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~transcription activator proteins and carrying a vector having a pronoter
functionally linked to a DNA sequence coding for a bl ood coagul ating fac-
tor, provided that said pronoter is not a viral pronmoter which is
stinmulated by said viral transcription activator proteins; an imortalized
human cell |ine carrying said vector; factor VIII nuteins particularly
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conpri sing suc actor nmut ei ns and the use of such factor VIII
muteins for preparing a nedicanent fLdnetreating henophilia. Summary of the
Rel ated Art Henophiliacs are suffering fromhenorrhagi c norbidity caused by
"the disturbed function of protein conponents of the blood coagul ation
casca- de. Dependent on the affected clotting factor two types of
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tor, provided that said promoter is not a viral promoter which is stimuiated
by said viral transcription activator proteins; an immortalized human ;eH
line carrying said vector; factor VIII muteins particularly suitable for the
above production method; pharmaceutical compositions comprising such
factor VIII muteins and the use of such factor VIII muteins for preparing a

medicament for treating hemophilia.

Summary of the Related Art

Hemophiliacs are suffering from hemorrhagic morbidity caused by the
disturbed function of protein components of the blood coagulation casca-
de. Dependent on the affected clotting factor two types of hemophilia can

be distinguished, Both have in common the inhibited conversion of soluble
brinogen to an insoluble fibrin-clot. They are recessive X-chromasomaily-

linked genetic diseases affecting mainly the male population.

Hemophilia A affects 1-2 individuals per 10.000 males. It is caused by the
deficiency or absence of factor VIII, a very large glycoprotein (Mr
approximately 330 kDa (Furie B., Furie B.C., Cell (1988) 53, 505-518)),
which represents an important element of the blood coagulation cascade.

The polypeptide sequence can be subdivided in three regions, an N-
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In order to attain its proper function a posttranslational carboxylation step

is required which only occurs in the presence of vitamin K.

Treatment of both types of bleeding disorder traditionally involves infusi-
ons of human plasma-derived pi‘otein concentrates of factor VIII or fac-
tor IX. Although this method represents an efficient therapy for hemophi-
liacs it carries the risk of transmission of various infectious agents, such as
viruses causing hepatitis or AIDS, or thromboembolic factors. Alternatively
several recombinant DNA technigques for the production of clotting factors
have been described. For this purpose the corresponding cDNAs of wild
type factor VIII and factor IX have been isolated and cloned into suitable
expression vectors (EP-A-160457; WO-A-86/01961, U.S. Patents
4,770,999, 5,521,070 and 5,521,070).

In the case of factor VIII recombinant expression of subunits for the pro-
duction of complexes show'ng coagulant activity is known in the art (e.qg.,
from EP-A-150735, EP-A-232112, EP-A-0500734, WO-91/07490, WO-
95/13300 U.S. Patents 5,045,455 and 5,789,203). Moreover, the expres-

sion of truncated cDNA-versions partially or entirely lacking the sequence
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VI, n cell I nes“en- countered certain di sadvant ages.
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t he medi um has been reported. This rraé gg a to slight differences within
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protein translation and nodification, which also m ght have an effect on
t he biological activity of the expressed polypeptide. Apart fromthis,
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give riggaig aaiisgenicd eekelryotls amd referzily emegnmalian cell lines. It was,
however, general practice to employ non-human cell lines in the pro-
duction methods disclosed in the references mentioned herein before in
order to exclude the risk of copurifying some infectious agents which may

be harbored and expressed by human cells.

However, especially for factor VIII, the use of non-human cell lines en-
countered certain disadvantages. For example unsatisfactory secretion
levels of the expressed protein into the medium has been reported. This
may be due to slight differences within different types of mammalian cells
concerning intraceliular pathways for protein transtation and modification,
which also might have an effect on the biological activity of the expressed
polypeptide. Apart from this, there were concerns that the therapeutic
proteins purified from non-human expression systems are contaminated
with cellular components which can give rise to antigenic reactions in the

patients.

Moreover, proteins expressed by non-human expression systems may
have non-human glycosylation patterns giving rise to antigenic reactions
in the patient. However, biological stability and efficacy of clotting factors

is substantially influenced by their N-glycosylation pattern. Especially
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On the other hand, genera! methods for high level protein expression of a
desired gene comprising immortalized, stably transfected mammalian cell
lines expressing viral transcription activator proteins have been made
available for some timé (e.g. U.S. Patent 5,712,119). Further these cell
lines are transformed with a vector construct where a suitable viral
transcription promoter is operatively associated with a DNA sequence
defining a gene of interest, the transcription activator proteins activate the
vira! transcription promoter and hence initiate the expression of the gene
of interest. Again, there were concerns that the transcription activator
proteins expressed by these cell lines may give rise to contaminations In

the target therapeutic protsin.

In view of the above there was still a need for an effective production

method for human biood c'otting factors.

Surprisingly, it was found that a non-contaminated blood clotting factor

can be obtained with the ahove mentioned imortalized human cell lines. In
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Summary of the Invention
The present invention provides
(1) a method for the production of recombinant human blood clotting
factor which comprises
(3) culturing an immortalized human cell line stably expressing at least
one viral transcription activator protein and carrying a vector having a
promoter functionaily linked to a DNA sequence coding for the human
blood ciotting factor, proviced that said promoter is not a viral promoter
which is stimulated by said at least one viral transcription activator
protein, and '
(b) isolating the blood clotting factor from the culture broth;
(2) a preferred embodiment of the method defined in (1) above, wherein
the human blood clotting factor is factor VIII or a mutein thereof,
(3) a preferred embodiment of the method defined in (2) above, wherein
the factor VIII is a mutein having at least one of the following mutations:
(a) Vval at position 162 has been replaced by another neutral aminlo acid
residue,
(b) Ser at position 2011 has been replaced by another hydrophilic amino

acid residue,



(2) a preferred enbodi nent of the nethod defined in (1) above, wherein the
human bl ood clotting factor is factor VIII or a nutein therepfSFf3)p,a
preferred enbodi nent of the nmethod defined in (2) above, wherein the
factor VI MOO%7%6kutein having at |east one of the fol | ow rRETEREIBLGS:

(a) Val at position 162 has been repl aéed by another neutral anino acid
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am no resi S E P 2004 WO 01/ 70968 PCT/ EPOL/ 03220 6 (c) Val
at posi lresmL&;’z,ZBntias been replaced by an acidic amno acid residue, and

d) the B-domai n between positions Arg740 and d ul649 h n Iaced
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bl ood cl© or 1s or a nutein thereof; (5) an inmmortalized

human cehk Mat@lrééwnwlg@@fa/&@t'oﬂmtyéqwrfwstaonmnSEKil @cha a@fing factor
as defined in (1) above; a factor VIl nutein as defined in (3)

above; ((#) a mmesmmambodmemg motha Heethed gefned ipult) abayedevhreain n
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conposi 188 CemRting faktbhas! defined 1)ntd eipawovedefined in (6) above or a
gene transfer vector as defined in (9) above;
(6) a factor VIII mutein as defined in (3) above;
(7) a DNA sequence coding for the factor VIII mutein as defined in (6)
above;
(8) a vector comprising the DNA as defined in (7) above;
(9) a vector as defined in {8) above which is a gene transfer vector;
(10) a host cell being transformed with a vector as defined in (8) above
and/or comprising a DNA selquence as defined in (7) above ;
(11) a pharmaceutical composition comprising the factor VIII mutein as
defined in (6) above or a gene transfer vector as defined in (9) above;
(12) the use of the factor VIII mutein as defined in (6) above or a gene
transfer vector as defined in (9) above for preparing a medicament for
treating hemophilia; and
(13) a method for treating hemophiiia which comprises administering hu-
man hemophiliacs a factor VIII mutein as defined in (6) above or a gene

transfer vector as defined in (9) above.

Description of the figures
Fig. 1 shows the fragments utilized for the construction of factor VIII with

a deleted B-domain (Example 1).



(12) the use of the factor VIII nutein as defined in (6) above or a gene
transfer vector as defined in (9) above for preparing a medi?:grgraﬁt2 for
treating henmophilia; and (13) a nethod for treating henophil iw\
conpri ses V¥a@®LAP%Beri ng hu- man henophiliacs a factor VII| RAWERM/O3R0
defined in (6) above or a gene transfér vector as defined in (9) above.
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8720 bps circular DNA, theé exact sequence thereof is given in SEQ ID
NO 3 (todethbyfsaitdDNW $eqpenteiskeeSEQcHAdUObyt sai d DNA sequence see SEQ
ID NO 4). Fig. 3 shows vector pTG-G36, 5753 bps circular DNA, the exact

DNA sequence thereof is given in SEQID NO 6 (bases 689-2071 within SEQ

124 bpEids ot P WenXETRNTIGI 6oL, 65 Prer B g e DG AT @%Tﬁﬁemfyg’
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nol ecul NOSIT welui@ foFf thd aEcdhgpyoteith). pTG-8- 3, 10698 bps circul ar DNA,
t he exact DNA sequences thereof are given in SEQ ID NGs: 12 and 14 (for

the factor VIII protein encoded by said DNA sequence see SEQ ID NO 13 and

15). Fig. 7 A shows the calibratio e of. FVLLI | SA as described in
Exanpl e 15Q. & §HOWS ¢ iﬁégﬁﬁggr @f#{ i’P&fC'fﬁ‘é'aéeng i nati on of
reconbi nant FVII |

Fig. SA depicts a preferred linker sequence of the present invention (SEQ
ID NO: 9).

Fig. 5B shows the coagulation time of recombinant hFVIII as determined
in Example 6.

Fig. 6 shows the commcn molecular structure of pTGF8-2hyg-s and
pTGF8-3, 10698 bps circular DNA, the exact DNA sequences thereof are
given in SEQ ID NOs: 12 and 14 (for the factor VIII protein encoded by
said DNA sequence see SEQ ID NO: 13 and 15).

Fig. 7 A shows the calibration curve of FVIII ELISA as described in
Example 5.

Fig. 7 B d'epicts the restlts of the determination of recombinant FVIII

concentrations in different culture filtrates as described in Example 5.

Fig. 8 shows the results of a factor VIII specific immunofiuorescence assay
as described in example 9. Upper row: 293T celis stably transfected with
PTGF8-3, clone 49/19. Lower row: Negative control: Untransfected 293T
cells. A and C: white light, no filter; B and D: Factor VII detection by

fluorescence, filter 550 nm.



concentrations in different culture filtrates as described in Exanple 5.
Fig. 8 shows the results of a factor VIII specific immunofl uqr,ge%;e@me assay
cte i

as descri hkegd 0;,9098§<anpl e 9. Upper row 293T cells stably transfe W th
pTGF8-3, clone 49/19. Lower row. Negative control: UntransfREI/ENIAIBD

cells. Aand C white light, no filter® B and D. Factor Vi1l detection by
fluorescence, filter 550 nm 1 4 S E P 2004 WO 01/70968 8 PCT/ EPA /03220
Fib 9 shows the influence of thermal treatnment on FIX activity in culture

filtratd&lds Hebomshileiinfleeans of therfial. tre@tstavis ohhEIX enendenes @fiture
expr essi ﬁ? a?;f active _geco_nbi nant factor |X on the supplenentation of

vi t ami n RUHEAT QESEFEeRed %R MRieal Ded Description of the Invention.
"Functionally |inked" refers to configurations of the vector where the pro-
noter is located within the vector in such a manner that it can stinulate
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not er i IXsonrtensepyldmeatadohronvithemigxrrinss edilageenrefuance of the bl ood
clotting factor that it cannot stinulate its transcription. "Gene" refers

to a DNA sequence encoding a polypeptide optionally inclu- ding | eader and

trailer ;seguences and.intron nd .exons,, "Vector" refers to any genetic
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into the host cell. The stable incorporation is, however, pre . Gene
t r ansf efraRegriptionnobdber ibesafubntaecpdisspiori theertuman tibodesiotting

vect or Lt able, for. gene ther . .Such vector comprises functional
?é'céor. Nof fuﬁcf:r?ona y ﬁR%edﬁ rer}ers to a conriguration where the pro-
moter is so remotely located from the expressed ge'ne sequence of the
blood clotting factor that it cannot stimulate its transcription.

"Gene” refers to a DNA sequence encoding a polypeptide optionally inclu-

ding leader and trailer sequences and introns and exons.

"Vector" refers to any genetic construct, such as plasmid, phage, cosmid,
etc., which is capable of replication When associated with the proper con-
trol elements. The term includes cloning and expression vehicles.
"Carrying a vector" inciudes both, the stable and transient incorporation of
a functional DNA segments into the host cell. The stable incorporation is,
however, preferred. |

"Gene transfer vector" in accordance with the present invention includes a
vector suitable for gene therapy. Such vector comprises functional

sequences for the desired purpose as known in the art.

The term "mature” refers to the molecular structure of a given protein
directly after its cellular secretion (i.e., lacking its N-terminal export-signal
polypeptide).



sequences for the desired purpose as known in the art. The term "nmature"
refers to the nol ecular structure of a given protein directi)zﬁ Zﬁﬁt Its
cel lul ar secretl on (i.e., lacking its N-term nal export-sign
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to a regicn of regulatory DNA sequenced for the control of transcription
of a gene to which RNA polynerases bind. "Therapeutically effective dose"
of the pharmaceutical conposition of the invention refers to a dose
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nore detail. In accordance with enbodi nent &1) of the in- vention of the
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coding for . uman bl ood clotti fact not a viral pronoter which
is stimif X g“@ lPéJrXteWééfs@n%ﬁgqﬁﬁf G an tgﬁa%’%crl ption acti- vator protein

expressed by the imortalized human cell line. The immortalized human cel
line preferably is an imortalized kidney, bladder, liver, lung, cardiac
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i mortalized human cell [ine is derived froman enbryoni c human ki dney

cel | andeingttranstebail {ini tases cfeDNA) or translated (in case of mRNA) into a
polypeptide in vitro or in vivo when placed under the control of an appro-

priate regulatory sequence.

For the purpose of this application "express”, "expressing” or "expression”

refers to the transcription and translation of a gene encoding a protein.

The present invention as described in (1) to (13) above is hereinafter
described in more detail. In accordance with embodiment (1) of the in-
vention of the present application the promoter functionally linked to the
DNA sequence coding for the human blood clotting factor is not a viral
promoter which is stimulated by the at least one viral transcription acti-

vator protein expressed by the immortalized human cell line.

The immortalized human cell line preferably is an immortalized kidney,
bladder, liver, lung, cardiac muscle, smooth muscle, ovary or
gastrointestinal cell. More preferably the immortalized human cell line is
c'ler'tvred from an embryonic human kidney cell and most preferably it is cell
line 293 T (ECACC: tsa201, ref. 96121229; DSM ACC2494)



line 293 T (ECACC. tsa201, ref. 96121229; DSM ACC2494) 1 4 SEP 1084 WO
01/ 70968 PCT[ EPOL103220 10 The at | east one transcription acht # vak Wprotei n

expressed Wy ¢iAgwggi mortal i zed cell line includes Siman vigdsediaRidpgen,
adenovirus ElIA or EI1B proteins, a projein encoded by the bovine papillom

irus early regi,on  DNA sequence.and h Lr . prat ej ref er
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acti vat ddNgr segjuensepeessberpey viusi IndobtinsePreserably Heeiineaogkized
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cel | is gothatamalatddiglisaizbprionoter). In accordance with the invention
the vector may carry additional 'viral pronoters which are stinulated by

said viral transcription activator proteins, but which are not

functional Iy |inked he bl ood clotting, f Such viral
Sel cct odteoRr TS efungtpnaly 1Pke0 Sares) PR st oS TRt Hie™ ©

cyt omegal ovi r us. e r - q l.se one or nore of the
follow n Um@ﬁ‘8§§ICIég§ﬁ§nfggg¥‘ pggf%%ﬁ%?ﬁ%raﬁérs, regul atory sequences
(e.g. Ppﬁé},vi?élcpnﬂ%t@wahbqa@t etiphtilanad fRe the atbatdrngrdteie dxpdesset
(1) of t I nvention includés, but is not limted to, factor_I| X factor
Vi1, faoydahevimmortadized sell asndsfinedmhme {suches(SVAL and EMY)Ii ke.
(i) housekeeping host prorrioters {albumin); and
(iii) tissue specific promoters (such as a-antitrypsin for liver). The most
preferable promoter in accordance with the invention is a CMV promoter
(while the transcription activator protein expressed by the immortalized

cell is not stimulating said promoter),

In accordance with the invention the vector may carry additional viral
promoters which are stimulated by said viral transcription activator
proteins, but which are nct functionally linked to the blood clotting factor.
Such viral promoters are selected from promoters derived from
adenovirus, rous sarcoma virus and cytomegalovirus. The vector may
further comprise one or more of the following functional sequences:

selection markers, regulatory sequences (e.g. PRE), etc.

The human blood clotting factor according to embodiment (1) of the
invention includes, but is not limited to, factor IX, factor VIII, factor VII,
factor V, von Willebrand factor (vWF) and the like.

In preferred embodiment (2) of the invention, the vector comprises a DNA

sequence coding for factor VIII or a mutein thereof. Whereas recombinant



In preferred enbodi nent (2) of the invention, the vector conprjses a DNA
sequence coding for factor VIII or a mutein thereof. Wier ead & doHBi nant 1
4 SEP 20Uy /b6s0968 PCT/ EPO1/ 03220 11 factor IXis in g?gw@b 03220
structurally identical to the wild tyge protein isolated rom b]I ood
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Genetics, Institute currentl p R ' t
Conet LR hbL A, HERSHEIRED o Peblp R KiincdePERter At epbtums
fol | owi ng PARFARA, ) datDs démondtatiid Best therokagldtasdbletior epltheed
by another neutral amno acid residue; (b) Ser at position 2011 has been
r epl acedd-ojoramin helid hyartomitdri ctheeri bimlogical activity of the corresponding
factor VIII-like protein (Eaton et. al., Biochemistry (1986) 25, 8343-
8347). In addition the observed expression rates of B-domain deleted
constructs were significantly higher compared to wild-type factor VIII due
to an increased mRNA-level in the cells (Pittman et al., Blood (1993) 81,
2925-2935). Four recombinant factor VIII products (Recombinate® Baxter
HealthCare: Kogenate® and Kogenate FS® Bayer Corporation and Refacto®

Wyeth, Genetics Institute) are currently on the market.

In preferred embodiment (3) of the invention the factor VIII mutein has at
least one of the following mutations (a) to (d):

(a) val at position 162 has been replaced by another neutral amino acid
resigue;

(b) Ser at position 2011 has been replaced by another hydrophilic amino
acid residue;

(c) Val at position 2223 has been replaced by an acidic amino acid
residue; and .

(d) the B-domain between positions Arg740 and Glul649 has been Te-
placed by an Arg-rich linker peptide comprising 10 to 25, preferably 14 to

20 amino acid residues,



acid residue; (c) Val at position 2223 has been replaced by ?;nﬁ?dﬁb}c am no
acid residue; and (d) the B-donmain between positions Arg740 1649
has been fyp ofhdged by an Arg-rich |inker peptide conpri si NghSeh 338
preferably 14 to 20 am no acid resi dqqs 4 SEP 20U4 WO 01/ 70968
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conprised by the vector. of embodi ment of the 1 vent on h the
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mat ur e vmlc%%%g faé r VIIl shown in SEQ ID NO. : 1. Inapreferred
enmbodi neETE hﬁuence al so contains the quiet (i.e., silent)

mut ati on T6816C (again said nunbering being relative to the DNA sequence
of the mature wld-type

Among the factor VIII muteins of embodiment (3) it is preferred that the
factor VIII mutein has at least one of the mutations (a), (b) and (c), more
preferably at least one of the mutations (a) and (b), and most preferably
all three mutations (a) to (c) as defined above. It is particularly preferred
that the mutein comprises all three of the mutations V162A, 52011N and
V2223E.

On the same token, the DNA sequence comprised by the vector of
embodiment (4) of the invention has the mutations T485C, G6032A and
T6668A relative to the DNA sequence of the mature wild-type factor VIII
shown in SEQ ID NO: 1. In a preferred embodiment the DNA sequence
also contains the quiet (i.e., silent) mutation T6816C (again said
numbering being relative to the DNA sequence of the mature wild-type
factor VIII).

Among the factor VIII muteins of embodiment (3) it is alternatively

preferred that the factor VIII mutein has mutation (d) as defined above.

A preferred expression system of the invention utilizes a unique factor VII1
mutein which - besides the point mutation (a) to (c) as defined herein

before - partially or entirely lacks its B-domain, preferably a mutein where



factor VIII). Anong the factor VIII nuteins of enbodinment (3) it is

alternatively preferred that the factor VIII mutein has nutatigep g as

defined a i referred expression systemof the invention utilizes a
QFIRPRY

uni que fa mut ei n whi ch - besjides the point nutat iF61/EP1/03230 (c) as
defined herein before - partially or Entirel y lacks its B-domain,
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si gnal pegtffieof &ANT §5AGRAICRY EQItare TRedRish beslateron 19 the blood oft biee
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constructed by assembling four DNA-fragments, e.g., as described in

Example 1.

The protein of embodiment (3) of the invention may comprise additional
N- or C-terminal sequences including, but not limited to, the natural
export signai peptide (corresponding to amino acid residues_—-lQ to -1 of
the proteins shown in SEQ ID NOs 4, 13 and 15) or a fragment or
analogue thereof, artificial peptides (e.g. oligo-His-tags for high-affinity
purification) and the like. |

The most preferred vector for the expression of factor VIII is vector
pTGF8-1 shown in Fig. 2. The DNA sequence of said vector is shown in
SEQ ID NO: 3, and it encompasses all five mutations addressed
hereinbefore (the muteins T485C, G6032A, T6668A and T6816C (here:
T1217C, GAO88A, T4724A and T4872C) and a DNA sequence coding for
the B-domain linker of SEQ ID NO: 9) and encodes the factor VIII mutein
depicted in SEQ ID NO: 4.

Further most preferred vectors are pTGF8-2hyg-s and pTGF8-3, the

common molecular structure of which is depicted in Fig. 6.



pTGF8-1 shown in Fig. 2. The DNA sequence of said vector is showm in SEQ
ID NO 3, and it enconpasses all five nmutations addressed. hdredbfbéifor e
(the nut e oIVABELC, G6032A, T6668A and T6816C (here: TI121%ar ,ﬁlg{,q gﬁ
T4724A and T4872C) and a DNA sequence goding for the B-domain er of
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substitution of the B domain | i nker peptide SEQ

further theapgenary priokeior sbra.rqtupeo:tdenrmtzrm:ttbeev\mldf Eypsae rsgaq:tmrtdeeSﬁQ dD ype
sequence SEQ ID NO 2. pTGF8-3 shown in SEQ ID NO 14 contains mutations
T485C, TH86&8A and T6816C, resul ti ng in a factor VIl nutein show ng am no
acid substitutions V162A and V2223E referring to SEQID NO 2 in addition
to the substitution of the B domain as described above. In the case of the

pr oduct irGeg- i%ﬁd%n\(h'%Eq;ﬁch umr&ﬁt%,@@rrhatéﬁénswg@@ %Wgarlmn an

von WI I'ebrand factor | ebrand tfactor 1s pre- ferably use

anount - GF6806Ce rédaltimprie anlfau‘:t&mbm Bilitetn @howing aMfnpeacidodubstituriond | |
(in the culture broth and/or in the factor VIII solution during the

puri fi cai@AAprasubdiil@ (3ere@rsing @ Bl efPed\@rbédiifemddiipnofta hhe
present inv Lon t bl ood | ot t. factor is factor I X or a nmutein
t her eof , “&53&&%9& QP%EE\L/J#F‘@)WH& a5 QEFB'FBF& Es“th%\é\?\ in SEQID NO 5. Suitable
nmut ei ns of factor I X include point nmutated and truncated forns of the
factor I X. The nost preferred vector for expression of factor I X are

vect or s InTt&CSta an df iHE@ @rvgiuction of factor VIII the culturing is performed in
the presence of von Wiilél:rrand factor. The von Willebrand factor is pre-
ferably used in an amount of 10 to 100, more preferably 50 to 60 mol
vWF per mol factor VIII (in the culture broth and/or in the factor VIII

solution during the purification procedure (see below).

In preferred embodiment (4) of the present invention the human blood
clotting factor is factor IX or a mutein thereof, preferably is wild-type
factor IX shown in SEQ ID NO: 5. Suitable muteins of factor IX include
point mutated and truncatad forms of the factor IX. The most preferred
vector for expression of factor IX are vectors pTGFG36 and pTG36hyg
shown in Figs. 3 and 4, respectively.

In case of the production of factor IX, the cuituring is preferably perfor-
med in the presence of vitamin K which may be present in an amount of
0.1 to 100 pg/mi culture broth, more preferably 1 to 20 pg/ml culture
broth.

The method according to embodiment (1) of the invention further compri-
ses the steps

(c) purifying the blood clotting factor isolated in step (b) and/or



shown in Figs. 3 and 4, respectively. In case of the production of factor
IX., the culturing is preferably perfor- med in the presence b SEPEE n K

whi ch may nt in an anmount of 0.1 to 100 pg/m cuI nor e
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PCTI EPO1/ 322 1s (d) subjecting the blood clotting factor isolated in step
(b) or ptepfcydoia vinepgdjvaieon tWeali®enhacti vation treatment. Suitable

purification steps include nethods which were known in the art to maximze
the yield of a pure, stable and highly active product and are selected
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VIII and IX. For factor IX an effective protocol has been introduced
containing an ammonium sulfate precipitation step followed by DEAE and
HIC tentacle chromatography as well as heparin affinity chromatography
(US5919909). Quantity and activity of the purified protein during and after
the purification procedure may be monitored by ELISA and coagulation

assays.

To overcome the problems of possible infectious contaminations in the
purified protein samples or in the product directly obtained from the cell
culture supernatant containing the secreted recombinant protein of choice,
the sémples and/or the culture supernatant might be treated with
procedures for virus inactivation including heat treatment (dry or in liquid
state, with or without tne addition of chemical substances including
protease inhibitors). After virus inactivation a further purifying step for
removing the chemical substances may be necessary. In particular, for
factor VIII isolated from blood plasma the recovery of a high purity virus-
inactivated protein by anion exchange chromatography was described
(W093/15105). In addition several processes for the production of high-
purity, non-infectious coegulation factors from blood plasma or another
biofogical sources have been reported. Lipid coated viruses are effectively

inactivated by treating the potentially infectious material with a



the sanples and/or the culture supernatant m ght be treated with
procedures for virus inactivation including heat treatnent. (WIS’EFOTUUII n
liquid stwoa//eseh or without the addition of chem cal sub&%ances
including protease inhibitors). After,wirus inactivation afHFPH&220
purifying step for renoving the chem cal substances nmay be necessary. In
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subsequently renoved. A further a nt age has been” proven to ¢o
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(W094/17834). In view of the above results it is believed that the
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recombinant clotting factors.

Moreover, in accordance with embodiment (6) of the invention it is
provided a superior factor VIII mutant. Said factor VIII mutant can be part
of pharmaceutical compositions, can be used for preparing medicaments
for treating hemophilia and can be applied in methods for treating
hemophilia (embodiments (11) to (13) of the invention). The above
pharmaceutical compositions and the above medicaments may comprise
the factor VIII in a therapeutically effective dose, e.g., from 50 to 500 Hg
(with 200 ng factor VIII corresponding to one International Unit (IU)).
Depending on the type of hemophilia, a patient receives an annual dose of
factor VIII of up to 200,000 1IU, which is usually administered in weekly or
twice weekly doses,

The pharmaceutical compositions, medicaments or preparations applied in
methods for treating hemophilia of embodiments (11) to (13) contains a
therapeutically effective dose of the factor VIII mutein of embodiment (6)
or the gene transfer vector of embodiment (9). In case of the former, it

may further comprise pharmaceutically acceptable additives inciuding



for treating henophilia and can be applied in nethods for treati n%
henophi | i a (enbodi ments (11) to (13) of the invention). The hhowg 200
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pol yet hdeqpeglsptnt pribrtoPEEmAAMLrtdhYy. preparation may also be in the

dry form (to be dissolved in the desired solvent prior to adm nistration).

As set forth above, the gene transfer vector in accordance with enbodi nent

be used Ao S6FegarihgoRPNReatif: SDPBF (rabriarg VREISpHY | SR As et
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compositions, can.be used for preparing medicaments for treating
hemophilia and can be applied in methods for treating hemophilia
(embodiments (11) to (13) of the invention). Said pharmaceutical
compositions and medicaments may further comprise suitable matrix
formulations, e.g., lipids or hormones as discussed in WO 00/49147 (the
disciosure thereof being herewith incorporated by reference). The
pharmaceutical composition or medicament comprising the gene _transfer
vector or the gene transfer vector of the present invention may be
administered orally, intravenously, intramuscularly, subcutaneously,
tropically, through mucosa (including buccal, nasal spray) or by gene gun.
Oral administration (e.g., in a micronized hormone dispersion) Iis

preferred.

The factor VIII mutein of embodiment (6) of the invention is preferably as
defined with reference to embodiment (3) above. Said FVIII mutein may
further be prepared by standard recombinant techniques, e.g. a method
comprising

(a) culturing a host cell transformed with the vector of embodiment (8)
and/or comprising the CNA of embodiment (7) {(which also includes

culturing an immortalized human cell line stably expressing at feast one



conpositions and nedi canents may further conprise suitable matrix

formul ations, e.g., lipids or hornones as discussed in WO 004ﬂ$%ﬁ§mﬂthe
disclosurawa$E&%§ bei ng herewith incorporated by reference). The

phar maceut i cal  conposition or nedicaneq% conprising the gentCTEBHYBI0
vector or the gene transfer vector of the present invention may be
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tropically, through nmucosa (i ncluding buccal, nasal spray) or by~ gene gun.
Oral adriranstriptioon prenpter furcthidoaini keldeticroren®MAspegeenog ¢oding for
preferred. The factor VIIl nmutein of enbodinent (6) of the invention is
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activator protein and carrying a vector having a viral transcription

pr onot erpriamoteharey thosk smendion @A esinehetoreodl g FBMortAEzed nmmaod
clotting factor, wherein sajd viral pranmoter is stinmulated. by, said at
Cenct odelCiing! uritaaaan serbmetict TeremS b tessmy Bs vied) yRfisrtin
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met hod preferably expresses two viral trascription activator proteins,

nost pr giwnfibdiioneryet avime $eaciivationSeiopy 4a)ized (dhddegeribedr herein

pr ot ein. Tthe met hod may further conprise the purification and virus

i nacti val$@€st eps (c) and (d) described herein

The commercially available cell line 293 T (ECACC: tsa201, ref. 96121229}
was deposited with the DMSZ (Deutsche Sammiung von Mikroorganismen
und Zelikulturen GmbH, Mascheroder Weg 1b, 38124 Braunschweig,
Germany) on February 20, 2001 under the depositary no. DSM ACC2494.
The invention is further illustrated by the following examples.

Examples

Example 1 - Cloning of factor VIII: The seguence for the recombinant

factor VIII was obtained by reverse transcription from a complete human
hepatocellular RNA pool. Afterwards four fragments (1/2, 3/4 , 5/6, 7/8)
were amplified by standard PCR using  primers designed to contain
restriction sites. To fit together the fragments 3/4 and 5/6 the Smal/Sall
fragment from plasmid pBSFVIII3/4 was inserted blunt into the Sall site of
PBSFVIIS/6 to obtain pBSFVIII3/6. Next, the fragment 3/6 was obtained
by digesting pBSFVIII3/6 with Xhol/BspHI and partially with Alw441. This
fragment and the PstI/Alw44I fragment from pBSFVIII1/2 were ligated in
one step into the vector backbone of pBSFVIII1/2 digested with Pstl and



before. The commercially available cell line 293 T (ECACC. tsa201, ref
96121229) was deposited with the DMBZ (Deutsche Sammi ung voh4 SEP 2004

M kr oor gamwaoeroseand Zel | kul turen GrbH, Mascheroder Vg 1b.pcd8&d403220
Braunschwei g, Germany) on February 2Qs 2001 under the depositary no.

ACC2494. The invention is further illustrated by the follow n? exanpl es.
Exanpl e¥hekamy ethis- rapapsn@piniaa opBOFMILIY e ddiei@@mentt {8 was

B e e N
311, S o Bheq VIS RBEVLICOpuf s AR ssorsgaesiaoned (o

Smal / SapBSHVIaDIER! Fihamyp! e 8rpBGRdT 3frégnaent n$esredp BEEDLL 1i/8t owkbe
Sall site of pBSFVII5/6°to obtain pBSFVIII13/6. Next, the fragrrent 3/ 6 was
obt ai neishsavyedi bhstti infopBSEVERIIBStewof hOXEleBe pYeCkrTd pasiGaV| (the fho-
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PBSFVI | § 7484woth Fhel reaingtingr veatdry encbebValehddr W higaliechawng the
pBSFVI111/6 cut with Xhol and M/al2691 giving rise to pBSFVIII1/8" Finally

t he Snaivindadloris Mjreehd, E26mi1pBaRId VE2223fas inserted blunt into the Sall
site of COctagene Vector pTGFG67 (the pro- duction of said vector being
di scl osed in PCT/EPOQ 01368) resulting in the eukaryotic expression vector

for th f act - . i
vector . % Slid cf FEEHI ke e 8icfar phEld RB1 REREMA o8 and
V2223E. dRyedtelde with XBaNi fraabéd harhoKldnowTegzysrd @nddHeligatdd®l Thir balas)

was

deleted vector was then digested with EcoRI, treated with Kienow enzyme
and religated in order to delete the EcoRlI site. For insertion of an Xbal site
into the Sacl site of this vector it was digested with Sacl, treated with T4-
DNA-polymerase, dephosphorylated with alkaline phosphatase and ligated
with the Xbal-linker CTCTAGAG (Biolabs #1032). Another Xbal-site was
inserted by digesting the newly produced vector with HindIil, treating it
with Klenow, dephosphorylating it with alkaline phosphatase and ligating it
with the Xbal-linker CTCTAGAG (Biolabs #1032). This vector was named
pUC19/X.

In order to destroy the Xbal-site present in the vector phGFP-S65T
(Clontech) this vector was digested with Xbal, treated with Klenow
enzyme and religated resulting in the vector pGFP/0. A 2.3 kb fragment
containing the GFP-Gene was isolated after digesting pGFP/0 with Miul,
treating it with Klenow enzyme and digesting it with BamHI. This fragment
was inserted into the multiple cloning site of the vector puUC19/X which
was digested with Sall, treated with Klenow enzyme and digested with

BamHI. The resulting vector was named pTGFG1.



digested with Xbal, treated with Ki enow enzyme and religated. This Xbal

del eted vector was then digested with EcoRl, treated w th Kl gnp§¢frergyme
and rel i gatvedsiinesy der to delete the EcoR site. For insert'hgn of an Xbal
site into the Sacl site of this vectonyit was digested w t h*SEEP0PRat ed
Wi th T4- DNA-pol yneri se, dephosphorylated with al kal i ne phosphat ase and

ligated Thiet bligoauxbedtiteok@e GHIDAGARESS of SIb& G037 CATOthET Yod T te
was inserted by di estin%the new y produced vector with Hindlll, treating
it withClife @éﬂhawh PT LETEgGIEA WATh GhlaCiTie G800 HBEt BAE AN ATC

l'i gating,l -|l.inker CTCTAGAG (Bi ol abs #1032). This vector was
named p ﬂ—ﬁdé Rré%ﬁdggﬂg&dgéﬁ%g ﬂ@%&bgsa@@ present in the vector
phGFP- S6 _ te S C ' | r it

K onow BRERS Cnd CRav: Bareacrecin ey GETRET CThrehemre, MBI qinth
fragment TCCOMMG MAG Alle BFE GareTwes d &S d hth
Mul, treating it with Kienow enzymcmtg%tggéfgggci(? W tF%@;_%E_SP%%%b
fragment NQwad li)nserted into the nultiple cloning site of the vector pUCL9/ X
whi ch was di ge%s__ecﬂ wi,ith Sal|, treated with Kienow enzyne and digested with
BanH . THETRe8YPIIHEEd e Er PhASOIRaRYated drGikinaseo1e 7008, TesukiEry d00the
PCTI EPO (@i@%&@@e ol i gonucl eoti des (Metabion) PRE-S (5' -GG GTA CCA GCT
TCG TAG "CAT GIT CTG GGA TAT CAG CTT CGI AGC TAG AAC ATC ATG

TTC TGG TAC CCC-3'; SEQ ID NO 10) and PRE-AS (5' -GGG GTA CCA GAA CAT GAT
GIT CTA GCT ACG AAG CTG ATA TCC CAG AAC ATG ATG TTC TAG CTA CGA AGC TGG

TAC CCC-Bhe SEQLOD pNGFGHLl)weer didedteddiwiegd BodOpedohiaertad edithy Kichasne
reaction, resulti ng in the insert PRE_%ds). The vector pTGFGL was di gested
wi t h Eco€ilggime aBgt dgphaspharyided with alkaline phosphatase. It was then
ligated with the PRE(ds) insert, resulting in the vector pTGFGS5.
The vector pUC19 (MBI Fermentas) was digested with Sall, treated with
Klenow enzyme and dephosphorylated with alkaline phosphatase, It was
ligated to the Noti-linker GCGGCCGC (Biolabs # 1045), resulting in the

vector pUC19/N.

Factor IX cDNA was amplified from human liver cONA (Clontech) using two
primers overlapping the start and termination codon of the factor IX open
reading frame resuiting in a 1387 bp fragment containing the entire open
reading frame. Restricticn sites for EcoRI (upstream) énd BamHI
(downstream) were included at the end of each primer to facilitate
cloning. Amplification was performed with Pwo DNA-polymerase
(Boehringer Mannheim) in 50 il reaction volume [10 mM Tris HCl pH 8.85,
25 mM KCI, 5 mM (NH4)2S04, 2 mM MgS04] with 30 incubation cycles at
96°C for 1 min, 60°C for 1 min, 72°C for 2 min, followed by a final
extension step at 72°C for 10 -min.

Reaction products were ligated into the EcoRI- and BamHI-sites of pUC19
and transformed into E£. cofi DH5-a. Positive clones were selected.

Sequences were confirmed by cycle sequencing (Amersham) from both



enzyme and dephosphoryl ated with al kali ne phosphatase. It was then |1|igated
with the PRE(ds) insert, resulting in the vector pTGFGS. Thel ¥8ER @il pUC19
(MBI Fer mgyh afroovps digested with Sail, treated with Kien nd
dephosphoryl ated w th al kali ne phosphat,ase. It was |igat e%‘ff{[@ﬁﬁ@ﬁz@

Not | - I i nker GCGGCCCC ( Bi ol abs # 1045), resulting in the vector pUC19/N.
Factor kXdeDWA:hwdabarmd ifrireersr @R-7OfEnahdvertobEted Goatysth bnushad iCur
primers overlapping the start and term nation codon of the factor |X open

r eadi ngsegaenairg wystag (MWGLISptesh).ragnent contai ning the entire open
reading frame. Restricticn sites for EcoRl (upstream and BanH
(downstrean) were included at the end of each priner to facilitate

cl oni ng- Pl [ d. with Pwo DNA-pol ynerase (Boehringer
Mannhei ' N %‘}Vﬁé PEQE‘??%H‘P%% grgregﬁ['lo mM Tris HJ pH 8.85, 25 m!| KO, 5
A,

MM ( NHRSBAT I oNB L TWATGEAGOGUHET GAACATGEAT CGATGEEC f qupktrédm;60C
for 1 mn, 72C for 2 mn, followed by a final extension step at 72C for 10

-mn. R&Pi 6B Nodu6)s were ligated into the EcoRl- and BanHl -sites of
pUC19 and transfornmed into

E. coil DHS5-a. Positi cl ones re sel ected.
BoquencbBGEGALLAA | HMACEPAGEIT ELERET Ry (AR Sharf VB BaTh 15% BeP
2004 WO @1&%9,93§)PCTI EPO01/ 03220 21 ends with | abeled priners (I R-700) and
automatg anal ysi's on the Li Cor sequencing system (MAG Biotech). The
following priners were used : GGAATTCCGCAAAGGT TATGCAGCGCGTGAACATGATCATGGEC
(upstream SEQ |ID NO 16) CGCGGATCCATTAAGTGAGCTTTGITTTTTCCTTAATCC :
(downst reamd SEQ fragmiot dgptaining Wie fopgheneadiog dramey ethéhepdwmaadi ng

f f the h . . .
rame Oclott:eng L!‘%%Qor IX, isolated from a human cDNA library, was inserted into

the PstlI site of the above prepared vector pUC19/N which was digested
with Pstl, treated with T4-polymerase and dephosphorylated with alkaline
phosphatase. From the resulting vector pUC19/N-FIX a 1.4 kb fragment
containing the open reading frame of the human clotting factor IX was cut
out by double-digestion with Hind III and Notl. This fragment was ligated
to the 4.3 kb fragment of the HindIII and Notl double-digested vector
pTGFGS resulting in the vector pTGFG36 shown in Fig. 3. This vector is a
preferred one for delivery of an expression-cassette encoding fac;cor IX
into the cell, and its DNA sequence is provided in SEQ ID NO: 6.

Example 3 - Human cell line for protein expression: A preferred cell line is
tsA201 (ECACC Ref.: 96121229) which is a transformed embryonal human
kidney cell line (293, ECACC Number 85120602) stably expressing an
Sv40 temperature-sensitive T antigen (1. Membrane Biol. 1996;152:39;
Gene 1995;156:235; PNAS USA 1994;91:12785; Pfligers Arch.
1994:427:136; 1. Ger. Physiol. 1994;104:507; BioTechniques
1993;15:906). Other names for this cell line include 293tsA1609neo (Mol.
Cell. Biol., 1987, 7:379) and 293T. This epithelial-like cell line has been

used in a variety of functional expression assays and been reported to

produce high levels of recombinant proteins. They can be cultivated in
DMEM supplemented with 2mM glutamine and 10% FCS. For efficient pro-



clotting factor 11X isolated froma human cDNA |library, was inserted into
the Pstl site of the above prepared vector pUCL9/ N which was 1di $fstiéid with

Pstl, treg,gd M T4- pol ynmerase and dephosphoryl ated with i
phosphat ase.6 Hﬂ()g%?t he resulting vector,,pUCI9/N-FIX a 1.4 kﬂ%@ﬁ]ﬁr@% 20

contai ning the open reading franme of tz}%e human clotting factor | X was cut
out by ddticer difgésttiooni tihe Hredlili eard INetimodified byagoditiomest ey aiced
to the 4.3 kb fragment of the Hindll|l and Notl doubl e-di gested vector
pTGFGE dlilng/my viharhe KditSet7 paeBB36 shown in Fig. 3. This vector is a
preferred one for delivery of an expression-cassette encoding factor IX
into the cell, and its DNA sequence is provided in SEQID NO 6. Exanple 3

- H L. lige f Qi - | -BBs i 4t $A201
(Ecace Rer Sl 38, BEEN S DOF BhC et RESI A AOpRRe, B S, YD)
line (293tiESASE WimseruSbiA603) sirabbin-éxae essédiymn coB¥dting suitable

tenperature-sensitive T antigen (I. Menbrane Biol. 1996;152:39; Gene 1995;
156: 235 suppiemusas1 9ForoIstabiy; masager ssee@ied 1@uion¥ill 3sequireserthe
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pr ot ei Ny rfAeartaNoPyibdEXBiethad bddEM EENEPREASHOVI, 2085gAg 30 ne
and 10% FCS. For efficient pro 1 4 S E P 2004 WO 01/70968 PCT/ EPO 1/ 03220

22 duct iWE5808343,0r US5260eZigdi UASEaT S8 4di EPLE7B¢Edddi tWEPHH Lplbo
100 pg/m vitamn K (US4770999). To sinplify the purification of an
expressé&sﬁépége&)de, cells can be cultivated in serumfree or
protein-free medi um containing suitable supplenents. For stability reasons
secreted factor VIII requires the presence of VW in the nmedium

(US5198 3 mphe sp -thglcasiei phespabte transfection of 293T cells for the transient
 production_of factors VIII and IX: Confluent 293T cells were piated at low
density in 10 cm dishes in 6 ml DMEM/10% FCS (10 pg/mi vitamin K for

FIX) the day prior to transfection. Transfection was performed roughly
according to Chen and Okayama (Mol. Cell Biol., 7:2745 (1987)). 12 pug of

plasmid pTGF8-1 were transfected for the production of factor VIII and

pTGFG36 for the production of factor IX. Six hours after transfection the
medium was replaced by fresh one and the superantant was harvested
three days post transfection and either furth_er purified or analyzed without
further purification by ELISA or coagulometry (see Examples 5 and 6).

EFxample 5 — Determination of FIX and FVIII concentration by ELISA:

Factor IX: Human recombinant factor IX levels in supernatant of
transfected 293T cells were determined by ELISA using a goat polyclonal
anti-human FIX (Enzyme Research Laboratories) as capture antibody. Al
incubations were performed for two hours in a humid chamber at 22° C.
Plates (Dynex, Immulon-4) were coated with 100 pl of 8.8 g antibody/m!
coating buffer. Blocking is not required under the conditions described.
Washing the plate four times (Encore 2000, Merck) with PBS-Tween®

(0,1% v/v) is sufficient to block non-specific interactions.



| i poproteins, phospholipids, polyglycols, trace netals, heparin, non-ionic
surfactants or cyclodextrin has been reported (EP0254076 U$56%Q5M&

US5198349,w4/gp2Ré#21, US5576194, EP0872487, W94/ 11525, 7%3
Exanpl e 4 - Cal ci um phosphat e transfechi on of 293T cells for e tranS| ent
production of factors VII1 and I X: Confluent 293T cells were plated at |ow

density in 10 cmdishes in 6 mM DMVEM 10% FCS (10 pg/m vitamn K for FlI X)
the day prior to transfectlon Tr.ansfecti on was ggrformed rou
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Exanpl e - Determnation of FIX and FVI11 concentration ELI SA: Fact or
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four times (Encore 2000, Merck) with PBS—Tween(r) (0,1%v/v) is sufficient

to bl ocldemntespeath i weilntasr suthisinste, WoobuimEgsE Teactions wap debacted at
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in the following table:

Number of cells Factor IX-concentration Clotting time
[/ml] (ng/m} [s]
2,1x10° 36 45
8,7 x 10° 20 79
Normal plasma: 37-39s

Factor IX deficient plasma: 137 - 140 s

Factor VIII: Human recombinant factor VIII levels in culture filtrate of

transfected 293T cells were determined by ELISA using an affinity purified
polyclonal sheep anti FVIII:C preparation (F8C-EIA-C, Affinity Biologicals)
as capture antibody. Coating was performed for two hours in 2 humid
chamber at 22° C. Plates (Dynex, Immulon-4) were coated with 100 ui of
a 100-fold antibody dilutior. in coating buffer (50 mM sodium carbonate pH
9.6). Washing the plate four times (Encore 2000, Merck) with PBS-Tweens

(0,1% v/v) was sufficient to block non-specific interactions.

After each further step, washing was required to eliminate unbound pro-

teins. 100 pl each of culture filtrate samples withdrawn from different



di lution buffer (HBS-BSA-EDTA-Tween(r)) and incubated at 100 pl/well. The
detecting anti body was a peroxi dase | abell ed goat pol ycl onall @bitR 208 X

(Enzynme Reg@@i/6lacd-aboratories) in a concentration of 1 pg gipkinaadysel
dilution buffer and incubated at 100 pj4 well. 150 pl ABTS (Roche) was ad-

ded to each well as substrate, colorinetric reaction was detected at 405
nm af t e293T2cles steblultranskactedandi RTEaF8y3 | aftear4 Bl ginssdagiprofwere

t andard trati . dard d Lzed i
he 1 ol 344PHg abPech NABUr DFEEINS. PRCTOLLL XSEORGRH r b POHCCROPDRRES! | me
Imn /ms, 2.1 0 5 1 I :
ot ci enErgpattut RFTE warle TpodGREY) PRIFER (RSP ESAERTRTVAShE A
evel s ftubited ot L a1 D wnATRedkedcd9RT Setdaipeseudet@tutiondoby
ELI SA using an affinity purified polyclonal sheep anti FVII1:C preparation
( F8C El pefaxififscienidlyelRiod| puiychirs)| ansi- EdfiiuteS@nt1Addy Afiniyi Biplagicals)

performed for two hours in a humd chanber at 22 C Pl ates q(%g:trj}ex,
| mul onwW&p NS adest i aPtminGd pP0gs! par ¥l bPg camﬁ'mm gapticdh e
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recording was done in an MRX Reader (Dynex) at 490 nm after 10 min of
incubation at room temperature in the dark and stopping of reaction by
addition of 50 p! 2.5 M H;504 to each well. Results were calculated by
linear regression of standard concentrations versus standard absorbances

(Fig. 7 A} and are summarized in Fig. 7 B.

Example 6: Detection of Human Clotting Factor VIII and Factor IX Activity

The ciotting activity of human recombinant factor VIII in supernatants of
cell culture 293T cells {transfected by calcium phosphate precipitation with
pTGF8-1 as described in Example 4) was determined as follows:

The clotting activity was assayed based on a partial thromboplastin time
assay using Cephalin (phosphatidyl ethanolamine) activation with a
manual coagulation instrument (ML-2, Instrumentation Laboratories). For
the study, 100 ul undiluted supernatant from transfected 293 T-cells, 100
ul deficiency plasma (Progen) and 100 pl Cephalin (Instrumentation
Laboratories) were incubated for 5 minutes at 37°C. Coagulation was
started by adding 100 yl CaCls. Sample coagulation time was compared to
normal plasma. The results are summarized in Fig. 5B. As can be seen
from Fig. 5B, cell supernatant from cells transfected with pTGF8-1 shows a
coagulation activity comparable to normal plasma while non transfected

cells give a value equivalent to plasma lacking factor VIII.



293T clones stably transfected with pTG-8-3 after 48h incubati gn wer e
added to each well. Dilutions of FVIII standard (house st andh# ,EP 1004

Cct aphar mg)o Wet@egade in dilution buffer (HBS-BSA- EDTA- Tweeneapoaishzo
i ncubated at 100 pl per well. For detegtion, a ready-to-use dilution of

per oxi dase | abel | ed pol yclonal anti-FVIII (F8C-EIA-D, Affinity Biol ogicals)
was i ncubairedakoasEsy as gter¥odTEd peithwetdardrép fearor ilfet The resalts efe a 5
ng O- Phenyl enedi am ne (P-6912, Signe) tablet was, di ssoltved in 12 mni
subst r as&okwi fier tBaoFable wéfloxamme ncFQfogﬁpgﬂgﬁfr\ﬁietH EXResshR 19 §B€ 150
pl of this subsg{afat,c% sal uti on E/as ded to each well and calorinetric
recor di RGERBECEIMeVILATHA ReHetV(Dynex) at 490 nmafter 10 min of

i ncubation at roomtenperature in the dark and stopping of reaction by
addition of 50 pl 2.5 M H2SO to each well. Results were cal cul ated by

I'i near rBGEESE ON- ofirSitidRdaRgtagcent rati ons versus standard absorbances
(Fig. 7%‘%&Wﬁ %._7 B. Exanpl e 6: Detectiﬁn of wnﬁn

d ot ti ny/iFalcimaciwatioandaBapesforxedcin wocprdanee cviih thg B&thed: ¢f o :unman
reconbi nant factor_ VIII in supernatants of el ture 2937 cel .
(transf é?ﬁ@@tbwoeaﬁf@ﬂ?nﬁ?@@s‘ﬁgm Vp&@c?p‘??ﬁﬁ&ﬁ‘!&mﬁeﬁ&'&%&gﬁteﬁ %ng fbed
in Exampl e was deg 1N [ I LNeyits kivHhy - was assayed
based gr%& @H‘i"ﬁlg ?Rm%ﬁﬁq%y?%é)%h?e@ sagg%éﬁgflﬂ ! %’elgﬁtasl [i nI (t’]phosphati dyl
et hanol a1 ge) RfloVaWEhWBhhand (EEaN! GfaONBR warei addedntml O ¥g- el of

| nstrumentation Laboratories). For the study, 100 pl undiluted supernatant

fromtrampsf estiatb@ ¥ T-cells, 100 pl deficiency plasma (Progen) and 100 pl
Cephalin (Instrumentation_ Laboratorjes) .we i ncubat ed f.or 1 DUt

37C. CoadulaZimn efadriteniXdddya &l-ﬁngi‘o@{ TRk were §99%Ide§%g]]a§g}31 B 8t
time was conpared to normal plasma. The results are summarized in Fig. 5B.
As can b&'&s&eHti®Pom Fig. 5B, cell supernatant fromcells transfected with
pTGF8-1 shows a coagulation activity conparable to normal plasma while non

transfected cells give a value equivalent to plasma |acking factor VIII.
WO 01/ 70968 10f SidtoP @004as added to preparations 1 and 2 which were then

intensely extracted at room temperature for one hour.

Centrifugation was performed in each case for phase separation. For
infectiousness control, samples of 1 ml each were repeatedly. taken from

the agqueous fraction.

Example 8 - Establishment of cell lines stably expressing factor VIII and
facto'r IX: The preferred vectors pTGF8-1 and pTGFG36 comprise con-

structs for transient expression of factor VIII and factor IX , respectively,

in mammalian cells. To enable a selection method for a stably transfected
cell clone, a cassette for the hygromycin—B-phosphotransferase (HindIIi-
Mva 12601 fragment from TK-Hyg, Clontech) was subcloned into the Smal
site being present in both vectors. The resulting constructs (pTGF8-1-hyg
and pTG36hyg) then comprise in cis the expression cassettes for the
human factor VIII or factor IX with a CMV-promotor and a SV40-
polyadenylation signal and a hygromycin-B-phosphotransferase expression
cassette with the HSV thymidine kinase promoter and HSV thymidine

kinase polyadenylation signal (see Fig. 4).



PCT/ EPO 1/ 03220 25 A simlar assay was perforned with regard.,to factor I X.
The results are shown 'in the Table of Exanple 5. For dependér{fo?eEPom

expr essi orwonithes presence of vitamn K see Fig. 10. Exar‘rpj:gr,ﬁpmm\{ﬁgal

i nactivation: Viral inactivation was pegsfornmed in accordance with the

met hod of U.S. Patent No. 6,007,979. Nanely, to a potentially infectious
protein solution the foll ow ng corrpounds wer e added subsequently, with

stirrin of Tween(r) 80 and_0.Q6 nml of TNBP were added tq 19.74
o of | CHecseRckaronp SEFE- 20va-tansg PRGN (Kckob Sk GLoNRS oL ITABA W) o

o atptmdanafies' OF SROEE Pyactl it FRIME roybotialBovaBaR, 201 1N
tenperatyng f\mz@gopﬁv ectpg @%d 0@2@@%{\106(?1‘@@113) WERE A B f Ofa

phase separation ess contro anples ‘of 1 nl each were
repeat edWﬂdtﬁb@nséqgéncéhByamwms depmident niatdngd eifng fiss aplikgharge®f
cell tines stably expressing factor VIII and factor I X The preferred
vectors pmoi(y SitapIEEE3B conprise con- structs for transient expression
of factor VIII and factor I X , respectively, in mammlian cells. To enable
a selection nethod for a stabl y transfected cell clone, a cassette for the

hygrowcyﬁe%&@ﬁ'@og%hg%@f‘&s e(gld}ﬁ' nd fad‘ﬂéﬁse o %efF %Eéh lg%ﬁﬁ Y Sthide:

Cl ont ech) waS Su into t site pres vectors.

The resuyehagsequehcecdHS chpide:Briiesy tormel¢iEC3htwajort hiee e:stla]blhsﬁmerﬁt of s
the expression cassettes for the human factor VIII or factor IX with a

CW- pr onstiady aneiXareszing mﬂ“yald@ﬁiﬁll byi ofalsiugnal P@epfaate transfection and

/ nase” pr Uase BPCRR P AREIOR A dTvAE Ry e ssuf vy Rt igh R A braB s

4). 14 &ﬁtfnzg%ogesterone responsive element (PRE). In transient transfection
experiments with pTG36hyg the production of about 40 ng active factor IX
per m! culture medium could be shown by ELISA and coagulometric assay

(see Examples 5 and 6).

For the production of factor IX 293T cells were cultivated in DMEM
supplemented with 10% FCS and 10 pg/ml vitamin K (US Patent No.
4,770,999; see also Fig. 10). First the critical concentration of antibiotics
for an effective selection of stably transfected 293T ceills had to be
established. For this purpose the ceils were plated at low dilution and
grown in the presence of 20 to 800 pg/ml hygromycin B. After two weeks
at 200 pg/ml or higher nc cells were growing, so this concentration was

chosen for the selection of stably transfected cells.

A typical transfection was performed in 10cm dishes with 293T cells split
the day before at a ratio of 1:15. Using the calciumphosphate precipitation
method (Biotechniques 1588 6:7 632-638) 12 pg plasmid per dish were
transfected and two days later the medium was replaced with fresh one
containing 200 pg/m) hygromycin B. After 2-3 weeks of selection the me-
dium was tested by ELISA (see Example 5) for the presence of factor VIII

or IX. Positive clones were isolated and transferred to a 24-well plate.




WO 01/ 70968 26 PCT/EP01/ 03220 The vectors pTGF8-2hyg-s and pTGF8-3 (Fig. 6,
SEQ ID NOs: 12 and 14) are derivatives of pTGFS-1hyg, in thht SpBilfik
mut at i ons Wd@2A09682011N and V2223E (pTG-8- 2hyg-s) and SZOJ#@{,&Q;E@E%}S)
were reverted to wldtype sequence bys;a PCR- dependent method using the
Qui kChange(r) protocol (Stratagene). The codi ng sequence for the clotting
fact ors meer Bereephasdd, By 18AYa ol hectivige ndesmquisratrofpadidiveeclofkes@ere
constructs allow for the establishnent of stabl é expressing cell lines by
15

cal ci umptijepted dot vap Fusdgrorownds of thdxdoeilg $eeacexpanded #ygradigusitse
resistance. Additionally the plasmd contai n _a. progesterone responsive
G etrent QFRSN TRZE dA8, HRNar S0 PECL PO BBt o wi ¢ pTCB6hyg & he
production of about 40 ng active factor I X per m culture mediumcould be
shown by_ ELI SA and_coggul Qretrj c .assa See t he

pr oduct iRBRE g BroahobEReNgryRIc Yidirariy) ] Nt ed

‘l’:‘“]h 1537/975 2, 3P &g Hsciht B2 i USr PALESE VR Exfirdddo 9?; e ?'eifi Ve
sel ecti Eua, Stablp’t298FfealedtANFTrenidfachad wrhbeTGRE-3b( Eiphed 497a19)t hi s

purpose the cells were plated at |ow dilution and grown in the presence of
0 to 8GNhaNtrahgipaeyc? B3 B.colst Enegaiveeekatrod: frzoo adhasioor chitghes inc

cells were growing, . s hi s caoncentrati on ) hosen. for the sel ection of
Crably TR o hdvedrns ware greaied ety LR itltEs sk bYdav osnebiIn

di shes w T h S [ i f 1.:15. Using the
cal ci unp%hég?)%‘gt%ee‘geﬁjgéi%brﬁ%ﬁngn%% o“ﬁ?%?'é?ei‘ﬁ‘n?%fﬁ?é”’f‘s@s 6: 7 632-638) 12
pg plasm d per dish were transfected and two days.|ater the nmedi um was
replaced with fresh one containing 200 pg/ m hcigéorryc_i n B. After 2-3 weeks
of sel ecd? ibroft tieesre celli suapeasions Warepiransren g HERENDINBIBPSEOPIC GlRSS

ItO ; :ﬁg? gersrlg@s]; gﬁtgoir@g\lﬁ\blgs:tgd%rtg{oém F,E%%‘gé‘ya u(t:’le(_)&]r?al \é\ﬁrlfaqdi Ovluggeeq/a%nodrated.
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Cells were fixed in 70% ethanol for 10 min and dried 5 min at room
temperature. Slides were blocked against unspecific detection by
incubation in a 10% diluticn of FBS in PBS buffer. Primary antibody (sh
antiFVIII:C F8C-EIA-C, Affinity Biologicals) was diluted 100-fold with PBS
buffer containing 10% FBS and 0.1% saponine and incubated for 60 min
at room temperature in a humid incubation chamber. After intense
washing with PBS, a 100-fold dilution of the secondary antibody (rb anti
sh CY3 conjugate 313-165-003, Jackson ImmunoResearch) was prepared
and incubated in the way described above. Subsequently, the microscopic
preparation was washed intensely and covered by a layer of 50% glycerol
and a cover glass. Cells were visualized by white light- and by
fluorescence microscopy (emission at 570 nm).

Results are depicted in Fig. 8.

Example 10: Thermal stability test on recombinant factor IX in culture
filtrate: |

Culture filtrate harvested from 293T cells 48 h after transient transfection
with pTGFG36 in the presence of 100 pg/ml vitamin K and stored at
-80 °C for 7 days was thawed quickly, distributed into 7 500 pi aliquots



WD 01/70968 1 4 S E P 2004 PCT/EPO /03220 27 After screening by ELISA and
activity determ nation positive clones were subjected to tywg SEarjfier
rounds of ng then expanded and aliquots of themfrg for further
use and cﬁggggf%@re!fzatl on. Exanple 9: Pgoof of Phenotypic Urﬁ&mlz@n{}f
stably transfected cells by : in-situ’l mmunofl uorescent Detection of

Fact or a a fecte i

pTG-8- SWM one %‘/% é‘reE Bﬁtérqg'r?sgﬁ gg-ﬂ’-g@g‘llécgelﬁﬁ5 bclp}ée (ﬁ@\é‘%@onﬁ%ﬂr&ghom
adhesi onneubitiogs: | n DI\/EM + 9.1% FBS were detached fromthe culture dishes
by trypsination, washed several tinmes and resuspended in 5 m PBS buffer.
2 pl of these cell suspensions were transferred to sterile mcroscopic

gl ass slides and incubated at--rocom-t erature-until all liquid was
evaporated. Cells were fixed iSRMphe etteanpl | teRe1p nin and dried 5 nin at
room tenperature. Slides werle bl ockeld @z nsimimgpeci fic detection by
incubation in a 10%diluticn jof HBS ijn PBS butigy.| Primary antibody (sh

anti FVI11:C F8C-ElI A-C, Affi ni ' TCHS) e fi |luted 100-fold with PBS
buffer containing 10% FBS and—6- of-he aﬂEi -Acubated for 60 mn at
roomtenperature in a humd ij Oatter intense washi ng with

PBS, a 100-fold dilution of the gkecondardl antidfdlyt (rb anti sh CY3

conj ugat e 313-165-003, Jackson Irgmno|Res;7arch) 3pas| prepared and i ncubated
in the way descri bed above. bubseg]uenrtugj,the gpcrscopi ¢ preparation was
washed i ntensely and covered yT7_|‘ay cerol and a cover gl ass.
Cells were visualized by whitlelight-] rescence ncroscopy

(em ssion at 570 nn). Results are depicted in Fig. S Exarrple 10: Ther mal

stabili télam%ﬁés %‘ettee(éﬁq%&]%ﬂticgagrtlg FIg(Xar':t?v‘%m tgs dete'rln%iﬁgd as outlined in

Example 6 (double determinations). Results are shown in figure 9. Activity

remained almost stable within incubation conditions up to 240 min 37 °C.



Culture filtrate harvested from 293T cells 48 h after transient
transfection wth pTG-FG36 in the presence of 100 pg/m vitam n K and

stored at -80 C for 7 days was thawed quickly, distributed intp;JEm@f; P
aliquots WO 01/70968 1 4 S E P 2004 PCTI EPOL/ 03220 28 which -then were
subsequently submtted to the foll ow n% thermal incubations: sanpletenp.
time Cmin 10240 22030 32060 420240 53730 63760 737240 Sanpl es were chilled
on ice and FI X activity was determ ned as outlined in Exanple 6 (double
determ nations). Results are shown in figure 9. Activity renained al nost
stable within incubation conditions up to 240 mn 37 C 1 4 SEP 2004 29
Clains 1. Afactor VIII mutein in which the B-domain between positions
Arg740 and ule49 has been replaced by an Arg-rich |linker peptide having
at least 3 E'Pb%i dues and conprising 10 to 25 am no acid residues,
wherein said factor VIII nunbering is relative to the mature wild-type
factor VIIl sequence shown in SEQID NQ 2. 2.. The,f or LA nd A el 74 of
clai m 11 whepsetor MIEl hactein W Whlgbt’é'leh Brdomgin BRCMEP potitiond Ay
i i i ing at
and Glu1649 has been repiaced by an Arg-rich linker peptide having
. i i idues, wherein
least 3 Arg residues and comprising 10 to 25 amino acid regidue , .
S : iid- factor VI
said factor VIII numbering is relative 10 the mature wild-type

sequence shown in SEQ ID NO:2.

2. The factor VIII mutein of claim 1, wherein the factor VIII mutein has at

least one of the following additional mutations (a), (b) and (c):
(a) Val at position 162 has been replaced by a neutral amino acid residue

selected from Gly, Ala, Leu, lle, Met and Pro; |
(b) Ser at position 2011 has been replaced by a hydrophilic amino acid

residue selected from Asn, Thr and Gin; and | |
(c) Vval at position 2223 has been replaced by an acidic amino acid residue

selected from Glu and Asp.

3. The factor VIII mutein of claim 2 which has at least one of the

mutations (2) and (b).

4. The factor VIII mutein of claim 2, which has all three mutations (a), (b)

and (<).

5. The factor VIII mutein according to any one of claims 2 to 4, wherein In
mutation (a) Val at position 162 has been replaced by Ala, in mutation (b)
Ser at position 2011 has been replaced by Asn, and/or in mutation {c) Val

at position 2223 has been replaced by Glu.



| east one of the follow ng additional nutations (a), (b) and (c): (a) Val
at position 162 has been replaced by a neutral am no acid resi du.g SEEQ@F ed
fromdy, Ala, Leu, Ile, Met and Pro; f®p) Ser at position 2011 h é

repl aced by a hydrophilic amino acid residue selected from Asn,-Thr and

G n; an@. (he Yattart Vs mitmin 2223 risg ee anyephacefd claimen 1atd & cwhereim aci d
residue selected fromdu and Asp. 3. The factor VIII mutein of claim?2
whi ch hife £rg-eightlinkrrpaptide hasutld terdD eayirgnacidoyesidueshe factor Vi |
mutein of claim2, which has all three nutations (a), (b) and (c). 5. The
factor VII1 mutein accordi ng to any one of clainms 2 to 4, wherein in

mutatio St i HEP (b)
Ser at ZOﬁilgﬁk%ilYm H een rep @ecg)naAg bﬁ%ﬁ%/ g%énﬁ‘lsai gtélrg%%@ﬁ\/
at p05|th@m|n2(%23¢d}ﬁ§>rig@gn repl aced by A u. 30 14SEP2A | 6. The factor VIII
mut ein according to any one of clains 1 to 5 wherein the Arg-rich

| i nker pept i d‘é‘l&l@gnm@ acndzseauence:ﬁ:lFSIQi\&ildue@ﬂ/mr The factor VIII nutein
according to éone of, clainms 1 tcg ﬁgﬂl ein the linker conprises: the
am no aci d sHMp@RRIB0sE uenia/GAYR m no acid sequence QAYRYRRG 8.
The factor VIII mutein of claim7, wherein the |inker has the sequence
SFSONSRHQAYRYRRG. 9. The factor VIII mutein of claim1, which conprises

am no agi dhel factorMAQ WutSFRIFRZINP 7, Wiler@in the ﬁﬂkeA HA¥At8€ cgodi ng

for the factor VIIl nutein as defined in any one of clains 1 to 11. The
DNA seqbEREINSRHOAYRYRRGwhi ch has at |east one of the nutati ons T485C,
6032A and T6668A relative to the DNA sequence of

8. The factor VIII mutein of claim 1, which comprises amino acids 1 to
1440 of SEQ ID NO: 4, 13 or 15.

10. A DNA sequence coding for the factor VIII mutein as defined in any
one of claims 1 to 9.

11. The DNA sequence of claim 10, which has at least one of the
mutations T485C, G6032A and T6668A relative to the DNA sequence of
the mature wild-type factor VIII shown in SEQ ID NO: 1, preferably the
DNA sequence comprises all three of said mutations.

12. A vector comprising the DNA as defined in claim 10 or 11.

13. The vector of claim 12 which is pTGF8-1, pTGT8-2hyg-s or pTGF8-3 as
shown in SEQ ID NOs:3, 12 and 14, respectively.

14. The vector of claim 12 which is a gene transfer vector.

15. A host cell being transformed with a vector as defined in claim 12

and/or comprising a DNA seguence as defined in claim 10.



the mature wild-type factor VII1 shown in SEQ ID NGO 1, preferably the DNA
sequence conprises all three of said nutations. 12. A vector conpri sif§ER Hé
DNA as defined in claim10 or 11. 13. Ijpe vector of claim12 which is
pTG-8-1, pTGI8-2hyg-s or pTGF8-3 as shown in SEQ ID NGs:3, 12 and 14,
respect { gely médhod hrvesd grodfuction of itheviactori ¥1H geukeinrassdefin@@dnor .
15. A host cell being transformed with a vector as defined in claim12
and/ or aoywriesiglainmiNA tefuehien £oriefipeed in claim 10. 14 SEP 2004 31

16. A method for the producti of t factor VLII nutein defined in

any one(a¥ Celthring Qtﬂ'g”@P%ﬁ'ﬂﬁ q&ﬁ?p?qqgﬁ ‘f%ﬁn%q\:l'?tﬁlai”%%ag]'tsiﬂsforrred host
cell as,defin Ln.cl al ) : LSohati or VIIl nmutein from
t he cuI( g%?ﬂphw%%(ﬁbéﬁgrlﬁgﬂg&%'R@Pﬁ'ﬁgﬁ%oﬁﬁ'}iﬁbﬁ@%rl sing the factor
VIIl mutein as defined in any one of clains 1 to 9 or a gene transfer
vector as defined in claim114. 18. Use of the factor VIIl nutein as

def i ned1¥n Anyhanmackutical o positionrcorapgisieg t thendastor, ddbrmasededsned
in claiml4 for preparin

di t f t ti h hi_l i f.er abl
for tredefingdnevaphi one ok clamsThdOnRiaTod GANSFERTISE Vahieh Sonr  SBs(a)

culturin%.an ,rmortalized human cell |ine stably expressing Siman virus T
antigenC ik &ﬁrrying a vector having a CW pronoter functionally linked to
a DNA sequence coding for the factor VIII mutein. 20. The nethod of claim
19, wherein the imortalized human cell line is an immortalized ki dney,

bl adder 18| iVs® of Ithiegfactar WIAE rutsineas stefiotad inmasy! enecvfagipims 1 to 9 or

gastrointestinal cell. 21. The thod of clajm20, wherein_the j. I zed
human celgene fsansfergeerinrgas erEIE platrel-Tiset Jcanﬁgﬁd?felﬂa(ﬂ{@/ acmq:éhggﬁ‘gér?ﬁ

prefera i e | VACKAN : d according to
By onet gy heshBBnyE: Rst PR TRg WestingheripHTRE e
19. The method of claim 16 which comprises
(a) culturing an immortalized human cell line stably expressing Simian
virus T antigen and carrying a vector having a CMV promoter functionally
linked to a DNA sequence ccding for the factor VIII mutein.

20. The method of claim 19, wherein the immortalized human cell line is
an immortalized kidney, bladder, liver, lung, cardiac muscle, smooth

muscle, ovary or gastrointestinal cell.

21. The method of claim 20, wherein the immortalized human cell line is
derived from an embryonic human kidney cell and preferably is cell line
293T (DSM ACC2454).

22. The method according to any one of claims 19 to 21, wherein the

vector further comprises a selection marker and/or regulatory sequences.

23. The method according to any one of claims 19 to 22, wherein the

culturing is performed in the presence of von Willebrand Factor (VWF).




vector further conprises a selection marker and/or regul atory sequences.

23. The nethod according to any one of clains 19 to 22, wherein thet4SEP 2004
culturing is performed in the presence_ of von WIIlebrand Factor (VvW). 14
SEP 2004 32 24. The nethod according %% any one of clainms 16 and 19 to 23

' <tep’th) T IPEROSECong fo AN DIt BRTs: 18 8Bl Tt 2 PRI o

step (bjumhepworhpfidesn step (c) to a virus inactivation treatment. 25 An
imortalized human cell line stably expressing at | east one viral

transcr (@} punifirg t'/ta&duiopda:tlethmgrﬁdcb:a‘rusgbiat@dalmetem(b;c,oandgolf or a fact or
VIIT nu g n as defin q Hy one of the nethods of clains 19 to

E 5 subjecting t e btood” clotting factor isolated in step (b) or purn‘“ed in

step (¢) to a virus inactivation treatment.

25. An immoaortalized human cell line stably expressing at least one viral
transcription activator protein and carrying & vector coding for a factor
VIII mutein as defined in any one of the methods of claims 19 to 21.



