergent is 3-(3-
chlolamidopropyl)dimethylammonio-1-propanesulfonate at a concentration of about
30 mM to about 60 mM.

Particularly, the production of a dimeric, biologically active TGF-B-like protein is per-
formed in a one step procedure, wherein the monomer of said protein is dissolved in the
refolding buffer and the reaction mixture is incubated for 2 to 400 hours at 4°C while re-
folding and dimerization continuously take place. The protein concentration during the re-
folding reaction is of considerable importance since when being too high, the monomers
might undergo substantial aggregation leading to the formation of undesired higher-order

- oligomers. Final yields of dimeric product are increased, if the protein concentration is
less than about 2 mg/ml, a concentration range of 0.01 to 0.5 mg/ml is preferred.

Optionally, to further promote disulfide formation, an effective amount of an oxidation
promoting agent containing Cu?* ions (such as CuCl,, Cu(NOs), or o-phenanthroline/Cu?*
complexes) or Fe3* ions (such as FeCl; or Fey(SO,);) might be added to the refolding
buffer. An effective amount is the amount which at minimum will be necessary to conduct
- the oxidation of sulfhydryl groups within a convenient time period and which is
' approximately equivalent to the concentration of free sulfhydryl groups in the TGF-8-like
protein which are destined to be involved in forming the desired disulfide bonds. Prefer-



3 ng of nononeric denatured TGF-[err]2 fromexanple 4.B is dissolved in 140
m 50 MM Tris/HO pH 8.0, 1IMNad, 5 nmM EDTA, 2 nM reduced gl utathione, 1
nmM oxi di sed gl ut at hi one and 33 nM Chaps (Cal bi ochenm). After 72 hours at
4[err]C the pH of the solution is adjusted to pH 2.5 with HO and the

m xture is concentrated 10 tinmes by ultrafiltration on a YM 10 nmenbr ane
(Amicon, Danvers, MA, USA) in an Amiedh-stirred cell. The con- centrated
solution is diluted to the original volume with 10 mM HCO and concentrat ed
to a final,volune of 10 mM by the same nethod. The precipitate forned is
removed bf lEé‘Hior“Pl“F’Eﬂjatht\U?F"aQoS@Dm(bu%r 30 minutes. The supernatant
contains disulfide I'inked dimeric TG--[err]2 as judged by SDS-PAGE under
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essent i al (Kamber, Br BEEappk WOS5/01984).i n this exanple with the exception of

the sodium chl oride concentration which is 2M Purification and isol ati on

of the d| | C TGF-herr]Z Is, perforned with the sane nethods as dineric
TGF-[err] {5 f?‘?laﬁf%!héﬂ wssdde cleave diseifide honds-and tp blackithe reswltingl e 4. H
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chromat og EQBHX/e&cd f f)\/tg:ome oxxacizeciTyefore being exposed to the refolding conditions.
S-sulfonation is performed using sodium sulfite in the presence of a reducing agent such
as cysteine, resulting in the reversible protection of thiol residues as S-sulfonates. Under
refolding conditions, the protection groups are removed by the excess of the sulfhydryl/di-
sulfide redox system and dimerization occurs spontaneously.

)

The invention relates further to a process for the production of a dimeric, biologically
active TGF-B-like protein, in which the monomeric form of said TGF-B-like protein is
produced by the steps of:

(a) culturing a microbial host comprising a nucleotide sequence encoding the
TGF-B-like protein linked in the proper reading frame to an expression control
sequence such that said protein is expressed,

(b) recovering the TGF-B-like protein in a denatured, monomeric, soluble form,

Suitable microbial hosts are yeast strains as Saccharomyces cerevisiae or bacteria such as
Escherichia coli or Bacillus subtilis.

Microbial hosts comprising a nucleotide sequence encoding the TGF-B-like protein linked
in the proper reading frame to an expression control sequence can be prepared by
recombinant DNA techniques which are well known in the art and which comprise the
steps of

- preparing a hybrid vector comprising a DNA sequence encoding the TGF-B-like protein
under the expression control of a suitable expression control sequence,

- transforming said microbial host with said hybrid vector, and

- selecting transformed microbial host cells from untransformed host cells.

The nucleotide sequence coding for TGF-B-like proteins such as mature human TGF-81,
TGF-B2 or TGF-B3 ar¢ known (Derynck, R. et al. (1985) Nature 316, 701-705; Mar-



The concentrated solution fromexanple 4.Gis applied at a flowrate of 1

m/mn onto a Mono S HR 5/5 colum (Pharmacia) equilibrated in a m xture of

-85 % buffer A (20 mM sodi um acetate, 30 % i sopropanol, pH 4.0) and 15 %
buffer B (buffer A containing 1 Msodiumchloride). The columm is then

washed at the sane flow rate keeping the buffer m xture conposition

constant until the absorbance readi ng- 8-280 nm has reached baseline

-31- level, followed by a Iinear gradi ent over 20 m nut es starting upon
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sion of the TGF-B-like proteins.

The selection of a suitable vector is determined by the microbial host cell provided for the
transformation.

Examples of vectors that are suitable for the expression of the TGF--like protein in an

E. coli strain are bacteriophages, for example derivatives of the bacteriophage A, or
plasmids, such as the plasmid pBR322 and its derivative pPLMu. Suitable vectors contain
a complete replicon and a marker gene, which renders possible the selection and identifi-
cation of the microorganisms transformed by the expression plasmids by means of a -
phenotype feature. Suitable marker genes impart to the microorganism, for example,
resistance to heavy metals, antibiotics such as ampicillin or tetracyclin, and the like.

Several promoters can be used for regulating the expression of TGF-B-like proteins in
E. coli. Especially promoters of strongly expressed genes are used. Suitable promoters are

the E. coli lac, tac, trp and lpp promoters, furthermore the phage AN or the phage ApL
promoter, and others.

Vectors suitable for replication and expression in S. cerevisiae contain a yeast-replication

- origin and a selective genetic marker for yeast. Hybrid vectors that contain a yeast
replication origin, for example the chromosomal autonomously replicating segment (ars),
are retained extrachromosomally within the yeast cell after transformation and are
replicated autonomously during mitosis. Also, hybrid vectors that contain sequences
homologous to the yeast 2j1 plasmid DNA can be used. Such hybrid vectors are integrated
by recombination in 2 plasmids already present within the cell, or replicate
autonomously. Suitable marker genes for yeast are especially those that impart antibiotic
resistance to the host or, in the case of auxotrophic yeast mutants, genes that complement
the host lesions. Corresponding genes impart, for example, resistance to the antibiotic
cycloheximide or provide for prototrophy in an auxotrophic yeast mutant, for example the
URA3, LEU2, HIS3 or the TRPI gene.




| . Further purification of dineric TG-[err]2 Dinmeric TG--[err]2 from
exanple 4.Gis diluted with the sanme volune of 0.1 % TFA in water and

subj ected to RP-HPLC on a VWydac 214TP5415 colum (4.6 x 150 mm The
Separations G oup, USA) equilibrated in a mxture of 80 %TFA 0.1 % in
water and 20 % TFA 0.08 % in acetonitrile. The colum is eluted by a |linear
gradient over 40 mn starting upon inj¥ction at the equilibration
conditions and ending with a m xture of 60 % TFA 0.1 % in water and 40 %
TFA 0.08 % in acetonitrile at a flowrate of 1 m/mn. The eluate is

moni t or ed Rremotgnsswihledor express®mimyeTseard, fordxamiple, dhase ofi thei ABHE, APHEL OF on
time of 3 |5 -
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wei ght of PABBA¥N25 kD. The obtained dinmeric TGF-[err]2 is of high purity.
J. Alternatlve met hod |. for the generatlon of dinmeric, biologically active
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stirred for n}
sourccs ot carbon, nitrogen and inorganic salts, applying methods known in the art.

Various carbon sources are usable. Example of preferred carbon sources are assimilable
carbohydrates, such as glucose, maltose, mannitol, fructose or lactose, or an acetate such
as sodium acetate, which can be used either alone or in suitable mixtures. Suitable
nitrogen sources include, for example, amino acids, such as casamino acids, peptides and
proteins and their degradation products, such as tryptone, peptone or meat extracts,
furthermore yeast extract, malt extract, corn steep liquor, as well as ammonium salts, such
as ammonium chloride, sulphate or nitrate which can be used either alone or in suitable
mixtures. Inorganic salts which may be used include, for example, sulphates, chlorides,
phosphates and carbonates of sodium, potassium, magnesium and calcium. Additionally,
the nutrient medium may also contain growth promoting substances. Substances which
promote growth include, for example, trace elements, such as iron, zinc, manganese and
the like, or individual amino acids. '

The monomeric TGF-B-like protein is recovered from the microbial host cells by methods
well known in the art. These methods include lysis or mechanical disruption of the cells in
order to release the desired protein, followed by the separation of the TGF-B-like protein
from the host cell proteins, e.g. by precipitation and/or chromatographic means.

In cases where the monomeric TGF--like protein is produced in the microbial host cells
as an insoluble aggregate (inclusion body) it has to be solubilized before being exposed to
the refolding conditions. Accordingly, the present invention further relates to a process
wherein the monomeric TGF-B-like protein is produced by the steps of:

(a) isolating the water-insoluble protein fraction containing the TGF-B-like protein from
the host cells and-



at roomtenperature. The gel is filtered over a glass frit covered with
fresh prewashed Sepralyte CG1 (20 %the anobunt added to the refol ding
solution). The gel is washed first with (5 tines the gel volune) buffer A
(0.2 MNaC /0.1 % TFA/water), then with a mxture of 80 % buffer A and 20 %
buffer B (0.08 % TFA in acetonitrile). TG--[err]2 is eluted with a m xture
of 70 % buffer A and 30 % buffer B. Thédeluate is applied directly onto a
Mono S colum HR 5/5 (Pharmacia). Purification and isolation of TG-[err]2
is perforned as in _exanples 4.H and 4.1, respectively. Al ternatively,
acetoni tri{hd |?PIBlEI¥‘1'—’§gd7$'Eﬁ§ folike protain. r espectivel y, used for washing the

- 32 - Sepralyte G 1 gel and elution of TGF-[err]2 is replaced by

' Sopr OpanOéélugﬁiszgtli()r]rlgarfdsde%gt%;]aﬁon of the monomer is achieved by acidification of the crude
protein suspcnsson containing the monomeric TGF-B-like protein in the non-soluble form
to a pH of about 1 to about 4, preferably to about 2.5, optionally in the presence of a
reducing agent, such as DTT, or by the addition of chaotropic agents, preferably guanidine
HCI or most preferably urea, in a concentration of about 4 to 9 M, basic pH or elevated -
temperatures as described before. The solubilized monomer can be purified from
solubilizing chaotropes by dialysfs and, if a precipitate occurs during dialysis, by
additional centrifugation. The solubilized monomer is chromatographically purified and
used for refolding to get the biologically active, dimeric product.

After refolding, the biologically active dimer is purified in order to remove impurities, in
particular, pyrogens or other endotoxins which might be present in the preparation after
production of the recombinant protein in microbial host cells. Separation of the dimer is
performed by chromatography such as sizing gel chromatography, hydrophébic interaction
chromatography or ion exchange chromatography, e.g. on a Mono S column and reverse
phase HPLC.

The present invention further relates to dimeric biologically active TGF-B-like proteins
when produced according to the process of the inven;ion. These TGF-B-like proteins can
be used in a variety of therapeutic modalities.

The invention relates further to a monomeric, S-sulfonated TGF-B-like protein, which can
be produced by S-sulfonating the monomeric TGF-B-like protein. Monomeric, S-sulfon-
ated TGF-B-like proteins are novel compounds, which can be used for the production of
biologically active, dimeric TGF-B-like proteins.

The present invention concerns further a pharmaceutical composition comprising an
~ effective amount of a dimeric, biologically active TGF-B-like protein produced according
to the invention, or a pharmaceutically acceptable salt thereof in dosage unit form.

Such composition is in the form of infusion solutions or preparations for parenteral, for
‘_ -example intramuscular or intravenous, oral, or especially for local, i.e. topical, admini-

stration, respectively. The solutions are preferably isotonic aqueous solutions or sus-

pensions which can be prepared before use, for example from lyophilised preparations



performed with a m xture of 90 % buffer A and 10 % buffer B and el ution of
TGF-[err]2 is achieved with a stepw se gradient (steps of 2 % buffer B)
starting with a mxture of 80 % buffer A and 20 % buffer B and ending with
a mxture of 70 % buffer A and 30 % buffer B. Further procedure is as in
exanples 4. H and 4.1, respectively. K. Alternative nmethod Il for the
generation of dineric, biologically_ggtive TG-[err]2 Mnoneric TG-[err]2
fromexanple 4.B is dissolved at a concentration of 0.5 ng/m in 100 nmM
Tris/HO, pH 8.5 1M NaC, 5 nM EDTA, 1 nmMreduced glutathione, 1 mM
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of refol dtmlagumarl c active TG+ [err]2 is sim I ar to that of the nmethod
described in exanple 4.G Purification and isolation of dinmeric TG--[err]2

is as in _exanples
The compositions contain conventional adjuncts, for example prescrvanves, stabilisers,

wetting agents and/or emulsifiers, solubilisers, sdlts for regulating the osmotic pressure
and/or buffers. The present pharmaceutical compositions, which may, if desired, contain

- further pharmacologically valuable substances, are produced in a manner known per se,
for example by means of conventional mixing, dissolving, lyophilising and/or sterilising
processes, and contain from approximately 1 ng to 100 pug/g, especially from approximate-
ly 10 ng to 10 pg/g of preparation, and in the case of lyophilisates up to 100 %, of the
active ingredient.

The TGF-B-like proteins are dual in character in that they on the one hand stimulate the
proliferation of certain cell types, namely fibroblasts, and on the other hand inhibit the
proliferation of other cell types, namely tumor cells and cells of the immune system.

The dimeric, biologically active TGF-B-like proteins produced according to the invention,
optionally in the form of their salts, such as in particular non-toxic pharmaceutical acid
addition salts, optionally in form of pharmaceutical formulations, are applied in an
effective amount. By the form "effective amount” is intended an amount which exerts a
significant healing, e.g. an amount which stimulates the desired cells to grow and which is
not toxic to normal cells. This amount can be determined e.g. by in vitro growth

~ experiments. Due to the dual character of TGF-B-like proteins, an "effective amount"” is
also such which to a significant extent inhibits the growth and proliferation of tumour cells
and cells of the immune system. If human or veterinary use is intended, the amount has to
be adjusted to the particular tissue to be treated, the mode of application, the severity of
the disease, and the age and general condition of the patient to be treated. In general, the
either single or daily dosages for adult humans will be in the range of about 0.01 to 20 ug
for both the growth stimulating and the inhibiting effect.



4. Hand 4.1. TG--[err]2 is separated fromthioredoxin by the Mono S colum
of exanple 4. H. M Preparation of S-sulfonated TG--[err]2 and its use for
the generation of dinmeric, biologically active TG-[err]2 Mononeric
TG--[err]2 fromexanple 4.B is dissolved at roomtenperature in 6M urea,
100 MM Tris/HA, pH 8.0,50 mM sodiumsulfite and 0.2 mM cysteine. Formation
of S-sul- fonated TG~[err]2 is nonitongd by RP-HPLC using the conditions
of exanple 4.D. The retention tine of S-sulfonated TG-[err]2 is 31.8 mn.
After conpletion of the reaction, the pH of the solution is adjusted to pH
2.0 with 1Tke pltirmagewgichi cormapasitionGHE thisrin{etios hdesatlimidalosse dn el atrhestof

Coealt T PNy ! iyt
o115, ST AR ) 00 80 S BB oo
essent i al | fclin@om@siRyricularheofpld hamandeisgsexanpl e 4.G - N Recycl i sation

of incorrectly folded TG-[err]2 Solid guanidi ni um hydrochloride and DTT is

added to t mat eri.al naqt, bound to the Mono . . . . .
%c compositions of this ?nvenuon promote ccﬁ) migration and proliferation. Since wound

healing involves both cell migration and cell proliferation patterns these in vitro findings
become directly relevant to the in vivo wound healing process.

Prevention or treatment of bed sores (decubitus ulcers) is a preferred use since they
frequently occur in hospital patients, particularly geriatric and wheel chair patients. In
elderly people the wound healing process is slower and this group of patients tends to
show a higher incidence of wounds (not only decubitus and diabetic ulcers, but trauma,
burns and the like) that either heal slowly or do not heal at all.

Two types of application of the compositions of this invention are proposed for both
veterinary and, in particular, human medicine.

The first, and preferred application is a topical one for the promotion of surface wound
healing, particularly in elderly human beings where the wound healing processes are
noticeably slower. There are no limitations as to the type of wound that may be treated,
and these include (but are not limited to): Surface ulcers including decubital (bed sore),
diabetic, dental, oral, varicose and haemophiliac surface ulcers; burns (especially second
and third degree); surgical incisions (including those of dental and cosmetic surgery);
accidental wounds (including incisions, penetrations, lacerations and other traumata) and
therapeutically induced_ wounds (including those induced during radiotherapy). When
applied topically, the compositions may be combined with other ingredients, such as ad-
juvants, carriers, solubilizing agents and any other known, or as yet unknown, secondary
growth factor(s). There are no limitations as to the nature of these ingredients except that
they must be pharmaceutically and physiologically acceptable for administration and must
not degrade the activity, or render harmfully toxic, the active ingredients of the compo-
sitions. When the compositions of this invention are applied to surface ulcers, burns,
surgical or accidental wounds, the compositions are preferably in the form of a powder,
gel, ointment, salve or irrigant, or they may be impregnated into transdermal patches,
plasters and bandages, preferably in a liquid or semi-liquid form, or they may be incor-
porated into a tooth paste or a gum or resin for chewing.



- 33 - S colum of exanple 4.Hto give a concentration of 6 Mand 5 n
respectively, and the pHis adjusted to pH 8. 5 with solid Tris. After 1
hour at roomtenperature the m xture is subjected to RP-HPLC using the sane
colum and sol vent systemas in exanple 4.D. Reduced nononeric TG--[err]2
I's collected, and acetonitrile is renoved in the vacuum This preparation
IS then subjected to the refol ding prigcedure of exanple 4. G either directly
or together with newy isolated nononeric TG--[err]2 fromexanple 4.B or
4.C, thus inmprov- ing the total yield of refolded active dineric
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as liquids, pills, tablets, lozenges for enteral administration, or in liquid form for parenteral
injection. For the treatment of internal incisions following surgery, they may be in the
form of an irrigant, preferably in combination with a physiologically acceptable saline
solution. Again, the active ingredients of the compositions may be combined with other
ingredients such as adjuvants, carriers, solubilizing agents and any other known, or as yet
unknown, secondary growth factor(s). There are no limitations as to the nature of these
ingredients except that they must be pharmaceutically and physiologically acceptable for

. administration and must not degrade the activity, or render harmfully toxic, the active

' ingredients of these compositions.

For healing the wounds, the amount of active ingredient to be applied has to be adjusted to
the type, severity and location of the wound, and also to the age and general condition of
the patient to be treated. In general a single or daily amount of from about 1 g to 20 ug of
TGF-B-like protein per 1 cm? of wound has already a significant healing effect. For
internal use a higher amount should be applied depending on the mode of administration
due to the dilution of the TGF--like protein in the body fluids.

Further uses of the TGF-B-like proteins produced according to the invention are in bone
and tissue repair, treatment of cancer in mammals, as an anti-inflammatory or immuno-
suppressive agent, as a growth regulator in mammalian cell cultures or as a bone marrow
protective agent or mediator of cardioprotection.

Examples
The following examples illustrate the invention without being meant to be limitative.

Example 1: Cloning and sequencing of TGF-B1, TGF-B2 and TGF-B83 cDNA

A. Culturing of cells

~ Human glioma cells from the CI-215 line (de Muralt, B. et al. (1985) Eur. J. Cancer Clin.
Oncol. 21, 207) are grown in tissue culture flasks (Falcon T75) containing Dulbecco’s
Modified Eagle Medium (DMEM, Gibco) and 10 % foetal calf serum.




TG--[err] 3, respectively TG--[err]2: 92 [err]g (6.7 nnoles)

S-pyridyl ethyl ated reconbi nant TG--[err]2 described in exanple 4. F. are
dried in an vaccum centrifuge and redi ssolved in 200 [err]l 5 mM HO . 200
[err]] 0.2 MTris-acetate buffer, pH 7.8, containing 10 mM Zwi ttergent 3-12
det ergent (Cal bi ochem Corporation, La Jolla, CA) is added and m xed with
the protein solution. The cleavage isjgarried out with 2 [err]g (dissolved
in 50 [err]l water) endoproteinase Asp N (from Pseudononas fragi mutant,
Sequence G ade, Boehringer Mannhei m Bi ochem ca, FRG at 37[err]C After 13
hours, 50 [err]l 10 % (v/v) TFA are added and the m xture is separated by

RP- HPLC og glﬁé nar 1.ow bore colum (Vydac 214TP52, 2.1x250 mm) with a
| i near gr adi 0 40 % (v/v) acetonitrile in 0.1 % TFA/water in 35
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minutes at 4°C in a Sorvall RC 5-B centrifuge fitted with a S5-34 rotor. The resulting
supernatant is discarded and the pellet is resuspended in 30 ml 0.2 M TRIS/HCI (pH 7.5),
5 mM EDTA, 2 % SDS, 25.000 units/l Heparin (Sigma), and then extracted 3 times with
phenol/chloroform (1:1, v/v), the chloroform consisting of 24 parts chloroform and 1 part
isoamylalcohol (v/v). To the final aqueous phase 1 volume 3 M sodium acetate (pH 5.0)
and 2.5 volumes ethanol are added. The ethanol precipitate is washed twice with 70 %
ethanol. The RNA pellet is resuspended in 2 ml 10 mM TRIS/HCI (pH 7.5), 1 mM EDTA,
0.05 % SDS. Polyadenylated RNA is isolated by oligo-dT cellulose chromatography as
described by T. Maniatis in “Molecular Cloning: A Laboratory Manual. Cold Spring
Harbor Laboratory, New York (1982)".

C. Synthesis of cDNA

The first strand cDNA is synthesized from 10 pg of poly A'*' RNA in 100 pl of a solution
containing 50 mM TRIS (pH 8.3), 50 mM KCl, 10 mM MgCly, 1 mM DTT, 30 pg/ml
oligo-dT 12-18, 1 mM each dATP, dCTP, dGTP and dTTP, 50 units RNase inhibitor
(Promega) and 1000 units of Moloney Leukaemia Virus reverse transcriptase
(Gibco-BRL). The reaction is incubated for 1 hour at 37°C. The reaction is then diluted to
400 pl with a second strand buffer containing 20 mM TRIS/HCI (pH 7.5), 5 mM MgCly,
100 mM KCL. 12.5 units RNase H (Gibco-BRL) are added and the reaction mixture is
incubated for 10 minutes at 37°C. The reaction mixture is cooled on ice for 5 minutes and
125 units of E. coli DNA polymerase I ('Promega) are added. The reaction mixture is then
incubated for a further 2 hours at 16°C. 40 yl 0.5 M EDTA are added followed by a
phenol/chloroform (1:1, v/v) extraction. To the aqueous phase, 1/10 volume of 3 M
sodium acetate (pH 6.0) and 4 volumes ethanol are added whereaftcr the reaction mixture
is precipitated for 30 minutes at -70°C.

The ethanol precipitation is centrifuged for 10 minutes at 17.000 g, the pellet is washed
twice with 70 % ethanol and dried in a Speed-Vac. The double stranded cDNA is
dissolved in sterile water and electrophoresed in an agarose gel in TRIS-borate buffer
(pH 8.8) to evaluate the size and quantity of the cDNA.
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5 pg of the cDNA are then methylated at the EcoRI sites by incubating for 1 hour at 37°C
in 100 ul 50 mM TRIS/HCI (pH 8.0), 0.1 mM EDTA, 80 uM adenosyl-methionine and 40
units EcoRI methylase (New England Biolabs). The reaction mixture is extracted with
phenol/chloroform and the cDNA is ethanol precipitated and dissolved in sterile water as
described above. '

5 pg of the cDNA are then prepared for linker ligation by incubating with 20 units of T4
DNA polymerase for 10 minutes at 37°C in 200 pl 33 mM TRIS-acetate (pH 7.9),

66 mM potassium acetate, 10 mM magnesium acetate, 0.5 mM DTT and 0.1 mM each
dATP, dGTP, dCTP and dTTP. The reaction is cooled to room temperature and then

20 units of Klenow Polymerase (Gibco-BRL) are added and incubated for 5 minutes at
room temperature and 5 minutes on ice. After adding 10 pl of 0.5 M EDTA the reaction
mixture is phenol/chloroform extracted and the cDNA is ethanol precipitated and
dissolved in sterile water as described above.

12-mer synthetic 5'-phosphorylated linkers (New England Biolabs No. 1070) are then
ligated to 5 pg cDNA in 100 pl of a solution containing 10 pg linker in 50 mM TRIS/HCI
(pH 7.8), 10 mM MgCl,, 20 mM DTT, 1 mM ATP at 16°C using 4000 units T4 DNA
ligase (New England Biolabs). The ligase is then heat inactivated at 70°C for 10 minutes,
the reaction is diluted to 500 pl in 10 mM TRIS/HCI (pH 7.5), 6 mM MgCl,, 100 mM
NaCl and is digested with 1000 units of EcoRI (Boehringer) for 6 hours at 37°C. 50 pl
0.5 M EDTA are added and the reaction mixture is heated at 70°C for 10 minutes. The
heated reaction mixture is directly added to a Bio-gel A15M column (200-400 mesh,
Bio-Rad) to remove the monomer linker fragments. cDNA of more than 300 bp elutes in
the exclusion volume.

D. Cloning into lambda gt11 _

Lambda gt11 arms are prepared by digesting 100 pg of lambda vector DNA with EcoRI
(New England Biolabs) according to the supplier. The digested DNA is dephosphorylated
using 1 unit of Calf Intestine Alkaline Phosphatase from Boehringer Mannheim as
described. 20-30 ng of cDNA from the Bio-gel A15M column are coprecipitated in
ethanol with 1 pg of gt11 dephosphorylated arms and resuspended in 10 pl of a solution
containing 50 mM TRIS/HCI (pH 7.8), 10 mM MgCl,, 20 mM DTT, 1 mM ATP, 15 %
polyethylene glycol (MW 6000) and 200 units of T4 DNA ligase. The ligation mixture is
incubated for 2 hours at 16°C. The reaction mixture is centrifuged for 10 minutes and the



KCS TG-[err]1: 32 [err]g (2.5 nnoles) S-pyridylethylated reconbi nant
TGF-[err]1 (prepared simlarly as S pyridylethylated reconbi nant

TG--[err]2) are cleaved with 1.5 [err] g endoprotei nase Lys-C using the sane
procedure as for the digestion of TG--[err]2 except that the incubation
time is 9h and a linear gradient of 12 to 27 %acetonitrile in 90 mn is
used on a C18 col um (Vydac 218TP5205;2®: 1x50 mv). Retention M+H[ er r ]
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810. 6

DLGIK 20, #OEts Fesuspaded i VO OF 8318 water and thena e ppckageskion 3 hours a
1613. 3 roomma¢mpérature accordivEGh SiesupPicPivdndga). 0.5 ml of $R6PhAEe dilutiod Bafer3

NCCVRQL Y LERK

S S ATy g, oo, aon

VLAL YNGHN [apgstabilized with 25 pl of chloroform. A total of 500.000 phages are

Pl VYYVGRKRifnplified on 10 YT-plates (15 cm diamter) using 0.7 % agarose-YT (Sigma) with E. coli
Y 1090 cells as described (Young, R. and Davis, R. (1983) PNAS 80, 1194), '

E. Screening and selection of clones containing TGF-B1, TGF-B2 and TGF-B3 inserts

Six replica nylon filters (Cuno) are made from each of the 10 YT-plates and the phages on
the filters are denatured with 0.5 M NaOH, 1.5 M NaCl and neutralized as described in
"Molecular Cloning: A Laboratory Manual” (T. Maniatis, Cold Spring Harbour
Laboratory, New York, 1982). The filters are placed in 0.2 x SSC, 0.2 % SDS at 90°C for
15 minutes and then prehybridized for 4 hours at 45°C in 2 x SSC, 1 % SDS, 0.1 % ficoll,
0.1 % polyvinylpyrrolidone, 0.1 % bovine serum albumin, 50 mM NaPO, (pH 6.8), 50
pg/ml denatured salmon sperm DNA, 0.1 pg/ml oligo A 12-18 and 100 pg/ml poly A*
RNA. Each of the 6 replicas is hybridized overnight at 45°C in the prehybridization buffer
to which one out of six different 32P-labelled 39 bp oligomers (see below) to a
concentration of 2 x 10° cpm/ml had been added.

The six oligomers used for hybridization are synthesized on an Applied Biosystem DNA
Synthesizer and correspond to the nucleotide sequence encoding either the first amino
acids (oligomers 1, 3 and 5) or the last amino acids (oligomers 2, 4 and 6) of the mature
forms (112 amino acids) of TGF-B1 (see SEQ ID No. 1), TGF-B2 (see SEQ ID No. 2) and
TGF-B3 (see SEQ ID No. 3), respectively.

The two oligomers used for the detection of TGF-B1 sequences are:
1) 5' GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 3'
2) 5' TCA GCT GCA CTT GCA GGA GCG CAC GAT CAT GTT GGA CAG 3'

The two oligomers used for the detection of TGF-B2 sequences are:
3) 5" GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 3'
4)5' TTA GCT GCA TTT GCA AGA CTT TAC AAT CAT ATT AGA AAG 3'

The two oligomers used for the detection of TGE-B3 sequences are:
5)S' GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3'
6)5' TCA GCT ACA TTT ACA AGA CTT CAC CAC CAT GTT GGA GAG 3'
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Pl VYYVGRK - 35 - TG [err]3:
20 [err]g (1.46 nnoles) S-pyridylethylated reconbinant TG--[err]3 (prepared
simlarly as S-pyridyl ethoxylated reconbi nant TG--[err]2) are digested with
0.4 [err]g endoprotei nase Asp-N as de§g£[bed for TGF-[err]2 except that the
I ncubation tinme is 22.5 hours and the paration is carried out on a C18
colum (VWydac 218TP5205, 2.1x50 nm) with a |inear

40 ng each oligomer is labelled at its 3' end using 32P-dATP and 20 units of terminal
transferase (Gibco-BRL) in a 20 pl reaction buffer containing 100 mM potassium
cacodylate (pH 7.2), 2 mM CoCl, and 0.2 mM DTT for 1 hour at 37°C. The reaction
mixture is gel filtrated over a Sephadex G-50 column. The eluted labelled oligomers are
heated at 95°C for 5 minutes and added to the prehybridization buffer as described above.

The replicas 1 to 6 are hybridized with oligomers 1 to 6, respectively. After hybridization,
the filters are washed twice each with 2 x SSC, 1 x SSC and 0.1 x SSC at room
temperature for 15 minutes. Positive plaques are identified by autoradiography and are
rescreened by repeating the procedure given above until all of the plaques on the plate are
positive. A single plaque is eluted in 1 ml of SM phage dilution buffer (see section 1.D),
100 pl are added to 1 ml E. coli Y 1090 cells and the mixture is kept for 20 minutes at
room temperature. The E. coli Y 1090 cells and phages are added to 100 ml YT-medium
containing 0.2 % maltose and incubated at 37°C for 7 hours. After adding 1 ml chloroform
to the lysed cells, the phage DNA is purified according to the method described in
"Molecular Cloning: A Laboratory Manual” (T. Maniatis, Cold Spring Harbour
Laboratory, New York, 1982). The purified DNA is dissolved in 1 ml 10 mM TRIS/HCI
(pH 7.5), 1 mM EDTA and 100 pl are digested to completion in a total volume of 1 ml
with EcoRI following the recommendations of the supplier (Boehﬁ}lger). The enzyme
reaction is phenol/chloroform extracted and ethanol precipitated. The EcoRI cDNA inserts
are purified by gel electrophoresis (Ultrapure BRL) using NA-45 DEAE paper (Schleicher
and Schuell). The DNA is eluted in 50 mM TRIS/HCI (pH 7.5), 5 mM EDTA, 1 M NaCl,
phenol/chloroform extracted and ethanol precipitated. The resulting pellet is washed twice
with 70 % ethanol and resuspended in 10 mM TRIS/HCI (pH 7.5), 1 mM EDTA.

F. Seguéncing of cDNA inserts
The EcoRI cDNA inserts are subcloned into Bluescript KS* Vector (Stratagene). The

cDNA identity is confirmed by double-stranded sequencing according to the method
described by F. Sanger et al. (1977) PNAS 74, 5463 using the above oligomers (see
section 1.E) and a Sequenase kit (U.S. Biochemicals). The nucleotide sequence covering
the 112 amino acids of the mature TGF-B1, TGF-B2 and TGF-B3 are depicted under SEQ
ID No. 1, 2 and 3, respectively.

G. Amplification of cDNA inserts and subcloning into plasmid PGem-5
The above oligomers (see section 1.E) for identifying TGF-B1, TGF-82 and TGF-B3
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The EcoRI cDNA inserts of the Bluescript KS* plasmids (see section 1.F) are gel purified

- as described above (see section 1.E). 50 ng of each cDNA insert are amplified in the
presence of 2 x 2 ug of the respective two oligomers by a polymerase chain reactionina
100 pl reaction mixture containing 10 mM TRIS/HCI (pH 8.35), 50 mM KCJ, 1.5 mM
MgCl,, 0.05 % (w/v) NP-40, 0.05 % (w/v) Tween 20 and 200 pm of each dATP, dGTP,
dCTP and dTTP using 5 units Taq Polymerase (Perkin-Elmér Cetus). 30 rounds of
amplification are performed under the following temperatures using a Perkin-Elmer Cetus
Heating Block: 93°C/0.1 minutes, 55°C/0.2 minutes, 71°C/1.5 minutes. The resulting 339
bp fragments covering the coding sequences of TGF-B1, TGF-B2 and TGF-B3,' respect-
ively, are gel purified and subcloned into plasmid PGem-5ZF(+) (Promega) digested with
Ncol, dephosphorylated with Calf Intestinal Alkaline Phosphatase (Boehringer) and filled
in with Klenow polymerase (Gibco-BRL). The resulting constructs are designated as
pGKM 125 (TGF-$1), pGKM 740 (TGF-B2) and pGKM 126 (TGF-B3) and are used to
transform competent E. coli Y 1090 cells (see example 2). Clones carrying the correct
inserts encoding TGF-B1, TGF-B2 and TGF-B3 are designated as E. coli Y1090/pGKM
125 (TGF-B1), E. coli Y1090/pGKM 740 (TGF-B2) and E. coli Y1090/pGKM 126
(TGF-B3), respectively.

Egg_mple 2. Expression of TGF-B1, TGF-B2 and TGF-B3 in E. coli

A. General methods

Bacterial strain (E. coli K12):

LC 137: htpR,, longg, lac,y, mal,y,, ttp,y, pho,y, rspL, tsx::Tn10, supC, (Goff, S.A. et
al. (1984) PNAS 81, 6647-6651).

Plasmids:

pPLMu:  (Buell, G. et al. (1985) Nucleic Acids Res. 13, 1923-1938). This plasmid
carries the bacteriophage A Py promoter with the phage Mu ner gene ribosome
binding site (Van Leerdam, E. et al. (1982) Virology 123, 19-28).

pclgsy: Plasmid encoding a thermolabile AClgs; repressor and conferring resistance to
kanamycin (Remault, E. et al. (1983) Gene 22, 103-113).



SNMVWWKSCKCS Q Structural characterisation of nmononeric TG B2 expressed
I n Saccharamyces cerevisiae An aliquot of the material fromexanple 4.C
is further purified by RP-HPLC as described in exanple 4.D and the

N-term nal am no acid sequence is determ ned as described in exanple 4.F. |
-36- The am no acid sequence is:
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SDS gel-electrophoresis:

SDS polyacrylamide gel-elcc&ophoresis (SDS-PAGE) and protein staining is done as
described previously (Laemmli, U.K. (1970) Nature 227, 680-685) using the
Miniprotean II cell from BIORAD and 1 mm thick 18 % polyacrylamide gels.

~ Heat induction: -
7 ml of LB-Medium (Maniatis et al. (1982), Molecular Cloning, Cold Spring Harbor
Laboratory, New York) in a 20 ml culture tube containing 40 p.g of each ampicillin and
kanamycin (LB/amp/kan) are inoculated with a single colony and incubated with shaking
overnight at 30°C. 5 ml of this overnight culture are added to 15 ml of LB/amp/kan in a
100 ml Erlenmeyer flask. This flask is transferred to a 42°C waterbath shaker. A 2 ml
sample is taken before transfer (non-inducing conditions) and 1 ml samples at 1 hour
intervals after the transfer (inducing conditions). Cells are pelleted by centrifugation
(5 min, 10.000 rpm in an Eppendorf centrifuge) and the supernatant is discarded. The
pellet is resuspended in 100 pl of sample buffer for SDS-PAGE and heated for 10 min at
95°C. 5 pl aliquots are loaded for SDS-PAGE.

Preparation of competent cells:

Competent E. coli cells are prepared by the calcium chloride procedure as described in
Maniatis et al. (1982), Molecular Cloning, Cold Spring Harbor Laboratory, New York.
Cells carrying plasmid pclgs, are grown at 30°C.

B. Construction of expression vectors pPLMu.hTGF-81, pPLMu.hTGF-82 and
pPLMu.hTGF-B3 and expression of TGF-81, TGF-B2 and TGF-B3

E. coli Y1090/pGKM 125, E. coli Y1090/pGKM 740 and E. coli Y1090/pGKM 126 (see
example 1.G) cells are grown in LB medium and plasmid DNA is prepared by the method
of Birnboim, H.C. and Doly, H. (1979) Nucleic Acids Research 7, 1513.

.5 pg of plasmid DNA are cut to completion in 50 pl restriction buffer with either Ncol and
Sall (pGKM125), Ncol and EcoRV (pGKM740) or Ncol alone (pGKM126) following the
recommendations of the supplier (Boehringer). The DNA is precipitated by addition of
5 ul 3 M sodium acetate, 100 mM MgCl,, 5 mM EDTA and 150 pl ethanol. After incuba-
tion at -70°C for 15 min the DNA is pelleted by centrifugation at 13.000 g for 15 minina
§§34 rotor in a Sorvall centrifuge. The supematant is discarded and the pellet is resus-
pended in 80 u1 0.089 M TRIS borate, 0.089 M boric acid and 0.002 M EDTA (TBE
buffer) containing 0.25-% bromphenol blue and 0.25 % xylene cyanol. 4 times 20 ul
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cm long and 0.8 cm thick gel. The DNA fragments coding for mature TGF-B1, TGF-82
and TGF-B3, respectively, are visualized under short wave UV light, cut out with a razor
blade and electroeluted from the gel piece in a Schleicher & Schiill Biotrap apparatus
applying 200 mamp for 1.5 hours. The eluted DNA fragments are precipitated (see above)
and resuspended in 20 pl TE. '

5 pl of plasmid pPLMu are linearized by digestion with either Ncol and Sall, Ncol and
EcoRYV or Ncol alone and gel purified as described above for the fragment DNAs. 100 ng
of the linearized and purified pPLMu vector DNA and 3 times the molar equivalent of the
respective purified fragment DNA are incubated at 4°C for 15 hours in 20 ul of ligation
buffer (70 mM TRIS/HC], pH 7.5, 10 mM MgCl,, S mM DTT, 0.1 mM adenosine-triphos-
phate) containing 1 unit of DNA ligase (Boehringer).

10 pl of the ligation mixture are added to 200 ul of cold (4°C) competent E. coli LC 137
cells carrying plasmid pclgss, After 30 min the cells are heat shocked by incubation for
1.5 min in a 42°C water bath. 2 ml of LB medijum are added and the culture is shaken for
60 min at 30°C. 200 pl aliquots are plated on LB plates containing ampicillin and
kanamycin and incubated for 22 hours at 30°C. Single colonies are cultivated and plasmid
DNA is analysed. Subcloning of the DNA fragments coding for TGF-B1, TGF-f2 and
TGF-B3 in pPLMu results in plasmids pPLMu.hTGF-B1, pPLMu.hTGF-B2 and
pPLMu.hTGF-B3, respectively. Clones containing the above constructs are referred to as
E. coli LC 137/pPLMu.hTGF-f1, E. coli LC 137/pPLMu.hTGF-B2 and E. coli

LC 137/pPLMu.hTGF-B3, respectively.

E. coli LC 137/pPLMu.hTGF-B1, E. coli LC 137/pPLMu.hTGF-B2 and E. coli

LC 137/pPLMu.hTGF-B3 cells are heat induced (see example 2.A) and the expressed
proteins are analysed by SDS-PAGE. TGF-81, TGF-82 and TGF-B3 all appear as heat
induced proteins 2 hours after heat induction migrating with an apparant molecular weight
of approximately 12.000 D.

C. Fermentation of transformants

Ovemnight cultres of E. coli LC 137/pPLMu.h.TGF-B1, E. coli LC 137/pPLMu.h.TGF-$2
and E. coli LC 137/pPLMu.h.TGF-B3 in 2 | Erlenmeyer flasks containing 750 ml of LB



S. Mol ecular mass of dineric TG-[err]2 An aliquot of 6 [err]g nononeric
TGF-[err]2 and of 20 [err]g dineric biologically active TG-[err]2 obtained
in exanple 4.D and 4.1, respectively is dissolved in 25 % acetic acid,
adsorbed on nitrocellul ose and anal ysed on a BIO I ON 20 Pl asma Desorption
Mass Spectroneter (Applied Biosystengasgppsala,_Smeden). The nol ecul ar
nmasses determ ned are M= 12738.0 for nmononeric TG-[err]2
(cal cul ated Mass M= 12719.7) M= 25'422.0
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Mbl ecul ar Mg sulggres ilmdﬂeé qfdgq B} ¢f BB medium containing antibiotics as mentioned
above in 2 1 Erlenmeyer flasks and heated to 42°C by shaking for approximately

3.5 minutes in a 65°C water bath. The flasks are then transferred to a 42°C shaker and
incubated for 3 hours. The flasks are cooled down to 12°C in an ice water bath and the
cells are collected after centrifug'ation for 10 minutes at 8.000 rpm in a GSA rotor
(Sorvall).

Example 3: Expression of TGF-B1, TGF-32 and TGF-B3 in Saccharomyces cerevisiae
The coding sequences of mature TGF-81, TGF-82 and TGF-B3 are expressed in
&gharofnyces cerevisiae under the control of the inducible promoter of the yeast acid
phosphatase (PHOS).

The expression vectors are constructed in two steps:.

A. construction of plasmid pJDB207/PHOS-RIT 12,

B. construction of plasmids pJDB207R/PH05-TGF-$1, pJDB207R/PHO5-TGF-B2 and
pJDB207R/PHOS-TGF-$3, where A) provides the yeast vector and the PHOS transcript-
ional terminator and B) provides the expression cassettes with an insert coding for mature
TGF-B1, TGF-B2 and TGF-B3, respectively, under the control of the PHOS promoter.

A. Construction of plasmid pJDB207/PHO5-RIT 12

'Plasmid p31RIT 12 (European patent application EP 277.313) is linearized with restriction
endonuclease Sall. Partial HindIII digestion in the presence of ethidiumbromide results in
a 1 kb Sall/HindIII fragment comprising the 276 bp Sall/BamHI pBR322 sequence, the
534 bp promoter of the yeast acid phosphatase PHOS, the yeast invertase signal sequence
(coding for 19 amino acids) and the PHOS transcriptional terminator.
The 1 kb Sall/HindIII fragment of p31RIT 12 is cloned in to the yeast-E.coli shuttle vector
pIDB207 (Beggs, J.D. in: Molecular Genetics in yeast, Alfred Benzon Symposium 16,
Copenhagen, 1981, pp. 383-389), which had been cut with Sall and HindIII. The resulting
plasmid containing the 1 kb insert is referred to as pJDB207/PHOS-RIT 12.

B. Construction of plasmid pJDB207R/PH05-TGF-82 :

Plasmid pGKM740 (TGF-B2) (see example 1.G) is cut with Ncol. The sticky ends are
filled in a reaction with Klenow DNA polymerase. EcoRI linker (5'-CCGGAATTCCGG;
Biolabs) are added and the mixture is ligated. The resulting circular plasmid is referred to
as pGKMAG668 (TGF-82) and is cut with EcoRI and Sall. A 0.4 kb EcoRI/Sall fragment is




Dineric biologically active TG-[err]3 is prepared simlarly to TG--[err]2
described in exanples 4. A 4.B, 4.G 4.H and 4.1. The nol ecul ar nass of
dinmeric biologically active

- 37 - TG--[err]3 is determ ned as described in exanple 4.S. The
nmol ecul ar mass found is: M= 25'434.0 (calculated Mass M=
25' 427. 2 assuni ng -26- all cysteins as disulfides)

Exanple 5: In vitro activity test for TG-[err]1l, TG-[err]2 and TGF-[er_r]S

isolated from an agarose gel, purified and resuspended in sterile water at a concentration
- of 25 pg/ml. The fragment contains the mature coding sequence of TGF-B2 with an ATG
in frame to codon GCT which defines amino acid Ala 1 of mature TGF-2.

The PHOS promoter is isolated from plasmid p31RIT 12 (see above) on a 534 bp
BamHJ/EcoRI fragment. Plasmid pJDB207/PHO5-RIT 12 is cut with BamHI and Xhol.
The large, 6.8 kb BamHI/Xhol fragment is isblat¢d. The PHOS transcriptional terminator
remains on the fragment. The BamHI/EcoRI PHOS promoter fragment, the EcoRI/Sall
fragment coding for TGF-B2, and the BamHI/Xhol vector fragment are ligated. One
correct clone with the TGF-B2 gene under the control of the PHOS promoter cloned in an
anticlockwise orientation into pJDB207 is referred to as pJDB207R/PHO05-TGF-B2.

In an analogous manner, mature TGF-B1 and TGF-B3 arc expressed in S. cerevisiae. The
plasmids containing the coding sequences of TGF-B1 and TGF-B3 are pGKM125 and
PGKM126, respectively (see example 1.G). After digestion of these plasmids with Ncol,
add.tion of EcoRI linkers and ligation, the resulting circular plasmids are cut with EcoRI
and Sall. The EcoRI/Sall fragments are cloned into pJDB207 as described above. The
resulting plasmids are referred to as pJDB207R/PHO5-TGF-B1 and
pJDB207R/PHO5-TGF-B3.

C. Transformation of S. cerevisiae strain GRF18
Saccharomyces cerevisiae strain GRF18 (MATq, his3-11, his3-15. leu2-3, leu2-112, cank,
DSM 3665) is transformed with plasmids
. pPJDB207R/PHO5-TGF-B1
pJDB207R/PHO5-TGF-p2
pJDB207R/PHO5-TGF-B3
using the transformation protocol described by Hinnen, A. et al. (1978) PNAS 75, 1929.
Transformed yeast cells are selected on yeast minimal medium plates deficient in leucine.
Single ransformed yeast colonies are isolated and referred to as
Saccharomyces cerevisiae GRF18/pJDB207R/PH05-TGF-B1
Saccharomyces cerevisiae GRF18/pJDB207R/PH05-TGF-B2 and
Saccharomyces cerevisiae GRF18/pJDB207R/PH05-TGE-B3.

D. Fermentation of S. cerevisiae transformants and preparation of cell extracts
The yeast transformants, as mentioned above, contain plasmids with PHQS
promoter-controlled expression cassettes and therefore require derepression of the



A. Cell mgration and growh assay The assay is based on the chenotactic
activity of TGF-[err] on fibroblasts (Postlethwaite, A E et al. (1987) J.
Exp. Med. 165,251) and is performed as described by Burk, R (1973) PNAS
70, 369. The cell mgration pronoting activity of TGF-[err]l, TG--[err]2
and TG--[err]3 is assayed by nmeasuring the nunber of normal Bal b/c 3T3
fibroblasts which mgrate over a cultuyre period of 22 hours into a wounded
nonol ayer culture of said cells in serumfree nedi um (Dul becco's Mdified
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agitated at 30°C at 180 rpm.

Cells from 10 ml of culture are collected at 5 h, 24 h and 48 h by centrifugation at

3000 rpm and washed once in 0.9 % NaCl. The cell pellet is resuspended in lysis buffer
{66 mM potassium phosphate pH 7.4, 4 mM Zwittergent (Calbiochem)]. 8 g of glass beads
(0.5-0.75 mm in diameter) are added and the suspension is shaken vigerously 4-5 times for
2 min each on a Vortex Mixer in the cold. The cell extract is decanted to get rid of the
glass beads. Cell debris in the extract are sedimented by centn'fugation for 5 min at 3000
rpm at 4°C. The supernatant and pellets are separated and stored at -20°C.

Example 4: Production of dimeric, biologically active TGF-B1, TGF-82 and TGF-83

The procedures given below for the production of dimeric, biologically active TGF-B2 can
be applied in analogy for the recovery of dimeric, biologically active TGF-B1, TGF-83,
and other "TGF-B-like proteins”, respectively.

A. Recovery of non-soluble, monomeric TGF-B2 from E. coli
E. coli LC 137/pPLMu.hTGF-B2 cells are fermented as described in example 2.C. Cell
disruption and recovery of non-soluble TGF-82 is performed at 4°C. About 18 g of wet
cells are suspended in 60 ml of 0.1 M TRIS/HCI, 10 mM EDTA, 1 mM PMSF (Phenyl
Methan Sulphonyl Fluoride), pH 8.3 (disruption buffer). The cells are passed two times
through a Frenchpress (SLM Instruments, Inc.) according to the manufacturers instruc-
tions and the volume is brought to 200 ml with the disruption buffer. The suspension is
centrifuged for 20 min at 15.000 g. The pellet obtained is suspended in 100 ml disruption
buffer containing 1 M NaCl and centrifuged for 10 min as above. The pellet is suspended
“in 100 ml disruption buffer containing 1 % Triton X-100 (Pierce) and again centrifuged
for 10 min as above. The washed pellet is then suspended in 50 ml of 20 mM Tris/HCl, 1
mM EDTA, 1 mM PMSF, 1 % D'I'f and homogenised in a Teflon tissue grinder. The
resulting suspension contains crude monomeric TGF-82 in a non-soluble form.




(b) measuring the anmount of radio-|abelled 3Hthym dine uptake in cultures

of said cells grown in serumfree nediumcontaining TG-[err]1,
TG=-[err]2 orTG--[err] 3, respectively, as conpared to the amount of
3Hthym di ne uptake in cultures grown in the absence of TGF-[err].

In these dose response experinents concentrations of the conpletely
purified TG--[err]l, TG-[err]2 and Jeg-[err]3 proteins (see exanple 4.K)

in the range of 0.1 to 1000 pg per mlIli- liter of culture nmediumare
sufficient to elicit 50 %of the nmaximal m gration and growth pronoting
response. - 38 -

B. Solubilization and purification of monomeric TGF-$2

10 ml of the TGF-B2 suspension obtained according to example 4.A or 4.C are acidified
with 10 % acetic acid to pH 2.5 and centrifuged in an Eppendorf centrifuge for 10 min at
room temperature. The supernatant is chromatographed on a Sephacryl S-100 column
(Pharmacia, 2.6 x 78 cm) in 10 % acetic acid at a flow rate of 1.4 ml/min. (Alternatively,
the chromatography can be performed on Sephacryl S-100 HR (Pharmacia) and the
column can be run in 1 % acetic acid or 5 mM HCI, respectively.) Fractions containing
monomeric, denatured TGF-B2 eluting between 190 min and 220 min are pooled. This
material is used for refolding to get biologically active, dimeric TGF-B2 (examples

4 G.J.K.L) or for further purification for structural analysis (example 4.D.).

C. Recovery of monomeric TGF-B2 from Saccharomyces cerevisiae
The pellet of broken cells obtained from a 500 mal fermentation performed as described in

example 3.D is suspended in 20 ml 4M urea, 0.1 M TRIS, 1 % DTT, pH 8.0. The mixture
is kept at room temperature for 30 minutes with intermittant vortexing every 5 minutes.
Insoluble material is removed by centrifugation at 30°000g for 30 minutes at 4° C and the
supernatant is adjusted to pH 2.5 with acetic acid and dialysed extensively against 5 %
acetic acid overnight at 4°C. The solution is centrifuged as above and the clear supernatant
is concentrated by ultrafiltration on a YM 10 membrane (Amicon) to a final volume of 4
ml. The sample is then chromatographed on Sephacryl S-100 HR (Pharmacia) in 5 %
acetic acid as described in example 4.B yielding monomeric TGF-B2.

D. Further purification of monomeric TGF-B2 by RP-HPLC
Aliquots of the pooled fractions from the Sephacryl S-100 column (example 4.B) are
purified on a Vydac 214TP5415 HPLC reverse phase column (4.6 x 150 mm, The Separa-
tions Group, Hesperia, CA, USA). The column is equilibrated in a mixture of 70 % TFA
0.1 % in water and 30 % TFA 0.08 % in acetonitrile, and the product is eluted by a linear
gradient over 30 min ending with a mixture of 55 % TFA 0.1 % in water and 45 % TFA
0.08 % in acetonitrile at a flow rate of 1 ml/min. The eluate is monitored for absorbance at
216 nm and individual peaks are collected manually according to the UV absorbance.
‘Denatured, monomeric TGF-B2 is eluted at 21.5 min. Depending on the individual reverse
phase column used for the separation the same preparation of TGF-82 is eluted around

, 16 min and 18 min, respectively.

TGF-B2 fractions are analysed by RP-HPLC using the same column and solvent system as



B. Cell growth inhibition assay The colorinetrical assay is based on the

i nhibitory effect of TG--[err] on the gromh of human A 375 nel anona cells
(Brown, T.J. et al. (1987) J. Inmunol. 139, 2977). TG~-[err]l, TG-[err]2
and TG--[err]3 sanples are serially diluted (1:3) in flat bottoned 96-well
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foetal calf serum Control wells receijge nmediumalone. 1.5 x 10[err] A375
mel anoma cel |l s are added to each well . "After a 72 hours incubation period
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E. Analysis of monomeric TGF-B2 by SDS-PAGE

~ Individual aliquots of the Sephacryl S-100 column (example 4.B) or the reverse phase
column (example 4.D) are dried in vacuo and analysed by SDS-PAGE (Ldmmli, U.K.
(1970) Nature 227, 680) on 15 % polyacrylamide slab gels stained with Coomassie Blue '
R-250. A single band of an apparant molecular weight of about 12.000 D is obtained
which is indistinguishable from reduced natural porcine TGF-B2.

F. N-terminal amino acid sequence determination of monomeric TGEF-B2

TGF-B2 from example 4.B is evaporated in vacuo, dissolved in 25 pl acetic acid and
subjected to amino acid sequence determination on a gas phase protein sequencer mode} o
470A (Applied Biosystems).

The N-terminal amino acid sequence is: _

5 10 15
Ala-Leu-Asp-Ala-Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X-
X-Leu~-Arg-Pro
wherein X denotes an amino acid not positively identified.

Similarly, the N-terminal amino acid sequence is determined for the 4-vinylpyridine

derivative of TGF-B2 prepared as described by Marquardt, H. et al. (1987) J. Biol. Chem.
262, 12127-12131.



A. Healing of Partial-Thickness Wunds in Od Mce It is recognised that
wound heal i ng processes becone inpaired with advanci ng age (G ove, G L.
(1982) Arch. Dermatol. Res. 272:38 1) and therefore represent nmjor
problens in the field of geriatric medicine. Therefore, the in vivo

bi ol ogi cal effects of the refolded active dineric TG-[err]s on the healing
of partial -thickness wounds (forned hygsecond degree burning) are

i nvestigated in a partially deficient or inpaired wound repair situation,
nanely in old animals, using the follow ng protocol simlar to the one
described by Schultz, G S. et al. (1987) Science 235: 350. Single

m dder nmal i sl AL UEL S . on the dorsal thorax of anaesthetized
RN Bkl BB BR

old C57/B or nore), whose backs have been previously
shaved and depilitated witha comercial creanifype hair renover, B a

single 10 ﬂ%&%%imim%y@-@y@sﬁhégig?gai.gnwél-@%-&@méﬂﬂ}@h has

been equilibrated at 80[err]C i'n a water The resulting blister is
surgically renoved and the2burns are treated dgn‘-:’ly, for 5 days, with

Cys—-Leu-Arg-Pro-Leu-Tyr-Ile-Asp-Phe-X-Arg-Asp-Leu-

wherein X denotes an amino acid not positively identified. Cysteine was determined as
S-pyridylethylcysteine.

G. Generation of dimeric, biologically active TGF-$2

3 mg of monomeric denatured TGF-B2 from example 4.B is dissolved in 140 ml 50 mM
Tris/HCI pH 8.0, 1M NaCl, 5 mM EDTA, 2 mM reduced glutathione, 1 mM oxidised
glutathione and 33 mM Chaps (Calbiochem). After 72 hours at 4°C the pH of the solution
is adjusted to pH 2.5 with HCI and the mixture is concentrated 10 times by ultrafiltration
on a YM 10 membrane (Amicon, Danvers, MA, USA) in an Amicon stirred cell. The con-
centrated solution is diluted to the original volume with 10 mM HCIl and concentrated to a
final volume of 10 ml by the same method. The precipitate formed is removed by centri-
fugation at 5000 g for 30 minutes. The supernatant contains disulfide linked dimeric
TGF-B2 as judged by SDS-PAGE under non-reducing conditions. The biological activity
of the preparation is measured by the cell migration and growth assay (example 5.A) and
the cell growth inhibition assay (example 5.B).

Alternatively, instead of using monomeric TGF-B2, the S-sulfonated TGF-BZ derivative
(example 4.M) is used for the generation of dimeric active TGF-82 by applying essentially
the procedure described in this example with the exception of the sodium chloride
concentration which is 2M. Purification and isolation of the dimeric TGF-B2 is performed
with the same methods as dimeric TGF-B2 generated from the underivatised monomeric
protein (example 4.H and 4.I).

H. Isolation of dimeric TGF-B2 by cation exchange chromatography on a Mono S column
The concentrated solution from example 4.G is applied at a flow rate of 1 ml/min onto a
Mono S HR 5/5 column (Pharmacia) equilibrated in a mixture of 85 % buffer A (20 mM
- sodium acetate, 30 % isopropanol, pH 4.0) and 15 % buffer B (buffer A containing 1 M
sodium chloride). The column is then washed at the same flow rate keeping the buffer
mixture composition constant until the absorbance reading at 280 nm has reached baseline




- 39 - a topical application of 25 [err]l sterile vehicle buffer solution
(consisting of 0.8 % w v Hydroxypropyl cellulose in a solution of 10 mM

Hi stidine, 140 nM NaCl, pH 7.4) containing various anmounts (500 ng, 100 ng
or 10 ng) of the refolded active dineric TG--[err] form or with buffer
solution alone, or are left untreated., All topically applied materials are
sterile, endotoxin-free and pyrogen- F@ée and all mce are individually
caged for the duration of the experlnent Each experimental group consists
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I. Further purification of dimeric TGF-82

Dimeric TGF-B2 from example 4.G is diluted with the same volume of 0.1 % TFA in

water and subjected to RP-HPLC on a Vydac 214TP5415 column (4.6 x 150 mm, The

Separations Group, USA) equilibrated in a mixture of 80 % TFA 0.1 % in water and 20 %

TFA 0.08 % in acetonitrile. The column is eluted by a linear gradient over 40 min starting
~upon injection at the equilibration conditions and ending with a mixture of 60 % TFA

0.1 % in water and 40 % TFA 0.08 % in acetonitrile at a flow rate of 1 ml/min. The eluate

is monitored for absorbance at 216 nm. TGF-B2 is eluted with a retention time of 32.7 min

and collected manually. SDS-PAGE analysis under non reducing conditions revealed a

single sharp band of apparent molecular weight of about 25 kD. The obtained dimeric
TGF-B2 is of high purity.

J. Alternative method I for the generation of dimeric, biologically active TGF-f2
Monomeric TGF-B2 from example 4.B is dissolved at a concentration of 0.1 mg/ml in 50
mM sodium phosphate, pH 8.0, 2M NaCl, 5 mM EDTA, 2.5 mM cysteine, 1 mM cystine
and 50 mM Chaps (Calbiochem). After 300 hours at 4°C the pH is adjusted to pH 2.5 with
10 % TFA. Then 30 mg/ml of Sepralyte C-1 (preparative grade, 40 pm, Analytichem
International, Harbor City, CA, USA), pretreated sequentially with 0.1 % TFA in
acetonitrile and 0.1 % TFA in water, is added and the mixture is gently stirred for 30 min
at room temperature. The gel is filtered overa glass frit covered with fresh prewashed
Sepralyte C-1 (20 % the amount added to the refolding solution). The gel is washed first
with (5 times the gel volume) buffer A (0.2 M NaCl/0.1 % TFA/water), then with a
mixture of 80 % buffer A and 20 % buffer B (0.08 % TFA in acetonitrile). TGF-B2 is
eluted with a mixture of 70 % buffer A and 30 % buffer B. The eluate is applied directly
onto a Mono S column HR 5/5 (Pharmacia). Purification and isolation of TGF-B2 is
performed as in examplés 4 H and 4.1, respectively.

Alternatively, acetonitrile in buffer A and buffer B, respectively, used for washing the



G oup Animals TGF-[err] 2 dose per %age of original burn

i nci si on (ng) area heal ed on day 6 1 ad 500

59 8 2 ad 100 55 6 3 ad
10 46 7 4 ad Buffer Only 10 9
5 ad Unt r eat ed 16 6 6 Young

Unt reat ed 66 9 The resuhkts of the planinetrical analyses

shown in the above table denponstrate that topical application of refol ded
active dinmeric TG--[err]2 daily for 5 days in a suitable vehicle buffer
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achieved with a stepwise gradient (steps of 2 % buffer B) starting with a mixture of 80 %
buffer A and 20 % buffer B and ending with a mixture of 70 % buffer A and 30 % buffer

B. Further procedure is as in examples 4.H and 4.1, respectively.

K. Alternative method II for the generation of dimeric, biologically active TGF-82
Monomeric TGF-B2 from example 4.B is dissolved at a concentration of 0.5 mg/ml in 100
mM Tris/HCl, pH 8.5, 1M NaCl, 5 mM EDTA, 1 mM reduced glutathione, 1 mM oxidised
glutathione and 50 mM Chaps (Calbiochem). After 450 hours at 4°C the mixture is
adjusted to pH 4.0 with acetic acid, diluted by addition of 7 volumes of 20 mM sodium
acetate, pH 4.0 and pumped onto a Mono S column HR 5/5 (Pharmacia). Further
procedure as in example 4.H and 4.1, respectively.

.L. Alternative method I for the generation of dimeric, bi_ologicallz active TGF-2 using

thioredoxin as a disulfide promoting agent
Monomeric TGF-B2 from example 4.B is dissolved at a concentration of 0.025 mg/ml in

100 mM Tris/HCI, pH 8.0, 50 mM Chaps, 0.05 mg/ml thioredoxin. The mixture is
incubated at 4°C for 24 hours. As determined by the cell migration and growth assay
(example 5.A) the yield of refolded dimeric active TGF-B2 is similar to that of the method
described in example 4.G. Purification and isolation of dimeric TGF-B2 is as in examples
4.H and 4.1. TGF-B2 is separated from thioredoxin by the Mono S column of example 4.H.

M. Preparation of S-sulfonated TGF-82 and its use for the generation of dimeric,
biologically active TGF-B2

Monomeric TGF-f2 from example 4.B is dissolved at room temperature in 6M urea, 100
mM Tris/HCl, pH 8.0, 50 mM sodium sulfite and 0.2 mM cysteine. Formation of S-sul-
fonated TGF-B2 is monitored by RP-HPLC using the conditions of example 4.D. The
retention time of S-sulfonated TGF-B2 is 31.8 min. After completion of the reaction, the
PH of the solution is adjusted to pH 2.0 with 1 N HCI. S-sulfonated TGF-B2 is desalted on
a FPLC "Fast Desalting Column" HR10/10 (Pharmacia) in 10 mM HCI. Refolding of
S-sulfonated TGF-B2 to give dimeric active TGF-B2 is done essentially according to the
procedure of example 4.G.

N. Recyclisation of incorrectly folded TGF-B2
Solid guanidinium hydrochloride and DTT is added to the material not bound to the Mono




treated wounds (Groups 4 & 5 respectively ). Young mce are apparently
conpet ent enough to successfully re-epithelialize their wounds in the

absence of any topically applied TG--[err] (G oup 6). Histological analyses
reveal the extent of the enhanced

-40- re-epithelialization process together with a hyperkeratosis of the
regenerated epiderms on Day 6 in the TG--[err]-treated wounds. B.

Heal i ng of Ful | - Thi ckness Wounds in Ad8Pt Rats The bi ol ogi cal effects of
refol ded active dineric TG--[err]s are al so |nvest|gated in a second in
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protocol sipH isadjusedtd pHBE wikhsolid Terd. After 1 hour at room temperature the mixture is
subjected to RP-HPLC using the same column and solvent system as in example 4.D.
Reduced monomeric TGF-B2 is collected, and acetonitrile is removed in the vacuum. This
preparation is then subjected to the refolding procedure of example 4.G either directly or
together with newly isolated monomeric TGF-B2 from example 4.B or 4.C, thus improv- '
ing the total yield of refolded active dimeric TGF-B2.

O. Generation of heterodimeric, biologically active TGF-B

Heterodimeric TGE-Bs consisting of two different disulfide-linked polypeptide chains of
112 amino acids each can be prepared by subjecting equimolar amounts of the two
respective monomers to refolding conditions as described in example 4.G. Purification
and isolation of the dimers is performed according to examples 4.H and 4.1 allowing the
separation of the heterodimeric form from the homodimers.

P. Peptide mapping and sequence determination of monomeric TGF-31, TGF-82 and
TGF-B83, respectively

TGF-B2:

92 g (6.7 nmoles) S-pyridylethylated recombinant TGF-B2 described in example 4.F. are
dried in an vaccum centrifuge and redissolved in 200 pl 5 mM HCL. 200 p1 0.2 M
Tris-acetate buffer, pH 7.8, containing 10 mM Zwittergent 3-12 detergent (Calbiochem
Corporation, La Jolla, CA) is added and mixed with the protein solution. The cleavage is
carried out with 2 pg (dissolved in 50 pl water) endoproteinase Asp-N (from
Pseudomonas fragi mutant, Sequence Grade, Boehringer Mannheim Biochemica, FRG) at
37°C. After 13 hours, 50 pl 10 % (v/v) TFA are added and the mixture is separated by
RP-HPLC on a C4 narrow-bore column (Vydac 214TP52, 2.1x250 mm) with a linear
gradient of 5 to 40 % (v/v) acetonitrile in 0.1 % TFA/water in 35 min at a flow rate of
0.1 ml/min and UV detection at 216 nm. The collected peaks are analysed by plasma
desorption mass spectroscopy as described in example 4.S.

The comparison of the measured molecular mass (in Daltons, D) of the peptides in their
protonated form (M+H*) with the calculated molecular mass allows the following
identification:
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sacrifice %e enti reﬂ?fgg)sal s%@l‘gljs remvgmggéi‘ﬁpani mal and al |

subcut aneek fat is X2ddf ul | ylél9skect ed f DOGEILRPLYHer si de of each of the
skins usi3zg a surgi cakaxcal pety t enpl at b Gt QT?EDWP

surgi cal T3%Isqi\des (8 stang%mt%g ween blgéegl |2LFpl'en use s’(;ﬁelidc::dl:g%Q

in (bet \g@g-‘%utur@@4&1 each iR

stri ps o KGKMCM%YIQ
WSS

445 3739.5 3739.5 DLEPLTILYYIGKTPKIEQLSNMIVKSC
KCS

TGF-p1:

32 pg (2.5 nmoles) S-pyridylethylated recombinant TGF-B1 (prepared similarly as
S-pyridylethylated recombinant TGF-B2) are cleaved with 1.5 ug endoproteinase Lys-C
using the same procedure as for the digestion of TGF-B2 except that the incubation time is
9h and a linear gradient of 12 to 27 % acetonitrile in 90 min is used on a C18 column
(Vydac 218TP5205, 2.1x50 mm).

Retention M+H* Calculated Peptide Sequence
- Time (min) D) Mass M (D)

9.4 810.6 808.9 WIHEPK

13.2 619.2 617.7 DLGWK

20.4 1584.6 1583.7 ALDTNYCFSSTEK

34.9 16133 1611.9 VEQLSNMIVRSCK

50.6 1869.8 1868.3 NCCVRQLYIDFRK

79.8 2875.2 2874.3 GYHANFCLGPCPYIWSLDTQYSK

87.1 4189.1 4189.0 VLALYNQHNPGASAAPCCVPQALEPL
PIVYYVGRKPK

89.8 3965.0 3963.7 VLALYNQHNPGASAAPCCVPQALEPL

PIVYYVGRK



measurenents. Sanples are taken fromone end of each incision for

hi st ol ogi cal anal ysis. The nmaxi mum | oad tol erated by each excised skin
sanple is neasured with a Universal Tensile Strength Machi ne Model 144501
(Zwi ck, Um FRG. Measurenments are made on 30 mmx 8 mmstrips which are
secured between hydraulic clanps and then stretched to breaking point at a
rate 10 mm per mnute, with the maximsgn | oad recorded on a chart recorder
Measurenents are nmade on triplicate sanples from each 'wound and
experinmental groups consisted of 4 animals. Breaking strength is not
measur ed on wounds showi ng evi dence of infection or excessive haenorrhaging

(less tha’ﬁGE—?Of all wounds).
-41- A >P npl e of such an experinent using refolded dineric active
TG--[err]2 is shown in the follow ng table where val ues shown represent the

average r4|,0%1 86 nBRS) 5HysyREBAMed recombinant TGF-B3 (prepared similarly as
S-pyridylethoxylated recombinant TGF-B2) are digested with 0.4 ug endoproteinase
Asp-N as described for TGF-B2 except that the incubation time is 22.5 hours and the
separation is carried out on ?a'" "'(518 column (Vydac 218TP5205, 2.1x50 mm) with a linear
gradient of 16 to 32 % acetonitrile in 80 min. |

Retention M+H* Calculated Peptide Sequence
Time (min) D) Mass M (D) '
7.0 1308.0 1306.6 ENCCVRPLY
8.8 1381.0 1379.5 DTNYCFRNLE
11.6 1205.5 1206.3 DTTHSTVLGLY
12524 1250.4 DTNYCFRNL
194 1421.5 1421.5 DTTHSTVLGLYNT
1551.2 1551.9 DLEPLTILYYVGR
36.5 3030.4 3029.4 DTTHSTVLGLYNTLNPEASASPC
CYPQ
39.8 2782.6 2781.2 DTNYCFRNLEENCCVRPLYI
45.6 3457.3 3456.0 DLGWKWVHEPKGYYANFCSGPCPYL
_ RSA '
719 3726.5 37255 DLEPLTILYYVGRTPKVEQLSNMYV
VKSCKCS |
82.6 6736.9 67369 DTTHSTVLGLYNTLNPEASASPCC
VPQDLEPLTILYYVGRTPKVEQL
SNMVVKSCKCS

Q. Structural characterisation of monomeric TGF-B2 expressed in Saccharamyces

cerevisiae

An aliquot of the material from example 4.C is further purified by RP-HPLC as described
in example 4.D and the N-terminal amino acid sequence is determined as described in
example 4.F.



between TG--[err]2-treated wounds and pl acebo-treated wounds at 3 equally
spaced tinepoints over a 21 day day tine period. Goup TFG[err]2 dose

per Ratio.of Tensile Strength incision ([err]g) TG[err]:

Pl acebo Treatnent at Day 7 Day 14 Day 21
1 2.00 1.9:1 134-1 1.4:1 2 1.00
1.8:1 1.4:1 1.3:1 3 0.10 1.4: 1 1.3: 1 1.2:
1 4 0.01 1.2: 1 1.1: 1 1.0: 1 5

None* The aminolacid sequenck.if:: 1 1.0:1 (* ratio of vehicle

buffer only v no treatnent) The results of the tensile strength
nmeasurenments shown in the %bove t abl e dem)nst{éate 15

Ala-Leu-Asp-Ala-Al a—Tyr-X-—Phe—Arg-—Asn—Val—Gln—Asp—Asn—x-
20 | 25
X-Leu-Arg-P ro—Leu-Tyr-Ile-Asp—Phe-Lys-Arg—Asp-Leu-Gly
wherein X denotes an amino acid not positively identified.

R. Refolding of monomeric TGF-B2 expressed in Saccharamyces cerevisiae and isolation
and characterisation of dimeric TGF-B2 '

Refolding of the monomeric TGF-B2 expressed in Saccharomyces cerevisiae and
isolation of dimeric biologically active TGF-B2 is performed as described in example
4.G, 4.H and 4.1 respectively.

S. Molecular mass of dimeric TGF-B2

An aliquot of 6 g monomeric TGF-B2 and of 20 pg dimeric biologically active TGF-2
obtained in example 4.D and 4.], respectively is dissolved in 25 % acetic acid, adsorbed on
nitrocellulose and analysed on a BIO ION 20 Plasma Desorption Mass Spectrometer
(Applied Biosystems, Uppsala, Sweden). The molecular masses determined are

M=12'738.0 for monomeric TGF-f2 (calculated Mass
M= 12'719.7)

M=25'422.0 for dimeric TGF-B2 (calculated Mass
M=25'421.2 assuming all cysteins as
disulfides)

T. Molecular mass of dimeric TGF-83

. Dimeric biologically active TGF-B3 is prepared similarly to TGF-B2 described in
examples 4.A, 4.B, 4.G, 4.H and 4.1. The molecular mass of dimeric biologically active



that a single topical application of refolded active dineric TGF-[err]2 in
a suitable vehicle buffer enhances the breaking strength up to 2 fold, and
accel erates the healing, of full-thickness incisional wounds in adult rats
in a dose dependent fashion over a 21 day tine period (G oups 1-4) when
conpared against the control group (Gggup 5). Histological analyses reveal
the marked i ncrease influx of nononuclear cells, fibroblasts and coll agen
production in TGF-[err]-treated wounds over the 21 day period as conpared
t 0 cont r olTGIOAR ikSdetemiifed i d2Bdritey iR rdampleok § STheSmales olae miasefvland fs:
TG--[err]-treated wounds up to 14 days after the treatnent. C. Wund
Chanber | nplant Mddel in Adult Rats The biol ogical effects of refol ded
active di neM=2¢84.0err]s dcaculhted MassdM t=25242502 assumingii rd i n vi vo nodel of
wound repair, nanmely on th [ h, vascul ari zati on and
formati on of fibrous granuﬁdgf&g)éﬁ“{sia‘légtij%ﬁ?&r%yand around porous chanber
inmplants in adult rats, based on a protocol simlar to the one described by
Sporn, M :Inv WitPGd: 118&8- zarﬁrmw%i gi d '
pol yt etra%%s['lgv{eﬁﬁ%} egés‘%?ﬁegr na1 'gﬁﬁ externa laneters, 10 and 12
mm

A. Cell migration and growth assay

The assay is based on the chemotactic activity of TGF-B on fibroblasts (Postlethwaite,
A.E. etal. (1987) J. Exp. Med. 165,251) and is performed as described by Burk, R. (1973)
PNAS 70,369. :

The cell migration promoting activity of TGF-B1, TGF-B2 and TGF-B3 is assayed by
measuring the number of normal Balb/c 3T3 fibroblasts which migrate over a culture
period of 22 hours into a wounded monolayer culture of said cells in serum-free medium
(Dulbecco’s Modified Eagle Medium, Gibco) containing TGF-B1, TGF-B2 or TGF-83,
respectively, as compared to the number of fibroblasts which migrate into a wounded
monolayer culture in the absence of TGF-p.

The growth promoting activity of TGF-B1, TGF-B2 and TGF-B3 is determined by the

stimulatory effect on cellular DNA synthesis and cell division. This activity is apparent in

said monolayer cultures observed under the light microscope after a culture period of

44 hours and is quantified by either

(a) counting the number of cell nuclei, in any given field of view, in cultures of said
cells grown in serum-free medium containing TGF-1, TGF-B2 or TGF-B3,
respectively, as compared to the number of cell nuclei counted, in any given field of
view, in cultures grown in the absence of TGF-, or

(b) measuring the amount of radio-labelled 3H-thymidine uptake in cultures of said cells
grown in serum-free medium containing TGF-B1, TGF-B2 or TGF-B3, respectively,
as compared to the amount of H-thymidine uptake in cultures grown in the absence
of TGF-B. '

In these dose response experiments concentrations of the completely purified TGF-B1,
TGF-B2 and TGF-B3 proteins (see example 4.K) in the range of 0.1 to 1000 pg per milli-
liter of culture medium are sufficient to elicit 50 % of the maximal migration and growth
promoting response.



-42- respectively; length 32 mm), each perforated by appori xmately 250
regul arly spaced holes (dianeter 1 mm) and sealed at each end with a
renovabl e cap of identical material, are gas sterilized and surgically

i nserted sub-cutaneously, in symretrical fashion, through small incisions
into the dorsal flanks of pentobarbitogg anaest hetized adult Wstar rats
(350-400 g). One gas-sterilized tissué”Cage is inplanted into each flank
and the incisions are closed with single surgical clips (C ay-Adans
Auto-Clips, 9 mMm which are renoved 5 days after surgery. Foll ow ng

surgi cal insertion the chanbers beconme encapsul ated with fibrous connective
ti ssue alt BofigH gremthdnhibitipnrasbay i ve absence of cells within the chanbers

t hemsel ves mplhpRyritfdedal Q§s‘i¥ T Red of URY inhBitof\Péire &f TCF-B B iesgdwaper e

wi t hin each chanber where Var]ous paramet er's é’{}? \i\our‘lld pﬁ[) [ {_esponse

can be quahBmaafed’S majapama ca%&irgw dr etk p(ég n U8R ’d@gg after

i mpl ant at i QGRP1,ITEF- SRR ErGE-p3samplek dtd sehiehy dilgted(1:Bhin Satrbgitomed Ooeovall on.
tissue culture plates (Falcon) containing RPMI-1640 medium (Gibco) and 5 % foetal calf
serum. Control wells receive medium alone. 1.5 x 10* A375 melanoma cells are added to
each well. After a 72 hours incubation period at 37°Cin 5 % CO, the A375 cell
monolayers are washed once, fixed and stained with crystalviolet for 15 minutes. Unbound
stain is washed out intensively. The stained cells are lysed with 33 % acetic acid to release
the stain (which is confined to the cell nuclei) and the OD was measured at 590 nm with a
multiskan-8 Channel Photometer equipped with an Olivetti M 24 PC to calculate the

~ activity of the test compounds. Since the intensity of staining in each well is directly

related to the number of nuclei (and therefore to the number of cells), this technique
provides a colorimetrical assay for measuring the anti-proliferative effects of TGF-B1,
TGF-$2 and TGF-$3 molecules.

Treatment with purified TGF-B1, TGF-B2 and TGF-$3 over a concentration range of
0,001 to 10 nM inhibits the growth of A375 melanoma cells. -

Example 6: In vivo activity tests for refolded TGF-B1, TGF-$2 and TGF-B3

A. Healing of Partial-Thickness Wounds in Old Mice

It is recognised that wound healing processes become impaired with advancing age
(Grove, G.L. (1982) Arch. Dermatol. Res. 272:381) and therefore represent major
problems in the field of geriatric medicine. Therefore, the in vivo biological effects of the
refolded active dimeric TGF-Bs on the healing of partial-thickness wounds (formed by
second degree burning) are investigated in a partially deficient or impaired wound repair
situation, namely in old animals, using the following protocol similar to the one described
by Schultz, G.S. et al. (1987) Science 235:350.

Single middermal thermal injuries are made on the dorsal thorax of anaesthetized old
C57/BL6 mice (aged 450 days or more), whose backs have been previously shaved and
depilitated with a commercial cream-type hair remover, by a single 10 second application
of a brass template (1x1 cm, 8 gm) which has been equilibrated at 80°C in a water bath.
The resulting blister is surgically removed and the burns are treated daily, for 5 days, with



At this tine daily injections of 100 [err]| sterile vehicle buffer solution
(consisting of 0.5 % w v Hydroxypropyl cellulose in a solution of 10 mM

Hi stidine, 140 nM NaCl, pH 7.4) containing various anmounts (1 [err]g, 0.1
[err]g or 0.01 [err]g) of a refolded, active dimeric TG=[err] formare
given directly into the left side chamber s (as viewed with the dorsal side
uppernost). Ri ght side chanbers recer va - correspondi ng equal anmounts of a

pl acebo control (BOV| ne Serum AI bum n) in the said vehicle buffer. Control

ani mal s recei v icle fi side I, reas
ri ght si dé‘%lﬂ caIng ?% t“FE ‘ciko"m{El ﬁﬁ‘?ﬁt%?%ﬁls f‘ggﬁg 8exp ri ment.
Exper i rrentlr@ldr@(ypmqs/l cﬁhﬂosetmcafsoﬁxtlan|o|fr&0mMImptmhn¢d14ﬁml?v1eNn@hI9Hcﬂnéb dail y

o e Bl S, T 0 1 0101ttt gnand

pyrogen- f s uration of the
exper i menfTGi@ foma, Qs'amh buftasgolmtion nloaf:mmrq le&t yngrsated o]l sapielly applied | ons.

Chanber s %ﬁeﬁﬂf&efsﬁemé/ %ﬂd&&ﬂmﬁ@&&ﬂe}&@n-@& aﬁ&m hﬁcé eehﬁulqmaanng ghe

fibrous tissue frominside each ﬁﬂ }' ogt al serous
protein i fOf the BRI OF t*quanmgmegﬁfr'mﬁpéamsgﬁahgrq“ﬁéo SR80 3R S y et al .,
(1951) J. Biol. Chem 193: 265. Sanples of fibrous tissue rermved from

Stori 11ty AR EYE AEABHFEBORTB M - Pt AlCken By bRt CRBSEIT 1 i o
sanpl es orrbsagicalieremtoviedifrom dre tuires, esd therbuft dre photoS@pbed. ABcasédmmserent s
are not %nflﬁft }1%03 F{#@ﬁ%ﬂeﬁ eﬁﬂﬁéﬁ&rﬁg ax%vduﬁﬁ{éﬁ%{&g ud1ﬁ§rﬁ%i&ﬂcs‘§ ruaﬁ%a‘?&{t lo9ErhEALSS

than 3 an experi ne usi ng

ref ol ded direjector films and &heme[nmgcm ea@ erigingl bum arpe thap hasdgaled is aﬁF@amﬁer e
val ues shoypihBRIeES SREsulth Gre?§S Sdipdréd With 1R epihefial 1EgEREation process in young

(56-84 day old) C57/BL6 mice with identical middermal burns which are left untreated for
the duration of the experiment.

An example of such an experiment using refolded dimeric active TGF-B2 is shown in the
following table where values shown represent the mean and range of group evaluations.

Group Animals TGF-B2dose per %age of original burn

incision (ng) area healed onday 6
1 oud 500 59+38
2 Ooud 100 556
3 Oid 10 46+7
4 oW Buffer Only 10£9
5 od Untreated 166
6 Young Untreated 669

The results of the planimeu'ical'aﬁalyses shown in the above table demonstrate that topical
application of refolded active dimeric TGF-32 daily for 5 days in a suitable vehicle buffer
stimulates and accelerates epithelial regeneration in partial-thickness wounds on old mice
in a dose dependant fashion (Groups 1-3) when compared with vehicle buffer only or un-
treated wounds (Groups 4-& 5 respectively ). Young mice are apparently competent
enough to successfully re-epithelialize their wounds in the absence of any topically
applied TGF-B (Group 6). Histological analyses reveal the extent of the enhanced



obtained for protein in 5 matched pairs of chanbers (left v right) from

each group of aninals. - 43-
G oup TG--[err] 2 dose per Ratio of protein in nmatched | ef t
chanber ([err]g) chanbers (left: right)
Fi brous Ti ssue Serous Protein 1 1.00 3.0:
1 1.5 1 - 40 -

re-cpithelialization process together with a hyperkeratosis of the regenerated epidermis on
Day 6 in the TGF-B-treated wounds.

B. Healing of Full-Thickness Wounds in Adult Rats _

The biological effects of refolded active dimeric TGF-Bs are also investigated in a second
in vivo model of wound repair, namely on the healing of full-thickness wounds (formed by
surgical incisioning) in adult rats, using the following protocol similar to the one described
by Mustoe, T.A. et al. (1987) Science 237:1333.

Single, full-thickness 5 cm long linear incisions are made with surgical scissors 1.5 cm on
both sides of the dorsal midline of pentobarbitone anaesthetized male Wistar rats
(300-350 g) whose backs have been previously shaved and depilitated with a commercial
cream-type hair remover. In the experimental groups, edges of the left side incisions (as
viewed with the dorsal side uppermost) receive single topical applications (100 k1) of a
sterile vehicle buffer (consisting of 0.8 % w/v Hydroxypropy! cellulose in a solution of
10 mM Histidine, 140 mM NaCl, pH 7.4) containing various amounts (2 pug, 1 ng, 0.1 pg
or 0.01 pg) of a refolded active dimeric TGF-B form. Edges of the contralateral right side
incisions receive corresponding equal amounts of a placebo control (Bovine Serum
Albumin) in the said vehicle buffer and edges of incisions in control animals receive
vehicle buffer alone in the left side incisions and no treatment in the right side incisions
following surgical incisioning. All topically applied materials are sterile, endotoxin-free,
and pyrogen-free. Edges of each wound are then coapted with 5 evenly placed, interrupted

~ horizontal mattress sutures of 5-0 Ethilon. All animals are caged separately and the
wounds are left to heal for varying periods up to and including 21 days post treatment.
After sacrifice the entire dorsal skin is removed from each animal and all subcutaneous fat
is carefully dissected from the underside of each of the skins using a surgical scalpel. A
template consisting of two parallel surgical blades (8 mm distance between blades) is then
used to excise strips of skin (between sutures on each incision) for tensile strength
measurements. Samples are taken from one end of each incision for histological analysis.
The maximum load tolerated by each excised skin sample is measured with a Universal
Tensile Strength Machine Model 144501 (Zwick, Ulm, FRG). Measurements are made on
30 mm x 8 mm strips which are secured between hydraulic clamps and then stretched to
breaking point at a rate 10 mm per minute, with the maximum load recorded on a chart

. recorder. Measurements are made on triplicate samples from each wound and
experimental groups consisted of 4 animals. Breaking strength is not measured on wounds
showing evidence of infection or excessive haemorrhaging (less than 3 % of all wounds).



2 0.10 2.5:1 1.4:1 3

0.01 2.1:1 1.3:1 4 None*

1.0 :1 1.0: 1 * ratio of vehicle buffer only v no
t r eat ment The results of the protein nmeasurenents shown in the above
tabl e denonstrate that | ocal injectL% of refolded active dineric
TGF-[err]2 daily for 5 days in a suitable vehicle buffer enhances, up to 3
fold, the accumul ation of total fibrous tissue, in a dose-dependant manner,
in left-sided chanbers as conpared to the right-sided contral ateral

chanbers whi ch have received correspondi ng equal ano f. a pl acebo
prot ei n. Ax example qw@h@egémn@nti%mgéag%dq%rﬁlm?ﬁ%ﬁwﬁwuf&%f&s‘éPB‘E “B‘rtg‘f’ einin

left-sid u&bﬁg‘%&é where\ahiesQRER Yeptedent theivemgavdridspf eenisile swérgtn wi t h
TG--[err] G au

( -3). No differences are ar t-sided and
ri ght - si &Y Wﬁ'ﬁ%’q‘%‘}t@h‘%"% @pd Ppﬁmﬁcitﬁf%ﬁng& ?%%8 % &fr(rlor tem
bi opsy ofiiraéjoies 8véra X dayndayltirde périods consitently observed that the
| eft-sided TGF-[err]-treated chanbers are nore firmy attached to the
surroundi ng connective tissue of the body wall than the contral ateral
ri ght - si deGroaparfEG-§2tdosd pérave Retiebf Tensile Strength
incision (ug) TGF-8: Placebo Treatment at

Day7 Dayil4 Day?2l

1 2.00 19:1 17:1 14:1
2 1.00 1.8:1 14:1 1.3:1
3 0.10 C 14:1 1.3:1 1.2:1
4 0.01 1.2:1 1.1:1 1.0:1
5 None* 1.0:1 1.0:1 10:1

(* ratio of vehicle buffer only v no treatment)

The results of the tensile strength measurements shown in the above table demonstrate
that a single topical application of refolded active dimeric TGF-B2 in a suitable vehicle
buffer enhances the breaking strength up to 2 fold, and accelerates the healing, of
full-thickness incisional wounds in adult rats in a dose dependent fashion over a 21 day
time period (Groups 1-4) when compared against the control group (Grpup 5).
Histological analyses reveal the marked increase influx of mononuclear cells, fibroblasts
and collagen production in TGF-B-treated wounds over the 21 day period as compared to
control wounds. A transient hyperkeratosis is also evident in TGF-B-treated wounds up to
14 days. after the treatment.

C. Wound Chamber Implant Model in Adult Rats

The biological effects of refolded active dimeric TGF-s are also investigated in a third in
vivo model of wound repair, namely on the cellular ingrowth, vascularization and
formation of fibrous granulation tissue in and around porous chamber implants in adult

rats, based on a protocol similar to the one described by Sporn, M.B. et al., (1983) Science
219:1329. '

Empty rigid polytetrafluoroethylene tubes (internal and external diameters, 10 and 12 mm



pl acebo injections. Furthernore, histological analyses show that the

t hi ckness and vascularity of the fibrous tissue surrounding the
TG--[err]-treated chanbers is narkedly greater than that of the tissue
surroundi ng the pl acebo-treated chanbers. Sheets of mgrating fibroblasts
and nononucl ear cells are also evident within the fibrous tissue inside
TGF-[err]-treated chanbers. No apparmﬂ?tﬂfferences are observed in either
the thickness or vascularity of the fibrous tissue surrounding the

Closue of Titechlly Snff 3o Hed e B HEROREY by RprteRBREL R o ias SRR biled
suggest t I‘(dtanneh@ ldinfrf) pod serled atk@Eh prd withfaremovitde cémofbidentical nasthsardal e for
e obser Ve (I 681 ERERSHLRLPLLERL o HkBkblt R oS Rl AT 0"

cells, con stln redo nacro |n t hé serous
fluid of l[lemsgons F@Qﬁlﬁﬂ%’ﬁﬁirﬂ@éksso mnmbedgtoeenﬂmmxmduu Wissgatsr eat ed

chanmber f1@50.480 Y0k FIsAWRHNARA BeicRhge is implanted into each flank and the incisions

- 44 are closed with single surgical clips (Clay-Adams Auto-Clips, 9 mm) which are removed
5 days after surgery. Following surgical insertion the chambers become encapsulated with
fibrous connective tissue although there is a relative absence of cells within the chambers
themselves. This model provides a sterile, defined and enclosed space within each
chamber where various parameters of a wound healing response can be quantitated.
Animals are used for experimentation 14 days after implantation of the chambers, after

full healing of the surgical incision.

At this time daily injections of 100 pl sterile vehicle buffer solution (consisting of 0.5 %
w/v Hydroxypropyl cellulose in a solution of 10 mM Histidine, 140 mM NaCl, pH 7..4)
containing various amounts (1 pg, 0.1 pg or 0.01 ug) of a refolded, active dimeric TGF-B
form are given directly into the left side chambers (as viewed with-the dorsal side
uppermost). Right side chambers receive corresponding equal amounts of a placebo
control (Bovine Serum Albumin) in the said vehicle buffer. Control animals receive
vehicle buffer alone in the left side chambers whereas right side chambers remain
untreated for the duration of the experiment. Experimental groups consist of 5 animals.
Injections are made once daily for 5 days and all injected materials are sterile,
endotoxin-free and pyrogen-free. All animals are individually caged for the duration of the

~ experiment and are sacrificed 24 hr after the last series of injections. Chambers are then
removed from each animal by aseptic technique, and the fibrous tissue from inside each
chamber is 'wet' weighed. The total serous protein in the chamber fluid is estimated using
the method of Lowry et al., (1951) J. Biol. Chem. 193:265. Samples of fibrous tissue
removed from inside and outside each chamber are prepared for histological analysis.
Sterility of the chamber contents is checked by incubation of chamber fluid samples on
brain/heart infusion plates for 72 hr at 37°C. Measurements are not made on chambers
showing evidence of infection or rejection (less than 3 % of all chambers).

An example of such an experiment using refolded dimeric active TGF-B2 is shown in the
following table where values shown represent the average ratios of measurements

~ obtained for protein in 5 matched pairs of chambers (left v right) from each group of
animals. '



pol ynmor phonucl ear | eukocytes. The contents of all 40 chanbers in Goups 1-4
shown in the Exanple are found to be sterile after incubating sanples of

t he chanmber contents on brain/heart infusion for 72 hr at 37[err]C

Exanpl e 7: Pharnmaceuti cal conposition A Cream | ngredi ents:

% (v/v) Sorbitan nonostearate 2. 0
Pol yoxyet hyl ene sorbitan nonost ear ate43- 3. 0 Cetyl

al cohol 5. 0 Light liquid
paraffin 8. 0 Isopropyl nyristate

2. 0 Active substance, TG--[err]-like protein ' .

(1)' % )1/2[e(ra|r F]]Grlg{lg py! f&%—[ﬂ J&glper Ratio of protein in matched 5 0 Dei oni ge d

wat er left chamber (ug) chambers (left : right)

other stabilizers

76. O Preservatives and
Fibrous Tissued- Serous Protein

1 1.00 30:1 15:1
2 0.10 25:1 14:1
3 0.01 2.1:1 13:1
4 None* 1.0:1 10:1

* ratio of vehicle buffer only v no treatment

The results of the protein measurements shown in the above table demonstrate that local
injection of refolded active dimeric TGF-B2 daily for 5 days in a suitable vehicle buffer
enhances, up to 3 fold, the accumulation of total fibrous tissue, in a dose-dependant
manner, in left-sided chambers as compared to the right-sided contralateral chambers
which have received corresponding equal amounts of a placebo protein. A small
dose-dependent increase in the amount of serous protein in left-sided chambers is also
observed following multiple injection with TGF-B2 (Groups 1-3). No differences are
apparent between left-sided and right-sided chambers in the control group (Group 5).

- On post-mortem biopsy of animals in Groups 1-3 it is consitently observed that the
left-sided TGF-B-treated chambers are more firmly attached to the surrounding connective
tissue of the body wall than the contralateral right-sided chambers that have received
placebo injections. Furthermore, histological analyses show that the thickness and
vascularity of the fibrous tissue surrounding the TGE-B-treated chambers is markedly
greater than that of the tissue surrounding the placebo-treated chambers. Sheets of
migrating fibroblasts and mononuclear cells are also evident within the fibrous tissue
inside TGF-B-treated chambers. No apparent differences are observed in either the
thickness or vascularity of the fibrous tissue surrounding the chambers, nor in the degree
of attachment of chambers to the connective tissue of the body wall in the control group
(Group 4). These results suggest that the diffusion of TGF- from the chamber is
responsible for the observed differences in effect. A sterile infiltrate of inflammatory cells,

- consisting predominantly of macrophages, is found in the serous fluid of TGF-B-treated
chambers, whereas contralateral placebo-treated chamber fluid shows a predominance of



Heat the aqueous phase to 55-60[err]C, dissolve the active substance init,
and di sperse the nelted lipid phase in it by vigorous stirring. Cool to

t oom t enper at ure and honogeni ze. In a simlar nanner a cream conpri sing
0.01 to 20 [err]g/ M, respectively, can be produced. O this cream 100
[err]l/cnferr] of wound is applied. _48_ QO ntnment |ngredients:
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Example 7: Pharmaceutical composition
A. Cream
Ingredients: % (v/v)
Sorbitan monostearate
Polyoxyethylene sorbitan monostearate 3.0
Cetyl alcohol 5.0
Light liquid paraffin 8.0
Isopropyl myristate 2.0
Active substance, TGF--like protein 1.0-107°
Propylene glycol 2.0
Glycerin 2.0
Deionised water o : 76.0
Preservatives and other stabilizers g.s.

Heat the aqueous phase to 55-60°C, dissolve the active substance in it, and disperse the
melted lipid phase in it by vigorous stirring. Cool to toom temperature and homogenize.

In a similar manner a cream comprising 0.01 to 20 pg/ml, respectively, can be produced.

Of this cream 100 pl/cm? of wound is applied.

B. Ointment

Ingredients: - % (v/v)
Sorbitan trioleate 5.0

Wax, microcrystalline 3.0

Light liquid paraffin 9.0
Isopropyl myristate 10.0
Lanolin alcohols 3.0
Active substance, TGF-B-like protein : 1.0:107°

Propylene glycol . 2.0



-45- dycerin 2. 0
Magnesi um sul phat e, hydrous 0. 7 Deionised
wat er 65. 3 Preservatives

g. s. D ssolve the active substance in the aqueous phase, with gentle
heating, and disperse the solution in the nelted lipid phase. Cool to room
t enperature and honogeni ze. In a si r_n'#lgr manner an oi ntent conprising
0.01 to 20 [err]g/ M, respectively, cé be produced. O this ointnent 100
[err]l/cmerr] of wound is applied.

Glycerin 2.0
Magnesium sulphate, hydrous | 0.7
Deionised water 65.3
Preservatives g.s.

Dissolve the active substance in the aqueous phase, with gentle heating, and disperse the
solution in the melted lipid phase. Cool to room temperature and homogenize.

In a similar manner an ointment comprising 0.01 to 20 pg/ml, respectively, can be
produced. Of this ointment 100 pl/cm? of wound is applied.

C. Parenteral Solution

Ingredients:

Active Substance, TGF-B-like protein 0.05 mg/ml
+ Human Serum Albumin 1 mg/ml
Arginine or Glycine 20 mg/ml

+ Carbohydrate 5-20 mg/ml

pH 7

The carbohydrate is glucose, mannose, dextran, hydroxyethyl starch or a mixture thereof.
The pH is adjusted with phosphate, succinate, amino acids or a mixture thereof,

Vials with 0.05 mg TGF-B-like protein/0.5 ml are made and lyophilised.

Deposition of microorganisms -
The following microorganisms were deposited at the Deutsche Sammlung von

Mikroorganismen (DSM), Mascheroder Weg 1b, D-3300 Braunschweig (FRG):

microorganismus deposition date accession number
E. coli LC 137/pPLMu.hTGF-81 November 28,1989 DSM 5656
E. coli LC 137/pPLMu.hTGF-32 November 28,1989 DSM 5657
E. coli LC 137/pPLMu.hTGF-$3 ' November 28,1989 DSM 5658

Saccharomyces cerevisiae GRF 18 March 4, 1986 DSM 3665



C. Parenteral Solution Ingredients: Active Substance, TG--[err]-1like

protein 0. 05 ng/m J[err] Human Serum Al bum n

1 ng/m Arginine or dycine 20
ng/m [err] Carbohydrate 5-20
mg/ M pH - 7

The carbohydrate is glucose, nannose-4dgextran, hydroxyethyl starch or a

m xture thereof. The pHis adjusted with phosphate, succinate, am no acids
or a mxture thereof. Vials with 0.05 ng TG-[err]-like protein/0.5 n are
made and SE&HEI Noskd. Deposi tion of nicroorgani sms The fol | ow ng

m croor gari o %R‘Pidtirdﬁ‘i!v'ﬁ’f JrR8 é?gm ung von M kroorgani snen
(DSM , Nhscﬁ Sde Vieg. | , D-éSdb Br unsé%@gf% FRG : m croorgani smus
deposi ti oR @%?@elﬁn@i RaSQ BABH number E. coli LC 137/ pPLMu. hTGF-[err]1
Novenber 2&addsdess: doubl@SlVl 5656

Topology: linear

Source: human cDNA _

Immediate experimental source: E. coli LC 137/pPLMu.hTGF-81 (DSM 5656)

Features: from 1 to 336 coding region for TGF-B1

GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 39

Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys
5 10

AAC TGC TGC GTG CGG CAG CTG TAC ATT GAC TTC CGC AAG 78

Asn Cys Cys Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys
15 20 25

GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAC 117

Asp Leu Gly Trp Lys Trp Ile His Glu Pro Lys Gly Tyr
30 35

CAT GCC AAC TTC TGC CTC GGG CCC TGC CCC TAC -ATT TGG 156

His Ala Asn Phe Cys Leu Gly Pro Cys Pro Tyr Ile Trp
40 45 50

AGE CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG TAC 195
Ser Leu Asp Thr Gln Tyr Ser Lys Val Leu Ala Leu Tyr
55 60 65

AAC CAG CAT AAC CCG GGC GCC TCG GCG GCG CCG TGC TGC 234

Asn Gln His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys '
70 75

GTG CCG CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC 273
Val Pro Gln Ala Leu Glu Pro Leu Pro Ile Val Tyr Tyr
80 85 90 '

GTG GGC CGC AAG CCC AAG GTG GAG CAG CTG TCC AAC ATG 312
Val Gly Arg Lys Pro Lys Val Glu Gln Leu Ser Asn Met
95 100 :

ATC GTG CGC TCC TGC AAG TGC AGC TGA 339

Ile Val Arg Ser Cys Lys Cys Ser
105 110



E. coli LC 137/ pPLMi. hTGF-[err]?2 Novenber 28, 1989 DSM 5657
E. coli LC 137/ pPLMi. hNTG--[err]3 Novenber 28, 1989 DSM 5658
Saccharonyces cerevisiae GRF 18 " March 4, 1986 DSM 3665

- 46- SEQ I D No. 1 Sequence Type: Nucl eotide with correspondi ng

pol ypepti de Sequence Length: 339 base _Zi rs Standedness: doubl e Topol ogy:

| i near Source: human cDNA | nmedi at e exg rinmental source: E. coli LC

137/ pPLMu. hTGF-[err]1 (DSM 5656)

SEQID No. 2

Sequence Type: Nucleotide with corresponding polypeptide

Sequence Length: 339 base pairs

Strandedness: double

Topology: linear

Source: human cDNA

Immediate experimental source: E. coli LC 137/pPLMu.hTGF-B2 (DSM 5657)
Features: from 1 to 336 coding region for TGF-p2

GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 39
Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp
5 10
AAT TGC TGC CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG 78
Asn Cys Cys Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg
15 20 25
GAT CTA GGG TGG AAA TGG ATA CAC GAA CCC AAA GGG TAC 117
Asp Leu Gly Trp Lys Trp Ile His Glu Pro Lys Gly Tyr
30 35

AAT GCC AAC TTC TGT GCT GGA GCA TGC CCG TAT TTA TGG 156
Asn Ala Asn Phe Cys Ala Gly Ala Cys Pro Tyr Leu Trp
40 45 50
AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA TAT 195
Ser Ser Asp Thr Gln His Ser Arg Val Leu Ser Leu Tyr

55 60 65
AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT TGC TGC 234
Asn Thr Ile Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys

70 75
GTG TCC CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC 273
Val Ser Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr
80 85 90
ATT GGC AAA ACA CCC AAG ATT GAA CAG CTT TCT AAT ATG 312
Ile Gly Lys Thr Pro Lys Ile Glu Gln Leu Ser Asn Met
95 100

ATT GTA AAG TCT TGC AAA TGC AGC TAA 339

Ile Val Lys Ser Cys Lys Cys Ser
105 110



Features: from1l to 336 coding region for TG--[err]1l GCC CTG GAC ACC AAC

TAT TGC TTC AGC TCC ACG GAG AAG 39 Ala Leu Asp Thr Asn Tyr Cys
Phe Ser Ser Thr du Lys 5 10 AAC TGC
TGC GIG CGG CAG CTG TAC ATT GAC TTC CGC AAG : 78 Asn Cys Cys Val
Arg Gn Leu Tyr Ile Asp Phe Arg Lys _ 15 20

25 GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAC 117 Asp
Leu Ay Trp Lys Trp Ile Hs Gu Pro Lys Ay Tyr 30

35 CAT GCC AAC TTC TGC CTC GGG CCC TGC CCC TAC- ATT TGG 156 Hi s
Al a Asn Phee@ym Ngu3dy Pro Cys Pro Tyr Ile Trp 40 45 |
50 ACC CTG GAC A§;G QSFCIIAC AGC . AAG GTC CTGO?CC G TAC 195 Ser
Leu Asp Thre@yenceyypasdyuciqpudeyith cagrespopding pofypeptide

Sequence Length: 339 base pairs

Strandedness: double

Topology: linear

Source: human cDNA

Immediate experimental source: E. coli LC 137/pPLMu.hTGF-83 (DSM 5658)
Features: from 1 to 336 coding region for TGF-B3

GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 39
Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu
S _ 10
AAC TGC TGT GTG CGC CCC CTC TAC ATT GAC TTC CGA CAG 78
Asn Cys Cys Val Arg Pro Leu Tyr Ile Asp Phe Arg Gln
15 . 20 25
GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC 117
Asp Leu Gly Trp Lys Trp Val His Glu Pro Lys Gly Tyr
30 35

TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC 156
Tyr Ala Asn Phe Cys Ser Gly Pro Cys Pro Tyr Leu Arg
40 45 50
AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC. 195
Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr

55 60 65
AAC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC 234
Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys

70 75
GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT 273
Val Pro Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr
80 85 _ : 90
GTT GGG AGG ACC CCC AARA GTG GAG CAG CTC TCC AAC ATG 312
Val Gly Arg Thr Pro Lys Val Glu Gln Leu Ser Asn Met
95 100

GTG GTG AAG TCT TGT AAA TGT AGC TGA 339

Val Val Lys Ser Cys Lys Cys Ser
105 - 110



55 - 60 65 AAC CAG CAT AAC CCG GGC ©&CC
TCG CCG CCG-CCGFLc—Fee—— 234 Asn A n Hs Asn Pro Gy Ala Ser Al a
Ala Pro Cys Cys 70 75 GTGCCGCAGGCG

CTG GAG : BWTAC TAC 273 Val Pro Gn uGu
r

Pro Leu Pro 6 a1 e 8¢ cre ec AHINE N llll 312 val

90 GIG G&C
Gy Arg Lys Pro Lys Val Gu G@n Leu Ser Asn

100 ATC GIG CGC TCC TGC AAG TGC AGC TGA | 339 lle
val Arg S?lliaircr}s/%for ﬁco%gac%%rg s%ates except ES, GR) 110

1. Process for the production of a dimeric, biologically active Transforming Growth Factor
type B (TFG-B)-like protein or a salt thereof, comprising subjecting the denatured
monomeric form of said TGF-B-like protein to refolding conditions.

2. Process according to claim 1 in which the refolding conditions include a solubilizing
agent.

3. Process according to claim 2 in which the solubilizing agent is selected from the group
consisting of a mild detergent, an organic, water-miscible solvent or a phospholipid, or a
mixture of two or more such agents.

4. Process according to claim 1 in which the monomeric form of said TGF-8-like protein

is produced by the steps of'

(a) culturing a microbial host comprising a nucleotide sequence encoding the
TGF-B-like protein linked in the proper reading frame to an exprcssmn control
sequence such that said protein is expressed,

(b) recovering the TGF-B-like protein in a denatured, monomeric, soluble form.

5. Process according to claim 4 wherein the monomeric TGEF-B-like protein is present as

an insoluble aggregate in the microbial host cells and wherein the process further com-

prises the steps of:

(a) isolating the water-insoluble protein fraction containing the TGF-B-like protein from
the host cells and

(b) solubilizing the TGF-B-like protein.

6. Process according to claim 4 in which the microbial host is a yeast or a bacterium.

7. Process according to claim 4 in which the nucleotide sequence encodes a protein
selected from the group consisting of human TGF-B1, TGF-B2 and TGF-B3.

8. Process according to claim 5 in which the insoluble aggregate is solubilized at a pH of
about 1 to about 4 and in which the resulting monomer of the TGF-B-like protein is puri-
fied by chromatography.



- 47 - SEQ |1 D No. guence Type: Nucl eotide wth correspondi ng
pol ypeWth: 339 base pairs Strandedness: doubl e Topol ogy:
| i near—Sour ce: h%gga,me A | medi at e experi mentgl_l_s‘wg_g._i_oj_i_ic
137/ pPL Mys!SBEHS SM 5657) Features: from1 to 336 coding region for
TG-[err] @W GCG GCC TAT _IGC TTT A l‘ﬂm‘iﬁm

a Tyr Cys Phe A|5§'Asn Val Gammm"l“ ;
* [ L ) *

39 Ala Le

9. Process according to claim 8 in which the insoluble form of the TGF-B-like protein is
solubilized at a pH of about 2.5.

10. Process according to claim 5 in which the insoluble aggregate is solubilized with a
chaotropic agent.

11. Process according to claim 10 in which urea or guanidine-HCl is used as chaotrop.

12. Process according to claim 11 in which the chaotrop has a concentration of about 4 to
about 9 M.

13. Process according to claim 10 in which a detergent is used as chaotrop.

14. Process according to claim 2 in which the monomer is subjected to refolding condition
comprising a low molecular weight sulfhydryl/disulfide redox system in the presence of a

solubilizing agent at a pH of about 6 to about 10 and a temperature of about 0°C to about
37°C.

15. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
selected from the group consisting of glutathione in its oxidized and reduced form,
dithiothreitol in its oxidized and reduced form, B-mercaptoethanol in its oxidized and
reduced form, cystine and its reduced form, and cystamine and its reduced form ata
concentraton of about 1 to 100 mM, wherein the molar ratio of the oxidized and the
reduced form is between 100:1 and 1:100.

16. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
glutathione in its oxidized and reduced form at a concentration of about 1 to 10 mM,
wherein the molar ratio of the oxidized and the reduced form is between 6:1 and 1:6.

17. Process according to claim 14 in which the low molecular weight sulfhydryl/disulfide

redox system is replaced by thioredoxin or disulfideisomerase at a concentration of about
10 t0 1000 pg/ml.

18. Process according to claim 17 in which the low molecular weight sulfhydryl/disulfide
redox system is replaced by thioredoxin at a concentration of about 50 to 200 pg/ml.



5 10 AAT TGC TGC CTA CGT CCA CIT TAC ATT GAT TTC AAG AGG

78 Asn Cys Cys Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg 15
20 25 GAT CTA GGG TGG AAA TGS-ATACAC GAA CCC AAA GGG
TAC 117 ATITU Gy Trp Lys Trp Ile H s, Tyr

50 AGI TCA GAC ACT CAG CAC ACGC AGG GIC CTG ACGC TTA
TAT r Asp Thr An H's Ser Arg Val Leu Ser Leu Tyr

55 65 AAT ACC ATA AAT CCA GAA
GCA TCT GCT TCT CCT T
Al a Ser PI® P@geswgcordmg tchfmmfi in which tgﬁsolpglrl}zmg agent is arml c}egergent Ala Ser

30 This Sheet Has Bee j a1 AAT GCC AAC TTC TGTI GCT ““Hmm AT TTA

LC;;G ”"m”" m Al a Asn Phe Cycsﬁla Ay Ala syscPro Mr SLed Trp 40

20. Process according to claim 19 in which the mild detergent is a non-ionic, an ionic or a
zwitterionic detergent.

21. Process according to claim 19 in which the detergent is selected from the group
consisting of sulfobetaines, 3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate,
3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy- 1-propanesulfonate, digitonin,
cholate and deoxycholate at a concentration of about 1 to 100 mM.

22. Process according to claim 19 in which the detergent is 3-(3-chlolamidopropyl)-
dimethylammonio- 1-propanesulfonate at a concentration of about 30 mM to 60 mM.

23. Process according to claim 3 in which the solubilizing agent is an organic, water-
miscible solvent.

24. Process according to claim 23 in which the organic, water-miscible solvent is
acetonitrile, a lower alkanol, or a lower alkandiol, at a concentration of about 10 to 50 %
per volume.

25. Process according to claim 3 in which the solubilizing agent is a phospholipid.

'26. Process according to claim 25 in which the phospholipid is selected from the group
consisting of phosphatidylethanolamine, phosphatidylcholine, phosphatidylserine and
phosphatidylinositole at a concentration range of 0.1 to 5 mg/ml.

27. Process according to claim 14 in which the pH is about 8.0 and the temperature is
about 4°C. '

28. Process according to claim 14 in which the rcfoldihg conditions additionally comprise
metal ions at a concentration of about 0.01 to 100 pM.

29. Process according to claim 28 in which the metal ions are Cu?* or Fe3+,

30. Process according to claim 14 in which additionally O, is bubbled through the buffer
system.



GIG TCC CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC 273 Val Ser
GI n Asp Leu Au Pro Leu Thr Ile Leu Tyr Tyr 80 85
ATTGGC AAAACA CCC AAG ATT GAA CAG CTT TCT_AAT ATG 312 Ile

oy s e e hee ran " T g
SO g

31. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
glutathione in its oxidized and reduced form at a concentration of about 1 to 10 mM,
wherein the molar ratio of the oxidized and the reduced form is 1:1 to 1:2, and in which
the solubilizing agent is 3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate at a
concentration of about 30 mM to 60 mM.

32. Process according to claim 1 in which the dimeric protein obtained is purified by
chromatography.

33. Dimeric, biologically active TGF-B-like protein whenever produced by the process of
claim 1.

34. A monomeric, S-sulfonated TGF-B-like protein.

335. The use of a monomeric, S-sulfonated TGF-B-like protein for the production of a
dimeric, biologically active TGF-B-like protein.

36. A pharmaceutical composition comprising an effective amount of a dimeric, biologic-
ally active TGF-B-like protein produced by the process of claim 1.

37. The use of a dimeric, biologically active TGF-B-like protein in suitable amounts and in
a suitably acceptable pharmaceutical formulation, said protein produced by the process of
claim 1, for the production of a pharmaceutical preparation for the treatment of wounds
and in bone and tissue repair or as a bone marrow protective agent or mediator of cardio-
protection or for the treatment of cancer in a mammal, or for the production of an anti-
inﬂamrﬁatory or immunosuppressive preparation.



- 48- SEQ I D No. 3 Sequence Type: Nucleotide w th corresponding
pol ypept i de Se Lengt h: 339 base pairs Strandedness: doubl e Topol ogy:

i near_Sout Tl hu &DNA | mmedi ate experinmental source: E. coli LC
137/pPLI\/U Q;[ (DSM 5658) Features: from1l to 336 coding region for
TG [emm C ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG

39 Ala L

10 AAC GTG CGCT&CQIC'SI'CPEI]'ZCA,& ASGZCL'?"IIJ'C cﬂlﬂlﬂml" |||ﬂ "lll " llll 8 Asn

Q/s Q/s Val Arg Pro Leu Tyr Ile Asp Phe Arg
Claims (for ES, GR3®

1. Process for the production of a dimeric, biologically active Transforming Growth Factor
type B (TFG-B)-like protein or a salt thereof, comprising subjecting the denatured
monomeric form of said TGF-B-like protein to refolding conditions.

2. Process according to claim 1 in which the refolding conditions include a solubilizing
agent.

3. Process according to claim 2 in which the solubilizing agent is selected from the group
consisting of a mild detergent, an organic, water-miscible solvent or a phospholipid, or a
mixture of two or more such agents. |

4. Process according to claim 1 in which the monomeric form of said TGF-B-like protein

is produced by the steps of:

(a) culturing a microbial host comprising a nucleotide sequence encoding the
TGF-B-like protein linked in the proper reading frame to an expression control
sequence such that said protein is expressed,

(b) recovering the TGF-B-like protein in a denatured, monomeric, soluble form.

5. Process according to claim 4 wherein the monomeric TGF-B-like protein is present as

an insoluble aggregate in the microbial host cells and wherein the process further com-

prises the steps of: _

(@) isolating the water-insoluble protein fraction containing the TGF-B-like protein from
the host cells and

(b) solubilizing the TGF-B-like protein.

6. Process according to claim 4 in which the microbial host is a yeast or a bacterium.

7. Process according to claim 4 in which the nucleotide sequence encodes a protein
selected from the group consisting of human TGF-B1, TGF-82 and TGF-p3.

8. Process according to claim 5 in which the insoluble aggregate is solubilized at a pH of
about 1 to about 4 and in which the resulting monomer of thc TGF-B-like protein is puri-
fied by chromatography.



GAT CTG GGC TGG AAG TGG GIC CAT GAA CCT AAG GC TAC 117 Asp Leu
Ay -FrpLtys Trp Val His Gu Pro Lys Ay Tyr 30

35 TAL Beeh Replacbd ;CA%GCSCT$GCECAXAC s
y Pro s Pro Tyr Leu Arg
MR S Commn-

AIaAs
65 AACACTCTGAACCCTGAAGCATCTGCCTCGCCTTGC
234 Asn Thr Leu Asn Pro Gu Ala Ser Ala Ser Pro Cys Cys

6 Tyr

70 9. Pracess accordiffg to Chm@ia wHich @&Qnﬁ[ﬁbl@f&n@&ih@’ﬂfﬁiﬁﬁ@ﬂéT;ﬁoﬁ_li_ﬁsTAC
'EI;S\T solubxhzegatapHé)rg?xbgnraSASp Leu Gu ng Leu Thr lle Leu Tyr Tyr

10. Process according to claim 5 in which the insoluble aggregate is solubilized with a
- chaotropic agent.

11. Process according to claim 10 in which urea or guanidine-HCl is used as chaotrop.

12. Process according to claim 11 in which the chaotrop has a concentration of about 4 to
about 9 M.

13. Process according to claim 10 in which a detergent is used as chaotrop.

14. Process according to claim 2 in which the monomer is subjected to refolding condition
comprising a low molecular weight sulfhydryl/disulfide redox system in the presence of a

solubilizing agent at a pH of about 6 to about 10 and a temperature of about 0°C to about
37°C.

15. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
selected from the group consisting of glutathione in its oxidized and reduced form,
dithiothreitol in its oxidized and reduced form, B-mercaptoethanol in its oxidized and
reduced form, cystine and its reduced form, and cystamine and its reduced form ata
concentration of about 1 to 100 mM, wherein the molar ratio of the oxidized and the
reduced form is between 100:1 and 1:100.

16. Process according to claim 14 in which the sulfhydryl/disulfide redox system is
glutathione in its oxidized and reduced form at a concentration of about 1 to 10 mM,
wherein the molar ratio of the oxidized and the reduced form is between 6:1 and 1:6.

17. Process according to claim 14 in which the low molecular weight sulfhydryl/disulfide

redox system is replaced by thioredoxin or disulfideisomerase at a concentration of about |
10 to 1000 pg/mi.

- 18. Process according to claim 17 in which the low molecular weight sulfhydryl/disulfide
redox system is replaced by thioredoxin at a concentration of about 50 to 200 pg/ml.



GIT GGG AGG ACC CCC AAA_GTG GAG CAG CTC TCC AAC ATG 312 vVal Gy
Arg ThrPro Lys Val Gu G n Leu Ser Asn Met 95

100 EIIW AAA TGT AGC TGA 339 Vval

”%\\\m = mu mw "

19. Process according to claim 3 in which the solubilizing agent is a mild detergent.

20. Process according to claim 19 in which the mild detergent is a non-ionic, an ionic or a
zwitterionic detergent.

21. Process according to claim 19 in which the detergent is selected from the group
consisting of sulfobetaines, 3-(3-chlolamidopropyl)dimethylammonio- 1-propanesulfonate,
3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-propanesulfonate, digitonin,
cholate and deoxycholate at a concentratdon of about 1 to 100 mM.

22. Process according to claim 19 in which the detergent is 3-(3-chlolamidopropyl)-
dimethylammonio-1-propanesulfonate at a concentration of about 30 mM to 60 mM.

23. Process according to claim 3 in which the solubilizing agent is an organic, water-
miscible solvent.

24, Process according to claim 23 in which the organic, water-miscible solvent is
acetonitrile, a lower alkanol, or a lower alkandiol, ata concentration of about 10 to 50 %
per volume.

25. Process according to claim 3 in which the solubilizing agent is a phospholipid.

26. Process according to claim 25 in which the phospholipid is selected from the group
consisting of phosphatidylethanolamine, phosphatidylcholine, phosphatidylserine and

phosphatidylinositole at a concentration range of 0.1 to 5 mg/ml.

27. Process according to claim 14 in which the pH is about 8.0 and the temperature is
about 4°C. |

28. Process according to claim 14 in which the refolding conditions additionally comprise
metal ions at a concentration of about 0.01 to 100 pM.

29. Process according to claim 28 in which the metal ions are Cu?* or Fe3*.

30. Process according to claim 14 in which additionally O, is bubbled through the buffer
system.



1. Process for the production of a dineric, biologically active :
Transform ng G owh Factor type [err] (TGF [err])-like protein or a salt

t her eofs—eenprising refol di ng the denat ur ed Wd
TGF- B- | i ke cﬁa‘?b&'\ ke presence of a sol ubiliz agent se ed from
t he gron a mld detergent which p jlmm t he
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err]-1i r per r.ea 0, an ex si on
contr ol seq‘ﬁé’ﬁﬁig” P‘i’ﬁ%ﬂ g’z‘;ﬁhaofﬁlrd&cél 8|"§¢'§9B‘F¢é§§ iﬁgw @Ef@'erlng
the TGF-[erth¢ sd>1ukﬂazmgmtgemris Bﬂ3&h¢lﬂmﬁd@pﬁsjzy1)ﬂnﬁahylranﬁnorﬂoi lbyhrbpanesulfonate dor m
3. Process m the mononeric TG-[err]-1like
protein is ('go?lgés)rge uBHg}‘&,&utﬁQ ngno[\fggﬁafﬂ]g?egat e in the mcrobial host cells
and wherein the process further conprises the steps of: (a) isolating

the wvat er - i 316 @kt L2 ebRAifd Jlixﬁ?i LPRREAh ARl JrbRin'GBiaind s purified by

protein fromthe host cel
chromatography



(b) solubilizing the insoluble TGF-[err]-like protein aggregate. 4.
Process according to claim2 in which the microbial host is a yeast or a
bacteri um 5. Process according to claim2 in which the nucleotide
sequence encodes a protein selected fromthe group consisting of the bone

nor phogenetic proteins and the transtogm ng growh factors [err]. 6.
Process according to claim3 in which the insoluble aggregate is
sol ubilized at a pH of about 1 to about 4.

"

Process for the production of biologically active protein

Abstract of the disclosure

The invention relates to a process for the production of biologically active, dimeric
TGF-B, to novel TGF-Bs and pharmaceutical compositions comprising it. TGF-f produced
by this process can be used in various therapeuti¢ modalities.
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- 50 ~ g" %%fs a| m 3 i n which the insolubl e aggsigare’
I s sol ubill % Mg{ptign hf""‘sf' Process according to claim3 i n
whi ch th e a@@%f“ 5&83 ?ég@oﬁub lized with a chaotropic agent.
Process agcc rﬁ%‘ﬁ’@g% &R2adm- 819 RAgYi-ch Be chaotrepi c agentg Ehpqi;AgEH&NTOBHEET
guani di ne- MO PpegassE. i pagditng dclaim 9 in which the chaotropic
agent hasi a concentratlon of about 4 te about 9 M- 11. Process according

ool mp g PR R I S b *=§*"F%°ﬁs°‘=fﬁ§98$°€ﬁ‘é%ﬁs?'s?l g
of the bonemudnlpmgﬁowcver. ivhag prioven tonke exwsmelydifficulniogyngicsize Fecombinant
E)?(r)[ ]el . |1§ e F:% §° ?&ﬁﬂfnq" iB%bibRgichPictvity. As YA beselh Frohitirel s lidmcbd ddpicted
n the sequence hsnnc under SEQ ID No. 1, 2, and 3, the 112 amino acids containing
mature forms of TGF-B1, TGF-p2 and TGF-83 contain 9 cysteine residues each, atleast
some of which are involved in intrachain and interchain disulfide bond formadon which
results in the complex tertiary structure of the biologically active, dimeric molecules.
Heterologous expression of TGF-$ fnay lead to0 a product which, although having the
~correct primary stucture, fails to fold properly to produce the correct secondary or tertiary
structures and which, therefore, lacks the biological activity.
To date, the secondary and tertiary structures of TGF-Bs are unknown.

OO0~

Taking the complexity of the native TGF-B molecules into account, it has generally been
considered expedierit to express the respective TGI_’-B genes in cells derived from higher
organisms. The expression of simian and human TGF-B1 in Chinese hamster ovary (CHO)
cells under the control of the SV40 promoter is described in European Patent Applications
293.785 and 200.341. respectively. Recombinant TGF-B2 could be expressed in the same
cell line as disclosed in Buropean Patent Application 268.561 in which process T6F-B2 activity was
found without refolding, obviously due to a very low spontaneous refolding activity which does not
lead to technically usable biologiéally active amounts of T6F-82, and in German Offenlegungsschrift
38 33897. Eukaryotic expression of a fusion protein TGF-83 (with TGF-B1) is disclosed in European
Patent Application 267.463.
Although expression of recombinant TGF-Bs can be achxeved in eukaryouc systems, the
yields of biologically active, correctly folded material obtained are stll far from being
satisfactory. On the other hand, it seemed unlikely that biologically active TGF-B could be
obtained when the respective gene was expressed in a microbial host, since in e.g. bacteria -
~ the intracellular conditions are not conducive to refolding, disulfide bond formationand
disulfide-stabilized dimerization which is apparently essential for ncuvuy Thus, only very
© litde btologxcally active TGF-B2 could be obtained after expression of the respective gene
in E. coli under the control of the lambda promoter as described in European Patent
Application 268.561. This lack of activity is considered to be due to the fact, that the
biologically active, dimeric form of TGF-B2 fails to form spontancously from the mono-
meric primary translation product when exposed to the reducing environment inside the
bacterial cells. Another report describes the expression of TGF-B cDNA in E. coli under
the control of the trp promoter yielding a radioactively labelled protein band with an
apparent molecular weight of 13'000 D in an autoradiogram of a SDS polyacrylamide gel,
but no activity was measured (Urushizaki, Y. et al. (1987) Tumor Res. 22, 41-55).




the g? oup consi sting of the bone rmrphogenét_i Cc proteins, TGF-[err]2 and
TG--[err]3. 14. Process according to claim1 in which the TG--[err]-Ilike
protein is selected fromthe group consisting of TGF-[err]2 and TGF-[err] 3.

15. Process according to claim1, in which a | ow nolecul ar vwej gt !
sut f hydryl /disul fide redox systemis present. 16. Process MREFM&W&HEH

claim1 in which a | ow nol ecul ar wei ght PSUl fhydryl /disul fide redox system

is.present which is selected fromthe group consisting of glutathione in

its oxidized and reduced form dithiothreitol in its oxidized and reduced

f m . . ! q
orm [err 1}‘ Or%ﬁ&gﬁﬁ& g\;?/dgéﬂ:edﬁkf&%ﬁ?{cgh&iﬁgn@ﬂﬁxch%ﬁb}w: fsvoveryfahe ne an

its reduced .cygtam ne an redyced form, 17. Process

according teoloically agsiverdimar. dibis pracass doss aetynyalysany shaosr iyihie P ) | <

used at a GoRend (ial theniho akiagequents) JQRe ibhomer, but relates to the formation of the
three-dimensional conformation of the dimeric product which is associated with the
biological activity. This process includes the formation of disulfide bonds and the

association of monomers into dimeric structures.

Before being subjected to refolding conditions, the monomeric TGF-B-like protein has to
be present in a denatured (i.e. unfolded) form. Capable of effectively denaturing proteins
are so-called chaomopic agents well known in the art, which, in aqueous solution and in
suitable concentradons change the spatial configiration of the respective protein through
alterations at the surface thereof, either through altering the state of hydration, the solvent
environment, or the solvent-surface interaction. Examples of such chaowopic agents or
denaturants include urea, guanidine hydrochloride, sodium thiocyanate at concentrations
in the range of about 4 to about 9 M, and detergents such as SDS, which are supplied in
concentrations in the order of 0.01 to 2 percent. Also, acidification of the aqueous solution
containing the TGF-B-like protein to a pH of about 2 to about 4 as well as basic conditions
of e.g. pH 10 and above and elevated temperatures will result in denaturation of the
monomer. " '

The term "refolding conditions" refers to buffer conditions wherein the denatured mono-
mer is pérmiucd to assume a conformation associated with the biological activity. Con-
ventional buffer systems such as Tris, phosphate or citrate buffers can be used ata pH of
about 6 to about 10. Under refolding conditions intra- and interchain disulfide bond _
formation is promoted. Such conditions include the presence of a solubilizing agent and a
redox system which permits the continuous oxidation and reduction of the thiol/disulfide
pairs. The buffer system may additionally contain suitable salts.

Suitable solubilizing agents are detergents, preferably mild detergents, organic, water-
miscible solvents, or phospholipids or a2 mixture of two or more such agents.

[ Detergents are surface active compounds used in a concentration permitting folding
of the TGF-B-like protein. Preferred are mild detergents which permit folding of the
monomeric TGF-B-like protein into the spatial conformation which after dimerization
is associated with the biological activity, while retaining said monomer in a soluble
form. Mild detergents, which solubilize TGF-B-like proteins without )




- 51 - 18. Process .according to claim 15 in which

sul fhydryl /di sul fide redox systemis glutathione in i FEMWQ\&B%{G
reduced format a concentration of about 1 to 10 mMM 19. Process according
to claim15 in which the sulfhydryl/disulfide redox systemis gl utathione
in-its oxidized and reduced format a concentration of about 1 to 10 mM ~
wherein the nmolar ratio of the oxidized afd the reduced formis between 1:1
and 1:2. 20. Process according to claiml in which a protein selected from
t he group consisting of thioredoxin and disulfideisonerase is present as

redox systlem ina@ivating ctbems cae cbe d3-(3;chlglamidaprapy Dlimetpylammenigr LiREPPaes| ect ed

as T edox ol EaECRREf R -raﬁ%ﬁ@‘%@éﬁ'&‘ﬂi‘%ﬂ?’gh{fgféﬁi‘éﬁﬁf%“‘:’P““éz‘%tese“t
Process adcorshlfogate Cbipad)nThey arenprcsdnt timiths eefelding huffep ab 3 goncentration o
about 1 to 100 mM, especially in the range of 30 to 60 mM. Preferred detergents are
the zwitter-ionic  detergents  3-(3-chlolamidopropyl)dimethylammonio-1-
propanesulfonate and 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-
propanesulfonate. Most preferred " is 3-(3-chlol amidopropyl)dimethylammonio-1-

propanesulfonate.

Organic, water-miscible solvents can replace the detergent in the refolding buffer.
Such solvents are, for example, lower alkanols, especially C,-C, alkanols such as
ethanol or isopropanol, or lower alkandiols, especially C,-C, alkandiols such as
ethylene-glycol, at a concentration range of 10 to 50 percent per volume.

Alternatively, phospholipids can rcplaéc the detergent or the organic, water-miscible
solvent in the refolding buffer. Such phospholipids are, for example, phosphatidylethanol-
amine, phosphatidylcholine, phosphatddylserine and phosphatdylinositole at a concenta-
tion range of 0.1 to § mg/ml as well as synthetic phospholipid derivatives or variants such
as dihexanoylphosphatidylcholine or diheptanoylphosphatidylcholine in the same concen-
tration range.

Suitable redox systems which encouragé the formation of disulfides are e.g. low molecular
weight sulfhydryl/disulfide reagent combinations such as glutathione in its oxidized and |
reduced form, dithiothreitol in its oxidized and reduced form, B-mercaptoethanol or.
B-mercaptomethanol in its oxidized and reduced form, cystine and its reduced form, and
cystamine and its reduced form at a concentration of about 1 to 100 mM, especially of
about 1 to 10 mM, wherein the molar ratio of the oxidized and the reduced form is .
between 100:1 and 1:100, especially between 6:1 and 1:6.

The preferred sulfhydryl/disulfide redox system is glutathione in its oxidized and reduced
form.

Alternatively, thioredoxin or disulfideisomerase at a concentration range of about 10
to 1000 ug/m, especially of about 50 to 200 pg/ml can be used instead of the low



23. Pr ocess according to claim1 in which thioredoxin is present at a
concentration of about 10 to 1000 [err]g/m . *24. Process according to

claim1l1l in whi the solubilizing agent is a mld detergent which permts
fol di.ng of the nononericT = -like protein into the spati al -
conf or mati on | | zation_i s associated with the biohae
activity, whi m,mlmfrmfﬂ I Irmnomer' ??1 "a soluble form REES&@ ocess
according to clairh24 1 m Wi the mld detergent is selected fromthe -
group consisting of a non-ionic detergent, an ionic detergent and a

zwitterionic detergent. 26. Process according to claim24 in which the
detergent i <Cla%cted fromthe group consisting of sulfobetaines,

3 (3- oh of am HRPBRY foFdbS R RS AcBnaricn Pidsisai ackre Bemtionming Grewth

di gi toni n, cheicar aypnd GE@R—}B)F-HN gir6tein or a salt thereof, comprising refolding the
denatured monomeric form of said TGF-B-like protein in the presence of a solubilizing
agent selected from the group consisting of a mild detergent which permits folding of
the monomeric TGF-beta-like protein into the spatial conformation which after
dimerization is associated with the biological activity, while retaining said monomer
in a soluble form, of a lower alkanol, of a lower alkandiol, of a phospholipid, and of
a mixture of two or morée such agents. |

2. Process according to claim1 comprising as additional step the production of
the monomeric form of said TGF-g-like protein by the steps:

(a) culturing a microbial host comprising a nucleotide sequence encoding the
TGF-B-like protein linked in the proper reading frame to an expression
control sequence such that said protein is expressed, and

(b) recovering the TGF--like protein in a denatured, monomeric, soluble
form.

3. Process according to claim 2 wherein the monomeric TGF-B-like protein is
present as an insoluble aggregate in the microbial host cells and wherein the
process further comprises the steps of:

(a) isolating the water-insoluble protein fraction containing the TGF-B-like

protein from the host cells and _
(b) solubilizing the insoluble TGF-B-like protein aggregate.

4. Process according to claim 2 in which the microbial host is a yeast or a
bacterium.

5. Process according to claim 2 in which the nucleotide sequence encodes a

protein selected from the group consisting of the bone morphogenetic proteins
and the transforming growth factors B.

6. Process according to claim 3 in which the insoluble aggregate is solubilized at
a pH of about 1 to about 4. '



- 52 - 27. Process according to claim24 in which the detergent is

sel ected fromthe grou I sting of sulfobetaines,
3-(3-chl al py )d| met hyl anmoni o-1 - propanesul f onat e,

3-(3-chl ol am hyI anmoni o- 2- hydr oxy- 1- propanesul f onat e,

di‘gi t oni n, ﬁg\‘ chol ate _agga. concentration E ﬂsﬁEETlOO
m  28. Pr accbrd?ngto claim 26 in which the deRé 'S selected
fromthe group consi sting of 3-(3- chI oI am dopropyl ) di met hyl anmoni o- 1

- propanesul fonate and 3-(3-chlol a 0 I anmpni o y-1

- pr opanesul f briz#O8ess 3agorgingoedal h%% Q@QPW 'ﬁﬁ?‘g’ﬁ"%ﬁ{ea{

det ergent | Sa@ﬂl sfcibedt 250m t he group consi sti ng of
3- (3-chl ol am dopr opyl ) di met hyl ammoni o-1 - pr opanesul f onat e and

3- (3-chl ol am dopr opyl ) di et hyl ammoni o- 2- hydroxy-1 -propanesulf onate at a
concent r at i o8. Rriocessoanco&iingitd almnwlnmm:chmlnsnlobleaggmatmdrsnlyblilzedsl aimlin

whi ch the | OWRR aa&hﬁﬁf?&glc%eﬁl kandi ol or m xt ure

9. Process according to claim 8 in which the chaotropic agent is urea or
guanidine-HCL.

10. Process according to claim 8 in which the chaotropic agent has a
concentration of__about 4 to about 9 M.

11. Process according to claim 8 in which a detergent is used.

12 Process according to claim 1 in which the TGF-B-lrke proteln is selected from -

the group consisting of the bone morphogenetrc proteins and the transformrng
growth factors §.

13. Process according to claim 1 in which the TGF-B-like protein is selected from
the group consisting of the bone morphogenetic proteins, TGF-p2 and TGF-83.

14. Process according to claim 1 in which the TGF-B-like protein is selected from
the group consisting of TGF-2 and TGF-g3.

15. Process according to claim 1, in which a low molecular weight
sulthydryl/disulfide redox system is present.

16. Process according to claim 1 in which a low molecular weight
sulfhydryl/disulfide redox system is present which is selected from the group
consisting of glutathione in its oxidized and reduced form, dithiothreitol in its
oxidized and reduced form, B-mercaptoethanol in its oxidized and reduced form,
cystine and its reduced form, and cystamine and its reduced form.

17. Process according to claim 16 in which the sulfhydryl/disulfide redox system
is used at a concentration of about 1 to 100 mM.



thereof is used at a concentration of about 10 to 50 % per vol une. 31.
Proces ' To claiml1 in which the solubilizing agent is a

~ phosphol i pi s -according to claim1 in which the pHis about pH
to about \E‘ “E ll ﬂm 33. Process according to claim1 in which the pH

I s” about '#§*0% . wrocess according to- 8latm 1 in which the t S
about O[err]C to about 37C 35. Process according to cl aﬂﬂﬁmﬁ‘b}ﬁﬁhe
“the tenperature is about 4[err]C 36. Process according to claim1l in

whi ch oxi dation pronoting agents containing Cu[err] or Fe[err] netal ions
are present. 183ProcBs®accosdiag tocldimts inovhitkthe sithydrylidisuifide redoQisyster or

Felerr] metals LoRnighdintls Sidifd e felliédd ofth af B ¥Whcéhtfitioh ¥t 2B88ut o' 164
mM.

19. Process according to claim 15 in which the sulfhydryl/disulfide redox system -
is glutathione in its oxidized and reduced form at a concentration of about 1 to 10
mM, wherein the molar ratio of the oxidized and the reduced form is between 1:1
and 1:2.

~ 20. Process according to claim 1 in which a protein selected from the group
consisting of thioredoxin and disulfideisomerase is present as redox system.

21. Process according to claim 1 in which a protein selected from the group
consisting of thioredoxin and disulfideisomerase is present as redox system at a
concentration of about 10 to1000 ug/ml. )

22, Process according to claim 1 in which thioredoxin is present.

23. Process acéording to claim 1 in which thioredoxin is present at a
~ concentration of about 10 01000 ug/mi.

24. Process according to claim 1 in which the solubilizing agent is a mild
detergent which permits folding of the monomeric TGF-béta-like protein into the
spatial conformation which after dimerization is associated with the biological
activity, while retaining said monomer in a soluble form.

25. Procéss according to claim 24 in which the mild detergent is selected from the
group consisting of a non-ionic detergent, an ionic detergent and a zwitterionic -
detergent. :

26. Process according to claim 24 in which the detergent is'selected from the
group consisting of sulfobetaines, 3-(3-chlolamidopropyl)dimethylammonio-1-
propanesulfonate, 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-
propanesulfonate, digitonin, cholate and deoxycholate. '



.. 53 - 38. Process according to claim1 in which additionally Qerr] is
bubbl ed through the reaction system 39. Process according to claiml
in which the dineric protein obtained is purified by chronmat ography.

40. Process im1 in which the mononeric TG-[err] is
S-sul f onat eumﬂ "Ilum”mlrlﬂlm di ng. 41. #Dr_ocess according to cl aiﬁ%‘%‘i n
whi ch the solubili'zi g dgeht is 3-(3- P 6l ani dopr opy IRERLASEMENE o-1

- propanesul fonate at a concentration of about 30 mMMto 60 mM and in which
glutathione is present in its oxidized and reduced format a '

concentration @7.Ringess dcdoedind tondihinnl4¢ irewhich tiee detergent istsetectdd from the
group consisting of sulfobetaines, 3-(3-chlolamidopropyl)dimethylammonio-1-
propanesulfonate, 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-
propanesulf onate, digitonin, cholate and deoxycholate at a concentration of
about 1 to 100 mM.

28. Process according to claim 26 in which the detergent is selected from the
" group consisting of 3-(3-chlolamidopropyl)dimethylammonio-1-propanesulfonate
and 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-propanesulfonate.

29. Process according to claim 26 in which the detergent is selected from the
group consisting of 3-(3-chlolamidopropyl)dimethylammonio-1-propanesuifonate
and 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-propanesulf onate at a

concentration of about 30 mM to 60 mM.

30. Process according to claim 1 in which the lower alkanol or alkandiol or mixture -
thereof is used at a concentration of about 10 to 50 % per volume.

31. Process according to claim 1 in which the solubilizing agent is a phospholipid.

‘32. Process according to claim 1 in which the pH is about pH to about 6 to about
10. ' ' '

33. Process according to claim 1 in which the pH is about 8.0

34. Process according to claim 1 in which the temperature is about 0°C to about
37°C '

35. Process according to claim 1 in which the the temperature is about 4°C.

36. Process according to claim 1 in which oxidation promoting agents containing
Cu?* or Fe®* metal ions are present.

37. Process according to claim 36 in which the Cu®* or Fe®* metal ions are at a
concentration of about 0.01 to 100 uM.



the oxidized and the reduced formis 1:1 to 1:2 42. Process according to

claim15 i.n which the sul fhydryl/disulfide redox system is used at a

mol ar ratio of the oxidized and the reduced form between 100:1 and ‘Eé 100.

43. Pr oc§s aim14 in which the sul fhydryl/di s% 3

system Elmﬂmﬂmﬁﬂm” II ts oxidized andggeduced formpgp\, ratio
1:

of the oxidFzed dnd"™ #®€he*reduced form between 6:1 and

38. Process according to claim 1 in which additionally O is bubbled through the
reaction system.

39. Process according to claim 1 in which the dimeric protein obtained is purified
by chromatography.’ ' S

40. Process according to claim 1 in which the monomeric TGF-g is S-sulfonated
prior to refolding.

41. Process according to claim 1 in which the solubilizing agent is 3-(3-
chIolamidopropyl)dimethylamm_ohio—1 -propanesulfonate at a concentration of
about 30 mM to 60 mM and in which glutathione is present in its oxidized and
reduced form at a concentration of about 1 to 10 mM, wherein the molar ratio of
the oxidized and the reduced form is 1:1 to 1:2

42. Process according to claim 15 in which the sulfhydryl/disulfide redox system
is used at a molar ratio of the oxidized and the reduced form between 100:1 and
1:100. B

43. Process according to claim 14 in which the sulfhydryl/disulfide redox system
is glutathione in its oxidized and reduced form at a molar ratio of the oxidized and
the reduced form between 6:1 and 1:6.



- 54 -

REPLACEMENT SHEET

Process for the production of biologically active groteih

Abstract of the disclosure

The invention relates to a process for the production of biologically active, dimeric
TGF-B, to novel TGF-Bs and pharmaceutical compositions comprising it. TGF-B produced
by this process can be used in various therapeutic modalities.



