WO 03/ 051927 PCT/ NLO2/ 00841 Efficient production of F(ab')2 fragnments in
manmal i an cells Field of the invention The invention relates to the field
of reconbwopanwspPeptein 5 production, nore in particul ar teTNI®doesui on of

i mrunol ogi cally active anti body fragnents in eucaryotic cells. The
invention nore in particular relates to the production of F(ab')2
fragnments in eucaryotic cells. 10 Background of the invention Results of
recent clinical trials have generated nmuch excitenment and optimsmfor the

potenti al gpenefdds goddddilon B¥MENaBNY phedhgRents t e MhmGIGSS ¥ld s
treatnment of disease. This success is in part due to the technol ogy of
sel ecting 15 anti bodi es agai nst novel targets from phage display |ibraries,

and al so Pk'ﬁl&oof r@{dé);/ﬁg,ﬁq{%%#ctl on platforns. One 1gG nol ecul e conpri ses

two heavy chains an chai ns. ~The heavy chains consist of
(startingThe oimvdec dn teylwtass o aheafiabfieof egeopnb inawhReaiicilegi on, a

hi nge 20 region_and two additional _constang j (Etgure 1). The hinge
regi onszcorﬁf ?%%tlc%’t &ine rlensip(?lfécéc%l at %%r réﬁqgéﬁfgﬁ?d&e:f bonds with a second
heavy chaimmtigo Degh & iel iamriveatinenbotlyt feagpent ei hn dies rpotbier a1 leyst ei ne

resi dues varies depending on the 1gG sub-cl|ass: has 2 cystein t hat
form di suFphi #eVE-Hihd i Jtrh@aﬁitﬁgél.la?héeh%ﬁ? JE%S%‘?}% REMS D o
variabl e prggi pp gty canstant, J:egieic kesidues Cternminal to the

constant region formdisul phide bonds with residues inmmediately before the
heavy chain hinge regions. Thus the four chains are held together by

mul tiple ﬁ‘i"éﬂ‘kp&‘g& ?@n‘gﬁe aShvahtuell as other noncoval ent interactions
e Intimately

bet ween t pai red chai ns.
Results of recent clinical trials have generated much

excitement and optimism for the potential benefits of fully
human antibodies in the diagnosis and treatment of disease.
This success is in part due to the technology of selecting

15 antibodies against novel targets from phage display libraries,
and also due to improved production platforms.
One IgG molecule comprises two heavy chains and two light
chains. The heavy chains consist of (starting from the N-
terminus): a variable region, a constant region, a hinge

20 region and two additional constant regions (Figure 1). The
hinge region contains cysteine residues that form disulphide
bonds with a second heavy chain to mediate dimerisation of the
protein. The number of cysteine residues varies depending on
the IgG sub-class: IgGl has 2 cysteines that form disulphide

25 bonds in the hinge. The light chains consist of a variable
region and a constant region; residues C-terminal to the
constant region form disulphide bonds with residues
immediately before the heavy chain hinge regions. Thus the
four chains are held together by multiple disulphide bonds as

30 well as other noncovalent interactions between the intimately

paired chains.



WO 03/ 051927 PCT/ NLO2/ 00841 2 The structure of an anti body may be defi ned
as distinct domains: the Fc region which nediates effector functions and
t he F(ab'woriegsoa7 whi ch bi nds antigen (George and Urch, 2@Q@)NL02/#8d1t WO
C-term nal constant donai ns of the heavy chains make 5 up the Fc region. A
F(ab') fragnent conprises the light chain and the variable and first
constant region of the heavy chain; a F(ab')2 fragnent conprises two
F(ab') fragnents dinmerised through the heavy chain hinge region (Figure

1). Antihpdi gfr%@uf'é‘d@f Investigat) eRasect Rerapkasakosiatishete 10 range of

clinical problens including organ transplantation, cardiac,disease,
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neurol ogi ¢ disorders, respiratory dj sWeklk agqdibserdersooy th
or gans shgﬁ Eza{)hg B?%:b%r,l w}é cll’;hn %/lr? d?iglgcggié\r}eqt rGactb. 15 One of the major
focuses frae anbi bodyrdissdvesystnd ddesdinspeénthies heavyhehpid dudfe cancer

i magi ng and therapy (Carter 001).. Anti bodj es b S £d

nol ecdil e8P &P FReyeHRY beP| %baé? dd iFTEs uggglpgggésngalgcﬁgaﬁﬁe?ﬁ%o del i ver
a cargo.tg the LHPDEL{Bosrebaped atwhEantsseq,io200T; tRar keanyd 20a8mpl en,
2001). A nunber of naked anti bodjes are current inkc, VWhile it

ly in he .cl
i s cl ear at Fdebt hdy fapenapl eCoBPF itV @n&?tb'l)oggfaigﬁ‘eﬁitsi gAPSTirRg
mechani smyy, Wi ¢hot HLs;0CEHE on 11%indl1ol &ffon Qragsirealihy these mght work by
recruiting effector celfs (via Fc Teceptors) or conplenent to the target
cel | . 25aMribodgesntly indes becewt gp BisparenttheFaP ifey Ofaf 4196  function

of gndfl | 155t ey Y CABORE oEr a1 JHet T g e ruese o ag 1 o cel |
deat h (TwWardgtacalkdiset9988) infectious diseases, cancer, rheumatologic
and autoimmune disease, neurologic disorders, respiratory
diseases, as well as disorders with organs such as the blood,
skin and digestive tract.
15 One of the major focuses for antibody discovery and
development is in the field of cancer imaging and therapy
(Carter, 2001). Antibodies may be used as naked molecules, or
they may be labeled and so used as a magic bullet to deliver a
cargo to the tumor (Borrebaeck and Carlsson, 2001; Park and
20 Smolen, 2001). A number of naked antibodies are currently in
the clinic. While it is clear that they are able to reduce
tumor load in patients, the mechanism by which this occurs is
unclear. Classically these might work by recruiting effector
cells (via Fc receptors) or complement to the target cell.
25 More recently it is becoming apparent that they may also
function by binding cell surface proteins and then activating
inappropriate signalling pathways or apoptotic signalling

pathways, leading to cell death (Tutt et al., 1998).

30 Antibodies are currently used in the clinic both as intact IgG
molecules and as F(ab’) and F(ab’)2 fragments. When choosing

an antibody format there are several important issues. They



30 Antibodies are currently used in the clinic both as intact 1gG

nol ecul es and as F(ab') and F(ab')2 fragnments. Wen choosing an anti body
format thwoasmasw2several inportant issues. They WO 03/ 05192T/NRCT0H08402/ 00841
3 shoul d have a high antigen avidity and specificity, be sufficiently
smal | to penetrate tunor tissue and regain in the circulation |ong enough
to localize to tunors. In addition (particularly if they are |abeled with
a radiol abel or other 5 toxic noiety) they should clear fromthe body at a

rate whicg eyent s SPeG fd6 LoXiQity 208 Bhehibagk upd. F(ab')2
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their | oweartiehesul arinetighy ,atdusbedduciwighpet entiialabeki ert9tiidenr et

al ., 1995). Another advantage of . the reduced, size i
penet f at EF4RDFOLFSE U BRY g%%%%%égéﬁﬂv §Eﬁ1§§&r§0%§ré@ié %gg%ivy %kaota
et al, 1%%%}7%‘:9 LBhSspayi £ IBr eogrtlisy ofr theh bashyroass.are target ed.

There areée al so advantages due to the absence of the Fc region o h
mol ecul eF (Bhé ) B( AbayRentagpihnib Hoet qurndlfc@ef]&étlit\?af)i"&% 6Pti"ﬁ{mﬁ%§

responses, ;as the Feregion. (uhi s bipds 2 gQmeierent tapdtkger e6eptors) is
absent . fﬁlg%FS o] part?cul%rﬁgrg?%Vance I n imagi ng studies, 3herepa )

snap- shotiralyitgnend dhspepsi ofinsil 8i e wnimpliesulegui & 2FERBEFSTfragnent s
the P ety L 1hd B8P bRokBrBURKC hd TIOR SUSGITIS 2801 SEd) acl S r educed.
The advantageshki steduabevennay dhsockidneys as a result of their lower
molecular weight, thus reducing potential toxicity (Behr et
al., 1995). Another advantage of the reduced size 1s that they
may penetrate tumor tissue and associated vasculature more
15 readily (Yokota et al, 1992). In this way, more cells of the
tumor mass are targeted.
There are also advantages due to the absence of the Fc region
of the molecule. The F(ab’)2 fragment does not induce
activation of immune responses, as the Fc region (which binds
20 complement and Fc receptors) is absent. This is of particular
relevance in imaging studies, where a snap-shot of tumor
dispersion and size only is required. F(ab’)2 fragments also
do not have the problem of non-specific binding to targets
through the Fc moiety, and so background and non—-specific
25 labeling is reduced. The advantages listed above may also
apply in part to F(ab’) fragments. However F(ab’)2 molecules
are bivalent (as are intact IgGs) and so should bind target
molecules with higher avidity. F(ab’) fragments are
monovalent, and as a result generally exhibit lower avidities.
30 For these reasons, F{ab’)2 fragments are highly desirable as

clinical agents.
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An alternative method is to make F(ab’) fragments in bacteria
and then dimerise the molecules to generate F(ab’)2 molecules
(Willuda et al., 2001; Zapata et al., 1995, Humphreys et al.,
1998; US patent 5,648,237). Dimerisation may use specific
self-associating peptides (which may prove antigenic in vivo),
conjugation via chemical cross-linkers or in vitro
reduction/oxidation of F(ab’)-hinge fragments. These methods
require additional purification steps and may produce unusual
molecules (such as two F(ab’) fragments linked “head-to-tail”
so that the antigen binding regions are at opposite ends of
the new molecule).

Another method for production of F(ab’)2 fragments is to
generate them directly in mammalian cells. While this might
appear straightforward, it has been observed that F(ab’)
fragments are often produced in preference to F(ab’)2
fragments. One report in which CHO cells were used for IgG4
F(ab’)2 production indicated that F(ab’)2 fragments accounted
for only 10% of the protein produced, with F(ab’) fragments
accounting for 90% (King et al., 1992; King et al., 1994). The

reason for this is unclear. Another important cell line in the
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PER C6TM IS a ncell line and an exanple of an imuortalized primary 15

eucaryotiic hbstefekk. prefesabbe ete oW 5P SRS B 1EGREur8” i n
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r econbi narprpsetienhnofnF (ab’ )2 fragments in COS cells (De Sutter et
al., 1992). Thus, despite these efforts, there is still a need
for improved production methods of F(ab’)2 fragments. PER.C6™
is a human cell line and an example of an immortalized primary
15 eucaryotic host cell. It is able to grow in suspension culture
in serum-free medium, which upon transfection with an
appropriate expression vector and selection of stable cell
lines, is capable of producing recombinant protein in
abundance, as disclosed in WO 00/63403. In the Y403
20 application it has been disclosed that PER.C6™ cells can
express intact human IgG, but no specific data have been
provided for F(ab’)2 fragments.
In view of the above there is still a need for a recombinant
expression platform which is capable of producing such
25 fragments in sufficient yield without some of the

disadvantages observed with the platforms of the prior art.

Summary of the invention

We demonstrate here that PER.C6™ cells, as an example of a

30 eucaryotic immortalized primary cells, are capable of more
efficiently producing and secreting F{ab’')2 fragments without

the need to take special measures disclosed in the prior art.



abundance, as disclosed in WD 00/63403. In the “403 20 application it has
been discl osed that PER C6TM cells can express intact human IgG but no
speci fi c watiaohaee been provided for F(ab')2 fragments. POTNI®ORMEH1t he
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encoding an immunologically active bivalent multimeric

t hat

antibody fragment, and/or a precursor thereof, functionally
linked to sequences capable of driving expression of said
fragments in said host cell when said cell is cultured under
15 conditions allowing said expression. The invention provides a
host cell comprising adenovirus El sequences, and further
comprising recombinant nucleic acid encoding an
immunologically active bivalent multimeric antibody fragment,
and/or a precursor thereof, functionally linked to one or more
20 sequences capable of driving expression of said fragment in
said host cell. According to one preferred aspect of the
invention, the immunologically active bivalent multimeric
antibody fragment comprises an F(ab’)2 fragment. The host cell
preferably is a eucaryotic cell, more preferably a mammalian
25 cell, even more preferably a human cell. In certain
embodiments, a host cell according to the invention is derived
from a retina cell, preferably a retina cell from a human
embryo. In certain embodiments, the host cell is obtainable
from a host cell chosen from the group consisting of 293 and
30 PER.C6™ or progeny thereof. In the most preferred aspect of
the invention, the host cell provided is obtainable from a

PER.C6™ cell. According to a preferred aspect of the



host cell conprising adenovirus El sequences, and further conprising
reconbi nant nucl eic acid encoding an inmunol ogically active bival ent
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| inked to one or nore 20 sequences capabl e of driving expression of said
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an F(ab')2 ment. I'n a preferred enbodiment of the jnvention, the
sequencetbé dMVVpnomeker ession. Lot &MV anregiiaher Femd €/ pronot er,

B oL AP Tl A SRy omsscorengr, sastbenay et
aspect agepedingctortibegi twetid amwaitd dommaiol ogimsabilygaeeiye active
bivalent multimeric antibody fragment is capable of
selectively binding to activated vitronectin.
The invention also provides a host cell expressing and

15 secreting immunologically active bivalent and monovalent
antibody fragments, and/or precursors thereof, characterized
in that the ratio of secreted bivalent active antibody
fragment to monovalent active antibody fragment by said host
cell is at least 1:3, wherein the two antigen binding regions

20 of said bivalent active antibody fragment are not linked by
peptide bonds.

The invention also provides a method of making a host cell
capable of producing an immunologically active bivalent
multimeric antibody fragment, the method comprising:

25 introducing into an immortalized primary eucaryotic cell a
nucleic acid sequence comprising a sequence encoding said
antibody fragment or precursor thereof operably linked to a
sequence capable of driving expression of said sequence
encoding said‘antibody fragments in said cell.

30 The invention also provides a method of producing an
immunologically active bivalent antibody fragment, comprising

culturing a host cell according to the invention. In one



bi val ent nultineric antibody fragnment is capable of selectively binding to
activated vitronectin. The invention also provides a host cell expressing
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are qgt Egggﬁ iggng'ﬁﬁ%&éfgaé%%&isequence comprising a sequence

encoding said antibody fragment or precursor thereof operably
linked to a sequence capable of driving expression of said
sequence encoding said antibody fragment in said host cell;
b) culturing said host cell; whereby said antibody fragment is

15 secreted from said host cell, wherein the ratio of secretion
of immunologically active bivalent to immunologically active
monovalent antibody fragment is at least 1:3.
The invention also provides a method of producing an
immunologically active bivalent antibody fragment, wherein the

20 two antigen binding regions of said immunologically active
bivalent antibody fragment are not linked by a peptide bond,
the method comprising: a) introducing into an immortalized
primary eucaryotic host cell a nucleic acid sequence
comprising a sequence encoding said antibody fragment or

25 precursor thereof operably linked to a sequence capable of
driving expression of sald sequence encoding said antibody
fragment in said host cell; b) culturing said host cell;
whereby said antibody fragment is secreted from said host
cell, wherein the ratio of secretion of immunologically active

30 bivalent to immunologically active monovalent antibody
fragments is at least 1:3. According to another aspect of the

invention, the method further comprises: c) isolating and/or
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anti body fragment is at least 1:3. The invention al so provides, a .method of
pr oduci nghanme Ehedirteyi dldld yeoadtiové yERALeRt tARAt FER T4 nAig%r ei n

the 20 Lug;antigenbiading,daaions oy sakdvbmunal egtcahtyoastive bivalent
anti body agnent” are not Tinked by a“peptide bond, the nmethod conprising:
a)_hntroduegmgntrpxﬁﬁﬁtabﬁuwaﬁﬂikmaiedpbwn@ﬁ9 EacERPoPREPHBEIPEEIISH nucl ei ¢
aci d sequence ¢ risi a_ seque i.n0g } nt o fragment or 25
precu?sppofﬁepﬁ%?g%%%f%g?§ ??%E%ﬁqﬁg)g%gggbgngggggggblEgogﬂedri8ing

expr essi gRe 8k rsad da Spatencee enantimg s aiad dantinpodyogi raghenectiveai d host

cell; b) culturing said host cell; er.eby .sai ti i
;ecretedbﬁﬁéﬁ?§5iﬁnﬁb%?dycﬁﬁqgm%%kr ﬁﬁeﬁﬁiﬁkg §n %ggggfﬁ%ﬁ ) e
i nmunol ogi-gghly astiye 30rbiyval enin tam iTgumoliegiceal hytaocti weconaoval ent

antibody fragnments is at least 1:3. According to another _ aspect of the
i nventi oo the ﬁEVﬁBHlQHrtﬁ%idc%WW#ﬂQ%QQleﬁlﬁé&F&ﬂyﬁggéHB}SPEV[)03/051927

n Oho AOCASA LcEbT A R LEr T Re. T Rvont b e, Co ancl gan bf pdi e 1 egr ons
of said inwondiogi cal bytastoveebiembahinent idfodfpe methods according

to the invention, the host cell is a mammalian cell, more
preferably a human cell. In other embodiments, said host cell
is derived from a retina cell. In other embodiments, the host

15 cell is chosen from 293 and PER.C6™. In the most preferred
aspect of the invention, the host cell is a PER.C6™ cell.
According to other preferred aspects of the invention, the
ratio of secretion of immunologically active bivalent to
immunologically active monovalent antibody fragments is at

20 least 1:1, more preferably at least 2:1, and still more
preferably at least 3:1. The host cell according to the method
of the invention preferably comprises a sedquence encoding at
least one El protein of an adenovirus or a functional
homologue, fragment and/or derivative thereof. In yet another

25  embodiment of the method according to the invention, an
immunologically active bivalent antibody fragment is capable
of selectively binding to activated vitronectin.
The invention also provides a method for obtaining an F(ab’)2
fragments, said method comprising: a) introducing into a

30 eucaryotic cell a nucleic acid sequence encoding said
fragment, or precursor thereof, operably linked to sequences

capable of driving expression of said sequence encoding said



fragnent preferably are linked by one to ten sul phur bridges, 5 nore
preferably by one or two sul phur bridges. In one preferred aspect the
regi on ofweaBasidemunol ogi cally active bival ent antibody fPcagnmeavosthat is

| i nked by said sul phur bridges is not derived froman 1gG3. In the nethod
according to the invention, said i mygol ogically active bivalent 10

anti body fragnent preferably conprises an F(ab')2 fragnent. According to
yet anot her enbodi nent of the nethods according to the invention, the host

cell is I I .. Jd1arep)prafenabhy 8a hneen celdheddbiotdan
%a@rﬁgsﬁgli d@}ﬂ £ald dmren)pegienabhy eddby0

enbodi nent s; ost cell 'is derived froma retina cell. In other
enbodi mefitsgméhie Fostecdtreteal IfHon chdderelt onREReHHIEIFEREHTMOY n t he nost

f d t j ti 'L he.. I {qi . G6.HM cel | .
preferred aspec é%n§¢§%l)%yqn)%qusso? ?ﬁﬁénﬁg {si st a &ER: G6BV &8

Accor di ng®to° bt tier® priefer r'éd aspe e invention, the ratio of
secr et i ons©f at M Nl DY Ui faciiioveabidval(eht ) 2ofragmemel ogi cal |y active

monoval ent antibody fragnents is at l.east 1, P, ly at | east
2:1, %ndC§§F??t?ﬁﬁ%@dpVgggFHbfvﬂéfmﬁéggg é?l?;§%%t£%£%y6%$%&%%cording to
t he nethggotggséhgtéﬁyention preferably conprises a sequence encodi ng at

| east one El protein of an adenovirus qr a functional. hono|ogue,. fragnment
and/ or déni 9aei vBOPPERERE . OF Rt YStHER 558 nﬁ%Fﬂ%%?%‘faiﬁg a%r%"tjh‘{)ed

accor di “9&%582 %Pé(&r@%ﬁ@n@o@kisl;ergnérﬂlo'aﬁﬁin%alab}idaﬁéhuenbéVa}hﬁ@tiﬁnti body
fragnment "I's capable ~“of selectively binding to activated vitronectin. The
i nvent i odeaksedpfovindes ammerdlbe el lobsarailag &R RPaB™B° #Fignents, said

Cequahce SBRUGAPROTeE! B PP agHErtt B B SAOPAe her Sor, “operably. |1 nked 10
Sequence&amﬁamabhecéildisvbmgafm@desskbnﬁwhdséﬁ@mseaneﬁé@aéhé@@ih@ said WO
03/051921hg%Té§%82£98 é%ed antibody fragment can be post-
translationally modified according to the modification pattern
of said species thereby allowing for a type of modification
{5 that is similar to the "natural" situation. Preferably, said
species is a human. It has been observed that particularly for
human and other human-like species such as monkeys the ratio
of produced (human or human-like) dimeric versus monomeric
antibody fragment is particularly favorable when said
20 immunologically active antibody fragment comprises an amino
acid sequence that is derived from or immunologically similar

to an amino acid sequence for a type of antibody fragment of

the corresponding species.

75 The invention also provides an F(ab’)2 fragment obtainable by
expression of said fragment in a cell derived from a PER.C6™
cell.

The invention further provides a crude preparation of an
immunologically active antibody fragment obtainable by methods

30 according to the invention. In a preferred embodiment of the
invention, said immunologically active antibody fragment

comprise an F(ab’)?2 and an F(ab’) fragment. The invention also



10 fragnent in said cell; b) culturing said cell; whereby said fragnent is
secreted fromsaid cell, wherein the ratio of secretion of F(ab')2 to
F(ab') fregmens®2is at |least 1:3;-c) isolating and/ or pulPcCNLogoesai d
F(ab')2 fragnent; 5 characterized in that said nmethod is essentially devoid
of a protease step. In one enbodi nent;;of the invention said

i munol ogically active antibody fragnent conprises an am no acid sequence
that is derived fromor immnologically simlar to an amno acid 10

sequence L @i YRE ©f 3ntd %)@ lchagaeRbigbbl BebgpespesatSang armammal i an
cell is %%?%%%%d or d(eari \r}ed frorl;l\ An advantage. is f{hat said produced

ant i bodyFfalaghenfragmene fHout -F (ePinsFEepBRBFFyihodR+E et 4 eCording to the

nodi fication pattern f i i8s hherehynal kowhng (fwrya type of
nmodi f i caPF%Rag%tJf%%t ]frg er?é% aer%%?%let e "nat urgl " situation. Preferably,

said speehgfechbs acdmnealedtivtely bédewl dosercvédathdt vphreneatariy for  human
and ot her_ hurman-|j ke species such as yS ot i Rf+ peoduced (human
or hutranTPEKEFVEREr T cgﬁ%? s%%ovrﬁ)r?osneaﬂn?q%g)n??bggi}ggéggrﬁ%nt is particularly
favorabl gonhepisai ¢ BOnd mainatioigizaald ywiacbineetanti body fragment conprises
an amno acid sequence that is derived from orFiggtrlrrgnol ogi ¢ IIX simlar to

an am noThei dn¥eabbpre?fof RV DR BE&S I AP™BF =T he

CO”.eSpOEQinggﬁEﬁ | 85 3 RRudBEod NVENty Getah&0 apraviodes faaghéab’ ) 2 fragment
obt ai nabl'e by expression of said fragment in a cell derived froma
PER C6TMaccelkrHinFheoi hventtoen§@ther provi des a crude preparation of an
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comprising an F(ab’)2 fragment according to the invention, and
a pharmaceutically acceptable carrier.
In another aspect the invention provides a composition
comprising immunologically active bivalent and monovalent

15 antibody fragments in a ratio of at least 1:3, wherein said
fragments are produced by a host cell according to the
invention. In one preferred embodiment, said ratio is at least
3:1.
The invention further provides a composition comprising

20 immunologically active bivalent and monovalent antibody
fragments in a ratio of at least 1:3, wherein said fragments
are obtainable by a method according to the invention.
The invention also provides a vector useful in a method
according to the invention, said vector comprising: a) DNA

25 encoding VH1, CHl and hinge region of an antibody, comprising
introns, operably linked to a CMV promoter and a bovine growth
hormone polyadenylation signal; b) DNA encoding VL and CL
region of an antibody, comprising an intron, operably linked
to a CMV promoter and a bovine growth hormone polyadenylation

30 signal, wherein said CMV promoter comprises nucleotides -735

to +95 from the CMV immediate early gene enhancer/promoter.



invention, said imunol ogically active antibody fragnent conprise an
F(ab')2 and an F(ab') fragnent. The invention also WO 03/051927

PCT/ NLO2/WO084/051921 provi des an F(ab')2 fragment obtai nabl @ChNIsepesat i ng an
F(ab')2 fragnent from F(ab') fragnents in said crude preparation. In one
preferred enmbodi nent such F(ab')2 fragyents can selectively bind to
activated vitronectin. 5 The invention also provides an F(ab')2 fragnent
that can selectively bind to activated vitronectin. The invention al so
provi des 1?1 pharmeceutiscal 60 IROSE 4o LAMYISI ROk iteueeliegieal |y active
anti body fra nt according to the invention. 10 The invention al so
providesvatgbaenﬁ@eutlcal conposi tion conprising an F(ab')2 fragment
according.to.the |nv%nghon Qldé%rgwﬂfggﬁﬁ&'dég Igh-2ceeptable carrier. In
anot her aspedt "EREPRvEAE P oR prOV|des conposition conprising

i mmunol ogictainlzy 0aqtieve bisveakposived woimyalwier 18 1235150y ﬁh&gﬁﬁh@% in a
rati o of at Ieast 1 3 m?g ?ln said fragnents are produced by a host cel
accoréind“k@eFﬁ@ SEnvant FORI I n one preferred enbodi nent, said ratio is at

| east 3:1. The invention further provides a conposition conprising 20

i mmunol ogi cal |y active bival ent and nonoval ent anti body fragnments in a
ratio of at least 1:3, wherein said fragnents are obtainable by a nethod
according to the invention. The invention also provides a vector useful in
a method according to the invention, said vector conprising: a) DNA 25
encodi ng VH1, CH1l and hinge region of an antibody, conprising introns,
operably linked to a CW pronoter and a bovine growth



hor mone pol yadenyl ation signal; b) DNA encoding VL and CL region of an
anti body, conprising an intron, operably linked to a CW pronmpoter and a
bovi ne grwatoh/ohveTone pol yadenyl ation 30 signal, wherein 2ariNI@¥Wsst onot er
conprises nucleotides -735 to +95 fromthe CW i medi ate early gene
enhancer/pronoter. WO 03/051927 PCT/ NL32/00841 12 In a preferred

enbodi ment said antibody binds to activated vitronectin. The invention

al so provides a plasm d designated pcDNA3002(Neo) as deposited under

nurmber 0 8a3eL0P: of @ BesRmebnl3, 2001. WO 03/ 051927
PCT/NLOZ%%%%%% 13 Detalled description of the invention The invention

provi des a host cell conprising adenovirus El sequences, and further

cpnprisi reconbi nant_nucl ei i codj &l nl ogrgalty acti
bi Vel ent NG CRTBRFCORET Bt (i Carora oo et ety 2t Ve
f unct i onakkyientipkedntiofenehar cone isEquensesneapabite NEEL8LFVRRE expr essi on

pf said fragnent in said host,cell. t.hods . r.aduci ;
|nnunélp&PESgPﬁgaéPi%@mBPQg?%h?aLiﬁF%%d?m??ﬁ%%%%ﬁ%a#@hggg%QiS provi ded,
Fﬁgg;;;:?%gg%ggyrEBQgﬁeFP?L@ﬁ@Y&r?fQQﬁéﬁdnﬁdn)ﬂﬂezedfnvénmb@ﬁpn&@%Y cel |,

_ imary ce st cells nbi .pr. [ [
nown | n1EhEeC150aPe PR BRES aSPRTTCLNE IR Sl B RS FROBRE REE e
conpri ses, ¢ %ﬂ%@p%kéﬁﬁeﬁk SEAUENS ESe s Pr & Bl ablat HyH C @ irsidng iagnaal ei ¢

acid sequence encoding at |east one El protein of_ an adenovirui or a
honol oguemmiunagrentadng/ ertdeei hivebent grigdtody fragment are also

10 provided, comprising culturing a host cell according to the

invention.

Host cell, immortalized primary cell
Host cells for recombinant protein production are known in the
15 art. In one aspect, the host cell of the invention comprises
adenovirus El sequences, preferably by comprising a nucleic
acid sequence encoding at least one El protein of an
adenovirus or a homologue, fragment and/or derivative thereof.
These may be functional in immortalizing a primary cell when
20 expressed in said cell. Said El protein may comprise the EIA
protein, that function in transforming and immortalizing the
host cell. Furthermore, the EIB protein of adenovirus may be
expressed, which can repress apoptosis of the host cell. In
one aspect therefore, the host cell of the invention comprises
25 at least part of the El region of an adenovirus, comprising
E1A and E1B sequences in expressible format.
Immortalized cells are known in the art, and can in principle
grow indefinitely, in contrast to primary cells that will die
after a limited number of cell divisions. Various tumor cell
30 lines known in the art, including but not limited to cell
lines such as chinese hamster ovary (CHO) cell lines, Hela,

baby hamster kidney (BHK), hybridoma cell lines including NSO



These may be functional in imortalizing a primary cell when 20 expressed

in said cell. Said El protein may conprise the E1A protein, that function
in transfwomBngeand i mortalizing the host cell. Further momraNLo2bes4ELB
protein of adenovirus nmay be expressed, which can repress apoptosis of the
host cell. In one aspect therefore, the host cell of the invention

conprises 25 at |least part of the El region of an adenovirus, conprising
E1A and E1B sequences in expressible format. Inmortalized cells are known

in the aLhy §??—G?”a£é‘ PriOCiRl S £ 0r0Wd. ndebi-Dinkelyceid gonteast to primary
cells that w die after a limted nunmber of cell divisions: Various
tunor cehkre30 i#nesckhbwehdth ishecdr deriyefudrag BubuRet - | THi RS cel |

| i nes such as _chinese. h roovary ( e kNes, pEekbanor babyzdwmnst er
ki dney ( ﬂK?FOHyb?ﬁﬁgh%f€%$§'|? eéxfﬁflu ﬁgghhgéﬁmo 037051627

PCT/ NL0240084he RdnandImpdr6alioratiairs®f mpromealyi zed1sACpRi ABFy cel | as

meant herein is a cell.that is nat derived fro . JQ be able to

gr ow P ndéfEhPRERyPea2 g fErY REIT! eoedesc?é) &5 %r Fgln?%gég in some kind.

| mor t al bzahicen ek Phi BRPYe 661 Be cRLIE omth ithet aedd sheOabhirepedsbyle

introduction of the El region of an adenovirus i,n.expressi bll(lﬁp{lpré’%i nto
nan

the cel | getborsr 1pedufnl &1t RRtRoCT Ml JdEa M EAEducreN ~6H°h

papi Il omayy &S g_'é'ﬁmangés and, B s esiens esi dovisantdia ogeloles sviaot roduct i on of
SV40 T antigen into the cells, nmutation of endogenous p53 of the 10 cells,

t r ansf ectindn owint hntonpbeandlas mmrat 5B ferr@dagaes @ePl 88 Alpreferred
PER CBTNESIGS ObTAN REAHL Hellr T bad 1o 6 rih U8 hi Bhe £°654 120, a0
descri beddin st.hat ppatented PERL C6TMeefds yry e sheehddpesilied caPrehRI ECACC
under nofo the present invention, PER.C6™, was obtained as described
e.g. in US patent 5,994,128; as described in that patent,
PER.C6™ cells have been deposited at the ECACC under no.
15 96022940. Briefly, human embryonic retinoblasts were
immortalized by introduction of the El region comprising E1A
and E1B of adenovirus, wherein the E1A gene 1is driven by the

human PGK promoter.

20 Immunologically active
Immunologically active in accordance with the invention means
capable of selectively binding to an antigen, wherein
selective binding is defined as binding with an affinity (Kd)
of at least 5 * 10E4 liter/mole, more preferably 5 * 10E>5,

25 more preferably more than 5 * 10E6, still more preferably 5 *
10E7, or more. Typically, monoclonal antibodies may have
affinities which go up to 10E10 liter per mole, or even
higher.

Bivalent multimeric antibody fragment

30 IgGs typically have two identical Fab regions, i.e. two

regions that bind antigen, and are therefore said to be

pivalent. An antibody fragment according to the invention is



15 96022940. Briefly, human enbryonic retinoblasts were imortalized by
introduction of the El region conprising EIA and E1B of adenovirus,
wher ei n tWe oBAfi9gene is driven by the hunman PGK pronpt er PCZINL02/00841

I mmunol ogi cal | y active I munologically active in accordance with the
invention nmeans capabl e of selectivelg binding to an antigen, wherein

sel ective binding is defined as binding with an affinity (Kd) of at |east
5 i 10E4 liter/nole, nore preferably 5 * 10E5, 25 nore preferably nore than
5 .10E5%%§%'%%r8’éfeirpre§?r(o%%'e%l@ _%ﬁ%h PELADES . cHY R GRl Iy fmrecbanal

anti bodi y have “affinities whi ch™go up to IOE10 liter per nole, or
even higherla@tyaltentranildn rbeitc madtpbedyhe r afheatoB0fundsl aWfpi cal |y have

two identical Fab regions, j.e.__two .regi t. bi Faan d

Fherefpr%CS%E?F?Q}¥ﬂf£Qﬁikﬂ4¥n.rﬁggegﬁFigg§§§?%£gn%ﬁt@§%2§$éingm¥§nthgre
i nventiopabp YO 034 951927 PEHMi0210684t205 demaintof dei¢ neeavyhol ecul e
whi ch retains the binding function, but :

: | acks_the_r eg i
ef f ect or ch@hRt | BRLS pa%ﬁﬁﬁ%h%ﬁyﬁﬂt%Eﬁ?#béagngﬁéﬁ§%§§9%§%%¢gﬁ%g SI?L: the

i nventi Oﬂnvéﬁk?@tlé&@%oérbecr@- {eniriahaconshantndosannioé ¢hetweavy 5
chain, nore preferably antibody fragments according to the invention |ack

E?Lg|22?h§i¥?rgﬂm§m 66hsﬁahﬂiﬂonﬁgﬁ§véﬂepﬁeanEéQ@QYQEE?%m?%E and C3). A
compr | S6E B B Bk B g SR ek Bindi g F gt on oDy sos a1 gnt chai n
10 and aphedyygchairiofis aghacit biwiicty biesdiong coagiréfcfny &xPRt @31 di mer
(I'edothgngegV¥e§Q§lc ;{%g rggméggitJH%JH %QBdﬁgﬁiQeGHSn may exist as
a dimer (i.e. the heavy chain fragment and the light chain are
bound to form a dimer) or as a monomer (e.g. in a single chain
format (scFv)). The bivalent antibody fragments according to
the invention are dimeric in the sense that the two binding
15 regions making up the bivalent antibody fragment are linked to
each other, although not via peptide bonds. The binding
regions may dimerise in different ways, e.9g. through one or
more cystein dependent S-bridges (sulphur bridges), such as in
the hinge regions directly attached to the Cl region of the
20 two heavy chains. The at least two independent antigen binding
sites may both bind the same or each bind different antigens.
Monovalent antibody fragments as meant in the present
invention have only one antigen binding site. One non-limiting
example of a monovalent antibody fragment is a F(ab')
25 fragment. The two binding regions may or may not be identical,
and may or may not be monospecific, meaning that both binding
regions recognize the same epitope with the same affinity,
whereas the former means it may recognize the same epitope
with different affinity or different epitopes.
30 A preferred bivalent dimeric antibody fragment according to
the invention is a F(ab’)2 fragment, which consists of two

identical F(ab’) fragments attached to each other through the



bound to forma diner) or as a nononmer (e.g. in a single chain formt
(scFv)). The bivalent antibody fragnments according to the invention are

di meri c iwotoh®s®ense that the two bi nding 15 regi ons naki RgTINLO2@4bi val ent
anti body fragnent are linked to each other, although not via peptide
bonds. The binding regions nay dinerijge in different ways, e.g. through
one or nore cystein dependent S-bridges (sul phur bridges), such as in the
hi nge regions directly attached to the C region of the 20 two heavy

chains. Jhe,q tcﬂaelahsthltﬁé\gé deperdent caat bgenshandy Ngwo ssiBshumy bot h bi nd
the sane or ‘each bind fferent antigens. Mnoval ent anti body fragnents as
meant i nbrhégps esiTure nhlenti on have only one antigen binding site. One
non-limting exanple of a nonoval ent anti body fragnent is a F(ab') 25
fragnent. The two binding regions may or nay not be identical, and may or
may not heconfogpesd fact iehnifganeatt bot h bi nding regions recogni ze the

sanme epitope 'th he_sanme affinit e difedray
recogﬁizghghﬁxéh R pttpET %; é%¥f§¥g%& g%f?%ﬁ?%ggpgf égeré%t(Zpitopes.
30 A prefieeneshnhpinel eny chaﬁﬂd{:dnnﬂummr¢steagnéabeéccboalng peoteie
invention is a F(ab')2 fragnent, which consis (ab")
fragment §raPERehedoeRt Bhch dtiHerS %mﬁdﬁﬁhafhéngﬁ g3f8£083?9§%7#%fd% 00841

16 heavy ;ghah Bqhi NS 1 894 aNsy by1 ane e Ut$11éa|f|OStth guhphatiohrofiges (Figure
1). A conjugated antibody fragment 5 The antibody fragnents oduced may be

| abel ed drséonj Dgatedn Wkt Hharke oilemne - (rTédHSoaHGrleP‘éioﬁéég%g PabeY, toxin,
pr ot ‘ig n gageﬁheéoﬁgﬁgé %d'@oté‘&iﬁg%l%\ép%%d 3t aghiant bbadigstamyobe

| abel I'ng so take t form of generatlon of a
1mmunoconjugates are meant to be included in this invention.
It is also possible to generate bispecific fragments, with
antigen binding sites situated either N-terminal or C-terminal
to the hinge region.

15 Radiolabels may be used in both imaging and therapy. These may
be alpha particle emitters such as Bismuth2l2 or Astatine2ll;
these have a very high energy but only a small range, so
bystander effects are minimal. Beta particle emitters are more
commonly in use; these include Iodinel3l, Yttrium90 and

20 Rheniuml86 amongst others. These have a lower particle energy
but a greater range, thus potentially causing bystander cell
death in a tumor mass. In addition, antibodies may be labeled
with cytotoxic moieties that kill the tumor cell upon
internalization. An antibody linked to a bacterial toxin,

25 calicheamicin, is currently on the market (Mylotarg; Carter,
2001). Other toxic moieties include maytansinoids (TAPs;
ImmunoGen), as well as immunoliposomes loaded with
chemotherapeutic agents amongst others. Cargo may also be any
number of proteins, peptides, drugs or pro-drugs. It may also

30 consist of a moiety to which a subsequently introduced

therapeutic may bind.



fusion protein in the cell-line. Thus antibody fragnments may 10 al so be
conjugated to other pol ypeptides, which conjugates or i nmmunoconjugates are
meant to weofnsieded in this invention. It is also possi pCe/Nlo2/geaer at e
bi specific fragnents, with antigen binding sites situated either
N-termnal or Ctermnal to the hinggyregion. 15 Radi ol abels nmay be used
in both imagi ng and therapy. These may be al pha particle emtters such as
Bi smut h212 or Astatine2ll; these have a very high energy but only a snall
range, s@.hystandel, effeciscatealli Bbngéne Peta paspdcl & ceminttibosliase nor e
commonly in use; these include |odinel3l, YttriunO a(?r}]I ZQCh%h%r%ihléq_,r&QG
anongst atderrssidRreddngive sorawer CpRr Piefe® et Yyt But'ra yreater range,
thus potent]al lyecaus] ndgr krodeashnj ntigud Wmdudm@ss. | n

addi ti on?%intsl%%f(ﬁcgessdnrrlg/%%gls}ogbgﬁeg%\%\j th cytot Joxi c noieties that kill the
tumor ceklllupen émterandldmst oellAnHaneiboeyisarrked o B HRAES 42% oxin,

25 cal i cheam cj is currentl.y,o r ( r Sh g, st i2Q301) .

Ot her3 t ox}%° r%}egw é%rc?ctne&Dusdgl%y{gghgﬁﬁgladéﬁ%%A%%l%lﬁn%ﬁ%n) . as well as

i mrunol i posones | oaded with chenotherapeutic agents anongst others. Cargo
may al so be any nunber of proteins, peptides, drugs or pro-drugs. |t may
al so 30 BohsPeEY of LT etRF Y WY ch a subsequent|ly introduced therapeutic

may bi ndp W0 034 051,927, RGI4MLR/A0ALcukBothpEetesnal sSbat heegotmntial to
generate bi speci fic anti bodies: one anti gen bi ngi nadd?mai ? can bind a
ARCet+E2

tunour cpkbitrhesbrbhieenal aedfonposddd 2peoRELRTH of “tel |, thus

| ndughng kLLLT g, Ofio L0 (3OSl Eeldon HamRdubRELSANhONC0E deagments may 5
al so i eP8 prot éins w nhanced anti-tunour characteristics,
encoding precursor forms of antibody fragments, as well as the
encoded precursor proteins themselves, including but not
limited to preproteins containing secretion signals and the
like, are included in the invention. The nucleic acid
15 sequences encoding the fragments of interest can comprise

introns or not. Similarly, it may be a cDNA or cDNA-like

nucleic acid, or a genomic fragment, or combinations thereof.

Sequences capable of driving expression

20 To obtain expression of nucleic acid sequences encoding
antibody fragments or precursors thereof, it is well known to
those skilled in the art that sequences capable of driving
such expression have to be functionally (also called operably)
1inked to the nucleic acid sequences encoding the antibody

25 fragments or precursors thereof. Functionally linked is meant
to describe that the nucleic acid sequences encoding the
antibody fragments or precursors thereof is linked to the
sequences capable of driving expression such that these
sequences can drive expression of the antibodies or precursors

30 thereof. Functionally linked includes but is not limited to
direct linkage. A non-limiting example of functional linkage

is for instance found in expression cassettes. Sequences



Anti body fragnment precursor Proteins can be encoded b recursor i
that require peritranslational and/or posttranslatio%a? nndif?cag{gaglnio
bef ore thworsabsmoe? protein formis reached. Nucleic acid ercoiNLogogsaecur sor
forms of antibody fragments, as well as the encoded precursor proteins
themsel ves, including but not |imtedgto preproteins containing secretion
signals and the like, are included in the invention. The nucleic acid 15
sequences encoding the fragnents of interest can conprise introns or not.
Simlarly, s i,y be & NG 16PNAcki keombuet 8j cerltankens andjeron c
fragnent,_or conmbi'nations thereof. Sequences ca 2 | e of driviqg expression
20 To obtake, eaapi&@n@ﬂaﬁlmlt@ie&eQ@i-dT%aﬁeﬁlagg gn@@)‘@r%ﬁs BT body

fragnentggéé%géqurfﬁﬁéﬁﬁégiﬁﬁﬁ"niﬂhé $.048l beknowanépeby h@sevsig | led in the

art that Nnces capa riving such expression have to, be

Lﬁggg: gga%ﬂ;]yeéa%@g «;ﬁl gkgdfmpelre&ibi \Acid isskegnesst heahueTei B et Pedddences
. ( e antibo ragnent s._or pr : ber gpf ipna
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anti body fragarnts 6btPleedrsioins tahrerecf siosrceakednebudhed ShEuEHtes

capabl e of driving expression such that these _sequences;can.dylyey

gxpreSS|@ﬁoéﬁfvﬁélﬁnt?Bpﬂ?%%r¥ﬁtﬁﬁeﬁﬁﬁ%%ﬁ% 56 ?%ereo?. iugct?onally'linked

i ncl u_deSTPg%_el 280LiLi il gdséQuetidecird igtkageabAenby- btanding exanpl e of

functional linkage 1is for instance found in expression casseftes.

SequenceseWnO@ne5192Ft PETE NEDRY 0oBI 18 WS {ithg eXPr&8si8h Ray i ncl ude

pLOUgherSUS gg%nggéﬁsag %Q?eréé%ﬁmnﬂﬁﬁquﬁgi&%%iQ@%u&ﬁ@rﬁﬁﬁmoﬂhES@mshould
obvi dtisl ¥ Capabl'e o unctioning in the host cell, thereby driving
derivative thereof or from an entirely heterologous prdmoter.
Some well-known and much used promoters comprise promoters
derived from viruses, such as adenovirus, such as the
adenovirus E1A promoter, promoters derived from

15 cytomegalovirus (CMV), such as the CMV immediate early (IE)

promoter, or derived from eucaryotic cells, such as

methallothionein (MT) promoters, elongation factor la (EF-la)
promoter. Any promoter oOr enhancer/promoter capable of driving
expression of the sequence of interest in the host cell is

20 thus suitable in the invention. In one preferred embodiment
the sequence capable of driving expression comprises a region
from a CMV promoter, more preferably the region comprising
nucleotides —-735 to +95 of the CMV immediate early gene
enhancer/promoter (CMVlong in Fig.2). This region comprises a

25 very strong enhancer (Boshart et al, 1985). We have found that
this CMVlong works particularly well, resulting in several
fold higher expression in comparison to the use of the
shorter, regular CMV promoter as present in e.g. the pcDNA3.1l
plasmids (Invitrogen).

30



expression of the nucleic acid sequences that are functionally 5 linked to
them Pronoters can be constitutive or regulated, and can be obtained from
vari ous sworoe®s1927 ncl udi ng viruses, procaryotic, or eucalPg¢diNILO2/8@UIcCces, or
artificially designed. These nucleic acid sequences are obtainable by
standard techniques that are well kngyn in the art. Expression of 10

nucl eic acids of interest may be fromthe natural pronoter or derivative
thereof or froman entirely heterol ogous pronoter. Sone well-known and

much use r P S € JH-0nBt ehshider i ved hesomyitusessndiah as
adenovirgg?{gﬁgﬁféi(% e JédenO\;airus E1A pronoter, pronnterixﬂgrrv d from 15

cyt omegalyowir raisd (@WIi visieh T st senchie pREEEPALEDRAIPY 19 E) r er, or
derived from eucaryotic cells, h t hal jot hi-ongtn KwiMI) i prrywters,

el ongat i ﬂOV%cY%rp%éf?%ﬁlﬁ%bfifﬁfg%bgg%.a%ﬁy pronot er or enhaﬁ%er/pronnter
capabl e 0findeéying pexpieiass antofiernte fequeheecelli ntee e8ethels he host cel

is 20 thus suitable in the invention. |n one r L OB, dihe
sequehceCe@pabie %WOWW@v?ﬁhF%&%%é%%ﬁ%ﬁfggﬁﬁfi égagﬁrggigﬁp8€$0n1a CW
pronot er . ARk §2PL &f T Akl ¥edhe deBgiren eanmpuirdhggcondéteonsdesn-785 to +95 of
the CW imedi ate early gene enhancer/pronpter ong.in_Fi . Thi s
regi on conpiinsesd bPonGERgAs Yoy iEnder %Soéﬁ%%e?pgﬁnli@ﬁsa%n have
found thﬁ&odﬁ@%%o 0G5 Wog ke partd ey deekl foesubtangei insever al

fol d higher "expression in conparison to the use of the sh05te% regul ar
CMW pronotieheas pobkientbontkes.on Her FdONARCEOLS) adfi-8E PRAGI r %%n). 30 WO
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meant to be included in the invention. In order to achieve
large scale {(continuous) production of recombinant proteins
through cell culture it 1is preferred in the art to have cells
capable of growing in suspension, and it is preferred to have

15 cells capable of being cultured in the absence of animal- or
human-derived serum or animal- or human-derived serum
components. Thus isolation is easier and safety is enhanced
due to the absence of additional animal or human proteins

derived from the culture medium, while the system is also very

20 reliable as synthetic media are the best in reproducibility.

In a preferred embodiment of the invention, an immunologically
active bivalent multimeric antibody fragment is a F(ab’)2
fragment. Expression of such fragments in eucaryotic cells has
25 thus far been found to be problematic, as mostly F(ab’)
fragments were produced in the described systems. We provide
here an immortalized primary eucaryotic host cell that is
capable of expressing such F(ab')2 fragments in a functional
manner in significant amounts.
30
Host cells obtainable from mentioned cells are derived from

the mentioned cells, for instance by introducing nucleic acid



grow and/ or divide. This can be acconplished by nethods well known to
persons skilled in the art, and includes but is not Ilimted to providing
nut ri ent swbas/ost9e7 cel | . The nmet hods 5 conpri se grow h adhecirmi.oe/oossur f aces,
grow h in suspension, or conbinations thereof. Several culturing
conditions can be optimzed by nmethodg well known in the art to optim ze
protein production yields. Culturing can be done for instance in dishes,
roller bottles or in bioreactors, using batch, fed 10 batch, conti nuous

syst ens, s hohdoued | hero WnOLRer ivBkRods11al | Thireaskn tige bech rmtatdéd i n t he

invention. I'n order to achieve Iarge scal e Scontin ous) ég duq%gon of
reconbi namy meored ngrouthrigudhec et Q1 LRFECTECE PP et Er rad T n it

e art to
have cel <':<§11§ap§\?&f %.:%PVH‘: drfdeS¥sRanskeni oANdlipotscpi@ierred to have
15 cel | s"¢capable 0

eing cultured in the absence of aninal- or
human- deelvetl sgotmt orn arvimals o cletdens depfvElestiben ERapbRieitS. Thus

i solation i asier_and safety i.s.en e t he.absgnce it
addit?on&Fegn?ﬂﬁll%ﬁr?éhﬁﬁp%n%ﬁégéﬁg %%g?igggggﬁgﬁgthe culture medium while
t he systgpitscal Spovetlye 20ursditablnreas ioynt Bettdcnedeacareidheabddt in

reproducibility. In a preferred enbodi nent .of the_in ti
ingunolo@Fééﬁp incthe e ot VAl Thtt ﬁﬂﬁ%ﬁ%@?lgﬁt9508§a¥$gg%§§?g?§hgjF(ab')2

fragment ; ,ExpregshOfe 06 ssigiy féaamnentsaiidn ceugar yeki capeble hasdebvitms far

been found to bé problematic, as nostly F(ab'ﬁ%ﬁ tragnggts merg Produced in
the descerbedssyenehsanyeepibyi ddt REeE HRONNSPLS FLedSpFrtary Eucar yoti ¢

host cell that s, ¢apab EXPLASST NG $4eR thGRNY) 2ekpagrenbs tana
funcf?ongﬁpr%%ﬁ%é? ?ﬁ giéﬁ??%%ant anounts. 30 ﬁostybells obt ai nabl e from

ment i onedbecekbslatedderived from the nentioned cells, for instance by
i ntroduci ng nucleic acid

According to a preferred aspect of the invention, the host
cell provided is a mammalian cell, more preferably a human

15 cell, more preferably a human cell that is obtainable from the
group consisting of 293 cells and PER.C6™ cells. PER.C6™ is a
human cell line capable of expressing proteins in a highly
reproducible, upscalable manner, as disclosed in WO 00/63403.
This invention discloses that PER.C6™ cells are capable of

20 producing immunologically active bivalent multimeric antibody
fragments when nucleic acid encoding such fragments
functionally linked to sequences capable of driving expression
of said fragments is present in the cells. Thus, according to

one preferred aspect of the invention, the host cell is

25  obtainable from a PER.C6™ cell.

The host cells of the present invention can be immortalized
primary cells. Nucleic acid encoding El protein of an
adenovirus can immortalize cells, and host cells according to
30 the invention may be immortalized by the presence of said El
nucleic acid sequence, such as is the case for instance in

PER.C6™ cells. Other embryonic retinal cells as well as



WO 03/ 051927 PCT/ NL0O2/ 00841 20 sequences into the nentioned cells. This
can be achieved by any nmethod known in the art to introduce nucleic acid
into celWwo,0398197 as for instance transfection, |ipofecti ®aT/NL02/00841

el ectroporation, virus infection, and the like. The method 5 used for

i ntroducing nucleic acid sequences in gells is not critical for the
current invention. Said nucleic acid can be present in the cells
extrachronosormal |y or stably integrated in the genone of said cells. Said

cell's ar SmgéBégcgs Of 1 G 1 ViYL XPIiGSSIreR 1t BASHENELY, chNt bprefenablin sai d
cells can drive 10 expression in a stable manner. Alternatively, expression
can be tbgupaesent Atwornihen ¢ FranmferEeceduadpeéP3orethe (Alention, the

host cell . provide .éé [ cel | i

Qﬂ@ﬁ, 168! |21 SIORBoRRELET A meg) 15 cel |,
nor e preF@ngP§l% gﬁna%gce a?ﬂis 06§§?ﬁagﬁe5fr§n1?%ggggggup %onsisting
of 293 calks aade PER:6TivhertdslzRERYCETM B gedhivmadrewl B Pﬂﬁ%iE%%able of

expressing proteins_ in a highly .r bl e, I , as
di scl ésed%ffﬁh\'?\f) 88/ %%403_.197%11 sblf%&re)hﬁ?'%éﬁ |(§lcjléjogpzes Vfle?ltb q:nC(E?SL'lEI'IM cells are
capabl e f;n20 ;REOEHEHNGa i aMROD| @gi xa) | BEFACIE™ ecdii Ml rente made meri ¢ ant i body

fragments when nucleic acid encoding such fragnments . .functionpally |inked t
sequencesheapabrEisrddANdi AGCERIRH eS| TR BT VE$aivd 1% &ﬁeﬁ%&yigeé?%gent in °

the cell's; INUS. 389" dbhgelO; Pref ey r athAspRGlororbheni avantion, th
host cel!lﬁé 5C8 ta?nableefréﬁﬂggaER.ég%NlcelI. The ﬁgét cells fﬂ;he °
present igweerthi 6actan bedﬁpﬁﬁﬁ@%¢$ze%ﬁpﬁﬁ%%ﬁ%%/WﬁﬁI@ECtNﬁéﬁéigEﬁcﬁé encodi ng

accorti ng A0 304N E ATErPY n any ey Ty (ol (2ed Byt e oy esance of sai d
El manner makes it very suitable for large scale pro uction.
Another advantage of the presence of adenovirus El region
nucleic acid as compared to cells lacking this sequence in the
invention is that adenovirus ElA as a transcriptional
15 activator is known to enhance transcription from certain
promoters, including the CMV IE enhancer/promoter (Gorman et
al., 1989; Olive et al., 1990). Thus, when the recombinant
protein to be expressed is under the control of the CMV
enhancer/promoter, as in one of the preferred embodiments of
20 the invention, expression levels of the recombinant protein
increase in cells comprising E1lA. Therefore, one aspect of the
invention provides host cells comprising a nucleic acid
sequence encoding at least one El protein of an adenovirus or

a homologue, fragment and/or derivative thereof functional in

25 immortalizing a primary eucaryotic cell.

The immunologically active bivalent multimeric antibody
fragments can bind to any chosen antigen target. Methods to
identify such targets and discover antibodies or antibody
30 fragments to such targets are well known in the art.
preferably, antibodies or antibody fragments are of human

origin, but obviously antibody fragments or antibodies can be



nucl eic acid sequence, such as is the case for instance in PER C6TM cells.
Q her enbryonic retinal cells as well as WO 03/051927 PCT/NL02/00841 21
ammi ocyt esotohaesidbave been inmortalized by El, can be usef RCTINLO20#831 pr esent
i nvention. Transformed human 293 cells (of enbryonic kidney origin, cells
al so known as HEK293 cells) also haveybeen imortalized by the El region
fromadenovirus 5 (Grahamet al., 1977), but PER C6TM cells behave better
in handling than said 293 cells. PER C6TM cells have been characterized

and docupented.extensingl ys whii e Ahey kehayee,sigei breashtyibettieror n
upscallngn suspensi on growt h and rowt h factor independence, Efpecially
the fact dikatoPER CBIMICDIeR| S TP be tﬁrr@@aﬁptﬁntéagpéﬁ%%hl?% % highly

reprOdUCggbgnFgaggggvgﬁggsvigrgggé@ﬁﬂy table for |arge scal e production.

Anot her age o he presence of adenovirus El region nucleic acid as
conpared to cells lacking this sequence in the invention is that adenovirus

ElIA as a_transcriptional .15 activat.or_. ranscri ption
fron1éer@£iﬁm?BP8£89éF§¥lYn%?EHY%gxpﬁgf%wb%?%ﬁé%ﬁgﬁggg %Egkbter (Ggrnan et
al ., 198%&395&13163 ﬁy.a EQQ@?)zTTMEgmeMmanckhekmegawUMQadtinpﬁ@V@r@lto be
expressed is under the control of the CW  .enhancer/pronoter in one of
the prefaievsd BHbo@SNEAESUBF20 tHEFT mvertion, “exXi5t g Pgnlﬁgggﬁédof t he

reco”bin?ﬂ%dﬁ%%&%h“mekﬂ%&§a§€_f@a@eﬂiEiﬁéﬁﬂaﬂﬂﬁ.ngtEhéulﬁhe@efore, one
aspect of the invention provides host cells conprising a n clei% aci d
sequence sEmtdingzay LeRer!ont EReprIteln W am ddenw S 6F 1% foml ogue
eucar otﬁgxbgFFéo$hg%i%#%ﬁo%ggéggé?fMggg?3296?32F§§¥kﬁﬂF%%ﬁLLftngn?iEghgary
characterized in improved ratios of produced F(ab’)2 fragments
over F(ab’) fragments, or generally improved ratios of
immunologically active bivalent over monovalent antibody
fragments. Thus, the present invention provides for the first
15 time a host cell expressing and secreting an immunologically
active bivalent and monovalent antibody fragment, and/or
precursor thereof, characterized in that the ratio of secreted
bivalent immunologically active antibody fragment to
monovalent immunologically active antibody fragment by said
20 host cell is at least 3:1, wherein the two antigen binding
regions of said bivalent active antibody fragment are not
linked by peptide bonds. It will be understood by the skilled
person that higher ratios are preferable. An example where

this ratio is even higher than 3:1 is disclosed in the present

25 invention.

According to the invention it was shown that it is possible to
recombinantly produce bivalent multimeric antibody fragments
and monovalent antibody fragments in a ratio of at least 1:3.
30 Use of a hinge region that is derived from IgG3 in F(ab’)2
fragments has been described to result in better ratios of

F(ab’)2 to F(ab’) fragments when compared to a hinge region



fragnents can bind to any chosen antigen target. Methods to identify such
targets and di scover antibodies or antibody 30 fragnents to such targets
are wel |l woeoasiva7the art. Preferably, antibodies or antiPbomLoRpEgnent s
are of human origin, but obviously antibody fragnents or antibodi es can be
WO 03/ 051927 PCT/ NLO2/ 00841 22 of othgr origins as well. As an exanple,
the present invention discloses production of F(ab')2 fragnents that
selectively bind to activated vitronectin. 5 An imunol ogically active

bi val ent jant i,bgdy fnaggent (Lewxena idfi.ed 19poa .Flahs) 2sf L agebntduearr be
produced in several ways, but as discussed, .there is ;;ilé ﬁ need for
i npr oved ther bdabt NeRPABT ABIBH BTN AF YW Fr ddreRCE SR 2hodl dPBE

parti cul %G:'i)ﬁ Eé‘l?f Y!Lni(%nguﬁ?é yold G hiosloselliscand regheds fiaradOIgedduction
of such rag%en wou e found that are characterized in inproved ratios
of produtedgE(abby2veraghenteasayerueds P cagReNEs PrdfIganerBF TS+ fipr oved

ratios of, immunoloqgically acti bi vahent santhgody
f r agmént SECFRESS PﬁgdBFjéééegrﬁtf%%%gsnté%ﬁéh%pgaﬁ%ﬁg%d?g?gt %e first 15 tine a
host cel |; expeessbng ppdrseabrt g ravd rrmsrolsogickald prideesvéobi val ent and

nonoval ent anti body fragnent, and/or r ecur sor. .t her . aracterized in
that the PEROVGtaPNsEEr Bt 2T IDI ?/‘é?{e‘?‘lt T S e R )ﬁ?&lid\%g gﬁfgi ody

fragment 1 Q¢ RRAQVaheNhet ABUBOL OISR | of anidnees sAnid Hodynblagieal by said 20
host cell is at least 3:1, wherein the two _antigen binding _regions of said
bi val ent aagtiiviee PafeiLEdEy 2PFafRRAT2 HFR" rﬂthqcﬁw%&a@‘%’gﬁt’i §é tha oIt owill
lejiau (aer\%ﬁ]hoeoqm}%y aktﬁeitg%?l! bhﬁgingeféﬁi'oﬂ@aér@iﬁhﬁ{ed dy en1ar ecpr ehepnbke. An
npl-e ere this ratiois even higher than 3:1 is disclosed in the
present bridges, in a much better ratio than achieved with the host
cells and methods described till now.
Therefore, in another embodiment of the invention, the two
antigen binding regions of said immunologically active
15 bivalent and monovalent antibody fragments are linked by one
to ten sulphur bridges, more preferably by one or two sulphur
bridges. According to one preferred aspect, said
immunologically active bivalent fragments are F(ab’)2
fragments.
20
Culturing the cells of the invention can be done according to
a variety of ways, generally known and described in the art.
Optimization of culturing conditions can be done to improve
the yields of produced antibody fragments, and to improve the
25 ratio of secreted immunologically active bivalent multimeric
to monovalent antibody fragments. Such optimization may
include but is not limited to the growth media and additives,
culturing temperature, time of growth and production phases,
culture dish or bioreactor type and volume, and the like.
30 Preferably, growth media lacking animal- or human-derived
serum or animal- or human derived serum components are used,

such as e.g. ExCell 525 (JRH) medium. Defined culture media



25 invention. According to the invention it was shown that it is possible
to reconbinantly produce bivalent multimeric antibody fragments and
nonoval erwoanmstetly fragnents in a ratio of at |east 1:3. PBO/NI®2oesiia hi nge
region that is derived fromIg& in F(ab')2 fragments has been described
toresult in better ratios of F(ab')2,to F(ab') fragments when conpared to
a hinge region WO 03/051927 PCT/ NL0O2/ 00841 23 derived fromlgGl (Leung et
al., 1999). This is likely due to the high nunber of sul phur bridges (11

potenti al , syl byl dges).diinkiapg thgokwo1ansi batytr pi nskiwgs raegl ons in an
| gG3 hlﬁﬁe. £€ﬁ£@er,'lncyé%séﬁ gunbergoof sul phur br?dge;ngzii?glly 5
decr easen pyloduep iainddvisl i of Tiey aperbads PagHEnPeReLhet 3t T9% therefore

preferable to have |ess sul r. brid f i 118 | I
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i munol ogireakly fasgmaret biaad ent bend swdadedlent anti body fragnents, of

which 10 the two antigen binding regions are linked by only few sul phur
bridges, in a much better ratio than achieved with the host cells and
nmet hods ggsgrbpggefféa Sved iHherefod ehel Anapothen, evrhedsatdt of the

invention, the two antigen binding regions of said_it [ [
15 bi val émnuandoabeaihy efttam i%\%’%Yggﬁéﬁfngngrgeafclengggggjf/&gln%ﬁé{%r ?gﬁll ve

sul phur Eﬁ%ggggg.ngﬁ pref enabl yiph ARe ehet watsul pliuchebdesiyesd Accor di ng
to one preferred aspect, sald |nnunolog|callé active bivglent fragnments

are F(abpraduﬁtagueans.meEQmMQEﬁiQK?ﬂ%%1§@ﬁi S0P CLHEENYBATT oA Rah” be done
accordln% to . . . .
10 eant to be included in the invention. Many methods are known

in the art for isolating and/or purifying, and some non-
limiting examples are filtration, centrifugation,
chromatography, including for instance affinity-
chromatography, hydrophobic interaction, size-fractionation,
15 anion-exchange, cation-exchange, and the like. In the example,
size-fractionation is performed to separate the F(ab’")2 from

the F(ab’) fragments.

Immunologically active bivalent antibody fragments,

20 exemplified by F(ab’)2 fragments, can be produced by protease
(e.g. pepsin) digestion of complete antibodies, but as
discussed this method has several disadvantages. Here we
provide a method that is capable of producing large quantities

of functional bivalent antibody fragments without the use of

25 protease steps.

It is another aspect of the present invention to provide
F(ab’)2 fragments obtainable by expression of said fragments
in a cell derived from a PER.C6™ cell. Such F(ab’)2 fragments

30 are efficiently obtainable in high amounts.

According to another aspect of the invention a crude



a variety of ways, generally known and described in the art. Optim zation
of culturing conditions can be done to inprove the yields of produced

ant i body wpagnermes, and to inprove the 25 ratio of secret@dTiNmownestogi cal |y
active bivalent multinmeric to nonoval ent anti body fragnents. Such

optim zation may include but is not liymted to the growth nedia and
additives, culturing tenperature, time of growh and production phases,
culture dish or bioreactor type and volume, and the |ike. 30 Preferably,

growt h ”?@b%a&é@Ebﬂgoénhﬂﬁimm&ﬂofagﬁﬁkxkyI@&ﬂivesahuﬁbaayaﬁrﬁ@henbrlﬁunan
derived Serum conponents are used such as e.g. ExCell éﬁg?l @Edlum
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art for ieF51o8kmeg tandror PORER T AGE S B ?gﬁp es are
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crude preparation are provided. Separation can be done
according to any method known in the art, including but not
limited to size exclusion chfomatography, affinity
chromatography, anion- and/or cation-exchange, centrifugation,

15 filtration. It will be clear to the skilled person that

separation methods based on mass or size of the fragments are

particularly useful for this purpose.

Also included as an aspect of the invention are pharmaceutical

20 compositions comprising an immunologically active antibody
fragment, preferably a F(ab’)2 fragment, according to the
invention. Pharmaceutical compositions may include or not
carriers for administration of the desired material to humans
or animals. Such carriers can include but are not limited to

25 salts, sugars, proteins, lipids. The administration of
pharmaceutical compositions can be done in a variety of ways,
which are not critical for the present invention. One non-
limiting example for the use of pharmaceutical compositions
according to the present invention comprises the

30 administration of a F(ab’)2 fragment with a desired
specificity in the form of a pharmaceutical composition to a

human for imaging purposes, for instance to locate a tumor



| mmunol ogi cally active bivalent antibody fragnments, 20 exenplified by
F(ab')2 fragnents, can be produced by protease (e.g. pepsin) digestion of
conpl et e wWotBlosees, but as discussed this method has sePeraiL02/00841

di sadvantages. Here we provide a nethod that is capable of producing |arge

gquantities of functional bivalent ant%pody fragnents w thout the use of
25 protease steps. It is another aspect of the present invention to provide
F(ab')2 fragnments obtai nabl e by expression of said fragnents in a cel

deri ved (f.om .PER COIMER) o e hF@lld) 2 (bbagnertaqdOnar e efficient !y
obt ai nabl'e"i'n ﬁlg anount's. ~ According to anot her aspect of the invention a
crude WORGBAO53927t PG/ NEOR(S9LL fr2Bmeréparactiiehbsr aRCPRAMDI byl Iy

active antibo fragment is rovide t ai_nabl ds according to
t he inveﬁPWSngﬂp ggﬁdgh%¥%ﬁﬁ§éﬁ? ﬁ“%%?gghgfuggsgh Xé%?%ggé medi um used to
culture the cells, and any preparation conprising the 5 i munol ogically
active antibody fragnents sone re in the process._of _purlfyi t he

desi r éd ﬁ&téﬁiéPPtPﬁraaﬁP%?Er?gggh%hﬂﬁﬁi ,tgapéoyﬁ%ﬁnﬁlg%¥%§ ly active
anti body fsl.3gieRtS 5 REANEESECE AR NZ BNdH alivenfiagnenhe. veatanovhet
preferred aspect of the invention, theIggab')Z fraagent obt ai nabl e by 10
separ at i mpmpiré SE( AYR) entpdgReny Bl f roth Bgh' DI FPERCE P fRe  crude

preparat i AL RO P" Bﬁggsgalﬁp%ﬁ%w&&@w@ﬂwe VHACGQr ¢ihagvheiapye et hod
;o udi

known in%the ar ng but not Iimted to size exclusion
chr omat ogreaploy, odf fthei hpavghcoaat pgrapSHl afi dfhe dddsér ceastdRtexchange,

contryf gston, 21 LS om L8 11 LSbe ) oo daabie skl edper son

hinge region is situated just behind the CHI1 region and is
generally the part where the two antigen binding sites of an
antibody are linked via cystein-dependent sulphur bridges. The
vector also will comprise DNA encoding VL and CL region of an

15 antibody, optionally comprising an intron. VL and CL are the
variable and constant region of the light chain, respectively.
A vector is a DNA sequence capable of replicating in host
cells, and can but need not be a plasmid, phagemid, phage,
yeast artficial chromosome, and the like. It usually comprises

20 at least a sequence responsible for replicating the DNA in a
host. Preferably said vector also comprises selectable marker
DNA, conferring to the host cell in which the vector is
present the ability to grow in the presence of a toxic
substrate or in the absence of an otherwise essential growth

25 factor. Preferably said vector comprises replication signals
for propagation in a microbial host, so it can easily be
obtained in quantities that are practical. The region
comprising DNA encoding VH, CH1 and hinge region (heavy chain
fragment) may be of genomic origin, or can be cDNA in which

30 artificial introns are optionally present. The same holds for
the region comprising DNA encoding VL and CL (light chain
fragment) . DNA of said VH, CH and hinge as well as for VL and



particularly useful for this purpose. Al so included as an aspect of the
invention are pharnaceutical 20 conpositions conprising an inmunol ogically
active arnwpboedy192fragnent, preferably a F(ab')2 fragment, pazoawdiesgito the
invention. Pharmaceutical conpositions may include or not carriers for ‘
adm ni stration of the desired material,to humans or aninmals. Such carriers
can include but are not limted to Zézsalts, sugars, proteins, lipids. The
adm ni stration of pharnaceutical conpositions can be done in a variety of

vays, = whjchareanel Gfidigala fOnkhe 1kesentnhBVEst on heley ot d i miting
exanpl e Tor the use of p armaceut i cal conpositions according to the
pr?ﬁentdlﬂghnéchmumxﬁﬁﬂnsnﬁinﬂﬂ@HS@r@@NFﬁiéﬁrﬁPF@ﬁdothcﬁ(%ﬁpﬁz fr agnent
Wi a desjre specificity iy.t farm : ' HOFPOSid i on to
a hunans?%+cfﬂ%g Y ?ﬁn%ﬁ%&ﬁggﬁﬁgfli%gtgﬁggﬁggﬂgggggggéifﬁﬁ%r V[)O§%051927
KST_/ NLO24 0084ty %ﬁjtdﬂalid;hat sl ot ifrelgyneldundebpesaite Ey abPY2 ¢Re@fekT .
mnistration of F(ab')2 fragnment pr.oduci bl e, acgaordi t i venti on
for tﬁer@ﬁ%ﬁ?FEobﬁr%%s%%lqngéaﬂ?q§§S§FbF§én§ F %g gh%?ﬁégdagﬁégégof t he
invention,{,@nPEENI OBhd WeLFPrandisefgit iohad nmetrhgdeatcondodgng oblihe

i nventi on. The vector will conprise DNA encodi ng VHL, CH1 d hin i
of an amebbeody, Popfeomaly el i ANERSY WEEITS FRe @g??]élm ge iigl 82

of the h8§¥¥e§nagﬂcoéﬁg Ghlla i sudiheHdd Sin Genshamtisienr pgbesinfishe heavy
chain as“present 1n conplete 1gG The hlnae region is sjtuated just behind

t Ihteeg-%f eegbdzdﬂnﬁlgid srar???alpcat kae e gsartt- WAGr enerelingo taft M§EKY bi ndi ng
vect df aFESi 'Efag%ﬁ%Fi%%dERﬁ#é%%%ifﬁgyéﬁﬁggaggfe?ggﬁﬁn§g%8§ﬁﬁtbEhgges' The

each be operably linked to a CMV promoter, such that said CMV
promoter is capable of driving transcription of said DNA in a
suitable cell, described in the invention. The CMV promoter is
a strong promoter useful for driving expression of recombinant

15 proteins to high levels, as for instance described in US
patent no. 5,186,062. The CMV promoter as used herein
comprises nucleotides -735 to +95 of the major immediate early
gene enhancer/promoter, wherein the nucleotides are numbered
relative to the transcriptional start site. This region

20 comprises the enhancer and promoter of the CMV immediate early
promoter, and the person skilled in the art may make
substitutions, insertions and/or deletions in this region, and
test the promoter for usefulness according to methods known in
the art, and use such a mutated CMV enhancer/promoter

25 according to the invention without departing from the scope of
the invention. The use of this promoter further has the
advantage that El sequences as present in host cells according
to the invention can augment transcription rates from this
promoter. Furthermore, both DNA encoding the heavy chain

30 fragment and the light chain fragment can be operably linked
to a polyadenylation signal, preferably from the bovine growth

hormone gene. Such a signal is useful for conferring good



15 anti body, optionally conprising an intron. VL and CL are the variable
and constant region of the light chain, respectively. A vector is a DNA
sequence wapabsw2pf replicating in host cells, and can bwCcTmasdorsst be a
plasm d, phagenmid, phage, yeast artficial chronosone, and the like. It
usual Iy conprises 20 at |east a sequenge responsible for replicating the
DNA in a host. Preferably said vector also conprises sel ectable nmarker
DNA, conferring to the host cell in which the vector is present the

ability %81258%&&1{:9@1PJS?Sﬁ{'&ecﬁn&ﬂi@tisq reubstrateiarbebtthe absence of
an otherwse essential growmh 25 factor. Preferably said vector conprises

repl i cat itornsiighabs ahdrheropagathishah recerbiaBnsl PRESECtsELPtdtalf Rasi |y

be obtained in i.ties € ¥ act i3l 4sEhe ragiaR oeeBPhtsi Nng DNA
encodi nge\‘/ﬂ,' &ﬁiggﬁgé%i 'lrLllgeUé |%%{(hrg%v§'chai'n ragment ) ﬁay be of genom c
origin, anveanibe, ciblihanewhedicd) @y tifdddiigle iam egagParewbprroRat| y

present. The same_holds for th i cQ i Si n hg-VL and CL
(1ighf cR&tAPC Vaaﬁﬁiﬁ“??lf: n%?gescg?% &r}ﬂe drépcléfr? %ﬁg[)gégg %EF g% for VL and
\é\Dt g3/ Oﬁﬂ%émng/sNthEﬁOﬁgﬁéﬁt?x?ega shoulib ke tivasiech va teconstelihat Ron t hat

oth a heavy and a |ight chain transcrjiption product is fornmed which

spli ci ng o®aAHE tPahBPafkd LAt PEIAM I o VS’r&‘?]Q 6&8&9&?%%‘3 Shﬁle;vyuggg

a light chain,f %@(Q”@HEOdE?%H?CW{V&!ﬁ'-Vwcﬁﬂﬁgdihﬂﬁc& ple@eufisaesthe said
fragments is neant to be inclTuded in the 1nvention. The heavy and |ight

chai n fragriBmenescedi Ao of ebhense Pt Eraint SR TREfER tant i body
encoddd ) oy KBTI BBt oI ecodi N o oy 10 Sharh fr agnent
and DNA engddingg offthénkiegkttchaenkfivegnenttiozge in the art. These
include but are not limited to obtaining such DNA from
hybridoma cells or for instance by phage-display. Said
fragments can then be cloned by standard techniques either
15 directly or via extra steps into the vector of the invention.
The vector provided in the invention is particularly useful
for use in the host cells of the invention, as we found that
it can give rise to high expression levels of the desired
proteins.
20
The invention also provides a plasmid useful for expression of
recombinant proteins in host cells in general, plasmid
pcDNA3002 (Neo) fig. 2, deposited on December 13, 2001 at the
European Collection of Cell Cultures (ECACC) under number
25 01121318. We have found this plasmid particularly useful for
expression of multiple proteins and dimeric proteins,
including immunoglobulins and fragments thereof in the host
cells of the invention. The DNA encoding the protein(s) or
fragments of interest can be cloned behind the CMVlong
30 promoters in this plasmid, by standard techniques well known

to persons skilled in the art.



each be operably linked to a CW pronoter, such that said CW pronoter is
capabl e of driving transcription of said DNA in a suitable cell, described
in the invenBiosr®27 The CW pronoter is a strong pronoter ®seMNo2fhes1driving
expression of reconmbinant 15 proteins to high levels, as for instance
described in US patent no. 5,186, 062. Zhe CW pronoter as used herein
conprises nucleotides -735 to +95 of the major imedi ate early gene
enhancer/ pronoter, wherein the nucl eotides are nunbered relative to the
transcriptional start site. This region 20 conprises the enhancer and

pronoter of the CW, i diate earl romter., -and the peLs9peskilled in
the art WﬁylhﬁﬂétrgﬁﬁgFg?u%?%ﬁﬁf ?%Eeréﬁg%QQQW&?gredelgtions Th this
region, apdvitieal hbe proshied forlimsief uhressopecofdihg tovartherls known in

the art, and use such a nutated CW. enhancer/pr,onpt 2 - ing to the
i nvent i oRNG ?ﬁéeﬂlaépérFPﬂﬁl?F%n§?Wﬁ??§§nﬁ§ &Faltﬁg ?h&e%??gﬁsa he use of

thi s BrongLerchuct Behshagutie; advaniage thamdic sequenedsagsipsssent in
host cells according to the invention can augnent transc%hgthgﬂarates from
this proemstigrtefurihepreetinpeth TONBhESH FFARE SHcavy i'M°30 fragment

and the I%q L c%gbgﬁgggggewggcggoﬁg anersdr IJuiked cattaoa pakyadenyl ati on

si gnal , ﬁre era romthe bovine growmh hornone gene. Such a signal is
usef ul f afiteonkerinrpigdodgWO-DBY DEN 92T HET/MVR/GOS4 PrOEg LS| Yadenyl ati on
of the transcripts, resulting in better translation and hence in higher
reconbin&WPOBF55ﬁ§deields (as e.g. disclosed in US patent no. 5,122, 458).
In thg present invention, we have reduced to practice an exanpl e where the

5 anti body fragnents encoded,bé t?e vect or, can_f Qﬂ%f(ab')Z fragnents that
sel ect i vélspled 1t-0 CREEEVAEEYOVI PF orERET o+ AL VE© :

An expression plasmid was generated which encodes both the
light and heavy chains of an IgGl antibody that recognizes
activated vitronectin (as disclosed in EP 1130099). The DNA

15 encoding the antigen binding region of this antibody was first
isolated from a scFv phage display library and a leader
sequence and constant regions were added prior to cloning into
the expression vector pcDNA3002 (Neo) (Figure 2). The
expression vector pcDNA3002 (Neo)is deposited on December 13,

20 2001 at the European Collection of Cell Cultures (ECACC) under
number 01121318. The resulting plasmid'is pVN18LcvHcv (Figure
3), which is deposited on December 13, 2001 at the ECACC under
number 01121320. In addition a plasmid was constructed which
contains an intact light chain and a heavy chain which is

25 truncated immediately after the last translated codon of the
hinge region. This was followed by a sequence encoding a 6
Histidine tag and then a stop codon. This plasmid,
pVN18LcvHcvHis, can express a F(ab’)2 fragment (Figure 3), and
is deposited on December 13, 2001 at the ECACC under number

30 01121319. An additional plasmid has also been generated for

F(ab’)2 production that does not contain sequence encoding a



obvious to the skilled person, the VH and VL regions of the vector can
encode any VH and VL region, which determne the antigen specificity of
the resulworg/osrei body fragments. 10 Methods to obtai n DNRCIRGUeNESEs
encoding VH and VL conprising regions of interest are known to those in
the art. These include but are not ligited to obtaining such DNA from
hybri doma cells or for instance by phage-display. Said fragnents can then
be cl oned by standard techniques either 15 directly or via extra steps into

the YECt%&FQEa heP%8¥§@&£Q§-weﬂg“béﬁﬁaﬂﬁédp%%%bdedaﬂmytBe taventhen irs
particul arly usefu for use in the host cells of the invention, as we
found t h&embirpokaangi Resse sk, t40hi gh expression level s of the desired
proteins. 20 The invention also provides a plasmd useful for expression of
recombi nant proteins in host cells in general, plasmd pcDNA3002(Neo) fig.
2, deposickedranibecefbpyN18L.c?ROl atd tthall 8Egviisadi sCol | ection of Cel |

Cul tures (ECACC) under nunber, 25 01121318 ve i I i;d
parti cul é(&“lrfraﬁ &f HEFGH® e%%rtél%%i gﬁgé% %ﬁldt i\%ae pr%}g%ﬂr}g g?d%gigneaaﬁmé
pr ot ei ns y1 tiragkddi Ay hAREBEgYObutias Andl frahmeften t her edfaden tHeHEM

cells of the invention. The DNA encodi ng .t he pr.otein(s)_ ar I, ts, of
i nt er est 1ld&¥ape -cIToeEG B@rﬁencﬁecﬂ?éa%ﬁglyo%&oﬁdpﬁgr?@t é’ﬁesgqoﬁst ﬁ{hsl%%rgagnﬁ%d, by

st andar d hRi aues, jael |k to Kinl] . -
5&%% ! QML 1)t O RRfBARSsSKialtl edHen threceamtiniWO G3/d051927
PCT/ NLO2/ 00 4%] 29 To illustrate thg%irnvention, the faol | owi ng exahE | es are

provi ded,comottainit ergégnsoali fhe Checseepe of the Trvemtitic: TANA ing a
Conplﬁtej%p%hgggﬁd%sVweb&l%saEBeVﬁn§N9§d¥omprising the light and heavy
chain respectively. The light chain of the anti-vitronectin IgG
is a kappa type of chain. This will be present in both
expression plasmids and so  was inserted first into
PCcDNA3002 (Neo) . Plasmid VL VN18 was used as a template for PCR
15 of the kappa light chain and to include convenient restriction
sites (for general molecular cloning procedures, see e.g.
Sambrook and Russel, 2001).
Oligo EO0O1: CCTGGCGCGCCACCATGGCATGCCCTGGCTTCCTGTGG
This is homologous to the start of the translated sequence.
20 The start codon is in bold; Kozak sequence is underlined; the
AscI site used for cloning is in italics.
Oligo EO002: CCGGGTTAACTAACACTCTCCCCTGTTGAAGC
This is homologous to the non-coding strand at the end of the
translated sequence. The stop codon is in bold; the Hpal site
25 used for cloning i1s in italics.
Using these oligonucleotides the 1light chain was amplified
using Pwo polymerase as a 1.3kb fragment, digested with AscI
and Hpal and ligated into pcDNA3002(Neo) digested with the
same enzymes. The resulting plasmid is pVN18Lcv (not shown) .
30 Two forms of the heavy chain were then inserted into this

plasmid to generate either the intact IgGl molecule, or the



5 fragnents constituting a F(ab')2 fragnent directed against activated
vitronectin was cl oned and expressed in PER C6TM cells, expression was
shown andwefoBesiopuri fication the vitronectin-binding act iPeirmNLoahosthe
resulting proteins was denonstrated. 10 Exanple 1. Construction of
expression vectors. An expression plasm;d was generated whi ch encodes both
the |ight and heavy chains of an 1gGl anti body that recogni zes activated
vitronectin (as disclosed in EP 1130099). The DNA 15 encodi ng the antigen
bi ndi ng regapn) of firthgseandt i bodymnasvhi vat s weel aled faomatsnblapbager
display library and a | eader sequence and constant regi ons were added
prior to EPBnF%@l}ﬁ%%at%W%-expression vect or pcDNA3002( Neo) (Figure 2). The
expressi on vector pcDNA3002(Neo)is deposited on Decenber 13, 20 2001 at the
Eur opean Col l ection of Cell Cultures (ECACC) under nunber 01121318. The
resul ti ngFprasnpacdigchimi8Lcofcv {@ gurietadt wHidH i s d&sosi fedlening

Decenb;r é§i8899%136¥%%g%h|c LHQQ@r nunber 01121320. In addition a

pl asm d was construc cont'ains an intact light chain and a heavy
chai n whi EROBs QGAGEFANCATEAGIAMEHCAMTECOLCAGGETTCREGITESt transl at ed codon of

the hingg, regi.on.. This was foll owed sequence, encaodi a_6 _Hstidine
tag and tﬁ%ﬁsalgtgﬁqﬁﬁﬁﬁﬁuﬁTﬁ% P%sﬁgéf% P i@f%vﬁé@ﬁfg?g%gnsg uFSé%'a
F(ab')2 fragmentr{Fcgupa 3}, iandolbs depasi seduencbecenbexiet3din20Pltat the
ECACC under nunber 30 01121319. An additional _.plasm d has al so been
gener at edBFBEL B 59 Y2ePr bt iBH hadtS dded FAGE CEont ai n sequence encoding a

WO 034951086 4 PQEANROZE PA8SEcA B AdcdagacReeegdntes were perforned
essentially as described in
This is homologous to the non-coding strand at the end of the

translated sequence. The stop codon is in bold; the Nhel site

used for cloning is in italics.

Using these oligonucleotides the heavy chain was amplified
15 using Pwo polymerase as a 2.2kb fragment, digested with BamHI

and NheI and ligated into pVN18Lcv digested with the same

enzymes. The resulting plasmid is pVN18LcvHcv.

For generation of the His-tagged F(ab’)2 fragment, the
20 following oligonucleotides were used to PCR the heavy chain

fragment from VH VN18:

E003: GGAGGATCCGCCACCATGGCATGCCCTGGCTTCCTGTGG

This is homologous to the start of the translated sequence.

The start codon is in bold; Kozak sequence is underlined; the
25 BamHI site used foricloning is in italics.

E005:

GGATGGCTAGCTCAATGGTGATGGTGATGATGTGGGCACGGTGGGCATGTGTGAGTT

This is homologous to the non-coding strand at the end of the
translated sequence. The stop codon is in bold; the Nhel site
30 used for cloning is in italics and the sequence coding for six
histidine residues forming the His-tag is underlined. Thus the

amino acid sequence at the terminus of the heavy chain is:



Sanbr ook and Russell, 2001. Ceneration of pVN1l8LcvHcv and pVN18LcvHcvHi s 5
Vari abl e regions of the light and heavy chains of the anti- vitronectin

ant i body werwg/of®et ated from a phage display library. ThegeTmawgosapar atel y
cloned into vectors while also adding |eader (signal) sequences at the
N-termini, and constant regions at thes-termni of the two chains,
resulting 10 in plasmds VL VN18 and VH VN18 conprising the |ight and heavy
chain respectively. The light chain of the anti-vitronectin IgG is a kappa

type of charrocilissSewchkabprpsesem siirdeditro U esgiodn spliagisdssangHs0 was
inserted fdgishp i nto pcDNA3002(Neo). Plasmid VL VNI8 was used as a tenplate
for PCR 15 of the kappa light chain and to include convenient restriction
sites (for general nolecular cloning procedures, see e.g. Sanbrook and

Russel , 206BLp9 O-N§se EODY: I CCFASOEEEEsACEAT GBERTOCCEIetET TECTSITE: THisS i s
homol ogous, {9 itheStaidn Y1 LNE o ranshet€d; sequenaey, 20418 StalLLcoden 1S
in bold; Kozak sequence i's underlined; the Ascl site used for clgnlng i's
initaliceol@megesEQO2di GCRGEET TAACTAACACIICTEBECTIBTTGAAGE Thiigatsd hamdlcogous
to the nons i .ran t t d of the _translated sequence. -The .sfop
codon i 5 Piiaerar Fatasal siP B58 Bemb"For thfini R nO T RLET it e 0F
t hese ol i genpoNesticdasviihe.l i ght chain was anplified using Pwo pol ynerase
as a 1.3kb fragnment, digested with Asc] and Hpal and ligated into
pcDNA3002(T|Q€o)Sg%‘?‘beé§’cee% R t A Oeh SN SRRV SIAFRES RITHE TR t 7Y FPA¥RI &1 s
PVNL8LgV (sQfureRown). 1380 Two forns of the heavy chain were then inserted
into this plasmd to generate either the intact Igd@ nolecule, or the WD
03/ 051927 PCT/ NLO2/ 00841

Example 2. Transfection of PER.C6™ cell lines and production
of F(ab’)2 fragments
Cells were transfected with either pVN18LcvHcv or

15 pVN1l8LcvHcvHis by a lipofectamine based method. In brief,

PER.C6™ cells were seeded at 3.5 x 10° cells per 96mm tissue
culture dish. For each dish, 2ug plasmid DNA was mixed with

10pl lipofectamine (Gibco); this was added to the cells in
serum free DMEM medium {(total volume 7ml) and incubated for 5

20 hours. This was then replaced with complete medium. The
following day (and for the ensuing 3 weeks) cells were grown
in DMEM in the presence of 0.5mg/ml Geneticin (G418) to select
for clones that were stably transfected with the plasmid.
Clones secreting high levels of monoclonal into the cell

25 culture supernatant were selected by an ELISA assay. In brief,
wells of a 96-well plate were coated with antibody raised
against Ig kappa light chain. After blocking with a milk
solution, samples were added to wells at varying dilutions and
incubated for 1 hour. After washing, detection antibody

30 (biotin-labeled anti-IgG) was applied for 30 minutes. After a
further washing step, this was detected by addition of

streptavidin-horse radish peroxidase, followed by a final wash



31 F(ab')2 fragnent. Plasmd VH VN18 was used as a tenplate for PCR
anplification. For production of the intact I1gGlL, the following 5

ol i gonuclwotmdem2mer e used: E003: GGAGGATCCGCCACCATGGCATGECUNBEGZIBICT GTGG
This is honol ogous to the start of the translated sequence. The start
codon is in bold; Kozak sequence is undgtlined, the BanH site used for
cloning is initalics. 10 E004: GGAT AGCTCATTTACCCGCGAGACAGGGAGAG This is
honol ogous to the non-coding strand at the end of the translated sequence.

The stop codPhkd®E diknb@disubRe rhhel ospheny Used d QmiGlOR it drddni olrtiakl. cs.
Usi ng these oligonucl eotides the heavy chain was anplifie 15 using Pwo
pol ymer asHs RPYY. ZIoH PRAFREAPT 1R §edt BTt 19A BangomRATE ThePtdra Ll | gat ed
into pVNL8LGVsdi t ed Wit b ithergape feglz]y]qgaj The Jeapldingplasmd is
pVN18LcvHcv. SFlo Ejélzcne(réa\tp{;monlt(#l Fﬁg H?s-tagge Iﬁrg%i'% frsrétléarrer?t, the 20

f ol | owi ng Ble gorucirediicdesy wépreeasédomnoe @GR 1t temn dtevhyi awhailiyG foragnent from

VH VN18: Y, TOOG@‘ECA TgSCA (I%%:IGGCTTCCT.GT Thi s i s honol ogous
to the%stggea%of) he%%t%rear?sel gtcgcé\seaﬁe%%a erI'haenasjt > 'ﬁ ot G <5 *bol d;  Kozak
sequence imtwerigaed; thene251Bankhdsti® used for cloning is initalics.
E005: GGAT%:F GCTCAAT GATGGI TGATGI GGGCACGGTGCGCATGTGTGAGTT  This is
horol ogous” {8 t'fe non- cofitgest raRd2ae tHe end of the translated sequence.

The stop cogidis don J0lagic ibbayNRg! p&tE6rdly Usedsd Qln ot R di%id. NThtal i cs
and the sequence coding for six histidine residues formng the H s-tag is
under | i nedhermfhayeat cells in tissue culture flasks were washed with
10 PBS, then ExCell 525 medium (JRH) was added and the cells
incubated for a further 4 days to allow secreted antibody to
accumulate in the cell culture medium. A sample of the medium
was electrophoresed on reducing SDS-PAGE (Figure 4). The heavy
and light chains that comprise the intact, secreted antibody
15 are the predominant protein species. The truncated heavy chain
of the F(ab’)2 fragment is present at a lower concentration
than either the light chain or the intact heavy chain of IgG.
The material was then purified: intact IgG over a Protein A
column and F(ab’)2 fragments over a Protein L column (Protein
20 L binds kappa light chains). Purified material was dialyzed
into PBS and then analyzed by gel filtration on a HiLoad 16/60
Superdex 200 column. The results of the gel filtration for
clone 243 (intact IgG) and 118 (F(ab’)2) are shown in Figure
5. The results are identical as those seen for clone 125 (IgG)
25 and clone 195 (F(ab’)2) for which data is not shown. Intact
IgG runs as a single peak with elution time 67.18 (as expected
for a protein of 150kDa). The F(ab’)2 fragment runs as two
main peaks; elution times suggest that the first is F(ab’)2
and the second is F(ab’). This was confirmed by
30 electrophoresis over non-reducing SDS-PAGE (Figure 5).
Subsequent purifications indicated that the ratio of

F(ab’)2:F(ab’) often is better. This is shown in Figure 6,



am no aci d sequence at the term nus of the heavy chain is: W 03/051927
PCT/ NLO2/ 00841 32

G uPr oLysser@ps®epLysThr Hi sThr CysPr oPr oCysPr oHi sH sHi sHi sICTHiL02s@uop Usi ng
t hese ol i gonucl eoti des the heavy chain fragnent was 5 anplified from
plasm d VH VN18 as a 1.3kb fragnent using Pwo pol ynerase, digested with
BamH and Nhel and ligated into pVNLl8Lcv digested with the sane enzynes.
The resulting plasmd is pVNL8LcvHcvH s. The sequences of the

ant i body- engoidi Np1 edicons 1aBe shews tRe AOr&d@td®s & -F (0’ )Bxanpl e 2.
Transfection of PER C6TM cell |ines and, productjon of F(ab')2 fragments
Cel I's wer & t3AnsfE& & Witk @iztﬁhéFSB?/ﬂfiég%lﬂ’—bvsH?lll@ AR MEFE 169 a
|'i pof ect andiies hasedrinet hod donshriets 1RER LB TM el lisyere seeded at 3.5 x
106 cells per 96nmtissue culture dish. For each dish, 2g plasm d DNA was
m xed wi t i'ha BEFiqgemest & RENCERBCEY; 2R hi $eMae adiRie e ndte foal liategt

serum fg eer IVEN hum (ol pvel upg. 794, ) [ é{Tq_ajt f hours.
Thi s was ﬁen’ reﬁ%gc)ed av(rﬁ ttﬁa(gongl et eeng%%hm h&e]é: o%)bma%o%aéﬁ(sand for

t he ensui ngpFakelgs)insdl lastimadedr vnhronacOMEM thug hel tpreseride ofas0. 5ng/ m
Geneticin ((A18) ta select . for clones that r bl ransfected with

t he pl asm’éﬁrl e&é\é"éfl gélérsetfioﬁéﬂ ﬁgaﬁoﬁ%%? %J\fN'e’rme]h%é: on%ﬂ& S E‘ré’ Bf 25
cul ture supsrnatata We-eredal ected . bypan &h| S IS Sa 11 Hr itefe 1geekhs of a
96-wel I pl a&a were coated with anti bogﬁ?rai sed. against |g kappa |ight

chain. Af tler¥bl'gcKIFg it h T& O FRO SoFteTen’ SHffeLWere Sddddto wel s at
va:ylb nga did it oS ranRd whewhat edef e ald’ NoMs e A erpashivil Wdeteell-@in
antl bo
y approximately 100-fold less efficiently (Figure 7). This
indicates that the F(ab’)2 produced by this method does indeed

bind antigen with equal avidity as the intact divalent IgG.



30 (biotin-labeled anti-1gG was applied for 30 mnutes. After a further
washing step, this was detected by addition of streptavidin-horse radish
per oxi daswp oBos19eived by a final wash WO 03/051927 PCT/ NLO2PCOMOG42/00838 and
addi ti on of substrate O-phenyl ene di am ne di hydrochl oride. Antibody
concentration was determ ned by conparing optical density at 492nmw th
that of a known anti body standard. The top producing clones from each
transfection (IgGor 5 F(ab')2) were selected for further analysis. These

were: | nitBeiet esdipicion ¥ amed B43dukéab’ ) 2: clones 118 and 195
Production of antibody is perfornmed in serumfree medium Thus the
adherent cells in tissue culture flasks were washed with 10 PBS, then

ExCel | 525 pedi um (iR wags added ) andqt anEeliSftﬁgﬂ&%e@ffﬁGaﬂl Hiher 4
days to all ow secreted ant1 body to accurmul ate in the cell culture medi um
A sanpl e ofarkeblrediafhonms s dolropREREselt orcy R M SBSIPAGE (Figure

4). They heﬁi’é’uloﬁx{‘ﬂié HaLhains thay Eﬂmr‘%ééﬁ the intact, secreted anti body

15 are the predom nant protein species e truncated heavy chain of the
F(ab') 2 fragrrent IS present at a | ower concentration than either the |ight
chain or t CEE'P v . chal ntof IgG The material was then purified:

i ntact JOSQ/er a Pr oAl V&S0 and F(ab')2 fragnents over a Protein L
col um (Pr otein 20 L b| nds kappa |ight chains). Purified material was

di alyzed into PBS and t hen anal yzed bé filtration on a H Load 16/ 60
Super dex 20¢9 cot unfECERIS RIS L6 SER ggl 1pFRET at98r°F of (2R )ghe 243

(i ntacty Ig@a?ggjﬂtlk& (ffab')2) are shown in Figure 5. The results are
i dentical as those seen for clone 125 (1gG 25 and clone 195 (F(ab')2) for

which data is not shown. |ntact

Fig. 4. Reducing SDS-PAGE of cell culture supernatant from
clones producing intact IgG and F(ab’)2 fragment.
A: clone 243 IgG
15 . B: clone 125 IgG
C: clone 195 F(ab")2
D

clone 118 F(ab’')2

Fig. 5. Gel filtration analysis and non-reducing SDS-PAGE of
20 purified samples of IgG and F(ab’)2 material. Elution times

are indicated above peaks.

Fig. 6. Additional example of gel filtration of F(ab’)2
material. Elution volumes are indicated above peaks; F(ab’)?2
25 (72.89 mins) accounts for 76% of material; F(ab’) (85.01 mins)

accounts for 22% of material.

Fig. 7. Antigen binding of intact IgG (clones 243 and 125),
F(ab’ )2 and F{ab’) (clones 118 and 195). F(ab’) binds

30 vitronectin approximately 100X less efficiently than does IgG
and F(ab’)2.



IgG runs as a single peak with elution tinme 67.18 (as expected for a
protein of 150kDa). The F(ab')2 fragnment runs as two main peaks; elution
ti mes sugyoeys/osteat the first is F(ab')2 and the second i CFM02p084Thi s was
confirmed by 30 el ectrophoresis over non-reduci ng SDS- PAGE (Figure 5).
Subsequent purifications indicated that;dhe ratio of F(ab')2:F(ab') often
is better. This is shown in Figure 6, WO 03/051927 PCT/ NLO2/ 00841 34 again
for clone 118, where the percentage of F(ab')2 and F(ab') are 76% and 22%
respectively.. 8i.ncbapleesublis yeHerdds @ndtiaignedewili Bhtheneonss £ ues

| acking a H s-tag. The efficiency of binding to antigen was determ ned for
intact 5aPg& VECEBNFotaRdIgEhb(BhisTHeBRiFody deserihed aBobethas rai sed
agai nst ackiyateduklt hLanestiterdfusypaidyronectin was purified in this form
(Yatohgo et al., 1988) and bound to the wells of a 96-well plate. Upon an
ELI SA anal ysis, the 1gG and F(ab')2 material fromtwo different clones

bound equal:ly 10 |.¢clLent ") terl u e
vitrongct%ﬁg'a%brgé&hg%g?yb%%gggﬁﬁgﬁ?%ggugggggigﬁ?lsgképsggeﬂgﬁ§9This

i ndi cat eschhah tlietkéabh) 2-piodwessk by Id#Hls net hod does indeed bind
antigen with equal avidity as the intact divalent 1gG W 03/051927

PCT/ NLO2/ 00841 35 Brief description of the Figures. Fig. 1. Intact 1gG
(left) angig(ab0)2cbnpgsest Dok dgfadddghincodiYar icakl e ruegieds (R(&pat e,
constant regions are dark. 5 Disul phide bonds are_marked. in black. Fig. 2.
Expr essi ofte¢&¥t 6Ra1INFfgaomeniyert Gt ¥ ot thameeddifon 968 - i HEABL HEGT Y F(ab') 2

10 sequence underlined.



10 fragnent of 1gG Fig. 4. Reducing SDS-PAGE of cell cul ture supernatant
from clones producing intact 1gG and F(ab')2 fragnent. A clone 243 19gG
15 B: cl owe 02@5192yG C. clone 195 F(ab')2 D: clone 118 F(&bT)NLoEbes415. Ce
filtration anal ysis and non-reduci ng SDS- PAGE of 20 purified sanples of

| gG and F(ab')2 material. Elution tiness; are indicated above peaks. Fig. 6.
Addi ti onal exanple of gel filtration of F(ab')2 material. Elution volunes
are indicated above peaks; F(ab')2 25 (72.89 mins) accounts for 76% of

mat eri al ; REfakehcé85. 01 nmins) accounts for 22%of material. Fig. 7.
Antigen binding of intact 1gG (clones 243 and 125), F(ab')2 and F(ab")
(clones 118 and 195). F(ab') binds 30 vitronectin approximately 100X | ess

efficient benthan deegelofp, AchdAD ). WRLQR3HAL921, PEIL NLO2/ 0084, . 36
Fig. 8. Conplete DNA sequence encoding the |ight chain of the
anti-vitrdpseeranggst {ines Beariied 94 dedoireatailnchsehAr BVNISIESHey and

pVN 8LgcvHgvHi.$ 5.FLg ' ]| - e N : lete

heavy 9cggﬁgko¥zfh%ggn??gvi%%gﬁé%%ﬁﬁﬁ?%%?ﬁgéﬁg% fgeggghpﬁg%gsfﬁﬁggequence
encodi ng tlhbefipdcaied PFpa0: )P)e telavyicheitabllagmeandokiantieyitronectin
l gGl, “‘tEaﬁhéitﬁgs195??9“§Q§§j}U“§¥4#§B§#8§QD 03/ 051927 PCT/ NLO2/ 00841 37
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Mordenti J, Osaka G wWng W.,, Bennett G., Carter P. (1995). Engi neering
i near F(ab')2 fragnents_for efficient production in Escherichia coli and
enhanced 130 afit RPF6I FEEE afPHRT B2/ iAAERPHGUSI FLEAGIUBNCEOL7382. WO
037051927 (RCTLN-02(00841: n40- LA MRark: AR Gelily eArBEE NGy adenovi rus
El sequences, and further conprising reconbinant nucleic acid encodi ng an
i munol ogilcalihplagticuélpi gatene panalerdy imladmelrddy ahcayrdnt fraguéot, a
precursor thereof, functionally lihked tq .on I [ 5,sequences capabl e
D “ar vi ng alFessPER o >8h: T raghen o S v dsr Reay o e S Ry
accor dsng skauehakem tapubeeebn &adding mumalsegicealdfy sadtli ¥eabingat ent

nultlnerlga?gﬁkgggycga?gnent 10 conprises an F(ab')2 fragnent.

2. A host cell according to claim 1, wherein said
immunologically active bivalent multimeric antibody fragment

10 comprises an F(ab’)2 fragment.

3. A host cell according to claim 1 or 2, wherein said host

cell is derived from a human cell.

15 4. A host cell according to any one of claims 1-3, wherein

said host cell is derived from a retina cell.

5. A host cell according to claim 4, wherein said host cell

is derived from a PER.C6™ cell.

20
6. A host cell according to anyone of the preceding claims,
wherein the sequences capable of driving expression comprise a
region from a CMV promoter.

25 7. A host cell according to claim 6, wherein the region of a

CMV promoter comprises the CMV immediate early gene

enhancer/promoter from nucleotide -735 to +95.



3. A host cell according to claiml or 2, wherein said host cell is
derived froma human cell. 15 4. A host cell according to any one of clains
1- 3, wherwons/os@ed host cell is derived froma retina cel PCTBNLOAo¢sast cel |
according to claim4, wherein said host cell is derived froma PER C6TM
cell. 20 6. A host cell according to anyone of the preceding clains,
wherei n the sequences capabl e of driving expression conprise a region from
a CW pronoter. 25 7. A host cell according to claim®6, wherein the region
of a CMWgpronmat Bbs€0FPI1 S€sptdes G drimedicatee iegr iymgeatogically
enhancer/pronoter from nucleotide -735 to Eﬁ?' V%)03/051927 PCT/ NLO2/ 00841
41 8. A hestivel PlgsprREsthy BRP GGt il FounsF8gMmeaFPy 238t 9%e bi val ent
and nonoval.gpt, aptkbedy-£6AINBN S AN QY iR @EHES@RS HEEEObE
characterized in that the ratio of secreted bival ent imunol ogically
active ansebogyefr bgwehent olBupphovd] @HtlY makddrogréabryvaétaveeant fhody

f ragnent i o] i A i nt i gen

bi ndi ng ?éa,gghgeg? BhnfblolPeliny S VE Snoth B r@éérgrgﬁ%l%g BN L ed
by peptidacbondslll10s9at Aleeshol: Df vpreodhici ripeatiwionannobegi bahdynacti ve

bi val ent _anti body_fra nt onprising cul.t.uri.ng host . cel | ording to
anyone of “EPaPhE ¥£8§ag€?b¥y?é§?uxfé§l%%(?lﬁgéﬁgyag%ﬁﬁﬁéﬁglga?cggfy active
bi val ent 115kaat bbogdypttagneshds wherein the two antigen binding regions of

said i mmunol ogi cally active bival ent antibody fragnment are not |inked by a
pepti de bond, the nethod conprising:
10 9. A method of producing an immunologically active bivalent

antibody fragment, comprising culturing a host cell according

to anyone of claims 1-8.

10. A method of producing an immunologically active bivalent
15 - antibody fragment, wherein the two antigen binding regions of
said immunologically active bivalent antibody fragment are not
linked by a peptide bond, the method comprising:
a) providing a host cell comprising adenovirus El sequences,
said host cell further comprising a recombinant nucleic acid
20 sequence comprising a sequence encoding said antibody fragment
or precursor thereof operably linked to a sequence capable of
driving expression of said sequence encoding said antibody
fragment in said host cell;
b) culturing said host cell;
25 whereby said antibody fragment is secreted from said host
cell, wherein the ratio of secretion of immunologically active
bivalent to immunologically active monovalent antibody

fragment is at least 1:3.

30 11. A method according to claim 10, further comprising:

c) isolating and/or purifying said immunologically active



a) providing a host cell conprising adenovirus El sequences, said host
cell further conprising a reconbinant nucleic acid 20 sequence conpri sing
a sequencwOoanpodzg said anti body fragnent or precursor trereafo2oqsarably

| inked to a sequence capable of driving expression of said sequence
encodi ng said antibody fragnent in said, host cell; b) culturing said host
cell; 25 whereby said antibody fragnent is secreted fromsaid host cell,
wherein the ratio of secretion of inmunologically active bivalent to

i mrunol ogigalikydgcti-ygmennoval ent antibody fragnent is at least 1:3. 30
11. A method according to claim 10, further conprising: c¢) isolating

and/ or purifying said i munol ogically active WO 03/051927 PCT/ NLO2/ 00841

42 antibady fragaeAby A2coAdBLhed @cseor NGt 0 16! inarkd nokntlwsher ein
the two antigen binding regions of said i munol ogically active 5 bival ent

anti body fandgwent diadénpi nredopy af $abdtighe AP ifetl1Ymscd iVRan ten

sul phuty B idaa%, 180 AsBRLNOE BREOEMT D, L0 ALl Byl 2 WhGKE! BokNEnkiRoc
antigen binding regions of sa i mrunol ogi cal [y "acti ve bivalent 10
ant i body fucagnmehtinatenl snkpdubyboidéges.two sul phur bridges. 14. A nethod
according to claim12 or 13, wherein the region of said inmunol ogically
active bivalent antibody fragnent that 1is |inked by said sul phur bridges
is not deniavedxf memhad kgS3rdidd 46.chaitimd aoeeridi et awvanganegeh cl ai ms
9- 14, wherein said immunologically active,bivalent_antibod%'fragnent
conprisesh%@le@aEG?QOPFa§§eﬁﬁ¥d immunologically active bivalent

10 antibody fragment are linked by one or two sulphur bridges.

14. A method according to claim 12 or 13, wherein the region

of said immunologically active bivalent antibody fragment that

is linked by said sulphur bridges is not derived from an IgG3.
15

15. A method according to anyone of claims 9-14, wherein said

immunologically active bivalent antibody fragment comprises an

F(ab’)2 fragment.

20 16. A method according to any one of claims 9-15, wherein

said host cell is a human cell.

17. A method according to claim 16, wherein said host cell is
a PER.C6™ cell.

25
18. A method according to anyone of claims 9-17, wherein said

ratio 1s at least 3:1.

19. A method for obtaining an F(ab’)2 fragment, said method
30 comprising:
a) introducing into a eucaryotic cell nucleic acid encoding

sald fragment, or a precursor thereof, operably linked to



20 16. A nethod according to any one of clains 9-15, wherein said host

cell is a human cell. 17. A nethod according to claim 16, wherein said host
cell is WORE®BS1926TM cell. 25 18. A nethod accordi ng to amgamaoahosal ai s
9-17, wherein said ratio is at least 3:1. 19. A nethod for obtaining an
F(ab')2 fragnment, said nmethod 30 comprjssing: a) introducing into a
eucaryotic cell nucleic acid encoding said fragnent, or a precursor

t hereof, operably linked to WD 03/051927 PCT/ NLO2/ 00841 43 sequences
capabl e okedukMtBg €XxpuESSi ON OfiBidid S§FESRERR ofneadtngegaedcésagments in
said cell; b) culturing said cell; whereby said fragnment is secreted from
sai d cel | SPFASIBENSERE LTHR9BRYSS oft s¥dktGSdntiof F(ab' )2 to F(ab') fragnents

is at leagt c&iBurShqgl s9la@tédg and/or purifying said F(ab')2 fragnent;
characterized in that said method is essentially devoid of a protease
step. 10 2berpbphaphacéurimeant conpusindted dowpr issilAgcanl i mhanrelpgieal |y

CEL) ves SPLE00Yf AUTERL L0 ) et ocnrel 1R,ke, 3, TANGa0L -2V

conpositi @dn3econprising an i nmmunol ogically active bival ent and nonoval ent

ant i body Esaggngtkggaaﬂg}ég 5ﬁrf¥ying said F(ab’)2 fragment;
characterized in that said method is essentially devoid of a
protease step.

10
20. A pharmaceutical composition comprising an
immunologically active antibody fragment obtained according to
a method of anyone of claims 9-19, and a pharmaceutically
acceptable carrier.

15
21. A composition comprising an immunologically active
bivalent and monovalent antibody fragment in a ratio of at
least 1:3, wherein said fragments are produced by a host cell
according to anyone of claims 1-8.

20

22. A composition according to claim 21, wherein said ratio

is at least 3:1.

23. A vector useful in a method according to anyone of claims
25 10-19, said vector comprising:
a) DNA encoding VH1, CH1l and hinge region of an antibody,
optionally comprising introns, operably linked to a CMV
promoter and a bovine growth hormone polyadenylation signal;
b) DNA encoding VL and CL region of an antibody, optionally
30 comprising an intron, operably linked to a CMV promoter and a
bovine growth hormone polyadenylation signal,

wherein said CMV promoter comprises nucleotides -735 to +95



| east 1:3, wherein said fragments are produced by a host cell according to
anyone of clains 1-8. 20 22. A conposition according to claim 21, wherein
said ratiwoomssae7 | east 3:1. 23. A vector useful in a netirct/NaoZ0sding to
anyone of clainms 25 10-19, said vector conprising: a) DNA encoding VH1,
CHL and hinge region of an antibody, optionally conprising introns,
operably linked to a CW pronoter and a bovi ne grow h hor none

pol yadenyl ati on signal; b) DNA encoding VL and CL region of an anti body,
optional | ¥r3f €agpCHuvi DEmaNi s Hé a1 wRRIMPlanhantked pt-omatey pronmoter and a
bovi ne grow h hornone pol yadenyl ati on signal, wherein said CW pronoter
conpri ses nucleotides -735 to +95 WO 03/ 051927 PCT/ NLO2/00841 44 fromthe
CW i medbat e gaph¥sgeaeqenhansesd IIRIRI02 (Rdo) ARl asphd i degi geaéﬁsl

pcDNABOOZENEO) as deposited at the ECACC under nunber 01121318.
CACC under number 01121318.
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