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P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG 104402
RAEFHGDOF INCREASING PROTEIN TITREBCBDAGKERGGRD ROTRIGEDH & Co KG
INVENTION 5 TECHNICAL FIELD The invention relates to optimised
proteins, particularly antibody Fc fragments, or Fc fusion proteins and
methods for the preparation or biopharmaceutical production of those
optimised antibodies and Fc fusion proteins with enhanced activity as well
as a method of producing and purifying proteins, in which the biomolecule
@gg ed is totally 10 homogeneous in relation to the C-terminal lysine.
ROUND Biomolecules such as proteins, polynucleotides,
PEIYE&E2 Kri G RIPASHEQ I RRQTEEIN dig &%y ly gaining commercial
importance as medicines, as diagnostic agents, as 15 additives to foods,
detergents and the like, as research reagents and for many other

%ﬁﬁ FRSHENPLES LHE {BVENH B molecules can no longer normally be

Tt H DT AKATHfE in the case of proteins - by isolating molecules from

ﬂ%é“fﬁ\lﬁ%??‘?éaé?%é rt%q%ﬁﬁiggﬁ ﬁgteﬂié?i%%?ﬁ,@q%ﬁgigﬂ{il?&} _qg(ficFFng?ﬁgts, or F¢

methods.. 20 The biotechnological preparation o teins typically b

WHRREQEINaRF TP ReCBNIRT thaPEarrISter theURIFSE prBtRfl Afertdion of those

sleining dheresidrio ansutahigexprassienvive cietadftardcansfestinamidhemethod of
recombinant gxprueﬁsion vecgglrs into suikatglje %%k%r%otiq or.eukaryotic

rogucing an in roteins,  m Olecule geed is totall
Féxpress or cells an sgbspequen sélection of trans ec'PedE,a fecoRbinant y

eemoogRefutdn apebomnicaiieaiGrigenineénteisand the desired protein is

expressed. Then the cells 25 or the culture supernatant is or are

harv the protein contained therein is worked up and purified. In
%Cﬁg%ﬁﬁ pharmaceuticals, such as for example proteins used as
Bimdiﬁam@st_ssmg. ﬂserrap&i:fn'&: amtbmdt_észﬁmesyiejdw_fap_md_cidesks ariticadhe like are
ih PR SERARAUIATd MR e IS ﬁgﬁﬁaaeép%ame&cmégp%o%@m% agents, as
drawn bétween process- and product-dependent impurities. The

Protives- R ferrrnt st CeeikinkEnipR Terte 6N thePABRISCAINE datrmany other
asphcatring and neetcicr aticstosrouiginagie amnthog cidlieesucinals- for example

medi i , i f '
A WL 0 e RSB 9 B DBl e e

Fhpataids ARG EESIRITHIE RG0S

The biotechnological preparation of proteins typically begins with the isolation of the DNA
that codes for the desired protein, and the cloning thereof into a suitable expression
vector. After fransfection of the recombinant expression vectors inio suitable prokaryotic
or eukaryotic expression cells and subsequent selection of transfected, recombinant cells
the latter are cultivated in fermenters and the desired protein is expressed. Then the cells
or the culture supernatant is or are harvested and the protein contained therein is worked

up and purified.

In the case of biopharmaceuticals, such as for exampie proteins used as medicaments,
e.g. therapeutic antibodies, the yield of product is critical. The separation of impurities is
also important. A distinction may be drawn between process- and product-dependent
impurities. The process-dependent impurities contain components of the host cells such
as proteins and nucleic acids or originate from the cell culture (such as media
constituents} and from the working up (such as for example salls or dissolved

chromatography ligands). In addition, product-dependent impurities also occur. These are
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P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG molecular
Rerizing-©tthe product with different propertiesicehesmingeitieifoPlexamplebH & Co KG
abbreviated forms such as precursors and hydrolytic breakdown products,
enzymatic cleaving of C-terminal amino acid groups of proteins, but also
modified forms, produced for example by deamination, different

glycosylation patterns or wrongly linked disulphide 5 bridges The
product-dependent variants include polymers and aggregates. The term
contaminants refers to all other materials of a chemical, biochemical or

RGeS oG 2lute iRt elo it BERIRG [dRCBR RS thd heaRuURLMERNGT example
pobessstebudhas mmm@mauw@s‘oamaw@miwmmm rpa;dQ@@urenzymatic
LL”S'\? SUARI% L Gelh SHIESS 4 10 A F&%g rf‘t BREM Slf d%‘nc‘ ?ér'r%s roduced
T rex rE4SI0N Of recomb '[I% ies or u5|on e ns’i P

fﬁfa?ﬁﬁﬁéﬂ%ﬁ@ﬂtﬁ@%ﬂd&)@ﬂoﬁ'Wrﬁ@mww}éﬁﬁﬁbéaﬁéﬁl&w@édvmléﬂked disulphide
W%&%Mﬁ%@a@m%m Vﬁz&ﬂ@ﬁﬁﬂ%%&h@n@%ﬁ\é}h@%@bams The term
|mmun buI| atlc c{eavlln fof the C- ternknal Igsme biol |

R R B I A o TP ARt b o robiofogica
rhmueatwmlei’d@weiobbdoﬁ@ﬂtf@ﬂieteéhammdfquamm@cam% dfuteer contaminants
A RsIeRARTeIY, &H%ﬁ‘?ﬂ@g"&%dﬁ&#&%@ﬁ%@ iHegsh i Ayality control in

the pharmaceutical industry: Cation lon Exchange chromatography
(CIEX), isoelectric focusing (IEF) (detection only), capillary isoelectric

fotrusing{g| Bbgeavet Ldmddot@brmnﬁamgfaphgmsssimeoﬁomm(mmwbodies or
Fg}}lgﬂt Poperﬂg%ﬁg r@gs{@ P& W@%&%ﬁ:tlg %PH%%H@C%LHJC 'ﬁ\edacmes is

|cat on, inter n many o € mo ecu es (0] IS category tha

@aé@@mm@maﬁz@mwgéypabmpﬁ%r@g%ﬁé?@sf@@%ceatér?ﬁ|m§tmqa'@buhns by
é@?)ﬂa@h&i@w@@bﬁﬂw@m&ln%m@ l%@@@o@ﬁwgmaetwﬁéaty exactly, high-

§r?8 V{nﬂ(ﬁé%ﬂ%ﬁa%}ﬁé:g Cle ved g)?t%g ‘3 V\ch I?o ﬁwehe}éts gr]ne%xgld quz)ntmcat:on

rminus 0 eavy C
Gmweszume%eheiﬁ@mnrﬂévelﬂwsréﬁmw mel@edbg(@y@@r]ngsabtmawrof in the

%‘? SORRESON P 1Ry Withiiha charoe(Pania glshalaRdmnakiicrl, isoslectric
ochemlstgé 275(1): p. 98-108). In the process for manufacturin

RERIEAALL | RG] 8 Mo G RS HE RHaR OGS 2n Laui
epproet@Nepiilyeesargbeystnanc 300Gy 23 (F D& cP ddetdRevievicome evaluated

exaim f. nal lysine processing in
monoc?rc’()%%f iil}?rog g%ﬁg)oé?éﬁégcan bgﬁaﬁéfﬁ#ﬁ%%able (Harris, R.J., (1995)

Journal of Chromatography A, 705 (1), pp. 129-134). -2
In many of the molecules of this category that are on the market, these product

heterogeneities at the C-terminus of the heavy chain are observed. A distinction is made
between antibody monomers with a fully cleaved lysine (Lys0), with a cleaved lysine
(Lys1) and without lysine cleaving (Lys?.) at the C-terminus of the heavy chain. The
different incompletely processed molecules (Lys1 and Lys2) may account for up to 30%
within a charge (Santora ef al. (1999} Analytical Biochemistry, 275(1): p. 88-108). In the
process for manufacturing Remicade® (infliximab) the heterogeneity during the
fermentation was approx. 20% (Lys0 and Lys1) and 80% (Lys2) (FDA, Product Review on
Remicade, 1998). Further examples of C-terminal lysine processing in monoclonal
antibodies can be found in the Table (Harris, R.J., (1995) Journal of Chromatography A,
705 (1), pp. 129-134).



P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG Protein
mminesaeith Cell line/Source Reference rCDA-Igiarkgdr aisfestedrlaf cmbH & Co KG
R.J. Harris, K.L. Wagner and M.W. Spellman, Eur. J. Biochem., 194

(1990) 611-620 rhu MabHER?2 Lys transfected CHO R.J. Harris, A.A.

Murnane, S.L. Utter, K.L, Wagner, E.T. Cox, G. Polastri, J.C. Helder and

M.B. Sliwkowski, Bio/Technology, 11 (1993) 1293-1297 OKT3 Mab Lys

hybridoma P. Rao, A. Williams, A. Baldwin- Ferro, E. Hanigan, D. Kroon,

M. Makowski, E. Meyer, V. Numsuwan, E. Rubin and A. Tran, BioPharm,

4 (1991) 38-43. OKT3 Mab Lys hybridoma P. Rao, A. Williams, A.

Balyin- Ferro, Bianioan. ReNTPAIsIoakaysichcdtever. V.
Numsuwan, E. Rubin and A. Tran, BioPharm, 4 (1991) 38-43. CEM231

AR 195 hybriddnf® J.P. McDESIRIHES S Purar. Havtis rtnditraagr and M.W.
and R.A. Jue, US Pat. 5126 250 (1992) CEM23P§ E% /é‘%pﬁo%(ﬁfe{’em 194
US Pat

éﬁg&gﬁ% h} -C. Furm %M 5?{!-&9'0 . ane; S.L.
u-anti- Tac yS fransfécted Sh T Cox. G.

Guzzetta, W.S. Mab Hancock and M. Costello, mggtr{: § Y M B

585-595. 2-Chain tPA Arg transfected CHO 2- @Mé%k,{\rg,@}ei@émﬂjg% 11

hu EPO Arg human urine M.A. Recny, H.A. Scopllega)d: ¥o&Kinpo7

OKT3 Mab Lys hybridoma P. Rao, A. Williams, A. Baldwin-
Ferro, E. Hanigan, D. Kroon, M.
Makowski, E. Meyer, V. Numsuwan,
E. Rubin and A. Tran, BicPharm, 4
{(1991) 38-43.

OKT3 Mab Lys hybridoma P. Rao, A. Williams, A. Baldwin-
Ferro, E. Hanigan, D. Kroon, M.
Makowski, E. Meyer, V. Numsuwan,
E. Rubin and A. Tran, BioPharm, 4
(1991) 38-43.

CEM231 Mab Lys hybridoma J.P. McDonough, T.C. Furman, R.M.
Bartholomew and R.A. Jue, US Pat.
5126 250 (1992)

CEM231 Mab Lys hybridoma J.P. McDonough, T.C. Furman, R.M.
Bartholomew and R.A. Jue, US Pal.
5126 250 (1992)

m-3>“‘

Hu-anti-Tac Lys fransfected SP2/0 D.A. Lewis, A.W. Guzzetta, W.S.

Mab . Hancock and M. Costello, Anal.
Chem., 66 (1994) 585-595.

2-Chain tPA Arg transfected CHO

2-Chain tPA Arg melanoma

huy EPO Arg - human urine M.A. Recny, H.A. Scoble and Y. Kim,
J. Biol. Chem., 262 (1987) 17156-
17163

rhu EPO Arg transfected CHO  M.A. Recny, H.A. Scoble and Y. Kin,
J. Biol. Chem., 262 (1987} 17156-
17163

Source: Harris, R.J. (1995) Journal of Chromatography A, 705 (1), pp. 128-134

The cause of this product heterogeneity is not known at present. It is unclear whether the
structure of the chain, the host cell or the fermentation conditions and hence different
metabolic processes in the cell have a major influence. It is also currently unknown at
which point in the manufacture of the product in the cell (co-translational, post-

translationai), where and by means of which carboxypetidase the cleaving of the lysine is
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J. Biol. Chem., 262 (1987) 17156- 17163 rhu EPO Arg transfected CHO
HA1R2ReBRY, H.A. Scoble and Y. Kim, J. Biol. Blisbrings?2 62¢11@87 PiatieesmoH & Co KG
17163 Source: Harris, R.J. (1995) Journal of Chromatography A, 705 (1),
pp. 129-134 The cause of this product heterogeneity is not known at
present. It is unclear whether the 5 structure of the chain, the host cell or
the fermentation conditions and hence different metabolic processes in
the cell have a major influence. It is also currently unknown at which point
in the manufacture of the product in the cell (co-translational, post-

AR atiBhaly CRHRIR HE R BEME R WRIEAS: iBR%y petfiase Rk RecaiRIRpted and
tefgbedysinetes-cGnROLis2Pdd RCFoBoRkringer Ingelheim Pharma GmbH &

S840 KBS IR R BT OB comon

ProivER e tRYR lsisties Md)eafdensicalaeinine sthEecrteiphindPAnsinbPO (Harris,
rRaid detBipsimaueh@s ettty aptiglatipreahtheC4eomipal arginine at the
proteins tPA or EPO (Harris, 5 R.J., (1995) Journal of Chromatography A,

705 (1), pp. 129-134). The starting point for evaluating the production
Bacsiagitie prigsitochehizingrbgustogueitiedated darlle mbwsighenyical product

anrflirieaty sness rimirirhy bR rieflsk B85t opRey Siehd R Rkt
hromatogra EgEC, SEC, RP%?e&ﬁégo%g]et %ds and mass 10
BB o b TR T AL by S A YRR FRegiage mass-
grdirhetepiyameitysskthd Phdadtl, MéAiDIINGprodset plarityvehsaieestan purity and
Y@g&g@%@ig}iﬂ@ig&@gg@purities and the removal of cleavage products

and aggregated protein molecules formed by enzymatic, mechanical or
MRBHRIES progEes B HNBYERRUBE W@%ﬁ&i%@%tﬁtﬁmj’bﬁ’ﬁém@oﬁ?e removal
dneasaaktbadectiesiafions &y die ghtosytatien padteniadd ihenehatge, mechanical

detexiasiogyindtaig e e
ke artes c o8 R R R E R R rmeome o e

Jeviatingemoirifyceayabay Raeiardidie oheme R aipeEors Sdiegffectiveness of
hatiotie-anessaren. ketenininddariersiarcaradusd satebvinglydeditelsalidde up of
the sttterilitga d b.?cter#"al e do%oxin Ioad.ff t{1e baécht,of prpdbgct 29 i
RAREISE BYTRE R BENST LONEBIATHES thal WalSH5 BB Guarg ety ations. serum
aihlEreanthsn @n. Determining factors for product safety include inter alia the sterility and
bacterial endotoxin load of the batch of product.

Because of the number of control values that have to be guaranteed or adhered to in a
production batch to enable it to be released, a reduction in the control values, e.g. by

eliminating the parameter affecting the batch, is desirable.

Moreover, in the biotechnological preparation of proteins a high product titre and a high

specific productivity of the cells is desirable.

The problem thus arises of providing an improved manufacturing process. With regard io
oroduct expression, product purification and product stability, no negative influences

should occur during manufacture.

The present invention surprisingly solves this problem with a process for preparing
proteins which makes it possible to obtain an increased vyield, by removing the C-

terminally coding codon (e.g. lysine) at the DNA level and then inserting a stop codon.
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production batch to enable it to be released, a reduction in the control -
vedues4epgrby eliminating the parameter affeeiiiag- iR Mateheis dealRRPEmbH & Co KG
Moreover, in the biotechnological preparation of proteins a high product

titre and a high 25 specific productivity of the cells is desirable. The

problem thus arises of providing an improved manufacturing process. With

regard to product expression, product purification and product stability, no
negative influences should occur during manufacture. 30 The present

invention surprisingly solves this problem with a process for preparing
Prateinscads ohakekes iopeisible tombtam e iparedsditry)etdinuimmadirgtibodies,
el niginaly tading §0008 168 SIREhALINGRINA level and then

Inserting a stop codon.” -4 P01-2274-PCT Boehnnger Ingelheim Pharma

GmbH & Co KG This process makes it possible to increase the protein
S'WMMARMMM iWiBbNTiesy which have a C-terminal lysine deletion on

ergg ?\‘té# MMA@XSO%%& ant #\ 55’E|;uh§t§3 f)?cgte [yparticu!arly

|nve tIOI’l CI‘I es recompinan constructs of proteins, p ICuUlar

@ﬁthﬁlﬁdyrﬁmé@lﬂéssgabhaﬁsl%ﬁl,l@tﬁ?z,'@%, 5854 add e fuiion constructs which
&ﬁrﬁéﬂé@@ aﬁ@ﬁbn@m@&e@rﬂﬁ@tiwr@f ﬂ;@&f@r@mﬁi lﬁéi@ﬁpf@%@on construct and
ange,to t ssign construct and the deletion of the C-ter
SR o dRI IR IS0 s RS L P aeneous
Qdavyichaiel ﬁr@rmepamdmlmrpthaam@rexpressmn of for example
recombinant antibodies or Fc fusion proteins in mammalian cells for
re Earlng new biopharmaceutical medicaments molecules often occur

iR AU RESgRrifes B -erRiTRiRsst hedGy Halit xen proteins in
pariftadiendcglroduct fragdtimg erdifie hamitspeciesunvith m@ardataeth’es molecules often

i?céSFrWl’ﬂHﬁ dé&@%@%?&%%@ﬂl@s L ﬂwé@%ﬂ#’?%%@'ﬁ% With,

sine accor NA sequence (Lys ) or 2) incom ?ete a|n

a')céﬁaf @ﬁaé’né%ﬁ@w @@@fﬁw&m%%ddﬁ Btﬁr?éﬁamgtmﬁtb? hvﬁ@/ cham
pr@@mﬁé@t@cabm@m @R@@fﬁa&l@swﬁmwﬂ&ﬂaﬁ&o Tﬂwsmgffﬁ@ru:&fe ma¥ 2) or

ccur n ce ntatio tions manufacturing.

B B Cr (RS RGO IHGFRBe o chns (Lys O
teacetiphaiianszpin e @;@a\ﬁngqﬁstr@ezgnpm@table Thus differences may occur

depending on the cell, fermentation conditions and manufacturing batch. 1t is unclear

uréﬁed end

whether the antibody sfructure influences this intraceliular enzymatic cleaving of the
lysine.

The procedure with the molecules on the market up till now was fo express the complete
DNA sequence of the heavy chain and analyse and document any heterogeneities
occurring at the C-terminus at great expense. Thus, in order to characterise the product,
accurate methods of analysing the C-terminus have {o be developed and all the batches
have to be analysed with regard to this feature (Alexandru C. Lazar et al; Rapid Commun.
Mass Spectrum. 2004; 18; 239-244, Lintao Wang et al; Pharmaceutical Research, Vol. 22,
No .8, 2005). The cost of analysing the product heterogeneities occurring is therefore

considerable. It would be desirable to reduce the effort and expenditure of analysis.

The cause of the product heterogeneity described is not known at present. It is unclear
whether the structure of the chain, the host cell or the fermentation conditions and hence
different metabolic processes in the cell have a major influence. It is also currently
unknown at which point in the manufacture of the product in the cell {co-transiational,

post-translational}, where and by which enzyme the cleaving of the lysine is carried out.

-5-



10

15

20

25

30

The procedure with the molecules on the market up till now was to
pyREess mercomplete DNA sequence of the heguiyrhaimhglieanalyss 28ehoH & Co KG
document any heterogeneities occurring at the C-terminus at great

expense. Thus, in order to characterise the product, accurate methods of
analysing the C-terminus have to be developed and all the batches 25

have to be analysed with regard to this feature (Alexandru C. Lazar at al;

Rapid Commun. Mass Spectrum. 2004; 18: 239-244, Lintao Wang et al;
Pharmaceutical Research, Vol. 22, No .8, 2005). The cost of analysing

thres gibdel feichettrog dreditiesnobetanery sahelefmfercondiderablevdbiwddd targeted
p&q%j_@gyg&qg%%y%g@g and expenditure of analysis. 30 The

cause of the product heterogeneity described is not known at present. It is

unclear whether the structure of the chain, the host cell or the

fithaentation cenrditiensranthtieaten diferent metalbalieqiraresaes igithe rise to any
qellhave.n oyalge lugnge- Us dlag AUTERNAKNAND AMBERROM Byt o tne
the manufacture of the product in the cell (co-translational,

petsragansitidmane whereiang: b #sihce A e tha R A@REOF thevilsiieC-terminal
IpshsrigshUpeRr I8 ha 2t4pahiBeeiingast ogelekmEhs ara @rbihde and to be
Co Ke% qursg'ble féuctuations between batches may therefore not be

S?é‘\’/\’ ?QEI AndFtaRJETe Colkter-control is thus not possible. Hitherto

there has been no indication that the use of these products gives rise to

V4P HRITTMENAL S TRCES SURAILASEr InEPIRAIRP BIbRIAG G BiRAleiBiRaRies or Fe

a result of the _heterogeneity in the C-terminus. Therefore the non-native

PR REBSS UM BRI R e A PR o SRR e described, as
teentstefralnEcigb ki cattye dued tp lehrainosf &yGkts highdgoivalenetd the native

ﬁ%%v%gggn&% lf'é%rﬂ”tﬂg%rigp‘%ﬁ\,{%’ iR §E§HHFFF{J85L%W%€H§&0‘§V%6‘?'i];%ine in the

particularly antibodies or Fc fusion constructs, with the deletion of the

EXREATHIOA PYRsEYabIPhiR: Ree qBattisbantBodRs daemirRlyRRRe iAsieted at the

hrAeg shais af kas ishighly.cansesviet desaise gaganiiorofthe préavy chain is

art, iln the%Jres%nt inventjon the codop for lysine.in the  ex ressi1]pp
e

BTt GRDTET R b HelR o A NS LTS ATr ey ey Bejapac sgmele both i

themas o A levehgtaniégdisad Inviaw wichi§G Supigp ddstiete-tannies et the lysine

ﬁ@%hﬁé’(ﬁéaﬁgﬁ?ﬁg&r‘f%%ﬁ@pﬂﬁe@&%ﬁ’e@@@ﬁhﬁ;lbﬁﬁi@%@ééﬁ%ﬁbﬁer&‘lﬁ'ﬁbﬁsiﬁgly, however,

always present for e le both in _human n%in murine antibodies. In | . .
PP At TR hEASPIE P A RETST St H e TR et n it of
iimpaitietion fofr e @tpressibiysioking ondecritionreSexprisiedyirhenieebcell culture
VEEXRETIMETHS WithWTtseaphcatraariesof L8G sbawed TNRdiRINIMe particularly
that in spite of . ) ‘
surprising aspect is the totally unexpected increase observed in the product titre when
these constructs are used. This is unexpected in view of the high conservation of the C-
terminal lysine position in the preferably human immunoglobulins. The product titre is
increased by at least 10 %, preferably by at least 20% and particularly preferably by at

least 50% when these expression consfructs are used.

It has also been possible to provide qualitative and quantitative evidence of the avoidance
of product heterogeneity as a result of the deletion of the Lys codon by analysing the
antibody isotypes produced. For two different isotypes (lgG1 and 1gG4) the wild-type
antibody and the corresponding lysine deletion mutant were expressed and purified as a
comparison. Then the protein characterisation was carried out. Moredver, contrary 1o
expectations, it was shown that the product titre could be increased by at least 10-20%. In
the working up of the product (protein A affinity chromatography) and the protein

-6-
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20 the deletion of the C-terminal lysine the molecules are expressed in
mpimelceltulture systems and the native profgin iEChEEHSISSHEIRE GmbH & Co KG
into the medium. A particularly surprising aspect is the totally unexpected
increase observed in the product titre when these constructs are used.
This is unexpected in view of the high conservation of the C- terminal
lysine position in the preferably human immunoglobulins. The product titre
is 25 increased by at least 10 %, preferably by at least 20% and
particularly preferably by at least 50% when these expression constructs

- @reragedsdtibastiads ddbatem postibléytineravidenqwaktatl efaund! quahtitatisey harmful

&Vé@%’?cﬁﬂh@eaﬂg%é‘%‘?%é)hBF;‘?QHHMEF‘SE%QQ%%Eyp?édécfteé%é&gﬁ@ation (product

deletion of the Lys codon by analysing the 30 antibody isotypes

ekt RssHeESicnve aifeiRItISotppes aptMBadgdalrine WitdeRipevere not found to
mivédady asgdine aafiesendingdpsines deteasamouiablueseLiqressetanufacturing
&Qge%gf”?ﬁé’ ﬁ-}%ﬁct?o%rﬂR%Fu'soé‘né?g?c%;t%ﬁ{%%‘é‘ &@a{é&tee%%%ﬂggom?ﬁ titre this new
carried out, Moreover, confrary to- expectations, it was shown'that the
PeideiginieasbiARSEthtPdbR @M \AH! least 10-20%. In the working up of

the product (protein A affinity chromatography) and the protein -6

01-2274-PCT Boehri | Iheim Ph bH & Co KG
R R A9 oR AR Do R o oot T BB sy it gre used only
thayvhdemfol EHeCtirMimtserifiral/bisind tan madgficatiothprosegsamadit. Thus there is
RsodischisharacierisaiisndBradueh Kialdh-R0M89RtIaM DR 3¢iSHsice L ARG erisation

again the Lys deletion mutants were not found to have any negative )
WTenR A AP R gk Rl tRSD BRRIES RYP B B AR A Gy gTucts without C-
ferauessiykiecredactionrioréaeeanptyticat titork, andcthés iperdasedypaddarttageous for a
,I{l,tfﬁ tggﬁjnew method is clearly superior to the prior art. The chief

a vaYntage over the current prior art is that when these constructs are

used only the variant of the C-terminus without lysine can occur for the :
Tea v hainintémp thers, isrekeran possibibiy ol dluetuatianrsibeprariting recombinant
bﬂ} h§5 and %Ee a O%nt afPro UCtsC racterggggitopm\;v ?1% Argg rti%é%@éer also be
Y éﬂ L|?1sg Brthe pre'Csthc’ AVENEON 18 that the constructs Wwithout C- ’
aenibdaidysine lemdetylercitbabedmpode cEferasnalasting paMdiclaiations. Examples of

fdvaniageptsfof fAighmishde kerha PiRsRN-IRYRAHAR Saayrpreferably

be applied to processes for preparing recombinant antibodies and/or Fc
fusion proteins. The present invention may, however, also be applied to
Otie mivenitoul esdteat tootimpriiserGvesl mindl e atipudétetion o iEximided proteins,

BhNRSRAIE ERPAIChIRA Rhigh CHerming!l A5gIBns-AtIGHans ecsura frequently
observed effect of these proteins is the cleaving of the C-terminal lysine. This usually
incomplete processing of the heavy chain leads to product heterogeneity. In order to avoid
this product heterogeneity the corresponding codon of the C-terminal lysine of the heavy
antibody chain was deleted by recombinant DNA technology. This deletion in the
optimised antibody surprisingly results not in a disadvantage in the expression or
intraceliular protein processing, but in an increased product titre compared with the wild-
type. In addition, the optimised antibodies have proved fo be advantageous in purification
by a better elution process on account of the reduced charge heterogeneity and are
characterised by an improved homogeneity. Another advantage is that in the purification
of the protein of interest a lower salt concentration is used compared with the purification

of a protein without the deletion of the C-terminal amino acid.
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20 The invention relates to the improved production and purification of
rptimised@roteins, one ingredient of which is gud@inghairiieneim Pharma GmbH & Co KG
immunoglobulin domain CH3. A frequently observed effect of these

proteins is the cleaving of the C-terminal lysine. This usually incomplete
processing of the heavy chain leads to product heterogeneity. In order to

avoid this product heterogeneity the corresponding codon of the

C-terminal lysine of the heavy 25 antibody chain was deleted by

recombinant DNA technology. This deletion in the optimised antibody
HRpASHEGI rEvEREGotdRca dishdvfatienn the exisression 6t preseeldg product

rw%hejgaa@?eﬁ%%w? Bt!%ﬁaﬁ*ﬁkfdﬁ@ﬁf@@kﬂ??@@@&tﬁﬂfﬁEﬁéﬂp@ﬁﬁ?é"’ﬂtﬂbéheoe released.
w pe. In addi imised antibodies roved to be

R Tt HRACR, By Bter ARG FrPGE-S O ABCBLIR dPeraualtative
aedllm@dﬂdlaavgeih@mnm@énemj tredrertersQeciedtractdyised bypapsimipieyEdterminus of
thgmgg@ﬁ&ynAnother advantage is that in the purification of the protein

of interest a lower salt concentration is used compared with the

EtiARtshRm MatRopfoteRAVRHBE HHRYEIEYR A et e iR alidae AnfiRadydrpforms are
the RO&tRATA-IRET Boqhamgej’ohﬁgﬂlhﬁlm@lpaﬁnaaﬁéﬂbtﬁ&mdﬁ@ $lgh as column

t duct ..
B St e e 6 B S IR0 M htmes
wmeﬁ%dﬂi@aﬁ&ﬁaur&@?fémécaﬁm N@W@ét ﬁﬁeﬁiﬁﬂ@@wﬁaﬁ@gm@% methods

(eepisad foo'é]@c@lﬂﬁ'Etﬁué%rr@nd@EHmtlt@%V%d%%mﬂit@ﬂcOff&ﬁs&ng only permits
heter %enelt [hOy ne Arpups ﬁe Q%%termlnus of 5 the heavy chain.

%’&ag IShéd methods uSed Tor the qu nP?aine determination of the

antibody isoforms are the methods used in quality control in the

@h@@%ﬁ?@éﬁ!@ﬁ! F@QH&% cﬁ@%b%?&w@ﬂe rBW%@Bf‘@%mﬁ{QW&@ groups of

paratlon weak cation exch an% I'S WCX), sometimes in conjunctio

I’?‘r"ﬁé{%é‘% YD ARSI st WQH@%@E%%W%HS@GQ%G'"‘Y of
rhOr(celpiikryaisimidistsic( £RURE1802 CIEF). Batbehelactrepimieticifodietsingeneity is

M?’éwp&f MiLSe qbﬂalgﬁité\fgn?vrﬁgfﬁ&?@ qe hsing hgﬁ%ﬁrggr@'%a the enzymatic

approach to reducm? charge heterogeneity by means of C-terminal’lysine
ﬁ?@t{ P9 &f EhisTaiagy M&)BW%Qbh9%"8@%)(9&5%@’%ﬁ%%éﬁﬁ&?ﬁé%&&%ﬁ'tes liquid.
reducing the heterogeneity of 15 monoclonal antibodies (EP0361902,

HgaRamaf Jeductan hsispanhos REURKENATR BUAHIEIH) ine cieaving

b &S
dS suc owering o e enzymatic C eaving

(13 %?ﬁﬁiﬁ@laﬂylsfﬁﬁ@e@mjﬁ@ W@Qrb@&%ébﬁ@é@@@Wﬁ@@ﬁiﬁh%‘ﬁ'ﬁ@@i?@sby means of
ﬂ%@}zy}ﬂl%Wi@ﬁ@cﬁﬁs@ﬁ)&@§W%ﬁﬁ&ﬁ%&@&?ﬁ?%&i%ﬂ&oa of 95%
OTb aénggtlgg(}%% (l:ﬂ 0 Yheghomogeneous antibody form {Lys0). Other methods consist in
the incubation of the heterogeneocus antibody forms with ascites fluid in different ratios
{2:1 to 1:10) or in a reduction in the pH of the culture medium. The efficiency of these
methods of C-terminal lysine cleaving is also only approx. 95%. All the processes are
also time-consuming (>24h),

DESCRIPTION OF THE FIGURES

FIGURE 1: SCHEMATIC REPRESENTATION OF THE RECOMBINANT

VECTORS
The vectors shown here are used for the expression of the monocional antibodies of
IgG1- and 1gG4-isotype in CHO-DG44 cells, "P/E" denofes a combination of CMV-
enhancer and hamster Ub/S27a-promoter, "CMV" denctes a combination of CMV-
enhancer and —promoter, "P" merely denotes a promoter element and "T" a termination

-8-
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20 of C-terminal lysine groups of the heavy chain of immunoglobulin

@tippdiespy means of the enzyme carboxypgptigase: R BFPBRSSha GmbH & Co KG
however achieves only a conversion of 95% of the antibodies into the

homogeneous antibody form (LysO). Other methods consist in the

incubation of the heterogeneous antibody forms with ascites fluid in

different ratios (2:1 to 1:10) or in a reduction in the pH of the culture

medium. The efficiency of these 25 methods of C-terminal lysine cleaving

is also only approx. 95%. All the processes are also time-consuming
JimadhjoDRs GRARIH QNNO WhdHE - HedurES & @dRb I &G HEMA BIGhe transcribed

rﬁlgﬁﬁ E%Eé\l\gﬁf&l\g%': d-il;g%??;o?%w %’NM&%@? %%E&Egﬁv%mh%ach transcription

vectors s ere are used for the expressi e monoclona .
WHtilsdomkeastd 19N akeMg G _RORFa e crlerBbiamaiy. dibydrdieiateeductase is
sbpaiataation i Mye eakanans angiamsten/dhloRdaRsaaeiRrase M Yesignated
Jdenotes g combination of CMV- enhancer and -promoter, ."P" merely, .
TEneii R B snt S et A 2 s ton 2401
Bssttdnge e guthERdPhateds Gl RIS IKGhsifralfoehhe of the wild-type F19-

SrARBaKRIARe WtiahidsRaURRc (ot ihe polyrdenylalion RE e rtiRaSEHRBEy with a C-

MRNA, The position and djrection of the transcription initiation within each )
TR S RIRIQIndRGEd hyPaRArbiNe BRaS bt BRe verd@R b the 19GA-wild-
tore leed dilgyirdfpdate- redudtaste sstrablseviateditodfdihf lgTHevati ectadibeminal lysine

dBRIKE! D%%“XSHE@FB??R% ‘fggﬁ%“&%ﬁﬁ% @*ﬁ%ﬁ%ﬁ%ﬁ%& d the

neomycin phosphotransterase mutant pro by point mutation F2401
is referred to as "npt F2401". "IgG1 HC" codes for the heavy chain of the
WalRRe F19- antibadyLefERERIGE sty BRRMIGAL-LYSINE heURaeN ON THE

chain of this antibody i = t ' j letion. Al "

denotes the gene fo?%% C%%%Ir[? %%@Egﬁ%mb g'/geﬁgrﬁ DY

Mg@del Yo" dhelirvieiste h thedieaieeHaileonime lgehavith AeCheawiggpin has an
ivsieacd QdeletionrdsGioredesdatitirdiaht ahain eblbeuleGle®transfection of CHO-

G4-antibody. FIGURE 2: INFLUENCE -TERM YSINE .
R PR e A T e R O BRI P TOLE g1 with ©-
HBGihaA NEIBO D $a-batidetb iohre clowRditigihe. yonser e CiterthibaligG1 with C-
@Yﬂfﬂ%i%é“\% '&%@éﬁéﬁh%&é@%aﬁ?s&é&%ﬂ% o the EXRECRRION YEAP expression

secretion of the IgG1 molecule, a co-transfection of CHO- DG44 cells with
piRspidstiPeeibhAGEpBs R GReeAd FBIRPRTSEE YT ithig compare the
tempiachdysuitcienags4tatchédrieahsie 8y gE ety sahop BipFEIMTs are removed

SAGANMERCitre is determined by ELISA and the SEAP activity is measured. The lgG1-
titre is corrected with regard to the transfection efficiency. The Figure shows the average
of 10 parallel pools in each case with comparable amounis of product for both variants.

FIGURE 3: EXPRESSION OF IGG1-WILD-TYPE AND IGG1-LYSINE-
DELETION MUTANT IN STABLE UNAMPLIFIED CELL POOLS
In stably transfected cells the influence of the C-terminal lysine deletion on the expression
of an IgG1 antibody is investigated. For this, CHO-DG44 cells are transfected with the
pltasmid combinations pBID/F19HC and pBIN/F19LC (1gG1 with CAerminal iysine = lgG1-
WT) or BID/IlgG1-Lys and pBIN/F19LC (IgG1 with C-terminal lysine deletion = 1gG1-
Lys). After a two- to three-week selection of the transfected cell pools,'in each case 10
per plasmid combination, in hypoxanthine fthymidine-free medium with the addition of
G418, the concentration of the 1gG1 antibody produced in the cell culture supernatant is
determined by ELISA and the specific productivity per cell and per day is calculated. The
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terminal lysine deletion, dotted bar) is carried out. At the same time a

AR exuression plasmid (= secreted alkalingRasahatasiis Pharma GmbH & Co KG
co-transfected in order to compare the 20 transfection efficiency. 48 h

after transfection the cell culture supernatants are removed and the IgG1

titre is determined by ELISA and the SEAP activity is measured. The

IgG1- titre is corrected with regard to the transfection efficiency. The

Figure shows the average of 10 parallel pools in each case with

comparable amounts of product for both variants. 25 FIGURE 3:
@X@WEW@I\I*@M%WWE@GF P SRR IIGGACLYSIM EdOEUBBIDN of the titre

%'\bui\'&%% #H@MPHE'%& %%P@O&SHne%@b'é’agérl’ssfe@iedcumvanon
he influence of t

C-terminal lysine deletion on the expression of
%ﬁ??@@ Ih(iBBly relheRiui§dRSror this, CHO-DG44 cells are
transfected with the plasmid combinations pBID/F19HC and pBIN/F19LC

klekwith C- term'“%')ﬁ])b?i%% &9\(!31 VTR BIRESGbys & HD IGG1-LYSINE

pBIN/F19LC (lgG1 C-terminal lysine deletion = 1gG1- Lys era
Do 16 hroo-wacl SORETHOUN ARG AL HotTe DGR b0 S

@Hmw@mddwmmmumsm@dw@owanthme playmidingripedneciupBWtRtheC  and

the. c entrato of the | rodu in
Sg\(ﬂ] ures aﬁna &t%ﬁ?{rqg}ar!" sm% E%%i é)ﬁ%p%f euﬂ?sflgéq?ws and
PRIty (el teithing-fremang) i5§3@“a9rc<dﬁé?zb@ln FhieGe- Pzamezzmﬁplcartww to three-
\ﬂé@@r%nmg%h%@ Rﬂ%@@@t@“@éﬂi 86K bn b@é&f%@@%@“ﬂ:@d@%@r plasmid

e Y O Al e« o
rpadﬁg@s;me?ﬁcmm‘ncaﬂiocummrﬂasme% RIGIYREMEXPRIBESEINtGRate (MTX) to
tlf%GcJu'IWHﬂQnT%gtﬁuﬁN DTI%G(;OW@% NP @%EI%M QH%HJyIHr&%@-% the cell

AMPLIFIED CELL POOLS CHO-DG44 cells are transfected with the
prerRigRSTBiRALIGHESEMNe I E iRd pRANTEISE fgesadrfyity per cell and per
dxyesmisialilygioe Thigbekanvidgrbgee) onBHa/ tgtal-haysdahe mBﬂN/Eéth@of the specific

I I f t
ST g DS SRR AR ot oo
PREYIRING StbitisatRT) Wﬁwﬁﬁ@amhﬁéwyﬁﬂcﬁh@#ﬁé@aﬁ@dmﬁmnﬂ maer hand the
@@gﬁlqgg&t GAASa &H@pmmg@m@@ﬁphﬂcmlon is then carried out

00 n thotr he c It| a |on m di .
’ths (éey pro l(J?%é[ e ceIYchI‘i% el %d—type, while

Ewnﬁ&ah%e@mﬁa@dCﬁyﬁEiL@Naﬁ@p’metf‘gméfﬁﬁtﬁérwbcthﬂtyqﬁ%b@iﬁe -deletion
#KLRerir davis salawated. eeRarsgenrassat anituRienanand Wenigher specific

mean values of the s ecf
preductivity than the cell pools transfected with the IgG1-wild-type.

FIGURE b: INFLUENCE OF THE C-TERMINAL LYSINE DELETION ON THE
TRANSIENT EXPRESSION OF AN IGG4-ANTIBODY
in order to check whether the conserved C-terminal lysine of the heavy chain has an
influence on the expression or secretion of the IgG4 molecule, a co-fransfection of CHO-
DG44 cells with the plasmid combinations pBiDa/igG4 HC and pBIN8a/lgG4 LC (lgG4
with C-terminal lysine, cross-hatched bar) or BiDa/lgG4-Lys and pBIN8a/igG4 LC (1gG4
with C-terminal lysine deletion, dotted bar) is carried out. At the same time a SEAP
expression plasmid (= secreled alkaline phosphatase) is co-transfected in order to
compare the transfection efficiency. 48 h after transfection the cell culture supernatants
are removed and the igG4 titre is determined by ELISA and the SEAP activity is
measured. The lgG4 titre is corrected with regard to the transfection efficiency. The Figure
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productivity (dotted bar) or of the titre (striped bar) of each individual pool

it tést@ach comprising 6 cultivation pass&gebrimg@Sogethenl| RhaltueeGmbH & Co KG

flasks. On the other hand the mean value (MW) of all the pool data is also

given. Figure 4A shows the data of the cells pools transfected with the

IgG1 wild-type, while 20 Figure 4B shows the data of the cells pools

transfected with the 1gGl-lysine-deletion variant. The latter produce on

average 86 % more antibodies at 120 % higher specific productivity than

the cell pools transfected with the IgG1-wild-type. FIGURE 5: INFLUENCE
VEMHECTRERMANALT YQIREHELREPID N GROTHES2SVR ANBSIERTewhat higher

¥R REHSION EaHEN-HaGbdANIHB Oi2Yrin argento ehewdnwhether the
conserved C-terminal lysine of the heavy chain has an influence on the
%g)ression or secretion of the IgG4 molecule, a co-transfection of CHO-

YRR with the BIRBRES elMbinatfons BEIHYIEBA WitEand\ND  IGG4-LYSINE
pBIN8a/IgG4 LC (lgGeL mitloQfermanat INsETEasleSAMRIGhehar) 0/PoOLS

| 4-L d nBIN8a/ 4 | C.(1gG4 30 with C-t inal lysij
R e T R o e o s BRifeled He and
pRkFad9EsEEr¢ledhldline-shodspharase) i lgG teadisféaiell iordstea/tgG4-Lys and

mmean@@aeu@ro@f@aﬂmref@q@ﬂ%ﬂ%%@ftsé,ig%ﬁfecwt ;ﬁsé! CURYES two- to
upernatants are removed and the 1gG4 titre is determined by ELISA and _
HESH65 SEIRATS b RS PRI GelARRAE 4 BTSRRI g R Plasmic
thenbinatbegiohygificietivye Thyhiguesred OrleQi22vith RKETa80ebring &4 18 a DHFR-
nasiheinflamaiRai & %%#&ri&?)ﬁﬁ E&ﬁé@@iﬁg Y@B?ﬁl\?frr]r&%%@'a‘%!e (MTX) to
pools in éach case with even somewhat higher product titres of the .
W&Mﬂmmﬁmr@mﬁw%ﬁ|9§aé%%ﬁl.!wmﬁve%¢@mlsésm)w!gG4~wnd~
Qe 1G4 LR THREYAND da&iibh VHIdESS ﬁ’ﬁ-&iﬁi@NtM%'ﬁA;NfﬁéNnglha ntibody
STABLE AMPLIFIED CELL POOLS, CHO-DGA4 cells are transfected wit .
e O e B o RO L i 1 speci
RIRALCtEShTIRR R/ AT -PRIGBYWR8/p ey ted BTDe/ gGuregresent on the one hand the
RBENSAGE L fd| gkt math balRininaldysiReie eéirOBf:tHQ(%ﬁéJ)@iﬂﬁédAJé@[ of each
e

RO BT SR T B SOLArA AR L T cl s
fieldiur@mitle thikeadditid then®4bs/alRHIFR. niedided gelnta Eniptificagivens
&a@ﬂ&%ﬁie%ws%@w@go*%ﬁf%n@%@&@%&B@m the %évjma%/_pe, while

medium, thus obtaining successfully amplified cell pools for the -wil _
Howe SRR dNgEatR Shd GerisPoaRakresrsd aHe ihadeR Siviae-deletion

Vgahantieothtter produce on average 63 % more antibodies at 70 % higher specific
productivity than the cell pools transfected with the 1gG4-wild-type.

FIGURE 7: EXPRESSION OF IGG4-WILD-TYPE AND 1GG4-LYSINE-
DELETION MUTANT IN CELL POOLS AFTER A SECOND
ROUND OF GENE AMPLIFICATION
CHQ-DG44 cells are transfected with the plasmid combinations pBIDa/lgG4 HC and
pBiN8a/lgG4 LC (lgG4 with C-terminal lysine = lgG4-wild-type} or BiDa/lgG4-Lys and
pBIN8a/igG4 1.C {IgG4 with C-terminal lysine deletion = IgG4-lysine). First of all, a two to
three week selection of the transfected cell pools is carried out (in each case 10 pools per
plasmid combination} in hypoxanthine /thymidine-free medium with the addition of G418.
Then a stepwise DHFR-mediated gene amplification is carried out. In the first step 100 nM
methotrexate (MTX) is added to the cultivation medium. With these stable cell pools

resulting from this gene amplification, a second round of gene amplification is carried out
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produced in the cell culture supernatant is determined by ELISA and the

spegifia-Poproductivity per cell and per day is gadakate G ERiIRABarma GmbH & Co KG

represent on the one hand the mean values of the specific productivity

(dotted bar) or of the titre (striped bar) of each individual pool in the test,

each comprising 6 cultivation passages in 75cm2 cell culture flasks. On

the other hand the mean value (MW) of all the pool data is also given.

Figure 6A shows the data of the cells pools transfected with the 1gG4

wild-type, while 20 Figure 6B shows the data of the cells pools

randtbegetPWititiob TG4 Hy Sheecdiietion wadamn. Bheulattssitbdeelifind cell pools

SIS home Atlacdiaslrd AiaRer HRC s RGALHUBI N ariant. The

the cell pools transfected with the IgG4-wild-type. FIGURE 7: ] _

PRERE LGN B 'REE AWRLEY PSRN 1B v4iNE syBepBlastiofgiermined

DIUHIABA ENdCRELsBEBIE SHAHTERIH) PECLNRNROENERDs GENEated. The bars
-4 S C ' [

S e e A e oD epteg per or o

thysinde (goerdikitse) ssoBImeiMsal BRohi hBIRSh/ Igopitndga gach case 4

itvaidarprsaidesing vsdeiorcsilgGiddysiasksFirehofrall ot B e e Behthiagan value

WEO ealﬁ%iono%g dgﬁa?atriaré fectledncell pools is carried out (in each case 10

&)ool per p%gml com%lngagn\feln‘ hypoxanthine /thymidine-free medium

Wigthrehéfadelitivn diesdats. of e eclizcpwisdBrifRiatedithcbigydged wild-type, while

ﬁg’(tj%f'%“@ﬂo'\ﬁ§%ﬁ€e§a@éﬂoﬂ nHbechrst siRr 1PSha ey axate d4lyoie-deletion

a

ed to the cultivation medium. With theﬁ e stable cell pools resuolting} o
YRSl Ehid e SN RALSR G £ CHRTRPrO U ESY B At RaniSHriRLeSn T gher specific
padiedh oyt thdrl tRE tel 2041 EanBe cled gty thg &) BdhwiBHgpma GmbH & Co
KG by adding 400 nM of MTX to the cultivation medium. 6 successfully

ar%&lified cell pools are obtained for the IgG4-wiIcﬁ¥5e 4 and for the
f§e4Bfsthe deletionWdAdH! HHe TENCEtratith BRIPYE4 Ao PROTEN A
produced in the cell git@re supernatant is determined by ELISA and the

ifi tivit Il i t o .
FRESHE ALl o s RN B . e

oty Hag) Griefomd titrdpapEd Barnereaeh imdidderilpedanditeetagresponding
MPHslBgoI RRERsasthAns EhRIIPBnP8S SeDRSIN 9P ¢M2 cell culture

lasks. O ‘other hand th I MW) of al] t | dat I
KA e S T

VgGahwvild-type, while 10 Figure 7B shows the data of the cells pools
transfected with the 1gG4-lysine-deletion

FIGURE & ISOELECTRIC FOCUSING (IEF) OF THE ISOTYPES IGG1 AND
IGG4

The antibodies were incubated in vitro with carboxypeptidase B in order to cleave any C-
terminal lysine present. The isotype IgG1 (+lysine ) (= lgG1-wild-type) has a smaller
number of protein bands after incubation with carboxypeptidase B (cleaving of the C-
terminal lysines at Lys2 and Lys1 => Lys0). The isotype 1gG1 (Hysine) (= C-terminal
lysine deletion variant) has an identical band pattern independently of the
carboxypeptidase B incubation. 1EF marker bands can be found at 8.8 kDa and 8.6 kDa.

FIGURE 10: DETECTION OF C-TERMINAL LYSINE BY LC-MS

For the isotype 1gG4 (+lysine) (= igG4-wild-type) the proportion of heavy chain (HC) with
C-terminal lysine is 20% (light-grey bar HC with lysine), in the Variant IgG4 (-lysine) (=C-
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variant. The latter produce on average 53 % more antibodies at 66 %

ogteer spexnific productivity than the cell poolsgsansigetedaitintimarma GmbH & Co KG
IgG4-wild-type. FIGURE 8: QUANTIFICATION OF THE PRODUCT

YIELD BY PROTEIN A 15 HPLC The values determined for the product

yield of IgG1 and IgG4 | are over 90% irrespective of the lysine deletion.

The proportion of monomer in the isotypes and the corresponding lysine

deletion variants is in the range from 89.23 to 97.93 %. Both the yield and

the monomer content are higher with IgG1 -Lys as than with the WT 20

tegming, 708 REcforSERECTRICHCOR eI (lEMeCR I EesOTypEtions of

e ANRs EEATRs aNiedies were incubated in vitro with

carboxypeptidase B in order to cleave any C- 25 terminal lysine present.
The isotype IgG1 (+lysine ) (= IgG1-wild-type) has a smaller number of
PIGtdRELENds after iIRERB&RBNHIANIOEaFbEGHEPBIIEE B §Y1&dUMg of the C-

grminablysings A eyse LR mohire T8 BrRg leGbdidvelebige (wex).
& % 4
a

minal lysine deletion variant) has an |dent|ca band pattern

Tﬁ&eﬁ%ﬁ%ﬁy%ﬁw@gﬂrﬁé&@%@ﬁtf&ﬁ%@ssﬁfﬁreaﬁwnw?ﬁa%?%ageductm in
®andaeitopeukatiSaBkRanaimd 81 kPa1. IOEHURE (O HEFECTIONI@Ut CpB (top

TER L Y =
R R I aCom Sk (R SRS RS AR P areas by ot
ﬁ@tgb% fi @%t- #a.%/ periac WplykdyLis tweheatiamBges (hrﬁ)myd(:lﬂﬁﬁ Lys +CpB
(HBR i diis hBeefidnge i ngs hainjdhrrars Groblowk1Gn KG

terminal lysine deletion variant) it is 0%. The dark-grey bars represent the
proportions of heavy chains (HC) without lysine. FIGURE 11.:
BERRRAZION OF TRIEANNTFIRBDIE'S &Y TWE X3 SaididdtionYsiithe BY LC-MS

é&%t\(\é&(&) @Fﬂﬁe'Q%i!ad)’t?dﬂ%@lt*évrﬁ}ﬁ%@‘fygﬁ@w%Wy%ﬁ\é\é@&hém%f IgG4 by

[%Erg?atlc cleavmg of lysine hy means of carboxypeptidase B fhow

PR e ThatRleb I 4RR 3T R R PR BRI dine)-  After
tgGLAMT awﬂminrb@naﬁ@taphhneémdtlg@mWﬁu@pEBt(\kmtﬁmndn’aec)fslhemavy chain

mrgdm%f ﬁ’ea‘&@fe\%ﬁrP}%}héjit&‘ %ﬂo%(o ?IM%“‘%‘Y (s without

1-Lys wit top line) and ys +CpB ttom line)
%’ﬁtﬁ\% waSréi&Lﬁfﬁaﬂ% tﬁaeoaé%%‘%emfaﬁz% WSeWSL %‘t Caused by 'vsme cleavage

dependent on the glycosylation state. Marked peaks characterise glycosylations of the
heavy chain-(black: HC with C-terminal lysine, grey background: HC without C-terminal
lysine).

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

Terms and designations used within the scope of this description of the invention have the
following meanings defined hereinafter. The general ferms "containing” or "contains”
includes the more specific term "consisting of". Moreover, the terms "single number” and

"plurality” are not used restrictively.

The term "titre" is a statement of the product concentration in a defined volume, e.g.
ng/mi, mg/mL, ma/L, g/L.

The term "specific productivity” refers to the amount of protein produced by the celi, in pg
per cell and per day. It is calculated using the formula pg/((Ct-Co) t/ In (Ct-Co})}, where Co

and Ct indicate the number of cells on seeding or harvesting and t is the cultivation period.
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FIGURE 12: QUANTIFICATION OF THE C-TERMINAL LYSINE BY

@3-S+ @uantification of the proportion of C-targaiabysiRiiRitheeayYsmbH & Co KG
antibody chain of IgG4 by LC-MS (IgG4 WT: dotted (top) line and

IgG4-Lys: continuous (bottom) line). After 15 reduction and

chromatographic separation, the quantitative amount of the heavy chain

with C-terminal lysine (HC 1 - 447 with lysine) or without lysine (HC 1 -

446 without lysine) was determined. The arrows indicate the mass shift

caused by lysine cleavage dependent on the glycosylation state. Marked
Peakerehariatte dsecgRrbdysapeies Badserdeeaony chfdire(uhiskisHTowitH variants after

SepiarmipRblys e aiey-Bekg o RktC I tRPH A ENRAYX20 lysine).
iQE AILED DESCRIPTION OF THE INVENTION DEFINITIONS Terms

Al e s RS ABHE 0 8 WHRIF e OS5 Bt MisHBIETpIBRRR RRAURAGR may be
theateenred28sfol) owirtd- tidabingsise fiyedt Heereintifteis, Thetgeneral. terotsin A HPLC,
VESRINEGY O5aRANIANS adBAH e DR SRS BRRANG RN FANEIRUNGI O cal activity
Moreover, the terms "single number" and "plurality” are not used

PR SRRRARI TREERS B OOl RereriRin B e DRI ESorraltiams {iyprescence
aidefigedwoldiree; edgtedfdnginlamiyiorbsdeefl padteid hetemalspesifiysis or by

ity rs to the amount of protein produced by the cell, in pg
%gegrgélfleglﬁgg%ng%%ay. It is calculated using the formula pg/((Ct-Co) t/ In

(Ct-Co)), where Co and Ct indicate the number of cells on seeding or
Banéestingeang t is the cultivation period. -13 P01-2274-PCT Boehringer

elheim Pthar a mbH&Co,KCi The term "yield" describes the . :
Jgpé%cgﬁf}fgé) ré%oe\';%?y 8?%%@5“%3%0%&%? vanantsa %ra%%oﬂg%iéﬁ 698 Invention
chroisgograpbipdida seatrrce of. anplotgin wmtatdrdPsdofuetproduct of interest. The

%%ﬁ%‘zﬁtlgéﬂ&“ G RIRiGiRP 6pGeER¥R RElgCleiCie QNSRS HIREBHBEY peptide o

rmined using an ELISA, but also by other methods, such as e.g.
ihrerT A SeRa s BsteR: BISTMAGbIthMENAISRRP RNA or antisense RNA. - The
geneusfapraeipitatipbe detsetiom abthel kiojtigitakaotieitgdfdine, protdimsion gene or as
' stainin rotein fal i
D R N R Fragments
Py fusingrophR ANR G INterest may mibRBR VAL gRMH ESTiptEFeSY It may be mutated

SOBIREIRAHNHIGIBXPI ESSHPNIVESHIRIZ 0669 EHNGH® dbedh\wili@Bations for adapting to a
particular host cell and humanisation. The gene of interest may, for example, code for a
secreted, cytoplasmic, nuclear-located, membrane-bound or cell surface-bound

polypeptide.

The term "nucleic acid”, "nucleotide sequence” or "nucleic acid sequence” indicates an
oligonucleotide, nucleotides, polynucleotides and fragments thereof as well as DNA or
RNA of genomic or synthetic origin which occur as single or double sfrands and can
represent the coding or non-coding strand of a gene. Nucleic acid sequences may be
modified using standard technigues such as site-specific mutagenesis or PCR-mediated

mutagenesis.

By "coding” is meant the property or capacity of a specific sequence of nucleotides in a
nucleic acid, for example a gene in a chremosome or an mRNA, to act as a matrix for the
synthesis of other polymers and macromolecules such as for example rRNA, tRNA,
mRNA, other RNA molecules, cDNA or polypeptides in a biological process. Accordingly,
a gene codes for a protein if the desired protein is produced in a cell or another biological
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comprises a nucleotide sequence of any length which codes for a product
pbintevestcThe gene product or "product of intesesindergen@iay@arma GmbH & Co KG
protein, polypeptide, peptide or fragment or derivative thereof. However, it

may also be RNA or antisense RNA. The 15 gene of interest may be

present in its full length, in shortened form, as a fusion gene or as a

labelled gene. it may be genomic DNA or preferably cDNA or

corresponding fragments or fusions. The gene of interest may be the

native gene sequence, or it may be mutated or otherwise modified, Such
pystéificatidressaohige eod snloptimistticrs fdicaddptiagris A péitulie boding strand
fRband RinanisaliRRnl O enRiI Ol iR eresh R, Jo5 GORIC %ME? also given

20 secreted%tyto plasmic, nuclear-located, membrane-bound or cell
KL SRIERS PRI BaNSe Bt & Mile T A PRtk iBNSCRIP0 thE 8BRgEIng strand of a gene
seqiidirelhicH rastdess dhiEl setibefeettandicatdsnamagliponueetide, as coding for a

EH&JS&“QF&&QW”%'&%!Q% %dm&m@%a@ ﬂ?sr%%%e elgs %ﬁxé’é RRsic acids

enhomic or synthetic origin which occur as'sing e ordo

wmg%wﬁ@%ﬁﬁ@m mﬁ@t&enwﬂéeawg%ém breisgehdne degenerate

bbteleic agid sefuancem My Senanadifiecburingglandarditadpiauas. sWeitieic acid
as s%%s Sevelﬁgc mu?? neS| %rstCaR edlateiam L%tqgenegs 30 By

R 83 i meant the pr er y orc pac Tk sﬁec iIC sequence of

nucleotldes in a nucleic acid, for example a gene in a chromosome or an
TMRNAAP agbRA. H@ﬁfé{ééoﬂé@yﬁbf&mggé of, gther.ppiumsrs EHFQpared by reverse

macromolecules such as for example rRNA, tRNA, mRNA, other RN

HRIIBEREST BN ASEP BER D itis %PB?olBa{éaFHPd@e@%&dnﬁih@yOf other RNA
penkicat s foragereteili iftheldbgiredppesteih & pradubs sirandet! GNA molecule it
anather biglegisalid 4R RR74RGTBagpringer Ingelheim Pharma

GmbH & Co KG system by transcription and subsequent translation of

the mRNA. Both the coding strand whose nucleotide sequence is
leniosP tedthe scnRAsequence and is normally also given in sequence
databanks, e.g. EMBL or GenBank, and also the non-coding strand of a

gene or cDNA which acts as the matrix for transcription may be referred
toreisinsmpigrrntides pratiuce olptenalimaxailitiaic alfieANES chtridipr Br  example

B%Hs&seri%ﬁﬁﬁéd}%@iﬁi@ agidsmbich-aumacdiffergréiander abhesion molecules,
nucle tide seq ?ﬁnc he basis of the eg nera% rL?Jer\lnetlc code byt

BECR T e S8 Weis Shol[EMER U BB R i Gt thereto
mﬁbeemwmodeeﬁ)wbmeamsaﬁagarrw@@nmhamrmts.at@/vheaeentherapeuhc

DAY nEENOIES HERBAID HUICIS AEdS WIHED BreiBIRPRfeABEEVEES ior example,

proteins/polypeptides, which are used io change the properties of host cells within the

scope of so-called "Cell Engineering”, such as e.g. anti-apoptotic proteins, chaperones,
metabolic enzymes, glycosylation enzymes and the derivatives or fragments thereof, but

are not restricted thereto.

The term "polypeptides” is used for amino acid sequences or proteins and refers to
polymers of amino acids of any iength. This term ailso inciudes proteins which have been
modified post-transiationally by reactions such as glycosylation, phosphorylation,
acetylation or protein processing. The structure of the polypeptide may be meodified, for
example, by substitutions, deletions or inseriions of amino acids and fusion with other
proteins while retaining its biological activity. In addition, the nolypeptides may

multimerise and form homo- and heteromers.
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transcription and synthesis of the second DNA strand from a mRNA or

ethenRNAproduced from a gene. If the cONAR RreseMRm@&HeURIS 2 GmbH & Co KG
stranded DNA molecule it contains both a coding and a non-coding

strand. 15 Protein/Product of Interest Proteins/polypeptides with a
biopharmaceutical significance include for example antibodies or
immunoglobulins, enzymes, cytokines, lymphokines, adhesion molecules,
receptors and the derivatives or fragments thereof, but are not restricted

thereto. 20 Generally, all polypeptides which act as agonists or

‘amtagongstbidingd’o phaareitthdieg) eatécpotaiageaistie aipiic atioorgg rtreeydiebuiins, which
é*%e%rﬁ?g&eésp@li‘é'éﬁl% IBfeFRsShake of gL AXAHMRIG fBFQ%%BQfXR@EP?d%%’Ugen) from

which are used to change the properties of host cells within the scope of

s baoe friymghreift (Paseiraseds. dRmasepiBtie pidteinsspecifically against
meemigs sihetabalic eTEymase ghrangyatisseemymesaiibigins: I1gA, igD, IgE,

i rf g r 5 are not restricted thereto.. Th
e R R B R P R B feneaoy
refers to polymers of amino acids of any length. This term also includes

Ei@?ﬁﬂl‘@svmi?ﬁb?ﬁ?})ﬁlﬁ@@ﬁtiB@@t@ﬁ%é%ﬁﬁin@@@;ﬂﬁiﬂmwfﬁlr%mﬁﬁ&%@t&nd single
yCO 10N 0S 10N atio ro ocessing.

e s TR TR & SRS o Sample Fab,
E&bsﬁ(ﬁbﬁmf@@l‘@i@ﬁ§r@gmmégétéf-)a&nm@%ﬁiﬂﬂﬁb)nmmmglvhﬂﬂmwfeins and the

&59&%@ m%f@wwgeﬁ%hm%@bﬁgtmwe&m 2dditiens the AlPERURRNts. The
kgﬁmultlmerlse and form homo- and heteromers. -15 P01-2274-PC

AR5 eP iYoRMEIMYBIR AR TSHBUMECYRE: fHMANGERBLALMSsric antibodies
santilbodiestiake proteins selected from among the globulins, which are
formed as a reaction of the host organism to a foreign substance (=
antigen) from differentiated B-lymphocytes (plasma cells), They serve to

Hehehiavapriding raeal Rt ieRBRITIRSIGh Sebs ARSI, of HBfe\ar@blrisgions of both

slRssewtimmunssleiuding: tgAhighldetnt TlgealgVadigNs. |9We9|' h%y be produced
erms |mm no Iobulln od are |nter han bl les
B B AL 0 R B0 24 B Moh e SRS AR Pabai or by

BiN§lelastrgn Qihbbaié@@wﬁﬁmmﬁmasowl’ﬁ@bﬁdfmmﬁemwﬁmé@mmﬁmduced by
ﬁ%f@ét?ﬂ@@ﬁ%@t%ﬁ%tﬁ%pﬂabﬁ Fc and Fc' fragments, light (L) and

eavy (H) immunoglobulin chains and the 10 constant, variable or
hypervariable regions thereof as well as Fv and Fd fragments. The
Brtdzodieniay ibes efdfoupnasite toprénarashorigineHamtibedydcbaments which consist
ShiNST R 20ER9E S gions of the heavy (VH) and light chain (VL). These are known as
Fv fragments (fragment variable = fragment of the variable part). As covalent binding via
the cysteine groups of the constant chains is not possible in these Fv fragments, they are
often stabilised by some other method. For this purpose the variable regions of the heavy
and light chains are often joined together by means of a short peptide fragment of about
10 to 30 amino acids, preferably 15 amino acids. This produces a single polypeptide
chain in which VH and VL are joined together by a peptide linker. Such antibody
fragments are also referred to as single chain Fv fragments (scFv). Examples of scFv

anfibodies are known and described.

In past years various strategies have been developed for producing multimeric sckv
derivatives. The intention is to produce recombinant antibodies with improved
pharmacokinetic properties and increased binding avidity. In order o achieve the

multimerisation of the scFv fragments they are produced as fusion proteins with
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are also possible. Fab fragments (fragment antigen binding = Fab) consist
phihenapable regions of both 15 chains whichaigiRglditeastheFhy-teembH & Co KG
adjacent constant regions. They may be produced for example from

conventional antibodies by treating with a protease such as papain or by

DNA cloning. Other antibody fragments are F(ab')2 fragments which can

be produced by proteolytic digestion with pepsin. 20 By gene cloning it is

also possible to prepare shortened antibody fragments which consist only

of the variable regions of the heavy (VH) and light chain (VL). These are
knidtioreasation feagmimsts (Tregmelfimesidatide <dimagmemay the Variakdenple, the CH3
R&fibn A8 &9\!’%? 3 Biogingryigube EYSIENeAralRs Ml SQSRNHENARSIne Zipper

IS not possible in these Fv fragments, they are often stabilised by some
S‘E’t’?é?*?ﬁeth’bﬁh%FYﬁi@%ﬁ?p‘B&é"}Wéa%\?fé‘b%Fw&ﬁfh%f\{h'eaﬁéa‘()y rsgigpiiof the scFv
frgbtrendine asedftemoiiedriagethar.dydaeansofdapshabasptide

fragment of about 10 to 30 amino acids, preferably 15 amino acids. This
Eroduces a single polypeptide chain in which VH and VL are joined

deteidr byabpRptigeRtRer SdchraitiBerRicradieknd samads rsadivtgerivative.

sa@tagiechinEtitiagments (BeFyrxamnpies ob chy 1aniibediesiateresults in the
Fnow. %nd %scrib d. 30 Ig ast years variou&l_?!{;tte ies have
iVés.

een
rmatio omodimers . SUnerimposing . mns. Hbe iabodies ma
c?eve opedo or producing muitimeric scq'(—‘)v (?erlva e htention i ?8 Y

prgiivoe cbernlsinidipedMibioaistedvills Wnpidsy duidorarntacoritesiof diabodies can be
RIgReRies anddngeeased binding avidity. In order to achieve the

multimerisation of the scFv fragments they are produced as fusion

proteins with -16 P01-2274-PCT Boehringer Ingelheim Pharma GmbH &

O KEmmuktmedigaisomsdd rmains afihte durtitaerisatitentibonadasedy dufy derivative.
forcexanples heyfda FeGHan I |96 ARl XSTESRIES G LS COllmunogiobulin,
structures") such as the Leucine Zipper domains. In othér strategies the

RIGIRERRY S Be MR rPiRE ARG MRAIL ?ég‘?ﬁﬁ%rﬁﬁfﬁé’ J&BPragmigritearects the sckv
fiagehéarspyitiastisatiamiteyg réligon teisand ipentabodiaskebrégierierm

"diabody" is used in the art to denote a bivalent homodimeric scFv

derivative. Shortening the peptide linker in the scFv molecule to 5 to 10

Ahsireracidakeslidsnend ifotfraditricof ernitodiniepieny Repetimeosiaghy derivative.
Yt \kehaiRmonl bevtiabodiesiaycadditinnallyidee séabibised SydsetRbormation of

glisulphide bridges. Examples of diabodies can be
rmers.

The fragments known in the art as mini antibodies which have a bi-, tri- or tetravalent
sfructure are also derivatives of scFv fragments. The mulfimerisation is achieved by

means of di-, tri- or tetrameric coiled coil structures,

Preparation of expression vectors according o the invention :

The expression vector according to the invention may theoretically be prepared by
conventional methods known in the art. There is also a description of the functional
components of a vector, e.g. suitable promoters, enhancers, termination and
polyadenylation signals, antibictic resistance genes, selectable markers, replication
starting points and splicing signals. Conventional cloning vectors may be used to produce
them, e.g. plasmids, bacteriophages, phagemids, cosmids or viral vectors such as
baculovirus, retfoviruses, adenoviruses, adenoc-associated viruses and herpes simpiex
virus, as well as synthetic or artificial chromosomes or mini-chromosomes. The

eukaryotic expression vectors typically also contain prokaryctic sequences such as, for
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10 found in the literature. The term "minibody" is used in the art to denote

aohiyalantdomodimeric scFv derivative. It corﬁg,gﬁi%ea %@S@gi@r@ggma GmbH & Co KG
which contains the CH3 region of an immunoglobulin, preferably IgG,

most preferably IgG1, as dimerisation region. This connects the scFv 15
fragments by means of a hinge region, also of IgG, and a linker region.

The term "triabody" is used in the art to denote a trivalent homotrimeric

scFv derivative. The direct fusion of VH-VL without the use of a linker

sequence leads to the formation of trimers. 20 The fragments known in

trerapteas enliviedintiboidies artichntibiedcarbsistancr pireaslentistlicturediation and

SURRAGHRIHES/RLRS  1E3RRALS TR U LSO 8 BENIEYEHPYectors which
means of di-, tri- or tetrameric coiled coll structures. 25 Preparation of

EUPIRYL SO IE AISENR SURiFRY 1B RITRANSHEBPT RS eiYpHeiRqtifia RequpNCe are known
actetirgraythe shientioncoraytheiargtioallyeopeeparedilys coohert®Bnatkgene, La
ek Kjekn e, Easisin aleR afeReiationof e uastiondl usa or so
componeénts of a vector, e.g. suitable promoters, enhancers, termination
BivgcisoRpEderptaabnRalhAIR. &ftidistfe resistance genes, selectable

markers, replication 30 starting points and splicing signals. Conventional

lonjng vectors,may be used to produce them, e.g. plasmids,
MR R R LRGeS IV LRl iy gk piace
wtrtmntrges,oadelﬁcvms_é@,nad@i_@fas@ﬁeiat‘éideviﬂn@etgmqr_méqmesr@ﬁmpﬂeﬁned as a
NEsh ashivall @dh@irihetie Wramifikiabeheemasem&s REANIACh GMIOSANES within a

The eukaryotic expression vectors typically also contain prokaryotic

CRERRIRRY SOUPLS MOFIorAINg 1kes7 b Srer BT IMGeT Y AINGh PHatnie genes
@think &1Ca IKG sexamide tnedleatoiptangircantcofitheticaresistancger or promoter/

&%‘i}%éﬁh'% aAl9@%ﬁﬁ%ipﬁ*iQ@eré%%%ﬁi(ﬁﬁ}ghéhgfv Qg,i%%??tﬁ%ﬁ'&le protein or
number of eukar)éotlc expression vectors which™ contain multiple cloning

RiRYFhr AR iREoRCHRIPE! a' [l rfuctephEiPseRuehte 2t KRBSvPXRfRpSed.  Each

senerman bembtatmediscomneeraigliaisem yriauacommeniessusscassary for the
g&rata %ne, Lg %_Jol a,.CA. USA: Invitrogen, Carlsb{;l
T

d USA, -
R R ot e bl R el L Wed sl enserton

B M TR rBoeirrssioawialtngeiame nikhilRES elgirestion introns may
NE I RaHakarRiRg e SRGHE B eRRABALIAH @ WARSSHRINMAItS. The

term transcription unit is defined as a

The expression vector may contain a single transcription unit for expressing the gene (or
genes) of interest and selectable marker genes, for example. Alternatively, these genes
may also be arranged in two or more transcription units. Various combinations of the
genes within a transcription unit are possible. In another embodiment of the present
invention more than one expression vector consisting of one, two or more transcription
units may be inserted in a host cefl by cotransfection or in successive transfections in any
desired order. Any combination of regulatory elements and genes on each vector can be
selected provided that adequate expression of the transcription units is ensured, If
necessary, other reguiatory elements and genes, e.g. additional genes of interest or

selectable markers, may be positioned on the expression veciors.

Host celis: ,
For transfection with the expression vector according 1o the invention eukaryotic host celis
are used, preferably mammalian cells and more particularly rodent cells such as mouse,

rat and hamster cell lines. The successful transfection of the corresponding cells with an
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10 region which contains one or more genes to be transcribed. The genes

mgthinzaranscription unit are functionally linkeg g onR ARGERRIMPENG: B mbH & Co KG
way that all the genes within such a unit are under the transcriptional

control of the same promoter or promoter/ enhancer. As a result of this
transcriptional linking of genes, more than one protein or product can be
transcribed from a transcription unit and thus expressed. Each 15

transcription unit contains the regulatory elements which are necessary for

the transcription and translation of the gene sequences contained therein.
Backstiansaiitioacenitingaly dontaietiiersernglisridiffersiimeen gtorgtically modified,

Rlesnaman BESRLAIRDISE RS Ay Pased;fon e uprtionalliniing,

of the genes within a transcription unit. 20 The expression vector may
contain a single transcription unit for expressing the gene (or genes) of
intseestdanck s etdist &bl ehmn atkpo genesiferiexariplearnltesnativebplitheseh as BHK21,

geResrayalso 6@?9%9\4@%{%{ MARLBIRGIPEPN YIS H@”{%izx cells or

combinations of the genés within a transcription unit are possi

%Wéﬁ%?ﬁéﬁf%?iﬁ@%?e@%’hBﬁﬁﬁ/eﬁﬁéhcﬁi@fﬁé piafe6ré gpreiitlE44, CHO-

pesRr amm&ﬁngr@f ﬁntp;xztwaemg rfrp@mn@m@cmw&mm r@fwb@uxx cells. Also
erted In a host ce otransfection or in suc NS

R A R R e G R i L

@%t’@fﬁ@‘é&ﬁ@ﬁ@ﬁ?ﬂﬁén@ek@fctéﬁsﬁr@ﬂfﬂéidethaﬂﬁwj{@ateje&mé@oﬁrﬁ thescendants of

{rRBsEILOBHBIt SIS ERaNERd.dfisNRERRIHR b Gk rf%@H@l@cﬁYt@'@éﬂqmésa&dhumans

enes, e.g. additional genes of interest or selectable markers, may
Fti650 O B ELES on JeCHir) 56 SELE BT DR (A TELTEARIR (0 voast
e eixpredsto veletdr eeltordiag telshetiavestionasukasyotEihost cibs production of

&Bﬁﬂapﬁ‘éﬁ%{ﬂrﬁm B}g@lr&alian cells and more particularly rodent cells such

as mouse, rat and hamster cell lines. The successful transfection of the
corresponding cells with an -18 P01-2274-PCT Boehringer Ingelheim

Phatmesfaaibicd 6o KEagsptessiotele oo amwmmsmwame expression
58%6'@ g%"’}ﬁ% qriReH IR %H?%Ay nedified. CBm%'”n%%%ﬁo%r?”r%%ﬁﬁ“gs Suitable
cells, wnic

are®also the subject O the presen on rererre .
sy tﬁ’etmnﬁ@%@rbﬁrtﬁ@tiﬁvéﬁu@ﬁaar@lmdrﬁ@%@mﬁeﬁseﬁmﬁdawﬁﬁ@t_m calcium

ﬁl‘lél‘s’\pﬁgtg le%cﬁ}:l"!%irdﬁl %f&@ﬁ@éifh;tti&ncﬁé?y&?éd&x J(%JgarliﬁEﬁ&HQré%%@é‘rﬂj mediated
cells or aerivative escenaants o ese cell ll ar erre
D A SR T MRS o KL LS DTy foring to the

CHOIDGH4tdn dr 819 cuKX paiferabiyocarried out in which the constructs are either
integrated into the genome of the host cell or an artificial chromoesome/minichromosome,
or are episomally contained in stable manner in the host cell. The transfection method
which gives the optimum transfection frequency and expression of the heterologous gene
in the host cell in question is preferred. By definition, every sequence or every gene
inserted in a host cell is referred 1o as a "heterciogous sequence” or "heterologous gene”
in relation to the host cell. This applies even if the sequence 10 be introduced or the gene
to be introduced is identical to an endogenous sequence or an endecgenous gene of the
host cell. For example, a hamster actin gene introduced into a hamster host cell is by

definition a heterologous gene.

in the recombinant production of heteromeric proteins such as e.g. monoctonal antibodies
(mADb), the transfection of suitable host cells can theoretically be carried out by two
different methods. mAb's of this kind are composed of a number of subunits, the heavy
and light chains. Genes coding for these subunits may be accommodated in independent
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suitable are myeloma cells from the mouse, preferably NSO and Sp2/0

pells andpgerivatives/descendants of these Ce%&'@rﬁﬁzg'ék?%%!f%rm Pharma GmbH & Co KG
derivatives and descendants of 10 these cells, other mammalian cells

including but not restricted to cell lines of humans, mice, rats, monkeys,

rodents, or eukaryotic cells, including but not restricted to yeast, insect,

bird and plant cells, may also be used as host cells for the production of
biopharmaceutical proteins. 15 The transfection of the eukaryotic host

cells with a polynucleotide or one of the expression vectors according to
thenoitertionis tandedbbot wniterve atongienpddhodts wiihitableh rethods ofll is then

fransiesion welude foerxanpeipaROmE- 5@8?%% %”?Jg&%&%%a%?oﬁ'%%e genes

phosphate coprecipitation, electroporation, polycation- (e

ALK IRIAMIBE thenafaaion bk PRt Fakidh Waebinfe ttfoRassdolilgependent
trdestiostrAcderding.to thecd wentior stabletieanfentontiscprefesliyine different

i€ | C cts are either .integrated inta the
B e b R S S G 4 2Ry, 10 e
SPN8FMEAF dRtaEIERs Sablelhaagrnasitalite Merst véinimRetafrtdonim ranscription

D¥etBpehaMRicbrGivanioe RiRBHIaNSferlondreanens YRR gXpression

of the heterologous gene in the host cell in question is preferred. By
definition, every sequence or every gene 25 inserted in a host cell is
Bfersing tiRES lérotarslog dushbe gifeirrd iniethetaratetpios dgatiatiomof the genes is

i e the fositelnd biseppliss %*é%d&thﬁcﬁﬁ%”ﬁ%%@ﬁ‘eg%‘m%‘?@% these

or the gene to be introduced is |dentical to an endogenous sequence or
%\’ﬁ%ﬁcﬁ&ﬂ%‘ﬁ%@% Bt R AL SISy B irIel i HahiladPa Qi gishe by means
uﬁtmdm&aﬂa@f@mhﬂe&aﬁ@ﬂqﬁr&amﬁmb@h defimition B8 bet@telﬁmwm@fﬂment than

of r [ e
K T B TPV T o
m%(ﬁ‘éﬁeﬁﬁy FrRAt N drieit BigtiRmc (ﬁﬁ@?@ﬂtﬁn{éﬁyoag Imwglg;gﬂ tHry 1gsample, which

arewempasadabrpsmbens subimictbiebeane aaedighheains.

Genes coding for these subunits may be accommodated in independent
-19 P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG or
Angithastroniritieansoripficinuiieo e sl sipigidusiagnsdwinhean it hetrr togpus  proteins,

Felcis %‘%ﬁﬁ@éfﬁ@&%ﬂ{@'%'%gtﬁ*&gﬁﬁo@ $S R etiRighiAgiEs the genes are
re resentation Ofﬁf?el es after |nteg%at|on into the genome of the h

SR N e L B BRI A Scr Do B A R0 tht certan
pemblidre erfsgreeshattheyenkR NAsdwtic He nootleativehaifferentbe selected, thereby

balancing out any differences in the mRNA stability and in the efficiency of transcription
and translation. In addition, the expression vectors are mote stable because of their small

size and are easier to handle both during cloning and during transfection.

In one particular embodiment of the invention, therefore, the host cells are additionally
transfected, preferably cotransfected, with one or more vectors having genes which code
for one or more other proteins of interest. The other vector or vectors used for the
cotransfection code, for example, for the other protein or proteins of interest under the
control of the same promoter, preferably under the control of the same
promoter/enhancer combination, and for at ieast one selectable marker, e.g. dihydrofolate
reductase.

In another particular embodiment of ‘{hé invention the host cells are co-transfected with at

least two eukaryotic expression vectors, at least one of the two vectors containing at least
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s proteins display the same stability and transcriptional and translational
efficiengypdn the second case, the expression@fathegenegitRke Piaksa GmbH & Co KG
within a multicistronic transcription unit by means of a single promoter

and only one transcript is formed. By using IRES elements, a highly

efficient internal translation initiation of the genes is 10 obtained in the

second and subsequent cistrons. However, the expression rates for these

cistrons are lower than that of the first cistron, the translation initiation of

which, by means of a so-called "cap"-dependent pre-initiation complex, is
sobgamtiatlyshoeleslicieat esi IRES topen dentasanshatdhenitiagiovedior contains
eﬁ@e&tqrfeﬁe'%\4@@érgbrde%a%?&aﬁ%ewﬁ%ésaﬂoe%c}h%@.ﬁs?emﬂsﬂa‘f‘leﬁ‘abosmon and

inter-cistronic elements may be introduced, for example, which 15 ensure
BHFSRHoEx SRk SRIP At el 6%%696@%@%@%@%%@%%%%?56 nucleic
poSSIb@wﬁmwicsihwh&aﬂmxslmmﬁdhein@ammﬁpmf erb&tﬁ@aki@@@&hancmg activity
Fﬁé i rh\é’é"SP naElerRAAcarlingdg he %‘éegﬁk D 8 SONSRIESIOor by co-
(o %:anes are separately Integrated In different expression
vé%%@ﬁpw 5§ fBeadPaiage that certain 20 proportions of genes and
gene products to one another can be selected, thereby balancing out any
ifference he MRN/ ility and in the eff|C|e c ftra tio
I R B Dhor o RSCRTE a1 L SR IERcaogpted and
thdivaisrhiinsiee saidrafece assar iichandididrsthyduring Gronihgrardediiiagrom animal

t%‘i@f%‘?ﬁé’&id?e'@. In engRgicuar @mbediment ehirdnentions heteierams F12
iﬁighOSt cells are addltlonallé transfected, referabl¥féotransfected with

RIS HaFIn GBS AhicHe WA ARERERR N EhdA0e's Medium
(pdtes Bhmterdghnimiae Etbartiab diedonvdions, Beoh@r itveve's Modified Dulbecco's
RRIGANR QB COdRmIgs eXaRIse Ol HAG IBAT REIRELAT Rﬁﬁte' %RIL CHO-8-SFMI

interest under the™ control of the same promoter, preferably under t

dBKirepspinéLamdred S%%Bl%?léﬁhéﬂé%oﬁﬁﬁnﬂiﬂ&ﬁﬁ” é(ﬁa foFis-Medipm (Sigma).

paerselegiable mankemaygostibydngfalateupekiatared vianaiengatietalnds, e.g.
mbodlment 09f th |nvent|0tﬂ tthe hos{ cells are. co-transfected with at Ieast,[
ormones andi/or o her FOW clors Efega psu in 1,tr.%ns errin, &ndermai growth factor,
WO eukaryotic expres on vectors, a stone 6 WO Ve

iRy @rpl@@sfacm)xamﬁzze@ rediBdehintier eRieINBIrMPIRASIAN, phosphate),

Gmbd f?e%o H@D@@)’f aeBRNIss @@@e%é@h@%lﬁégﬁﬁl}‘@l;@ﬁ%?i"@Fﬁﬂctémﬁ‘f@slglucose or

while the,ot er vegtor contaw)]s one orfgggre nucleic a |ds cor to the

fn SHRSH'YR &Y LOHRBIRafBI Bl ‘"ao"r?e%'t%'RSH BHS rigfiee media

 sttlpsforred keastrding tgethe Wmmsthammrnesésma}emscabﬂjstamedungmg media

ionibe IRvRNLoLImpR their ranRsHRlIANOn CXPERSSIAN-RNDRASIRY 8 Yenetically
modified cells which express one or more selectable marker genes, one or more selecting

agents are added to the medium.

The term "se.Eecting agent” refers to a substance which affects the growth or survival of
host cells with a deficiency for the selectable marker gene in question. Within the scope
of the present invention, geneticin (G418) is preferably used as the medium additive for
the selection of heterologous host cells which carry a wild-type or preferably a modified
neomycin phosphotransferase gene. If the host cells are o be fransfected with a number
of expression vectors, e.g. if several genes of interest are to be separately introduced into

the host cell, they generally have different selectable marker genes.

A "selectable marker gene" is a gene which allows the specific selection of cells which

contain this gene by the addition of a corresponding selecting agent to the cultivation
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5 to the genes of interest which are located on the other co-transfected

veris; Ly - integration with the other vector. B%@W&é%%@lﬂ@%'ﬁh@ﬂ%o@mw & Co KG
the host cells are preferably established, adapted and cultivated under

serum-free conditions, optionally in media which are free from animal 10
proteins/peptides. Examples of commercially obtainable media include

Ham's F12 (Sigma, Deisenhofen, DE), RPMI-1640 (Sigma), Dulbecco's

Modified Eagle's Medium (DMEM; Sigma), Minimal Essential Medium

(MEM; Sigma), Iscove's Modified Dulbecco's Medium (IMDM; Sigma),

BEECMO Gavﬁmgbatrﬁimdstmda@hidﬂ&@ési@l&l@é@ﬁMI‘ha(jmbétrtuge@)as a positive
SERIBTESGHO-Medlum-(Sigma) %@e%%w REANAIYIL I e avle 10

15 Each of these media may optionally be sup mente Wlt various

&@Wﬁ@&%g@@%ﬁ@&%@geﬁ%ﬂtsméﬂ@?MM ke gelpiGin, Untransformed
wmsf@ﬁrmeej@WmalﬂgmwtjhmOtb gmlwrlﬁ@vgr@mﬁhéa@t@é)e salifergconditions.

?Rgrlgr%(:hlo“qte\)ec;ég#os'én aﬁé] u c’tt?naﬁ %amc%blguggrﬁ (re 9. Ilslﬁssttve )éefectable

nucle03| ne, t ine Iucose

e@dﬁmeﬁemtn@ﬁ@eéﬁmmtwm wa&e@m@a&grmﬁam cells by conferring

wgmnﬁe@olm%g@;a%?agea@ffﬁm@ @6&%&%@@% E‘g?éiél%ﬁé%ﬁ &iﬁbohc defect in
S e cultivated usin edla wnic een IXeda witn a

R e B Rt SR B SRt G it o Sfec ke marier

oanidie exgirelisehneliormae eleeyable seeods demeskore dknmaample of this is the

#RleRiing R aRe BAgRAHOHRS BRI vias! %teﬁa}e&%&%ﬁmeﬁnﬁ cells with

refers to a substance which affects the growth or survival of host cells

Wﬁﬁ‘&"&gﬁ@?’é}ﬁ‘&ﬂﬁﬁ”ﬂﬂ@ N L Hﬁ%yﬁlﬂér |'ﬁ%ﬂ§et§tTBﬁ slimiarfigetherect. The
sclepaiid txlmem&sememvenﬂmnmgemimlm(ﬁnﬂ@ i raferndhiyie sedtazbhe markers,

fﬁ‘%‘?typ %girgl{o #:e e\‘fr aFB Q%éce' Qfeﬂ%t Uglogays @Qg%%ﬁl%s %mgpo%%\r%ﬁulvaients

ya mo neom cin phosphdtransférase gene
fes riveEe N BYdag 88 ﬁaﬁgf@‘ﬁ@a With chﬁfn@f@ie\%’(fﬁd?reRﬁPéggf@rPFOV’ded that the

verelQEDI€ Biafkse refahgenesaddntereshftiedo . sepriaielyd8tabagtonsiderable
'hrjto t&he ho%cell they ggneral ly ne have ifferent selectable ma ker
a eqguence in the

N A marker gene a gene wWhiCRERGWE" tﬂ%”%%a%ﬁ“’ 1gel c%§ﬁéor?8d to be
selistivhich heoliterirturisigeriibby thieradditionbsf @icepiesipbiedingyiceleereg including

BRGNS SUNvAIRE st P Hadefd-P ElRasbdingesd RaelbRIMBR@avhich are

GmbH & Co KG medium. As an illustration, an antibjotic resistance g%ene

H%&?’Be“ﬁ%gd”a%‘*‘é%%‘i‘ﬁv@”§éf&é‘f§8|H‘ﬁ1%fr’l?8ﬁ BhATLAR VAR e padfpnsferase
trefisjormeplomiiltitids perplaretcokddsgroiiiirGhe pirgserfomef theductase (DHFR),

Wﬁﬁ&i‘ﬁ%n%%@n{%ﬂBl%%mé‘%pﬁﬁﬁ%?%sHﬁtéﬁmS@mase and genes which
confer resistance to neomycin (G418), puromycin, histidinol D, bleomycin, phleomycin and

zeocin.
Ampilifiable Selectable Marker Gene:

In addition, the cells according to the invention may optionally also be subjected o one or
more gene amplification steps in which they are cultivated in the presence of a selecting

agent which leads to amplification of an amplifiable selectable marker gene.

The prerequisite is that the host cells are additionally transfected with a gene which codes
for an amplifiable selectable marker. it is conceivable for the gene which codes for an
amplifiable selectable marker to be present on one of the expression vectors according to
the invention or to be infroduced into the host cell by means of another vector.
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cells, on the other hand, are unable to grow or survive under these

relectarpconditions. 5 There are positive, negasiveiais RHeIRGHOP/rma GmbH & Co KG
selectable markers. Positive selectable markers permit the selection and

hence enrichment of transformed cells by conferring resistance to the
selecting agent or by compensating for a metabolic or catabolic defect in
the host cell. By contrast, cells which have received the gene for the
selectable marker can be selectively eliminated by negative selectable
markers. An example of this is the 10 thymidine kinase gene of the
Herpes Simplex virus, the expression of which in cells with the

FiRRabR 3dHERR T ReKeloyENer BARY JBYE S80S DGRl QMeeded for

thereof. The selectable markers used in this invention, including the

‘Q%ﬂiﬁ}i’ﬂ‘e@e?é&%(ﬁ@*?n&?!i%rE”diﬁrclﬁ%féa{jbr?é‘if&’é!‘iwnSW\‘?&H’?ﬁutaﬁ?é grgmele. the
aranbirdslefsgeceite, marktopahe quyaledisiodeirivatofenihomottareOatitR). In this

éHééO{P]% ‘e{gﬂe":@‘%ﬂ‘ﬂéed'?{sa% RERUAGSRIO X{QS%@%M\‘Q‘*S& @ﬁl@%@%ﬁhe presence

marker retains its selective qualities. Su derivatives displa
dohsiagiemiRe ﬁ%@ﬂélﬁ@?‘ﬂﬁ@i@%ﬂﬂé‘bmd sequence in the regions or

P@@Wﬂm@f&]d@f&aﬁw i@tﬁ&eﬁiw&dﬁ@dd@mmur@ deBeEHhes@ amplification
rge num selecia mar Sin un
R A R Sl P LHE Hh eI R trese ool

egatlve rs xam es 0} se marke
@@My@@é@ﬁw@m@wl@déhﬁr"fh@ndeﬂtnéeﬁéﬁet@f@omrﬁwlw@s’id@free medium.

@B@é‘é&l@ﬁﬂ?sfﬁwﬁﬁﬁ @‘éﬁ’é’%é}yg@ﬂé\é@%%‘%F&“@@W@E@ﬁ%ﬂ&é@%erker and
dih drofolate ctase %HFR m|d| (Jé%%fglutamlne

ﬁ@?é%ré“% a&*ﬁé ﬂSPathé %"8@ G055H e to
ﬁémrnymplsﬂéwb@elpmamwmaﬂdmsgdml @)nbﬂemmybm upbtbamyuaimana the invention

ZRORN. c.%(%rﬁ‘mplg!a@lﬁl§§§|§H%@Ma%§{h%%ﬁlo%ﬂgd'H@Qm&gﬁé;%lé%mmase AMP-

according to the invention may optionally also be subjected to one o

treraingste dMprcahssFs WW%&’&H"f??ei?%%OEGRR%\@H%HSFF?@E?e%%%EW’d* ate-
sfrahselesting agent which leads to amplification of an amplifiable

selectable marker gene. 30 The prerequisite is that the host cells are

additionally transfected with a gene which codes for an amplifiable

SeRr e rhkand spiesdapalBBle rerduEngehrestAsits codes for an

anRPiiabtg sRlenipRissmaTker éesRIeseRl MR DRLNE tia@neesmeml@ﬁd/or translation
%z/fCtﬁrSf ac ording{gto the invention or to E %?_P]tr uceg |rr’13tosthne rg? tC%% bkéy enerall
At PTER SF L2 ol 5o Boehrn é)er?n| elhel ¢ 4
Wtanmiae@mﬁihe&cmdhe@aaih@%ﬁﬂoﬂﬂ&bﬂ@ﬁlé@t@&ﬂ@%ﬁﬂ@éﬂ@éﬁe@%l@presem in
fRORSfAR eHT YRRV IndgesiaffeF gene product produced which is encoded by

the gene of interest. The quantity of mRNA produced by transcription of a selected
nucleotide sequence can be determined for example by northern blot hybridisation,
ribonuclease-RNA-protection, in situ hybridisation of cellular RNA or by PCR methods
(e.g. quantitative PCR). Proteins which are encoded by a selected nucleotide sequence
can also be determined by various methods such as, for example, ELISA, protein A
HPL.C, western blot, radicimmunoassay, immunoprecipitation, detection of the biological
activity of the protein, immune staining of the protein followed by FACS analysis or
fluorescence microscopy, direct detection of a fluorescent protein by FACS analysis or

fluorescence microscopy.
By "increased titre or productivity” is meant the increase in expression, synthesis or

secretion of a heterologous seguence introduced into a host cell, for example of a gene

coding for a therapeutic protein, by comparison with a suitable control, for example mutant
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the growth of eukaryotic cells under certain cultivation conditions. For
@xamplerthe amplifiable selectable marker geREHMALGR48HIMN Pharma GmbH & Co KG
dihydrofolate reductase (DHFR). In this 5 case the gene is amplified if a

host cell transfected therewith is cultivated in the presence of the

selecting agent methotrexate (MTX). The DHFR marker is particularly

suitable for the selection and subsequent amplification when using
DHFR-negative basic cells such as CHO-DG44 or CHO-DUKX, as these

cells do not express endogenous DHFR and therefore do not grow in
m)utﬁm#eemmwdwtypdﬁrﬁlemsé'd{memimrtbreﬁ;lel&Rtrgemq:»maydﬁeiﬂy%d belfeaccording

Bstﬁeqﬂ\%mﬁm éeé%ﬁ%@drg 5%& c?@ g]ﬁwg %f%r (‘fr% ‘%)8{%89 described
poxanthine/ thymidine-r ee medium. Ot er ampli ectab
*ﬂﬁé‘*rké?@é‘rf@@ﬁﬁi‘c%%ﬁif EB@S&§ehodtmwmﬁ@em%ﬁf@¢wawmr titre. There is

sramplegidanine-syniheiaaritinethal e | l@&ﬁiﬂﬁng to the invention is cultivated
aden sin deamﬂ ge AMP- d?a inase, y
oh 0 on d

R e s G TRt AR o 1 i ool has o

?§9htw£§§/eOG@déaéi(éFEéﬁbﬂ%ﬁ?ﬁﬁt@&eﬁ@ﬁ@ﬂﬂﬂgh%ﬂ@dmmgdmw&brbs fitre. There

id hesteiM paeRgI SXRIasaesY %e%pﬁﬁmﬂwf?'ﬁt%sc@!tB@cUW“QtEﬂB invention is
and/organslat on of a hetH ou%%;ene se uence in a host cell. T
CETS

SEI6H T EhIP Be e A B Gt e A Gk tis ool
f@ﬁmaﬁtlll@eef gorPesibAdinEraRMNA 2RI T preseniily thefecstigEDal00fotirerease in

F,tg&gm@tr@z ﬂf.(gene product produced which is encoded by the
ene of interest. The quantity of mRNA groduced by transcription of a

AR KA i BB RIS B BE BRIEIAH ST To Rk HSEI B Foichpression

Olkjlft;/bﬂd:lﬁ@thgﬁo tilednuaidaseRNAPpIotastienome sitthbybticisadioadebrding to the
'8?1 L ar RNA or by PCR methods 25 (e.g. quantitative PCR). Proteins

IC are encoded by a selected nucleotide sequence can also be
determined by various methods such as, for example, ELISA, protein A

ﬂ@%%@gtﬁf@tr@obr@d?@i@@mﬁ@pw%m@w%fﬁcmim@a Aeieeiondtbction of

the b|0| ctivi oft prot in, |mmu tal of t rote

TR, Eo B P e R RISy e AR o more
ibfcacihoordquetaipsotein KyHFACS asaly sis@canfiteesdethes mﬁﬂ’@si@opg/obtaining
RYe N8 ase iR O A0 ChHYIn i SReaNiRe - IE RRRINSCHRIESHEbe used are

synthesis or secretion of a heterologous sequence introduced into a hos

AP DB AR R G T A RGTTBERE ARG e chromatin
sompaciderywitbR, duitable EaREistdaterailéARBLBTAR Zlements), on the use of

@9&.’3&7@%@&:&%‘%&&@&%' Q%%l!ﬁ?ém BPH@&WM &SR Gr synthetic agents for
up-regulating endogenous or heterologous gene expression, improving the stability (half-
life) of mRNA or the protein, improving the initiation of mRNA translation, increasing the
gene dose by the use of episomal plasmids (based on the use of viral sequences as
replication origins, e.g. SV40, polyoma, adenovirus, EBV or BPV), the use of
amplification-promoting sequences or in vifro amplification systems based on DNA
concatemers.

‘Also preferred according to the invention is a process in which production cells are

replicated and used to prepare the coding gene product of interest. For this, the selected
high producing cells are preferably cultivated in a serum-free culture medium and
preferably in suspension culture under conditions which allow expression of the gene of
interest. The protein/product of interest is preferably obtained from the cell culture

medium as a secreted gene product If the protein is expressed without a secretion

-24-



10

15

20

25

30

protein versus wild-type protein. There is increased titre or productivity if a
eellacaording to the invention is cultivated accesgiiRgg® AdBBtIR®harma GmbH & Co KG
according to the invention described here, and if this cell has at least a

10% increase in specific productivity or titre. There is also increased titre

or productivity if a cell according to the invention is cultivated 5 according

to a method according to the invention described here, and if this cell has

at least a 20% or at least 50% or at least 75% increase in specific

productivity or titre. There is also in particular increased titre or

peoaldivitgien desl aecordindgud theiralentiom isolatdtiviated edtdyshitgsto @ order to

- pethod aroKinmbiRABEUBVRRYER denarined e nans Fuserl fRs-abcombinant

least a 10-500 %, preferably 20-300%, particularly pretferably 50-200% X

RRIFERE T P SERERIC Bt RV i ik 8URPFRIGR REp titfe e carried out. First
qﬂraﬂ,u@ﬂdtyma;e!bemmim@drmwvw insmglfmeumtrtbermqhmssidmsa/lectdnse desired
@&ﬁé’ rﬁjé@ﬂ:“? H}% 'fﬂé‘?’ﬂﬂ_@ﬁl@@g ﬁﬁﬂ QXMQM&Q?’?QQO&}@%EQ r ﬁﬁﬁ%? Bcéiypeptides and

according to the Invention. 15 The corresponding processes may
ReTRRAWith G PACSiginicseidetioirafindysnmbitarshangs rolmies ethanol
eepipiniian, additenal selestatre markerramnatogmaie JHTSsERISRESr cation
éﬁ'c%‘a%slfep)ré)srir?scgltlfay rfasc ﬁgfer.'ﬁéﬂqeord@etmq% (?ffegu Eamm&emca?ﬁggtgon of a
expression, and a combination of different methods may also be used, are
heisecldap usxarpisie Grnfreissk f meoative dldwrime!fopiadmpuratinghehekied man
shayBathba@istiveiueeatars. LCR, UCOE, EASE, isolators, SIMARs, STAR
elements), on the use of (artificial) transcription factors, treatment of the

cells with natural or synthetic agents for up-regulating endogenous or
btetildigods §ekeGRBiasEoRimproNinG B Gtability (half- life) of mMRNA

‘Pﬁéﬁﬁé&r&{ﬁﬁ\yém%@wﬂﬂé@‘f‘oi%i%mﬂﬂomﬁ%gﬁc?%\%iﬂﬁe \BCLEGSHath Bfinterest of

gene dose by the use of episomal plasmids (based on the use of viral
a&glheraseciyiosd &piition origins, e.g. SV40, polyoma, adenovirus, EBV
or BPV), the ise afiaunpification:promating Segeericesherpgrotgtnoof interest, at least

amplification %}’es%%@c?n%ﬁ%ﬂ 8%9&% t%%rk‘f%?ﬁm‘@%?- il %E%e&rﬁguet%%

according to the invention is a process in which production cells are 30 '
replicatedrand§sedl! 165 graperetatt WodiAg aele prblcedTtateréy. megified nucleic
this, the selecied frighprgsicing cells are preferably cultivated in a

serum-freg culiure Jpedium and preferably i suspansion clYre UndSlorion of the
conditions“which allow expression of the gerie of “interest, The
protein/produpt@tintefraseiespreferably obtained from the cell culture

medium as a secreted gene product. If the protein is expressed without a

secretion X ) . , .
In particular the present invention reiates fo a method for increasing the titre of an

antibedy of a cell characterised in that in a nucieic acid sequence, which codes for the
heavy chain of the antibody, at least the codon which codes for the C-terminal amino acid
lysine is deleted, the cell is transfected with a vector which contains the modified nucleic
acid, and the cell is cultivated under conditions that allow production of the antibody of

interest.

The present invention preferably relates {o a method for increasing the specific
productivity of a protein of interest of a cell, characterised in that in a nucleic acid
sequence which codes for the protein of interest, af ieast the codon which codes for the C-
terminal amino acid is deleted, the cell is transfected with a vector, which contains the
modified nucleic acid, and the cell s cultivated under conditions that permit the production

of the protein of interest.
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-24 P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG signal,

moweyarpdie gene product may also be isolateddraRadGeldyaataseHihREdShon & Co KG
to obtain a pure homogeneous product which is substantially free from

other recombinant proteins and host cell proteins, conventional

purification procedures are carried out. First of all, cells and cell debris

are removed from the culture medium or lysate. The desired 5 gene

product can then be freed from contaminating soluble proteins,

polypeptides and nucleic acids, e.g. by fractionation on immunoaffinity

land iparidian gecteturn e btiuém eht piteciprtstent, inseetsed rplease P4 Cnethod for
LR a%f?&rﬁ?éb(ﬂ%%%%%ﬂ@!ﬁ%n%‘Lé.%%ﬁ’ﬁiﬁ%?rbfeécwﬁ%éﬁééfbﬁiéé'&hn that in a

as DEAE. Methods which result in the purification of a heterologous

BrORImAEHESLBRBYEEB I RANHEE EAKY e krdiheta it siiildgrgine codon
@hiancodestibeck T teentiteraseimoEldB QRHIENIS AGCRRRING TsTdEd with a

#NSY'\?&;&TAP%%? ?6%%%‘% i(h"eﬂ%‘é’d?rreedarﬁﬁéxé?ca.a@ ,t.*lﬁ% Eoégi”cgrg&%%‘%%‘aed with a
%ltre ora |drote|n (0] mterest ol ace |!, characterised’in that é a.ina
sRfclefc e ariishconiRien tsukshiorhaia sloasirmotnedreanchtheaes! isecultivated

GRENTEYHIBIRIRO0RS feriefedarninak aiBigRtRel IS deleted, b. the cell is

transfected with a vector, which contains the modified nucleic acid from a)
and c. the cell is cultivated under conditions that permit the production of
ihengbgretefarafdntertbst] thepawitiikal ibavprekantanddhedighrethi@s, tordhe subunits

spethaddrsincreasingithe fiire, 028 - ApkbAdy RECRIL characterisedil any desired

that in a nucleic acid sequence, which codes for the heavy chain of the
%’r‘?’ﬁﬁody, at least the codon which codes for the C-terminal amino acid 25
lysine is deleted, the cell is transfected with a vector which contains the

M9 5&‘89%&8}% ?e@%ﬁ})béc?ﬁin%lﬁ ﬁ%'g?e‘égm‘{ﬁ’\tf%ﬂt%%dt%ﬁa%&%“é”ﬁ? H'H%%%UPYMcreasmg
production of the antibody of Interest. The present invention preferably
ReatBefcaPRSHdN o PiRPct¥iRgttheTspemichee BrovilicvRipBr &f firsiest of a cell
Qfé@@(@ﬁéﬂff A Gedl ﬁhafra@t@éiﬁe@biai Q@qbﬁmmm&ic@@@lsh 'h wqmd fm@mmin of the
codes, for the pratein of interest, at least the ¢ n which codes far the C-
o B o S B e A S R PSR 3R R dereten
ttencaihis thensfeastifiediiualegsietishiphdctnsades ko kultioaradfindeucteic acid for the

coRdtionsthaL ReHHIJNE AraduotiRNight chain of an antibody, and the cell is cultivated
under conditions that permit production of the antibody. In a preferred embodiment of the
method the vector with which the cell is transfected is a bi- or multicistronic vector. In
another preferred embodiment of the method the vector with which the ceil is transfected
is a vector which contains the heavy and light antibody chain as separate transcription

units.

it may surprising‘ly be shown that e.g. an 1IgG1 molecule is expressed and secreted in
CHO-cells in spite of the deletion of the C-terminal lysine and the amount of product is
comparable with that of IgG1 wild-type transfected cells (Figure 2). It has also surprisingly
been shown that cells that express the lysine deletion variant of IgG1 on average achieve

even 27% higher titres or 32% higher specific preductivities than cells which express the

1gG1 wild-type (Figure 3). This production advantage of the lysine deletion variant is still

present even when a DHFR-based gene amplification is induced in these cell pools by the
addition of 100 nM MTX. The titres and specific productivities are on average 86% or
120% higher (Figure 4).
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of the protein of interest. -25 P01-2274-PCT Boehringer Ingelheim

iRhazpra-SombH & Co KG  In a particularly prefegedieiaagimant #gma GmbH & Co KG
present invention relates to a method for increasing the specific

productivity of an antibody of a cell, characterised in that in a nucleic acid
sequence which codes for the heavy chain of the antibody, at least the

codon which codes for the C-terminal amino acid lysine is deleted, the

cell is transfected with a 5 first vector, which contains the modified nucleic

acid, the cell is co-transfected with a second vector, which contains the
fijntashegpUs anaansibodginghd alse dell Ehewhiviatesn Uaddr mofrditiens ithapite of the

PeEThPEPCERRRh g REROMY: IpEnAbRIBIETersdmeilrd & ecreted in CHO-
?r%ﬁllfled heav%cham and the light chain, or the subunits 10 of a

ST @ DR BHeL B3R B %‘f‘e‘éﬂﬂ'%&@gi\@-tﬁéﬁﬁfﬁéi‘@fﬁétiifr Igypd that cells

\die‘&imeﬂ(rmderthmlmmh{@iqji@fmédrénfbg@im@ntammemhiavbieﬁgm 63 % higher
fRiatss 48 a,methed §Bééﬂg$¢§w&ttvﬂ%§ﬂﬁéﬁ'%ﬁf9% NI Df QHé'qgga¥r[~wild~type

or of any heteromeric protein of interest of a cell, 15 characterised in _
(R RiclEsaRiacsshive Revanies COdBR thififednaliRn crianbfisnalso present in the
fanteody aatpeastite tegantwhich eatesior the &dergarEdaminpacites and 66%

ine J t the cell is trapsfected.with.a vector which contains both
%ﬁégﬁéﬁr?&%g@cﬁe f%?etﬁ@? l%%{\?/gﬁ at}u% of an antibody as also the
light chain of an antibody, and the cell is cultivated under conditions that

iﬁ%{&iﬁﬁﬁ@léﬁiisghmétﬁﬁcﬁr?ﬂﬁq?;ﬁét%&ﬁ&fﬁﬂfﬁ f%%ﬂ&%ﬁﬁﬂ@tﬁ% and Jor the
metr e VeClor wi wnic e ce ransrected Is - .

RSB e B IERd0 i TG 2D o e R FhePreferably
e Withasadcintiiee cethivaraosfoctied @ heeptoteimhidthcontamsithagion of the C-
t‘é%\%ﬁ%%l%ﬂta%ﬁb@ﬁ’yaﬁtaﬁisr%%%%@@%gmip&i%@%tém%é Iéff@é%ing to the

surprisingly be shown that e.g. an IgG1 molecule is expressed and .
'Q&@FE’%?J%H@ R N SRETIAMECERIEN BritkErestdRYiRAlSgsin dhcpreferably
biyeaamastr2fpnoduc bisfaaniparablecathsihat odnd Gartialdatypereferably by at least

fagstecled Sﬁllgﬁ(y%%éﬁ%rﬁoAt@?ée%??h%%%ééHWhBSF{Hé'&%Y&ﬂ&F‘%‘f % terminal

that express sin etion variant of IgG1 on average achieve even
FPRCHAGHEr titres or 32% higher specific productivities than cells which
express the 30 IgG1 wild-type (Figure 3). This production advantage of

he lysine deletion variant is still, present.even when a DHER-based.ge -
R e Lo Brhee L GBIy TR B OF S00CRRP e specti
MaoicTvey tRreleasd Spadfit gasductivities are on average 86% or

The present invention also relates to a method for producing an expression vector for the
increased production of a protein of interest characterised in that in the nucleic acid
sequence which codes for the protein of interest, at least the codon which codes for the C-
terminal amino acid is deleted, and the nucleic acid sequence thus maodified is inserted in

an expression vector,

The present invention also relates to a method for producing a cell with an increased fitre
and / or increased specific productivity of a protein of interest, characterised in that a cell
is treated using a method according to the invention and then a single cell cloning is

carried out, for example by dilution cloning or FACS-based single cell deposition.

The present invention also relates to a process for preparing a protein of interestina cell,

characterised in that a group of cells is treated using a method according to the invention,
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120% higher (Figure 4). -26 P01-2274-PCT Boehringer Ingelheim Pharma
fembty £Co KG Similar results may surprisingly-al$eh e sbawn f4a8Ra GmbH & Co KG
IgG4 molecule. In spite of the deletion of the C-terminal lysine the IgG4
molecule is expressed and secreted in CHO- cells even rather better than
the IgG4 wild-type (Fig. 5). Surprisingly it is found that cells which
express the lysine deletion variant of IgG4, on average even achieve a 63
% higher 5 titre or 70 % higher specific productivities than cells which
express the IgG4-wild-type (Fig. 6). This production advantage of the
tiyeasecedictitn seieried is dsoniessone iof thielcldlowiagelantiificatess st single cell
AEAOR BMiMIN- QniaYIAgR@a% higher tiresand 8N FSPRIM%IS or the
%rgductlvmes are obtalne_d (Flg_. 7). 10 I_n a special embodlm_e_nt of the -
%%8‘5’@58%& to the invention the titre and for the specific productivity
is increased by 10-500 %, preferably 20-300%, particularly preferably
-20Q%0 i > Of ratein. wit e .

e ol g R Bt st one
RS floniaedriingrrairisadentthat the ttrdsaHasd iendhgpeegraration, after the
Juledtiot Wtypsukicieasek ioatdgast, idedaredarmblyubebisatiteasialt Ymplification
sry%re preferably by at least 50 %, and particularly preferably by at least

E®% based on the comparison value of the protein without the deletion of
the C-terminal amino acid. In another special embodiment of the method

ﬂ0§§é:é/igg @{_ﬁﬁ@d@%ﬂti?ﬂ Hﬂetﬁae%@%@é}i %@Q?%@Eyai%ﬁgdfﬁ@ttédthe_ invention is
cell/day. T sent jnvention also relates to a method for producin
APPSO A1 (R L LR QMR OB pROCETH O idvag prforably
Igfmracterised in that in the nucleic acid sequence which codes for the

protein of interest, at least the codon which codes for the C 25 terminal

amino acid is deleted, and the nucleic acid sequence thus modified is o

AnelpRiaspecli Sxphedimsit et alt haseads rRRIRShasRY oS the 4nvention is

¢hathoddesprodbsirtyeapceibvitf andresteiasad dittiocapddroFintrgasedotein, EPO or
cific productivity of a protein of interest, characterised in that a cell 30

Is treated using a method according to the invention and then a single cell

cloning is carried out, for example by dilution cloning or FACS-based

Ainglgaredddepnsitipmnt Ne pIesest invepdenalsaritRiatesdeoramoeessdohvention is

Gspaing aproteln tinierest in sell. charaglericed n 3t 8 UL o4 tre c-
cells istreated using a metriod according o the invention,
terminal amino acid is lysine (Lys).

A special embodiment of all the methods described according to the invention is
characterised in thai the heavy chain of the antibody is of the type IgG1, IgG2, 1gG3 or
IgG4, preferably type 1gG1, 19G4 or igG2.

A specific embodiment of all the methods described according to the invention is
characterised in that the protein of interest is a monoclonal, polyclonal, mammalian,
murine, chimeric, humanised, primate or human antibody or an antibody fragment or
derivative of a heavy chain of an immunoglobulin antibody or of a Fab, F(ab')2, Fc, Fe-Fc
fusion protein, Fv, single chain Fv, single domain Fv, tetravalent single chain Fv,
disulphide-linked Fv, domain-deleted antibody, a minibody, diabody or a fusion
polypeptide of one of the above-mentioned fragments with another peptide or polypeptide
or an Fc-peptide fusion protein, an Fe-toxin fusion protein or a scaffold protein.
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-27 P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG these

eellearesetected in the presence of at least oRgSRIREHIAYPFEFSBICHa GmbH & Co KG
single cell cloning is optionally carried out and the protein of interest is

obtained from the cells or the culture supernatant. 5 A special

embodiment of the method according to the invention for preparing at

least one protein of interest is characterised in that the cells used for the
preparation, after the selection step using a selection agent, are

additionally subjected to a gene amplification step. 10 A specific

Anobiogliraeetiad ahtieimeth ofl s idése mbetiatc dediondp tal thecordengtiantise invention is

eﬁa@&&%ae%rfh%ﬁw@e@réeemmﬂemmeﬁ&mr&gﬁg I;%éerﬂ%lilc?m&nbodiment

(Arg), preferably Lys. Another specific embodiment o nethods _
el giasRiARS SRR 2RGRtM 1 the IBNaPEekitsetpiAGisaBassin that the cell is
quittaiteofuinderestrisraincaridoaitioran ReduriopptRiesn, InfdoHonati Af Al the methods

| ' t of all.t thods described according to the. , .
%\%ﬁ%g% %g%%?éﬂrﬁ?grig‘e% !h@gﬁﬁé‘s p%i\aerl?lco rljﬁ grégt %aar}]%ea\?fq(]:ﬁ%iﬁ% vated in

et Erebd fRifgdheesivn. tednipraleiisin ccadhgdimpsinef(1Byistha spdbidls described

gipoeept Bkal ibimetbads Srsenhed AceridiRG @:InG IBYRDERRI 1% protein-free
characterised in that the heavy chain of the antibody is of the type IgG1,

t’I% ﬁf'?gG?a or 1gG4, preferably type 1gG1, IgG4 or 1gG2. 25 A specific
Bnmveiginesheofraitithenhefhalis e surtied acterdihgdcatweidingntioriis invention is

m@@éeqmﬁg%@@ewgt@%@Iéws_ﬁe%eiﬁ,%_@%aﬁ'%%%tpawgz% ms, insects,

) : r
mammalian, murine, chimeric, humanised, primate or human antibody or

QSN di5ay TP 1t BRTIRA Y e M BRI R RS ot Rt R ALISS 8 LR methods

dexibivdy acobdifaly Fably2nfon Fcdrarattéusion iprotainhd-vebisgenehainalian cell.
o] ) t . hain Fv.  disulohide | _

e R i e.ﬁb%% e e el to the

BHRYPthE ShETRSRIESRGORAF ABPnedltdsitr BROaEr pipiiber gipecial embodiment of
pelypeptde nosraid feer pepside iURIanDFaIatoANshaHexbRftsio MRFRIEIReOCHO celi is

& ReAlRIe 558, RO A e IR RN 9B R B Be11 anat oo

per-5. Particularly preferably it is a CHO DG44 cell.

The invention also relates to an expression vector with increased expression of a gene of
interest which may be generated according to one of the methods mentioned according to
the invention.

The invention also relates to a cell which may be generated according to one of the

methods mentioned according to the invention.

The invention also relates io a method for the production and purification of a protein of
interest, characterised in that at least one C-terminal amino acid of the corresponding
gene of interest is deleted and the resulting protein of interest has decreased
heterogeneity compared with the wild-type protein without delefion.

A particular embodiment of the method according to the invention is characterised in that
the C-terminal amino acid is lysine (Lys) or arginine (Arg), preferably Lys.

Another particular embodiment of the method according to the invention is characierised

in that the protein of interest is an antibody, an Fc fusion protein, EPO or tPA.
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Another specific embodiment of all the methods described according to
rbe-Mavermion is characterised in that the cell iseutivgderdBisusSIERSIGNGMbH & Co KG
culture. A particular embodiment of all the methods described according
to the invention is characterised in that the cell is cultivated under
serum-free conditions. Another particular embodiment of all the methods 5
described according to the invention is characterised in that the cell is
cultivated in chemically defined medium. A preferred embodiment of all
the methods described according to the invention is characterised in that

Areretsirrdemiedieent pribsimatedaesnminatplefeiiderdpbsdirnsatierised in that
Bl the @atbpasdescibedacgordng tg tednvesdipnng He charasigtisadino acid is

g|n tha{ the) cell is a eukaryaotic cell, e.g. from yeast, plants, worms, insects,
Elras *‘gﬁ reptiles or mammals. Another preferred embodiment of all the
Mnethet srefesedbetmsivading thehmetiveshaonoisiciyaiabreriseeniiothist theracterised

ipalds Aammaliamneind papiradlymreferrradeabastineicaf all s, preferably

methods described accordlng to the invention is characterlsed in that the
UiRE L9EMAEGAIPNAGther special embodiment of 15 the methods
Apationked erctordmentetiiesinvdhtidreisaaradtetisadventitat thetGtdOscakd in that,

1’§r StﬁliﬁBB?QdLB{B&h%QETQ“QreC'6%%!]9&3/9? e%'ﬂ%"?;t’]o C'E‘ﬁupgd"lﬁ&:&%r particutar

er-5. Particularly pr lyitisa CHO DG44 c
qﬁ@%%?ﬂ?oﬁfa{% Féffég q R)C‘é?f@%ré%ﬁ%% W@fﬁ@ﬁ/lfﬁ fdesiaiped in that for the

ESARSRION &k gene @ﬁltﬂ@mereswh@émmr@@ geneiaded. accardimgtoparticular

ane of the ?thf?% Fﬁﬁg%g ceqrding t GA%? '”Vﬁ puon. Jas wention . ced in
aso rela? oacel?w generate gc 0 ONe 0 f'?h

%tﬁ@@@h@mwwac@mﬁgcwiyr@iwﬁnéﬁlm ﬂqérﬁfeé”ﬁﬁcﬁmg@ment of all the

ﬁ%@{s&t@@sm@ﬁw%@r@h@ RECHEGHOENa0E BUifisatieRRiameteindtel is cultivated
|nten=i5e|[5r;5 aracg?rlsed in that at least one C-terminal amino acid of the

Bdre 3?1818 eHB of interest is deleted and the resulting protein of
Mteedstrbd s oibodiaset ohtte rogthweitgocordjvar éal thétimtise eldtyherpriesised in that

Wgt&ggg g%qgg&n% Q)r&@ﬁgcular embodiment of the method according to

the invention Is characterised in that the C-terminal amino acid is lysine

AOUIT HRSRRE CRTTC BFER AR S Mash RSP R A A AP IRKRRIRRL e Garacterised
ihehmeteanh iacer din@ teetlse prafention (HEhB@gtecisizd in that the protein

Rf Mﬁ(@&%i@%r@%ﬁ%%dyerﬂﬁoﬁﬁu{éﬁ%fp'ERéei%%%9 Qe[cg:)o'?déﬁagto the invention is
characterised in that during the purification of the protein of interest a lower salt
concentration is used compared with the purification of a wild-type protein without

deletion.

The invention also relates to a process for preparing an antibody characterised in that in a
nucleic acid which codes for the heavy chain of an antibody, at least the codon which
codes for the C-terminal amino acid lysine is deleted, the cell is transfected with a vector,
which contains the nucleic acid thus modified, and the cell is cultivated under conditions
that allow expression of the antibody.

The invention is hereinafter explained more fully by means of non-restrictive embodiments

by way of example.
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P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG A
poeferredembodiment of the method accordingdenthigdnyigateimisharma GmbH & Co KG
characterised in that the protein of interest is a heavy chain of an
antibody and the C-terminal amino acid is lysine (Lys). Another preferred
embodiment of the method according to the invention is characterised 5
in that the heavy chain of the antibody is of the type IgG1, 1gG2, IgG3 or
IgG4, preferably of type IgG1, IgG2 or IgG4. A particular embodiment of
the method according to the invention is characterised in that, for the
bIgBL&E cells are cultivated in suspension culture. Another particular
embodiment of the method according to the invention is characterised in
&%a%é%\#%j}]@%ﬁroduction cells are cultivated under serum-free conditions,
ar embodiment of all the methods described according to
AR invention is characterised in thatatelicel lfibosphtisiated in chemically
gggi@gg)‘medium, A preferred embodigent,af allthe methods described
according to the invention is characterised in that the cell is cultivated in
bRotein-free medium. 15 A preferred 8aR5dfithent of the method according
@Hbe invention is characterised in thahitke e¢ligatenaamnalian cells.

ther preferred embodiment of the hosg rding to the invention is
é\é‘agfacterised in that the cells are Cﬁg}scge)w ,%ﬁ'é%%‘?%b y CHO DG44 cells.

RHpdrticularly preferred embodiment ftHEigRIEABERSRNg to the
gmysntion is 20 characterised in that dusingdhpudificatiansefibe: BEin
interest a lower salt concentrationhis used %om areddwith the
gurification of a wild-type protein With&ﬁoﬁae% 1O 'Hiention also
tefates to a process for preparing an amtibodgiehidiadierised in that in a
#e@ycleic acid which codes for the hggpgy,ghgin of an antibody, at least
the codon which codes for the C-terminal amino acid lysine is deleted, the
|l is transfected with a vector, whicH'¥#f&ins the nucleic acid thus
bysdified, and the cell is cultivated untysineonditions that allow expression
%fAtlQe antibody. 30 The invention is hm&%@%%%Pm@W more fully by
means of non-restrictive embodiments by way of example. -30
HdX:2274-PCT Boehringer Ingelheim™EeH@bH & Co KG

MW: mean value

NPT: neomycin-phosphotransferase
PCR: polymerase chain reaction
phe (=F): phenylalanine

SEAP: secreted alkaline phosphatase
WT: wild-type

METHODS

Celf culture and transfection

The cells CHO-DG44/dhfr”™ are permanent cultivated as suspension cells in serum-free
CHO-S-SFMII medium supplemented with hypoxanthine and thymidine (HT) {Invitrogen
GmbH, Karlsruhe, DE) in cell culture flasks at 37°C in a damp atmosphere and 5% COs,.
The cell counts and viability are determined with a Cedex (Innovatis} and the cells are
then seeded in a concentration of 1 — 3 x10°/mL and run every 2 ~ 3 days.

For the transfection of CHO-DG44, Lipofectamine Plus Reagent (Invitrogen) is used. For
each transfection batch a total of 1.0 — 1.1 pg plasmid-DNA, 4 gL Lipofectamine and 6 plL
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EXAMPLES ABBREVIATIONS AP: alkaline phosphatase 5 Asp (=D):

Repartic-acid bp: base pair CHO: Chinese HargsterikdéarygdeBi Pharma GmbH & Co KG
carboxypeptidase B DHFR: dihydrofolate-reductase 10 ELISA:

enzyme-linked immunosorbant assay HT: hypoxanthine/thymidine IgG:
immunoglobulin G lle (=1): isoleucine kb: kilobase 15 Lys: lysine mAk:
monoclonal antibody MTX: methotrexate MW: mean value NPT:
neomycin-phosphotransferase 20 PCR: polymerise chain reaction phe

(=F): phenylalanine SEAP: secreted alkaline phosphatase WT: wild-type
PHvIEFSRODS € elh@dtaesaiting dasieetiva iiechatssC MeirDdaay dinid- added in a

\ﬁmrﬂ@f@?@ﬂ@%%%@dcéﬁsﬁﬁpgﬂﬁﬂwﬁﬁlﬁ:t@rﬁ@ﬁ'&&ﬁ -680-SHeHREMIM. After

mediym sypplemented oxanthine and thym T) (Invit

B e BTN By e AT RABRLCA, 5 FEL 1 o HapABPIeTIEEd CHO-S-
atbisplrdraTann: 534S0 2ATdea arlltvetimnspendd/ idbiBty ars deteravisiedtion mixtures
Wgtbﬁh@regﬁ)@&@@@@é'ﬁg@ﬁpt%%ﬁ% A'er LieReased doia:60R Cﬁ@%ﬁgo&pressmn

of 1 - 3 x105/mL and run every days. For the transfection of

(G B‘é‘&@i"’i@d?éﬁ%ﬁﬂéqﬁﬂﬁ‘s 'ﬁ%’é@%ﬂ'ﬂ‘%lﬁ%r%@@ﬁ)oﬁeu%%aﬁéraad\é‘m selection
traneiecticipatsien teiasekiod tHeldqogralataudd s lapd triprfentadmimne CHO-S-

%ﬁ[@rﬁgdlﬁ% without added hypoxanthine and thymidine for the DHFR- and NPT-based
selection and G418 (Invitrogen) is also added to the medium in a concentration of 400
ug/mi.

A DHER-based gene amplification of the integrated heteroclogous genes is carried out by
the addition of the selection agent MTX (Sigma, Deisenhofen, DE) in & concentration of 5
— 2000 nM to an HT-free CHO-S-SFM!I medium.

Expression vectors

For the expression analysis eukaryotic expression vectors are used which are based on
the pAD-CMV vector and mediate the expression of a heterologous gene via the
combination of CMV enhancer/hamster ubiquitin/S27a promoter (WO 97/15664) or CMV
enhancer/CMV promoter. Whereas the base vector pBID contains the dhir minigene
which acts as an amplifiable selectable marker, in the vector pBIN the dhfr-minigene is
replaced by an NPT gene. For this purpose the NPT selection marker, including SV40
early promoter and TK-polyadenylation signal, was isolated from the commercial plasmid
pBK-CMV (Stratagene, La Jolla, CA, USA) as a 1640 bp Bsu36l fragment. After a
reaction of topping up the fragment ends with Klenow DNA polymerase the fragment was
ligated with the 3750 bp Bsu36H/Stul fragment of the vector pBID, which was also treated
with Klenow DNA polymerase. In both vectors the expression of the heterologous gene is
controlled via the combination of CMV enhancer/hamster ubiquitin/S27a promoter.

The vector pBIN8a is a derivative of the vector pBIN and contains a modified NPT gene. it
is the NPT variant F2401 (Phe240flle), the cloning of which is described in
WQ2004/050884. In this vector and also in the vector pBlDa, a derivative of the vector
pBID, the expression of the heterologous gene is under the control of the CMV enhancer/

promoter combination.
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P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG Plus

reagent-aer mixed according to the manufactuggesringlr uclinns~apehasitles b & Co KG
in a volume of 200 pL to 6x105 cells in 0.8 ml HT-supplemented

CHO-S-SFMII medium. After three hours' incubation at 37C in a cell
incubator 2 mL of HT-supplemented CHO-S- SFMII medium are added.
After a cultivation period of 48 hours the transfection mixtures 5 are either
harvested (transient transfection) or subjected to selection. As one
expression vector contains a DHFR selection marker and the other one
EbM&ifayMePThes] éotivmasrian, 28eK)s after transfection the

pﬁetmfmﬁ%ﬁ@i%@@gﬁ%ﬁ%fsﬂu&sﬁea&we@ RfAMIbm ém%@%ematams of
atd%ed h%/rlo% tﬁﬁs és thym |ne for the DHFR- and N

S R R e B I G oot GRESEHIS/ ARSpring fo standard
pagedntestionsiof400 t1he pyenbaAdDH ERabased eneranydifiEatibagofdhie (Dianova,
%W@@%ﬁ?%&'@%&ﬁ%%%{ﬂﬁﬁ&H%%%tgaegggpgmfhﬁmg‘ﬁ kappa light chain

selection agent MTX (Sigma, Deisenhofen in & concentration
ABE DM RO H T iR sl Mers WSefif rRedies, 2y togyr &dsibn sadprisase as the
dnprexpre ssitsvaiaslysisetikaggotic expression vectors are used which are

ctor an ression :
W Rt Sl R EDS R PEIY SRR G 1/ 1 (oo,
WbriBify SPdLprodiens (el 664y Geenng @hhan@@rvmmnd t represents the
SUBRkST péareas the base vector pBID contains the dhfr minigene 20
which acts as an amplifiable selectable marker, in the vector pBIN the
dhfr-minigene is replaced by an NPT gene. For this purpose the NPT
Selectivssanarker, including SV40 early promoter and TK-polyadenylation

?@@'EWSU!F?W%Qlf&%nsh%ﬁmrﬁ%m%?@%t%%&é§t%%4 cells is
La Jalla, CA, USA) as a 1640 bp Bsu361 fragment.” After a reaction of

WApHig wﬁqé@fr%m%ﬁf‘gngﬁ%ﬂ?klg’ﬁ%v 61‘\!5&360%98%\@@ thR #fsgmanyiacturers
oyes2ihdigatediits {(FeSwbDibpnBsi36E Bt frisigmerirof D) vector pBID,
which was also treated with Klenow DNA polymerase. In both vectors the
expression of the heterologou %ene is_controlled via the combination of

[

EXNBRRaiceFhaih it FSEaPriinbterFRé VEEts SRIRBAINAL LYSINE
derivative of the vestERRIN and contains a modified NPT gene. It is the

WeaBitRas” b e RO T A Ty p s rom
ethelarseior PBID] taE %@eéﬁi&ﬁﬁf*ﬁ%ﬁ%teﬁ&é@%&ﬁgeﬁ% i8 uh&ekbhélaeF/Hmd"l
saptrehohieddNB4 enbaneert JP ST FQIBRIBAHAN EcoRi (topped up with Klenow-
DNA-polymerase) and Hindlil, to producé the vector pBID/F19HC (Fig.1). The light chain
on the other hand is isolated as a 1.3 kb Hindlll/EcoRI fragment from the plasmid
pKN10CF19LC (NAGENESEQ: AAZ32784) and cloned into the corresponding cutting
sites of the vector pBIN, thus producing the vector pBIN/F19LC (Fig.1).

The deletion of the C-terminal lysine on the heavy chain of the F19.is carried out by PCR
using the mutagenic primer F19HC-Lys rev gacgictaga icaacccgga gacagggaga ggce
(SEQ 1D NO:1) with a complementary sequence fo the gene seguence which codes for
the last amino acids of the heavy chain in the C-terminal region. Certainly, the codon of
the C-terminal lysine is replaced by a stop codon. In addition, this is then followed by an
Xbal restriction cutting site which is used for the later cloning. This mutagenic primer is
used in conjunction with the primer F19 heavy4 atctgcaacg tgaatcacaa gec (SEQ ID NO:2),

which has complementarity with another sequence located further upstream in the
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-32 P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG EL/SA

renzymeptinked immunosorbant assay) The quRBHfictioRehEI8 Pharma GmbH & Co KG
expressed antibodies (IgG1, IgG2 or IgG4) in the supernatants of stably

transfected CHO-DG44 cells is carried out using ELISA according to

standard procedures, using on the one hand a goat anti human IgG Fc

fragment (Dianova, 5 Hamburg, DE) and on the other hand an

AP-conjugated goat anti human kappa light chain antibody (Sigma). The
standard used is purified antibody of the same isotype as the expressed
amsbotiezgioreaichehsavPobdunctiVitie sq@ofqelf04y) %€ salvakbekviathiiaée for the

PRI WRBGUKEGCONhE ISR 8N9 7t ipdicair fagaellith BmgB! (an

count on seeding or harvesting and t represents the 10 cultivation period.

ARG SIEAPOAIFS AATIRTEREL BB RIS BRT AR SiaY4) 2nd Xbal
dransle S0P h@ttﬁlﬁﬁﬂft}ﬁjl&eﬂt guasdifiecrasiag:the SEARReppgecGente region

e e R R DR AR A s for o
ERPRINSIS Ih m@ﬁ mumwat@armmmwgm EMIDE [ETH @FHBig. 1).

heavy chain of the monoclonal humanised F19 antibody (IgGl/kappa) is

ted 20 the plas 1D105F19H : : ,
RSTh Fe] SLEE DR Re AT Pl RERANE b M vl i out
wm@mmmﬁmwmmmuwmlmeﬁwwsowxspwymera@e)@w'n all the
@@@Umﬁ&)@@%én%w&%@énpﬁ% #E%%&Q&F@ékxﬁ%éﬁht&h%&&ﬁm the 1gG1

other hand is isolated as a 1.3 kb Hindlll/EcoRI fragment from the plasmid
BRRAGBAL 6P EaRERC I s Eer R RSB I} il IR FHrombinations:

corresponding cutting 25 sites of the vector pBIN, thus producing the

vecé?r(gﬁam 0;%1%%1% ég ggélbﬁsr%'%%%ﬁ I‘U?IE@E@r @N%%'&'@ R Hg monoclonal

heavy c e F19. i1s carried out by PCR using the mutagenic primer
F19H CUTHRO N d3d@t&%@‘ﬁ"§&dﬁ@&§§@‘ﬁé&ﬁ@gb%g‘&%‘gﬁ‘”%@@ %W@‘@j lysine on
with a gemelamensaty sequence to the gene sequence which codes for 30
the last amino acids of the heavy chain in the C-terminal region. Certainly,
the codon of the C-terminal lysine is replaced by a stop codon. In

additiopB thitia theh earbRINGY - xBashedetiohatuttityasidanvidhedieavy chain
used for mcl@wn%ggggga Thisrmiragme pER@I{s used in conjunction

with the primer F19 heavy4 atctgcaacg tgaatcacaa gc (SEQ ID NO:2),

10 Pools are transfected per combination, while equimolar amounts of the two plasmids
are used in each co-fransfection. After 48 h cultivation in a total volume of 3 mL the
harvesting and determination of the IgG1-titre in the cell culture supernatant are carried
out by ELISA. Differences in the t;ansfection efficiency are corrected by co-transfection
with an SEAP expression plasmid (addition of in each case 100 ng of plasmid-DNA per
transfection mixture) and subsequent measurement of the SEAP activity.

Surprisingly it can be shown that the igG1 molecule is expressed and secreted in CHO
cells in spite of the deletion of the C-terminal lysine and the amounts of product are
comparable with those of IgG1 wild-type transfected celis {Fig. 2).

For a stable fransfection of CHO-DG44 cells, co-transfection is carried out with the same
plasmid combinations as described above, producing 10 pools for each combination. As a
negative control, 2 mock-transfected pools are also run, i.e. treated in the same way, but
without the addition of DNA to the transfection mixture. The selection of stably
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which has complementarity with another sequence located further

epstEaRP@Tthe -33 P01-2274-PCT Boehringarobtgatheiny@haimadonlathbH & Co KG
& Co KG constant region of the heavy chain. The vector pBID/F1 9HC
serves as a template for the PCR mutagenesis. The resulting PCR
product of 757 bp is digested with BmgBI (an endogenous cutting site
located downstream of the primer position F19heavy4) and Xbal and the
547 bp restriction fragment is used to replace the corresponding sequence
region 5 in the vector pBID/F19HC. This results in the vector

pEIEfAged ae)is, tnetplesady sorayshefian tuh diansfeptor 19 Htirrlyedia with the

seiated &- tmm@%ammmd |M$i&;e {Eieotibh Rsstigkal pisheekeisgBadere and the
b t nS|e Rf(})n of &?? G44 cells to find out whether th
[

%I’af Sa bRl BYNSL r98E A RRSIARI& m’Sa“flhgassages
(13(339@@Qb@pe&%ﬁmbs§&mna$ls@m|ﬂoarfoerfdrtthié exdfregsmnepress the lysine

SESRIPMLALASHIYel JDqlaruis: AVSuirRarician Isgrrigrko W wib, tﬁﬁher specific

following plasmid combinations: a) control plasmids pBID/F19HC an

DEIEEE: ATHRLS A KSR USRS oL IBrgCAn S YAE1 1. i sp@roduction
avwdigagationiedyheiudifgithevEriteminalllysitened detherheay\DetrRba)ed gene

ﬂﬁg@ﬁ%ﬁ%&'}és (?tﬂ% ﬁlh‘ ﬁégé‘ g@ll 8@ Bg]qﬁe %Ri!)zl’llg qr&% @\%yl\{g}é Thle titres and

chain of comprises a C-ter |naI ysine deet|on
e E?r%'ﬂé%t%lfﬁé? éfﬁwﬂﬂr@a’ﬁﬁﬂ%ﬂ'ﬁ[’é éﬁ@lﬁ?@ﬁérfa@\’?ﬁﬂﬁ%s@?@ﬂée’[wbcig 4).

plasmlds are used in each co-transfection. After 48 h cultivation in a total

CU' ge%ﬁg%r% %\;Erwagﬁ% ?ﬂ)(gnﬁ‘:'I??g)AC’(I)%faferencﬁelstlirI%r %ﬁ@ WA Lvsive

transfectlon efficieRty-Bid@rrected by co-transfection with an SEAP
RXOrEssioRRlasvid &M@E!Qﬂa@fﬂ%ﬁ?ﬁ%@@é@m%%@f @@cﬁﬂ@p@&gf‘hﬁq{eaw chain

25 transfect on mixtur S ent meas rement

RS B B T S TR T e PR AL R igslad vt EcoRl
(@udtisg@iadpipe@ HObe dltstmepiteit M@wd@d@i@hpbl&r&e@mnmmB@mﬁ& resulting
Anfdhe-ama il lB@zP'H@ acr% qomwe%mgmmﬁs &B@%&nvallg f%T]%d asa 1.1

transfected cells (Fig. 2). 30 For a stable transtection of CHO-DG44

(55 %%[ﬁ&%%ﬁ%ﬁ'uﬁ%%ﬂ‘?@ i riPamerdlreRprdiing sienishitforewrid PBINa, thus

clestrirertabpkenidgiiniag [§G pealsHiey each combination. As a negative
control, 2 mock-transfected pools are also run, i.e. treated in the same

way, but without the addition of DNA to the transfection mixture, The
Sbredeiiion sl C-terminal lysine on the heavy chain of the IgG4 antibody is carried

out by PCR using the mutagenic primer lgG4HC-Lys rev gacgictaga fcaacccaga
gacagggaga ggct (SEQ ID NO:3} with a sequence complementary to the sequence that
codes for the last amino acids of the heavy chain in the C-ierminal region. However, the
codon of the C-terminal lysine is replaced by a stop codon. In addition, this is followed by
a Xbal restriction cutting site, which is used for the later cloning. This mutagenic primer is
used in conjunction with the primer HC for8 cccotgacct aageccacce (SEQ 1D NO:4), which
has complementarity with a sequence located further upstream in the constant region of
the heavy chain. The vector pBIDa/lgG4 HC serves as a template for the PCR
mutagenesis. The resulting PCR product of 1013 bp is digested with BmgB! (an
endogenous cutling site located downstream of the primer position HC for8) and Xbal and
the 644 bp restriction fragment is used 1o replace the corresponding sequence region in
the vector pBIDa/lgG4 HC. This results in the vector pBIDaligG4-Lys, which codes for a
heavy chain of the F19 antibody with a deleted C-termihal émino acid lysine (Fig. 1).
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-34 P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG
meEnsiectedrcells takes place two days after th@dennsfectiae ihifl PHEeea GmbH & Co KG
medium with the addition of 400 pg/mL of G418. Once selection has
taken place the IgG1 titre and the specific productivity of the cell pools is
determined over a period of 3 - 4 passages (passaging rate 2-2-3 days).
Surprisingly it is found that cells which express the lysine 5 deletion
variant of IgG1 achieve on average even 27% higher titres or 32% higher

specific productivities than cells which express the 1gG1 wild-type (Fig. 3).
Firs ptctiuatioheddimnage o thianpsink anefionivariinCRGiebtaiatel to find out

wMemyvhan adiiaR=hasemaapanammibisadion igingduenddr dueseirslhcid in all the
ols by the addition of 100§!I§EMTX The titres and specific

p . .

ISR GRITVRIZS alionAvEragR 86T 1350, Higher SeFERADeR) (BRgeHon of the
DO EXRMHP LE- R rGleCiIN G AN BIEXPRIE S8 GNo@RIG@dnwl Tenbinations:
C-TERMINAL LYSINE DELETION In order to express a monoclonal

humanised ;3?64 antibodﬁ%bgGMkappa) the heavy chain is cloned as a
2.2%b BIHPN/ BIRRINESgRRIFAIGE n&'biRMIPEENSY Gigéstéa witicBcerde for the
15 (cuttingikento plpet upniiydtgatmest withtigenevnidNAtrelymerase)@ng the C-

BamHltEﬁﬁﬂélltiQQr{P gg'e[ %’5_&'(9 QE ilRa/IgG4 HC (Fig. 1. The light chain on

the other hand’s clonedasa 171 BamHI/EcoRI-fragment into the
BamHI/EcoRI cutting sites of the plasmid pBINa, thus producing the
plasmignBiNGadaGd lbdFigiliB2Qdhedeletionpf L terminaldys®enal igG4
on the heavy, chain of the JgG4 antibody is carried out by PCR using the

g B B e T et AT Rt e Ene e hglor

ggct (SEQ ID NO:3) with a sequence complementary to the sequence that

fotRs fonibalasiaminpacidmafithadrie S NRIDiINLIRE Amisking! FROIRR: plasmids

However, the codon of the C-termjnal lysine is replaced bg a stop codon.
Avreil
|fﬁi

FeatitRtiol, BRENSRAIBARECH) 5 ARD AP As i Quthg SRE! WHliuRgso 3 mL the
heseddiorg henth tiEtarioimiago T bfstneuig@@é rticephnibe iselusetuire cupmeton are carried

ﬁw{tbghELﬂgmef)iﬁ&éﬂéé§ﬁ?9’i@ﬁ§ﬁ§@%@%&é§ﬁ%rlQ NPeRHelv Bkgo—transfection

as complementarity with a scﬁuence located further upstream in t

WBhAam Féi ciroe e heRHNNEh SR YTRR 0bHIPHB I BRITyEWP e JePlrsni DNA per
RaiesTRiase fokthe RORsohstrgenesisadirerresibingL S prastatof 1013
bp is digested with BmgBI (an 30 endogenous cutting site located

downstream of the primer position HC for8) and Xbal and the 644 bp
Fesptisfitmviihgaiepe iBhasediiarésaee thederds jo iRy weduesrt eatbgidiptier than

iRe 9G4 wild-type in spite of the deletion of the C-terminal lysine in CHO cells (Fig. 5).

For a stable transfection of CHO-DG44 cells, co-transfection is carried out with the same
plasmid combinations as described above, producing 10 pools for each combination. As a
negative control, 2 mock-transfected pools are also run, i.e. treated in the same way, but
without the addition of DNA to the transfection mixture. The selection of stably
transfected cells takes place two days after the fransfection in HT-free medium with the
addition of 400 pg/mL of G418. Once selection has iaken place, DHFR-based gene
amplification is induced by the addition of 100 nM of MTX. The igG4 titre and the specific
productivity of the cell pools is determined over a period of 3 - 4 passages (passaging rate
2-2-3 days). In all, after the selection and amplification from the cells transfected with
lgG4 wild-type, 4 stably expressing cell pools are obtained, and from the cells transfected
with the lysine deletion variant, 6 stably expressing cell pools are obtained. Surprisingly it
is found that cells which express the lysine deletion variant of IgG4 achieve on average
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the vector pBIDa/IgG4 HC. This results in the vector pBIDa/lgG4-Lys,
rehiebreartes for a heavy chain of the F19 antibadhyimidhisgeledaterharma GmbH & Co KG
C-terminal amino acid lysine (Fig. 1). -35 P01-2274-PCT Boehringer
Ingelheim Pharma GmbH & Co KG First of all a check is made by
transient transfection of CHO-DG44 cells to find out whether the deleted
C-terminal lysine, which is a highly conserved amino acid in all the 19G
subtypes, has an essential significance for the expression or secretion of
the molecule. A co-transfection is carried out with the following plasmid

QENISRAtBIaEES Hiasopirtl plaiahris peIbanyGEdidtigadhenIselangish eepress the
l\@/@l@fﬂvﬂ@iﬁﬂ)@(ﬂ@e GPOWQE@H@%%HW' I 48 6 wddysipe deletlon :tfgrg:mt is still
uration,. | INc t rmina sme nt o
R R g e A TR SR o p o R S o igrooe 53%
riatibolye e th 66y Ritiaen srfestiichredwipvites ar€otiaimedl fyside deletion

10 Pools are transfected per combination, while equimolar amounts of the

two |%glsmlds are used in each co-transfection. After 48 h cultivation in.a
FtaMiditte of 3 MmN haMEStiRg ARG Rt MifAtdR P théAgda fitre FUSION

in the cell culture suﬁﬁmﬁfansammwlmt BYCRETE ACDIffeBe MEFs  IICHTERMINAL

transfection efficien %\,f@qtransfectlon with an SEAP

expression plasmid add|t|on of in each case 100 ng of plasmid-DNA per

I RSB i ilFe S 2REMIIAdKETR RN SRerh e T HdsERIDaRYERlyPes 19G2

2R Sy EEisPOlY Iﬁr@@é@b@esrsownm the lgésdrpeleedlads pyearpicadand 2 for
rat[her be‘tterdtlhan % m% WIEI:Id Ey & |n 2 Ifes%feth el {elet on of }Qg carried out on Fc
Lo mlna?R/sme in callé %’Fl F’g Eor 4°3tabI6 transtection of

feHD- DRRNedhiyaertranseeaofids wwwo@@wmﬂem@gm praswindines, soluble

eREninations asLleseHBRE-ADeranireduUsHId JBtBROIs:ianBREN Alefacept, LFA-3-Fc,
comblnathgijg f% 25 negative control, 2 mock-transfected pools are also

Hpngreele he same way, but without the addition of DNA to the
tr s skerotEveiextarextEhe sedectiorepf staduigotrarsédictedicelistakes place acids fo

6%%9@&%@@% Lihedtansfesion ot L £ Aegiiudth. the, AIFIRA A4or (tPa),

pg/mL of G418. Once Selection has ta place, DHFR-based gene
B ALY ﬁoﬁﬁ%‘angﬂﬁaeaﬁdﬁraﬁr@* mﬂm SRS ﬁ*ﬁé\@é%hr@ A. Scoble
amgl me;eﬁecm@ﬁ@ pmfémtl\B’E;BO(ﬁw@me‘!Vpﬁelﬂsmﬁt@ranmed:{oﬂe(m895) Journal of

r|od s (
se 8&?%8 aggﬁf ﬂ 5@ gt?(‘)) Fb%rom r?e% ({zlls trﬁr ? %?gﬂ ml%tgﬁgv%!ﬂg%cal activity is
w%l@)lyeé%@re%iﬁéhéé}ﬁﬁ%éfst%f@b?&ﬁféageatﬁ’épiﬁﬂlﬁ% BTEERSSINSSIBEtag intact.

In transient transfections first of all a test is carried out to discover whether the deletion of
the C-terminal amino acid affects the expression and secretion. Then stable transfections
are carried out and the specific productivities and titres of cell pools which express

mutated proteins or wild-type proteins are compared with one another.

EXAMPLE 4. PURIFICATION OF IGG1 WT AND IGG1 -LYS

The working up is identical for isotype 1gG1 or the WT and the lysine deletion variant. The
protein A affinity chromatography (MabSelect, GE} is caried out according to the
manufacturer's insfructions.

The quantification of the product yield after protein A chromatography is carried out using
protein A HPLC. The yields for both variants of the isotype IgG1 independently of the
lysine codon deletion are over 90% (Fig. 8). The lysine deletion has no negative effect on
the affinity chromatography or the product yield. The product heterogeneity with regard to
the C-terminal lysine is determined both qualitatively in the isoelectric focusing (IEF) and
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with the lysine deletion variant, 6 stably expressing cell pools are
rbtaRmd?Surprisingly it is found that cells whigdemxpi@ssddigelysim@rma GmbH & Co KG
deletion variant of IlgG4 achieve on average -36 P01-2274-PCT
Boehringer Ingelheim Pharma GmbH & Co KG even 63% higher titres or
70% higher specific productivities than cells which express the 1gG4
wild-type (Fig. 6). This production advantage of the lysine deletion variant
is still obtained even in the subsequent amplification step with 400 nM

MTX. On average 53% higher titres and 66% higher specific
HroateavitiRivabe Bhtarfid igNT) excbxURNECE) CHORIING AND11). In order to

EXPIInS B0 Mhetd Gl deehdnEaldd S INC RERAIREINSANRAREER using 1EF,

IOMQLECULES WITH C-TERMINAL AMINO ACID DELETIO orde
B G BRHE S il B0 o e PR PTG FinEanibody & 10 ve of
teorppeReRiGasel B ardingaR IROR Ptdgermsigniibadedoasatdstiibed 1 mg/mL for 2

parkerit Exaerpiesrandifth IBRYRRD, 31D 4nda IBREBMENYA¥body (19G1) after

C-termipal lysine deletions are also carried out on Fc fusion proteins
TBR/ABHE SIBPRAHE) CHARINRRANSHABRATRE )such as cytokines, soluble

receptors, etc., are components of an Fc fusion protein (examples:

fHefaceBh LiAa: &ch%mﬁ%ég%.%@"(%ﬁé@v@éﬁ%é ?3@?58@%‘% )'[Ts%)éﬁrség out with

the concept of codon deletion of C-terminal amino acids to biomolecu
ULl §f drfthiaBbrstth Erpaief $id8ie presiflibigdRiEitABmM MES-buffer
(HPA)7; isuvidriBhametaohticnadeayng. DY theeCettimingl argiaievstkaowr antibody in

A, Rec A-Scable and Y. Kim. J. Biol. Chem. 262 (1987) . ,
ot e 2R e R Ao Pl sty & ity ravmati
B 12al®A. The prerequisite is that the biological activity is 20

imatgaineshar pastile the sasagf sPAndorgaanple tRECIRINICHIOEEFSIAG Lys2 are
remains intﬁct In fransient trapsfe?fgog.% first of all a test is carried out to
of thé C-

SRS B Gt &rRURRATARR PO ROENGHS Rd thig- The elution
pbressiovedny skthreteriaMtheithdigbie trelnfectibogsamncaligethetdrageneity in the

shsiSRegHic PrRAyGHUIiSR angilies fes!liRaRIsIVich pypress mutated

proteins or wild-type proteins are compared with one another. 25
EXAMPLE 4: PURIFICATION OF IGG1 WT AND IGGL1 -LYS The working
BERAsRIdntical for isaypdRGT @NNePdGENd/thaliBicdelietidn variant.

g@ﬁa%ﬁ%%ﬁ;@g@iy Y rRLoer ARy NRBSRIRG RIS REWEXAY Up is identical
to 1gG1. T%e protein A affinity chromatography (MabSelect, GE) is carried out according to
the manufacturer’s instructions.

The quantification of the product yield after protein A chromatography is carried out using
protein A HPLC. The yields for both variants of the isotype 19G4 independently of the
lysine codon deletion are also over 90% (Fig. 8). For the isotype IgG4 and its lysine codon
deletion, as in IgG1, it is confirmed that there is no negative effect on the affinity
chromatography or the product yield. The product heterogeneity with regard to the C-
terminal lysine is determined quantiatively by LC-MS (cf. Figures 10 and 12). In order o
determine the C-terminal lysine distribution, the antibody samples are first reduced with
DTT. Then the reduced light chain and the reduced heavy chain (HC 1-446 without Lys or
HC1-447 with Lys) are separated by HPSEC separated and analysed in subsequent {in-
line} ESI-TOF-MS. The distribution of the C-terminal lysing is based on the peak areas for
the MC 1-446 or HC 1-447. The mass spectrogram of the heavy chain shows the mass

shift caused by the lysine as a function of the glycosylation (G0, G1, G2) (Fig. 12). The
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manufacturer's instructions. 30 The quantification of the product yield after
proteinAechromatography is carried out using BpEafeigeArtdElhém PRaVietsIsoH & Co KG
for both variants of the isotype IgG1 independently of the lysine codon

deletion are over 90% (Fig. 8). The lysine deletion has no negative effect

on the affinity chromatography or the product yield. The product

heterogeneity with regard to the C-terminal lysine is determined both

qualitatively in the isoelectric focusing (IEF) and -37 P01-2274-PCT

Boehringer Ingelheim Pharma GmbH & Co KG also quantitatively by
presictatmnndiexchangect OXEEfeFidetorardet (g BrordEr withdetermima lysines in
ﬁh@%@,ﬁtg{@gﬁgﬁ@y_@@%&y& Qjcmlmblyﬁjme qualitatively using

IEF, the antibodies are incubated with carboxypeptidase B. At 37C, 10

tag of carboxypeptidase B are incubated in 100 pL at an antibody

¥AdEritFation of 1 MigMERML 235 ABINTFig. 9 there is a reduction in the
PERGEAS; PWJP(F‘FQ%W%Q@QH% G&ﬁ&%rﬁ%&c% GEleay) gphan shows

with carboxypeptidase The cation exchange c romato ra
Piobeewexite ?ﬁr&oééféﬁrﬁnzﬁr@%*m’éﬁ‘%&{%ﬁh RS rhyé ‘6@ P %’&FHQG‘* WT

amtl-a gy adien! vhe k@aevend ey bl 2Amda\Masdouffemtidispectrum is
rﬁJaB%\g' P '128%%6;?\@?% o%{e# ?ﬁﬁ]e-r H‘% Qi%“?i‘ mg?ﬁle\/\gm 4590% gpectra are

anti in each case S varlan are each analy

w@ﬁ%mv&fuﬁ eM2yPiRIRih CpEDR eRtiiemnt. &ﬂﬁtmmuéﬁ%mme@h@vé@wwai data:

fidhedgied Wﬂe&l@)ﬁ’@@s obkysipndid yekhite wprespntedibytherhasismperature
eaks 1 and 2. The rtlon gﬁ%roduct Ifﬁi%]ﬁg-(/{/g The elutlon 15 profile '

P fiay of 1 R ?ﬁ?ﬁi} §efdtia Q& Sight

heterogeneity in the basic region. The proportion of product is less than

8 riflehlLiohenVHibRs & BIFIEAHION sl GGV TIRNRAGG4idn SPows that

For the isotype |lgG4 or the WT and the lysine deletion variant the working
e e FBEHWE&IV%%‘?&?PGH‘% Brihey Ahath o RPIRfAtRiasRye thermatl stability
{MbbSeliectyGiyléswarried out according to the manufacturer's

l'é’ﬁﬂ(é’r%%& RS LAY é?r%‘é%p QMW?\ RreAel yisld g ({r’i B%%S'B e heayy antibody

romato ra ﬁls carried out usin rotein A HPLC. The vyiel

%i&ﬂf@%f”fhé"i BeYsE I@@ihﬁhdéﬁ eRfpIHE H?§m%"86@@h @@iéﬁ%ﬁ (Liu et al.

pievade0 over 0% (g (8). Har1be)isotype IgG4 and its lysine codon 25
deletion, as in IgG1, it is confirmed that there is no negative effect on the

affinity chromatography or the product yield. The product heterogeneity
with regard to the C-
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terminal lysine is determined quantitatively by LC-MS (cf. Figures 10 and
BQ)-2A2vofeler to determine the C-terminal lysinBodistridgutiogs|libe: gintiboglgmbH & Co KG
samples are first reduced with DTT. Then the reduced light chain and the
reduced heavy chain (HC 1-446 without Lys or 30 HC1-447 with Lys) are
separated by HPSEC separated and analysed in subsequent (in- line)
ESI-TOF-MS. The distribution of the C-terminal lysine is based on the
peak areas for the HC 1-446 or HC 1-447. The mass spectrogram of the
heavy chain shows the mass shift caused by the lysine as a function of
the glycosylation (GO, G1, G2) (Fig. 12). The -38 P01-2274-PCT
BaghnToeL Amgsiheim Pharma GmbH & Co KG product proportion of

antipo olecules determin lgG4 WT) with C-terminal lysines in the .
ety SRR AL e S0 (05 ExCAIBLE gpotcnsed n trt
THERMAR-STABIDIFeIS T¢id srasariaativarotenestienthal weiblitpfusiagst, at least

Ctormria v oRe 200 PNARINRS The CORITINaNgR A0 doe Ratbelde?
-termina s|ne ¢ and - m , or A nad -Lys. . .
T oo e B R8s W AT L A e S RE G et acia

measured in fr@@ia¢Eements over a range from 25C to 85C. The emission

spectra arg reeordad;ovelid waySlRBgH LG AL IR BANRMHO ARG on of the

Other technical data: 10 fluorescence spectrometer LS55 Perkin Elmer,
slot width 4 nRi3&hp&SRlie measurement on the excitation and
emission side/PT100 in the sample. The protein concentrations were 0.1

mg/é’q Lﬁ%tﬁ@csagg%%%&%ﬁg d@}ﬁ%@%bﬁ?&é}%\%ﬁ ER%&*\%&J? rrggi%. %é%ié?gfy at least

of the heavy anti ain has no influence on the thermal stabili

the antifdbly4bletbie. PraffEaain &ty EriBhehadiagreamiparadinm aketré the protein

C-terminaldysine & iBiehenine antibagyalehaincasdo influence on the
thermal stability of the antibody molecule (Liu et al. Immunol. Lett. 2006,

106 (2), 144-153). 20 -39 P01-2274-PCT Boehringer Ingelheim Pharma
GmbH ehoK&cPRITENT CaimIMSHammsensdbinibrsdbingpemfigtrsasiugtivity of the

protein.gfinteresbataicel. shasacterissd inatsgyin Gateelsic 389 relative to the
sequence which codes for the protein of interest, at least 5 the codon

. 0 , ,
which COABETRY U SerhilitaP iR AR tefisgtion of the C-terminal amino acid.

4. Method of producing an expression vector for the increased production of a protein
of interest, characterised in that
a. in the nucleic acid sequence which codes for the protein of interest, at least
the codon which codes for the C-terminal amino acid is deleted, and
b. the nucleic acid sequence from a) thus modified is inserted in an

expression vector.

5. Method of producing a cell with an increased titre of a protein of interest,
characterised in that
a. agroup of cells is treated by a method according to claim 1 and

b. then single cell cloning is carried out.

. 6. Method for preparing of a protein of interest in a cell, characterised in that
a. agroup of cells is treated by a method according to claim 1,
b. these celis are selected from a) in the presence of at least one selection

pressure,
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b. the cell is transfected with a vector which contains the modified nucleic
BeieRAreCd) and c. the cell is cultivated underBehdiigens:¢hitpeRmtithesmbH & Co KG
production of the protein of interest. 10 2. Method according to claim 1,
characterised in that the titre is increased by at least 10%, 20%, 50%,

preferably 75% relative to the comparative value of the protein without the

deletion of the C-terminal amino acid. 15 3. Method according to claim 1,
characterised in that the specific productivity of the cell is increased by at

least 10%, 20%, 50%, preferably 75% relative to the comparative value of
the proteirt witRBERRHE #181eei6 P8t BRMIBSHS RANE BRI Ecid. 4. Method of

producingcantagpiessionneeieiios heainctersediy edictipmel@ipieteipernatant.
20 of interest, characterised in that a. in the nucleic acid sequence which

codes for the protein of interest, at least the codon which codes for the
C-térmifrihasiffs deRPRIioeldtbdeamidanethie pigblerf doigreetraseedirgnit)claim 6,

thus mgdifieddssasaited imarcRXRIRISIONNE PRipLatonMethR@igbnally subjected to
producing a cell Vﬁl h an increased titre of a prgteln of interest,

characBerREHAMRHATE 8 §IFBTSY SSR 1 1Asabed bEA e fid according

to claim 1 and b. then single cell cloning is carried out. 30 6. Method for

preparigiod @ ALOSRHLGT 191EHRShiN Rl CRArACISTIREL dRdBRt PR OINR-terminal
of cells is treated b)( a method according to claim 1, b. these cells are

selecteI BT ES i tRiNGrHe6n 08 FORNELST Dhd SRR YSressure, -40
P01-2274-PCT Boehringer Ingelheim Pharma GmbH & Co KG c.

o RS R B IS Y ] PSR Brom of

preparifitpesidasnoneippeieirndriitsied Peredtdii @ ciBim 6,

10. Method according to one of claims 1 to 7, characterised in that the protein of

interest is a heavy chain of an antibody and the C-terminal amino acid is lysine
(Lys).

11. Method according to claim 10, characterised in that the heavy chain of the
antibody is of the type IgG1, 1gG2, IgG3 or IgG4, preferably of the type 1gG1, 1gG2
or lgG4.

12. Method according to one of claims 1 to 11, characterised in that the protein of
interest is a monoclonal, polyclonal, mammalian, murine, chimeric, humanised,
primate or human antibody or an antibody fragment or derivative of a heavy chain
of an immunogiobulin antibody or of a Fab, F(ab")2, Fc, Fc-Fc fusion protein, Fv,
single chain Fv, single domain Fv, tetravalent single chain Fv, disuiphide-linked Fv,
domain-deleted antibedy, a minibody, diabody or a fusion polypeptide of one of the
above-mentioned fragments with another peptide or polypeptide or an Fc-peptide

fusion protein, an Fc-toxin fusion protein or a scaffold protein.

13. Method according to one of claims 1 to 12, characterised in that the cell is

cultivated in suspension culture.
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5 characterised in that the cells used for the preparation are additionally
RibfedteBdb a gene amplification step after stBpebyiags pestietafiedneydmbH & Co KG
8. Method according to one of claims 1 to 7, characterised in that the

C-terminal amino acid is lysine (Lys) or arginine (Arg), preferably Lys. 10

9. Method according to one of claims 1 to 8, characterised in that the

protein of interest is an antibody, an Fc fusion protein, EPO or tPA. 10.

Method according to one of claims 1 to 7, characterised in that the protein

of interest is a heavy, chain of an antibod anlgnthe C-terminal amino ,
acii%%fzﬁ?g &%‘?é’ff?ﬁ KRl gcgh’mﬁg?to}/%lé' i%?"a%ﬁ%%?@i@eéﬁm the cell is
that theulibalgdolraiarckthe-aativodyiioos.the type 1gG1, IgG2, IgG3 or

IgG4, preferably of the type IgG1, IgG2 20 or IgG4. 12. Method according

to one of claims 1 to 11, characterised in that the protein of interestis a .
monadibHaPhERRAGHA. HRaPRmQharaimeiihdo cHimenrrenisisgslsaqthat the cell is a
primateusahwtarshtidgdyromancantbpidyitiragroent omdettvativelof fish, reptiles or
heavy 'Hqgé_Of an immunoglobulin antibody or of a Fab, F(ab")2, Fc,

Fc-Fc tusion protein, Fv, single chain Fv, single domain Fv, tetravalent

single chain Fv, disulphide-linked Fv, domain-deleted antibody, a

minjgorheiiciakedyramg fosiampoly Reptideakenmahiheabave-meakonsdtn cell.

fragments with another peptide or polypeptide or an Fc-peptide fusion

protein, an Fc-toxin fusion protein or a scaffold protein. 30 13. Method
accbiditgfodoaecof dilinis Icken 21 ¢haracestesiseih thaheteticelldgl is a CHO cell,
cultivatqdrinshpRensiomedliue; -41 P01-2274-PCT Boehringer Ingelheim
Pharma GmbH & Co KG 14. Method according to one of claims 1 to 12,
characterised in that the cell is cultivated under serum-free conditions. 15.
Mettiotguessitingtotorsevofrclames setbekfetmwacte s spehm dhat¢hes cethish may be

2 5 CUBOE Bl d I YRARLP RIS MGTIATACt, birds, fish

reptiles or mammals. 16. Method according to claim 15, characterised in
that the cell is a mammalian cell,

19. Cell which may be generated by a method according to claim 5.

20. Method for the production and purification of a protein of interest, characterised in
that
a. in a nucleic acid sequence which codes for the protein of interest, at least
the codon which codes for the C-terminal amino acid is deleted, and
b. the resuiting protein of interest has decreased heterogeneity compared

with the protein without the deletion of the C-terminal amino acid.

21. Method according to claim 20, characterised in that the C-terminal amino acid is
lysine (Lys) or arginine (Arg), preferably Lys.

22. Method according to one of claims 20 or 21, characterised in that the protein of
interest is an antibody, an Fc fusion protein, EPO or tPA.

23. Method according to one of claims 20 to 22, characterised in that the protein of

interest is a heavy chain of an antibody and the C-terminal amino acid is lysine
(Lys).
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10 17. Method according to claim 16, characterised in that the cell is a
BHQxelkpreferably a CHO DG44 cell. 18. Exquressign MesterisWithrma GmbH & Co KG
increased expression of a gene of interest which may be generated

according to a method according to claim 4. 15 19. Cell which may be

generated by a method according to claim 5. 20. Method for the

production and purification of a protein of interest, characterised in that 20

a. in a nucleic acid sequence which codes for the protein of interest, at

least the codon which codes for the C-terminal amino acid is deleted, and

b. té- Mdsthaf gasrstsindrihteiridt Rds aberecissgddeiardirintis bemparbain of the
with therigingdinagtibe deletiguof the Sderruinad RraiagReicindaydt IgG1, 1962
Method ?ﬁpé{dlng to claim 20, characterised in that the C-terminal amino

acid is Iry e’(Lys) or arginine (Arg), preferably Lys. 22. Method

according to one of claims 20 or 21, characterised in that the protein of

intesestisiRsantingangd i RS isioR pratey ﬁ&’@@rcﬁ?ﬁaégréédwm during the

according to one of claims 20 to 22, characterised in that the protein of
interesPHEIACAESRP LG PGSR %FB%F&%&H&’%H@ é%ﬁﬂ"&’?&ﬂﬁﬁﬂ% l§ci§q8 compared
lysine \{lifyishe 4210422 ¢4 A CTHBovlthngehmgelteimoPthar CraetmaHagnino acid.
Co KG 24. Method according to claim 23, characterised in that the heavy

chain of the antibody is of the type IgG1, 1gG2, IgG3 or IgG4, preferably of

the type IgG1, IgG2 or IgG4. 5 25. Method according to one of claims 20

to 24, characterised in that during the purification of the protein of interest

a lower salt concentration is used compared with the purification of a

protein without the deletion of the C-terminal amino acid. 10 -43
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