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(57) DNA constructs useful i the production of
thrombopoietin are disclosed. In general, the DNA
constructs comprise a first DNA segment encoding a
fusion of an amino-terminal secretory peptide joined to a
thrombopoietin polypeptide and one or more additional
DNA segments that provide for the transcription of the
first segment. The secretory peptide 1s a native
mammalian t-PA secretory peptide or may be modified
to enhance proteolytic cleavage of the fusion. Also
disclosed are cultured eukaryotic cells containing these
DNA  constructs and methods for producing
thrombopoietin polypeptides through the use of the DNA
constructs and cultured eukaryotic cells.
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Abstract of the Disclosure

DNA constructs useful in the production of
thrombopoietin are disclosed. In general, the DNA
constructs comprise a first DNA segment encoding a fusion of
an amino-terminal secretory peptide joined to a
thrombopoietin polypeptide and one or more additional DNA
segments that provide for the transcription of the first
segment. The secretory peptide is a native mammalian t-PA

secretory peptide or may be modified to enhance proteolytic
cleavage of the fusion. Also disclosed are cultured

eukaryotic cells containing these DNA constructs and methods
for producing thrombopoietin polypeptides through the use of
the DNA constructs and cultured eukaryotic cells.
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Description
METHOD FOR SECRETING THROMBOPOIETIN POLYPEPTIDES

Background of the Invention
Hematopoiesis is the process by which blood

cells develop and differentiate from pluripotent stem
cells in the bone marrow. This process involves a complex
interplay of polypeptide growth factors (cytokines) acting
via membrane-bound receptors on the target cells.
Cytokine action results in cellular proliferation and
differentiation, with a response to a particular cytokine
often beilng lineage-specific and/or stage-specific.
Development of a single cell type, such as a platelet,
from a stem cell may require the coordinated action of a
plurality of cytokines acting in the proper sequence.

The known cytokines include the interleukins,
such as IL-1, IL-2, IL-3, IL-6, IL-8, etc.; and the colony
stimulating factors, such as G-CSF, M-CSF, GM-CSF,
erythropoietin (EPO), etc. In general, the interleukins
act as mediators of immune and 1inflammatory responses.
The colony stimulating factors stimulate the proliferation
of marrow-derived cells, activate mature 1leukocytes, and
otherwise form an integral part of the host's response to
inflammatory, infectious, and immunologic challenges.

Various cytokines have Dbeen developed as
therapeutic agents. For example, erythropoietin, which
stimulates the development of erythrocytes, is used in the
treatment of anemia arising from renal failure. Several
of the colony stimulating factors have been used 1in

conjunction with cancer chemotherapy to speed the recovery
of patients' immune systemns. Interleukin-2, a-interferon

and v-interferon are used 1in the treatment of certain
cancers. An activity that stimulates megakaryocytopoiesis
and thrombocytopoiesis has been identified in body fluids
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of thrombocytopenic animals and is referred to in the

literature as "thrombopoietin" (recently reviewed by

McDonald, Exp. Hematol. 16:201-205, 1988 and McDonald, Am.

J. Ped. Hematol. Oncol. 14:8-21, 1992).

Recently, several dgroups have identified and/or
cloned a protein that binds to the cellular mpl receptor

and stimulates megakaryocytopoiesis and
thrombocytopoiesis. See, de Sauvage et al., Nature

369:533-538, 1994; Lok et al. , Nature 369:565-568, 1994 ;
Kaushansky et al., Nature 369:568-571, 1994; Wendling et
al., Nature 369:571-574, 1994;: and Bartley et al., cCcell
77:1117-1124, 1994. It has been proposed that this

protein be termed thrombopoietin (Kaushansky et al.,
ibid.).

(Ser) to residue 379 (Thr) of SEQ ID NO: 2. The predicted
amino terminus of the human protein corresponds precisely

to the demonstrated mature amino terminus for recombinant
murine TPO (Lok et al., 1bid.), i.e. it is at Ser (22) of

SEQ ID NO:4, with the protein extending to amino acid
residue 353 of SEQ ID NO:4. TPO is subject to proteolysis

and has been isolated in heterogeneous or degraded form
(de Sauvage et al., Nature 369:533-538, 1994; Bartley et
al., Cell J7:1117-1124, 1994). Molecular specles as small

(de Sauvage et al., 1bid) and 174 amino acids (Bartley et
al., 1ibid) have been reported as being active in vitro, as

has the product of expression of the full-length human

CDNA, which encodes a primary translation product of 353
amino acids (Bartley et al., ibid).

Thrombopoietin appears to be subject to
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literature are therefore not well characterized as to
composition and the relative activities of the various

molecular species, although at least some of the

proteolytic products are biologically active. However,
little work has been done to date on the large-scale
production of thrombopoietin, and there remains a need in
the art for methods of producing the protein in 1large
amounts and in a cost-effective manner.

Summary of the Invention
It is an object of the present invention to

provide methods for the production of thrombopoietin.

It is a further object of the present invention
to provide methods for directing the secretion of
recombinant thrombopoietin from host cells.

It is yet a further object of the invention to
provide DNA constructs that direct the expression and
secretion of high levels of thrombopoietin.

Within one aspect of the present invention there
is provided a DNA construct comprising (a) a first DNA
segment encoding a polypeptide fusion, the fusion
comprising an amino-terminal secretory peptide joined to a
thrombopoietin (TPO) polypeptide, the joined peptide and
polypeptide defining a proteolytic cleavage site at their
junction; and (b) one or more additional DNA segments
operably linked to the first DNA segment so as to provide
for its transcription, wherein the secretory peptide is
selected from the group consisting of native mammalian
tissue plasminogen activator (t-PA) secretory peptides and
mammalian t-PA secretory peptides modified to enhance
proteolytic cleavage at the Jjunction. Within one
embodiment,  the secretory peptide 1s a human ¢t-PA
secretory peptide. Within a related embodiment, the
secretory peptide consists of a sequence of amino acid
residues as shown 1in SEQ ID NO:5 wherein Xaa(29), Xaa(31)

and Xaa(33) are individually any amino aclid and Xaa(34) is



10

15

20

25

30

35

CA 02206399 1997-05-29

4

Ala, Arg or Lys. Within another embodiment, Xaa(29) and
Xaa(31) are individually any amino acid except Lys, Arg or
His. Within additional embodiments, Xaa(33) is Gly;
Xaa(34) is Arg or Lys; Xaa(29) and Xaa(3l) are
individually Asp, Glu, Gln, Gly or Ala, Xaa(33) 1is Gly,
and Xaa(34) is Arg; or Xaa(29) is Arg or Glu, Xaa(31l) is
Arg or Gln, Xaa(33) is Gly, and Xaa(34) is Arg, subject to
the limitation that at least one of Xaa(29) and Xaa(31l) 1is
not Arg. Within another embodiment, the TPO polypeptide
consists of from 144 to 335 amino acid residues. Within a
related embodiment, the TPO polypeptide consists of from
144 to 191 amino acid residues. Within another
embodiment, the TPO polypeptide consists of a sequence of
amino acids selected from the group consisting of a
sequence as shown in SEQ ID NO:4 from Ser(22) to Val(1l73),
Ser(22) to Arg(185), Ser(22) to Asn(193), Ser(22) ¢to
Phe (207), or Ser(22) to Gln(235).

Within another aspect of the invention there 1is
provided a DNA construct comprising a first DNA segment
encoding a polypeptide fusion consisting essentially of an
amino-terminal secretory peptide as shown 1in SEQ ID NO:5
wherein Xaa(29) is Arg or Glu, Xaa(3l) 1is Arg or Gln,
Xaa(33) is Gly, and Xaa(34) is Ala or Arg, joined to a TPO
polypeptide of from 144 to 335 amino acids, wherein the
first DNA segment is operably 1linked to one or nmore
additional DNA segments that provide for its
transcription. Within one embodiment, the TPO polypeptide
consists of from 144 to 191 amino acid residues. Within

another embodiment, the TPO polypeptide 1is a human TPO
polypeptide. Within another embod iment, the TPO

polypeptide consists of a sequence of amino acids selected
from the group consisting of a sequenée as shown in SEQ ID
NO:4 from Ser(22) to Val(173), Ser(22) to Arg(185),
Ser(22) to Asn(193), Ser(22) to Phe(207), or Ser(22) to

Gln(235). Within another embodiment, the DNA construct
further comprises a selectable marker.
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Within a third aspect, the present 1invention
provides a cultured eukaryotic cell containing a DNA
construct as disclosed above. within one group of
embodiments, the cell is a yeast cell, such as a
Saccharomyces cerevisiae cell or a Pichia pastoris cell.
Within another group of embodiments, the cell 1is a
mammalian cell, such as a rodent cell or a Kkidney cell.

Wwithin a fourth aspect of the invention there is
provided a method for producing a  thrombopoietin
polypeptide comprising the steps of culturing a eukaryotic
cell as disclosed above wherein the cell expresses the
first DNA segment and the TPO polypeptide 1s secreted from
the cell, and the TPO polypeptide 1is selectively
recovered.

These and other aspects of the invention will
become evident upon reference to the following detailed
description.

Detailed Description of the Invention
Prior to describing the present invention 1n

detail, it may be helpful to define certain terms used
herein:

Allelic variant: An alternative forﬁ of a gene
that arises through mutation, or an altered polypeptide
encoded by the mutated gene. Gene mutations can be silent
(no change in the encoded polypeptide) or may encode
polypeptides having altered amino acid sequence.

CDNA: Complementary DNA, prepared Dby reverse

transcription of a messenger RNA template, or a clone or
amplified copy of such a molecule. Complementary DNA can
be single-stranded or double-stranded.

Expression vector: A DNA molecule, linear or
circular,' that comprises a segment encoding a polypeptide
of interest operably linked to additional segments that
provide for its transcription. Such additional segments

include promoter and terminator sequences. An expression



10

15

20

25

30

35

CA 02206399 1997-05-29

6

vector may also include one or more origins of
replication, one or more selectable markers, an enhancer,
a polyadenylation signal, etc. Expression vectors are
generally derived from plasmid or viral DNA, or may
contain elements of both. The term Yoperably 1linked"
indicates that the segments are arranged so that they
function in concert for their intended purposes, e.d.
transcription initiates in the promoter and proceeds
through the coding segment to the terminator.

Gene: A segment of chromosomal DNA that encodes
a polypeptide chain. A gene includes one or more regions
encoding amino acids, which in some cases are interspersed
with non-coding "intervening sequences" ("introns"),
together with flanking, non-coding regions which provide
for transcription of the coding sequence.

Signal Sequence: A DNA sequence encoding a
secretory peptide. Signal sequences are also called

leader sequences, prepro sequences and pre sequences. A
secretory peptide is an amino acid sequence that acts to
direct the secretion of a mature polypeptide or protein
from a cell. Secretory peptides are characterized by a
core of hydrophobic amino acids and are typically (but not
exclusiveiy) found at the amino termini of newly
synthesized proteins. Very often the secretory peptide is
cleaved from the mature protein during secretion in one or
more cleavage events. such secretory peptides contain
processing sites that allow cleavage of the secretory
peptides from the mature proteins as they pass through the
secretory pathway. The term "amino-terminal secretory
peptide" is used herein to denote a secretory peptide that
occurs at the amino terminus of a protein (including
fusion proteins).

Promoter: The portion of a gene at which RNA
polymerase binds and mRNA synthesis is initiated.

Thrombopoietin: Thrombopoietin (TPO) proteins
are characterized by their ability to specifically bind to
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MPL receptor from the same species and to stimulate
platelet production in vivo. In normal test animals, TPO
is able to increase platelet levels by 100% or more within
10 days after beginning daily administration. The term
S “thrombopoietin polypeptide" encompasses full-length
thrombopoietin molecules and biologically active portions
thereof, that is fragments of a thrombopoietin that
exhibit the qualitative biological activities of the
intact molecule (receptor binding and in vivo stimulation

10 of platelet production). |
Amino acids are represented herein by the
standard three-letter codes, with variable amino acids
represented by "Xaa". Amino acid positions are designated
by numbers in parentheses following the three-letter amino
15 acid designations. For example, Ser(22) indicates a
serine residue at position 22 of an amino acid sequence,
and Xaa(29) indicates a variable amino acid at position 29
of a sequence. When a sequence contains a plurality of
variable amino acids, each 1is represented by Xaa, although

20 each may be a different amino acid residue.

The present invention provides methods for
producing recombinant TPO polypeptides that are secreted
from host cells expressing themnm, as well as DNA

25 constructs, cells, and other materials that are useful
within these methods.

Representative mouse and human TPO DNA and amino
acid sequences are shown in SEQ ID NOS: 1, 2, 3 and 4.
Those skilled in the art will recognize that the disclosed

30 sequences represent single alleles, and that allelic
variation is expected to exist. Allelic variants of the
disclosed sequences are within the scope of the present
invention.

The mouse and human TPO sequences disclosed

35 herein can be used to design strategies and tools to clone

additional TPO-encoding polynucleotides. The present
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invention thus provides methods for preparing TPO

polypeptides from a variety of species. Mammalian TPO
polypeptides are preferred, including human, mouse, rat,
porcine, canine, ovine, bovine and equine TPO
polypeptides. Of particular interest are primate TPO

polypeptides, in particular human TPO polypeptides.
Thrombopoietin polypeptides that can be
produced according to the present invention include full-
length thrombopoietin molecules, as well as truncated,
biologically active fragments of the mature protein. In
general these TPO polypeptides include at least the core
"EPO-like domain" (so named because of 1its homology to
erythropoietin) of the N-terminal region of the molecule.
This core EPO-like domain is bounded by cysteine residues
at positions 51 and 195 of mouse TPO (SEQ ID NO:2);
positions 28 and 172 of human TPO (SEQ ID NO:4); and their
counterpart residues in TPOs of other species. It has now
been found that TPO polypeptides, such as a mouse TPO
polypeptide extending from amino acid residue 45 (Ser) to
residue 216 (Asn) of SEQ ID NO:2, are active in promoting

platelet production in experimental animals. Particularly
preferred TPO polypeptides are shown below in Table 1.
Table 1

Mouse TPO (SEQ ID NO:2)
Cys (residue 51)--Cys (residue 195)
Cys (51)--Val (196)
Cys (51)--Pro (206)
Cys (51)--Ser (207)
Cys (51)--Asn (216)
Cys (51)--Arg (235)
Cys (51)--Arg (244)
Cys (51)--Arg (249)
Cys (51)--Gln (259)
Cys (51)--Arg (273)
Ser (45)--Cys (195)
Ser (45)--Val (196)
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Table 1, continued

Ser (45)=--Pro (206)
Ser (45)--Ser (207)
Ser (45)--Asn (216)
Ser (45)--Arg (235)
Ser (45)--Arg (244)
Ser (45)--Arg (249)
Ser (45)--Gln (259)
Ser (45)--Arg (273)

Human TPO (SEQ ID NO:4)

Cys (28)--Cys (172)
Cys (28)--Val (173)
Cys (28)--Arg (175)
Cys (28)--Arg (185)
Cys (28)--Asn (193)
Cys (28)--Arg (198)
Cys (28)--Phe (207)
Cys (28)--Gln (235)
Cys (28)--Arg (266)
Ser (22)--Cys (172)
Ser (22)--Val (173)
Ser (22)--Arg (175)
Ser (22)--Arg (185)
Ser (22)--Asn (193)
Ser (22)--Arg (198)
Ser (22)--Phe (207)
Ser (22)--Gln (235)
Ser (22)--Arg (266)

02206399 1997-05-29

35

Those skilled in the art will recognize that
molecules having termini between the preferred amino- and
carboxyl-terminal residues disclosed 1in Table 1 can be
produced and would be expected to be biologically active.

Thrombopoietin polypeptides may include one or
more amino acid substitutions, deletions or additions,
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either from natural mutation or human manipulation of DNA.
These changes are preferably of a minor nature, such as
conservative amino acid substitutions that do not
significantly affect the folding or activity of the

protein (see Table 2). See, in general Ford et al.,
Protein Expression and Purification 2: 95-107, 1991,

Table 2
conservative amino_acid substitutions
Basic: arginine

lysine

histidine
Acidic: glutamic acid

aspartic acid
Polar: glutamine
asparagine
Hydrophobic: leucine
isoleucine
valine
Aronmatic: phenylalanine
tryptophan
tyrosine
Small: glycine
alanine
serine
threonine

methionine

Essential amino acids in TPO can be identified
according to procedures known in the art, such as site-
directed mutagenesis or alanine-scanning mutagenesis
(Cunningham and Wells, Science 244, 1081-1085, 1989). In
the 1latter technique, single alanine mutations are
introduced at every residue in the molecule, and the

resultant mutant molecules are tested for biological

o 4 MRl A DAY e AT S S A Bt e,
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activity (e.g. receptor binding, in vitro or 1n Vivo
proliferative activity) to identify amino acid residues
that are critical to the activity of the molecule. Sites
of ligand-receptor interaction can also be determined by
analysis of crystal structure as determined by such
techniques as nuclear magnetic resonance, crystallography
or photoaffinity 1labeling. See, for example, de Vos et
al., Science 255:306-312, 1992; Smith et al., J. Mol.
Biol. 224:899-904, 1992; Wlodaver et al., FEBS Lett.

309:59-64, 1992.

In general, cytokines are predicted to have a
four-alpha helix structure, with the first and fourth
helices being most important in ligand-receptor
interactions and more highly conserved among members of
the family. Referring to the human TPO amino acid
sequence shown in SEQ ID NO:4, alignment of cytokine
sequences suggests that these helices are bounded by amino
acid residues 29 and 53, 80 and 99, 108 and 130, and 144 '
and 168, respectively (boundaries are + 4 residues).
Helix boundaries of the mouse (SEQ ID NO:2) and other non-
human TPOs can be determined by alignment with the ‘human
sequence. Other important structural aspects of TPO
include the cysteine residues at positions 51, 73, 129 and
195 of SEQ ID NO:2 (corresponding to positions 28, 50, 106
and 172 of SEQ ID NO:4).

TPO polypeptides produced according to the
present invention are characterized as having 50%,
preferably 60%, more preferably at least 80%, sequence
identity to the corresponding portion of the sequence
shown in SEQ ID NO: 2, the sequence shown in SEQ ID NO:4,
or their species homologs. Such polypeptides will more
preferably be at least 90% identical, and most preferably
95% or more identical to SEQ ID NO: 2 or SEQ ID NO:4 or

their species homologs. Percent sequence identity is
determined by conventional methods. See, for example,
Altschul et al., Bull. Math. Bio. 48: 603-616, 1986 and
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Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA
89:10915-10919, 1992. Briefly, two amino acid sequences
are aligned to optimize the alignment scores using a gap
opening penalty of 10, a gap extension penalty of 1, and
& the "blosum 62" scoring matrix of Henikoff and Henikoff
(ibid.) as shown in Table 3 (amino acids are indicated by
the standard one-letter codes). The percent identity is

then calculated as:

Total number of identical matches
10 X 100

W

[length of the longer sequence plus the
number of gaps introduced into the longer
sequence in order to align the two

sequences)
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TPO polypeptides may further include one or more
additional, non-TPO, amino acid residues up to a total of
about 20-25 residues, typically as an amino- or carboxyl-
terminal extension of a polypeptide. Extensions of this
type include, for example, an amino-terminal methionine
residue, small linker peptides, and peptide extensions
that facilitate purification of the polypeptide, such as a
polyhistidine tract, an antigenic epitope, or a binding

domain. See, in general, Ford et al., Protein Expression

and Purification 2:95-107, 1991.

As noted above, TPO appears to be sensitive to
proteolysis, and proteolytic products of the full-length
(as inferred from cDNA sequence) molecule have been shown
to be active. However, attempts 1in the 1inventors'
labofatory to produce mouse TPO met with only limited
success due to inefficient secretion of the polypeptide.
The inventors discovered that by substituting a
synthesized secretory peptide derived from that of human
tissue-type plasminogen activator (t-PA), shown in SEQ ID
NO:5, for the native TPO signal peptide, production of
recoverable TPO in cultured baby hamster Xkidney (BHK)
cells was increased by a factor of five to ten.

Within the present invention, a t-PA secretory
peptide or derivative thereof 1is used to direct the
secretion of TPO. In general, a DNA segment encoding a
secretory peptide-TPO polypeptide fusion 1is operably
linked to one or more additional DNA segments that provide
for 1its transcription. Such additional DNA segments
include a transcription promoter. It 1is preferred to also
link the DNA sequence encoding a secretory peptide-TPO
fusion to a transcription terminator, although
transcription will in many cases terminate fortuitously
within vector sequences downstream of the fusion sequence.
The vector will commonly contain one or more selectable
markers and one or more origins of replication, although
those skilled 1in the art will recognize that within
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certain systems selectable markers may be provided on
separate vectors, and replication of the exogenous DNA may
be provided by integration 1into the host cell genone.
Selection of promoters, terminators, selectable markers,
vectors and other elements is a matter of routine design
within the level of ordinary skill in the art. Many such
elements are described in the literature and are available
through commercial suppliers.

To direct a TPO polypeptide into the secretory
pathway of the host cell, a DNA sequence encoding a
secretory peptide is joined to a DNA sequence encoding a
TPO polypeptide in the correct reading frame so that the
joined sequences encode a fusion protein. The Jjoined
secretory peptide and TPO polypeptide define a proteolytic
cleavage sit at their junction. 1In general, the present
invention makes use of a secretory peptide having the
sequence Met-Asp-Ala-Met-Lys-Arg-Gly-Leu-Cys-Cys—Val-Leu-
Leu-Leu-Cys-Gly-Ala-Val-Phe-Val-Ser-Pro-Ser-Gln-Glu-Ile-
His-Ala-Xaa-Phe-Xaa-Arg-Xaa-Xaa-Arg (SEQ ID NO:5) wherein
Xaa(29), Xaa(31) and Xaa(33) are individually any amino
acid and Xaa(34) is Ala, Arg or Lys. While the wild-type
secretory peptide of human t-PA (wherein Xaa(29) and
Xaa(31) are Arg, Xaa(33) is Gly and Xaa(34) 1is Ala) may be
employed, it contains a pair of arginine residues at
positions -4 and -5 (residues 31 and 32 of SEQ ID NO:5),
which provide a proteolytic processing site. Cleavage can
occur at this site, resulting in the production of a TPO
polypeptide having three additional N-terminal amino
acids. It is therefore preferred within the present
invention to modify the DNA sequence encoding the
secretory peptide to eliminate this processing site and to
enhance processing at the junction of the t-PA and TPO
sequences. While not wishing to be bound by theory, it is
believed that secretory peptide cleavage is dependent upon

a prohormone converting enzyme, such as the yeast KEX2
gene product or the mammalian enzymes PCl, PC2 and furin.

- Enzymes of this type recognize cleavage sites
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characterized by arginine residues in the -1 and -4
positions. Cleavage is facilitated by a basic amino acid
residue (e.g. Lys or Arg) in the -2 position. Within the
present invention cleavage between the secretory peptide
and TPO polypeptide may therefore be enhanced by providing
arginine residues at the -1 and -4 positions, and
optionally by providing a basic amino acid residue at the
-2 position. Additional enhancement of the desired
cleavage is achieved by replacing arginine residues
elsewhere in the secretory peptide with other, preferably
non-basic, amino acid residues, in particular where such
residues form an Arg-Xaa-Xaa-Arg motif. Within a
preferred embodiment, Xaa(29) and Xaa(31l) in SEQ ID NO:5
are individually any amino acid except Lys, Arg or His.
More preferably, Xaa(29) and Xaa(3l) are individually Asp,
Glu, Gln, Gly or Ala. Within another ©preferred
embodiment, Xaa(33) 1s Gly. Within another preferred
embodiment, Xaa(34) is Arg or Lys. Particularly preferred
substitutions include Glu at Xaa(29), Gln at Xaa(31l), and

Arg at Xaa(34). Signal sequences are mutagenized by

‘conventional methods, such as the polymerase chain

reaction disclosed by Mullis et al., U.S. Patent No.
4,683,195 and Mullis, U.S. Patent No. 4,683,202,

Secretory peptides from non-human t-PAs, and
derivatives of non-human t-PA secretory peptides, may also
be wused. The DNA sequences encoding t-PA secretory
peptides from various species are known 1in the art and
have been disclosed by, for example, Rickles et al., J.
Biol. Chem. 263:1563-1560, 1988 and Feng et al., J. Biol.
Chem. 265:2022-2027, 1990. Such DNA sequences can be
cloned as <cDNA or genomic molecules according to
techniques that are standard 1in the art, or «can be
synthesized, preferably using automated equipment and the
application of conventional synthetic protocols.

Suitable host cells for use within the present

invention include any type of cell that can be engineered

I ] ORI | i el a1 e
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to express heterologous DNA, can be grown in culture, and
has a secretory pathway. Although prokaryotic cells, such
as E. coli cells, are capable of secreting proteins at
least into the periplasmic space, it is preferred within
the present invention to use cultured eukaryotic cells,
such as fungal cells or, in particular, cultured mammalian
cells.

Yeast cells, particularly cells of the genus
Saccharomyces, are useful in producing recombinant TPO
polypeptides. Yeast cells have a long history of use in
the production of products for human consumption and are
relatively inexpensive to  culture. Methods for
transforming yeast cells w'ith exogenous DNA and producing
recombinant proteins therefrom are disclosed by, for
example, Kawasaki, U.S. Patent No. 4,599,311; Kawasakil et
al., U.S. Patent No. 4,931,373; Brake, U.S. Patent No.
4,870,008; Welch et al., U.S. Patent No. 5,037,743; and
Murray et al., U.S. Patent No. 4,845,075,

Transformed cells are
selected by phenotype determined by a selectable marker,
commonly drug resistance or the ability to grow ‘in the
absence of a particular nutrient (e.g. leucine). A
preferred vector system for use in Yyeast is the POT1
vector system disclosed by Kawasaki et al. (U.S. Patent
No. 4,931,373), which allows transformed cells to be
selected by growth in glucose-containing media. Suitable

promoters and terminators for use 1n yeast include those
from glycolytic enzyme genes (see, e.g., Kawasaki, U.S.
Patent No. 4,599,311; Kingsman et al., U.S. Patent No.
4,615,974; and Bitter, U.S. Patent No. 4,977,092,
and alcohol
dehydrogenase genes. See also U.S. Patents Nos.
4,990,446; 5,063,154; 5,139,936 and 4,661,454.
Transformation systems
for other veasts, including Hansenula polymorpha,
Schizosaccharomyces pombe, Kluyveromyces lactis,

Kluyveromyces fragilis, Ustilago maydis, Pichia pastoris,
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Pichia guillermondii and Candida maltosa are known 1in the
art. See, for example, Gleeson et al., J. Gen. Microbiol.
132:3459-3465, 1986; Cregg, U.S. Patent No. 4,882,279; and
Stroman et al., U.S. Patent No. 4,879,231.

other fungal cells are also suitable as host
cells. For example, Aspergillus cells may be utilized
according to the methods of McKnight et al., U.S. Patent
No. 4,935,349, which is incorporated herein by reference.
Methods for transforming Acremonium chrysogenum are
disclosed by Sumino et al., U.S. Patent No. 5,162,228,
which is incorporated herein by reference. Methods for
transforming Neurospora are disclosed by Lambowitz, U.S.
Patent No. 4,486,533,

As noted above, cultured mammalian cells are
preferred hosts within the present invention. Methods for
introducing exogenous DNA into mammalian host cells
include calcium phosphate-mediated transfection (Wigler et
al., Cell 14:725, 1978; Corsaro and Pearson, Somatic Cell
Genetics 7:603, 1981: Graham and Van der Eb, Virology
52:456, 1973), electroporation (Neumann et al., EMBO_J.
1:841-845, 1982), DEAE-dextran mediated transfection

(Ausubel et al., eds., Current Protocols in Molecular
Biology, John Wiley and Sons, Inc., NY, 1987), and

cationic 1lipid-mediated transfection (Hawley-Nelson et
al., Focus 15:73-79, 1993),

The production of recombinant proteins 1in
cultured mammalian cells is disclosed, for example, by
Levinson et al., U.S. Patent No. 4,713,339; Hagen et al.,
U.S. Patent No. 4,784,950; Palmiter et al., U.S. Patent
No. 4,579,821; and Ringold, U.S. Patent No. 4,656,134,

Preferred
cultured mammalian cells include the CO0S-1 (ATCC No. CRL
1650), COS-7 (ATCC No. CRL 1651), BHK (ATCC No. CRL 1632),
BHK 570 (ATCC No. CRL 10314), 293 (ATCC No. CRL 1573;
Graham et al., J. Gen. Virol. 36:59-72, 1977) and Chinese
hamster ovary (e.g. CHO-K1; ATCC No. CCL 61) cell lines.
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Additional suitable cell lines are known 1in the art and
available from public depositories such as the American
Type Culture Collection, Rockville, Maryland. 1In general,
strong transcription promoters are preferred, such as
promoters from SV-40 or cytomegalovirus. See, e.g., U.S.
Patent No. 4,956,288. Other suitable promoters include
those from metallothionein genes (U.S. Patents Nos.
4,579,821 and 4,601,978,
and the adenovirus major late promoter.

Drug selection is generally used to select for
cultured mammalian cells into which foreign DNA has been
inserted. such cells are commonly referred to as
"transfectants". Cells that have been cultured 1in the
presence of the selective agent and are able to pass the
gene of interest to their progeny are referred to as
"stable transfectants." A preferred selectable marker is
a gene encoding resistance to the antibiotic neomycin.
Selection is carried out in the presence of a neomycin-
type drug, such as G-418 or the 1like. Selection systems
may also be used to increase the expression level of the
gene of interest, a process referred to as
"amplification." Anplification 1is carried out Dby
culturing transfectants in the presence of a low level of
the selective agent and then increasing the amount of
selective agent to select for cells that produce high
levels of the products of the introduced genes. A
preferred amplifiable selectable marker 1is dihydrofolate
reductase, which confers resistance to methotrexate.
Other drug resistaﬁce genes (e.g. hygromycin resistance,
multi-drug resistance, puromycin acetyltransferase) can
also be used.

Other higher eukaryotic cells can also be used
as hosts, including insect cells, plant cells and avian
cells. Transformation of insect cells and production of
foreign proteins therein 1is disclosed by Guarino et al.,
U.S. Patent No. 5,162,222; Bang et al., U.S. Patent No.
4,775,624; and WIPO publication WO 94/06463,



10

15

20

25

30

35

CA 02206399 1999-09-02

20

The use of
Agrobacterium rhizogenes as a vector for expressing genes

in plant cells has been reviewed by Sinkar et al., J.
Biosci. (Bangalore) 11:47-58, 1987.

Transformed or transfected host cells are
cultured according to conventional procedures in a culture
medium containing nutrients and other components required
for the growth of the chosen host cells. A variety of
suitable media, including defined media and complex media,
are known 1in the art and generally include a carbon
source, a nitrogen source, essential amino acids, vitanmins
and minerals. Media may also contain such components as
growth factors or serum, as required. The growth medium
will generally select for cells containing the exogenously
added DNA by, for example, drug selection or deficiency in
an essential nutrient which 1is complemented by the
selectable marker carried on the expression vector or co-
transfected into the host cell.

TPO prepared according to the present invention
is selectively recovered using methods generally known 1in
the art, such as affinity purification and separations
based on size, charge, solubility and other properties of
the protein. When the protein 1is produced in cultured
mammalian cells, it is preferred to culture the cells in a
serum-free culture medium in order to limit the amount of
contaminating protein. The medium 1is harvested and
fractionated. Preferred methods of fractionation include
affinity chromatography, such as on an 1immobilized MPL
receptor protein or ligand-binding portion thereof or
through the use of an affinity tag (e.g. polyhistidine,
substance P or other polypeptide or protein for which an
antibody or other specific binding agent is available). A
specific cleavage site may be provided between the proteiln
of interest and the affinity tag. Other chromatographic
methods can also be employed, such as cation exchange

chromatography, anion exchange chromatography, and

hydrophobic interaction chromatography.
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TPO prepared according to the present invention
can be used therapeutically wherever it is desirable to
jncrease proliferation of cells in the bone marrow, such
as in the treatment of cytopenia, such as that induced by
aplastic anemia, nyelodisplastic syndromes, chemotherapy
or congenital cytopenias. TPO is also useful for
increasing platelet production, such as in the treatment
of thrombocytopenia. Thrombocytopenia is associated with
a diverse group of diseases and clinical situations that

may act alone or in concert to produce the condition.
Lowered platelet counts can result from, for example,
defects in platelet production, abnormal platelet
distribution, dilutional losses due to massive
transfusions, or abnormal destruction of platelets. For
example, chemotherapeutic drugs used in cancer therapy may
suppress development of platelet progenitor cells 1in the
bone marrow, and the resulting thrombocytopenia limits the
chemotherapy and may necessitate transfusions. In

addition, certain malignancies can impair platelet

production and platelet distribution. Radiation therapy
used to kill malignant cells also Kkills platelet
progenitor cells. Thrombocytopenia may also arise from

various platelet autoimmune disorders induced by drugs,
neonatal ailoimmunity or platelet transfusion
alloimmunity. TPO can reduce or eliminate the need for
transfusions, thereby reducing the incidence of platelet
alloimmunity. Abnormal destruction of platelets can
result from: (1) increased platelet consumption in
vascular grafts or traumatized tissue; or (2) immune
mechanisms associated with, for example, drug-induced
thrombocytopenia, idiopathic thrombocytopenic  purpura
(ITP), autoimmune diseases, hematologic disorders such as
leukemia and lymphoma or metastatic cancers involving bone
marrow. Other indications for TPO include aplastic anemia
and drug-induced marrow suppression resulting from, for

example, chemotherapy or treatment of HIV infection with
AZT.
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Thrombocytopenia is manifested as 1increased
bleeding, such as mucosal bleedings from the nasal-oral
area or the gastrointestinal tract, as well as oozing from
wounds, ulcers or injection sites.

For pharmaceutical use, TPO 1is formulated for
parenteral, particularly intravenous or subcutaneous,
delivery according to conventional wmethods. Intravenous
administration will be by bolus injection or infusion over
a typical period of one to several hours. In deneral,
pharmaceutical formulations will  include  TPO in
combination with a pharmaceutically acceptable vehicle,
such as saline, buffered saline, 5% dextrose in water or
the 1like. Formulations may further include one or more
excipients, preservatives, solubilizers, buffering agents,
albumin to prevent protein loss on vial surfaces, etc. 1In
addition, TPO may be combined with other cytokines,
particularly early-acting cytokines such as stem cell
factor, IL-3, IL-6, IL-11 or GM-CSF. When utilizing such
a combination therapy, the cytokines may be combined in a
single formulation or may be administered 1in separate
formulations. Methods of formulation are well known 1in
the art and are disclosed, for example, in Remington's
Pharmaceutical Sciences, Gennaro, ed., Mack Publishing
Co., Easton PA, 1990. |

Therapeutic doses of TPO will generally be 1in
the range of 0.1 to 100 pug/kg of patient weight per day,
preferably 0.5-50 (g/kg per day, with the exact dose
determined by the <clinician according to accepted
standards, taking into account the nature and severity of
the condition to be treated, patient traits, etc. In

certain cases, such as when treating patients showing

- increased sensitivity or requiring prolonged treatment,

doses in the range of 0.1-20 upg/kg per day will be
indicated. Determination of dose is within the level of
ordinary skill 1in the art. TPO will commonly be
administered over a period of up to 28 days following

chemotherapy or bone-marrow transplant or until a platelet
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count of >20,000/mm3, preferably >50,000/mm3, is achieved.
More commonly, TPO will be administered over one week or
less, often over a period of one to three days. In
general, a therapeutically effective amount of TFPO is an
amount sufficient to produce a clinically significant
increase in the proliferation and/or differentiation of
lymphoid or myeloid progenitor cells, which will be
manifested as an increase in circulating levels of mature
cells (e.g. platelets or neutrophils). Treatment of
platelet disorders will thus be continued until a platelet
count of at least 20,000/mm3, preferably 50,000/mm3, is
reached. TPO can also be administered in combination
with other cytokines' such as IL-3, -6 and -11; stem cell
factor; erythropoietin; G-CSF and GM-CSF. Within regimens
of combination therapy, daily doses of other cytokines
will in general be: EPO, < 150 U/kg; GM-CSF, 5-15 WAg/kg;
IL-3, 1-5 pug/kg; and G-CSF, 1-25 [Ug/kg. Combination
therapy with EPO, for example, is indicated 1in anemic
patients with low EPO levels.

TPO is also a valuable tool for the in vitro
study of the differentiation and development of
hematopoietic cells, such as for elucidating the
mechanisms of cell differentiation and for determining -the
lineages of mature cells, and may also find utility as a
proliferative agent in cell culture.

TPO can also be used ex vivo, such as in
autologous marrow culture. Briefly, bone marrow is
removed from a patient prior to chemotherapy and treated
with TPO, optionally in combination with one or more other
cytokines. The treated marrow 1is then returned to the
patient after chemotherapy to speed the recovery of the
marrow. In addition, TPO can also be used for the ex vivo
expansion of marrow or peripheral blood progenitor (PBPC)
cells. Prior to chemotherapy treatment, marrow can be
stimulated with stem cell factor (SCF) or G-CSF to release
early progenitor cells into peripheral circulation. These
progenitors can be collected and concentrated from
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peripheral blood and then treated in culture with TPO,
optionally in combination with one or more other
cytokines, including but not limited to SCF, G-CSF, IL-3,
GM-CSF, IL-6 or IL-11, to differentiate and proliferate
into high-density megakaryocyte cultures, which can then
be returned to the patient following high-dose
chemotherapy.

The invention is further illustrated by the
following non-limiting examples.

Examples

Example 1
| A human t-PA signal sequence was modified by a

polymerase chain reaction using oligonucleotide primers
2C7367 (SEQ ID NO:6) and 2Z2C7738 (SEQ ID NO:7) and plasmid

Thr102 (disclosed in WIPO publication WO 93/13208) as
template. Ten ng of template DNA was combined with 5 pul

of 2 mM dNTPs, 5 pl1 10x Taq buffer (Boehringer Mannheilnm,
Indianapolis, IN), 0.2 pl Taq DNA polymerase (Boehringer
Mannheim), 40 pmole of each primer, and HO0 to 50 pl. The
mixture was incubated for 15 cycles of 95°C, 1 minute;
50°C, 2 minutes; and 72°C, 1 minute; followed by a final
10 minute incubation at 72°C. DNA was extracted with
phenol/CHCl3, precipitated with isopropanol at -20°C
overnight, and resuspended in 30 gl H0. Ten pl of the DNA
was digested with BglII and EcoRI. The digested DNA was
electrophoresed on a 2.2% agarose gel. The region of the
gel corresponding to 124 bp was cut out and placed in a
0.5 ml microcentrifuge tube with a hole in the bottom on a
mat of aquarium filter floss. The tube was placed 1in an
empty 1.5 ml tube, and the assembly was centrifuged to
extract the DNA from the gel. Two g of glycogen was
added to the extracted 1liquid, salt concentration was
adjusted to 0.2 M NacCl, and the DNA was precipitated by
overnight incubation with ethanol at -20°C. The modified
sequence encoded a human t-PA secretory peptide in which
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the Arg residue at -7 was replaced with Glu, and the Ala
residue at -2 was replaced with Arg.

To introduce a BglII site into the 5' end of the
mouse TPO DNA sequence, pZGmpl-1081 (deposited under the
terms of the Budapest Treaty on February 14, 1994 with
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, MD as assigned accession number 69566) was
mutagenized by PCR. Mutagenesis was carried out using
oligonucleotide primers 2C7365 (SEQ 1D NO:8) and 2C7645
(SEQ ID NO:9). PCR was run for 20 cycles using conditions
described above. DNA was phenol/chloroform extracted and
precipatated with isopropanol.

The precipitated DNA was resuspended in H0 and
digested with PstI and BglIl. A 313 bp fragment was
recovered by gel electrophoresis and centrifugation as
described above.

To prepare an expression vector, plasmid Zem229R
(deposited under the terms of the Budapest Treaty with

American Type Culture Collection, 12301 Parklawn Drive,
Rockville, MD on September 28, 1993 as an E. coli HB10O1l

transformant and assigned Accession Number 69447) was
digested with EcoRI and treated with alkaline phosphatase.
The linearized vector was ligated with the t-PA leader
sequence (EcoRI-Bglll), the 313 bp PstI-Bglll TPO
fragment, and a PstI-EcoRI fragment encoding amino acid
residues 150 through 196 of SEQ ID NO:2. The ligated DNA
was used to transform competent DH10b™ E. coli cells
(GIBCO BRL, Gaithersburg, MD), which were plated on media
containing ampicillin and incubated overnight.

BHK 570 cells (ATCC CRL 10314) were plated in a
24-well dish at a density of 50,000 cells and 1incubated
for about 15 hours. Plasmid DNA (designated TPO100.229R)
was prepared from the transformed E. coli cells using a

Wizard™ prep (Promega Corp., Madison, WI). Forty percent
of the DNA (20 pl) was transfected into the BHK 570 cells

using a 3:1 1liposome formulation of 2,3-dioleyloxy-N-

" {2 (sperminecarboxyamido)ethyl]-N,N-dimethyl-1-
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propanaminiumtrifluoroacetate and dioleoly-
phosphatidylethanolamine in water (Lipofectamine™ reagent,
GIBCO-BRL) . Transfectants were selected in 500 nM
methotrexate (MTX) in Dulbecco's modified Eagle's medium
(DME; obtained from BioWhittaker, Inc., Walkersville, MD,
or Fred Hutchinson Cancer Research Center, Seattle, WA)
containing 5% heat-inactivated fetal bovine serum
(BioWwhittaker), 1 mM sodium pyruvate (Irvine Scientific,
Santa Ana, CA), 2 mM L-glutamine (JRH Biosciences, Lexena,
KS) and 25 mM HEPES (JRH Biosciences). Average production
of TPO from the pool was 69,000--92,000 units (as defined
in Example 10) per ml per day. Pools of transfectants
and individual clones were then amplified in 10 gM MTX and
cloned by dilution. The amplified pool was found to
produce 56,000 U/ml/day TPO.

Ekamgle 2
A vector for expression and secretion of full-

length mouse TPO was constructed. TPO100.229R was
digested with EcoRI and PstI, and the 437 bp fragment was
isolated by gel electrophoresis and centrifugation as
described above. A PstI-EcoRI fragment encoding amino
acids 150-379 of SEQ ID NO:2 was prepared, and the two
fragments were ligated with Zem229R that had been digested
with EcoRI and treated with alkaline phosphatase. The
ligation mixture was used to transform competent E. coli
DH10b cells, which were then plated onto media containing
ampicillin and incubated overnight.

Plasmid DNA (designated TPO101.229R) was
prepared from the transformed FE. coli cells and

transfected into BHK 570 cells as described above. A pool
of transfectants selected in 500 nM MTX produced 30,000

U/ml/day TPO. A pool of transfectants amplified with 10
UM MTX produced 88,000 U/ml.



10

15

20

25

30

35

CA 02206399 1997-05-29

27

Example 3
A full-length mouse TPO DNA sequence was

mutagenized by PCR to replace the arginine residues at
positions 197-198 of SEQ ID NO:2 with glutamine residues.
The mutagenized TPO DNA (EcoRI-NotI) was ligated to EcoRI-
digested Zem229R with a NotI/EcoRI oligonucleotide linker.

‘The resulting plasmid was designated TPOM3.

Plasmid TP0100.229R was digested with EcoRI and
Sall, and a 218 bp fragment encoding the t-PA leader and
amino acid residues 45-76 of SEQ ID NO:2 was isolated. A

1188 bp fragment encoding amino acid residues 77-379 of
SEQ ID NO:2 and including 3' untranslated DNA was prepared
by digesting TPOM3 with Sall and EcoRI. These two
fragments were ligated with Zem229R that had been digested
with EcoRI and treated with alkaline phosphatase. The
ligation mixture was used to transform competent E. coli
DH10b™ cells, which were then plated onto media containing
ampicillin and incubated overnight. The resulting plasmid
was designated TP0110.229R.

Example 4

For expression of human TPO, a BglII site was
jntroduced into the DNA sequence at the position of the
codon for amino acid residue 22 (Ser) of SEQ ID NO:4. A
polymerase chain reaction was carried out using a human
TPO cDNA as template and oligonucleotide primers 2ZC7907

(SEQ ID NO:10) and 7693 (SEQ ID NO:11). Ten ng of
template DNA was combined with 5 gl of 2 mM dNTPs, 5 4l 10x

Tag buffer (Boehringer Mannheim), 0.2 gl Taq DNA
polymerase (Boehringer Mannheim), 40 pmole of each primer,
and H,O0 to 50 pl. The mixture was incubated for 30 cycles
of 95°C, 1 minute; 50°C, 2 minutes; and 72°C, 1 minute,
with a final ten minute incubation at 72°C.

The PCR mixture was extracted with phenol/CHClj,

and the DNA was precipitated with 1isopropanocl and
resuspended in H,0. The resuspended DNA was digested with

BglIXI and PstI, and a 316 bp fragment was recovered as
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described above. This fragment encoded amino acid
residues 22-126 of SEQ ID NO:4.

A t-PA 1leader segquence was prepared from
TPO100.229R by digesting the plasmid with EcoRI and Bglll
and isolating the desired fragment (124 bp) by gel
electrophoresis and centrifugation.

To construct a human TPO expression vector, a
710 bp PstI-EcoRI fragment encoding amino acid residues
127-353 of SEQ ID NO:4 was isolated and ligated with the
PCR-generated fragment, the leader sequence, and Zem229R
that had been digested with EcoRI and treated with
alkaline phosphatase. The ligated DNA was used to
transform competent E. coli DH10b™ cells. The plasmid was
designated TP0201.229R.

The TPO201 sequence was placed in an expression
vector under the control of an adenovirus major late
promoter. Plasmid TPO201.229R was digested with ECORI,
and a 1149 bp fragment encoding the t-PA leader and TPO
polypeptide was isolated. This DNA fragment was ligated
to the vector pDX (disclosed in U.S. Patent No. 4,959,318)
which had been linearized by digestion with EcoRI and
treated with alkaline phosphatase to construct plasmid
TPO201.pDX. |

BHK 570 cells cotransfected with TPO0201.pDX and
Zzem229R and selected in 5 M methotrexate produced up to
10,000~15,000 units TPO/ml/day.

Example 5

A vector was constructed for expression of a TPO
polypeptide ending at amino acid residue 235 of SEQ 1D
NO:4. The human TPO DNA sequence was mutagenized by PCR
to introduce two stop codons and an EcoRI site following

the codon for amino acid 235. Ten ng of template DNA was
combined with 5 gl of 2 mM dNTPs, 5 pl 10x Taq buffer

(Boehringer Mannheim), 0.2 gl Tag DNA polymerase

(Boehringer Mannheim), 40 pmole of each primer 2ZC7910 (SEQ
ID NO:12) and 2C7878 (SEQ ID NO:13), and H0 to 50 ul.
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The mixture was incubated for 30 cycles of 95°C, 1 minute;
50°C, 2 minutes; and 72°C, 1 minute, with a final ten
minute incubation at 72°C. DNA was 1isolated from the
reaction nmixture and digested with PstI and Eco RI, and a
334 bp fragment encoding amino acid residues 127-235 of
SEQ ID NO:4 was recovered as described above. This
fragment was cloned into pIC19H and sequenced to confirm
its identity.

The expression vector was then prepared. A 440
bp fragment encoding the t-PA leader and amino acid
residues 22-126 of SEQ ID NO:4 was 1isolated from a
EcoRI+PstI digest of TP0O201.229R. The PCR-generated
fragment was isolated from a EcoRI+PstI digest of the
pICi9H clone. The two fragments were ligated with Zem229R
that had been digested with EcoRI and treated with
alkaline phosphatase. The 1ligated DNA was used to
transform competent E. coli DH10b™ cells. The plasmid was
designated TP0200.229R.

Plasmid TP0200.229R was transfected into BHK 570
cells using Lipfectamine™ essentially as described in
Example 1. The cells were plated in 24-well dish at a
density of 40,000 cells/well one day prior to
transfection. After initial selection in 500 nM MTX,

pooled cells produced 1290 U/ml/day TPO. Following
amplification in 5 pgM MTX, pooled cells produced 2330

U/ml/day TPO. A pool of cells amplified in 50 pgM MTX

produced 4700 U/ml/day.

A second expression vector was constructed
comprising an adenovirus major late promoter, t-PA leader
and human TPO 22-235 sequence. Plasmid TP0O200.229R was
digested with EcoRI, and a 775 bp fragment encoding the t-
PA leader and human TPO polypeptide was recovered. This
DNA fragment was ligated to the vector pDX which had been
linearized by digestion with EcoRI and treated with
alkaline phosphatase. The ligated DNA was transformed
into E. coli MC1061 cells. The plasmid was designated
TPO200.pDX.
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TPO200.pDX was cotransfected into BHK 570 cells
with Zem229R. Cells selected 1in 500 nM methotrexate
produced up to 10,000-15,000 units TPO/ml/day.

Example 6
A vector was constructed for expression of a TPO

polypeptide ending at amino acid residue 193 of SEQ 1ID
NO:4. The human TPO DNA sequence was mutagenized by PCR
to introduce a stop codon and an EcoRI site following the
codon ' for amino acid 193. Ten ng of template DNA was
combined with 5 gl of 2 mM dNTPs, 5 pl 10x Tag buffer
(Boehringer Mannheinm), 0.2 §l1 Taq DNA polymerase'
(Boehringer Mannheim), 40 pmole of each primer ZC8045 (SEQ
ID NO:14) and 2C7878 (SEQ ID NO:13), and H30 to 50 pul.
The mixture was incubated for 30 cycles of 95°C, 1 minute;
50°C, 2 minutes; and 72°C, 1 minute, with a final ten
minute incubation at 72°C. DNA was 1isolated from the
reaction mixture and digested with PstI and Eco RI, and a
204 bp fragment encoding amino acid residues 127-193 of
SEQ ID NO:4 was recovered as described above.

To construct the expression vector, the 1isolated
PCR product was ligated with the EcoRI-Pstl fragment
encoding the t-PA leader and amino acid residues 22-126 of
SEQ ID NO:4 (Example 5) and Zem229R that had been digested
with EcoRI and treated with alkaline phosphatase. The
ligated DNA was used to transform competent E. coli DH10b™
cells. The plasmid was designated TP0202.229R.

BHK 570 cells were transfected with TP0202.229R
as described above and selected in 500 nM MTX. Pooled
cells produced 13,110 U/ml TPO. After amplification in 5
UM MTX, pooled cells produced 20,850 U/ml/day TPO.

The 646 bp EcoRI insert was removed from
TPO202.229R and ligated to pDX that had been linearized by
digestion with EcoRI and treated with alkaline
phosphatase. The resulting vector, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>