02 JUNE 2006 WO 03/051927 PCT/NLO2/00841 Efficient production gy E&? bbg
fragnments in mammalian cells Field of the invention The |nvent|on rel"'ates to
the field of reconbinant protein 5 production, nore in particular to
production of inmmunologically active antibody fragnents in eucaryotic
cells. The invention nore in particular relates to the production of

F(ab')2 fragngﬂ;@/gpleucaryotic cells. 10 Background of $§%P%@%§Q |on

Results of recent clinical trials have generated nmuch and
optimsmfor the potential benefits of fully human antibodies in the

di agnosis and treatnent of disease. This success is in part due to the
technol ogy of selecting 15 anti bodi es agai nst novel targets from phage

di splay |i bramsescierdNPradun®ithleel @ (ABV)20¥£hmdnes Ui m@imdlliahf 661 One 1 gG
nol ecul e conprises two heavy chains and two |ight chains. The heavy chains
consist of (starting fromthe NN termnus): a variable region, a constant
regi on, a hi ngee2d ofeghenirmedtiow addi ti onal constant regions (Figure 1).

The, hinge reghns CALALAS SUBLEIAC. o5 dua%d hatobarandi sy de - bonds

with a second hea arn medi at e di nerisation of protein. The
nunber of ciystFé'PﬁEC‘FJ@@voFﬁfé? varragigebendrngrsiict e °fgG sub-cl ass: 1 gd has

2 cysteines thahuhoIdgidhsuy Fafaltﬂ@e 22t bos rhayddneshiM@@cadft ikl ghiischai ns

consist of a variable region and a constant_region; residues, Ctermnal to
the constant TEgiBFYSPI ATSUFDMATE: Bhids T ot a4 Sr BSi tdieBTOUReaR &fel y before
t he heavy chaimabl ngeragnéensss in Thuesriybieic kelxrs.chai ns are hel d toget her by
mul tiple disul phide bonds as 30 well as other noncoval ent interactions
between the intimately paired chains. 02 JUNE 2006

10 Background of the invention
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 2 PCT/ NLO2/ 00841 The structure of an anti body may Bfﬂﬁﬁ' %g as
distinct domains: the Fc region which nediates effector functiof & he
F(ab') region which binds antigen (George and Urch, 2000). The two

C-term nal constant donains of the heavy chains make 5 up the Fc region. A
F(ab') fragnent conprises the light chain and the variable and first

constant regi ogo®fsidpe heavy chain; a F(ab')2 fragnment ﬁ)%n&ri ses two F(ab')
fragnents dinmerised through the heavy chain hinge regio (r L&’(Pr‘”&“l).

Anti bodi es are under investigation as therapies for- a wide 10 range of
clinical problens including organ transplantation, cardiac di sease,

i nfectious di seases, cancer, rheumatol ogic and autoi mmune di sease,

neur ol ogi ¢ di 38¢ dRrSctUrRSPE & QhyibddiySeas @s, dasinsel hs as sdised ders with

organs such ag the bl god,., ski.n and digestive tract. e of .the maj or
f ocuses for a%?lf‘abléﬁy 1% E6vETY°8n lcg'e\% ‘?lc?ﬁﬁ%n?{]giaes?;:?ﬁl{%% M8 3 cancer
i magi ng and t hee dpipb’ [ Gaotien , w200 1YindAnantigdh e cavayge bemduFedha20hd@ked

ol ecul es, Of mnl NSk BBYehenl Aheheta ANoso MSEE a5 AolRfichabi hiket 0 del i ver
a cargo to the tunor (Borrebaeck and Carlsson, 2001; Park and 20 Snol en,

2001). A ndnbeP dfe Aakerviant idddres frasnentr epFREisen thendight mheinwhile it
i's clear that ahheshecatgriaiphe iy FEEMCRonbtdHR rt@dh bR PR heds.chhig; Mechani sm

by which this o rs, i unclear. Cassically, these mght work Qy recruiting
effector  cel Pt (3 32 FEraelEBp1greT T B @eht: TOmERE EAPGHC Gol | - 25 Nor e
recently it ishbeoinithg repparantint atget heylomayFadwee 1function by binding

cel | surface prelsidissand LOeh agbiyalhton Ia@aap{]{%egggtiﬂorfg%m%lel i ng pat hways

or apoptotic signalling pathways, leading to ce eath (Tutt et al.,
1998). 30 Knt rBBER f &ticalreimolynudeglrdinoheredn firanydeRtasidont act 19G

cardiac disease, 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



nol ecul es and as F(ab') and F(ab')2 fragnents. Wen choosing ag g%g?g%
format there are several inportant issues. They 02 JUNE 2006 WO 6 3
PCT/ NLO2/ 00841 shoul d have a high antigen avidity and specificity, be
sufficiently small to penetrate tunor tissue and remain in the circulation
| ong enough to localize to tunors. In addition (particularly if they are

| abel ed Wi th ayd@@ds@abel or other 5 toxic noiety) they M%ﬁiz/%}; ear from
the body at a rate which prevents non-specific toxicity or |g"n ackground.

F(ab')2 fragnents exhibit a nunber of Qenefits over intact 1gG related to
t he above points, which nmake them attractive for inmaging and therapy.

Firstly these nol ecul es have a-shorter 10 half-life than intact 1gG as they
are nore rapi shanlaenpred higrormth@emiaﬁmnlt@t bAd sl@yzcihﬂ:ﬂdydnlﬁ!eys as a result of

their | ower ar, wei f, thus re ntia tOXICIt ehr et
al ., 1995). % lg%e%&\yan?%%e t8f eécrﬁleduce SIlZs§ % ar%dn ?Jhn i éll‘B

penetrate t unmtrCtuulgSJcFarl andg a@mghatoedova@@sl B UHEoRDf eTnlﬁdﬁe*a@Fll y (Yokot a et

al, 1992). %ﬂtﬁcﬁ\@é’nly@feckfé%l LSe abpbley Wb ABSS1HE8 bLargeked. There
are al so adva ages due to the absence of the Fc region of the nplecule.

The F(ab')? fF%’glrFeﬁPl%Fd’ésth%S( shRBtE &Leat tineRt Fim b8fiyl?ﬁnfnéa?%§’ﬁbﬁ%es as the
Fc region (V\hbﬁé}fe@ltgcﬁorz-@psmceHBthcn.&pdoﬂ:(hl@EQﬁﬂﬂc@E&)ndS absent . Th| s is of

particul ar vance in i studle wh ap shot of .t

di sper si on an§ %i 32 gﬂ %f“engu (ﬁlqu’ec? EVONDY b‘?n gsgr% a8t g? 5 not have

t he probl em otelmredspecibfi ebdven it s, owhaghgebke ttmmoelg‘tratcmevﬂfonml ety, and
so background; Egoynépcm&%f %Ezré@ifg/elch@& hS1£&AUGeHavel Re sRGMARt ages | i sted

above may al so fragnents. However F(ab')2 nol ecul es
10 half-life than 1ntact Ig as they are more rapidly removed

from the circulation by the kidneys as a result of their lower
molecular weight, thus reducing potential toxicity (Behr et
al., 1995). Another advantage of the reduced size is 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.



are bivalent (as are intact 1gGs) and so should bind target noheGULESOH!

hi gher avidity. F(ab') fragnents are nonoval ent, and as a result genera y
exhibit lower avidities. 30 For these reasons, F(ab')2 fragnents are highly
desirable as clinical agents. 02 JUNE 2006 WO 03/051927 4 PCT/ NLO2/ 00841
Wil e these advantages of F(ab')2 fragnments are clear, is has not proved as

easy to nmake R@B3d2/f ragnents. There are several met ho |y
avai l able. The classic nethod is to make the intact | gagéyﬁte}(%}’o@gest it

wWith a protease such as 5 pepsin to rempve the Fc region of the anti body.
This has the problemthat other regions of the nol ecule may be nicked by
the protease (including the antigen binding region, resulting 1in the |oss
of bi ndi ng Ca/pﬂ(lietyh@fe hdﬂlﬁrﬁlﬁ@égeﬁ-bkﬂdi)ﬂgffa@gﬂeﬁﬂ$ ar@ndleigessitas may not be

conpl ete. Further PULificati en,r tqQ,.remove the F(ab')2
f ragnment frorﬁhcn nmaggestecf E?q%‘c]fg rkh ffrcell ggsdo%?ﬁefrf the protease.

An al t er nat i veevesthotktihgds cumsRet 1F( abal)labﬂaQMt slagsianetdradais &ed t hen

di merise the pnleewl eﬁlttaet gﬁaerate@l GE&ds o) gtmt@pﬁlﬁﬂ%tel§e (ch! ygla et al.
2001; Zapata et al., 19 hreys et al., 19 atent 5, 648, 237).

Di meri sati n PARPiASER §|SE‘EY? |t6‘e E%II‘F%%%C?& Epe ﬁ@tbﬁﬁx dgg”(\ﬂﬁ‘?ciﬁhermy prove
antigenic in yiordkm tmnptugﬂ lre@mﬂsaoﬁhgm fdl e @sHay bekeISked@rbyn vitro

reduct i on/ oxi cLatl on, of Fga gc%e [agment s, These net hods %Q require

addi tional pubts PESETOS nClSUdérrll%l ey > pr gﬁﬁc%mtﬁiﬁﬁguaﬁgloﬁblreecsﬁ e§"{such as

two F(ab') frargntélﬁt $od4 nlfelelmmadcatp@cn‘ay |of the anagentpdndind gen bi ndi ng
regions are ap.QRAPSI Ify BDGSstQbn Ad1LnBEWITRLAESWR) - Further-

10 purification is then required to remove the F(ab’)2 fragment
from non-digested antibody, the free Fc domain and the
protease.

An alternative method is to make F(ab’) fragments in bacteria
and then dimerise the molecules to generate F(ab’)2 molecules

15 (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 wvivo),
conjugation via chemical cross-linkers or in vitro
reduction/oxidation of F{ab’)-hinge fragments. These methods

20 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

25 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

30 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



Anot her nethod for production of F(ab')2 fragnments is to 25 gen t&a
directly in mammalian cells. Wile this mght appear strai ghtf 200
has been observed that F(ab') fragnents are often produced in preference to
F(ab')2 fragnents. One report in which CHO cells were used for g4

F(ab')2 production indicated that F(ab')2 fragnents accounted 30 for only
10% of the preigispsPsoduced, with F(ab') fragnments accounting for 90% (King
et al., 1992; King et al., 1994). The reason for this |§G’H&%€’3’f4' Anot her

i nport ant cell line in the 02 JUNE 2006 WD 03/ 051927 5 PCTI NLO2/ 00841
production of nonocl onal antibodies is §P2/0 an attenpt to produce |gd
F(ab')2 fragnents in this cell line yielded essentially only nonoval ent

products. AddiddsaBtidn afl xg&’c?oclbhangentmﬂstidihscmrm?izses ahl astiéngptuco bri dges
i nstead of the tyo r resen gq hipge, resulted in
5’ti.‘qyldl va 9 %r Eﬁl% Bhid nce%riajf © fé@gc%.d

the product ion oFe nt produ eun et However ,
i ncreased nunderestdilligubphyimoppeyafgas gewbltcmsl y“xdddee@eaﬁs?eapiwucti on levels

of the anti boghy,der ammt Som ebltay Isalg;mr ew&geeaorleéegaebke i haye |ess
sul phur bridges for 10 uction at a | arge scale. simlar picture was

seen upon 5exﬁﬂé’§§Fo‘i’FWeF(%&?5)?2tflr“a§ﬁe¥ﬂG§ Phnﬁtibsréé‘i”}‘?d\/‘énéﬁlet er et al.
1992). Thus, gesficteod twseesefd‘leal@t bhede-t $L&dnd |etaaneed9955)0.r i nproved
producti on maﬁ hods _of, F% flrng nen s 1PER C§ l\é gfn cell line and
an exanpl e of W RhoTtS zed "oFY Sy v ucaryot gesh%enteré It is able to
grow i n suspedsimease ptagduetiom lseqﬂuarmfrefee Fetikedy Whagtengponandr ahsf ecti on

with an apprpyreh@&ef@ee%@éeéx%wee‘ot fhvand sseb ey pfaggkaple cell i nes,
i s capabl e of producing reconbi nant protein_in ‘abundance, as disclosed in

VWO 00/ 63408. pﬁodcuiqélq_rn@g a large scale. A similar picture was seen upon

expression of F(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 ‘403

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.



20 application it has been disclosed that PER C6TM cells can ?JGﬁEZb@é act
human 1gG but no specific data have been provided for F(ab')2 fragnents

In view of the above there is still a need for a reconbinant expression

pl atform which is capable of producing such 25 fragnents in sufficient yield
wi t hout some of the disadvantages observed with the platfornms of the prior
art. Sunmmary okobdh@ihiventi on We denonstrate here that P%ﬁ&ﬂ' cells, as an
exanple of a 30 eucaryotic imortalized primary cells, are Wle of nore
efficiently producing and secreting F(ah' )2 fragments WIthOUt the need to

t ake special neasures disclosed in the prior art. 02 JUNE 2006 WD 03/ 051927
6 PCT/ NLO2/ 00$41 The F(ab')2 fragnment so produced and secreted can bind
antigen as ef ﬁrh@iﬁalabrw Fxragadht rsbzmtodhgﬁ;l anhi sectehednmonavabart F(ab' ) bi nds
consi derably | fflcign art I fo t he
cell-line PER %@Jﬁﬁ% éé éfg ie?l} va ?%/gggt%erace\cgf %G' wle‘@tscgebﬁé&%gra;&g“ tabl e
for the pr odﬁé@b’dnbmddalwaﬁmrablmdmgﬁt%fﬁ}TClﬁlgt m)l ecul es and wherein the

monoval ent moygtd 6% F&kﬂl%qup tihe, b vahedt thde leerl £1iheagerg™are |inked
via one or nore disu bonds. Thus, according to the invention, an

imortalizéd pRf r%rﬁva'iﬂ’eéuE%?Wtfr CHRGSF TRPF Y"sryplslﬂ%’fﬂ?s]ﬁ EFPsi ng nucl ei ¢

acid encodi ngraaudﬂrﬁunm (bgtréiﬂddtyfﬁaljrdeMES b:lf\/aberﬁ’tilelafullés raadi Gheraflhi body

fragnent, and/ [ recursor. t.hereof, ctlon Linked L 9,,5equences
capabl e of dri \F})I n“éo 8>¥|%r%%tsfngﬁet ®sal dmgf rathe ?Va}iﬁ'nsal%"ﬁ ?u cell when said

cell is cultufedmendenrrd3iobediviporre arl nglsﬁﬁiéﬁm%@m on. The invention
provides a hegffs Celckof@MRr tSiiE AURNRY LA USinEh nRGAYeNEES prafghf urt her

10 eucaryotic host cell is provided comprising nucleic acid
encoding an immunologically active bivalent multimeric
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 El1 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



conprising reconbi nant nucleic acid encoding an immunol ogically active
bival ent nultinmeric antibody fragment, and/or a precursor ther d3fJUNE 2006
functionally linked to one or nore 20 sequences capabl e of driving
expression of said fragnment in said host cell. According to one preferred
aspect of the invention, the imunol ogically active bivalent nultineric
anti body fragqﬁgamgggprlses an F(ab')2 fragnent. The host cell preferably

is a eucaryotic cell, nore preferably a mammalian 25 cel IPCTE}&0%d, o
preferably a human ceII In certain enbodlnents a host cell according to
the invention is derived froma retina’cell, preferably aretina cell from
a human enbryo. In certain enbodi nents, the host cell is obtainable froma
host cell Choﬁ%nf:i&m tth@ rstueegoashlsfisr& 8fnut93:angti3d0s&R_ncETM or progeny
thereof. In th ;)g erred spect t he |g ventjon, the host cel

provi ded is o?ﬁcé’l h?ﬂ)l & {PYH &7°PERP W"c@lfl an RAEBPHITIG PH % preferred

aspect of thendddldyNE ZOOGnaND 884 (] 827ivatPCd/iNe@2s00&ddctivnent ion, the host
cel | conpriseg,n DUf zq._ln 3!r‘1m§ %%EE whet! %g JL%eétnl &a%h cOel}’]ﬁ El protein of

an adenovirus or a agnment an erivative thereof,
functi onal 5i nThe r#ﬁ’ﬁ‘?fttalopzﬂf@ Qrpﬂqﬁr? - F6me¢nllefép¥l@@§eaguwc§ait%l cell. 5

The inventiony@lss@ndsAvydes B aBER @ 1Mheie! kn COMREESI NG BRI BEnt aci d
encodi ng an Fé)ffabt&%az fra%mant In a preferred, enbodi nent , of the, invention,
[

t he sequence Vg -aRpr &Lsi %"rﬁ“@Bﬁ‘br‘?fs8§lV’é‘gr 85%%?511?%%?6\;%?% onot er,
nor e pref er abd yreighen riagmoa ©fV ptheteEll prmnpteferabhprinsesediva €AV | mMmedi at e

Car Y 9eNe L0 R RR ORI RO LM AUChAOL e T35 10, 98 | anot her

aspect accordin e i nventfon Sal | TMuNolI 0gl Ca |l ve bi val ent
mul ti mer | C1°an?1‘|“’ki’@é?r)fﬁra7@ﬁ’éﬁlt firemenysdspbids ~735 to 495. In” another

aspect according to the invention said immunologically 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



selectively binding to activated vitronectin. The invention aIsB gpgﬁ?&@i a
host cell expressing and 15 secreting immunol ogically active bl% d
nonoval ent anti body fragments, and/or precursors thereof, characterized in
that the ratio of secreted bivalent active antibody fragnent to nonoval ent
active anti body fragnment by said host cell is at least 1:3, wherein the two
ant i gen bi ndi Rgo §:38is9Ss 20 of said bivalent active antibq%¥mgr%§g?nt are not
| i nked by peptide bonds. The invention also provides a neth & maki ng a
host cell capable of producing an innugologically active bival ent

mul timeric anti body fragnent, the nmethod conprising: 25 introducing into an
immortalized primary eucaryotic cell a nucleic acid sequence conprising a
sequence encodliprgt sadadd metthodothyr theagaemptrioss psetatiser abdirreof operably

linked to a J rLyi I of. | d,.sequence
encodi ng saidaﬁﬁ??Q%ﬁ;g??ggﬁﬁﬁﬁéxﬁﬁggg?%Cgéﬁf?ﬁgéBQHéapﬁéga ion al so
provi des a neftegaent- produci ng an i munol ogically active bival ent anti body

fragment, compd $hichtiGH! FlHthBY B R98Es GehbeRLeEdpAGENG N | nvention. In
one 02 JUNE 2006 WO 03/051927 .8 PCTI NLO2/ 00841 asFect, sai.d met hod further

conpri ses P solf™@PAYCHFALLY 2FEVE RIVAGSRGARE T HRAMYNSF 3 SC4r | YPEELR VE*ehi val ent
anti body fragmeahtigenebimviat reqnicdndr bhesaipr ovivllesodi daell hocktafe pr oduci ng an

kL 00, ALt 06y 2Bl AT LPORY (1R o MELRLLLRE Lhe
fragment are her methhcegonyrisipaptd)derpoitdng 2 Hosgeetidd copPpysistng: a)
providing a hegdncwehds €ONMPEd®nREs, said host cell further comprising a
10 recombinant nucleic acid sequence comprising a segquence
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 said 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



adenovirus El sequences, said host cell further conprising a 10 Qgﬁgggg ﬁgt
nucl ei ¢ acid sequence conprising a sequence encoding said antigo y Tf g nt

or precursor thereof operably Ilinked to a sequence capable of driving
expression of said sequence encoding said anti body fragnent in said host
cell; b) culturing said host cell; whereby said antibody fragnment is 15

secreted fromwaedstezst cell, wherein the ratio of secretic@RrLofbssr

i mrunol ogi cal ly active bivalent to inmmnol ogically active nonoval ent

anti body fragnent is at |least 1:3. The ignvention al so provides a met hod of
produci ng an imunol ogically active bivalent antibody fragnment, wherein the
20 two antigen binding regions of said inmunologically active bival ent

anti body fraghEdfyine St iRetrHradlyastive PEARCLY RERIMAthol conpri si ng:
a) introduci nghd AbOha@N akBdRingl t&Z ehe PRVITREYN dheaty®Otantifosbiaeldg a nucl ei c

aci d sequence__ GO rifsi ng, a seag nce gfcodi n esbai d, anti bggyofragrrent or 25

precursor t hetE8P 8pdr SBFS TTHRL LS A L &5hdhe & ¢apatt 875t°°%Yr i vi ng

expressi on of fx@mdnt ageéncabloneodi gksdiy an¢ ittodyn fulpgrertridgesai d host

cell; D) C@'tmengrﬁﬁérqbwssy oeklor tWheL %S aldqglt | hadynd ragment is

secreted fromsaid host <tcell, wherein the ratio of secretion of

i mmunol ogi cal PXeTREFeY &@580°hi W8l P91 °of niRifol BYINCaPYiraddti ¥&ifBnoval ent
anti body fragimenkst i &smtabolgathghent tAGEQIsdil Dgkdbandiiesunapect of the

invention, the nethod furtf§¥3V98”P£iS§S3li§g_i olatin 2 déggogggnJUNE 2006 WO
03/ 051927 9 PETYHEH2T G6843° 0P s 1%y 28l rwﬁhﬁ%Fdﬁ%éﬁ%ly actiV@ anti body
fragment. |n téhéhemetvrodiaucoraddnguupol deldapvemdtome thiraflant ant i gen bi ndi ng
regions Of105a'h&'ﬁﬂb@ﬁ?QPJa%Eﬁ@'dr%f@f&ﬂl‘&ec%ﬁé@s@é‘_tarﬁ@t(w'q(%y sridRgREnt
preferably ar gcc;rrcliklgg tboy yggear;[o?:htégnenigldlpmeunrt BJL_ ! tdhgeeﬁl’ethods 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 sequence 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



S more preferably by one or two sul phur bridges. In one prefergeg,d ?E€ﬁ§

the region of said inmunol ogically active bivalent antibody fragnen

is linked by said sul phur bridges is not derived froman IgG3. In the

nmet hod according to the invention, said inmunologically active bivalent 10

anti body fragnment preferably conprises an F(ab')2 fragnent. According to

yet anot her erboehospsi of the nethods according to the 5?%%9@%8&1 t he host
er

cell is a mammualian cell, nore preferably a human cell.

enbodi ments, said host cell is derived froma retina cell. In other
enbodi nents, the host 15 cell is chosen from 293 and PER C6TM In the nost
preferred aspect of the invention, the host cell is a PER C6TM cell.

Accordi ng to fidgeentprief estddeatpent subfurtihe saident¢llonwhéhedy satd o of
secretion of %’Zg}dgﬁ’{ gr%' Qé‘ééééeéchlo‘{ne g{)a/aéew @%ielm&’k&&ﬁcéy y active

nonoval ent an agnents is at re preferably at |east
2:1, and sti I$eqﬂrsteon prfeféﬁfhdt)Pyt‘atF(Iaba)stfrsglienchéS gsteest I1:dec®rding to the

method of thesdiavedy | |aga/@1r q;u@ggplrgé gg){a)rpl(g,@s)gaf,g%@ge encodi ng at | east
one El pr ot ein of an adenpvirus or nct i onal miﬁog‘??éﬂ fragrrent and/ or

derivative’t h‘gPéBFteﬁlﬁe9e{n aFﬁBFh%"’PdZ%e odf? neesﬁf"nBJf o8t #ccording to

the i nventi onpraarasé mugpol ogi cally active bivalent antibody fragnent is

Copabl e O oFh S5t Yok AT Boblviahet M LhATESL: D)o Lignt 1 on ol so

provi des a ne for tal ning an ragnents, ~“sail
conpri sing: ajntiippendireongt FosPHl 3G é@@a'rlyeta%dcemue&cau@laél é¢saci d sequence

encodi ng sai dye.fikad et opruﬁru%swga%limﬁa@iar epesRhinynbl ikgd to sequences
capable of driving e essjon of said equence encodi n% said 02 JUNE 2006 WO
03/ 051927 Ko WNE@Z‘%?OS&]_YP(% of antlbody ragment of the Species said

mammalian cell is obtained or derived from. An advantage is
that said produced antibody fragment can be post-
translationally modified according to the modification pattern
of said species thereby allowing for a type of modification

15 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.

25 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



fragnent in said cell; b) culturing said cell; whereby said fr nt .l
secreted fromsaid cell, wherein the ratio of secretion of K a@gg‘@NF&O%
F(ab') fragnents is at least 1:3; c) isolating and/or purifying said
F(ab')2 fragnent; 5 characterized in that said nethod is essentially devoid
of a protease step. In one enbodi nent of the invention said immunol ogically

active anti begyosfos@gnent conprises an am no acid sequeng%T&%O iims derived
fromor immunologically simlar to an am no-acid 10 sequence P54h type of

anti body fragnent of the species said mral i an cell is obtained or derived
from An advantage is that said produced antibody fragnent can be post-
translationally nodified according to the nodification pattern of said
speci es t her giypvaliéowinng (4101) 2aftagrendfoumadhdbleabiyosephrathwd ahs simlar to

the "natural "_situati r r .\ Sal ecies.is a human. It has been
observed t hat® algr r?cfﬁggpfgt %?maﬂ?)réa}l gﬂr?gmgt*ﬁseghhgar{rlad;-cﬂlﬁ% speci es such as
monkeys t he rereperagfonpr el uaned pEiarand gmbhdireant] skel) Fdiehktrd ¢ versus

nonomeric  angiRady:§ adMBdtedesveRy bisdl!@r by favenapligwbensai d 20

i mmunol ogi cal | y "active antjbody fragnment copFrl ses an am no acid sequence
that is defi VBt £PBIRIGPN MhithEFOYiIAeaI 1Y KRk 1 At ragmenin that f#laci d sequence
for a type ofsanrtibedy bisgrantcofvatblevicebr@sfaandi ng species. 25 The

i nvention al sg provides an

i F(ab' )2 fragnment obtai nabl e by. expression of
sai d fragnent 1 13ed llond%+??/é°&°%3r%ﬁ1 3%@%”8& ‘Tc’.mp‘f‘ﬁbtlior’i’venti on further
provi des a cregerpsiepaBat inmnofilogiralilpmnidivegargdbbyy attigmentant i body fragnent

obt ai nabl e by th t3PnacsLding to the invention. In a preferred
enbodi ment of°t he ?ﬁ%er?ti on, sgﬁdﬂ?lnnunol ogically active antibody fragnent

conprise ah F{b'ipgerfi@napl i #Foyidasagrmaqeidicay ermreaitiagio 02 JUNE 2006

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, CHl1 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.



WO 03/051927 |1 PCTI NLO2/ 00841 provides an F(ab')2 fragnent Obtﬁi‘ﬁ‘ﬁ'ﬁﬁo@é’
separating an F(ab')2 fragnent fromF(ab') fragnents in said crude
preparation. In one preferred enbodi nent such F(ab')2 fragnents can
selectively bind to activated vitronectin. 5 The invention also provides an
F(ab')2 fragnent that can selectively bind to activated vitronectin. The

i nvention als odles a pharmaceutical conposition conprising an

i mrunol ogi cal ﬁ§/0g3?¥19\%‘7: anti body fragment according tot TNHZ8R ¥ on. 10 The
invention al so provides a pharmaceutical _conposition conprising an F(ab')?2
fragnent according to the invention, and® a pharmaceutically acceptabl e
carrier. In another aspect the invention provides a conposition conprising
i mrunol ogi cal Ity agreyerkidvahesdindntl sMAoNAi®Bly vimdantd hedyvdideagnents in a
ratio of at | east 1:% wherein said fragnents are produced by a host cell
according to t"ﬁgrorieﬁ ghtion. In one preferred embodinent, said ratio is at

| east 3:1. Theeiimwentian afles tgrervigeow dbssmdcdapigsatedn conprising 20

i mrunol ogi cal | y; i j\wale g I i frF}gp% in a

rati o of at I%églf?ﬁld:oé?b]%e?%i%pgglgge@gg%gnﬁ%g&egwel%g?gﬁ r?z;'b e bgkgc met hod
accordi ng t5o theP¢qerbatiloh. 2% i nvention al so provides a vector useful in a
met hod according to the invention, said vector conprising: a) DNA 25

encodi ng VH1, CHLl and hi nge regi on of an anti body, conprising introns,
operably linked to a CW pronoter and a bovine growth hornone

pol yadenyl ati on signal; b) DNA encoding VL and CL region of an anti body,
conprising an intron, operably linked to a CW pronoter and a bovine growh
hor mrone pol yadenyl ati on



30 signal, wherein said CW pronoter conprises nucl eotides -735O tﬁ’ +%® %r om
the CW i medi ate early gene enhancer/pronoter. 02 JUNE 2006 V\Da 0% ?
PCT/ NLO2 /00841 12 In a preferred enbodi nent said anti body binds to
activated vitronectin. The invention also provides a plasm d designated
pcbNA3002(Neo ) as deposited under number 01121318 at the ECACC 5 on
Decenber 13, 200430527 JUNE 2006 WO 03/ 051927 13 Detail ed b4 on of the
i nvention PCT/NLO2 /00841 The invention provides a host ce conpri sing
adenovirus El sequences, and further cqgprising reconbinant nucleic acid 5
encodi ng an i mmunol ogically active bivalent nmultimeric antibody fragnent,
and/ or a precursor thereof, functionally Ilinked to one or nore seguences
capabl e of drPetaidedx@rssrdibbirn of the dnventgornt in said host cell. Methods
of producing an inmunol ogically active bivalent antibody fragnent are al so
10 provided, conprising culturing a host cell according to the |nvent| on.
Host cell, infoe tlé‘I"FEFebO“pPFﬂ’ﬁ#dfscélfl‘osltlog?“célo?“%“fsdtngr% LR ELprot ei n

production ar gedi@s} Naridh@urtiferatémpdibi g aeasmeiiantt h@cjmata@l@l | of the

i nvention conprises adenovirus El_ se nce ef.era corrpri sing a
nucl eic  aci NBE% 8" éﬁ‘&‘éﬁﬁ?%ogqlﬁ?lfyeggtg %lﬁgi of“@ﬂy an adenovirus or
a honol ogue, Bnaijweiyt feawheot, devd/vatd \peetmoeothereﬁfeséamelfyuncti onal in
i mortali zi ngy g, I B neC%U mdE e qdh LYPLERSSH & 38 thRkbresiabd E

protein may conprise t
of said fragment in said host cell. Methods of producing an

1mmunolog1cally active bivalent antibody 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 segquence encoding at least one El1 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 E1A
protein, that function in transforming and immortalizing the
host cell. Furthermore, the E1B 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
El1A 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



protein, that function in transformng and inmmortalizing the h
Furthernore, the E1B protein of adenovirus may be expressed, V\g?gHﬁgbp\%
repress apoptosis of the host cell. In one aspect therefore, the host cell
of the invention conprises 25 at |east part of the El region of an
adenovirus, conprising ElA and El E sequences in expressible fornmat.
Imortalized oedésmspse known in the art, and can in prinGicRiN€ooPW
indefinitely, in contrast to primary cells that will die after a limted
number of cell divisions. Various tunor,cell 30 lines known inthe art,
including but not limted to cell Iines such as chi nese hanster ovary (CHO
cell lines, HeLa, baby hanster kidney (BHK), hybridoma cell Iines including
NSO 02 JUNE 28956 S¥®-03/a385185p RP@IGMNE02z¢d)084dr imb4y aerll 1Sp8-1Banér e al so

| mortal i zed. p & { MR el leds PPat dé&%%anffo%n 8 Ealdr. t'f'@tbe' gonot derived
froma tunor. To be able to grow indefinitely, Eﬁl mary cell needs to be

imortalized t?Proynendafaniteymo? t%lf“i‘éffl‘?@ﬁloﬁee&sl rRe é@%“‘i’rstaéaﬁedf or 5
instance be aghifediing.i pifaddet 2o o0af ot fgﬁlﬂry’ @glLosn @h asr adenovirus in

expressible formlnto the cells, Qher met hods .i ncl ude
ThEroducti n SPIATE PAGPETERGY T TPRPRD oBef 4R B RAEBRSE nto t he
cells, introdad¢nconroé J&‘;Vé@pre'rssmm ifgen infothdieedel| Nthrut@issonlof
endogenous p5§eﬁo<§sh§néﬂ dECLA SroahEANRT BE AR bdd 1 G0l ARG (fhyTb ANt PSS

gene in the ce erred |1 ne r use as a host ceII accordi ng
to the presentnd rﬁ?eﬁ?ﬂléﬁ?ceﬁ’m%m AfAss oA PdtFtdendelsSVithel e.g. in US

patent 5, 994, iR&ge&slﬂw%bb@amn Iﬁdﬂttlaﬁt(ﬁntendod%ﬁgu%-@N-BE't{tfe have been
deposited at the ECACC u {1 er _no. 5 96022940. Brl %f hurran gbryoni c
retinobl asfs GBHE’ PRARTEAFTYRdED FHYFoMi & BR-BFE P gﬁner’e’b fi conpri sing

El A and E1B otlkdenoprefiesredhmylei hirtehéoflvlegenea ihosdrdaldnabyoridheg
to 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 El1 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 (Xd)
of at least 5 * 10E4 liter/mole, more preferably 5 * 10E5,

25 more preferably more than 5 * 10E6, still more preferably 5 *
10E7, or more. Typically, monoclonal antibodies may have
affinities which go up to 10E1l0 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

bivalent. An antibody fragment according to the invention is



human PGK pronoter. 20 | nmunol ogically active I mmunol ogically agélﬁﬁﬁ '2606
accordance with the invention neans capable of selectively bindi ng
antigen, wherein selective binding is defined as binding with an affl ni ty
(Kd) of at least 5 * 10E4 liter/nole, nore preferably 5 * 10E5, 25 nore
preferably nore than 5 * 10E6, still nore preferably 5 10E7, or nore.

Typi cal |y, nomwoedigseb? anti bodi es may have affinities whipghngtdf t o | CEL10
liter per nole, or even higher. Bivalent nultineric antibody fragnent 30
| gGs typically have two identical Fab rggions, i.e. two regions that bind
antigen, and are therefore said to be bivalent. An antibody fragnent
according to the invention is 02 JUNE 2006 WO 03/051927 15 PCT/ NLO2 /00841
meant to def immnd hwldedihe,a whiednleet diied réf@ibpisnthadihding ifonctisnt | acks

the region that &rséﬁsattﬁetlf@gl%hf&patt%eémt tp@%ffeé@&prf%@&oym ant i body
fragments according to the invention |ack at |least the Cterninal constant

donmai n of t hePrIreESy B Ye haf ntPory r & agrentst éSFK}rd&ﬁ’fgl bodyref FAHITEAPR according to
the inventiomdkaek lakh tihe CGtéﬁrmﬁbmad:or&ﬂiBSt althadored BEe afeavhe  heavy chain

(C2 and C3 A hi val ent ant acc d| to.the i yvention is a
fragnent, \g/\/m% P 8onprics8 Y eragg%/na "R r% fraﬁmen at g?m nf:’i?nhtg rggl on conpri ses

a light chai nlrm&namh dahbaltwthchm rC—fCﬁatgxmidt coniach dimadnagefr égeon may exi st

as a dimer (j.&y LheNgaYYadhaby. fr pgeRnhran thay! £:38keshai n are bound to
forma dimer) or "as a monomer (e.g. in a single chain "format (scFv)). The

bi val ent ant | BeRAFIERAJIPRRRS ‘é’é’éb\"cﬂ“n@;s ) frtaﬁ‘éeritnvéﬂ’t?lbﬁ%?’é“&l F&?ic in the
sense that theidddaghtdidiong. Each binding region comprises a light chain

10 and a heavy chain fragment, which binding region 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.g. 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



15 regions nmaking up the bival ent antibody fragnment are |inked bg Hﬁ??@ 6
ot her, al though not via peptide bonds. The binding regions my II i Q} in
di fferent ways, e.g. through one or nore cystein dependent S-bridges

(sul phur bridges), such as in the hinge regions directly attached to the C
region of the 20 two heavy chains. The at |east two i ndependent antigen

bi nding sitesydmysfaot h bind the same or each bind di fferl,%%J ‘3@#44 ens.
Monoval ent anti body fragnents as neant in the present i Avent ave only

one antigen binding site. One non-linmtjng exanple of a nonoval ent anti body
fragnent is a F(ab') 25 fragnent. The two binding regions may or may not be
identical, and nmay or may not be nonospecific, mnmeaning that both binding
regi ons recogidaxe thwnsateyeepeyiope by tdnet he wan@laftfwonstyghurwher eas t he
former means . i.ze the same epitope wth different affinity or
di fferent epilfr&grrg;x gg&g\’g%rléferred bi val ent di neric anti body fragnent
according to the invention is a F(ab')2 fragnent, which consists of two

i dentical F(ap' Jonft NE St dohachadmt O €each ot her through the 02 JUNE 2006
WD 03/051927 16 PCTI]/ NLO2/ 00841 heavy chain hi ng% re%{ijons by one or usually

two sul phu? B9 @GESPPRI GEAESTfS BROBBRTUJAY F afPPhTty s F AteE The

anti body fragmemt anpmedeced(tmEyober dbelredcetit dabplgatogdn, wirbheny noi ety
(radi o- or fluor t [, i pr ikn,_.ar.o f in the sane
P o%%%rg(l}géa!gl@p J %f?é( {aégle wag} %Eann ct S%mﬁ?&é"ﬁ%ﬁkﬂaé‘

way as intact anti | _ | abel ed. el'ing may also take the form of
gener ati on of 1zbelidsilgtreping @ial 4Pt heke dbe- feorre oI T¥RRerahi¢tbedya f r agnent s

may 10 al so be LR pastad 10 t@khes11pekypephhsdeme oWl GragRaitidabes or
| munocon; Ggat eSS EaN ed Qo Sener b o ok Laddl Sal SNt i es o
immunoconjugates 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 Bismuth212 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 RheniumlB86 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.



It is also possible to generate bispecific fragnments, with antigen binding
sites situated either Nntermnal or Gtermnal to the hinge re@' JWNERH06
Radi ol abel s may be used in both inmaging and therapy. These nay be al pha
particle emtters such as Bisnmuth212 or Astatine2ll; these have a very high
energy but only a small range, so bystander effects are mninmal. Beta
particle em ttwpss@iwy; nore comonly in use; these incl ud'igac odi nel 3l ,
Yttrium@0 and 20 Rheni unil86 anongst others. These have a 10 2’?5’311ti cle
energy but a greater range, thus potentjally causing bystander cell death
in a tunor mass. In addition, antibodies may be |abeled wth cytotoxic

noi eties that kill the tunor cell upon internalization. An antibody |inked
to a bacteri athdrexis,aldb tiad ipoheasniadi he demecalra dhtpecich ct et ivad ket :

(Mylotarg; Cagter, ;290 { QX6 MMiAt L 6Simone! LnqQj ds ( TAPS;
5 nE %egx bhng A 8bnd 19X G erC?)Lag L &Sy EE % gr,m”?%é JRREDY

| munoGen), as we I mmunol i posones ed wt erapeuti c agents

anongst ot her gellCapgirafapratsie b angifefhrperedl pPet dindycingept i des, drugs
or pro-drugs. xit1iABYoRkBe B8Ordeensésl. QbmatimeEBiatiba sirchgRertbagguent |y
i ntroduced ther age%l c ma%, bi nd,. 02 JUN%EZOOG_V\D 03/ Q51927 17 PCT/ NLO2
100841 Thefe F&%aP4sld REORoiBhHtEr TH2ReHErREE BRSBE et HtPhod es:  one

anti gen binding domain can bind a tunour cell, the other a cell surface

protein of an,eff o] i nducing killing of the target cell.
Honodi nmeri sat f“ggnlb%g% ﬁagjgl%rlé%tés&?rﬁa%&g al so yield proteins with enhanced

anti-tunmour cheatedner¢an PesenoRier Jud preeRrsnpryfedargwt Pr@tigiens can be
encoded by prgemitsahs MtQbehNSaddiat gR@ukis1aPE6dl AB&l Bilda@@s and/ or
pOSttI’anSL%tlgg%ﬂren?ggfd;%%;é(gE%tein form is reached. Nucleic acid

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)
linked 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



10 before the mature protein formis reached. Nucleic acid enc glﬁgm

precursor forns of antibody fragnents, as well as the encoded precursc?006
proteins thenselves, including but not |imted to preproteins containing
secretion signals and the I|ike, are included in the invention. The nucleic

acid 15 sequences encoding the fragnents of interest can conpri se introns
or not. Siml agdysosiohy ey be a cDNA or cDNA-1i ke nuclei or a genom c
fragment, or conbinations thereof. Sequences capable of EF f‘?féwgkpresm on
20 To obtain expression of nucleic acid,sequences encoding antibody
fragnents or precursors thereof, it is well known to those skilled in the
art that sequences capabl e of dI’IVI ng such expression have to be

functional | y dailvdog csdplreds opemabl includie ikedoterst henhanckes anactite sequences

encodi ng the fﬂ(t'bgglyc%ﬁbiré gﬁgtt?he%opr%Qéé%%u%@%%%us petional Iy

linked is nmeant 'to descri he nucl el c acid sequenc s encodi ng t he
anti body frageawbsentt greetraors Jt%éhéd?osl'tsc?li]nkéﬁelﬁ?yt Aelviggquences capabl e

of driving exggRsskosh S¥Chhd hat148S61d SRYUERERS tEAN Gei Fen®ABRLSS on of the
ant i bodi es or recursors 30 _thereof. Functi onaII .l inked includes but is not

limted to® dFfEEE F f858e. PR™RERET ISRt %ﬁogifaﬁ%l &V BRE5R™ 1 nkage s
for instance &mura:dmhse ebpa bs=i cﬁnoma@seomre§ou8awemc@szd@ﬁgJﬁNEsQﬂOG WO

03/051927 1s Egg!a'yg,g&ké 0UB4d, L\ NG BARIRS Sb 0L BY; 1) AR AEHLP! €T S,

enhancers and |nat|ons f her eof . ese obV|oust be
capabl e of fu'ﬁleetfleoml%@%cnat:#fé Sﬁé‘é@“@él pre Pﬁéwm}vlerbx/ﬁﬁgnd@)@pr ession of the

nucleic aci d sediiRaees thAat aaf eeflngbivBNal lkie Sadt. NKLSkls@idheym Pronoters can

be constitutive or requl atg and can be obtatned from vari ous sources,
i ncl udi ng erfﬂﬁﬁflc acids of interest may be from the natural promoter or

derivative thereof or from an entirely heterologous promoter.
Some well-known and much used promoters comprise promoters
derived from viruses, such as adenovirus, such as the
adenovirus ElA 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 or 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



procaryotic, or eucaryotic sources, or artificially designed. These nucleic
aci d sequences are obtainable by standard techniques that are WeIJUNEZORA in
the art. Expression of 10 nucleic acids of interest nay be fromthe natural
pronoter or derivative thereof or froman entirely heterol ogous pronoter.
Some wel | - known and nuch used pronoters conprise pronoters derived from
viruses, such \gg.afdpppvirus, such as the adenovirus El A#gormt er, pronoters
derived from1S cytonegal ovirus (CW), such as the CW i QLAY Ws4a 5 | y (1E)
pronoter, or derived from eucaryotic cel I s, such as nethall othionein (M)
pronoters, elongation factor la (EF- la) pronoter. Any pronoter or
enhancer/pr onoter capable of driving expression of the sequence of interest
in the host cehltulr$n@Q tcBUS SubadIR bRadiRe:t Nuenkt&b1ike, onry/preferred

enbodi nent the se ence.ca ble.of drjivin r on ¢ |se a region
Froma QW pr Bt 8P/ dav ShEr SBD 57 b PLaRoR BaRY SRABah deT kot | dos - 735
to +95 of thekv tonedisabe sciilyd genehe entianwet iprbwddsebut Gdvihong i n
Fig.2). This fggiQg £Q o\r§§ﬁ}g§n%§rﬁl\é%‘:¥ &' PRI &Nha EBpspart et al,

1985). W have found t works particularly well, resul t| ng
in several 5 f@?’@rﬁisgh‘éﬁowékp?‘ﬂ’:%%% ﬁonséb?ﬁﬁ"&lsr SHPEH %Ihéutﬁ@%n%font h&r shorter,

regul ar CW pesflihetids RRES&IH. béveald. cﬁmlrmmditlﬁlsaamdﬁ (I'nvitrogen).
30 02 JUNE 2006 WD O /051927%%9 PCTI NLO2 /00841 lturing.a cell js done to
enable it to ARYHBEPT XY "Shi9 Yt SRCER G o F PRI RATIEC BT R PIRES D

acconpl i shed byodtm:lnomls_{meﬁk d(lﬂomrigOch‘h&Odsnslﬁohfl bgkdamcehin art, and

i ncl udes Ut o 4t 6 4isPEOUNIL G ANEELENS 1 Tk, CRlL The

10 batch, continuous systems, hollow fiber or other methods, all
meant to be included in the invention. In order to achieve
large scale (continuous) production of recombinant proteins
through cell culture it is preferred in the art to have cells
capable of growing in suspension, and it i1s 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 1s 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



5 conprise growh adhering to surfaces, growth in suspension, or

combi nati ons thereof. Several culturing conditions can be opti fZUYERY06
met hods well known in the art to optim ze protein production yields.
Culturing can be done for instance in dishes, roller bottles or in

bi oreactors, using batch, fed 10 batch, continuous systens, hollow fiber or
ot her met hods,y@hlesihEant to be included in the invention. In order to
achieve |large 3care (continuous) production of reconbi nd5T/NHHO¥! ns

through cell culture it is preferred in_the art to have cells capable of
growi ng in suspension, and it is prefer?%d to have 15 cells capable of being
cultured in the absence of animal- or hunman-derived serumor animal- or

human- der i veds&ficHBes GRORBORRNEnt {AWE ¢&Qlsat T £&n @RSkEBRisvedndly safety is

enhanced due tom%ge(ﬁﬁfence og addkt'onak qginal oy .human prgteins derived

from the cul t e "FERLAWRi 1% PR TSy 57 SREFUISs BUVEY 26 éPF3bl e as

synt heti ¢ nedcel lar estdie abeSdr iinstapeotumisfettion, Lipcfeptédrerred enbodi nent

of the inventj i ol nqi i iva t LC anti body
égaggg,ag%famgur ROIAGLGAdekor A Ufa kAl efd. Wik LidERGh

fragment is a _ agment. Expression of such fragnents In eucaryotic
cel I's has 25 s fPariigefvounaueisifea proSP@tRcRe, 1asemdstisy "htab )
fragments wergrfiieducest ihe t i rd86 GhivbREl Y SELIE nu¥e i Q¥idleanhps e an
immortalized grlnary,eu aryotic host cel IS abl e_ of expressing

| th c
such F(ab')2 Pr&gments § e*ﬁn&f?ﬁ?&@““’rﬁé’ﬁ‘ﬁgy ioF SFYHiY FREFATERBunt s. 30
Host cel |l s obtaithabbendmeo et neitdi osEld .cedids cat ks deri vashifleoot tdrevimnt | oned

cells, for in ' j i,n u i i 6 03/ 051927 20
PCT/ NLO2 /008%%%%%&2%0%5%%%)%%& hgodr}eﬁ%?%eﬁggg%gﬁalqé t]e'?)f:illés%gla?mdr\t?‘e?eachi eved by

10 expression in a stable manner. Alternatively, expression can

be regulated.

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



any nmethod known in the art to introduce nucleic acid into celli %B ﬁs
for instance transfection, |ipofection, electroporation, virusY HAggt 3
and the like. The nmethod 5 used for introducing nucleic acid sequences in
cells is not critical for the current invention. Said nucleic acid can be
present in the cells extrachronosomally or stably integrated in the genone

of said cells.woaighisse!l | s are capable of driving express iently,
but preferably said cells can drive 10 expression in a st%ﬁﬂgE#@E er.

Al ternatively, expression can be regulgted. According to a preferred aspect
of the invention, the host cell provided is a manmalian cell, nore
preferably a human 15 cell, nore preferably a human cell that is obtainable
fromthe groaqﬂnmséstﬂmg Déve? B3ert eilmnd r eald ZRERYCET , c.ﬁ{ lbe. uBER1CEA " IS a

human cel | Iin pargggkdl s(‘:’Fg%(Pr essi V%fgﬁ‘?%cg §anr2|9%| gpl y( reproduci bl e,

upscal abl e nanner ose r'mven |on di scl oses
t hat PER CGTMemlelquns;CakJ@ln@a{pabilgénofCG-‘ZOSpPJeﬁm@nﬁ‘gnﬁﬁrﬂﬁb@&ﬁgpema)y active

bi val ent mul t'aﬂ?é'lﬁveaﬁ@énbgﬂﬁ{ortfaﬁ§gé@%3tw% REGI &l ¢4k 1 fhefPEQdisng such
fragments functionally Iinked to sequences capable of driving expression

of said fradgneffdratseprdlsent®7hH +t Rt @IRIE T‘Fﬁ}‘sl BekayedPRbt a0 12 one preferred
aspect of thenanRyEng eman tshed oot ceeld. perRAF™Ohialsnabive béaim a PER C6 M
cell. The host ceIIs éhedpéfsent upvegtlon an llengprt% |zed primary

cha erlz n31ve 5
cell's. Nucl ei ¢ acid &ncod ng protern o HeRBv T B8R  For t al i ze

cells, and hostigeéficgnbbe dedtay inousealiagi mpenen@rpmyovb@ |amhnrtal i zed by

the presence Qfo8ad GaElor rmla ér?deaeéd FRPUENGS, tﬁy%cﬂstm& bhe. cse for
i nstance in ER. C6TM cel | her enbryonic retinal cells as well as 02

JUNE 2006 yw)(ggpégfggqb?]prought in susperision in a hlghly reproduc1ble

manner makes it very suitable for large scale production.
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 E1A. 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



PCT/ NLO2/ 00841 ammi ocytes that have been inmmortalized by El, caﬁ ge uiﬁ{) I
in the present invention. Transfornmed human 293 cells (of enb ?/ HNE ney
origin, cells also knowmn as HEK293 <cells) also have been imortalized by
the El region fromadenovirus 5 (G ahamet al., 1977), but PER C6TM cells
behave better in handling than said 293 cells. PER C6TM cells have been
characterized gmgg%urrent ed extensively, while they behave significantly
better in upscaling, suspension growth and growth factoCINEMMtence.
Especially the fact that PER C6TM 10 cells can be brought in suspension in
a highly reproducible manner nmakes it Yery suitable for large scale
production. Another advantage of the presence of adenovirus El region

nucleic acid gg £9@pasadihe £ehbsl) aAckiMGxhhpb e SRALENERhP {di@ntidvention is
that adenovirus E1A as a transcriptional 15 activator is known to enhance
transcri pti ond$FOMERR AL IFOROLERS, ) ¢ iEPERTHY AR GeFE vely

enhancer/ pronpi@d toCottivated vidkroneck989; A ive et al., 1990). Thus, when the
reconmbi nant protein to be expressed is under the control of the CW
enhancer/pronoter, as in one of the preferred enbodi nents of 20 the

i nvent i on, sexpneswiuopldaivel sy gictive bizeberdi aahibqsivofedgmentncrease in cells

conpri sing ElfyedNQEELPNK, aORGAFPEEtagRENE N an i B BRbAQEPLERVIARSaNOSt cel |'s
conprising a nucleic acid, sequence encoding._at |east _one El protein of an
adenovi rus or "a¥Sh&bl Y P SCFFEGneeTant? it 1derd VEEAVEC T HBPEYTY uncti onal i n
25 immortal i ZbpghrctRbh MEEtYoasIGHr Y04k '0 2C tdgmetihe. immMuaald@ecal |y acti ve

bi val ent multiner.ic (rr;fi bod¥ulf.rfagrrents can bicnd LQ any mchgs n.antigen

rElculg GXIuSF i %car OFlC hoa ells et % s,.for
target. Metho88 1o i tiTy such ar&e S an i scover antibodies or

ant i body 30 f pagimattisntef such frapgetts waned Wel Eokrbwhat rmrehe art .

Preferably, antibodies,&f ianthhed¥dfFAGBBNS pabeu Rl BUdmRN 2 eFdfeRes but
obvi ously antibody fragnents or antibodi es can be i
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



02 JUNE 2006 WD 03/051927 22 PCTI NL0O2/ 00841 of other origins as f?bk 266
exanpl e, the present invention discloses production of F(ab')?2 ragnen
that selectively bind to activated vitronectin. 5 An imunol ogically active
bi val ent anti body fragnment, exenplified by a F(ab')2 fragnment, can be
produced in several ways, but as discussed, there is still a need for

i nproved proGisdsie9d et hods of F(ab') fragnents. It wo rticularly
useful if eucaryotic host cells and nethods for 10 pr Odutﬂc?/ggﬁ‘zépﬁ?

fragment woul d be found that are char ag% erized in inproved ratios of
produced F(ab')2 fragnents over F(ab') fragments, or generally inproved
rati os of immunologically active bivalent over nonoval ent anti body
fragments. Thasgivehefymeggal (Levemtdtonl pr d¥Pdes Thos thdiketrwtdugbtaei me a host

cel | expressi 9%%39 S&%@El&gsﬂmpﬁmg%@& Q@ilpyoteaeialv%umﬁml ent and

nonoval ent an fragment recursor thereof aracterized in
that the ratibriigesschatdas Hieyaremnti SEBgIRGAIEYions iperhAgFBody

fragment to ah&ﬁﬁve‘r%ﬂ@e@@é&&JuhMeﬁ@folfVQuﬁJhUerﬂz}ﬂgfeéam&Elby said 20
host cell is at least 3:1, wherein th

tvvoantl n _bindin regi.ons of said
bi val ent acti %c%?ﬁtsreb%‘b‘if’uﬁh%ﬁf’ejasr nBl?e 3nth ‘g 6§a$‘ée6’ttgdea“ggﬁas It will
be under st oodibytHdtersid Ipredergpeeson hiakat ldsisgherphuat bosigesefqr ef erabl e. An
exanpl e where  f013:08110,1 3 f%e@gﬁ§h%ﬁlé N80 o B84 86L0peA I 0 the

present 25 i RVENSon. AcCor hé Thventlon it Was shown that it is
possible to hesordsilhand y‘epb@tmeep&wapérﬂxpmﬁ¥4nﬂeﬁiﬂ@urmit°9bw3lw ragment s

and monoval ent,antd Bogy: dntagi® Modovdh et aqtmoeg, ﬁtaglrn@ﬁ@s; Lr3uni3@ Use of a
hinge region that is derived fromlgG3 in F(ab %
10 the two antigen binding régions are linked by only few sulphur

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



fragnents has been described to result in better ratios of F(ab')2 to
F(ab') fragnments when conpared to a hinge region 02 JUNE 2006 WO2GNE20967

23 PCT/ NLO2/ 00841 derived fromlgd (Leung et al., 1999). This is likely due
to the high nunber of sul phur bridges (11 potential sul phur bridges)

i nking the two anti body binding regions in an |1gG3 hi nge. However,

i ncreased nunbgp ?I&£”§ulphur bridges generally 5 decrease production |evels
of the antibody fragnents, and it is therefore preferabl RETINIOHNES | ess

sul phur bridges for production at a Iarge scale. This invention provides
for a host cell and nethods capabl e of &xpressing i munol ogically active
bi val ent and nonoval ent anti body fragnents, .of which 10 the two antigen

bi ndi ng regi opse Qﬁghﬂ %‘ﬁ@r@ﬁa@@&)’ Jnéwlxﬁgbﬂsl%hyéss Q%EQQF%ssb@s anfuch better
rati o than achi eve host cells and nethods described till now.

Therefore, i nh%ﬁRNFﬁéFOQH?BBH}%ﬁghtTQﬁY fhE° iaRreht 9o, PerEichBl feRti gen bi ndi ng
regi ons of saudwrtsmumlmbeaé:lnyg aeégsvewﬂén kRh¥ adeyitreanskorenoy alrent ant i body

fragnents are_|inked £ y ne sulgpqy bri dges, nore preferably by one
or two sul phuP*°BrdgE “mﬂc%5Vﬁ|ng 0 BRE Breferred aspect, said

i mrunol ogi ¢al ly active bivalent fragnents are F(ab')2 fragnments. 20

Qul turing thegel l3eol ddiechiBREAORCafk eyIRDRACER diagg T0 a variety of
ways, generally known and described in the art timzation of culturing

condi tions cah™pEPGEeaECAIdYi %frld\?eamﬂ‘?édylféﬂaa%‘e%‘?s Br8dieddtehtansoery
fragments, andutriledprame st tAatr Bigroves tS@CfﬁﬁdolEn{RmeQgﬂe@m ly active

bi val ent mul t nggédccﬁ tg Oan@DQ%’:%'d%QEs ac':r;tni ggdL}/se]Zir L@g rPueve lﬂls, aFl?mtdI Ens zation may
10 meant 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



include but is not limted to the gromh nedia and additives, Eﬁl &JW i2%6
tenperature, tinme of growth and production phases, culture dis J E

bi oreactor type and volume, and the |like. 30 Preferably, growth nedia

| acki ng ani mal - or human-derived serumor aninmal- or human derived serum
conponents are used, such as e.g. ExCell 525 (JRH) nedium Defined culture
medi a 02 JUNE wW@psig6y 03/ 051927 24 PCT/ NLO2/ 00841 are hi %}&L&zﬁér ol | abl e,
and inpose | ess safety issues and high reproducibility. are
highly beneficial for downstream procesging steps, when the desired
proteins or protein fragments are to be"isolated. 5 In a preferred

enbodi nent of the invention, the said imunologically active antibody
fragnents ar epirsp)ixaﬂ:edn a:ffd/aﬁrirrmﬁlublcfg'ieﬂllﬁmy:tsfremrtthabdj mpaowes the rati o of

the desired gEQQP &eith ﬁi’eorb o el %?d&!ﬁi?cht ghé‘cl*}l'v‘é gidli . and is

to neant to be Inc ude 1 on. are nomn in the art
for isol ati ngcandg mrepwa.tﬁynnlgay anql\mréhﬁmmlturmnﬁdhgn exafptes are

filtration, ceqlififugali s, CAHOIRY QHBRAYL: ohNELMA: B Qhel NSt ANCE
affinity- chr omat 0 raphy, hydrophobi ¢ interaction, size-fracti onatl on, 15

ani on- exchangd™gngloghcaldghafbive ARty frag@ents ToRevRsEsPethe
size-fracti On@&b@é’sd S PeudiaiRg the &m&éat@ﬂeheaf( al' ) Zpddfenred he F(ab')

fragments. 0 ally active. bival nt fra nts
exenpl i fi ed by %’ﬂrgf’g fr%/ldrré““f‘un"lc?%lcaﬁgyp?% uce WORY ot'é meﬁts(e g. pepsin)
di gestion of compticteeFasitilodned, (ablix facsgmdlt%uélseajwtthes mﬁho@dwas sever al

di sagv?nt ages 4 spete e rnd QVhAE G, TBldadab At £irSgkaRabbs LhapIoci ng | arge
quantiti eslo separating the F(ab’)2 fragments from F(ab’) fragments in the

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



steps. It is another aspect of the present invention to provide

fragnents obtai nabl e by expression of said fragnents in a cell derlved from
a PER C6TH cell. Such F(ab')2 fragnents 30 are efficiently obtainable in
hi gh anmounts. According to another aspect of the invention a crude 02 JUNE
2006 WO 03/ 05498 d3/8R27°CTI NLO2/ 00841 preparation of an inmunol o |caIIy active
anti body fragnment 1s provided, obtainable by nethods acCGFAMH#Y t he
invention. A crude preparation may include the culture nmediumused to
culture the cells, and any preparation ébnprising the S immunol ogically
active antibody fragnents sonewhere in the process of purifying the desired

material. In gnprglesind; poRodaRN by S&id F(BFUOkegLGRlLY active antibody
fragments conprise F(ab')2 and F(ab') fragnents. |n another preferred

aspect of thePiPirdstFaniont AE W&b’%irﬁﬂﬁ%m%ﬁ%{o&? PASPEIRE 18 Ypar at i ng
the F(ab')?2 fragimenbs foromhéfalu)rid rragpesds isnaldeposdiwde. preparati on are
provi ded. Separation can be done according to any nethod known in the art,
including but not Ilimted to size exclusion chromatography, affinity

chr omat ogr @phyt Enisonthemdspectt afi bre dreertrigs, tearprvidugaveener 15

Filtration. |t ukdil 1Res %e%ﬂ[)dt&ct)pglﬁqtl)l% REVSANohhatne $€PAKALEON Met hods
based on nass or size of grrents are particularly useful for this

pur pose. Al soCPHH%fGeBNPasen&ﬁdHSQp Bt Sl prd |hﬁ9%‘1’1t1ie€|’1°%r°ef pRar maceutical 20
conposi ti ons Gasddyi, NGpERdnk DI RBMEE Gakl yntaehrs verranis body v riagrent ,
preferably a F(a 2. f ment aceor di ng invention, Pharmaceuti cal
corrposi tions ﬁ%glcﬁ] Fuékéeqémlea%)ét ain, anra CI]-:{P ghe tJErs{:1 conrstant

10 region of the heavy chain as present in complete IgG. The

of functional bivalent antibody fragnents w thout the use of 32§r ot 3@8

hinge region is situated just behind the CH1l 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, CHl1 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



carriers for admnistration of the desired material to humans %%r@bg.
Such carriers can include but are not limted to 25 salts, sugarsS, proterns,
lipids. The adm nistration of pharmaceutical conpositions can be done in a
variety of ways, which are not critical for the present invention. One non-
limting exanple for the use of pharnmaceutical conpositions according to
the present i nvewaddspars conprises the 30 adm ni stration of 11,:“(&900)33 f ragnent
with a desired specificity in the formof a pharmaceutical conposition to a
human for inmagi ng purposes, for instanc?7to | ocate a tunor 02 JUNE 2006 WO
03/051927 26 PCT/NLO2 /00841 that is selectively bound by said F(ab') 2
fragnment. Adm nistration of F(ab') 2 fragnment producible according to the

i nvention forct hgoapéwd dnpsuqhosesonssedl stdoposisithbeth & Iheavg amiobher aspect

of the invention.t oV : I I | d ording to the
i nvention. Th!él?r}lgcgggfm rggs%3:$gr§{)rg fﬁ%#@og%%%?&ﬁgggnd hi nge region
of an anti boaylicdpgi eamaleyteantpried Agte nfunshsonalHproeiintheonRrisable regi on

of the heavy ghadfyy &l Crilghts dhBen fArhshefONSt SbUcti0e I £IIDRA &fcduigg heavy
chain as present in conplete 1gG The  hinge reégl on is_ sjtuated just behind

the CH redi oR*$GHFSPES Yeddt I TRITTHE SpaF tSREr B tife 1RG0 %1t +embi ndi ng
sites of an amtdady. ane heakedndi bBighyStiedin- deppradenéncidipgunabri dges. The

vestor also wll, conpriss.DN: encading YL andocl ¢eghonof ,n.do antibody,
optionally coﬁ‘p?l Si gg an i ntton. and" A are™ né “Var abPe and const ant
regi on of thepkdighitn eheddingr Bpesach vidlag, an AmpegeBrsios prddAnsequence capabl e
of replicatingnisudiPhy &ehhy ndnde GARsBHE. BRRAN4iRE EhPhasy d, phagem d,
Phage, et A et nad DA Shcoiiag the 1iat chaih Eragnint oo | S€S
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



20 at | east a sequence responsible for replicating the DNA in a pgﬁkz 6
Preferably said vector al so conprises sel ectable marker DNA, cgﬁ |88 to
the host cell in which the vector is present the ability to growin the
presence of a toxic substrate or in the absence of an otherw se essenti al
grow h 25 factor. Preferably said vector conprises replication signals for

propagation i bial host, so it can easily be obtained in quantities
that are pracﬁ%%%ﬁ%]ﬁe region conprising DNA encodi ng VE"NE084hd hi nge
region (heavy chain fragnent) nmay be of genomc origin, or can be cDNA in
which 30 artificial introns are optionafly present. The same holds for the
regi on conprising DNA encoding VL and CL (light chain fragnment). DNA of

said VH CH apeh JHdeagiAasonebt @s {ahs¥kigid OdsullbEy 2008 W03/ 051927 27
PCT/ NLO2 /00841 CL should be in su hggsconsteljatl on that b,otg a heavy and a

light chain tFEHEEREPTY GROpESGCL i F G R ER EuBBI S pY 191%g (Fan be
transl ated i nkogf Wieticzal ipred eaverconpt i %5i1AY, 4538 ) heawv thandrasednitght chai n

fragnment, respecti y. j al.s i nts i s neant
to be incl udegn‘lgennt;iﬁlé’ er%%%%%%%égh %a\e/c;gg%dg q iega?&%hg'}l%%agggnent
encodi ng DNA apkdicdisitrameetalsingodert ddetriaAt ehtdapoligerf Faglhedt s. O her

protein encodicpgydNbs St tBadctaRei yBiRQT UsheRi R@uel Nk dcseceficoded may or
may not be present. DNA encoding the-heavy 10 chain fragment and DNA

encodi ng t he PPEHUSCh e phy PREIP™ et VHe2 b dltabt Y FenReEd o a cw
pronot er, suckettdt caaichcoM¥ afyr ORDEEY VL Sreedpablwhieh détetimfige tthanscri ption

of said DNA 10,8, SULLADI& Ge) e IRSGILREL AN G J Vel The OW
pronoter Is a sﬁong pronoter useful for dri Vi ng expression of reconbi nant
15 protei n® t dehheps LevettaingBNK gearensegnercodéng rithedd i gSmprising

regions of interest are known to those 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.



patent no. 5,186,062. The CW pronoter as used herein conprise uclggbldes
-735 to +95 of the major imediate early gene enhancer/pronnte

the nucl eotides are nunbered relative to the transcriptional start site.
This region 20 conprises the enhancer and pronoter of the CW imedi ate
early pronoter, and the person skilled in the art may nmake substitutions,
insertions andg gmggbftions inthis region, and test the pronoter for
usef ul ness accor o nethods known in the art, and us®TEUIEHB Iyt at ed
Ccw enhancer/pronnter 25 according to the i nvention wi t hout departing from
t he scope of the invention. The use of ¥his pronoter further has the
advant age that El sequences as present in host cells according to the

i nvention can augnment transcription rates fromthis pronoter. Furthernore,

both DNA encog,ng, @@rbz?@\aeecnwea&&frtﬁgnmtlo@ﬂ% tel;}smg,iwgrghal n fragnment

can be operably Tin to a pol adenylatlon signal, preferably fromthe
bovi ne growt hPrﬁWq?ﬁ‘nen‘g‘éﬁ@te ta Limghathg scoeefafl therinvgAtri ng good 02

JUNE 2006 WO @gAOank3d7ng BQILBN&ZamQLQ%} fohypadeny kati atiebaf he

transcrlpts resulting 1n tter t n and nce n hl her
reconbi nant® profeRartyi ePtRt (‘%égmgea F?a(ﬂ %2 gierh %eﬁﬁ? 't 5,122, 458) .

I n the presentactivatent vdironeet frawesr eldued dartcd eppﬁﬁsledeuarPEaxaﬁi“ﬁl e where the
> antibody T'adieh! 3.BPCoARl A LB WhOLGANLPI DL R )fe [ ¥ agmENts L hat

sel ectively bind t'o activated vitronect vious to t skilled
person, the VMiapehegtipgyjingAsg ofctilety \Péctléﬁ* r@ﬁhl‘éHi@oHéo%ﬁWSWFS and VL
region, whichqdgbedvrageqat he antigen specificity of the resulting antibody
fragnents 10 Methods to obtain DNA sequences encoding VH and VL conpri sing
regi ons of Y nterest are known to those in the art. These

Example 1. Construction of expression vectors.

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 pVN1l8LcvHcv (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,
pVN1l8LcvHcvHis, 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



include but are not limted to obtaining such DNA from hybridonma cells

for instance by phage-display. Said fragments can then be cl on@aWEZOO(’
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 %8590%?929” | evel s of the desired proteins. 20 The invention

al so provides a :1asmd useful for expression of reconbiR¢IALOXP#Lei ns in
host cells in general pl asm d pcDNA3002(Nec) fig. 2, deposited on Decenber
13, 2001 at the European Col I ection of 3el| Cultures (ECACC) under nunber
25 01121318. W have found this plasm d particularly useful for expression

of nultiple ppofeaifys AndtdhPBS WerPIUr@bhfed esBCi ARG amgl@mbgauiﬂ ns and
fragments thereof in the host cells of the invention. The DNA encoding the

protein(s) or Saphzapke?Rd RYFSeh-e8St- can be cl oned behi nd the CWI ong 30
pronmoters in this plasmd, by standard techni ques well known to persons

skilled in the art ﬁPFo%yNgﬂié)L%Q’f{\F/%)vﬁO%/ 0‘%11%%)}7%9 }FCT/ NLO 2/00841 To

i | lustrate t h&PTRAS g ex 5""dre provided, not intended
to limt the Feoplef reheonisnvdntthenligiDNAandnbedvngelmioenpletie aemulbody as

wel | as the antipody:dnfraQneod,s GORS!iiLHIANG aff&@ba)thsgfeaga? 1a4i rected
agai nst activated vitronectin was cloned and expressed in PER. C 6TM cells,

expr essi on wadiBFRn ARESafiese BERATRLELY iFRNERelNt VREHRE Rk miisAg
activity of thaat@pulithdgr pr@ighsly Wasquale@ensit at@@d. N-termini, and

constant regions at the C-termini of the two chains, resulting
10 in plasmids VL VN18 and VH VN18 comprising 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
pcDNA3002 (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.qg.
Sambrook and Russel, 2001).
Oligo E001l: CCTGGCGCGCCACCATGGCATGCCCTGGCTTCCTGTGG
This is homologous to the start of the translated sequence.
20 The start codon is in bold; Kozak sequence is underlined; the
Ascl site used for cloning is in italics.
Oligo E002: 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 is in italics.
Using these oligonucleotides the light 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 pVN1l8Lcv (not shown).
30 Two forms of the heavy chain were then inserted into this

plasmid to generate either the intact IgGl molecule, or the



10 Exanpl e 1. Construction of expression vectors. An expressio t;ﬁi@ S
gener ated whi ch encodes both the |ight and heavy chains of anr?%) an@d\gﬁdy

that recognizes activated vitronectin (as disclosed in EP 1130099). The DNA
15 encoding the antigen binding region of this antibody was first isolated
froma scFv phage display library and a | eader sequence and constant
regions were a@fRMspHi or to cloning into the expressi onp¥eiiBlooss
pcDNA3002( Neo) (Figure 2). The expression vector pcDNA3002( Neogi s deposited
on Decenber 13, 20 2001 at the European {ollection of Cell Cultures (ECACC)
under nunber 01121318. The resulting plasmd is pVNl8LcvHcv (Figure 3),
whi ch is deposited on Decenber 13, 2001 at the ECACC under nunber 01121320.
I n addi tion a flekénd df nsasesonRleasieVHMWNGR wazontssidnesan tenrdete| fertht chain
and a heavy ChainaphiiGhchsige truncated i mrediately after the |ast

transl ated codon of the hinge region. This was foll owed by a sequence
encoding a 6 Histidine tag and then a stop codon. This plasmd,

PVN BLcVHCVH sgorCanp@dacessn a bfab'thd fragaest (fgegure thle, apshlowsngleposited
on Decerr‘oer5 13d1'2001 at . the ECACC ugder number 30 01121319. An addi tional

pl asni d has® al ¥ 9BREH CGERBT 8L fBF% F(ab' ) 2 production that does not

cont ai n sequerifd 3enePHGAGCEEATACIANIECROGB-CNEEOBYATEEVZY 30 PCTI NLO2/ 00841

H s-tag. Proceiiies WekRoAfLOT REARSSENLal:Y 8 25H1LBEd LlyueRapbr 00k and
Russel |, 2001. Generation of pVN 8LcvHcv and pVN18LcvHcvH s 5 Vari abl e

regi ons of thee ghertartpdReaby Eh&rad: dfozekesemanceyis roWeel itedanthdody were
i sol at ed from@nmljagﬁedhgp&agbr tidiagyis TheseaMryse separately cloned into
vectors Whll(ll € E?(JOSLIO GGATGGCTAGCTCATTTACCCGGAGACAGGGAGAG
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 1ligated into pVN18Lcv digested with the same

enzymes. The resulting plasmid is pVN1B8LcvHcv.

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 for cloning 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 NheI 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:



addi ng | eader (signal) sequences at the N-termini, and constang J&§ 200% at
the Gtermni of the two chains, resulting 10 in plasmds VL VN18 and VH
VN18 conprising the light and heavy chain respectively. The |ight chain of
the anti-vitronectin 1gG is a kappa type of chain. This will be present in
both expression plasmds and so was inserted first into pcDNA3002(Neo).
Plasm d VL VN{& ¢iRsioprsed as a tenplate for PCR 15 of thepkpRpaodshOht chain
and to include convenlent restriction sites (for general nolecular cloning
procedures, see e.g. Sanbrook and Russek, 2001). digo ECO1:
CCTGGECGECECCACCATGECATGCCCTGECTTCCTGIGG This is honol ogous to the start of
the transl ated sequence. 20 The start codon is in bold;, Kozak sequence is
underl i ned; thelubAsdyssHrCeshsEystiorHiclortysdrpBradysPreolliistid sHiGHighi #002:
CCGGGTTAACTAACABTEBTCCCCTGITGAAGC This is honol ogous to the non-coding strand
at the end of the translated sequence. The stop codon is in bold; the Hpal
site 25 used ﬁ@ingclgms@g &ﬁgbﬁuéltea)ltwess tisd ngedResenin gpRlgkrot killes the

I i ght chain _was I ner ase a_l.3kb fragme

di gest ed wi fh A%@Im%lsﬂd 'gl‘lmg‘a i it ¢ &%Eﬁ\sﬁ 5)u 9‘5 BB vi th
the same enzypebymeTheer esmetatng piasmBdmis pVN Bhel &mbt Lsdubed) .in80 Two
fornms of the hgay a n ner at e
ei ther the mtg %L% a{r};oel e%g vngﬂth%'ﬁs%E% m&g?o&évﬁ%gégg %fza%mg [ NLO2
/00841 31 F (abS)P‘Qﬂﬁ#a‘g&?é’H%S Plasmid VH VN18 was used as a tenplate for

PCR anplificat rR8. sE@lenRE9dYEL LI Hfribbeyidic88ind Fdgiond herd OlHoawi ng 5
ol i gonucl eotol des were used EO003: GGAGGATCCGCCACCATGGECATGCCCTGECTTCCTGIGG

Figures 8 -

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, 2pg 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



This is honol ogous to the start of the translated sequence. Thg $irar200w0don
is in bold; Kozak sequence is underlined; the BanH site used for cloning
isinitalics. 10 E004: GGATGECTAGCTCATTTACCCGGAGACAGGGAGAG This is

honol ogous to the non-coding strand at the end of the translated sequence.
The stop codon is in bold; the Nhel site wused for cloning is in italics.

Usi ng these olygaRksisd,eoti des the heavy chain was anplifi egpnilgosssi Ng Pwo

pol ynmerase as a 2.2kb fragnent, digested with BanH and Nhel and |igated
into pVN18Lcv digested with the sane engzymes. The resulting plasmd is
pVN18LcvHcv. For generation of the H s-tagged F(ab')2 fragnent, the 20
follow ng ol igonucl eotides were used to PCR the heavy chain fragnent from
VH VN18: EO003: a3GAGCGATRECOCASTATGHRAPSETOTIENE TAGIGhEG iHydso¢isldrdd®l ogous to

the start of tg k{o%QSécﬁ{c%Qtj??&%%”Gé?s deIQﬁnl%tea%;f Cc%ﬁBQrin% bPe dhd; Kozak

sequence is un |ne nHl site used loning 1s initalics.
E005: GGATM%F@AAM@?@M@G?GAWP@TM@@*@@@@A &ETT This is

horol ogous to the RNpeafidifyStloaad Bont Beciendanirddieont frR@sbat ed sequence.
The stop codon s | ite 30 used f.or clonlngfis initalics

bold; t e
T e i o medndyth PEee sl i kR i B SRR AT BB H s-tay Lo

under |l i ned. Thastédte Igam nocachak Sefjuenicesant the term nus of the heavy chain

is: 02 JUNE 20 ,Q3/ 0519 1 32
€] uProLysSerCygis%ﬁ;sThrHls%é %%Jﬁro c%gg roH sHi sHi sH sHi sH  sstop Using
t hese ol i gonuclPepdididsnt dfe aﬁéaWYchalﬁﬁrTfPa’gﬁ?ﬁbﬁﬂ pRem-Sregryedt ted ThE®m

plasm d VH VN18hasadheledKlrcfiiaoiment ssisd RY1BWR 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 ildentical 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,



pol ynmerase, digested with BanH and Nhel and ligated into pVN@ELpwER@sst ed
with the sane enzynes. The resulting plasmd is pVNl8LcvHcvH s. The
sequences of the anti body-encoding regions are shown in 10 Figures 8 - 10.
Exanpl e 2. Transfection of PER C6TM cell lines and producti on of F(ab')2
fragments Cells were transfected with either pVNl8LcvHcv or

pVN BLcvHcVvHI i pof ect am ne based nethod. In brief QM cel | s
wer e seeded asw(g%gggbl% cells per 96nmtissue culture (Tj’lcgﬁgﬁl(—lor each di sh,
2g plasmd DNA was mixed with 101 |ipofeggtam ne (G bco); this was added to
the cells in serumfree DVEM nedium (total volune 7m) and incubated for 5
20 hours. This was then replaced with conplete nmedium The follow ng day
(and for the engdimEod wheks)leeluhsraerhe gemmtacj;m dDIVEMYB N 2t aed pr esence of
0.5ng/ M Geneti N t C e t nsf ect ed
with the pl asmFg & )0%%26%s§8§e Z%nge?ft Ocﬁll evel §1qu1 tr?o%%%’: c?%a 4|é/ntl(';:L)E<?he cel |
25 cul ture supebhaizat Wikt éhSe'F@ESttéHCm lapkiElg sAHESSAg: In brief, wells of

a 96-wel |l plat %\e/eé@f&@@saﬂ oW Hhﬁ%'%lp%t{@érﬁﬁgs A4_-Rsted qoka:mackl ght
chain. After blockin a | es were added to wells at

varyi ng dil uti d9§: ah b'??lcﬁPS‘aFé%P f’orT’?Le ﬁ85+b°dﬂf feteriRefli 3ReVeded:ct i on
ant i body 30 (bitsed laahehed aanivaﬂegalwmeami | efud aiit36nedtadtess After a

further washi ng st t.hl was _det ec dit of t rept avi.di n- hor se
radi sh per oxi dg’sélﬁfégl ["owe £ Sb%oa f(ﬁ}ﬁ‘E R %2 266% nﬁB?‘bﬁ‘@Z?
PCTI NLO2 / 00841¢e3$sanfdaaa%wellénpbaftesu@mnr atleEIGSﬁh@rmMyeﬁe, dibgnig@ and

di hydrochl ori d& (4p- ﬂma@@pyalc%&@rttwea&mrarm@ dehes fBo’&ﬁQ ag@gparing

opti cal denS|ty at 492nm_ with that of a known_anti bod andar d.
10 €efficiently whereas the F(ab’) material bound the v1tronect1n

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.



The top producing clones fromeach transfection (19G or 5 F(aby) RINg Y6UE
selected for further analysis. These were: Intact 1gG clones 125 and 243
F(ab')2: clones 118 and 195 Production of antibody is performed in
serumfree nedium Thus the adherent cells in tissue culture flasks were
washed with 10 PBS, then ExCell 525 nedium (JRH) was added and the cells

i ncubated foryg sidbher 4 days to allow secreted anti bodyct/Ruegernul ate in
the cell culture nedium A sanple of the nedium was el ectrophoresed on
reduci ng SDS- PAGE (Figure 4). The heavy jand |ight chains that conprise the
intact, secreted antibody 15 are the predom nant protein species. The
truncated heavy chain of the F(ab')2 fragnent is present at a | ower
concentrati on Brisfh dese¥imtiphecy ithatFigwara. or the i ntact heavy chain of 1gG
The material was then purified: intact 1gG over a Protein A colum and
F(ab')2 fragnents over a Protein L colum (Protein 20 L binds kappa |ight
chains). PurifFéd- nat &rFagt f4€ disiky A Fl“?ﬁ d 2PESERAtt P 9EnAFi3¢d - by gel
filtration on aaﬂm@dré@o&@ a&u@ﬁudekoaeeamlrugmnsmeermud ts of the gel
filtration for qu 24]§n(dntact 1]k8(F(ab)2) are shown in
Figure 5. The rEstHYEe P& %98kt i"ea t5& seen for clone 125 (1gG 25
and clone 195 (F(ab')2) for which data |s not shown. Intact 1gGruns as a
singl e peak wi th el ut zQp, ddMBL6/eAB6as expected for a protein of 150kDa)
The F(ab')2 fragrrent runs as two main peaks; elution tinmes suggest that
the first is F(ab')2 and the second is F(ab'). This was confirnmed by 30
el ectrophor esi ¥igyes. nepts: 06k NgkpobSs FACES (fritguterdy or Suhsequent
purifications indi cated tP t the ratio of F(ab')2:F(ab') often is better.
This is shotth iTR2EFGUr 8567952 JUNE 2006 WO 03/ 051927 PCT/ NLO2 /00841 34

Fig. 4. Reducing SDS-PAGE of cell culture supernatant from
clones producing intact IgG and F(ab’)2 fragment.

A: clone 243 IgG

B: clone 125 IgG

C: clone 195 F(ab’)2

D: clone 118 F{ab’)2

15

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 materigl.

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



again for clone 118, where the percentage of F(ab')2 and F(algﬂuﬁifb&ﬁ96
and 22% respectively. Simlar results were also obtained with e
constructs lacking a H s-tag. The efficiency of binding to antigen was
determned for intact 5 1gG F(ab')2 and F(ab'). The anti body descri bed
above was raised against activated vitronectin, thus vitronectin was
purified int (Yat ohgo et al., 1988) and bound t | s of a
96- wel | pIatthﬁhLﬁ&gL ELI SA anal ysis, the 1gG and F(abgf@pﬁnm&§+lal from
two different clones bound equally 10 effjiciently whereas the F(ab' )
materi al bound the vitronectin approxinately 100-fold less efficiently
(Figure 7). This indicates that the F(ab')2 produced by this nmethod does

i ndeed bind anig' en G\zirrt;heﬁé]L[&iA Baqudinty @sotihgy ithbatighdi \tnziﬂnbfltg(a 02 JUNE
2006 WO 03/0519 P Aﬁ@%é %%1( 1SBgéeLn esqgl th&@aﬁ tElgures Fig.
1. Intact Ig(;?? t} a9 2 Fr 3ghent of 196G (righ ari abl e regions
are pal e, consp‘a‘mSLp‘eIg:mﬁsdav\élld’aq:‘tﬁcvslﬂ -sul phi de bonds are marked in bl ack.
Fig. 2. Expression vectors Fig 3. Vectors for expression of intact 1gG or
Fdab') 10 fragnent of I|g Fig. 4. Reducing SDS- PACE of cell culture

super nat ant 3f r B+ ¢r o?fﬁ‘g’lﬁ?:%di’i"@l ﬁ%q“leﬁfac?ncPQG‘%ﬁ&eF%‘a‘tPl)e?e heawygment . A
clone 243 | gG cHAnBof cimenand25vikgéndctisl myea.195 F(ab')2 D:. clone 118
F(ab')2 Fig. 5. CGel filtration analysis and non-reduci ng SDS- PAGE of 20

purified sanples of 1gG and F(ab')2 material. Elution times are indicated
above peaks. Fig. 10. Complete DNA sequence encoding the trucated (F(ab’)2)

heavy chain fragment of anti-vitronectin IgGl, with His-tag

10 sequence underlined.



Fig. 6. Additional exanple of gel filtration of F(ab')2 mat eri@jJUﬁy@d(pn
vol unmes are indicated above peaks; F(ab')2 25 (72.89 mns) accounts for 76%
of material; F(ab') (85.01 mns) 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
efficiently tRguegaes 19G and F(ab')2. 02 JUNE 2006 WO 9&{/Rbn28ekd1 PCT/ NLO2
/00841 36 Fig. 8. Conplete DNA sequence encoding the |light chain of the
anti-vitronectin 1gG | (this sequence isgjidentical in both pVN BLcvHcv and
pVN 8LcvHcvH s). 5 Fig. 9. Conplete DNA sequence encoding the conplete
heavy chain of the anti-vitronectin Igd. Fig. 10. Conplete DNA seguence
encodi ng t he tRafeaerses(F(ab')2 ) heavy chain fragnent of anti-vitronectin
lgd , with His-tag 10 sequence underlined. 02 JUNE 2006 WD 03/ 051927
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8, 1057-6ﬁ7zg§%d¢§ 2006 40 0072 SG 00 PCT clainms 1. A host cell for

r econbi na Q ifon of a F(ab')?2 fragnment, said host cell conprising
adenovirus El sequences, said host cell being derived froma hunman
enbryonic retina cell, said host cell fuyjthels conprising reconbinant

nucl eic acid encoding a F(ab')2 fragnment, functionally Iinked to one or
nore pronoter and/or enhancer sequences. 2. A host cell according to claim

1, wh i i d host | .is derived f PER.C6 T" I L., A host |1
accorgirﬁ:g tga; y%??%t o?ecﬁhefébfe%egcg‘%rﬁgm%{tg%mﬂ?ﬁ& o ﬁ‘g dre g? rmrgs °

pronot er and/ of raGERNC 6 a S RBNE BSe 1010 MYNEE A e Gidemohiiemsa W pronot er.
4. A host cell according to claim3, wherein the region of a CW pronoter

conpri ses the ERAUERERII A2 RIS Fle Reimghderipiedhdrom fr S¥MAbcl eot i de
-735 to +95. Sem@rggﬁbgdrgéﬂpgo f[,”%a?id:(l—ﬁﬁt) Ze1f 3gRRL t he method
e

conprising: a) providing a host cell conprising adenovirus El sequences and
bei ng derived ¢omnpras bugereeomr roamtc nueteiva aculd ersadd nigost Fdebl ) Rurt her
conpri si ng regonbinagt Pucleic i d enqgQiqgja F(ab')2_ fragnent

ragmen unctionally linke one' or more promotekr

and/or enhancer sequences.

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

cell is derived from a PER.C6™ cell.

3. A host cell according to anyone of the preceding
claims, wherein the one or more promoter and/or
enhancer sequences comprise a region from a CMV

promoter.

4, A host cell according to claim 3, wherein the region
of a CMV promoter comprises the CMV immediate early

gene enhancer/promoter from nucleotide -735 to +95.

5. A method of producing a F(ab’)2 fragment, the method
comprising:
a) providing a host cell comprising adenovirus E1
sequences and being derived from a human embryonic
retina cell, said host cell further comprising
recombinant nucleic acid encoding a F(ab’)2 fragment,
and/or a precursor thereof, functionally linked to one
or more promoter and/or enhancer sequences;
b) culturing said host cell;

whereby said F(ab’)2 fragment is secreted from said



and/ or a precursor thereof, functionally |linked to one or nDreOPrggEé g
and/ or enhancer sequences; b) culturing said host cell; whereby Sgl ? %')2
fragnent is secreted fromsaid 02 JUNE 3906 41 0072 SG 00 PCT host cell. 6.
A nmet hod according to claim5, further conprising: c¢) isolating and/or

purifying i )2 fragnent. 7. A nethod according to claimb5 or 6,
wherei n twgaﬁ&%gggﬁgigen bi nding regions of said F(ab')2 fragnent are

| i nked by at | east one and not nore than ten sul phur bridges. 8. A nethod
according to ¢laiin o1 wherein the two antigen binding regions of said
F(ab')2 fragnent are |1 nked by one or two sul phur bridges. 9. A nethod
according to any one of clains 5-8, wherein the region of said F(ab')2

fragment that js linked Db al d sul phur idges.i s not deri.ved from an
1 0G8. 10. A meb NBU RER TR LS 4y DT D ‘e SRS GOTRRGFAT " sai d host

FHE TS ARy Orfe b eIt
cell is a PER & TésEhtind landy sethod Aaeer daid Foadny 20Fe-agetltai N8 5- 10,
further conprising fornulating the F(ab')2 fragnent into a pharnaceuti cal
conposi tion.

7. A method according to claim 5 or 6, wherein the two
antigen binding regions of said F(ab’)2 fragment are
linked by at least one and not more than ten sulphur

bridges.

8. A method according to claim 7, wherein the two antigen
binding regions of said F(ab’)2 fragment are linked by

one or two sulphur bridges.

9. A method according to any one of claims 5-8, wherein
the region of said F(ab’)2 fragment that is linked by

said sulphur bridges is not derived from an IgG3.

10. A method according to any one of claims 5-9, wherein

said host cell is a PER.C6™ cell.

11. A method according to any one of claims 5-10, further
comprising formulating the F(ab’)2 fragment into a

pharmaceutical composition.





