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A recombinant human factor VIJ] derivative

..

The present invention relates to a DNA seguence coding
for a biologically active recombinant human factor VIII! deri-
vative, a recombinant expression vector containing such DNA
sequence, host cells transformed with such recombinant ex-
pression vector and a process for the manufacture of the re-
combinant human factor VII! derivative, The invention also
covers the human factor VIII derivative comprising two poly-

peptides linked by a metal ion bridge,

BACKGROUND OF THE INVENTION

Classic hemophilia or hemophilia A is the most common
of the inherited bleeding disorders. It is a result of a
chromosome X-linked deficiency in blood coagulation factor
VIII. It affects almost exclusively males and the incidence
is one to twc individuals per 10 000 men. The X-chromosome
defect is tranemitted by female carriers who are not themsel-
ves hemophiliace, Depending on the type of mutation in the
X~chromosome, factor VII!l is either dysfunctional or absent
which leads to a retarded bloecd coagulation. The .clinical
'manifestation of hemophilia A is an abnormal bleeding tenden-
cy and before treatment with factor VIII concentrates was
introduced the mean l1ife time for a person with severe hemo-
philia A was less than 20 vears. The use of concentrates of
factor VIII from plasma has considerably improved the situa-
tion for the hemophilia patients. The mean life time has in-
creased extensivel& and most of them have the possibility to
live a more or less normal life. However, there have been
certain problems with the concentrates and their use. The
most serious have been the transmission of viruses. Hitherto,
viruses causing AIﬂS, hepatitis B, and non A non B hepatitis
have hit the hemopHiliat population seriously. Recently, dif-
ferent virus inactfv;tion methods have been introduced in the
production process for many commercial concentrates. There

are also new highly purified factor VIII concentrates coming
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out on the market which are expected to be much safer in com-

parison to older concentrates as regards the risk for virus
transmigsion. However, no guarantees on the absence of virus
can be made. Furthermore, the concentrates are fairly expen-
sive because the raw material plasma is expensive due to li-
mited supply.

A recombinant factor VIII is likely to solve a large
extent of the problems associated with the use of plasma de-
rived factor VIII concentrates. In view of the need of a re-
combinant factor V111 for the treatment of hemophilia A, a
couple of groups are presently working on the development of
such a product. ﬁowever, the development of a recombinant
factor VIII has met some difficulties. One of the major prob-
lems is to produce recombinant factor VIII in sufficiently
high yields. Most of the development work done has been per-
formed with use of the cDNA gene coding for the full-length
factor VIII molecule,

This invention describes a deleted factor VIII cDNA
which codes for a recombinant factor VIII derivative, corre-
gsponding, as regards to molecular weight and other biochemi-
cal characteristics, to a previously described plasma factor
VIII form present in considerable amounts in commercial con-
centrates (Anderson, L~-0. et al (1986), Proc.Natl.Acad.Sci.
USA 83, 2979-2983). The expression level obtained upon ex-
pressing this molecule in an animal cell culture has proven
to be considerably higher as.compared to when the full-length
factor VIII cDNA is used to express factor VII1. The new de-
leted factor VII! cDNA is likely to give sufficiently high
vyields of recombinant factor VIIl to be used in an industrial
process for a pharmaceutical preparation of recombinant fac-

tor VIII.

DEFINITIONS USED

In the following sections, the nomenclature of the
different structural domains of the 2332 amino acid single

stranded full-length factor VIII is similar to those defined
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by Vehar, GA. et al (18984), Nature 312, 337-342. Accordingly,
the Ai and A2 domains are contained within the factor VIII
heavy chain form of approximately 200 kDa (amino acids 1
through 1648) to approximately 80 kDa (amino acids 1 through
740). The A3, C1 and C2 domains are contained within the fac-
tor VIII light chain of approximately 80 kDa (amino acids
1648 through 2332). The B domain constitutes the heavily gly-
cosylated middle region of full-length single chain factor
VIII or the C-terminal part of the 200 kDa form of the factor
VIII heavy chain (amino acids 741 through 1648)., The term

“factor VIII! deletion derivative” is defined as one or more

.polypeptide chains having factor VIII:C activity derived from

the full-length factor VI1II! polypeptide by deleting one or
more amino acids. The term “factor VIII:QD" is defined as a
polypeptide chain derived from full-length factor VIII lack-
ing amino acids 745 through 1562. The term "factor VIII:RE“
ig defined as a polypeptide chain derived from full-length
factor VIII lacking amino acids 741 through 1648. The term
factor VIII:SQ is defined as a polypeptide chain derived from
full-length factor VIII lacking amino acids 743 through 1636.

PRIOR_ART

In fresh plasma prepared in the presence of proteasse
inhibitors, factor VI1I has been shown to have a melecular
weight of 280 kDa and to be composed of two peptide chains
with molecular weights of 200 kDa and 80 kDa, respectively
(Andersson, L-0 et al, (1986) Proc.Natl.Acad.Sci, USA 83,
2979-2983). These chains are held together by metal ion brid-
ges. More or less proteolytically degraded forms of the fac-
tor VIII molecule were found as active fragments in factor
VIIil Qaterial purified from commercial concentrates {(Anders-
son, L-O0 et al. 1986; Andersson, et al. (1985 EP 0197801).
The fragmented forms of factor VIII having molecular weights -
from 260 kxDa down to 170 kDa, consisted of one heavy chain
with a molecular weight ranging from 180 kDa down to 80 kDa

(all variants having the identical N-termini) in combination

——
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with the 80 kDa light chain. The N-terminal region of the
heavy chains is identical to that of the single chain factor
VIII obtained from the nucleotide sequence data of the factor
V1II cDNA (Wood, W.I., et al. (1984)> Nature 312, 330-336,
Vehar, G.A., et al., (1984) Nature 312, 337342).

The smallest active form, with molecular wasight 170
kDa, containing one 90 kDa and one 80 kDa chain could be ac-
tivated with thrombin to the same extent as the higher mole~
cular forms. It thus represents an unactivated form. It has
also been shown to have full biological activity in vivo as
tested in hemophilia dogs (Brinkhous, K.M. et al. (1985)
Proc.Natl.Acad.Sci. USA 82, 8752-8756). Thus, the haemostatic
effectiveness was the same as for the high molecular weight
forms of factor VIII. Furthermore, there was an indication
that the 170 kDa form had an in vivo survival time that was
50% longer as compared to that of the higher molecular forms.

The fact that the middle heavily glycosylated part of
the factor VIII polypeptide chain residing between amino
acides Arg-739 and Glu-1648 does not seem to be necessary for
full biological activity hae prompted several researchers to
attempt to produce derivatives of recombinant factor VIII
lacking this region. This has been achieved by deleting a
portion of the cDNA encoding the middle heavily glycosylated
part of factor VIII either entirely or partially.

For example, J.J. Toole, et al. reported the construc-
tion and expression of factor VIII lacking amino acids 882
through 1562, and 760 through 1639, respectively (Proc.Natl.
Acad.Sci, USA (1986) 83, 5938-5942). D.L. Eaton et al. repor-
ted the construction and expression of factor VIII lacking
amino acids 797 through 1562 (Biochemistry (1886) 25, B8343-
-8347). R.J. Kaufman described the expression of factor VIII
lacking amino acide 741 through 1646 (PCT application No. WO
B87/04187). N. Sarver et al. reported the construction and
expresseion of factor VIII lacking amino acids 747 through
1560 (DNA (198B7) 6, 553-564). M. Pasek reported the construc-

tion and expression of factor VIII lacking amino acids 745
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through 1562, and amino acids 741 through 1648, redPectively
(PCT application No. 88/00831). K-D Langner repoftdid the con-
gtruction and expression of factor VIII lacking at ;
816 through 1598, and amino acids 741 through 1s§f
tively (Behring Inst. Mitt. {1988) No 82, 16-25, E§ 295

597). P. Meulien, et al., reported the constructla__
pression of Factor VII! lacking amino acids 868 tﬂ?dugh 1562,
and amino acids 771 through 1666, respectively (Prﬁttln Engi-

neering (1988) 2(4), 301-306, EP O 303 540 A1). ﬁhﬁﬁ‘axpres-

sing these deleted forms of factor VIII cDNA in mammalian

cells the production level is typically 10 times ﬁiﬁﬁer as
compared to full-length factor VIII.

Furthermore, attempts have been made to expELQ
kDa and 80 kDa chains separately from two dlffeféh
rivatives in the same cell (Burke, R.L. et al. (15%%%,
J.Biol.Chem, 261, 12574-12578, Pavirani, A. et af?'§1987)
Biochem. Biophys. Res. Comm., 145, 234-240). Howe¥dr, in this

system the in vivo reconstitution seems to be of llmlhed ef-

ficiency in terms of recovered factor VIII:C actlvlty.

DESCRIPTION OF THE INVENTION

The present invention deals with processes fbr produc-
tion of proteins consisting of one or more polypéptide chains
having factor VIII:C activity. More specifically, the present
invention provides a modified cDNA segquence derived from the
full-length factor VIII cDNA, which upon expression in animal
cells gives rise to the high level production of a protein
with factor VIII:C activity consisting essentialf?:of two
polypeptide chains of 90 kDa and 80 kDa moleculaf_ﬁ%ight,
respectively.

Accordingly, the present invention providgf for a DNA
segquence coding fogzg biologically active recombitiiit human

factor VIII derivative, comprising a first DNA éﬁﬁmﬁnt coding

for the 80 kDa chain of human factor VIII and a éEh%nd DNA

segment coding for the 80 kD& chain of human facto¥ VIII said

aegment/baing interconnected by a linker DNA segmsnt coding
~
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for a linker peptide of 4 to about 100 amino acid residues of
the B domain of human factor VIII, at least 4 of said amino
acid residues originating from the C terminal of said domain,

It is preferred that said linker codes for at least 4
amino acid residues originating from the C terminal of the B
domain of human factor VIIl, In a preferred embodiment of the
invention said linker gene codes for up to about 20 amino
acid residues of the B domain of human factor VIII,

In a particularly preferred embodiment of the inven-
tion said DNA sequence contains a linker coding for an amino
acid sequence comprising 12 amino acids originating from the
B domain of human factor VIII.

As a preferred example said linker may code for at
least 7 amino acid residues of the B domain of human factor
VIII, at least 7 amino acid residues originating from the C
terminal and at least 2 amino acid residues originating from
the N terminal of said domain,

In a specific embodiment of the present invention the
DNA sequence contains a linker coding for 12 amino acid resi-
dues originating from the C terminal and 2 amino acid resi-
dues originating from the N terminal of the B domain of human
factor VIII.

The invention also relates to a recombinant expression
vector containing a transcription unit comprising the DNA
sequence as ocutlined above and, furthermore, a promoter and a
polyadenylation signal segquence.

The invention also covers host cells of animal origin
transformed with the recombinant expression vector as defined
above,.

Additionally, the invention provides for a process for
the manufacture of a biologically active recombinant human
factor VIII derivative as described above, said process com-
prising cultivating an animal cell line transformed with a
recombinant expression vector as defined above in a nutrient
medium allowing expression and secretion of human factor VIII

derivative composed of the 90 kDa domain and, linked thereto
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by metal ion bond, the B0 kDa domain, said expressed deriva-
tive being then recovered from the culture medium.

Finally, the invention provides for a human factor
VI11l derivative comprising the 890 kDa domain and, linked the-
reto, optionally via the linker peptide or part thereof, by
metal ion bond, the 80 kDa domain of human factor VIII.

In order to obtain a protein with factor VIII:C acti-
vity consisting of the above two polypeptide chaine, the
single polypeptide chain created during translation in vivo
has to be cleaved either by post-translational processing in
the producing cell or by proteolytic procegsing in vitro, or
both. Since protein with factor VIII! activity, consisting of
the two polypeptide chains of 200 kDa and 80 kDa molecular
weight, can be isolated from human plasma, it is assumed that
there exists an appropriate cleavage site for processing en-
zymes, according to the above, on the single chain full-
-~length factor VIII primary translation product. Most probab-
ly, an important in vivo processing site is located at the
carboxy-terminal side of Arg-—-1648, During maturation, clea-
vage at Arg-1648 gives rise to a factor VIII protein consis-
ting of two chains of molecular weightq of 200 kDa and 80
kDa. Since Arg-1648 seems to be located at a border between
gstructural domaine in the factor VIII molecule, it constitu-
tes a sterically accessible target for the processing enzyme
or enzymes. Conceivably, there exists another processing site
at Arg-740 which will give rise to conversion of the 200 kDa
chain to a 90 kDa chain in vitro, thus creating the 90 kDa
and 80 kDa form of factor VIII present in commercial human
plasma derived factor VII1 concentrates. In accordance with
the present invention it has been found that in order to pro-
duce a factor VIII deletion derivative that can be processed
either in vivo or in vitro, or both, to a two chain protein
consisting of polypeptide chains of 90 kDa and 80 kDa, the
amino acid segquences surrounding Arg-740 and Arg-1648 have to
be conserved in order to preserve the structural regquirements

for correct clsavage. More epecifically, if for example amino
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acids 743 through 1636 of the full-length factor VIII poly-
peptide are deleted, a new polypeptide chain is obtained whe-
re there are 14 amino acids linking Arg-740 and Arg-1648. Of
these 14 amino acids, the sequence of the five amino-terminal
ones directly corresponds to the five amino acids following
Arg-740 in full-length factor VIII., Also, the sequence of the
12 carboxy-terminal amino acids of the above 14 amino acid
fragment directly corresponds to the 12 amino acids preceding
Glu-1649 in full-length factor VIII thus creating a 3 amino
acid overlap between the N- and C-terminal regione of the B-
domain.

In order to produce a factor VIII:SQ protein at high
level consisting of two polypeptide chains according to the
above, the cDNA encoding this factor VIII deletion derivative
is assembled into an efficient transcriptional uniy together
with suitable regulatory elements in a cloning vector, that
can be propagated in E.coli according to methods known to
those skilled in the art. Efficient transcriptional regulato-
ry elements could be derived from the chromosomal DNA of eu-
caryotic cells. For instance, promoter-enhancer combinations
from strongly constitutively transcribed genes can be used,
preferably metallothionein, beta-actin or GRP78. Also, effi-
cient transcriptional regulatory elements can be derived from
viruses having eukaryotic cells as their natural hosts. For
instance, promoter-enhancer combinations derived from viruses
residing on animal hosts can be used, preferably the enhancer
and promoter occurring in Rous sarcoma virus long terminal
repeat, simian virus 40, the adenovirus major late promoter,
and the human cytomegalovirus immediate early promoter. In
order to obtain stable high level amounts of mRNA transcribed
from the factor VIII:SQ ¢DNA, the transcriptional unit should
contain in ite 3°-proximal part a DNA region encoding a
transcriptional termination-polyadenylation sequence. Prefe-
rably, this sequence is derived from the Simian Virus 40 ear-

ly transcriptional region or the rabbit beta-globin gene.
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The factor VIII:SQ cDNA assembled into an efficient
transcription unit is then introduced into a suitable host

organism for expression of the factor V1II1:SQ protein, Prefe-
rably this organism should be an animal cell-line of verteb-
rate origin in order to ensure correct folding, disulfide
bond formation and secretion as well as other post-transla-
tional modifications. Examples of the latter are asparagine-
—linked glycosylation, tyrosine O-sulfatation, and proteoly-
tic processing of the nascent single polypeptide chain which
is essential for the formation of the 90 kDa and 80 kDa two
chain factor VII] protein. Examples of cell-lines that can bs
used are moneky COS-cells, mouse L-cells, mouse C127-cells,
hamster BHK-21 cells, and preferentially CHO-cells,

The transcription unit encoding the factor VIII:SQ
cDNA can be introduced into an animal cell-line in 'several
different ways. One example of this is to create recombinants
between the above transcription unit and vectors based on
different animal viruses. Examples of these are vectors based
on vaccinia virus, SV40 virus, and preferably bovine papillo-
ma virus,

The transcription unit encoding the factor VIII:SQ
cDNA can also be introcduced into an animal cell-line together
with another recombinant gene which may function as a domi-
nant selectable marker in these cells in order to facilitate
the isolation of specific cell clones which have integrated
the recombinant DNA into the genome. Examples of this type of
dominant selectable marker genes are Tn5 aminoglycoside phos-
photransferase (resistance to Geneticin, G418), and puromycin
acetyltransferase (resistance to puromycin). The transcrip-
tion unit encoding such a selectable marker gene can reside
either on the same vector as the one encoding the factor
VIII:SQ unit. 1t can also be encoded on a separate vector
which is simultaneously introduced and integrated into.the
genome of the host cell, frequently resulting in tight physi-
cal linkage between the different transcription units.

Other types of dominant selectable marker genes which
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can be used todéther with the factor VIII:SQ ¢DNA are based
on various transcription unite encoding dihydrofolate reduc-
tase (dhfr). After introduction of this type of gene into
cells lacking endogenous dhfr-activity, preferentially CHO-
-cells (DUKX-B1i, DG-44) it will enable these to grow in me-
dium lacking nucleosides. An example of such a medium is
Ham’s F12 without hypoxanthin, thymidin, and glycine. These
dhfr-gense can be used in conjunction with the factor VII1:SQ
transcriptional unit in CHO-cells of the above type, either
linked on the same vector or in two different vectors, thus
creating dhfr-pogitive cell-lines producing recombinant fac-
tor VI11:8SQ protein.

I1f the above cell-lines are grown in the presence of
the cytotoxic dhfr-inhibitor methotrexate, new cell-lines
resistant to methotrexate will emerge. These cell-lines may
produce recombinant factor VIII:SQ protein at an increased
rate due to the amplified number of linked dhfr and factor
V1I1:SQ tranecriptional units. When propagating these cell-
lines in increasing concentrations of methotrexate (1-10000
nM), new cell-lines can be obtained which produce the factor
VIII:SQ protein at very high rate.

The above cell-lines producing factor VII1:8Q protein
can be grown in a large scale, either in suspension culture
or on various solid supports. Examples of these supports are
microcarriers based on dextran or collagen matrices, or solid
supports in the form of hollow fibers or various ceramic ma-
terials. When grown in suspension culture or on microcarriers
the culturs of the above cell-lines can be performed either
ags a batch culture or as a perfusion culture with continuous
production of conditioned medium over extended periods of
time. Thuse, according to the present invention, the above
cell-lines are well suited for the development of an indus-
trial process for the production of recombinant factor
VIII:SQ which correapbnda to the authentic two polypeptide
chain factor VIII (80 kDa and 80 kDa) that can be isolated

from human plasma.
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The reédmbinant factor VIII:SQ protein which accumula-
teg in the medium of CHO-cells of the above type, can be con-
centrated and purified by a variety of biochemical methods,
including methods utilizing differences in size, charge, so-
iubility, hydrophobicity, specific affinity, etc. between the
recombinant factor VIII:SQ and other substances in the condi-
tioned medium.

An example of such a purification is the adsorption of
the recombinant factor VI1!:SQ protein to a monoclonal anti-
body which is immobilised on a solid support., After desorp-
tion, the factor VI11:SQ protein can be further purified by a
variety of chromatographic techniques based on the above pro-
perties.

The protein with factor VIII activity described in
this invention can be formulated into pharmaceutical prepara-
tions for therapeutic use. The produced recombinant' factor
VI11:SQ protein may be dissolved in conventional physiologi-
cally compatible agueous buffer solutions to which there may
be added, optionally, pharmaceutical adjuvants to provide
pharmaceutical preparations.

The present invention will be further described more
in detail in the following by non-limiting examples thereof.
This description of specific embodiments of the invention
will be made in conjunction with the appended drawings, whe-
rein:

Figure 1 is a schematic representation of the rela-
tionship between full-length factor VIII and factor VIII:SQ.
The primary structure of the region between the C-terminus of
the 90 kxDa chain and the N-terminus of the 80 kDa chain is
shown. The vertical arrow indicates the peptide bond that is
cleaved to give the two-chain product;

Figure 2 is an illustration of plasmid pKGE436 contai-
ning the factor VIII:SQ cDNA under transcriptional control of
the human cytomegalovirus promoter;

Figure 3 is an illustration of plasmid pKGE327 contai-

ning the mouse dihydrofolate'reductase ¢DNA under transcrip-
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tional control of the mouse mammary tumor virus long terminal
repeat;

Figure 4 is an illustration of immuno-blotting of re-
combinant factor VIII SQ after polyacrylamide gel electropho-
resis in the presence of sodium dodecyl sulfate;

Figure 5 shows a diagram on changes in factor VI
activity of recombinant factor VIII:SQ following incubation
with thrombin; and

Figure 6 illustrates changes in patterns of SDS-PAGE
and immunoblotting of recombinant factor VIII:SQ following

incubation with human 0¢-thrombin.

EXAMPLE 1§ .

A deletion derivative of factor VIII cDNA has been
constructed that encodes a polypseptide chain devoidiof most
of the B-domain, but containing parts of the amino-terminal
and carboxy-terminal segquences of the B-domain that are es-
sential for in vivo proteolytic processing of the primary

translation product into two polypeptide chains.

Mutagenesis of factor VIII cDNA. i
A 884 base-pair Kpnl-Pstl restriction fragment obtai-

ned from the cDNA of the factor VIII:QD deletion derivative
(M. Pasek, PCT application No. WOB88/00831) encoding the amino
acids Leu 587 through Ala 1702 was introduced into the bacte-
riophage vector M13mpi9 (Yanisch-Perron, C. et al. (1985)
Gene 33, 103-119) according to the standard methods of the
art. The resulting recombinant phage clone was used as source
for preparation of single stranded DNA used as template for
oligonucleotide directed mutagenesis (Nakamaye, K. and Eck-
stein, F. (1986) Nucleic Acids Res. 14, 8679-9698). 10ug pu-
rified circular single stranded vector DNA was annealed to 8
pmoles of a 5’-phosphorylated oligonucleotide with the follo-

wing sequence:

5’ -GCCATTGAACCAAGAAGCTTCTCTCAGAATCCACCAGTCTTGAAACGC-3"
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The second sitrand of circular DNA was synthesised on

the resulting template by addition of all four deoxynucleoti-
des, dCTPaS, 12 units of Klenow fragment of DNA-polymerase I,
and 12 units of T4 DNA-ligase. After overnight incubation at
16°C, the reaction mixture was enriched for double stranded
DNA by filtering through nitrocellulose in the presence of
500 mM NaCl. One fifth of the purified double stranded DNA
was nicked by incubation with 5 units of the restriction en-
zyme Ncil, treated by 50 unite of Exonuclease III to such an
extent that the template strand of the phage DNA was partial-
ly removed. The resulting partial duplex was reconverted to
double stranded DNA by treatment with 3 units DNA polymerase
1 and 2 units T4 DNA-ligase in the presence of all four de-
oxynucleotide triphosphates at 16°C for 3 hours, One fourth
of the resulting mixture was used to transform 300 pl E.coli
TG1. Of the resulting mutagenised phage clones, ten were sub-
jected to dideoxy sequencing (Sanger, F. et al. 1877, Proc.
Natl.Acad.Sci. USA 74, 5463-5467). One of the resulting phage
clones showed the expected nucleotide sequence indicating
that a 228 base-pair segment had been removed which corre-
sponds to-amino acids Asp 1563 through Ser 1637 of factor
VIII:QD. This creates a novel 666 base-pair Kpnl-Pastl frag-
ment of the factor VIII cDNA within the Mi3mpl9 vector enco-
ding a fusion between Phe 742 and Ser 1637 of the factor VII1I
protein (factor VIITI:SQ),.

Construction of a Mammalian Expression Vector Encoding factor
VI1I:SQ,.

The 666 base-pair Kpnl-Pstl fragment encoding the fac-
tor VII1:SQ fusion according to the above was isolated from
the double stranded replicative form of the M13mpi9 phage DNA
and introduced into the vector pKGE431. This vector consists
of a 2046 base-pair KpnI-SphI fragment from the factor
ViII1:RE cDNA (M. Pasek, PCT application No. wW088/0083%t, ATCC
accesgion No. 53517) encoding amino acids Leu 587 through Met

2176 of the factor VIII:RE protein in pUCi8. In order to ac-
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commodate the %éctor VII1:SQ 666 base-=pair Kpnl-Pstl fragment
in a desired manner the pKGE431 DNA had to be opened by com-
plete Kpnl digestion and partial Pstl digestion. The fragment
of pKGE431 in which Pstl cleaved in a position corresponding
to Ala 1702 in the factor VIII:RE protein was isolated and
ligated to the above Kpnl-Pstl fragment of the factor VII1:SQ
cDNA creating the vector pKGE432. The latter vector was di-
gested with Kpnl and Apal and the corresponding 1700 base-
-pair Kpnl-Apal fragment encoding Leu 587 through Ala 2047 of
the factor VII1I:SQ protein was ligated to the large fragment
of the vector pKGE347 that had been digested with Kpnl and
Apal. The vectorlpKGE347, which is based on the E.coli clo-

ning vector pBR327, consists of the human cytomegalovirus
enhancer/promoter encoded on a 741 base-pair DNA-segment (nu-
cleotide positions - 671 to +71, Boshart, M. et al (1985)
Cell 41, 521-530) upstream of the factor VIII:QD cDNA with
the SV40 t-antigen intron and polyadenylation sequence at the
3‘’-proximal part. The resulting vector (pKGE436), which is
depicted in Figure 2, contains the complete factor VIII:SQ
cDNA and is identical to pKGE347 except for the different

deletion derivative of factor VIII that is encoded.

EXAMPLE 2
Trangfection of Chinese Hamster Ovary Cells,

In a 10 centimeter diameter cell culture dish, 0.5
million dihydrofolate reductase deficient Chinesge Hamster
Ovary Cells (CHO-DG44, obtained from Dr. L.A, Chasin, Colum-
bia University, New York) were seeded in Dulbecco’s Modified
Eagles Medium/Ham’s F12 (1:1) supplemented by 10X foetal calf
serum and incubated over night at 37°C in a 5% carbon dioxide
incubator., The next day the cells were washed with fresh me-
dium and subsequently transfected by the calcium phosphate
method with 10 pug of a 1:1 mixture of the factor VIII:SQ ex-
pression vector pKGE436 and the dihydrofolate reductase vec-
tor pKGE327 according to the methods of the art. The vector

pKGE327 contains a transcription unit consisting of the mouse
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mammary tumor virus long terminal repeat upstream of the mou-

se dihydrofolate reductase cDNA with the SV40 t-antigen and

polyadenylation sequence at the 3°-proximal part cloned into
the vector pML2 in a clockwise manner (Figure 3). On day
three, the medium was removed, the cells washed and split
into new cell cultivation dishes. On day four, the selection
for dihydrofolate reductase positive cells was initiated by
replacing the media with the above cell cultivation medium
lacking hypoxanthin, glycin, and thymidin and supplemented
with 10% thoroughly dialyzed foetal calf serum. The medium

was changed twice a week and after approximately two weeks

" colonies of dihydrofolate reductase positive cells could be

harvested, These colonies were further grown in 25 cm? cell
culture bottles, and after reaching subconfluency the medium
was replaced with fresh medium containing 3% foetal:-calf se-
rum, After a period of 24 hours the activity of the factor
VIII:C in the culture medium was tested using the synthetic
substrate method (Coatest factor VIII:C, KABI). The results

are shown below in Table 1.

" TABLE 1
CHO-DG44 cell-lines producing FVIII S
Cell-line No Coatest Cell-line No Coatest
assay assay
(mU/ml) (mU/m1l)
208:1 10 208:13 107
2 73 14 167
3 147 15 253
4 27 i6 253
5 107 17 313
6 80 18 307
7 73 19 27
8 87 20 287
9 93 21 393
10 33 22 467
11 47 23 107

12 147 24 180
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Gene Amplification of CHO-DG44 Cell Lines Producing factor

VIII:S
The CHO-DG44 cell line 208:22 in Table 1 producing 467

mU/ml/day of factor VIII:SQ was chosen for further gene amp-
lification by selection and growth in methotrexate. After
gseveral weeks of cultivation in 20 nM methotrexate the cell
line 208:22 gave rise to several new resistant cell clones.
These clones were harvested individually and further expanded
as separate cultures as described above., The productivity of
factor VII1:C in the medium of these clones were assayed as

in Example 1, The result is shown in Table 2,

TABLE 2
Amplified cell-lines producing factor VIII:SQ derived from
the CHO-DG44 cell-line 208:22

Cell~line No. Coatest Cell-line No. Coatest
assay assay
(mU/ml) {mU/ml?>
208:22:1 1040 208:22:13 1070
2 680 14 860
3 660 15 930
4 720 16 680
5 800 17 790
6 040 18 750
7 1100 18 860
8 260 20 80
9 800 21 1130
i0 660 22 S20
11 720 23 850
12 870 24 1010
EXAMPLE 3

Purification and Biochemical Characterization of factor
Viil:sQ
Factor VII1:SQ produced by the amplified CHO-DG44

cell-line 208:22 was examined for biochemical characteris-
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tics. A partial purification of the factor VIII material from

culture medium was performed prior to the study. This inclu-
ded an immunocaffinity chromatography step with the use of a
matrix containing monoclonal antibodies directed against fac-
tor VIII followed by an ion-exchange chromatography step. The
gspecific activity of the purified factor VIII material obtai-
ned was in the range of 3000-4000 JU/Aggg and the ratio fac-
tor VI11 activity/factor VIIl antigen was close to 1 (activi-
ty was measured with Coatest (KABI), and antigen was determi-~
ned by an Elisa assay with use of monoclonal antibodies di-
rected against the 80 kDa chain). The purified factor VII1I:SQ
material was submitted to SDS-polyacrylamide gel electropho-
resis (SDS-PAGE) and Western blot analysis. The SDS-PAGE was
carried out according to Laemmli (1870) Nature 227, 680-685.
Rabitt polyclonal anti-human factor VII] antibodies were used
for the Western blot analysis and the analysis was éssential-
ly performed as described by Towbin, H. et al. (1879) Proc.
Natl.Acad.Sci. USA, 76, 4350-4354. The results obtained are
shown in Fig. 4, Lane 1; plasma factor VIII containing an 80
kDa light chain and heavy chains ranging from 200 kDa %to 90
kDa., Lanes 2 and 3: recombinant factor VII1:SQ containing an
80 kDa chain and a 90 kDa chain. The materials originated
from two different batches factor VIII:SQ purified as de-
scribed above., The analyeis thus showed the presence of two
ma jor bands in the factor V1IIl SQ material; one at 90 kDa and
one doublet band at 80 kDa. The two bands were found in the
same position on the gel as the 90 kDa and B0 kDa peptides
representing the smallest biologically active complex of
plasma factor VIII. A minor amount of a 170 kDa band (< of 5%
of the total material) was also found in the factor VIII:SQ
material, probably representing uncleaved primary translation
product, Furthermore, N-terminal sequence determination with
automated Edman degradation of the factor VIII:SQ protein,
indicated that the N-termini of the 80 kDa and 80 kDa chains
are identical to those of plasma derived 80 kDa plus 80 kDa

factor VIII. This result thus showed that the in vivo proteo-
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lytic processing of the primary translation product into two
polypeptide chains had been effective.

Factor VIII:SQ could be activated by human thrombin in
a dose dependent manner. Ilnactivation wae subsequently fol-
lowed. In Figure 5, the curve of activity changes obtained is
shown when 0.1 U thrombin per 1 IU purified factor VIII:SQ
wags added. A one~stage clotting method (Mikaelsson, M. et al.
(1983) Blood 62, 1006-1015) was used for immediate assay of
samples from the reaction mixture, A fifteen-fold activation
was obtained whithin one minute, which then was followed by
inactivation. Sodium dodecyl sulfate at 0.02 g/ml was added
to stop the reaction in samples for analysis. SDS-Foly-
acrylamide gel electrophoresis and Western blot analysis with
rabbit polyclonal antibodies against human factor VIII was
performed on samples taken out at time intervals during the
reaction (Figure 6). Electrophoresis and immunoblotting were
performed as described in relation to Figure 4.

The results obtained showed a molecular change of fac-
tor VIII peptides identical to that of plasma factor VIII
during incubation with thrombin. Thus the 80 kDa peptide was
cleaved by thrombin and a 50 kDa plus a 40 kDa peptide was
formed. The 80 kDa peptide was cleaved and a 70 kDa peptide
was formed. The weak band seen at 170 kDa in the factor
VI11:SQ sample disappeared during the first minute of
incubation with thrombin, and peptides were apparently formed
identical to those formed from the 90 kDa-80 kDa complex. The
studies with thrombin showed that factor VII1:SQ behaves as
plasma factor VIII in the interaction with this enzyme. This

feature is regarded to be essential for biological activity

in vivo,

The interaction of factor VIII:SQ with human von Wil-
lebrand factor was studied with the use of Bize-exclusion
chromatography on Sepharose CL-6B. Ten (10)IU of factor
VIiII11:5Q was incubated with 30 U purified human von Willebrand
factor at 37°C for 20 minutes, The incubation mixture was
then applied on a column packed with Sepharose CL-6B. All ma-

terial with factor VIII activity eluted in the void volume



10

THIS SHEET HAS BEEN
REPLACED

19

with von Willebrand factor. When factor VIII:SQ with no added
von Willebrand factor was applied on the column, material
with factor VIII activity eluted only in the inner fractions
at a position where also the 90 kDa-80 kDa form of plasma
factor VIJI eluted. Thie result shows that factor VIII:SQ has
the capacity to bind to von Willebrand factor, which is a
property necessary for good in vivo survival (Brinkhous, K.M.
et al. (1985) Proc.Natl.Acad.Sci. USA 82, 8752-8756).

The factor VIII:SQ DNA of the present invention has
been deposited with Deutsche Sammlung von Mikroorganismen ung
Zellkulturen on December 13, 1989 and has been given the

deposgition number DSM 5693.
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CLAIMS

1. A DNA sequernce coding for a biologically active
recombinant human factor VIII derivative, comprising a first
DNA segment coding for the 90 kDa chain of human factor VIII
and a seccnd DNA segment coding for the 80 kDa chain of human
factor VI{I, szid segments being interccnnected by a linker
DNA segment coding for a linker peptide of 4 to about 100
amino acid residues of the B domain of human factor VIII, at
leést 4 of said amino acid residues originating from the C
terminal of said domain.

2. A DNA sequence according to claim 1, wherein said
linker ches for at least 4 amino acid residues originating
from the C terminal of the B domain of human factor VIII, ‘

3. A DNA seguence according to claim { or 2, wherein
said linker gene codes for up to about 20 amino acid residues
of the B domain of human factor VIII.

4, A DNA sequence according to claim 1, 2 or 3, where-
in said linker codes for an anmino acid sequence comprising 12
amino acids originating from the B domain of human factor
VIII.

5. A DNA seguence according to any preceding claim,
wherein said linker codes for at least 7 amino acid residues
of the B domain of human factor VIII, at least 4 amino acid
residues criginating from the C terminal and at least 2 amino
acid residues from the N terminal of said domazin,

6. A DNA sequence according to any preceding claim,
wherein said linker codes for 12 amino acid residues origina~
ting from the C-terminal and 2 amino acid residues origina-
ting from the N-terminal of the B domain of human factor
VIII.

7. A recombinant expression vector containing a trans-
scription unit comprising the DNA seguence according to any
of claimg { to 5, a promoter and 2 polyadenylation signal
seguence.

8. A host cell of animal origin transformed with the

recombinant expression vector of cleim 7.

TR
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9. A process for the manufactute‘of a2 bioclogically
active recombinant human factor VIII derivative expressed by
a DNA sequence according to any of claims 1 to 6,
characterized by cultivating an animal cell line transformed
with a recombinant expression vector according to claim 7 in
a nutrient medium allowing expression and secretion of human
factor VIII derivative composed of two polypeptides with
molecule weights of S0 kDa and 80 kDa, respectively, linked
to each other by a metal ion bridge, and recovering said
derivative from the culture medium.

10: The human factor VIII derivative whenever prepared
) by the piocesa of claim S,

11. The human factor VII1 derivative of claim 10, com-
prising the 90 kDa démain and, linked thereto optionally via
the linker peptide or part thereof, by'metal ion.bond, the 80

¥Da domain of human factor VIII.
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