WO 2010/010107PCT/EP2009/059399 NOVEL REGULATORY ELEMENTS BACKGROUND OF THE
INVENTIO&&Z];E)%WAL FIELD The invention concerns the field of cellgujtges techaglaay. It

concerns novel regulatory elements as well as a method to improve expression of polypeptides from
nucleic acids such as cloned genes and the production of various polypeptides in eukaryotic host cell
using said novel regulatory elements. 10 BACKGROUND The market for biopharmaceuticals for use in
human therapy continues to grow at a high rate with over 900 biopharmaceuticals being evaluated in
clinical studies and estimated sales of 50 billions in 2010. Currently, an increasing number of 15

biopharmacem‘ﬁ%hsﬁ#&}%@a- P FaFMBEHBcells due to their ability to correctly process and

modify human proteins. Therefore the recombinant proteins are compatible with humans both

functionally and g’;frmacokineticall A shortcomir&; compared to prokaryotic expression systems is
often the sigrﬁ‘ﬁ\, @WP‘HQ&H%&F@MHE@ . Successful and high yield production of 20

biopharmaceuticals from mammalian cells is thus crucial and is governed by various factors including
host cell line, ex&ission system, cell growth and productivity, culture and feed media, production and

purificatién pFH(:e NHF&Ei &tk ture and sequence, protein stability and formulation. Expression of

the recombingREP VRIS LERTAMSPESHIN \RCIYICBORGIBIENSREISGPIret aanfr-afiatersw

Several methods have been employed to optimize expression vectors for efficient protein production.
Gene expresEigiy I8 IR UBREIED 1A WS ish A SRLRM RITREPKS, SPIFSRI A RANBERIES Pertain

to the identifigaiian ANeGRtinaEzAECRGESIra8y BroHBRtCEABRY CARANGSES 1o-EDRE ther effigisney with
which protein encoding genes are transcribed. Examples of these
polypeptides in eukaryotic host cell using said novel regulatory elements.
10
BACKGROUND
The market for biopharmaceuticals for use in human therapy continues to grow at
a high rate with over 900 biopharmaceuticais being evaluated in clinical studies
and estimated sales of 50 billions in 2010. Currently, an increasing number of
15 biopharmaceuticals is produced from mammalian cells due to their ability to
correctly process and modify human proteins. Therefore the recombinant proteins
are compatible with humans both functionally and pharmacokinetically. A
shortcoming compared to prokaryotic expression systems is often the significantly
lower protein expression level. Successful and high vyield production of
20  biopharmaceuticals from mammalian cells is thus crucial and is governed by
various factors including “host cell line, expression system, cell growth and
productivity, culture and feed media, production and purification process, protein
structure and sequence, protein stability and formulation.
Expression of the recombinant protein requires an expression vecior encoding the
25 desiréd gene of interest. Several methods have been employed to optimize
expression vectors for efficient protein production. Gene expression is regulated
on franscriptional and translational levels. Hence many methods pertain to the
identification and optimization of strong promoters and enhancers fo improve the
efficiency with which protein encoding genes are franscribed. Examples of these
30 are the CMV immediate early promoter and enhancer, SV40 promoter and
enhancer, elongation factor (EF) promoter, Polyoma enhancer, and chicken [beta}-
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30 are the CMV immediate early promoter and enhancer, SV40 promoter and enhancer, elongation
factor (EF) promoter, Polyoma enhancer, and chicken [beta]- WO 2010/010107PCT/EP2009/059399
actin prom 8&9}6%8%9@8, strong polyadenylation signal sequences that staGTZEPEIPAS Ehd enhance
transcription termination are also used to augment the protein expression from genes encoded by the
expression vectors. Among the methods to improve the efficiency with which the resultant mRNA is
translated are 5 the use of translation initiation sites (AUG), optimal ribosome binding sites such as the
Kozak sequence (GCCGCCACCAUGG; AUG constitutes the start codon) or internal ribosome entry
sites (IRES). &atie girtmeotethbideemeloyiedig utivaidergiahiosskignas ctag iermeettabbtalilikd higher
levels of recombinant ee ian.in ryoti lIs_pertains to the use and selection of
polyadenylatfgnmggﬁaé.ﬁﬂ &arié@ggfoé%%%%ﬁ?}%%O%Fs'%dﬁ%?? gré’rij Leseacf?i VB §rs fof H%né%(rgretgs%on of
recombinant proteinseAressast doynmgaheaseddndienéfortesaemple paityaderoitatondsigma)stfrem
bovine oW B RABARE dARARE SOl AN srvACoR-ahl e
15globin, mouse or human immunoglobulins, polyoma virus late region. In eukaryotic messengéer RNA
(MRNA) the $hantsansfdradsEgion (BHATR) Btes (AbGhaoptegal atbog@eenkeindimgnsiday msthrases it

dictates mRNA stabili it I \# latian efficiency. Polyadenylation signals are

nucleotide slg{c@\ Seﬁ§§é %v%%%%%%%ﬁé%@% g’:/rge(gﬁt%?‘\)glﬁr% og[éj\%o ;‘?a&%lé%ﬁ}%% er‘iﬂofgj?:%;%ex to
an AAUAAA wdquer cdondtbime e kg aiibsdiRESJe. The complex contains an endonuclease that cuts
the mRNA about 14 to 30 nucleotides downstream of the AAUAAA sequence and a polymerase that

incorporates post-transcriptionally a string of approximately 100 to 200 adenine nucleotides (polyA tail)
to the cleaved 3' end. The polyA tail is believed to influence many aspects of 25 mRNA metabolism,

including stalbiitg, el BaABPesi GEHIPYSAE HRIFBIES SRS FOBIESIrthéncOtepratmoigiically,
the polyadenylatian rigaal eanelstidsiRuat Weprelamants LKA Iedfavage-a7d o the

polyadenylation site: a highly conserved AAUAAA sequence approximately 14 to 30 nucleotides

upstream of tHeEcRUY ApesHEn R BPYRFF OGALRMBETES- Or iRl RgRsHYAsisiXRHak ISPl 30 50
nucleotides dgunsiEeam;ief ROAVAMAFRIUSIFEsSIERVEOe RIINMBRILKIESFo WA Sl eMRNTSHg4ysually

on the 3' side of an A residue. In vivo, the efficiency with which different polyadenylation sites are

processed vARBEORYdERSSyNFhEQ o8 BKANTIScBY IHE MIRLRID SigaRhn PritbiRQOMERER
multistep proggss,gAd ARERIRIERAH 2bessBe g gh RURONRARBAANCE-SIgNBLAGAUCS: 5&%k-

example, 5 due to faster assembly rate cleavage in the strong SV40 late polyadenylation signal occurs
more rafidly SR THRUHE QEUINEID BERY RMRRIEIAa RN SR (eh s etedioMolecular and Cellular

Biology, Vol 19 )98 500G KRIRTR MR BRI 0 (R alen B SIGITRPYeR ey

strong polyadenylation 10 signals to accelerate the generation of high producer cell lines for the

production of TR SRS WIRIRIN S ' ME T dbMAIN SIS VE [ SRy PaDHY SgRitibnangrls
enhances tragsgrigtienakbiaimpinatianysien iR HERFRSUIISIN REaaRaB Rrefiisiena slablliyepligiear
export and/or translation of vector encoded mRNA. This should lead to higher mRNA levels and hence
result in highEPRHSASERiyHn the 3'UTR that direct binding of a polyadenylation protein
20 complex to an AAUAAA sequence within the signal sequence. The complex
contains an endonuclease that cuts the mRNA about 14 to 30 nucleotides
downstream of the AAUAAA sequence and a polymerase that incorporates post-
transcriptionally a string of approximately 100 to 200 adenine nucleotides (polyA
tail} to the cleaved 3° end. The polyA tail is believed to influence many aspects of
25 mRNA metabolism, including stability, translational efficiency, and transport from
the nucleus to the cytoplasm. Typically, the polyadenylation signal consists of two
recognition elements flanking the cleavage and polyadenylation site: a highly
conserved AAUAAA sequence approximately 14 to 30 nucleotides upstream of the
cleavage site and a poorly conserved G/U- or U-rich region approximately 20 to

30 50 nucleotides downstream of the AAUAAA sequence. Cleavage between these



15producer cells. SUMMARY OF THE DISCLOSURE /SOLUTION Here we describe a new
polyadenylation signal isolated from the growth hormone of the Chinese hamster (Cricetus griseus).
Surprisingly, it has been found that this 20 newly identified polyadenylation signal, named HGH,
outperforms the strong polyadenylation signals BGH and SV40 late. When using vectors comprising
HGH as polyadenylation signal sequence protein titers in transient transfections of CHO-DG44 cells
were increased up to 35 A compared to cells comprising BGH. In stable cells high specific
productivities up to 45 pg/cell/day and titers in fed 25 batch processes up to 6.3 g/L were obtained.
One embodirtventedé thentsdsersihdyl esuteasia pidlyrfcisoiideesisiyee loevbomprisiabicicleas véie HGH

polyadenylal -@@g@k@?gn@t LenmnalerpIaneus fucleridessequenas enagina o ehof

interest. The yadenylation sig s downstream and operably linked to the heterologous
nucleotide sezgsaTob(y)sBe#hoftibeanlyedenviatsiniy PriserrtRlen sk RUAIRIRR Presass@Mprising

o LR EAIAGO AR BIEOLE SEANAIRE SATARRANEH ChRBISERRI RN BbleBRiiR HoH

polyadenylation signal. The HGH po ation signal IS downstream and operably linked to the
heterologousdugcitsotfdsteerrserally. rafartiepeagisodinmbe: stroropfeddft Gitstlosivadsryladian vector

ologous e siranapRéd: i e
3 upeiraarm L oG AR AL e Honimg e gone P o IARON et foer

sequences fdGeatrietieh. dvidaaudns st Ceduaidtidpambidit (R o SeSprlOR d1SH83ure is a

eukaryotic cell, preferably a mammalian cell, comprising the HGH polyadenylation signal. Yet a further
embodiment of the present disclosure is a method for producing a product of interest comprising

culturing eukafyentcisSheemeast éfeiddiftnaltarnaiiyecelieneans RGBIVRIthsieuiere @y peRmdaiEvtide
sequences C%fgyﬂﬂ&iqa he-EGHRAvdenuiain JeRmn BrRRIEE TR RRUOdIMEEIIRSBFAENGO!

interest is a polypeptide and the desired polypeptide is recovered from the culture medium. 15The
data of the presamebiisarisiresiiow theamysect @t HEOPG I pEValeYsIttisHign b siendatinnthe

ransient expigssing o HGAMFIaN AhSHERTSRANCIMNIOHRS SICAMeXRIaRSI9N fhciaiaed wih

the polyadenylation signal sequence derived from the growth hormone gene of hamster. The titer is

increased upREZLgsigrarsifttion seglear Bxeer prePottmsatinisfetieriotremeogdsston fiL 10 20
containing thg- %e%'%%ggﬂ%tmﬁmmﬂ iRoeasaiunioa06l, &tﬁﬁﬂﬁ@e@pp@%@%ﬁﬁ@) of

compared to cells transfected with the vector pJR106 containing the SV40 late polyadenylation signal.

The datasof tisqsheseneeisclosure furthermore show the impact of HGH polyadenylation signal on the
transient expression of an 1gG4 antibody.

SUMMARY OF THE DISCLOSURE /SOLUTION
Here we describe a new polyadenylation signal isolated from the growth hormone
of the Chinese hamster (Cricetus griseus). Surprisingly, it has been found that this
20 newly identified polyadenylation signal, named HGH, outperforms the strong
polyadenylation signals BGH and SV40 late. When using vectors comprising HGH
as polyadenylation signal sequence protein titers in transient transfections of
CHO-DG44 cells were increased up to 35 % compared to cells comprising BGH.
in stable cells high specific productivities up to 45 pg/cell/day and titers in fed
25  batch processes up to 6.3 g/l were obtained.
One embodiment of the present disclosure is a polynucleotide sequence comprising
at least one HGH polyadenylation signal and at least one heterologous nucleotide
sequence encoding a product of interest. The HGH polyadenylation signal is
downstream and operably linked to the heterologous nucleotide sequence(s).
30 Another embodiment of the present disclosure is a novel vector comprising at least

one heterologous nucleotide sequence encoding a product of interest and at least
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25 Surprisingly, titers obtained with the 1-IGH polyadenylation signal sequence are on average 35%
higher than for the BGH polyadenylation signal (Figure 7). The data of the present disclosure
additionally show a test of different HGH variants (Figure 8). The shortest HGH sequence of 113 bp
contained in the expression vector pJR135 leads to a up to 78 % reduced sICAM expression in
comparison to 30 the HGH sequence of 324 bp contained in the expression vector pJR131. Whereas
the HGH sequence of 189 bp contained in the expression vector pJR134 results in a very good
SICAM expression comparable to the expression level achieved with BGH (Figure 7). The best

expression rest GidhielgatwitiaieHegnsbqlien dd@t T3 yssieomtalinsdsiona xprawsssiedstior

pJR131 (Fig ) igh.is ¢ befter (3% p ln-achi I
5po|yadenylg%%%8§é%@g&%. 'I?F%s sﬁc?w?%@?é%%n%%%%re%gﬁ %ﬁ%%%%&of%&tﬁe& SEQ
ID NO:8 seq@smesimant 9tater WiFeENEHisalotEetoitrfeMRBht Okfte SYioPPHNE YRHIEDL SRRUAESE The

data of the presieRtidifgloakreasthemaonaghpVpsipdir SyRIRSSI AN ypEahat ighdeelsarsing
the HGH polyadenylation signal. Cell poals and cell clones with specific productivities in the range of
10 - 45 py/cetiRRAFARY THHPDIR @a%a&ﬁlﬁmg&gi%%wamgafg R idhierest Yie

disclosure relaesdgitiRodfRmdaticasiagaataRmpsistithadgiris avist thenmpesingdisramgeasfce at
least 75% identical to SE% ID NO:9. The disclosure fL’Lther Felagfs to a o%a]denylé ion srii%)ngl
comprising aAfIcRRSEdTHHRBIEING s EYRNREN &TihgPiT TRASD7 56 TEERIRIAD SEo BTE28'%The
disclosure futtieerrtigire pelgadsndatiqrolyigdenyition digtwrcompritimenh alidkac RIERPELRAISHSHCa

sequence with af Ipash S % HeREAGRESR JRNRO of herdigsloskiasmastically A ataaiodtic
polyadenylation signal comprising a nucleic acid consisting essentially of a sequence at least 75%
identicalito SEE¥SD Neferafihe draoRaiaprerelishi FBRIREE aYbly ABSHOTEHOH SROREMEIRIfSNg a
nucleic acid CNFIRIRG OLERBRLFRFTBUIRES! JoValiaiaabI stidl PNy RerERed embodiment

the product of interest is a polypeptide and the desired polypeptide is recovered

from the culture medium.

15 The data of the present disclosure show the impact of the HGH polyadenylation
signal sequence on the transient expression of sICAM (Figure 6). Surprisingly, the
highest siICAM expression is obtained with the polyadenylation signal sequence
derived from the growth hormone gene of hamster. The titer is increased up to
21% (transfection series #1) compared fo cells transfected with the vector pJR110

20 containing the BGH polyadenylation signal and increased up to 40 % (transfection
series #1) compared to cells transfected with the vector pJR106 containing the
SV40 late polyadenylation signal.

The data of the present disclosure furthermore show the impact of HGH
polyadenylation signal on the transient expression of an IgG4 antibody.

25 Surprisingly, titers obtained with the HGH polyadenylation signal sequence are on
average 35% higher than for the BGH polyadenylation signal (Figure 7).

The data of the present disciosure additionally show a test of different HGH variants
(Figure 8). The shortest HGH sequence of 113 bp contained in the expression
vector pJR135 leads to a up fo 78 % reduced sICAM expression in comparison o
30 the HGH sequence of 324 bp contained in the expression vector pJR131.

Whereas the HGH sequence of 189 bp contained in the expression vector pJR134
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disclosure furthermore relates to a polyadenylation signal comprising a nucleic acid 25 comprising
SEQ ID NO:9. In a first aspect the disclosure relates to a polyadenylation signal comprising a nucleic
acidcomprisingasequence at least75%identical toSEQID NO:8.The disclosure specifically relates to a
polyadenylation signal comprising a nucleic acid consisting essentially of a sequence at least 75%
identical to SEQ ID 30NO:8.The disclosure preferably relates to a polyadenylation signal comprising a
nucleic acid consisting of a sequence at least 75% identical to SEQ ID NO:8. The disclosure
furthermore relates to a polyadenylation signal comprising a nucleic acid comprising SEQ ID NO:8. In
a further embsesiriierinoptienrcgent drlElddhrexrecssigadenMRRsARy el Beompiessiandgtehce at

least 80%, 8%%%5%93 ' WRAC Q(F%?‘{Fisﬁ@%! tOrRE @At NRPYRRQAR N X BaldRidRREGHI®: the

embodiment the disclosure relates to a polyadenylation signal comprising a nucleic acid comprising a

sequence at i@kt ssqurnasticd 3846 bo) sonkeined |indhstremspesine ¥aBetiaEHt 3N GigeSstre
relates to a g@%@ﬂe%'aqﬂﬂcﬂgnﬁéﬁgmp(ﬁ% 2 fHIFRIGRcId SHRRESHG 3 iseaHensRIat Isasy 95%

identical to ID NO:9. In a specific embodiment the disclosure relates to a polyadenylation signal
comprising apflyhsieradrtiesrajgmsh(-i0segdence at least 85% identical to SEQ ID NO:8. In another

specific embqgjment {he disgosuis Lelaasi-rorplyasieny B op signpkeonRrivnGE QU iNaEl
comprising a sequence at least 95% identical to SEQ’ID NO:8. 15 The disclosure relates to a nucleic
acid the sequetteaemierecoppies kil montibate terarapfiitirntiseaneeriabs gefueleic
acid the seqqﬁ%}ggé?_f which consists essentially of SEQ ID NO:9. More preferably, the disclosure
relates to a nucleic acid the sequence of which consists of SEQ ID NO:9. 20In a second aspect, the
disclosure refBtesdata miclbi AFR3IRE SisqIREHE: BRI Eorrhiit el FHPIGES 8" PRLIEFINYSthe
disclosure relatesdn rpdelaisiagidribersaatensaabwiiivaosigist.esSehtiadylofasid@4d blen8sMore

ferably, the discl lates t lei id th f which ists of. D.NO:8. 25
preferably \?/ithlsscp(c)asclijf% ;ra?o%ggti\?it?eg%gtlgarghge SfS‘F (9‘—‘%89%%&;/0&# 't?tesar(s) er? ?e% laatch 8

processes of up to 6.3 g/l are obtained (Figure 9).

The disclosure relates to a polyadenylation signal comprising a nucleic acid
15 - comprising a sequence at least 75% identical to SEQ 1D NO:9. The disclosure
further relates to a polyadenylation signal comprising a nucleic acid comprising a
sequence having at least 75% identity to SEQ ID NO:9. The disclosure furthermore
reiates to a polyadenylation signal comprising a nucleic acid comprising -a
sequence with at least 75% identity to SEQ ID NO@9. The disclosure specificaily
20 relates to a polyadenylation signal comprising a nucleic acid consisting essentially
of a sequence at least 75% identical to SEQ 1D NO:9.
The disclosure preferably relates to a polyadenylation signal comprising a nucleic
acid consisting of a sequence at least 75% identical to SEQ ID NO:8. The
disclosure furthermore relates to a polyadenylation signal comprising a nucleic acid
25 comprising SEQ ID NO:9.
In a first aspect the disciosure relates io a polyadenylation signal comprising a nucleic
acid comprising a sequence at least 75% identical to SEQ ID
NO:8. The disclosure specifically relates to a polyadenylation signal comprising a
nucleic acid consisting essentially of a sequence at least 75% identical to SEQ ID
30  NO:8. The disclosure preferably relates to a polyadenylation signal comprising a

nucleic acid consisting of a sequence at least 75% identical to SEQ 1D NO:8. The



In a preferred embodiment said polyadenylation signal is isolated. In a preferred embodiment the
disclosure relates to an isolated polyadenylation signal comprising a nucleic acid comprising. a
sequence at least 75% identical to SEQ ID NO:9. In another preferred embodiment the disclosure
relates to an isolated polyadenylation 30 signal comprising a nucleic acid comprising a sequence at
least 95% identical to SEQ ID NO:9. In still another preferred embodiment the disclosure relates to an
isolated polyadenylation signal comprising a nucleic acid comprising SEQ ID NO:9. In a further
preferred embodiment the disclosure relates to an isolated polyadenylation signal comprising a nucleic
acid comprisffisciessgubntemdiaselrtos itriicaPiGSRDAN SN eHBINENprefe edeEMBYdiment
the disclosurgdglaifgHg s dsptaiqehpplyadenylation signal comprising a nucleic acid comprising 5 a
sequence at least 95% identical to SEQ ID NO:8. In still another preferred embodiment the disclosure
relates to an isolated polyadenylation signal comprising a nucleic acid comprising SEQ ID NO:8.
Preferably, the disclastig relaipsdimanm isefatee nusigisraciditbrsequanee pbydrishyeaimprisemaEQ ID

NO:9.More preferably, the disclosure relate n isolated.1 leic acid the s ich
compriseﬁs SI’:SSTI]Brﬁ)éf&a ﬁea%erg?grraetcell%?n i)é&%e?t%/g’i%&?ﬁﬁy?&ﬁéié%%ﬁ%ﬁggﬁf%n edto a
heterologoush@dingrse&ft@nt2. Maspedificallpprefarredibndivdirh ehtesalig peyerleipyddgdrisignal is
characterize iters. ressi I tali | i i ignal are
atloast 10% T, S e LB e P e e B
polyadenylati#fPsidgeentinga imoSERelBrrétPémbotiinfnetire yspreibie |isbafdisnonhgy<Hseey58,
higher than thgsgeebtained {g4; oty adenylatismigank The slistosutrspesifisphyirglates to a

nucleic acid the sequence of which 20 comprises SEQ ID NO:9 operably linked to a heterologous

coding SéqUETRILNEE R IEAS! BiYaddantied dpwiFCh MR8 edbeAtiBRg i £BREAIRS0 SPErably
linked to a hejRreGRUSAENTSCHURBEBJENRERIRDIKIGNE SeateRme;olawhigheronsifts @igiiéntP NO:9

operably linked to a heterologous co sequepce,. The disclogsyre furthermore relates tQ a nucleic
acid the seqﬁnﬁ@%ﬁﬂﬁ%h 5i88f?%p gegé §g@ﬁsa}{l£°8 gp‘?e@ab?g quﬁ{é%q Tor;]?]e?er}?)?]agrousspggg?ﬁg
sequence. Altenhativeyt the seigulesoes of eidtech mmiﬂsimﬁﬁw oﬁ@E@ [OrOsBoperabiydinked to
2 heterologous. fPdiNg RRNERACE. RIERIBN dlE SYSARRAMILERNBNILLE SEQ D NOB

operably linked to a gous ¢oding sequence. A nucleic acid the sequence of which comprises
SEQ ID NO:9 or 8 and has

The- disclosure relates to a nucleic acid the sequence of which comprises SEQ 1D NO:8:
Preferably, the disclosure relates to a nucleic acid the sequence of which
consists essentially of SEQ ID NO:9. More preferably, the disclosure relates to a
nucleic acid the sequence of which consists of SEQ 1D NO:9.

20 In a second aspect, the disclosure relates to a nucleic acid the sequence of which
comprises SEQ |D NO:8. Preferably, the disclosure relates to a nucleic acid the
sequence of which consists essentially of SEQ ID NO:8. More preferably, the
disclosure relates to a nucleic acid the sequence' of which consists of SEQ ID
NO:8. |

25
In a preferred embodiment said polyadenylation signal is isolated. In a preferred
embodiment the disclosure relates to an isolated polyadenylation signal comprising
a nucleic acid comprising a sequence at least 75% identical fo SEQ ID NO:9. In
another preferred embodiment the disclosure relates fo an isolated polyadenylation

30 signal comprising a nucleic acid comprising a sequence at least 85% identical to
SEQ ID NO:9. In still another preferred embodiment the disclosure relates to an

isolated polyadenylation signal comprising a nucleic acid comprising SEQ 1D
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30terminator function. Preferably said nucleic acid has terminator function and is operably linked to a
heterologous coding sequence. In a third aspect, the disclosure relates to a vector or polynucleotide
sequence which comprises any one of the polyadenylation signals or nucleic acid sequences as
described above. In a specific embodiment said polyadenylation signals or nucleic acid sequences are
operably linked to an expression unit! expression cassette. In another embodiment of the disclosure
the vector comprises the selection and/or amplification marker dihydrofolate reductase (DHFR),
glutamine synthetase or neomycin phosphatase (neo). In a preferred embodiment of the present

disclosure th&i@ettolrorapolyriteie orifersedjuemtedniaptises adietomliolfeiRnof Hitel&2f%hcoding

for a heterologgusaduehaf é’ﬂ%ﬁ@%oﬁ{sfﬁsﬁﬁe%sﬁi}éh@i@%ﬂi%@rﬂ@ﬁ@iﬁ(@%@ﬁq@ﬁ&@rabhééﬁﬂ'd
polypeptide is an antibody, antibody fragment or fusion protein. In a fourth aspect, the disclosure
relates to a c&fi%oifipfigal enybhie b1 tg\‘% ctold GreBIshuRisHRS serberieehstirsAiBeE SBove.

Frefffagw, tlh@_i‘é%'_s,cﬁillmii&ﬁalﬁém @%@y@ﬂ@lﬂj!ation signal comprising a nucleic acid comprising
spolyadenylationsignalsornucleicacidsequencesasdescribedapgyve operably linked to a transcrjption
unit encAdinPaSideeReDahtsast Brérelim %%L!iof%gg&%ﬁﬁ iﬁ@lr%st iﬁ]asr{mcﬁe%%dg " Hﬂ%?%ﬁ:eacid of
interest. In ar@tbesighodimetiscbibe: cedisail productieflintdrestiimdepulbtpeptignef interedsiepcoded
by a gene of interest. Preferabl i ideAsan antibody, antibody zofragment or fusion
protein. In a &g%ﬁlgigr%%ge |%n§§ﬁ§ﬁé)§gle|§,@ﬁ?28§/otic cell, a mammalian cell, a hamster cell or a
murine cell. Fesferablly shidl disitirserhaivistes dell. amoke piederusigics it dhss TRHRESE in1étiovary
(CHO) cell. Mgt qeleraiihnsais ¢el.is a Ghdfe QirddrabiiOtiel alsbibiteBllacall.lo anothelpseferred

s nucleic acid the sequence of which comprises SEQ 1D NO:8.

in a preferred embodiment said polyadenylation signal is operably linked to a
heterologous coding sequence. In a specifically preferred embodiment said
polyadenylation signal is characterized by that the fiters / expression levels
+5  obtained with the said polyadenylation signal are at least 10%, preferably 20% and
most preferably 30% higher than those obtained for the BGH polyadenylation
.'signal. in a most preferred embodiment they are at least and/or on average 35%
higher than those obtained for the BGH polyadenylation signal.
The disclosure specifically relates to a nucleic acid the sequence of which
20 comprises SEQ ID NO:9 operably linked to a heterologous coding sequence.
Alternatively, the sequence of which consists essentially of SEQ ID NO:8 operably
linked to a heterologous coding sequence. Preferably, the sequence of which
consists of SEQ ID NO:9 operably linked to a heterologous coding sequence.
The disclosure furthermore relates to a nucleic acid the sequence of which
25 comprises SEQ ID NO:8 operably linked to a heterologous coding sequence.
Alternatively, the sequence of which consists essentially of SEQ 1D NO:8 operably
linked to a heterologous coding sequence. Preferably, the sequence of which
consists of SEQ ID NO:8 operably linked to a heterologous coding seqguence.
A nucleic acid the sequence of which comprises SEQ ID NO:9 or 8 and has
s terminator function. Preferably said nucleic acid has terminator function and is

operably linked to a heterologous coding sequence.
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25embodiment said cell is a NSO cell. In a preferred embodiment said cells as described are cultured
cells. Preferably, said cells are cultured in serum-free medium. Preferably said cells are grown in
suspension culture. In another preferred embodiment of the present disclosure the cell is characterized
by that the titers / expression levels obtained with said polyadenylation signal or nucleic acid 30
sequence are at least 10%, preferably 20% and most preferably 30% higher than those obtained for
the BGH polyadenylation signal.In a most preferred embodiment they are at least and/or on average
35% higher than those obtained for the BGH polyadenylation signal. Preferably, said cell has 35%
higher expredsicn Teivé|gseenm, allfitifiasioere tielalpscliss rev eelates toAYMISIRBEPBf FRAKANGSa Wlfbeptide

of interest enggelgrsby argene: affimergsiyibenmaibedigranpasing:ér) Rnavidingacbosiscelseanagrising
a vector or polynucleotide sequence.as desgribed above. or providing a.cell a ribed 10(b)
Cultivating sal Oé’glls, urci&er %onﬁfﬁghﬁg whiC Oépll oW hesglr(é))lifé)ré;t %ﬁfnerg’f%ggncel%%%?thgerexqf)@gl\g?on of

the gene of ireiéSEEpReRdesinonhR pbinkLde crivepesseing WP ripies S pagpeRaddrof
interest. In a SpEE{lF emBodimant of spid meihied e we!l RasukampHsae!ing napmsaanhrel. a

hamster cell or a murine cell. Preferably said cell is a CHO cell, most preferably a CHO DG44,

CHO-K1 or DRIRMIESET iR MAaskpediYerpfeteifedadurtase eliFR). giutamine synthetase or

neomycin phosphatase (neo). In a preferred embodiment of the present disclosure
the vector or polynucleotide sequence comprises a heterologous gene of interest
encoding for a heterologous product of interest. Preferably said product is a
10 polypeptide. Preferably said polypeptide is an antibody, antibody fragment or

fusion protein.

In a fourth aspect, the disclosure relates to a cell comprising any one of the vectors or
polynucleotide sequences as described above. Preferably, the cell comprises any one of the

15 polyadenylation signals or nucleic acid sequences as described above
operably linked to a transcription unit encoding a product of interest. Preferably
said product of interest is a nucleotide / nucieic acid of interest. In another
embodiment of the cell said product of interest is a polypeptide of interest encoded
by a gene of interest. Preferably said polypeptide is an antibody, antibody

20  fragment or fusion protein.

In a specific embodiment said cell is a eukaryotic cell, a mammalian cell, a
hamster cell or a murine cell. Preferably said cell is a hamster cell. More
preferably, said cell is Chinese hamster ovary (CHO) cell. Most preferably said
cell is a CHO DG44, CHO-K1 or DUKX-B11 cell. In another preferred

25 embodiment said cell is a NSO cell. In a preferred embodiment said cells as
described are cultured cells. Preferably, said cells are cultured in serum-free
medium. Preferably said cells are grown in suspension culture. In another
preferred embodiment of the present disclosure the cell is characterized by that the
titers / expression levels obtained with said polyadenylation signal or nucleic acid

30 sequence are at least 10%, preferably 20% and most preferably 30% higher than



In a preferred embodiment of said method the polypeptide of interest is a recombinant protein,
preferably a secreted polypeptide, more preferably a 20 therapeutic protein. Most preferably the
polypeptide of interest is an antibody, such as a monoclonal, polyclonal, multispecific or single chain
antibody, or a fragment thereof, e.g. Fab, Fab', F(ab")2, Fc and Fe-fragments, heavy and light
immunoglobulin chains and their constant, variable or hypervariable region as well as Fv- and
Fd-fragments. In another preferred embodiment of said method the 25polypeptide of interest is a
fusion protein or a scaffold protein. The disclosure further relates to.a use of the cell as described
above for thetiwseufabtaiiragofprotbinsBGith psixatapetiothesitisglosurt refat8io®) atiséeseshy one

of the polyadepylaion S0siARDIS A BHEEs 3Fde P ASALIagA alinra isvan RswaiRssc/dipaaly. the

disclosure relates 10 a use of any one of the polyadenylation’signals or'nucleic acids as described
above for thefgrertbmtiBf bf ipgiyoded Hetiooelsignal.  Pristesaiivssridpeeifidaly rékieshighaise of
any one of th jon signals 5 or nucleic acids as described above for the use in gene
therapy. In a%&?egn%?%@ééi ,gf]he disclosure relates to a kit comprising any one of the polyadenylation
signals of nucleic acids as described above, a vector, a cell and a cell culture medium for cultivation of

said cell. 10 RESGRIPTION Qe TG EGY REREIEURERMGRAR i RRESASUNIME of AR &igure 1

schematically shows the expression vector designs used for the transfection of CHO-DG44 cells. "PIE"
means a confieRed At arernoRtiniIHtREm SPfEeF'EAE: promoter element, "P" a promoter

element and "T" a 15 tegmipasiagisty ahder tanswinfiasinghicresicequiraslyion delyidtesylationcef
transcribed messenger RNA. The polyadenylation signals "BGI—M‘, "Sg4OL“§5td "HGH" are termination
signals for transcription deﬂ@e%eﬁﬁag%ﬁ?eagqyrﬁr%%@%@@?%ﬁe AR IRE PSR one (SEQ ID
NO:12), ¢he SVAO late gepeip@iand$Esd RINS dajandddidintmnsated sgiontal Clulifeseticamster

growth hormone 20 (SEQ ID NO:8), respectively. These polyadenylatiop. signals are flanked by
restriction enzyme sites for*'Sfe &ﬁl&si‘g‘iﬁ?%ﬁé&f&&%@ﬁ? & ﬁ&r%%ﬂ%r?gﬂ%rﬁg fiption initiation within

each transcription unit iscnEigatesking aneapisiybdideafingertditeagdne of interest a sequence region
with multiple cutting sites for re t_rict'g}r%e%nuc ease _é‘gnulti%le cloning sites - "mcs") is inserted after
the 25 promoter/enhanéé? Elerigng ;fﬂﬁ & SLIECTABRE marker dihydrofolate reductase is

abbreviated tgy"'dhipeaiiit g betapiahtemankerrenotytie phispotaksieotsecisiaboreiatealitn 'npt".

15 cell, a hamster cell or a murine cell. Preferably said cell is a CHO cell, most
preferably a CHO DG44, CHO-K1 or DUKX-B11 cell. Furthermore preferred is a
NSO cell.
In a preferred embodiment of said method the polypeptide of interest is a
recombinant protein, preferably a secreted polypeptide, more preferably a

20 therapeutic protein. Most preferably the polypeptide of interest is an antibody,
such as a monoclonal, polyclonal, multispecific or single chain antibody, or a
fragment thereof, e.g. Fab, Fab’, F(ab")2, Fc and Fc'-fragments, heavy and light
immunoglobulin chains and their constant, variable or hypervariable region as well
as Fv- and Fd-fragments. In another preferred embodiment of said method the

25  polypeptide of interest is a fusion protein or a scaffold protein.

The disclosure further relates to a use of the cell as described above for the
manufacturing of proteins.
In a sixth aspect, the disclosure relates o a use of any one of the polyadenylation

30 signals or nucleic acids as described above as an insulator.



WO 2010/010107PCT/EP2009/059399 FIGURE 2: ISOLATED GROWTH HORMONE GENE REGION
OF CRICETUS GRISEUS Figure 2 shows the nucleotide sequence of the growth hormone gene
region which was amplified from genomic CHO-DG44 (Chinese Hamster Ovary cell line; 5 Cricetus
griseus) DNA using nested PCR with in total 362 bp (SEQ ID NO:7). The arrow indicates the direction,
length and position of the gene specific primer GH for2 used in the amplification reaction, the primer
sequence itself is highlighted in italics (SEQ ID NO:2). The stop codon TAG of the growth hormone
gene sequence is highlighted by underlined bold letters and is followed by 324 bp of the 103’
untranslated fegitinn@GURE 3listloseMERTEORS' BINERANSEAT EDR G | R SPOrcROWIH

HORVIONE GENES | s Ridhiaee! fiedsQlaied? 48uanii sl 9RRs: e e issusearonth

15 hormone (SEQ ID NO:8) is compared to the 3' untranslated growth hormone region of the syrian
hamster Meseelitiegss auratus (Genbank S66299), Mus musculus (Genbank Z46663), Rattus

O o s e
iffering from the C, griseus sequence 4: '
UNTRAI\?SL@f@B%@F?P@IE %ﬁﬁf@?géé@@%@dﬁ@\%}ﬂsn BRRINE In this alignment the
deletion derivates séikeBbaspsiectite Qucrissrgriedategrowth hitrmone(sitdissgquearcef($EQ ID
NO:7) containinﬁ, just the 3' 25 untranslated reggionﬁfre shpwn. . Ilcggg)vates have an iderjical 'end

and differ in thalY 2 BRYRLRA RIOTRIE QL IEHS IR GIR SEEPRTTPEBAMN SR 1Pk RSRIARE sEQ

ID NO:9 consists@fill89 rielrantides anthvaieh 16 B&xdle:4f just 113 nucleotides. The stop codon TAG
of the growth hormone gene sequence is highlighted by underlined bold letters and the potential
binding site for the 30polyadenylation protein complex AATAAA is highlighted in italics. WO
2010/01Q107BS CIRIPOAIORNSOBIPHE FIGURES

FIGURE 1: BASIC EXPRESSION VECTORS
Figure 1 schematically shows the expression vector designs used for the
transfection of CHO-DG44 cells. “P/E” means a composite unit that contains both
CMV enhancer and promoter element, “P" a promoter element and “T" a
15 termination signal for transcription, which is required for polyadenylation of
transcribed messenger RNA. ~ The polyadenylation signals “BGH”, “SV40L” and
““MGH” are termination signals for transcription derived from the 3" untranslated
region of bovine growth hormone (SEQ 1D NO:12), the SV40 late gene region
(SEQ ID NO:11) and 3" untransiated region of Chinese hamster growth hormone
20 (SEQ ID NO:8), respectively. These polyadenylation signals are flanked by
restriction enzyme sites for “Sfil” and “Xbal”. The position and direction of
transcription initiation within each transcription unit is indicated by an arrow. For
- cloning of the gene of interest a sequence region with multiple cutting sites for
restriction endonucieases (muitiple cloning sites — “mes”) is inserted after the
25  promoter/enhancer element. The amplifiable selectable marker dihydrofolate
reductase is abbreviated to “dhfr” and the selectable marker neomycin

phosphotransferase is abbreviated to “npt”.

-10-



FIGURE 5: RECOMBINANT EXPRESSION VECTORS FOR EVALUATION OF HGH
PERFORMANCE All recombinant expression vectors encode the gene of interest "sICAM" under the
control of tRPEMYIEMncer and promoter element ("PIE"). sICAM transchptoT B/Bi#H&T terminated
by the 3' untranslated region of bovine growth hormone "BGH" (SEQ ID NO:12), the SV40 late gene
region "SV40L" (SEQ ID NO:11) or the 3' untranslated region of Chinese hamster growth hormone
"HGH" (SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10). The size of the latter in basepairs is indicated.
These polyadenylation signals are flanked by restriction enzyme sites for "Sfil* and 10 "Xbal". "P"
indicates a pfi@uREek: meéBCANITHD aGROINAHD HOGIATNE 8 BEpRIPGTDHE [OBItOR @ETdiction
of transcription initiation nggjgge transcription unit is indicated by an arrow. The amplifiable
selectable marker dihydrof ctase is abbreviated to "dhfr". 15 FIGURE 6: EVALUATION OF
HGH PERFOR)MPANE EndNvERANSIERT TR AbIGFFAC D N2 Igromah raepemtegtser ey iChH GHB44
cells are transfected with expression vectars R .and pJR131 all of which encaode sICAM
(nder the CORPERABILAITG o or LD i rH L o e R o e s G e 3 e
polyadenylatiGricagral(BEQSIDNG: Lt)nthaditedt RO B atdith iegiotalod 2 \wpe EVID NaHDNd BGH
(SEQ ID NO:12) or the 3"untranslated reqgion of Chinese hamster growth hormone HGH (SEQ |

NO:8) are ueZHORIIC RO S: DERRIGTL (AR RS Tt 2 RS TR LG Using
ELISA. To cowert (zettansteetin@ificatincy regitsiare ite trainséecied waticghesela snkghChMeS AP and
25 the SEAR acitivitys. measuted. lsing HGH as polyad tion signal the fiter is increased up to
21% compar'e%ﬁ%ste{%%ln tig['ﬁ vﬁ%é&l—ﬁﬁd ?}8% g%qéncc?fn% rec tg%rrﬁfﬁa\nﬁ%n with 8Va0d&lE wo
2010/0101078x0TAR206 125088k Gy Rit &l A DO TEDBr O Erid GHRIBREQD BB I0f the

TRANSI%NT;){(}I?}E{E%?I%Q iQF.AN IGG4/KAPPA ANTIBODY CHO-DG44 cells are co-transfected
with the Vectst COmBIRAGON p@ﬁfﬁfb’G4 and pBIN/kappa (n=6) in which the transcription of the heavy

(IgG4) and light chain 5 (kappa) of the antibody is terminated by the 324 bp 3'untranslated region of

co-transiocel THN veeil) BN Lo b UL e pOIRHALSLE (1) Ahich ot Tne

BGH polyadenylation signatCSE@ONINGEIE RAside of the different polyadenylation sequences the
genetic setuqrﬂ he ¥

t rious Vee reddentical. After a period of, 48 ho tibody titers in
e cunormar B B B e R BIoWE!
co-transfectedowitiotiee (B&<nitDp GKNE SBAEoamktiee S& APeadfivitytramsézsdraiowlingdiGbinss

polyadenylation, 3ignaliIRLS A7 ASHAdESRreliansLendorRaH eolkadrRy8kea s tius

musculus (Genbank Z46663), Ratfus norvegicus (Genbank V01239) and Bos
faurus (Genbank J00008). Shading indicates nucleotides differing from the C.
griseus sequence.

20
FIGURE 4: HGH DELETION DERIVATES OF 3" UNTRANSLATED REGION OF

CRICETUS GRISEUS GROWTH HORMONE

In this alignment the deletion derivates of the 362 nucleotide Cricetus griseus
growth hormone (HGH) sequence (SEQ D NO:7) containing just the 3

25 untranslated region are shown. All derivates have an identical 5 end and differ in
their 3' ending. The longest derivate with SEQ ID NO:8 consists of 324
nucleotides. SEQ 1D NO:9 consists of 189 nucleotides and SEQ (D NO:10 of just
113 nucleotides. The stop codon TAG of the growth hormone gene sequence is
highlighted by underlined bold letters and the potential binding site for the

30 polyadenylation protein complex AATAAA is highlighted in italics.

-11-



15 FIGURE 8: TEST OF DIFFERENT HGH DELETION VARIANTS IN TRANSIENT
TRANSFECTIONS In two independent series CHO-DG44 cells are transfected with expression
vectors pIRABI¢I89R82 and pJR135 all of which encode sICAM under thB@IRRP29¢p/059399
enhancer/promoter. For termination of transcription either 324 bp (SEQ ID NO:8), 189 bp (SEQ ID
NO:9) or 113 bp (SEQ ID NO:10) of the 3'untranslated region of Chinese hamster growth hormone
HGH are used. All variants have an identical 5' end but differ in their 3' end. Aside of the different
polyadenylation sequences the genetic setup of the various vectors are identical. 48 hours post

transfections i@ RREICAMIEOSINBIY/AN PR ES SIO N CRUTORESIFQ B LESAL TRJ0osciger
transfection efficiency cell - f ith the plasmid pCMV-SEAP and the SEAP acitivity is
measured. Compared to ci%’%ﬁégg%égm\ggtors containing the 324 bp HGH sequence cells
transfected with nezgiorisicontaredbi 82 tipranehitwid 18 d gt HhUeletiont Val@ald shedeatfaguction
in sSICAM 30expression level 23% and 78%, respectively. W 01 CT/EP2009/059399
FIGURE o 1R S E S S Bk B R TR S BT R etV FISCERIBING o
In Figures9 theitbpediicrinaded tivwtidseald ditersnel sted ey ansiettas) b Qrb&hdner ihcine e BGER! pools
expressing | 0G2.and, 19G4 antibpdies . or IgG1l and 5 Ig fusi roteins in, fed-batch .
processes pg(gg:#léﬁ)l |t;|2)ac€% s%%(ﬁj%eﬂa%fg? 5?@%&@&.@%&&@ mdﬁévﬁﬁe %r% in the
range of 10 -4inagsieliédayegivhtiter Chindadhearanie afr@vith idrgibngheigaeisBatup alibs yectors
used for exprgssion.of. the vari oteins, js identical. All cantajn the 324 bp 3' untranslated region of
sl ela e fie i el R R LR el TR
transcription dhteegeigaakinitaticn 2idays post feanefe diprestaickiooed mxyols aritesdlect&tiising a
DHFR- and NBT-based,selection followed by 2 successive, DHFR-mediated gene.amplification steps
by aditgn ot BOT ah SO0 TR K aOLei T Gingio Eol TORRGS SHAFelP ther
by dilution cldrangaipdidrACHibageditepositiondifesitige ofllsamtectiptieds ioftamBcnwelliplateach
DETAILED DESCRIPTION OF THE INVENTION The general embodi ts "comprising” o
rcomprised SRLS AL I o CSUEE ol Ror S SR SR S O g U Shal
plural forms atiérOnfdiasedin e iaadirgavbyevibegresdttfitivention provides novel regulatory
elements and methods of preparing and selecting mammalian cell lines which allow a high expression
of heterologous gene products, preferably biopharmaceutically relevant polypeptides or proteins. The
processes adelistlig-t6:theeentidm &N bafdd pittadily BEREORMANCE IN  TRANSIENT

TRANSFECTIONS
In two independent series CHO-DG44 cells are transfected with expression
vectors pJR106, pdR110 and pdR131 all of which encode sICAM under the CMV
enhancer/promoter. For termination of f{ranscription either the SV40 late
20  polyadenylation signal (SEQ ID NO:11), the 3" untranslated region of bovine
growth hormone BGH (SEQ 1D NO:12) or the 3’untranslated region of Chinese
hamster growth hormone HGH (SEQ ID NO:8) are used. After a period of 48 hours
the sICAM titers in the supernatants are determined using ELISA. To correct for
transfection efficiency cells are co-transfected with the plasmid pCMV-SEAP and
25 the SEAP acitivity is measured. Using HGH as polyadenylation signal the titer is
increased up to 21% compared to termination with BGH and up to 40% compared
to termination with 8V40 late.

-12-



25 use of novel polyadenylation signals isolated from the growth hormone of the Chinese hamster
(Cricetus griseus). Surprisingly, it has been found that this newly identified polyadenylation signal,
named HGHQSBEHHIRD:8), outperforms the strong polyadenylation signali§ BERUHNEBIA0 late
leading to higher productivity of producer cells. 30 Terms used in the course of this present invention
have the following meaning. WO 2010/010107PCT/EP2009/059399 The terms "polyadenylation
signal”, "polyadenylation site", "polyA signal”, "polyA site" or "termination signal” or "terminator” refer to
nucleotide sequences within the 3"UTR that direct binding of a polyadenylation protein complex to an
AAUAAA 5 sEfBERE WithiB\wiad sigmaDdequerice. AiticormplRF ORIGaSGR endpnurieasestEaituts the

incorporates post-ranscripiONATy LS OF AU SRR b M348 dhenine nucleotices (ol ta)

he cl j
fﬁcﬁUZ.‘;§2¥§$B‘@*%?i‘fﬁ”ﬁﬁ“’*;’?‘;mmﬁﬁm&eS?fff’m“"asfi‘fm*'““?%Bimo@%m
Typically, thef] EME ﬁ' Fﬁ(@%@f@\?&’?g&}aﬂﬁ %Y]YS@%?%QI ﬂy g&&a&*and
Upstieam of e clea *”""‘eg?'ﬁ“fn"ﬁew mi‘?iwmm%‘%w‘“ 'm.?ﬁi‘“?fa"‘gm“m 50
ups \Y |
ocieotides G UHEREA R 1816t H1E IR RRN R FOAbe S Btk hean & o Rl aibraatd
usually on thes|sigesoicantrsmefidtes \ﬁatmua@o#m@nﬁatjgrm@fals i@r&lmzllbﬂ?%fwc%zm pepRlyA
(Cole et al., I Cell Bi 4-211 40 | et al.,, Mo

007 Wkren e e et o e i D, R T b

\5/\:/)’rs19ife ilngtghze) mm;n@yé:ﬁéml M}MMmqequwmmbe;bgbowsémaﬁémm,Vmﬂ%%ght be
substltuted with ?ther hexa ucheo de seguences with h? to AAUA ga lon as they are

capable 'of &gﬁg %3 p Iya Syixtion of I\ﬁsoﬂ?aq’n H{Sm"&&u %c Gl SedFences
include AAA%éembtaAtﬁﬁarAPdmﬂmJMUMtg BHGAAAT@\A&W f&ﬁm&cﬁﬁU&ﬂé&Q@

AL MG LAUASAAASI ASUIAN SN SAICH, MCGR SRR
measured. Using HGH as polyadenylation signal titers are on average 35% higher
than for BGH polyadenylation signals.

15
FIGURE 8: TEST OF DIFFERENT HGH DELETION VARIANTS IN TRANSIENT
TRANSFECTIONS
In two independent series CHO-DG44 cells are fransfected with expression
vectors pJR131, pdR134 and pdR135 all of which encode sICAM under the CMV
20 enhancer/promoter. For termination of transcription either 324 bp (SEQ 1D NO:8),
189 bp (SEQ ID NO:9} or 113 bp (SEQ ID NO:10) of the 3'untranslated region of
Chinese hamster growth hormone HGH are used. All variants have an identical 5
end but differ in their 3" end. Aside of the different polyadenylation sequences the
genetic setup of the various vectors are identical. 48 hours post transfections the
25 s|CAM titers in the supernatants are determined using ELISA. To correct for
transfection efficiency cells are co-transfected with the plasmid pCMV-SEAP and
the SEAP acitivity is measured. Compared to cells transfected with vectors
containing the 324 bp HGH sequence cells transfected with vectors containing the
188 bp and the 113 bp HGH deletion variants show a reduction in siCAM
36 expression levels of 23% and 78%, respectively.

13-



polyadenylation signal comprises a hexanucleotide sequence selected from the group consisting of
AAAAAA, AUUAAA, AAUAUA, AAUAAU, UAUAAA, AAUUAA, AAUAAG, AGUAAA, GAUAAA,
AAUGAA, KRERENIHAGAAA, ACUAAA, 30 CAUAAA, AAUCAA, AACAAKTARSMRIRd AAUAAC
rather than the present AAUAAA as long as these hexanucleotides are capable of signaling WO
2010/010107PCT/EP2009/059399 polyadenylation of mMRNAs. Polyadenylation signals might be also
used as "insulators” or "insulating sequences". Insulating sequences are segments of DNA that block
interactions or interference of neighboring gene sequences. For example, insulators can reduce 5 the
transcriptiondl Ied& Bheoughi G pion B’ OGTHE M et EEG e el NrSpaRhks ProthNselsGi Bdjacent

nucleotide sequences. Or %ﬁXL%ogééwﬂgﬁction of an enhancer on one side of the insulating
sequence with a promoter of a neighboring gene on the other side of the insulating sequence. The

defining charicfeigsiie & theispaaificgrsedueticitissthindthibarseahisig oyt pséaeheci ivEQidHid4ts
ability to 10 insylate or protect a defined tr iption,unit which is i t latory
cloment fron el e e Bl B B o oo e S o R s e AL
purpose the igslaBnd ssqnenoteis placdddortee ptbecgme madpimedering oedstiors ayushraieand
the regulatory 3 Iy of r%ﬁ‘:%é??znsgi%}?é‘c e ?r&?ui!i&t?\%?ésdaTé‘eir%”%H@“%asq%?”?ﬁ migh be
placed on 15 &her 61 hoth Sides oF the anscription unit in"one or more copies.~In a pretrerred
em?odirgent ﬁ@@@i@&gfﬂdﬂ&?@ﬂﬁ@f%@iﬂ%lfmmseﬁ&h% &3 phlyddengatiehcsipial bf dhe
preferred embodiment s invention ti 2NCE | ipn
Ceuence. 1 R Pl R B T e L Ea R
such as subftayBientdrensiasd qagime obE inkss hanctieragnowtanteivadaatét hdr diopibtes

sequence or f hereof whi ified,. for y.-substitution, insertion,
addition1%nd/§§&éﬁé%%ﬁ$ @é@% rll\g{;ngé]ggbﬁx%é) nﬁ@%@ g]%sgﬁ ggéﬁu@%s@?n“u%a‘ﬁtﬁ% \%iaang%grge
hereinafter alsostefansfectias "stablifictete pnviatars seleligdatiség 25 Othdlifieacddinindrsedr

and functiond o e I T L T R R IS e SRR ey
comparable @deijivessiordvélsaststBaecMibihg tw&r@oﬂu@tseqnedwgiﬁmie SEQUDNE® BEA
modified termipator BroyE FH USRS 196MEPURPERY GL HURLHidRof single cells into

15 wells of a 96 well plate. -

DETAILED DESCRIPTION OF THE INVENTION
The general embodiments “comprising” or “comprised” encompass the more
specific embodiment “consisting of”. Furthermore, singular and plural forms are

20 notused in a limiting way.

The present invention provides novel regulatory elements and methods of
preparing and selecting mammalian cell lines which allow a high expression of
heterclogous gene products, preferably biopharmaceutically relevant polypeptides
or proteins. The processes according to the invention are based primarily on the

25 use of novel polyadenylation signals isolated from the growth hormone of the
Chinese hamster {Cricelus griseus). Surprisingly, it has been found that this newly
identified polyadenylation signal, named HGH (SEQ ID No:8), outperforms the
strong polyadenylation signals BGH and SV40 iate leading to higher productivity of
producer cells.

3G

Terms used in the course of this present invention have the following meaning.
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30expression level of a operably linked reporter gene is at least 60%, preferably at WO
2010/010107PCT/EP2009/059399 least 75%, more preferably at least 90% and most preferably at
least 10098¥¢ %ﬂ%ﬁ@}ﬁ}%sion level obtained with the SEQ ID NO:8 in a comﬁﬁ\()ggf%ﬁa??er gene

assay. Particularly preferred are modified terminators which have a minimum sequence homology to
the wild-type sequence SEQ ID NO:8 of the hamster 5 growth hormone polyadenylation signal or its
complementary sequence of at least 75%, preferably at least 80%, preferably at least 85%, more
preferably at least 95% and most preferably at least 97% and lead to corresponding expression levels
in a comparative reporter gene assay. In a corresponding comparative "reporter gene assay" the

terminator fragments to he tested including.the reference sequence SEQ LD NQ:8 are cloped
downsiream T8 80 Rer B o bR Gl RONEC S0) B SEror MM Ebcr e Alkaline
phosphotasesiedmehdivuredmens proaéinl GERpddterh atifalyo otheleptlyp aatien oe protbinstHer
example an antibady,or sICAM, can.be used as ,15 repqrter genes, .These constructs
a thia cﬁeN{ SAARG 6FE Po e@@?ﬁ Stein Gom Pextt anaﬁ\u

subsequently’introduced Into the tes S, €.d. - , raristection and the influence of the

b i § SRR 8 PUFEBEIR TP PRa B h
modifiedsternsieqieniceqeridbtiotherstihpa geressioreleliet ating keep odeiagen arisahetenondiea: éothatample
by measuring.fe protein Ganisal A Jepricr 8.6 saeshanding test isdsacrioed i examples
2, 3 and 4 of the present invention. % preferre = polyadenyfation sighal IS the hicEotide
sequence coarglisingpyresegecict vicBEQHDANQEsbiramssegtionedytrestonhgarhpppimgithategquence
of SEQ ID NQ-9..In.gthe di tS,. [ya ion.si i ucleotide s e which
comprises orq) (:008ng?s?stsgf%ﬁ%&%o%%%%%%%%@é%&ﬁ%ﬁgc?&% %?eaég%?e%cér?é)éﬁi ?/ ?508 é%gallb] 0:7,
SEQ ID NO:&e88@4dD tNOrflve 8EQRMNYOaER A fuseid Mareire tabolken enchslitay estatjlisnce

identity or ho . ) leqt e omol [dentl a 5%,
preteratly SO0E S D e A T TR R e gt sl
Substantial ideatifyciysdiesidesiohesighalnaokiisizidbegue nesogih ivpbridiemerder Bairgent the
conditions to I n 0As_used in, "hyhridi n ingent
conditions” dé%%r%g%o ﬁg&z&%fgﬁﬁ(@%%ﬁ/ %OO%/O@%% %ﬁé%&%&o%&at%r@g%ﬂ%ashmg
which are kneppraximeadelgkile tindtheaceGitesallpstrdgent doadilionsge sitected ® pechout 5 -

10C lower thgp e heimel elia AAITL LN (A mpsel SEqueRsS AL dRIoEdiani uenath and

pH. The Tm iSthe temperature (under Ic’streng nucleic 5 acid concentration) at
which 5096 obthi@@rébds odbinpranentey (dehrageybehybrdiibasaHmtagjetsatfseiscestadyuiibrium.

Stringent conglifi i oge. in.whic t on. i ' ion,
picaly abost 00T L O St o oo Sy SRy H s ST
temperature RodtAetiSolbete80dtr SiedrBiebiesd€0d. +E0! 3bd 9850, MAlklateidEshakkhrleast
about 60C fo (e.9. er 0 ' X in itions
include hybri i%{%)%ﬁ%éltgl gsg Ina hﬁﬁg |22§%)§h gﬁgf wit &%\é% gﬂ?ﬂﬁ%ﬁ%@%%
0.2xSSC/0.1%ers3amplpdsitie hybtidiation 244860 at least 2 times above background hybridization.
The polyadenylation sequence of the hamster growth hormone and modified 15 terminators, which

may als& inclidl&dp eikgnipméyataitriederu Fisfa vbie otird bBjhe Reas tNEReF eRRtReIMEBIOYBWAStream
of the isolated BfaHseayenc o f%%%%&@i?e@r SBRCEH agBRaR SRR MY DeRRRINGHDY a

skilled artisan with a knowledge of the sequence or homologous sequences using various standard
methods kno@ep@yde Al bdviasidongthsdne e canailePirsisedieganlyadenylation of

mRNAs. Examples of homologous hexanucleotide sequences include AAAAAA,
AUUAAA, AAUAUA, AAUAAU, UAUAAA, AAUUAA, AAUAAG, AGUAAA,
25 GAUAAA, AAUGAA, AAUAGA, AAGAAA, ACUAAA, CAUAAA, AAUCAA,
AACAAA, AAUCAA, and AAUAAC. Therefore, in one embodiment the HGH
polyadenylation signal comprises a hexanucleotide sequence selected from the
group consisting of AAAAAA, AUUAAA, AAUAUA, AAUAAU, UAUAAA, AAUUAA,
AAUAAG, AGUAAA, GAUAAA, AAUGAA, AAUAGA, AAGAAA, ACUAAA,
30 CAUAAA, AAUCAA, AACAAA, AAUCAA, and AAUAAC rather than the present
AAUAAA as long as these hexanucleotides are capable of signaling
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20 invention in example 1. Starting from the sequence described in SEQ ID NO:7 a suitable fragment
may be selected, for example, and an oligonucleotide probe containing the sequence of this fraction
may be ch&AEHYEWtlesized. A probe of this kind may be used for exanfSi&/ ¥ HBHE ML hamster
growth hormone gene or the 3' untranslated region or other fragments thereof, for example by
hybridization 25 from a library of the hamster genome. Using the reporter gene assay described above
the skilled artisan is in a position to identify functional terminator fragments without any great effort and
use them for the purposes of the present invention. The 3' untranslated region or special fragments
thereof can epsilyablembtdioed by RERsamplification with corresponding primers from genomic DNA or
a genomic 30library. Fragments of the 3' untranslated region may also be obtained by limited
exonuclease Rbbigestiglafiom Isigren © NAigizgrbentalSuchseNAasol&osldatoray WO “insulating
2010/010107RCD 009/059 I e chemically synthesiz I produced from. chemicall
synthesized r%(ér%%'ﬁé%y ‘%ga"f%?rﬁ%@§%%oenﬁ?§§er 'iﬁgr%ea%gﬁfg% gi%lﬁas%?ﬁ'ﬁégr? %Eul afﬁ@%'g?% f
produced by biterfprecrifie wiliteignbsis)P GEhbasarlrntage hesistechpligues atadios dmenriedlice
synthesis kn J.% %q ' rt. Pref I ntds 5 .a : 3,6, 10, 20 01 50
bp positigns.qﬁlrge@ra %ﬁ% a%%%&;&ﬁ@é %t § é?)gp)&%ig}é EI%mi %éfé@?é%iﬁ%é%dagéﬁﬁg YR the
present inverpiomiatesampislbcant bauoksditeiselgte foresxdivpledin & fpaly aeniylttiac signalsart the
mouse, rat or_sy/l er.qro . r r S ies.. Their.
poriormance SR T P Sanay e B e A e e PR e b e
invention. By@gossshyihidightos idétiobiiud éxsdeirgl feguahech dinstéeinovgichameteriseqience,
preferably frop e cANRIARd RN LIS Aot RSP L0 (denlly anckisplate.syitalls grpinator
sequences from corresponding 15 homologous genes of other, préferably mammalian, species.
Suitablettechiiguigdearerkpoviadb thabefiskitletramsosztionT heterwisichoimotgmy'sbhyolirdtedots"a

"identity”, "idepntical’,.'se i ity or. y intercha
Methods for Egé%?étt?ﬁg '%%ﬂn?(g otg@%%r ¥F emﬁégﬁegﬁii%%fgmaéﬁa éﬁ%s%@fgﬂc@%ﬁ%%ﬁ ison
20 typically ogerssfuelttpeniisiay dhisferegnesedtacnselaiingishgesnsegagnecsaeetonsratbd. The

. p ot . i et ; lei
it sequena e A T TR e S e
function of thiransatiption ideitidal @JQsimﬁ@fﬁﬁhré'@@mﬁsfSéqgem@setme.ngﬁgm aeciatederumber
of 25 gaps a’%ﬂtﬁé? GgiPE &%M&H&j@%ﬂ b iWIHOQH§e& f%?QtEHrE]@é'.gl?{Tée [ Sehgfwo
sequences. The comparison of sequences and determination of percent identity between two

sequences c&Becicaeni phsis tisse navemietcilaigsutaling Brqaengrdgrarmn@ueder&Etaan be
doreal ) . ; ;
used or alternatiye pg{ aéﬁ‘e@r{ér@cf‘ O eGsioaieds Ths [4rf tﬁ%ﬂgﬁﬂ?&’gr@el%%w Del&hce

30calculates the percent tity for the test sequence(s) relative to t eren
is the HGH polyadenylation sequence.

It is also possible to use functional derivatives of the HGH polyadenylation

20 sequence such as subfragments or subsequences as well as functional
mutants/variants of the complete sequence or subfragments thereof which have
been modified, for example, by substitution, insertion, addition and/or deletion.
Corresponding subfragments or subsequences, mutants or variants are
hereinafter also referred to as "modified terminators" or “derivative”.

25 A "modified terminator” or “derivative” is a functional derivative of SEQ ID NO:8,
which includes subfragments or subsequences and functional mutants/variants,
and preferably leads to expression levels of a product of interest comparable fo
expression levels obtained with the nucleotide sequence given in SEQ ID NO:8. A
modified terminator proves to be useful for the purposes of the invention if the

30 expression level of a operably linked reporter gene is at least 60%, preferably at
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WO 2010/010107PCT/EP2009/059399 sequence, based on the designated or default program
parameters. One example of an algorithm that is suitable for determining identity is the BLAST
algorithm (Ri2EHRiVe04P7 J. Mol. Biol. 215, 403 -410, 1990; Gish et al., NateerGenstiesS9266 - 272,
1993; Madden et al., Meth. Enzymol. 266, 131 - 141, 1996; Zhang et al., Genome Res. 7, 649 - 656,
1997; Altschul et al., Nucleic Acids Res. 25, 3389 - 3402, 1997). Other computerized implementations
of alignment algorithms are GAP, PILEUP, BESTFIT, FASTA and TFASTA in the Wisconsin Genetics
Software Package. However, percent identity can be also determined by manual alignment and visual

inspection ang&sicriBliomdie PRerépaRly RIS IHEeAREFRIR T SIRlRS 48 859@5\4%@%%9 e

synthetically generated constructs for uptake, proliferation, expression or t?ansmlssmn of nucleic acids

in a cell, e.g. PRREARSOMIRIS 9L BREGWHd & SR N Baircier sovssTRivenTisReteh@aenes,
bacteriophag@@sw.tlsemugtaﬂﬁ RAERPMRIS kD AEUOHEHS {SHRRAYINS \AGRACRRO GRS,

herpes simplex virus, bacteriophages. Methods used to construct vectors are well known to a person

skilled in the SRS B8 sERBKAAEX dRotREp Uk RMSER YRRteuRERHAIQIOS i dhe thetmsdesuitable
vectors, inclugiag/ i deseriptepelyhedHBHNs ARG 80 Wa lehh B ROINE S SHIL AR P AP IE Bt

enhancers, termination and 20 polyadenylation signals, selection markers; origins of replication, and

splicing signale Ard kAP dle!GaR SDSRiIBEEIS Bl R TR BT ofleCsrpRasiasRble Abls asl
typically contgtralsmarokasyoeraaupnaas Hiaitfashiatg e prapag atigrabinsvsstas nbagisria

such as an origin of replication and antibiotic resistance genes for selection in bactéria. A variety of
eukaryotic e>Jr §i5h%§%%@,“ﬁ%ﬁ?§’ﬂﬁ?d 8&MnA%$3Mte into which a polynucleotide can be operably
linked, are well known in the art and some are commercially available from companies such as
Stratagene, La Jolla, CA; Invitrogen, Carlsbad, CA; Promega, Madison, WI or BD Biosciences

Clontechy Palo aliwrfspdbdiny efeniedremiodispina dendnugBHPNMAECHAGIAR O Pohmdeieolde
sequences C ntaini Qne or more transcription units encodin enes of interest which WO
20101010107 P FEPS JosKsi6d %6?&%? & S695E0RE NEH &l%@r@r&i@ﬁ%ﬁﬁwg%ﬁ%@@aipt
termination aofiastapibzatiogemed/Dhigs i iaingseavenss, AlseriRTBEeBARRIIIRgLO b ipugntion

t leotid jsing HGH polyadenylati ignals for t t
Cermination SHRUIAEIOLRSHAHARS 42 HLGRAngLLSEERCS RRALATZRA bt GUREASON Phercl Rove

only a multipleotjpripticsite arhisiomlowsfite eleningeobine-pene @ iBlersiAiA resaopliqsegaygnces

for restriction endc%fr%ucleases. %[Ee termé'igéomoter" denotes a polynucleotide sequence which allows

(HeL S Ption OF e GERELGISsRE SHRSE BHen B i EoivesR d ive agiiestealismoter

and con}?olsiroe%%

contains recaggitiohiEaqeasebiotrinsiingiBNAMDITackabend e tRiliatenisie fertranasrngon
(transcription ingg;}tion sit(ﬁ)‘ In order to eﬁ(g\gefsgﬂ desired sequence in a certain cell type or a host cell
noA

a suitable funttiona %%nmo%Fﬁ?JSFBQ% W&r@%oﬁﬂ harae RRRErEnRR (IR ¥BRSRive,

inducible 15 ereheephegsible protwitersciiemta varingy edgiffesenjaasircas carresdiheyndathe art
(and identifiegeig 9%@19?59?( E§ucq as.G nB%r:J‘() ?ﬁd are available as separate elements or elements
cloned within poiynucieotide ggat?éo’n%e A B R PERF 28 "YER U Rories such as ATCC as well as

other commegci rindjvidual rces. In inducible promoters the activity of the promoter 20
may beﬁcreéﬁ%%éﬁé%eﬁ@a{iﬁgJ sa%ﬁigtyloog 8l ngﬁlé(@%%P E‘%ﬁesﬁq%ﬁﬂl’fé'@éﬁ% er
containing theeuenygeliot Sparddrisentiace tai) wanceet retect tbbsnprisingcyisdnestraateds
transactivato, ey A\)e Bindi f the tTA to the tetO is inhibited in the presence of tet. Examples
for other induém e?g?o&n-{g?e)gé Iﬁgdﬂ?ﬁP o@%r%e@?oqgsib&lﬁe?n (?hﬁ @5}3(’1%%%@ ﬁ&%@ré piGiRoDee
promoters whifL@rCpaniaadgrspiiabke dochintists weasiucizntdkasgqtes: teanstiarsionR@ e the

promoter, ma e e T S0 the et (NP Sk oo e L,

the earl$sprofifbtesed Hugnein Cytonsegrientres (GVY )sd&yaenptesderityeohétenatdggysanemiaalian

30promoters, AiadRa ACLL JILRHASIIPRUNE QLR AT B! igé?r@'at least 75%, preferably
80%, preferably 85%, more preferably 90%, and even more preferably 95% or
more. Substantial identity also exists when the nucleic acid sequence will hybridize
under stringent conditions to the complement of the strand.

30 As used herein, the term ‘“hybridizes under stringent conditions” describes
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WO 2010/010107PCT/EP2009/059399 The aforementioned promoters are well known in the art. A
corresponding heterologous promoter can be functionally connected to other requlatory sequences in
order to in&¥ a@éf}/g{’jﬂ te the transcription activity in an expression casseftEF F@))?é‘}??ﬁl%q, the
promoter may be functionally linked to enhancer 5 sequences in order to increase the transcriptional
activity. For this, one or more enhancers and/or several copies of an enhancer sequence may be
used, e.g. a CMV or SV40 enhancer. Accordingly, an expression vector according to the invention, in
another embodiment, contains one or more enhancers/enhancer sequences, preferably a CMV or
SV40 enhanecendifcfise ftarmy/terdiaaten” skt otes bipylywiucte atid ksegue e ehobies kil ldwd icishacation

acts on the activity of a promoter s, stimulates the tra iption.of a gene, Qg ing sgguence
functionally c%r#lhe%c(?gg ré} %%%‘r”&%@?e&%ﬁﬁ%@ %r%rr% o§§%§W£Fée%% oq%onﬁa%ﬂ&ﬂsaisélﬂgggé n%eﬁt of
position and treetitativalanetivey paintld {)duefthe bpguositieagdandeoat efaafinetindractistirsegibtion

unit, within an intro within th ing regjon ‘ cer.m located both in the
immediate vigf#?i{f ca'(t)rfl_ﬁ %r?%é%%ﬁ%%%ﬁﬁ%%@g ziucnodngsaigﬁgﬁpd é@é\% c%é #@n%ﬂ?%?gr%@o{]eurdﬁ'% also
p]?ssible 5;130 hafvéi aqmnyzs-ioa}am )‘uai:timhia:hoﬁé)%pwf/itﬂm@h@mb&mimm‘ﬁw\emkmfﬂyartﬂﬁahwmtmav;iare
of a number nhancers.from various rce nd 2 oSl in 1KS Suc nBank,
0. Sva0 e SRS B B SR T AR N P EIR E S e st
available as indepmidinet sihtemsaoirsisonestesk teahvathonipblfrivdediide seyuspessiyeatpout
deposited at C r mnerci individ t ences
alod contan Shiier S SEE I AL, S EE SR R ShaTE
enhancer is dagpéthtistrosgedt Edasnedalideititiedfitheort Omrekeaniplg.of idh hodwdiblet ebflancer

is the metallothignej | esii officoi

"Transcfloptior'jli-nréig;géllégijgr%;| e%ﬁ%ﬁéﬁg@é%&%ﬁg@ g)ﬁrﬂ%ﬁsgﬁag Ef#)ﬁ\%t%érgugé?ﬁ%grieoéﬁﬁggééeég%e%%ence
to be expresseectitsiptoemitiatpsEingeaintbadidnrsitescinteanybiyaidetiphatid o Sidn a5 W
2010/010107 . 0 y riptiQn. initigti ite'’ 15,031y gicaeid in the
construct coré:;ggéﬁgf%%&%ét#e% ﬁgs?t ‘&E@Ié%%%%%r‘%%ﬁé@ i%rél%tol?t%? p%ﬁi@%glscripﬁ fée g;éebg MRNA
precursor. The peaides pydmichittionsieahisyadiesiRipAtithaha 5gye batkgrugqiehgbydPladiosim
"transcription termination site" refers to a nucleotide sequence normally represented at the 3' end of

the gene of inteeefidyasd¢nyl stiefctsofgeqoencéstie bearasistriveayvthahesnons RANW pogdikedse to
terminatg ragseHPABrs, which may also include, for example natural occurring nucleotide

sequences further upstream or downstream of the isolated HGH sequence of SEQ
ID NO:7 or selected fragmentis thereof, may be obtained by a skilled artisan with a
knowledge of the sequence or homologous sequences using various standard
methods known in the art and a suitable méthod is also described in the present
20  invention in example 1. Starting from the sequence described in SEQ 1D NO:7 a
suitable fragment may be selected, for example, and an oligonuclectide probe
containing the sequence of this fraction may be chemically synthesized. A probe of
this kind may be used for example to clone the hamster growth hormone gene or
the 3' untranslated region or other fragments thereof, for example by hybridization
25  from a library of the hamster genome. Using the reporter gene assay described
above the skilled artisan is in a position tc identify functional terminator fragments
without any great effort and use them for the purposes of the present invention.
The 3' untranslated region or special fragments thereof can easily be obtained by
PCR amplification with corresponding primers from genomic DNA or a genomic
30 library. Fragments of the 3' untransiated region may also be obtained by limited
exonuclease il digestion from larger DNA fragments. Such DNA molecules may
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10 A "transcription unit", "expression unit" or "expression cassette" defines a region within a vector,
construct or polynucleotide sequence that contains one or more genes to be transcribed, wherein the
genes contAAEB NitHiH'the segment are operably linked to each other. Th&F BEPEHRAEARSI from a
“single promoter and 15 transcription is terminated by at least one polyadenylation signal. As a result,
the different genes are at least transcriptionally linked. More than one protein or product can be
transcribed and expressed from each transcription unit (multicistronic transcription unit). Each
transcription unit will comprise the regulatory elements necessary for the transcription and translation
of any of the 2B selpetedizavitige hatthesiceataimedpriidintie dritnArteaetalfansemptiesizait may
contain the same or different requlatory elements. For example, each trapscription unit may contain
the same ter A 1B BETEhy 07 BAFEha THEG B8 CAAIBP fec ORIy B e g
within a transprgaticrednibyA yiéstepecifiolynmudlepdicestsqiRDRebaayContainguaes ithalzohtigues
transcription unit. 25 'Translation requlatory elements"” c rise g tran Iagon init'a}tion site iSAU.G), a
stop codon af Oﬁo@ﬁ@f&ﬁaﬂ"&t& 'ﬁa?ﬂﬁwaf}&%é’@%é%ﬂ t6) ee%?re §8£ﬁr hYm%.‘??éfF BoSome
entry sites (IREEredgepiol3dé] 1is@Mecs0tossiRiS s Biefisetbbelowuaordeaiteaptiniz
expression it,may be.advisable to remove, add 30or alter 5'- and/or 3'-untranslated regions of the
nucleic acid sbeoqélgﬁ%g% ‘be expressed to eliminate any potentially extra inappropriate alternative
translation WO 2010/010107PCT/E132009/059399 initiation codons or other sequences that may

interfere with or reduce expression, either at the level of transcription or translation. Consensus
ribosome bindisgsitrsafifozaksegudest R0 CECE peSA GRySEQ iIDdXaM3E Ad&é dumgskdes the

start codon) ¢an be | i jatel ream start ¢od nhance 5 franslation and
thus express(lfgnf%@ér%%egé%dﬁ%@gr%ekﬁtg aé%ﬁgr? nlﬁ %g%%sorﬁ%ké%d?#g@ﬁe %%r%%é%r’ ar%?o?é éﬁlréiagnt
ribosome bintiagsike grodiiedarseaneted guiyib ftarentreegenfeoth éntepestiesuiiginpbritasrasagnal

sequence engQdi o[ Sj ide irect ewly synthesized eptide to and
through the é%gm%%m%%%(ée\fv g%%;?]{;é 'gg y%%;ﬁ%%&%r? §§ ré(?'tjgt%de \%r'géé}:)?gﬁ&%%k%%%%%d%? t:i)"resignal
~ peptide is o_fterebaﬂh('unwWB&aI_Iﬁﬁtﬁmsammitﬁsaﬁmswiﬂa peche® dlpriviath faom isheleaamdteff by
signal peptidasss AteL RO sasses el mamprene: The geasssauengadyl gegeraly, but
not necessarily, contain its own signal péptide sequence. Where the native signaFpeptide sequénce is
absent, a hetepsihuicsigaatipeptideissigtesodabie herfobeddo seqiseteeted o5 seauespendnghe
native signal ' u p S Nurger: ighal peptide
Sequences al S LToRe e e e P Bl aet o B S S G
and EMBL. Agreikmeenal itbbmaaskied iitéreoafRES" describes a sequence which functionally
promotes translation initiation independent from the gene 5'of the 20 IRES and allows two cistrons
(open readind M@ige8)tosENFEPGIate BRI cOSHg e IFaTEENpt Tiflant@aimaBeaNenee IREBihrooldes an
independent fREs8ME K UYsSiLE Y dLansiatio he, g, frame. digtel m of
it. Unlike bacterial mI§N:’A wﬁigﬁ%canC%e p?(l)%cig%%%ic, %?%ﬁ%%%g%g'verpﬁ%ﬁﬁg?en@?o)l%/%%g{%jgsg?hat
are translated S¥H0EEHAIPFrolfemblyn FINA SV RHoSNIRN AR dResadhirhar cBB§4WeaGAoREIPRDAR and

code forhe ypibaRposbygBRdONAEHIKlS MERAROUEIIANE RORTER1ELE SIRNEEE erd

translation would initiate from the 5'most translation initiation site, terminate at the firSt stop codon, and
the transcriptGRBIRAIBE rélRASEIHORT BB FHigMRd fesuimg MelHeOtreaBRIIdRNSo R RfeCRR tshcoded

polypeptide ifh RN AR 1Bt IRUCERll R RAVCSUAMAces in the comparison for optimal
alignment. Percent identity between two sequences is a function of the number of

identical positions shared by the sequences, taking into account the number of

25 gaps and the length of each gap which need to be introduced for optimal
alignment of the two sequences. The comparison of sequences and determination

of percent identity between two sequences can be accomplished using
mathematical algorithms. Default program parameters can be used or alternative

parameters can be. designated. The sequence comparison algorithm then

sc  calculates the percent identity for the test sequence(s) relative to the reference
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30transcript having an IRES operably linked to the second or subsequent open reading frame in the
transcript allows the sequential translation of that downstream WO 2010/010107PCT/EP2009/059399
open readiftrEHE¥Y Yroduce the two or more polypeptides encoded by tHelé&PA¥ a3 S ipt. The '
IRES can be of varying length and from various sources, e.g. encephalomyocarditis virus (EMCV),
picornavirus (e.g. FMDV), polio virus (PV), or hepatitis C virus (HCV). Various IRES sequences and
their use in vector 5 construction have been described and are well known in the art. The downstream
coding sequence is operably linked to the 3"end of the IRES at any distance that will not negatively
affect the expessancef fesddwnstreadegigne!dh enpsfauinmogermissiendisan d@riebreemibe
IRES and the _start of the downstream gene can be,readily determined b ryi distance and

! O g B i HIR

measuring e?prggsi%iﬁ%gtani u%itct'%ns d,&%ﬁ'@ SRR fé?nlld%%’ in"’? e a
non-coding n{Adisichaciet sequindeloBiaty Rrtbleadth- rortn a99ireSestt \within, iNatyre kangdiis Gnes,
which is rem frgm,a y transcribed mR recursor by pracess,qf. splicing for which 15
highly conse%/\é(;a%éllI se%%én"égggatl\éﬁﬁaéc He aer};’engt (lﬁ)ft B‘ziHEPglr?] erftr%gne{(?'e%ss_apﬁ 1I hqg%%ergbﬁqg r?rtocess
of splicing reglir&etitanth&85arTd 84énd SO6GthEdbTrohliserudregcily, dlealeid dAaibih&ess@ing 3B@ls of

the mRNA be tely4oined, such that a mature mRNA having the proper reading frame for protein
Synthesis is BoU . Moy COTeD GBI L e B LB C e R e L e 856
immediately savieurielihgtHe eRdrBinEidn- &Adin&korexombbSidaries,thavaNieeorsiaradterete and
described and gye known tp i Slied artisan, I igmanoene shiereste, dasiied seduence
"polynucleotide o Mterest G desirs ger1e’:2 35S Used Rerein Have tha Same meaning anhd e {o az25
polynucleotideligaquesticandf day demgthetbiat e acoldes @ [@aoluct of interest. The selected sequence can
be full length or a truncated gene, a fusion or tagged gene, and can be a cDNA, a genomic DNA, or a
DNA fragment. It can be the native sequence, i.e. naturally occurring form(s), or can be mutated or

otherwise mogifie desired. ificat j timizatj Qﬂ’iigﬂ n
30usage in tﬁgl\ée?g?:‘tﬁédﬁ%@géelF,%E&r%gﬁigﬁaé[?gﬁ%rﬁga%%%%s %ﬁ%ﬁﬁo@éﬁe@@ﬁnc u eérﬂe(ﬁ%c(f) al or
additions of qiretaigakitesnsiticts (o plicledsliceobfeaativnnd 28p0#630I0 AW CITAER2USSIINE9309

ns of goaes IOHCE (IRPHAICOUIEINTNG BINOSOL0 TR CTAERTIGI
st (i L R O SR L

or other regukittinenoresiadnicivopaspmesitce e iopipaep sviiees ISuchoabniitoyglexiiumles.
The selegted SRANANEE CAlenovirus, adeno-associated  virus, herpes  simplex  virus,

bacteriophages. Methods used to construct vectors are well known to a person
skilled in the art and described in various publications. in particular techniques for
constructing suitable vectors, including a description of the functional and
regulatory components such as promoters, enhancers, termination and

20 polyadenylation signals, selection markers, origins of replication, and splicing
signals, are known to the person skilled in the art. The eukaryotic expression
vectors will typically contain also prokaryotic sequences that facilitate the
propagation of the vector in bacteria such as an origin of replication and antibiotic
resistance genes for selection in bacteria. A variety of eukaryotic expression

25 vectors, containing a cloning site into which a polynucleotide can be operably
linked, are well known in the art and some are commercially available from
companies such as Stratagene, La Jolla, CA; invitrogen, Carlsbad, CA; Promega,
Madison, Wi or BD Biosciences Clontech, Palo Alto, CA.

0 A preferred embodiment of the invention are vectors or polynucleotide sequences
containing one or more transcription units encoding genes of interest which
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5 encode a secreted, cytoplasmic, nuclear, membrane bound or cell surface polypeptide. Within the
scope of the present description the terms "functional linking", "functionally linked" or "operably linked"
means thaf’%%oé?’ A8t nucleic acid sequences or sequence elements aré 55’5‘%%9?36’? 339way that
permits them to 10 function in their intended manner. For example, a promoter/enhancer or terminator
is functionally linked to a coding gene sequence if it is able to control or modulate the transcription of
the linked gene sequence in the cis position. Generally, but not necessarily, the DNA sequences that
are functionally linked are contiguous and, where necessary to join two polypeptide coding regions or
in the case otartprimeratimasigoad pdpild pagatiguglaiandsigmehding fragerift derevier tathangh an
operably Iinke% romoter is erally located. upstream or an gperably linked terminator is generally
cated donrSTEUAP S Ihes it Shot U e e oS o A et el o no
have to be contigntins asaieng asdherg inaeaspdhetastidptiorsefj temceslingeeturising. FoIGHS they
can be 20 located ypstream or downstream of the.coding sequence and even. at some distance, A
polyadenylatign GRSt Anf HHFLH (5'a SRR oqUuRandt X ts Ridict R o8 FindB¥iNe S5ding
sequence in awuadgithgtdeauscrietion protesdadhrbgghdb @tivderg sidumen calintorthédtjpddy eldeinydation
signal. Linking.is accomplished, by recombinant methods. known in the art, e.g. using PCR 25
methodology 1y MR L0 S A oL S e, A e S b bR e nkers
or adaptors caEsbelizedndacgolebag. conventional practice if suitable restriction sites are not
present. The term "nucleic acid", "nucleic acid sequence", "nucleotide sequence", 30
"polynucleotide”, "polynucleotide sequence” or "DNA sequence"” as used herein WO
2010/010107P&TiEPR0D/0aEeBdartdes @ polwiigdrotibe tdégencie otiticioa holyh acie aidéralsd
fragmens a"[‘ffé’ot?é%%jc@%eé’fo"’fn%o ﬁ%é’rﬁ% 59&88@' eooer{sléﬁgh?r%ﬁ UG, RIGH AR e
single or doublé stranded and represe € sense or antisense strand. The sequéence may bea
non-coding spopente, aauding segaghid®nr sequiacefisr itldirineNis|golpnidrssguandethef the

present nvenigRAR BROTEPISH S RSN ashanRR B Kopun e pecotakilinne ax The

term "encoding"” or “coding” refers rent property or specif uences of nuc esina
nucleic acid, dasheats segeapda theonsstpmesast ixpeniRNAjasisEl @ &8 tedipl dues fonsy mioesisasf other

polymers an 1 s 10 in hiologi roce in i 0 ides
(e, RNA. TR oRe R oleales e AR g eo R e
therefrom. Acoutdiaptesaibenproodeie ferfeoprozeiraiiahe efediffetgnbeduisgsodteedkih bnesioin
another biologjgal by, transcriptio e t [ t : ding
strand, the nt?(i eo%?gj%@u%gr%@ 0 5%&%5#%%%%%3@8 %ﬁ%ﬁ @q%@r?;e% gg:da ?/sgtg%ég Iyg‘a(?S
provided in seégperaie listergsnisdaasiaredy. gmed ovithenBeolknasbatidecsdingesieasd figged as

the template criptign, n erred s.encaodi EQ; oF in or
other producta%rmﬁz?%gggnﬁe O@C%Nﬁé%%%ﬁeélg 2%? @ugjtg er?(\:%%?s é%r(\);‘?g& Fﬁ%lt%%eglgany nu&té?c%écids
that have diffefsiic@sicrRiotigividiepicseerspat In inducible promoters the activity of the promoter

20 may be increased or reduced in response to a signal. For example, the
tetracycline (tet) promoter containing the tetracycline operator sequence (tetO) can
be induced by a tetracycline-regulated transactivator protein (tTA). Binding of the
ITA to the tetO is inhibited in the presence of tet. Examples for other inducible
promoters are jun, fos, metallothionein and heat shock promoters. Of the

25 promoters which are particularly suitable for high expression in eukaryotes, there
are for exampie the ubiquitin/S27a promoter of the hamster (WO 97/15664), SV 40
early promoter, adenovirus major late promoter, mouse metallothionein-| promoter,
the iong terminal repeat region of Rous Sarcoma Virus, the early promoter of
human Cytomegalovirus (CMV). Examples of other heterologous mammalian

36 promoters are the actin, immunoglobulin or heat shock promoter(s).
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20 encode the same amino acid sequence of the protein due to the degeneracy of the genetic code.
Nucleic acids and nucleotide sequences that encode proteins may include introns. In the Sequence

Listing the ¥EAEELSTe presented as DNA rather than RNA sequence. E6F &3 Hen
presented as DNA the start codon is presented as ATG rather than AUG. 25The term "cDNA" in the
context of this invention refers to deoxyribonucleic acids produced by reverse transcription and
typically second-strand synthesis of mMRNA or other RNA produced by a gene. If double-stranded, a
cDNA molecule has both a coding or sense and a non-coding or antisense strand. 30The term
"expression” fisaIsediereintiaiets tortruteriptioreandior kamwstation df@ WO A corresponding
2010/010107P§T/§I§P2009/059399 heterologous ucI%ié; acid sequﬁ?nce itgi?n a host cell. '|' e level of
expression o1h§ §& 938%?0&158%?%0&?%” ay BEURY J’Hinga ﬁii% asis gfﬂéﬁ%eﬁﬁg 210unt of
correspondingeld hfnoesnik bAddatd sresesd/edldacether ttbe soription cfdticitgesired priypepimte

encoded by the selected sequence. For example, mRNA 5 franscried from a selected seqguence can
Lo R ARy, B i rnAeR o

be quantitate%ﬁ% 5?%%&%0% fﬂ%‘ﬂd%’a@e Lﬂ%ﬂ%ﬁ i iz

cellular RNA sgdiyeRER. Proteies encudeddyy thecierted miguen artiaitybd qudhistated: byr vaidoels

methods, e.g. by ELISA, by Western blotting, by radioimmunoassays, by immungprecipitation, by

ssaying for B ERIGER & ALt a5 P o SRR b Pt R SnaRGD! 1Y Mo ebiiohed by

FACS analysEh\PC Ry TBY 4€rmeripalypmaptidetsdiagtl jnterckapgestibnwithctamiaccacting siduthe

sequence” or. the term "protein’ and refers to polymers of amino acids of any length. These terms also
ﬁ ﬁ Wﬂg g Sha gnﬁﬁg er, @% P

include protelﬂgqﬂ ?Bre“boé?-?ﬁﬁﬁ&a%m g aified't r'&?gl?rr]ga&'iormso{ﬁat include g

are ngtrlimited

to glycosylatieagggmatinmrécasiety latithd\pbo HHtbydatiamoexidation, amidation or protein processing.
Modifications and changes, for example fusions to other proteins, amino acid sequence substitutions,
deletions or insertions, can be made in the structure of a polypeptide while the molecule maintains its

biological funEfiSH@rELiONYaREEESeNBIEEARDAHMBOMEs seguenee yinstitifidhe eMmleadiade in a
polypeptide 2Q-or #5 WdaEY NG HHESIFREKICOMHROIRAIURNEE ARd RraigHi 6apHRR abiaigesknth like

properties. Amino acid modifications can be prepared for example by performing site-specific

mutagenesis $¥H08, FRANEE ¢h drnienRllY reaResterh JRidRiSe RIOBIPIE MU ANQISESa NG
sequence. ThasimsPRYRSRHEER RUMRISBIRBILEDTPEBEPIaniIdpR MSteRSHFRNSISENOc@Han

immunoglobulin 25component, e.g. the Fc component, and a growth factor, e.g. an interieukin. As

used hefein, therefare BRtpriijionsdudeon iRl ind o dE@BRaTRSIEh EBIlMHIR AP HAUFRT Miman,
humanized, of\&HRRIG-AREOsINY SEIhChaiE aRtBRAEYY %Sym@%@ﬁaaieatﬁa@wm%@aia@ibody

(e.g., an Fab or F(abi)2 fragment), a disulfide-linked Fv, etc. Such antibodies may be produced

through chenfiEiY/eJ B8 BAVSSL PHOR HEPa 6105 6908 e Rk A siRn reBRTBI PR T g dnic
means, via cedl (859 JodaiislereaheiuEe pRy S Atheicnieasso ratolagae drHRFROpBRiGBHIEAINding

= Fab) consist of the variable regions of ‘
skilled artisan will be aware of a number of enhancers from various sources (and
20 deposited in databanks such as GenBank, e.g. 8V40 enhancers, CMV enhancers,
polyoma enhancers, adenovirus enhancers) which are available as independent
elements or elements cloned within polynucleoctide sequences (e.g. deposited at
the ATCC or from commercial and individual sources). A number of promoter
sequences also contain enhancer sequences such as the frequently used CMV
25 promoter. The human CMV enhancer is one of the strongest enhancers identified
hitherto. One example of an inducible enhancer is the metallothionein enhancer,

which can be stimulated by glucocorticoids or heavy metals.
“Transcription-regulatory elements” normally comprise a promoter upsiream of the

30  gene sequence to be expressed, transcription initiation and termination sites and a

polyadenylation signal.
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both chains which are held together by the adjacent constant region. These may 5 be formed by
protease digestion, e.g. with papain, from conventional antibodies, but similar Fab fragments may also
be produc 9&%@%’3 h time by genetic engineering. Further antibody fra%@ﬁé‘?ﬁ%oﬂ? ﬁ%?g%:(ab')z
fragments, which may be prepared by proteolytic cleaving with pepsin. Using genetic engineering
methods it is possible to produce shortened antibody 10 fragments which consist only of the variable
regions of the heavy (VH) and of the light chain (VL). These are referred to as Fv fragments (Fragment
variable = fragment of the variable part). Since these Fv-fragments lack the covalent bonding of the
two chains by the cysteines of the constant chains, the Fv fragments are often stabilised. It is
advantageous to link the variable regions. of. the heavy and of 15 the light chain by a short ti?e
fragment, e.| BF 1500 30 ARTACFAS T LVEHSd0R €5 TS ARids. THARE kR EndIE SRpiElrand is
obtained consstiegumndiharid Ye, firdtedUoyedcperitde dokerAedaintibdty priteanyofrtinis ddpt issknown
as a single-chain-E Fv). Examples.of scEv-antibody prateins of this kind are kngwn fr e prior
art. 20In rece[ﬂr?te ye!g\gg\gar%shesc d rsaot?égis’é%%;\';%rg’ecg %%e'gggﬁ %o Eﬁeepat}?ﬁgy =V raPaSpa nwf(lgjl ir%pe'r ic
derivative. Thsastemsiegleniessl, in particular, to recombinant antibodies with improved
pharmacokinetic and biodistribution properties as well as with increased binding avidity. In order to
achieve multimerisation of the scFv, scFv were prepared as fusion proteins with multimerisation
domains. Thé B8 teattifieasatioptidoniainsmaépibe;jte’grafer Cid 3regiciedide sgGuenceiledrotilly

structure (helix structures) h as Leucip:zipper domains. However, there are alsq strategies in which
the ineraciol DAL ENTRE Cob B e e e ARSI R L 1
and pentabodiedyaByotibbodin the skl RRS golymanssa bivEdemthaim odinseriptsofy derivative. The
shortening of the 30Linker in an scFv molecule to 5- 10 amino acids leads to the formation of WO
2010/018107PCT/EP2009/059399 homodimers in which an inter-chain VHNL-superimposition takes

place. Diaqu’ieﬁmddmmmaﬂ?’ béextziaitision byﬁﬁﬁ’ednéemxp@sﬁdmnoﬁaltmqﬂhfdéeﬁiﬁ@ge& Egaomples of
Divalont, oA e L e S s 108 Ben LR AR Sy R R R gion
of an immunagobalitg mefémﬂyﬂi@)@d_mmbemfefethbl)geges mmmméhﬁommgﬁgmﬁiﬁhaw
ibody. o L R P aey L Shr B s L ey e Lot prat e
trivalentthomtraimaeriptsprisderivatiated 0\ aF{edstivady eolwbdeaiyi atidnviigmel fubed diesolly thighout a
miniantbedies TG (A B or ol R LSt L A Qe e Sup PG oFec
multimerisatigndg weirrisdroubly digrsicridvadtraandriceegitedsasil strasturesch dnaregeririibn  unit
(multicistronic transcription unit). Each transcription unit will comprise the
regulatory elements necessary for the transcription and translation of any of the
20  selected sequence that are contained within the unit. And each transcription unit
may contain the same or different regulatory elements. For example, each
transcription unit may contain the same terminator. IRES element or introns may
be used for the functional linking of the genes within a transcription unit. A vector
or polynucleotide sequence may contain more than one transcription unit.
25
"Translation regulatory elements” comprise a translation initiation site (AUG), a
stop codon and a polyA signal for each individual polypeptide to be expressed. An
internal ribosome entry site (IRES) may be included in some constructs. IRES is
defined below. In order to optimize expression it may be advisable to remove, add
30 or alter 5- and/or 3'-untranslated regions of the nucleic acid sequence to be

expressed to eliminate any potentially extra inappropriate alternative translation
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15 embodiment of the present invention, the gene of interest is encoded for any of those desired
polypeptides mentioned above, preferably for a monoclonal antibody, a derivative or fragment thereof.

The "polyp&Stitfd YF1At&fest", "protein of interest” or "product of interest" inBfcIBEZIASETHE

polypeptides, fragments thereof, peptides, fusion proteins all of which 20 can be expressed in the
selected host cell. Desired proteins can be for example antibodies, enzymes, cytokines, lymphokines,
adhesion molecules, receptors and derivatives or fragments thereof, and any other polypeptides that
can serve as agonists or antagonists and/or have therapeutic or diagnostic use. Especially, desired
proteins/polypepdities copooieios athistaest anederiaxample i2izteten atfinvred: thutes ebiprassidin; like

growth factor, hGH, tP, tokines, such.as interleukines.(IL),e.g. IL-1, IL-2 IL-3, IL-4, IL-5, ]L-6, IL-7,
1 1o 1L eh 2y e B 8T o o A i S0 e RGY o ST G et
IFN gamma, {Rbzakegayoeiel: taiC CBOCACTFSSECIQSEN FD shch: 63)T ME alpbanatitLiigs Fheta,
TNF gamma, TRAIL; G-CSF, GM:CSF, M-CSF, MCP-1, VEGF and.30nanohodies. Also included is
the productoT it SO GRSor B St P BTy WS R TEITOS e S SR U Gromtr
factors and ammyrattsivpolype ptides Exatessiceneasagenisid_breantaginistoand/dhisaviedserapeutic
or diagnostic,us e meypjﬁ% according to the in enf?i10n can %éso be advantageously used

t

. Th for
production ot SIBSHELS SIS RSl BN IO RIUE a1 SIATIEhan SBeles, or
fragments 5 thelgpbde fab Jeals’ F (ality2 sk aandl ycihithgiaentss igeavysanddigty ismoudivgjabulin
chains and their constant, variable or hypervariable ion_as well as Fv- and Ed-fragments. Th
“arotioct of IETEEL Doy A BB REn B, oA TR s AR Ve e oA
riboproteins dhiathgh ribgulforyaRitbéan 4 vibesrtiethpo i epéEde esenbmventeshforeseespierfoiithed in all
eukaryotic cells. Cells and cell lines may be, present e.g. in.a cell culture and include but are not limited
to eukar&%tiﬁ ésgﬁ%?s%hsgsﬂ@eggt? %ﬁ{gnf,gir?ztégcq oru;[ng%gmua fgﬁrggl&. %ltlor eexéar'ﬁnp')?é), g?éﬂéﬁliésn?gy e
oocytes, emizgoretestarotaits shanmtbpeiatt ote by 1Sgredis papdios pseatfadiffesepttitid cedissds

wherein the TSI CATPG e Sk 0 A A P CEa e B UL Bp o

pig cell. PrefeisedverlidigesiopéhtidecetisiUtarabe Boeectine ofdbiopEignalcpeaticals aeguema,isnice,
rat, monkey, nt.cell Jj More ferred.are hamster cells, preferably 21, BHK TK",
CHo, croeb B R R SO S R I T B R A s s
of any ofssuchaspiiness. Rartithdarlyapirade s ale (@0 GeRUBHEG: DEHIX ieH @dia@d Obs aad
BHK?21, and eferre - 4 -DUKX cell rthermore, murine l[oma
cells, preferaﬁ%%@géagr% éﬁ%/og\égﬂ%?%% é@ %ﬁ;r%%%es/%}égggﬁé%%%é%%%??gﬁcﬁoé{éﬁiﬁgg sare also
known as praftistionecel | disessitebiosemenceutiata prots ) ddasrprrBeihamteEviB hamster cells

which can be used in the meaning of this invention are summarized in Table 1. 30
An “internal ribosome entry site” or “IRES” describes a sequence which

functionally promotes translation initiation independent from the gene 5'of the
20 - IRES and allows two cistrons (open reading frames) to be translated from a single
transcript in an animal cell. The IRES provides an independent ribosome entry site
for translation of the open reading frame immediately downstream of it. Unlike
bacterial mRNA which can be polycistronic, i.e., encode several different
polypeptides that are translated sequentially from the mRNAs, most mRNAs of
25 animal cells are monocistronic and code for the synthesis of only one polypeptide.
With a polycistronic transcript in a eukaryotic cell, translation would initiate from
the 5'most translation initiation site, terminate at the first stop codon, and the
transcript would be released from the ribosome, resulting in the translation of only
the first encoded polypeptide in the mRNA. In a eukaryotic cell, a polycistronic
o transcript having an IRES operably linked to the second or subsequent open
reading frame in the transcript allows the sequential translation of that downstream

24



WO 2010/010107PCT/EP2009/059399 TABLE 1:Eukaryotic production cell lines CELL LINE ORDER
NUMBER NSO ECACC No. 85110503 Sp2/0-Ag 14 ATCC CRL-1581 BHK21 ATCC CCL-10 BHK TK
ECACC NJY85819%3aK ATCC CCL-15 2254-62.2 (BHK-21 derivative PATEE260038844 cHO

open reading frame to produce the two or more polypeptides encoded by the
same transcript. The IRES can be of varying length and from various sources, e.g.
encephalomyocarditis virus (EMCV), picornavirus (e.g. FMDV), polio virus (PV), or
hepatitis C virus (HCV). Varicous IRES sequences and their use in vector
5  construction have been described and are well known in the art. The downstream
coding sequence is operably linked to the 3’end of the IRES at any distance that
will not negatively affect the expression of the downstream gene. The opfimum or
permissible distance between the IRES and the start of the downstream gene can
be readily determined by varying the distance and measuring expression as a
10 function of the distance. '

The term “intron” as used herein, refers to a non-coding nucleic acid sequence of
varying length, normally present within many eukaryotic genes, which is removed
from a newly transcribed mRNA precursor by the process of splicing for which
15 highly conserved sequences at or near either end of the intron are necessary. In
general, the process of splicing requires that the 5'and 3’ends of the intron be
correctly cleaved and th'e resulting ends of the mRNA be accurately joined, such
that 2 mature mRNA having the proper reading frame for protein synthesis is
produced. Many splice donor and splice acceptors sites, meaning the sequences
20 immediately surrounding the exon-intron- and intron-exon-boundaries, have been
characterized and described and are known to the skilled artisan.
The terms “gene of interest”, “desired sequence”, “polynucleotide of interest” or
‘desired gene” as used herein have the same meaning and refer to a
25  polynucleotide sequence of any length that encodes a product of interest. The
selected sequence can be full fength or a truncated gene, a fusion or tagged gene,
and can be a cDNA, a genomic DNA, or a DNA fragment. It can be the native
sequence, i.e. naturally occurring form(s), or can be mutated or otherwise modified
as desired. These modifications include codon optimizations to optimize codon
30 usage in the selected host cell, humanization or tagging. Furthermore they can
include removal or additions of cis-acting sites such as (cryptic) splice donor,
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ECACC No. 8505302 CHO wild type ECACC 00102307 CHO-K1 ATCC CCL-61 CHO-DUKX (= CHO
duk-, CHO/dhf() ATCC CRL-9096 CHO-DUKX B11 ATCC CRL-9010 CHO-DG44 Urlaub et al., Cell 33
(2), 405 - 19 AYERHYO Pro-5 ATCC CRL-1781 CHO-S Invitrogen Cat N& BV 13 Stanley
P. et al, Ann. Rev. Genetics 18, 525 - 552, 1984

acceptor sites and branch peoints, polyadenylation signals, TATA-boxes, chi-sites,
ribosomal entry sites, repeat sequences, secondary structures (e.g. stem loops),
binding sites for transcription factors or other regulatory factors, restriction enzyme
sites etc. to give just a few, but not limiting examples. The selected sequence can

5 encode a secreted, cytoplasmic, nuclear, membrane bound or cell surface
polypeptide.

Within the scope of the present description the terms ™functional linking®,
"functionally linked" or “operably linked” means that two or more nucleic acid
sequences or sequence elements are positioned in a way that permits them to
10 function in their intended manner. For example, a promoter/enhancer or terminator
is functionally linked to a coding gene sequence if it is able to control or modulate
the transcription of the linked gene sequence in the cis position. Generally, but not
necessarily, the DNA sequences that are functionally linked are contiguous and,
where necessary to join two polypeptide coding regions or in the case of a
15 secretion signal peptide, contiguous and in reading frame. However, although an
operably linked promoter is generally located upstream or an operably linked
terminator is generally located downstream of the coding sequence, it is not
necessarily contiguous with it. Enhancers do not have to be contiguous as long as
they increase the transcription of the coding sequence. For this they can be
20 located upstream or downstream of the coding sequence and even at some
distance. A polyadenylation site is operably linked to a coding sequence if it is
located at the 3’end of the coding sequence in a way that transcription proceeds
through the coding sequence into the polyadenylation signal. Linking is
accomplished by recombinant methods known in the art, e.g. using PCR
25 methodology, by ligation at suitable restrictions sites or by annealing. Synthetic
oligonucleotide linkers or adaptors can be used in accord with conventional
practice if suitable restriction sites are not present.

The term ‘“nucleic acid”, “nucleic acid sequence”, “nuclectide sequence”,

” L}

30 “polyhucleotide , “polynucleotide sequence” or “DNA sequence” as used herein
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V79 ATCC CCC-93 B14AF28-G3 ATCC CCL-14 HEK 293 ATCC CRL-1573 COS-7 ATCC CRL-1651
U266 ATCC TB-196 HUNS1 ATCC CRL-8644 Per.C6 Fallaux, F.J. et al, Human Gene Therapy 9(13),
1909 - 191N YIFELP'ECACC No. 87111906 PCT/EP2005/059399

refers to an oligonucieotide, nucleotide or polynucleotide and fragments and
portions thereof and to DNA or RNA of genomic or synthetic origin, which may be
single or doubie stranded and represent the sense or antisense strand. The
sequence may be a non-coding sequence, a coding sequence or a mixture of

s both. The nucleic acid sequences of the present invention can be prepared using
standard techniques well known to one of skill in the art.

The term “encoding” or “coding” refers {o the inherent property of specific
sequences of nucleotides in a nucleic acid, such as a gene in chromosome or an
mRNA, to serve as templates for synthesis of other polymers and macromolecules

10 in bioiogical processes having a defined sequence of nucleotides (i.e. rRNA,
tRNA, other RNA molecules) or amino acids and the biological properties resulting
therefrom. Accordingly, a gene codes for a protein if the desired protein is
produced in a cell or another biological system by transcription and subseguent
translation of the mRNA. Both the coding strand, the nucleotide sequence of

15 which is identical to the mRNA seguence and is usually provided in sequence
listings of databanks, e.g. EMBL or'GenBank, and non-coding strand, used as the
template for the transcription, of a gene or cDNA can be referred to as encoding
the protein or other product of that gene or cDNA. A nucleic acid that encodes a
protein includes any nucleic acids that have different nucleotide sequences but

20 encode the same amino acid sequence of the protein due to the degeneracy of the
genetic code. Nucleic acids and nucleotide sequences that encode proteins may
include introns. In the Sequence Listing the sequences are presented as DNA
rather than RNA sequence. For example, when presented as DNA the start codon
is presented as ATG rather than AUG.

25 The term “cDNA” in the context of this invention refers to deoxyribonucleic acids
produced by reverse transcription and typically second-strand synthesis of mRNA
or other RNA produced by a gene. If double-stranded, a ¢cDNA molecule has both
a coding or sense and a non-coding or antisense strand.

30 The term “expression” as used herein refers to transcription and/or translation of a
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WO 2010/010107PCT/EP2009/059399 Host cells are most preferred, when being established,
adapted, and completely cultivated under serum free conditions, and optionally in media which are free
of any prot‘gﬁ%/‘ﬂ’é a%l%¥animal origin. Commercially available media sucﬁ%@&ﬁ?%ﬁ??&gma,
Deisenhofen, Germany), RPMI-1640 (Sigma), Dulbecco’'s Modified 5 Eagle's Medium (DMEM; Sigma),
Minimal Essential Medium (MEM; Sigma), Iscove's Modified Dulbecco's Medium (IMDM; Sigma),
CD-CHO (Invitrogen, Carlsbad, CA), CHO-S-SFMII (Invtirogen), serum-free CHO Medium (Sigma),
protein-free CHO Medium (Sigma), EX-CELL Media (SAFC), CDM4CHO and SFM4CHO (HyClone)
are exemplatyeipmiogriate mutlenesidusiense Ay witthe a hastdielmalydkesepplenpraesics alegessary
with a variety of I fwhich.are, ' tor, as
i, wansin O SR, T RS R SRR A BT e R e,
calcium, magresiuraspbogitafeé N Ausfers Rl HEPESSNhucldosided, (sudhasadembsifidhe
thymidine), glutamine ivalept ener urces, ntipjati e s. Any
other necess%%%% §w§§éﬁﬁ.§gay%$§éc%ge&in§ﬂ ugé%l %%ggégégp%@éﬁ%énﬁﬁic%r??ﬁﬁ%o%ﬁ% known
to those skilléwnsthibedt. frothe presdettizyentgnaheaiserof serunLtretiiatedidvy idordfernredpiobt
media suppl ited with a.suj of. serum.ca cultivat f.hqst cells.
For the growwgﬁéﬁgae%}:%c?ﬁgﬁ gnge |caﬁ“%o%@%gﬁéqéi?%;sﬁ%ﬁ%%%@e g&’t%’%ﬁ:@a@ﬁﬁabb
selection agdnt isGIAdEdatethe enttatehbyiameEoiedraasiedtion cahdukaryatitthtad tollsanithis

| leofi : . il . ant
ransgenio oalS b oot e By oty Sletsa el ko B s T o s o
methods inclindenboeareaipitaiicitecoy Bpesying-fnedircbicbgiaakfectiviy eildhenisaigiphare by

- initati ' ' - ' fection, protoplast
co-precipitatign, ¢ ﬁSg%?ﬁ’@#ﬁﬁﬁ%@@%@@&”%ﬁﬁﬁgﬁa& _ lsalx_eéipg(ans ection, protoplas

fusion, m_icromjec lonan ! _ reterall sfection Is a staple transfection. The
ransfection mathog{hat pigNdesRRIim Al tagsieche Teseasy and axpressing obibe helsrgleaous
genes or polynucleotides in the particular host cell line and type i5 30 favored. Suitable methods can
be determine&ﬁay&)agﬁﬁ@prﬁ@dar@s.“pmt@ta‘b|aﬂﬁbﬁ@f@&a&ﬁsnﬁwmﬁf§t@&§@@0emasr@égaatéd into
the host Ce"'?e%%'ﬁ}?mﬁn%%é“te\%% 2@%8/ Qﬂr%rgép&?;lfléﬁ309%9%%9@9?0%5&1{#%[31ionaNy_ modified

chromosome/mihi-chromosome or located episomally so as to be stably maintained within the host

cell. For gendhe@islof geatiasllihmodivbdicel e siessing iieinddini@yerwiares, a8leqiined
heterologous ggnas s e, RETLACHNOIB MBS DT POMMAIBALAB SeQHSRES NN

multicistronic 5 transcription units. In"this case the host cell is transfected with single vectors or

polynucleotidd@@dificatiens. afe KERNSRYo IR RrRHRIEN MSEPR R snibaePmRINferémifecteeidor
polynucleotide, se@rHeRCS S 4Rt eS8 d1eabAs!SrarR EHlkHCURANSEE HB WD (b \ERIRES @ of a

polynucleotide sequences and/or are transfected in successive rounds with the vectors or

polynucleotideobRfriiftedHE AR he'eoykensBainiatareds Byaleainabiuasianabigalidotiber
sequence or eYeRICRS RIS i 1 BRPLERH SRELIREBEARRBIE PSR QBRI enpatii HiRieLy is

referred to as "heterologous, "heterologous sequence”, "heterologous gene", "heterologous coding

sequenéd”, "RaSJEMe biNEEBRIGARDLEENT RARAURRERANE et eAteheToRsiivd Bven if
the sequence;ig beHRERHESCARRING IRAQ LnBRILEIBHSC LI BBLGHIORBCTBPIBRANDREGENCE O

an endogenous gene of the host cell. For example, a hamster actin gene introduced into a hamister
host cell is bPEERRTTRG aHiensieRsifitisaeimsenadie tefmPelimRjassushRiBangataiRnalpestinigd

contained in métﬁﬁﬁﬁégggéﬁi&@u%@eﬁ\r‘yﬁ@dﬁ%@Wé&@@%@éﬁ%@f%%&ﬂﬁ%%&hﬁe@%& in the
genome of the un-manipulated wild type cell. The term "selection marker gene" refers to a gene that
only allows c8lfPcangiides, for example, fusion proteins consisting of an immunoglobulin

25 component, e.g. the Fc component, and a growth factor, e.g. an interleukin.

As used herein, the term “antibody” includes a polyclonal, monoclonal, bi-specific,
multi-specific, human, humanized, or chimeric antibody, a single chain antibody,
an antigen-binding fragment of an antibody (e.g., an Fab or F(ab'}), fragment), a
disulfide-linked Fv, etc. Such antibodies may be produced through chemical
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the gene to be specifically selected for or against in the presence of a corresponding selection agent.
By way of illustration, an antibiotic resistance gene 25 can be used as a positive selectable marker
gene that HETEHHE NS cell transformed with the gene to be positively s&gg{ggwwm%gpresence of
the corresponding antibiotic; a non-transformed host cell would not be capable of growth or survival
under the selection culture conditions. Selectable markers can be positive, negative or bifunctional.
Positive selectable markers allow selection for 30cells carrying the marker by conferring resistance to
a drug or compensate for a. WO 2010/010107PCT/EP2009/059399 metabolic or catabolic defect in
the host cell. dprdbesiastyinagativetsetettiontraadgesialioescal|s/@oyintetbe markidomd)ecatleetjvely
eliminated. For gxam Iemusin the HSV-tk gene as a marker will make the cells sensitive to agents
such as acyc%w aonﬁég"an%?a%‘vir. The selectable marker genes used herein, including the amplifiable

cauivalents, B B P B S T e

equivalents, deriva sions O able marker gene so fong as the
encoded prodhath reitaiins tvbisblerablelgrogetye Usefthel@djatent gemieilyrhgiansibsaatiaby

sequence similakj t ' [ in regions.r i f -
associated V:l% tlﬁgné%ﬁjec&ﬁgeagér)%%%%Jfé%g\ggﬂét%géf r\ﬁggkgrg éenéi@v@“%ﬁ?ﬁﬁ%ﬁ&% é%% z§r isan,
have been désdrititi|dandhadingadgifoactp mb|.lpodhiy @imshaae )imirkersgasetisng. WOISRIEIBT 96
and WO 94/ InGQrper j ; e used
with eu karyo%gééﬂ}%%ﬁﬂdmﬁ%?rﬁggﬁ)&s{ﬁnglé&%c{%s@&é%%ﬁ%eréaerﬂfsa%ﬂ%?%B%ﬂgﬁ)mf%@gmycin
phosphotransgfapseetHyGy adéojdticfolery edwothgee(@HER), thymidine kinase (TK), glutamine
synthetase, asparagine synthetase, and genes encoding resistance to neomycin (G418), puromycin,

histidinol D, Biséisyeenada sR@BREGNG Thethasie didbleansiifallenindues instanarhianehesies an
enzymeﬁé"h'cﬁe{%ﬁ%&qH}ﬁ‘?&f%ﬂ@&tf}rﬁé{ A QUi SBIS ﬁé@ﬁﬁné%ﬂﬁ%@“ﬁ/ﬁﬁ%ﬁé%@% the

selectable amplitiable marker gene may €ncode DHFR which gene is am when a host cell

transfected thEFEWAEIS Pdln ihNBeep@rseietebd decisctive Hgerenistibries@meniwexipble =
Accordingly, %@W@H?&%@F%‘W@E%ﬁ BGSOEANGSIO Y, JERNIPRADR AN Bonding

encompassed by this invention, wherein the 25 selectable amplifiable marker gE(;:'ne encodes for

example for @pEMpBpBIdNBRENNBEAKEISIEE difyB R fePaRiaat ¢oriss (T1rRY, GharaHse are
synthetase, (B, agangsing ﬂ?@@ﬁ\%ﬁ%@‘é@@gﬁlﬂ%@ﬁ@@éﬁaHMPeﬁM@%@% WERWand of

dehydrogenase, xanthine guanine phosphoribosyl transferase, HGPRIase, thymidine kinase,

thymidylate sighistaisehdnyRapronsireptdaroruinenti e BREHUIRSE, AR RRFS spRefRiRRY,
arginosuccingtg éWH@?&@sPEHiW&e\HEgaébﬁﬁéﬁésgeF\M@ Q%@@eﬁ%@&%@m&agﬂw
7PCT/EP2009/0 +

transferase, threonyl- WO 2010/010107PC 59399 tRNA synthetase or Na+K+-ATPase.
For a review 8R¢h¥ lexiisrhiyselaplne dikafiabik ahiBRM BrISsidMsTHPR 18 L8OWA@EmanN,

Methods in EgizgRologn-HbRF ). 16HER0 50nspaitistlselesamieannifiahle pakssegne is

the gene encoding .
from the prior art.

20  In recent years, various sirategies have been developed for preparing scFv as a
multimeric derivative. This is intended to lead, in particular, to recombinant
antibodies with improved pharmacokinetic and biodistribution properties as well as
with increased binding avidity. in order to achieve multimerisation of the scFv,
sckv were prepared as fusion proteins with muitimerisation domains. The

25 multimerisation domains may be, e.g. the CH3 region of an IgG or cofed coil
structure (helix structures) such as Leucin-zipper domains. However, there are
also strategies in which the interaction between the VH/VL regions of the scFv are
used for the multimerisation (e.g. dia-, tri- and pentabodies). By diabody the skilled
person means a bivalent homodimeric sckv derivative. The shortening of the

30 Linker in an scFv molecule to 5- 10 amino acids leads io the formation of
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dihydrofolate reductase (DHFR) which is necessary for the biosynthesis of purines. Cells lacking the
DHFR gene will not grow on medium lacking purines. The DHFR gene is therefore useful as a

dominant SERAHHB & ker to select and amplify genes in such cells gromﬁﬂfﬁpﬁﬂgmi’gcking

purines. The selection 10 agent used in conjunction with a DHFR gene is methotrexate (IVITX).
Another selection and/or amplification marker is the glutamine synthetase (GS) gene. The GS gene
encodes the glutamine synthetase enzyme which is required for synthesis of the amino acid glutamine.
Cells lacking the GS gene or expressing 15 low endogenous GS levels will not grow in glutamine-free
media. The GByedknisethencfidreiusefihEs-ardomidl isalepaitepostker toked et andHadiegenes

in such cells growing in mine-free.medju he selection a u 1n conjunction with the GS
o s ot DR L B e R o T e RS T,
Amplifiable Mafri@tGdpaaAitivedyiprodunseeSeleativfrakgéhe  [Ditrydrbfolate reductase M19869

(hamster) E00236 (mouse) Methotrexate (MTX) Metallothionein D10551 (hamster) M13003 (human)
M11794 (rat) ByadriniibndpADECGhilbegnpgtson means a bivalent, homodimeric scFv derivative. It

5 consists of a fusion protein which contains the CH3 region of an immunoglobulin,
preferably IgG, most preferably igG1 as the dimerisation region which is
connected to the scFv via a Hinge region (e.g. also from IgG1) and a Linker
region. Examples of minibody-antibody proteins are known from the prior art.

By triabody the skilled person means a: trivalent homotrimeric scFv derivative.
10 Sckv derivatives wherein VH-VL. are fused directly without a linker sequence lead
to the formation of trimers.

The skilled person will also be familiar with so-called miniantibodies which have a
bi-, tri- or tetravalent structure and are derived from scFv. The multimerisation is
carried out by di-, fri- or tetrameric coiled coil structures. In a preferred

15 embodiment of the present invention, the gene of interest is encoded for any of
those desired polypeptides mentioned above, preferably for a monoclonal
antibody, a derivative or fragment thereof.

The “polypeptide of interest”, “protein of interest” or “product of interest” includes
proteins, polypeptides, fragments thereof, peptides, fusion proteins all of which
20 can be expressed in the selected host cell. Desired proteins can be for example
antibodies, enzymes, cytokines, lymphokines, adhesion molecules, receptors and
derivatives or fragments thereof, and any other polypeptides that can serve as
agonists or antagonists and/or have therapeutic or diagnostic use.
Especially, desired proteins/polypeptides or proteins of interest are for example,
25 but not limited to insulin, insulin-like growth factor, hGH, tPA, cytokines, such as
interleukines (IL), e.g. IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-8, IL-10, IL-11,
-12, IL'-»13, iL-14, IL-15, IL-16, 1L-17, IL-18, interferon (IFN) alpha, IFN beta, IFN
gamma, IFN omega or IFN tau, tumor necrosisfactor {TNF), such as TNF alpha
and TNF beta, TNF gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1, VEGF and
30 nanobodies. Also included Is the production of erythropoietin or any other hormone
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phosphate synthetase:Aspartate transcarbamylase: Dihydroorotase) M23652 (hamster) D78586
(human) N-Phosphoacetyl-L-aspartate Adenosine deaminase K02567 (human) M10319 (mouse)
Xyl-A- or afehE8IAE1 % Yeoxycoformycin WO 2010/010107PCT/EP2009/055B882000388nylate)
deaminase D12775 (human) J02811 (rat) Adenine, azaserine, coformycin UMP synthase J03626
(human) 6-Azauridine, pyrazofuran IMP 5"clehydrogenase J04209 (hamster) J04208 (human) M33934

(mouse)

growth factors and any other polypeptides that can serve as agonists or
antagonists and/or have therapeutic or diagnostic use. The method according to
the invention can also be advantageously used for production of antibodies, such
as monoclonal, polyclonal, multispecific and single chain antibodies, or fragments

5 thereof, eg. Fab, Fab’, F(ab’)2, Fc and Fc'-fragments, heavy and light
immunoglobulin chains and their constant, variable or hypervariable region as well
as Fv- and Fd-fragments.

The “product of interest” may also be an antisense RNA, tRNA, rRNAs, other
RNAs being part of riboproteins or other regulatory RNAs.
10
The method of the present invention may be performed in all eukaryotic cells.
Cells and cell lines may be present e.g. in a cell culture and include but are not
limited to eukaryotic cells, such as yeast, plant, insect or mammalian cells. For
example, the cells may be oocytes, embryonic stem cells, hematopoietic stem
15 cells or any type of differentiated cells. A method is preferred wherein the
eukaryotic cell is a mammalian cell. More preferred is a method wherein the
mammalian cell is a human, simian, murine, rat, rabbit, hamster, goat, bovine,
sheep or pig cell. Preferred cell lines or “host cells” for the production of
biopharmaceuticals are human, mice, rat, monkey, or rodent cell lines. More
20 preferred are hamster cells, preferably BHK21, BHK TK', CHO, CHO-K1, CHO-
DUKX, CHO-DUKX B1, CHO-S and CHO-DG44 cells or the derivatives/progenies
of any of such cell lines. Particularly preferred are CHO-DG44, CHO-DUKX, CHO-
K1, CHO-S and BHK21, and even more preferred CHO-DG44 and CHO-DUKX
cells. Furthermore, murine myeloma cells, preferably NSO and Sp2/0 cells or the
25  derivatives/progenies of any of such cell lines are also known as production cell
lines for biopharmaceutical proteins. Examples of murine and hamster cells which
can be used in the meaning of this invention are summarized in Table 1.

30
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Mycophenolic acid Xanthine-guanine phosphoribosyltransferase X00221 (E. coil) Mycophenolic acid
with limiting xanthine MutantHGPRTaseor mutant thymidine kinase JO0060 &amster M13542,K02581
(human) J ?@%Wé‘gﬂ@(mouse) M63983 (rat) M36160 (herpesvirus) HyB FhH ?%?ﬁﬁ%opterin,
and thymidine (HAT) Thymidylate synthetase D00596 (human) M13019 (mouse) L12138 (rat)
5-Fluorodeoxyuridine P-glycoprotein 170 (MDR1) AF016535 (human) J03398 (mouse) Multiple drugs,
e.g. adriamycin, vincristine, colchicine

TABLE 1: Eukaryotic production cell lines

CELL LINE ORDER NUMBER

NSO ECACC No. 85110503

Sp2/0-Ag14 ATCC CRL-1581

BHK21 ATCC CCL-10

BHK TK ECACC No. 85011423

HaK ATCC CCL-15

2254-62.2 (BHK-21 derivative) ATCC CRL-8544

CHO ECACC No. 8505302

CHO wild type ECACC 00102307

CHO-K1 ATCC CCL-61

CHO-DUKX ATCC CRL-9096

(= CHO duk’, CHO/dhfr')

CHO-DUKX B11 ATCC CRL-9010

CHO-DG44 Urlaub et al., Cell 33 (2), 405 - 412, 1983

CHO Pro-5 ATCC CRL-1781

CHO-8 Invitrogen Cat No. 10743-029

Lect3 Stanley P. et al, Ann. Rev. Genetics 18,
525 — 552, 1984

V79 ATCC CCC-93

B14AF28-G3 ATCC CCL-14

HEK 293 ATCC CRL-1573

COS-7 ATCC CRL-1651

U266 ATCC TiB-1986

HUNS1 ATCC CRL-8644

Per.Co Fallaux, F.J. et al, Human Gene Therapy
9 (13), 1909 — 1917, 1998

CHL ECACC No. 87111906
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Ribonucleotide reductase M124223,K02927 (mouse) Aphidicolin Glutaine synthetase AF150961
(hamster) U09114, M60803 (mouse) M29579 (rat) Methionine sulfoximine (MSX) Asparagine

synthetaseWé%”glmg?nster) M27396 (human) U38940 (mouse) U07202P(?56Z 2‘55@6)5 ?
hydroxamate, Albizziin, 5"Azacytidine Argininosuccinate synthetase X01630 (human) M31690 (mouse)

M26198 (bovine) Canavanine Ornithine decarboxylase M34158 (human) J03733 (mouse) M16982
(rat)
Host cells are most preferred, when being established, adapted, and completely
cultivated under serum free conditions, and optionally in media which are free of
any protein/peptide of animal origin. Commercially available media such as Ham’s
F12 (Sigma, Deisenhofen, Germany), RPMI-1640 (Sigma), Dulbecco’s Modified
5 Eagle’s Medium (DMEM; Sigma), Minimal Essential Medium (MEM; Sigma),
Iscove’s Modified Dulbecco’s Medium (IMDM; Sigma), CD-CHO (Invitrogen,
Carlsbad, CA), CHO-S-SFMIl (Invtirogen), serum-free CHO Medium (Sigma),
protein-free CHO Medium (Sigma), EX-CELL Media (SAFC), CDM4CHO and
SFM4CHO (HyClone) are exemplary appropriate nutrient solutions. Any of the
10 media may be suppiemented as necessary with a variety of compounds examples
of which are hormones and/or other growth factors (such as insulin, transferrin,
epidermal growth factor, insulin like growth factor), salts (such as sodium chioride,
caicium, magnesium, phosphate), buffers (such as HEPES), nucleosides (such as
adenosine, thymidine), glutamine, glucose or other equivalent energy sources,
15 antibiotics, trace elements. Any other necessary supplements may also be
included at appropriate concentrations that would be known to those skilled in the
art. In the present invention the use of serum-free medium is preferred, but media
supplemented with a suitable amount of serum can also be used for the cultivation
of host cells. For the growth and selection of genetically modified cells expressing
20 a selectable gene a suitable selection agent is added to the culture medium.

The “transfection” of eukaryotic host cells with polynucieotide sequences or
expression vectors, resulting in genetically modified cells, recombinant or
transgenic cells, can be performed by any method well known to the skiled
artisan. Transfection methods include but are not limited to liposome-mediated
25 fransfection, calcium phosphate co-precipitation, electroporation, polycation (e.g.
DEAE dextran)-mediated transfection, protoplast fusion, microinjection and viral
infections. Preferably, the transfection is a stable transfection. The transfection
method that provides optimal transfection frequency and expression of the
heterologous genes or polynucleotides in the particular host cell line and type is
s0 favored. Suitable methods can be determined by routine procedures. For stable
transfectants the constructs are either integrated into the host cell’s genome or an
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a-Difluoromethylornithine HMG-CoA reductase L00183,M12705 (hamster) M11058 (human)
Compactin. WO 2010/010107PCT/EP2009/059399 N-Acetylglucosaminyl transferase M55621
(human) T‘l‘}’rﬁc%?ﬁ%?f%%reonyl-tRNA synthetase M63180 (human) Borrelidirf BRI APPAse 105096
(human) M14511 (rat) Ouabain

artificial chromosome/mini-chromosome or located episomally so as to be stably
maintained within the host cell. For generation of genetically modified cells
expressing the produci(s) of interest all required heterologous genes can be
located on a single vector or polynucieotide sequence in mono- or multicistronic
5 transcription units. In this case the host cell is transfected with single vectors or
polynucleotide sequences. The heterologous genes can also be positioned on
different vectors or polynucleotide sequences. In this case host cells are either co-
transfected with all vectors or polynucleotide sequences and/or are transfected in
successive rounds with the vectors or polynucleotide sequences encoding the

10 genes of interest.

By definition, every polynucleotide sequence or every gene inserted in a host cell
and the respective protein or RNA encoded thereby is referred to as
“heterologous, "heterologous sequence”, "heterologous gene”, “heterologous
coding sequence”, “transgene” or “heterologous protein” with respect to the host
15 cell. This applies even if the sequence o be introduced or the gene t© be
introduced is identical to an endogenous sequence or an endogenous gene of the
host cell. For example, a hamster actin gene introduced into a hamster host cell is

by definition a heterclogous gene.

The term “endogenous” means naturally being contained in the cell or organism.
20 An endogenous gene is accordingly a gene which is found in the genome of the
un-manipulated wild type cell.

The term “selection marker gene” refers to a gene that only allows cells carrying
the gene to be specifically selected for or against in the presence of a
corresponding selection agent. By way of illustration, an antibiotic resistance gene
25 can be used as a positive selectable marker gene that allows the host cell
transformed with the gene to be positively selected for in the presence of the
corresponding antibiotic; a non-transformed host cell would not be capable of
growth or survival under the selection culture conditions. Selectable markers can
be positive, negative or bifunctional. Positive selectable markers allow selection for

30 cells carrying the marker by conferring resistance to a drug or compensate for a
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Selection may also be made by fluorescence activated cell sorting (FACS) using for example a cell
surface marker, bacterial p-galactosidase or fluorescent proteins (e.g. green fluorescent proteins

(GFP) andWﬁb?P%?i’éfﬁ% from Aequorea victoria 5 and Renilla reniformis o?%?ﬁ%"r%%%%?é%ﬁred

fluorescent proteins, fluorescent proteins and their variants from non-bioluminescent species (e.g.
Discosoma sp., Anemonia sp., Clavularia sp., Zoanthus sp.) to select for recombinant cells. The term
"selection agent" refers to a substance that interferes with the growth or survival of a host cell that is
deficient in a particular selectable gene. For example, 10 to select for the presence of an antibiotic
resistance genetiikel&Per (aatiabgligcakifrcphiosprmtiarsifctalie)lin aardrathcrerpebivenhselatbiviic
Geneticin (Gﬁ?as&ésré*%‘ﬁgw@&t%eé%ﬂgiﬂg%eé‘h% 55}‘%8 T ﬁ@@gﬁ&ﬁ%@&%ﬁ e 5\'&‘8\&%
defined for purposes herein as an agentfor amplitying copies of the amplifiable gene if the selectable
marker geneusiigtbe [$Svi-tngsifiatde aFsetéerapill maketheoclsaaphlivaTx fganisisotbreggent

ful for th ificati - i f nent| thod
et or e il SHS e e REPEILT08 s e e
interest and laeindjfeatp e sederhalslairosscollisralodeoraeemionatily cligioethecOuek oistars
ant. if o | i cell : tially i
Ceram e MR B e B R ension
of the desiredrgene(d)cand Bukitiegmarkeoteanef dntdasg fasTiiise sratisdatd iothect ari@inarthe

polypentide. S o b By o R L e e e e
necessary togionifiyithéaristeiaming ecith iyeh 0n 0eBIoTEE20097858390the selectable marker
10 associated with the selectable property. A variety of marker genes, well known to
the skilled artisan, have been described, including bifunctional (i.e.
positive/negative) markers (see e.g. WO 92/08796 and WO 94/28143),
incorporated by reference herein. For example, selectable genes commonly used
with eukaryotic cells include the genes for aminoglycoside phosphotransferase
15 (APH), hygromycin phosphotransferase (HYG), dihydrofolate reductase (DHFR),
thymidine kinase (TK}), glutamine synthetase, asparagine synthetase, and genes
encoding resistance to neomycin (G418), puromycin, histidinol D, bleomycin and

phleomycin.

The “selectable ampilifiable marker gene” usually encodes an enzyme which is
20 required for growth of eukaryotic cells under those conditions. For example, the
selectable ampiifiable marker gene may encode DHFR which gene is amplified
when a host cell transfected therewith is grown in the presence of the selective
agent, methotrexate (MTX). Accordingly, host cells genetically modified according
to any methed described herein are encompassed by this invention, wherein the
25 selectable amplifiable marker gene encodes for example for a polypeptide having
the function of dihydrofolate reductase (DHFR), glutamine synthetase, CAD,
adenosine deaminase, adenylate deaminase, UMP synthetase, IMP 5'-
dehydrogenase, xanthine guanine phosphoribosyl transferase, HGPRTase,
thymidine kinase, thymidylate synthetase, P glycoprotein 170, ribonucleotide
30 reductase, asparagine synthetase, arginosuccinate synthetase, ornithine
decarboxylase, HMG CoA reductase, acetylglucosaminyl transferase, threonyl-
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interest from other recombinant proteins, host cell proteins and contaminants in a way that

substantially homogenous preparations of the protein of interest are obtained. As a first step often cells
and/or parf%%l%%g/ it D0ris are removed from the culture medium or Iysa‘fg.T’flf‘Feuf?r%%é?gof interest
thereafter is purified from 5 contaminant soluble proteins, polypeptides and nucleic acids, for example,
by fractionation on immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase
HPLC, Sephadex chromatography, chromatography on silica or on a cation exchange resin such as
DEAE. In general, methods teaching a skilled persion how to purify a heterologous protein expressed
by host cells jRiAvsiiritbktasen an tNa 4t -ATEasacticer oatheiessarft thee atiempiirynasestabless

otherwise indj nyentional t iques .of cell higl lecular bj Il e
mmnology 8P kG LA 8 T G S o e R TR MR R S elssea i
the current lité8&,Us87 15 Site i@ving examples are not limiting. They merely show possible
embodiments of the invention. A person skilled in the art could easily adjust the conditions to apply it to
other embodiments. 20 EXAMPLES ABBREVIATIONS AP:Alkaline phosphatase BGH:Bovine growth

hormonesbp:Base peirt2hieHGaditekke hamgtifiaaryrDéke: Diankofslatieedgersseencoding
ELISA:Enzyme:linked,i nQs t AGS Elugrescence-activ, Il sar. 1:Hamster
growth hormrc%ﬁlqey gﬁi&%%%?(%ﬁ%ﬁ%?gt@rﬁﬁg&z I?rggé:%orﬁeg%%@%}e%ﬁgﬁsge Sﬁé%fﬂg&& i
purines. Cells lacking the DHFR gene will not grow on medium lacking purines.
The DHFR gene is therefore useful as a dominant selectable marker to select and
amplify genes in such cells growing in medium lacking purines. The selection

10 agent used in conjunction with a DHFR gene is methotrexate (MTX).

Another selection and/or amplification marker is the glutamine synthetase (GS)
gene. The GS gene encodes the glutamine synthetase enzyme which is required
for synthesis of the amino acid glutamine. Cells lacking the GS gene or expressing
15 low endogenous GS levels will not grow in glutamine-free media. The GS gene is
therefore useful as a dominant selectable 'marker o select and amplify genes in
such cells growing in glutamine-free medium. The selection agent used in

conjunction with the GS gene is methionine sulfoximine (MSX).

20 Table 2: Selectable amplifiable marker genes
Selectable Amplifiable Accession Number | Selection Agent
Marker Gene
Dihydrofolate reductase M19869 (hamster) | Methotrexate (MTX)
‘ E£00236 (mouse)
Metallothionein D10551 (hamster) Cadmium
M13003 (human)
M11794 (rat)
CAD (Carbamoyl- | M23652 (hamster) | N-Phosphoacetyl-L-aspartate
phosphate D78586 (human)
synthetase:Aspartate
transcarbamylase:
Dihydroorotase)
Adenosine deaminase K02567 (human) Xyl-A- or adenosine,
M10319 (mouse) 2 deoxycoformycin
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WO 2010/010107PCT/EP2009/059399 IgG:Immunoglobuline IRES:Internal ribosomal entry site
kb:Kilobase mAb:Monoclonal antibody MIX:Methotrexate NPT:Neomycin phosphotransferase
nt:Nucleotid&S BBEBHESphate buffered saline PCR:Polymerase chain rea@figiEroo@FasRBecreted
alkaline phosphatase sICAM:Soluble intracellular adhesion molecule UTR:Untranslated region
MATERIALS AND METHODS 15Cell culture CHO-DG44/dhfr4" cells are grown permanently in
suspension in the serum-free medium CHO-S-SFMII (Invitrogen) supplemented with hypoxanthine and
thymidine (HT). Cells are incubated in cell culture flasks at 37C in a humidified atmosphere containing

5% 002. The selimumber as wall&s fRe:¢elh YRSy RimaH e e TREEH YEIL 3 %?.‘mbl Cett-Counter
(Schaerfe Sygfegmn fgsmany), a Cedex (Ing@ggtﬁ @%})Germanz Jole: ﬁnrgﬁ{s\n ue dyeheXC"iS'Oj'
Cells are se oIS GrRAERETatom of £ 4K E SR i oo '6'7\z‘é'dhﬁme Dyrazotiran ]
MP 5°dehydrogenase J04209 (hamster) Mycophenolic acid
J04208 (human)
M33934 (mouse)
Xanthine-guanine X00221 (E. coli) Mycophenolic acid with
phosphoribosyltransferase limiting xanthine

Mutant HGPRTase or|J00060 (hamster) Hypoxanthine, aminopterin,
mutant thymidine kinase M13542, K02581 | and thymidine (HAT)
{(human)
J00423,
M68489(mouse)
M63983 (rat)
M36160
{(herpesvirus)
Thymidylate synthetase D00596 (human) o-Fluorodeoxyuridine

M13019 (mouse)
112138 (rat)
P-glycoprotein 170 (MDR1) | AF0168535 (human) | Multiple drugs, e.g.
J03398 (mouse) adriamycin, vincristine,
colchicine
Ribonucleotide reductase | M124223,  K02927 | Aphidicolin
(mouse)
Glutamine synthetase AF150961 (hamster) | Methionine sulfoximine (MSX)
U09114, M60803
(mouse)
M29579 (rat)

Asparagine synthetase M27838 (hamster) |B-Aspartyl hydroxamate,
M27396 (human) Albizziin, 5'Azacytidine

U38940 {(mouse)

U07202 (rat)
Argininosuccinate X01630 (human) Canavanine
synthetase M31690 (mouse)

M26198 (bovine)
Ornithine decarboxylase M34158 (human) a-Diftuocromethylornithine
JO3733 (mouse)
M16982 (rat)
HMG-CoA reductase LOD183, M12705 | Compactin
(hamster)
M11058 (human)
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25 Transfections of CHO-DG44 cells are conducted using Lipofectamine Plus reagent (Invitrogen). Per
transfection 6x105 exponentially growing cells in 0,8 mL hypoxanthine/thymidine HT&-_SU lemented
CHO-S-SPV it Are seeded in a well of a 6-well chamber. A mixturé)gpﬁt%é% :Bﬁﬁ 4 pL
Lipofectamine and 6 pL Plus reagent in a volume of 200 pL is generated for each transfection and
30added to the cells, following the protocol of the manufacturer. After incubation for 3 hours 2 mL of
HT-supplemented CHO-S-SFMII medium is added. WO 2010/010107PCT/EP2009/059399 Transient
transfections are performed in triplicate and supernatant and cells are harvested 2 days post
transfection; ReAechitffildssedhyelection ldbdbie(transfagted CHOIEEYAicells the medium is
replaced withddgsfega£eHO-S-SFMII medium 48 hours post transfection. DHFR-based gene

amplificatiorw;qu@qgggé\él mgqgga@gm,g - 20BHaMIiggma) as amplifying selection
agent to the lr}];?dkﬂ_lé-f@é e of co-transf| %gbdmg‘ﬁ and R AEsgd setection of stabte
transfected CHO-DG44 cells is performedﬁ”yﬁqﬁ&g ng t>he cells 48 hours post transfection intp
HT-free CHO-S-SEMi-medium supplemented-th VLS {nvitrogen)-in-a-concentration-0£ 200400
pg/mL. 10 Expression vectors Eukaryotic expression vectors are derivatives of the pAD-CMV1 vector
(WO 9201058andioreehiate siopstia tivecexpieseiorest thedelerolnigdussyesesiog EARGIhest V
promoter/enhancer. For termination and polyadenylatioril1 §f the trans(%igt 15 %f the gene of interest

vectors contafl SEPRIR BYRADILEE BB ITRISAH R RighRr 93 S ID4eEE PI) jproteins

polyadenylatinesignabSfidtes At bR (SEroy $8aC0RE &/ BNk MiGhoeneyasrr@nisrbig

selection marker (see for example EP 0 393 438) whereas pBIN vectors encode a NPT gene as

selectiorPmafkd UREBH e RBRAETST e SVBH SRR ISFonT6Rr I SSERhidFRIKPRsduorescent
20polyadeny|siingiripaat(tigir ¢ dlafenesaf idienssl enaesioadospeaies @ \Wihervrrnddight

chain of monaoclonal antibodies (IgG1, 1gG2 _or IgG4 isotype) or Fc fusion proteins are cloned into the

vectors using YRERRTHDHRP el SHAGGES 1A QP BEMR 81 bID PRRT AAT FoR AR AM S Signal. 25 ELI
S A g L e Y et S B A RIS 5 4PN EL MR DS e growth or

survival of a host cell that is deficient in a particular selectable gene. For-example,

10 fo select for the presence of an antbiotic resistance gene like APH
(aminoglycoside phosphotransferase) in a transfected cell the antibiotic Geneticin
(G418) is used. The selection agent can also comprise an “amplifying agent”
which is defined for purposes herein as an agent for ampiifying copies of the
amplifiable gene if the selectable marker gene relied on is an amplifiable

15 selectable marker. For example, MTX is a selection agent useful for the
amplification of the DHFR gene.

A further embodiment of the above mentioned methods relates to a methed,

wherein the polypeptide{s)/product(s) which is/are encoded by the gene(s) of

interest and being expressed in said host cell, is/are isolated from the cells or the
20  cell culture supemnatant, if secreted into the culture medium.

Said production cells are cultivated preferentially in serum-free medium and in
suspension culture under conditions which are favorable for the expression of the
desired gene(s) and isolating the protein of interest from the cells and/or the cell
culture supernatant. Preferably the protein of interest is recovered from the culture
s medium as a secreted polypeptide, or it can be recovered from host cell lysates if
expressed without a secretory signal. It is necessary to purifiy the protein of
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developed sICAM specific monoclonal antibodies (as described for example in US patents No.
5,284,931 and 5,475,091), whereby one of the antibodies is a HRPO- 30conjugated antibody. Purified
sICAM prottihd¥ ¢€EY Ys a standard. WO 2010/010107PCT/EP2009/059§§g’%?&8"?ﬁ@9§%{’re quantified
by ELISA with standard protocols using an goat antihuman IgG Fc fragment (Dianova) and an
AP-conjugated goat anti-human kappa light chain antibody (Sigma). Purified mAb antibody of the
same isotype as the expressed mAb is used as standard. 5 Samples are analyzed using a Spectra
Fluor Plus reader (TECAN, Crailsheim, Germany). Cell productivity (pg/cell/day) is calculated with the
formula pg/((BteZes it from(Ctoe) redmnthiyd i@ giris ¢hescdibatiodepatt diestianed afsgading Gttt cell
number at the time, of haryest and,"t" the cultivation period, 10 SEAP, ass EAP activity |
determined wvﬁ%ytr?g @Eﬂéi@%&%g 8%?11(?) i%é%‘f/gaé%%ﬁc%ﬁ%t% %e%r%ﬁgcgy% 'ﬁ‘?\a %aa'ﬁlt;l %:%ﬁrgfe(Roche
Diagnostics) atBaiciVid B 1irtS GlepTiden ANDR Ghd ek iZEFRANSERPBTEDMARD from
TERMIBATION Rt e NS ieReale F MBI HLREHECT I, B aRpl the
complete polyadenylation signal regioh of the gro ormone gene from - genome
(chineseshantsista@mewitisgligsaspariaidapieciigaiai genendc ICid@HD Gdidi€) Ndr seraesas, téyplate
e AR R PO AR ERIRER P R e SRl aplemepiarty (o
the adapter sequence and a growth hormorie gene sequence, respectively.” The gene specific primer
GH forl (5'-Gr3AGE TASETBRIGEG ST ed S el IDAN0yY 1ghscdesiggeabon basidichaotDNA
sequence of the growth her. e e.syriap.h ter (Me icet ratus; ﬁ@ ) and
s lacated 35 0o R B e, T S i e Rt
products withpansionb imzioto op arifyn aehattsptoguisnereirihasarendedebie i ogineadisecifie prigtier GH
for2; 5"-@)\GT%%%%‘I{SJ%%EHGTGGAAA G-3"; SEQ ID NO: 2), positioned directly downstream of the
GH forl primer position. The resulting DNA fragments are subcioned in a TA cloning vector

(nvitrogen) apgduphen 8 apralyged A spaYnEe AIIARS sHadYaRsLEN A TaAmen paiaiag aside

of the GH for2 pri sequence er 13 bp of the 3' end of the'coding region
conventional technigues of cell biology, molecular biology, cell culture,
“immunology and the like which are in the skill of one in the art. These techniques
are fully disclosed in the current literature.
15
The following examples are not limiting. They merely show possible embodiments
of the invention. A person skilled in the art could easily adjust the conditions to

apply it to other embodiments.

20 EXAMPLES

ABBREVIATIONS
AP: Alkaline phosphatase
BGH: Bovine growth hormone
bp: Base pair
25 CHO: Chinese hamster ovary
DHFR: Dihydrofolate reductase
ELISA: Enzyme-linked immunosorbant assay
FACS: Fluorescence-activated cell sorter
HGH: Hamster growth hormone
o HT: Hypoxanthine/thymidine
HRPO: Horseradish peroxidase
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WO 2010/010107PCT/EP2009/059399 by a stop codon and 324 bp of the 3' untranslated region of the
growth hormone of Cricetus griseus (Figure 2; SEQ ID NO: 7). To obtain just the 3' untranslated region
with in totaP 22 HR%EEH 1D NO: 8) another PCR is performed using the pRmEFFEFEIP8R (SEQ ID
NO: 3) and OH 5 Xba revl (SEQ ID NO: 4). Thereby the above mentioned 362 bp DNA fragment (SEQ
ID NO: 7), subcloned in the TA vector, serves as template in the PCR. The amplified sequence (SEQ
ID NO:8) has the following homologies to the growth hormone 3'untranslated regions of various
species: 72.1% to the sequence of the syrian hamster Mesocricetus auratus (Genbank S66299),
71.6% to the lggguence 10 ipfivusoniateditus (Genbank Z46663), 61% to the sequence of Rattus

norvegicus (ﬁﬁ%%ank VOl 3% and 50.4% t(? th(i BG.I}—< sequence of Bos taurus (Genbank JO0008)
(Figure 3). The'PCR-base E 6}8% QEUND T8 e generation of subclones with various

deletions of tke:3' end of th€ilsibéated 3' untranslated region. Using the 15 primer combination GH Sfi
for 1 (SEQ ID : 3) and Xba rev. D NO: 5) a 189 bp fragment of the 3' untranslated
region is gen@%‘%e‘d (SEQ %'%8?8?3%%%%#% primer combination GH Sfi for 1 (SEQ ID NO: 3) and
OH Xba sev3NISEQ ID NO:Mgtadit&dapesubfragment is generated (SEQ ID NO: 10). Thus, all amplified
fragments of Wgﬁ untrans@xted region have a ideptical 5' end which 20corresponds to the first
nucleotide after the stop co %%r%@wa;{/%g%&ig Qﬁgmgure 4). PCR products are digested with Sfil
and Xbal andithe resulting kestlegtaiefragments are used to replace the SV40 late polyadenylation

signal seque in the vectgr pJR106, which encades human sICAM (Figure 5). The resulting vectors
e

25 pJR131, pJR134 und p o a é'ﬂ)?adenylation signal sequence derived from the

growth hormdieRuf CricetuRgiyisseraseatiediforesmidtHGH, with a size of 324 bp (SEQ ID NO: 8), 189
bp (SEQ ID ) and 113 b E NO: 10), respectively (Figure 5). WO
2010/016107 /Epzoog%%‘g'é%‘%@?\,)l\lﬁﬁlrfgﬁﬁﬁ%é‘? OF HGH POLYADENYLATION SIGNAL
SE-QUENCE@MVIHE TRANSIES! N EXRRESSIONOESIMddule

UTR: Untranslated region

MATERIALS AND METHODS
15 Cell culture
CHO-DG44/dhfr™ cells are grown permanently in suspension in the serum-free
medium CHO-S-SEMIl (invitrogen) supplemented with hypoxanthine and
thymidine (HT). Cells are incubated in cell culture flasks at 37°C in a humidified
atmosphere containing 5% CO0.. The cell number as well as the cell viability are
20 determined with a CASY1 Cell Counter (Schaerfe System, Germany), a Cedex
{Innovatis AG, Germany) or via trypan blue dye exclusion. Cells are seeded at a
concentration of 1-3x10° cells/mL in fresh medium every two to three days.

Transfections

25 Transfections of CHO-DG44 cells are conducted using Lipofectamine Plus reagent
(Invitrogen). Per transfection 6x10° exponentially growing cells in 0,8 mL
hypoxanthine/thymidine {HT)}-supplemented CHO-S-SFMIiI medium are seeded in
a well of a 6-well chamber. A mixture of plasmid DNA, 4 pL Lipofectamine and 6
uk Plus reagent in a volume of 200 pL is generated for each transfection and

30 added to the cells, following the protocoi of the manufacturer. After incubation for 3
hours 2 mL of HT-supplemented CHO-S-SFMII medium is added.
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To evaluate the impact of the polyadenylation signal sequence derived from the Cricetus griseus
growth hormoneEéHGH on the expression of a gene of interest, 5 sICAM, independent of
chromosomal il @r]éﬁ]i h sites transient transfections are performed. CHﬁsalﬁzgg{gsg?%gtransfected
with the plasmid pJR131 which contains 324 bp of the 3' UTR of the hamster growth hormone (=HGH,
SEQ ID NO: 8) (Figure 5). Vectors containing either the 5V40 late (pJR106) or the BGH (pJR110)
polyadenylation signal sequences are used as control (Figure 5). Apart 10from the different
termination sequences the genetic setup of the various vectors for the expression of SICAM is
identical. Sugeamsientsteaodiaoieste dfedpgdposed dnshigtioataranthe gemmstatdranibteahing using

ELISA. T ] ici - t ith th i -SEAP
(100 13 ONALRIE of St L T R oo e oo i SHGCUBlT B Yo
SEAP activityréaieakutddtRigifeds stellgstiieerdaciush 2snspacedwittahblefieadnkioeton Hdiies
. di ot ol , I O . . _
batyadenylat R re HEREE Bt I SIERRsh A B ess i TR oectioved,
increased uphty 2dgingriitettidnesearige#a)) Tordpatedivb (Gl wamstertyiiyitg thel eelttor 110

taning th \ation si . t ) . :
comnared to Sel e HeERE M T U SR REEBRE o DA Thil A IeGAOE SRR of e
25 EXAMPl_stamamcaf@:tea@H@@l@%w@w@w&mﬁmﬂ@ﬂsm@m_w hours
EXPRESSION,QF ANIGGA ANHB PR T8 alsXedrraMRskR NS AsensmEa Wwisioes s

sequence derived
(Invitrogen) in a concentration of 200 — 400 yg/mL.

10
Expression vectors
Eukaryotic expression vectors are derivatives of the pAD-CMV1 vector (WO
9201055) and mediate constitutive expression of the heterologous genes driven by
the CMV promoter/enhancer. For termination and polyadenylation of the transcript
15 of the gene of interest vectors contain either the SV40 fate polyadenylation signai
(SEQ ID NO: 11) or the BGH polyadenylation signal (SEQ [D NO: 12). pBID
vectors encode a DHFR mini gene as amplifiable selection marker (see for
exampie EP 0 393 438) whereas pBIN vectors encode a NPT gene as selection
marker under the control of the 8V40 early promoter and a thymidine kinase
20  polyadenylation signal (Figure 1).
Genes of interest encoding for human sICAM, heavy and light chain of monoclonal
antibodies (lgG1, 1gG2 or IgG4 isotype) or Fc fusion proteins are cloned into the
vectors using the multiple cloning sites located between promoter and
polyadenylation signal.
25
ELISA
siCAM titers are quantified by ELISA with standard protocols using two in house
developed sICAM specific monocional antibodies (as described for example in US
patents No. 5,284,931 and 5,475,091), whereby one of the antibodies is a HRPO-
30 conjugated antibody. Purified sICAM protein is used as a standard.
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Cricetus griseus growth hormone (HGH) on the expression of a gene of interest, 30 humanized
IgG4/kappa mADb, independent of chromosomal integration sites transient transfections are performed.
CHo-DG4?9&[5—‘5?éf’&g'itransfected with WO 2010/010107PCT/EP2009/GSFEBEAN/ e 8
combination pBID/IgG4 and pBIN/kappa. Both vectors contain 324 bp of the 3' UTR of the hamster
growth hormone (=HGH; SEQ ID NO: 8) as a polyadenylation signal sequence. As a control
CHO-DGA44 cells are co-transfected with the vector combination pBID-B/IgG4 and pBIN-B/kappa which
contain the 5 BGH polyadenylation signal (see Figure 1 for basic vectors). Aside of the different
termination sethteriiestregenasidiiett hpfFhéSAarioils gemtarsrtoptatoessessing ehthglgGhiappa
mMAD is identical. Supernatants are haryested 2 days post transfection and the 1G4 titers determined
Lsing ELISA LA Ean G & Rl BYEIceala SarroC a8 28 SBALE for HeIdkaion?
efficiency cellghtechaitraarsiboyl (@iortteg. pRasrifisbp CY SRARO @M thB NAfrarnistdgenaedntion),
which encodes tpess%gentg%alkalirég §hos£ghgte}a:e, and the SEAP activity is measured. Surprisingly,
titers obtained With-the” H f)SoK/Sae e }%gtlo?] sailg ial sequence are on average 35% higher than for the
BGH polyadebgtafites siynak (Biguss 7)siry EX/Adedi B 4F TS TPQs DéeBER ENECANHGHARIANTS Two
3' deletion cl(zges of the 324 bp HGH sequence derived from the Cricetus griseus growth hormone

(SEQ ID NO "érr‘éf@’ nerated by PCR and placed as a polyadenylation signal sequence downstream
of the sICAMEsherdhetiedyltpg/28/VdeaigrspdidlateddyniRERS fdriguie Poo@Cialod shandCstretch

Pave 2 commen] SO Skiten, (SQURe R T8 BB e e i TERA BhaH AL B R o the
expression ofhtgeriene of harvest and “t” the cultivation period.
10
SEAP assay
SEAP activity is determined with the SEAP Reporter Gene Assay according to the
protocol of the manufacturer (Roche Diagnostics).

15 EXAMPLE 1: ISOLATION AND CLONING OF THE TRANSCRIPTIONAL
TERMINATION REGION OF THE HAMSTER GROWTH HORMONE (HGH)
For the isolation of the complete polyadenylation signal region of the growth
hormone gene from CHO-DG44 genome {chinese hamster, Cricetus griseus) an
adapter-ligated genomic CHO-DG44 DNA serves as template in a nested PCR.
20 The primary PCR is conducted with a primer combination with complementarity to
the adapter sequence and a growth hormone gene sequence, respectively. The
gene specific primer GH forl (5-GAGACCTACCTGCGGGTCA TGA-3'; SEQ ID
NO: 1) is designed on basis of a cONA sequence of the growth hormone of the
syrian hamster (Mesocricetus auratus; Genbank S66299) and is located 35 bp
25 upstream of the stop codon. A secondary PCR is performed on the primary PCR
products with a combination of an inner adaptor primer and a second, nested gene
specific primer GH for2; 5-AGTGCCGTCGCTTTGTGGAAA G-3; SEQ ID NO:
2), positioned directly downstream of the GH for1 primer position. The resulting
DNA fragments are subcloned in a TA cloning vector (Invitrogen) and further
30 analyzed by sequence analysis. The longest DNA fragment contains aside of the
GH for2 primer sequence further 13 bp of the 3" end of the coding region followed
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of interest, SICAM, independent of chromosomal integration sites transient 25transfections are
performed. CHO-DG44 cells are transfected with the vectors pJR134 and pJR135. Vector pJR131
containing%@i%udﬁIWGH sequence is used as control (Figure 5). Asideg‘??ﬁ%"&%ﬁ’éﬁpﬁérminaﬂon
sequences the genetic setup of the various vectors for the expression of SICAM is identical.
Supernatants are harvested 2 days post transfection and the sICAM titers 30determined using ELISA.
To correct for transfection efficiency cells are co- transfected with the plasmid pCMV-SEAP (100 ng
DNA/transfection reaction), WO 2010/010107PCT/EP2009/059399 which encodes the secreted
alkaline phosphatats andche S&E AP dnpivifytie Beastret Figdne§ishaW éthgaatindi@mdeperddent

transient transfecti eries petformed i icate., Bath HGH deletion variants lead to reduced
SICAM exprecsésrf(C)et'nﬁ?{lég T§%¥%I%%Q§G%%§@%®I%'bp contained in the expression vector pJR134
results in a miareainizderats! rétkiGionrdfamstei2d Yeditrusithie 18ddip!frddynbnt Ehbws B peforBlance

comparable tg {46 BGsand SYA0aienolyadeny alan slonal (see examale 2 and 3) dguavery the

shortest HGH sequence of bp containe expression vector p to‘aupto 78 %
reduced s|CAMExevds&rQ1ITRIS shpws gratyetne abtive HEHi@yksh 38 D IONG 3eaof<PEQ 1D

NO:8 locat [ tribut IC] ' f e | EXAMPLE
SSTABLE XL CSION OF PRI AT EN L LB NG T e FER i
POLYADEN eAlifeN StGiscEHSHIGH2 tls8arbas thhankidavddgviibroettgianivbihatigressncoding
ither for th ang.|i ' Abs of varj ' | o 4 = [
oroteins whel SE) Ticr s H e gL P AIenS o e SR s A O e e B e
1) used for espressivarceismiddse ey G20 segnback (SE2IO)NT:E)%adpdhamdenyiition signal
i It .t | t |
DHFR AL N Hsed Do G 2B Mt 8 S SR SRR T
followed by tWoasizarls SikiE! BRH RNtk $idth genthaniidhifit st staps of Sadidgusthe(Ggnlpemiedium
100 nM MTX Bdb@égﬁg( nd 25 subsequently 800 nM MTX. Single cell clones are obtained
cloningor a

either by dilution ACS-based deposition of single cells into wells of a 96 well plate.
The PCR-based approach is also used for the generation of subclones with

various deletions of the 3" end of the isolated 3" untranslated region. Using the
15 primer combination GH Sfi for 1 (SEQ ID NO: 3) and GH Xba rev2 (SEQ 1D NO: 5)
a 189 bp fragment of the 3" untranslated region is generated (SEQ ID NO: 9) and
with the primer combination GH Sfi for 1 (SEQ ID NO: 3) and GH Xba rev3 (SEQ
ID NO: 6) a 113 bp subfragment is generated (SEQ ID NO: 10). Thus, all amplified
fragments of the 3 untranslated region have an identical 5° end which
20 corresponds to the first nucleotide after the stop codon and a variable 3" end
(Figure 4).
PCR products are digested with Sfil and Xbal and the resulting restriction
fragments are used to replace the SV40 late polyadenylation signal sequence in
the vector pJR106, which encodes human sICAM (Figure 5). The resulting vectors
25 pJR131, pJR134 und pJR135 contain now a polyadenylation signal sequence
derived from the growth hormone of Cricetus griseus, called for short HGH, with a
size of 324 bp (SEQ ID NO: 8), 189 bp (SEQ ID NO: 9) and 113 bp (SEQ ID NO:
10), respectively (Figure 5).

-43-



The experimental data show that high expression of a protein of interest in stable transfectants can be
achieved using the HGH polyadenylation signal from Cricetus griseus. Cell pools and cell clones with
specific protfGctiitie¥# the range of 10 - 3045 pg/cell/day and titers in fed ISERAIP RO EBSES Of U tO
6.3 g/L are obtained (Figure 9). WO 2010/010107PCT/EP2009/059399 Primer GH forl I_Drlmer GH
for2 Primer GH Sfi forl Primer GH Xba revl Primer GH Xba rev2 Primer GH Xba rev3 Cricetus
griseus, growth hormone sequence, part of 3'coding region and 3' untranslated region (362 _
nucleotides) Cricetus griseus, 3' untranslated region of growth hormone (324 nucleotides) Cricetus

Fegion o o Batmoe. (11 Mlaotles) V4G, fle et Al o Seem o Sk once
Egg? rrlllj)clgg?ﬁﬂ?&%@%?e%ﬁ%%@p@ﬁ%%%ﬂon sequence of growth hormone (208
nucleotides) To evaluate the impact of the polyadenylation signal sequence derived from the
Cricetus griseus growth hormone (HGH) on the expression of a gene of interest,
5 slCAM, independent of chromosomal integration sites transient transfections are
performed. CHO-DG44 cells are transfected with the plasmid pJR131 which
contains 324 bp of the 3" UTR of the hamster growth hormone (=HGH, SEQ ID
NO: 8) (Figure 5). Vectors containing either the SV40 late (pJR106) or the BGH
(pJR110) polyadenylation signal sequences are used as control (Figure 5). Apart
10 from the different termination sequences the genetic setup of the various vectors
for the expression of sICAM is identical.
Supernatants are harvested 2 days post transfection and the SICAM titers
determined using ELISA. To correct for transfection efficiency cells are co-
transfected with the plasmid pCMV-SEAP (100 ng DNA/transfection reaction),
15 which encodes the secreted alkaline phosphatase, and the SEAP activity is
measured.
Figure 6 shows the data of 2 independent transient transfection series performed
in duplicate. Surprisingly, the highest sICAM expression is obtained with the
polyadenylation signal sequence derived from the growth hormone gene of
20 hamster. The titer is increased up to 21% (transfection series #1) compared to
cells transfected with the vector pJR110 containing the BGH polyadenylation
signal and increased up to 40 % (transfection series #1) compared to cells
transfected with the vector pJR106 containing the SV40 late polyadenylation
signal.
25 _
EXAMPLE 3: IMPACT OF HGH POLYADENYLATION SIGNAL ON THE
TRANSIENT EXPRESSION OF AN 1GG4 ANTIBODY
To evaluate the impact of the polyadenylation signal sequence derived from the
Cricetus griseus growth hormone (HGH) on the expression of a gene of interest,
s humanized IgG4/kappa mAb, independent of chromosomal integration sites
transient transfections are performed. CHO-DG44 cells are co-transfected with
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Kozak sequence, consensus ribosome binding site (13 nucleotides) CLAIMS 1. A polyadenylation
signal comprising a nucleic acid comprising a sequence at least 75% identical to SEQ ID NO:8. 5 2.
The polyaaiﬂfl‘?i‘?‘i’&%@i@nal according to claim 1 comprising a sequence aF@ygtP%%, 898, 90%, 95%
or 98% identical to SEQ ID NO:8. 3. The polyadenylation signal according to claims 1 or 2
comprising SEQ ID 10NO:8. 4. A nucleic acid the sequence of which comprises SEQ ID NO:8. 5. The
polyadenylation signal or the nucleic acid according to claims 1 to 4 15wherein said polyadenylation
signal or said nucleic acid is operably linked to a heterologous coding sequence. 6. A vector or

polynucleotid@semnﬁmcemubipdtimg mmig@df sadl mﬁlWH&pgmtiﬁoﬁgmﬁms saidtatciéR4 doids of
T e TS A HERIE S SR Soaerns P gere o
interest is a @WM&@HN@W!MS&WI&p@@det@ti@é&@sﬂ@% aeiibad&,mﬁbodigﬁ@giﬂent
e T TR R
operablyslink&dtd adhemdenplitionsigeat ¢skhey faguns d doofhatcestcinds)yHesetey ohéprddisreot
inerestis & RYPERIAR CNEIRSLENRO IRARN AR08 §f e RstoTER BlbRE B Re K glamsyor 10
of the IgG4/kappa mAb is identical.
Supematants are harvested 2 days post transfection and the IgG4 titers
determined using ELISA. Per vector combination 6 cell pools are transfected. To
10 correct for transfection efficiency cells are co-transfected with the plasmid pCMV-
SEAP (100 ng DNA/iransfection reaction), which encodes the secreted alkaline
phosphatase, and the SEAP activity is measured.
Surprisingly, titers obtained with the HGH polyadenylation signal sequence are on
average 35% higher than for the BGH polyadenylation signal (Figure 7).
15
EXAMPLE 4: TEST OF DIFFERENT HGH VARIANTS
Two 3’ deletion clones of the 324 bp HGH sequence derived from the Cricetus
griseus growth hormone (SEQ ID NO: 8) are generated by PCR and placed as a
polyadenylation signal sequence -downstream of the sICAM gene. The resulting
20 vectors pJR134 und pJR135 (Figure 5) contain a shorter stretch of the HGH
sequence of 189 bp (SEQ ID NO: 9) and 113 bp (SEQ ID NO: 10), respectively,
which have a common 5" end position (Figure 4).
To evaluate the impact of the HGH deletion variants on the expression of a gene
of interest, sICAM, independent of chromosomal integration sites transient
25 transfections are performed. CHO-DG44 cells are transfected with the vectors
pJR134 and pJR135. Vector pdR131 containing the 324 bp HGH sequence is
used as control (Figure 5). Aside of the different termination sequences the
genetic setup of the various vectors for the expression of SICAM is identical.
Supernatants are harvested 2 days post transfection and the siCAM fiters
30 determined using ELISA. To correct for fransfection efficiency celis are co-

transfected with the plasmid pCMV-SEAP (100 ng DNA/transfection reaction),
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A method of making a polypeptide of interest encoded by a gene of interest, the method comprising:
(a) Providing a host cell comprising a vector or polynucleotide sequence according to any one of
claims 6 to"8bFPPUIRG a cell according to any one of claims 9 to 11 (b) EukibAHH8zéLells, under
conditions which allow the proliferation of the cells and the expression of the gene of interest, (c)
Harvesting the polypeptide of interest and (d) Purifying the polypeptide of interest. Use of any one of
the polyadenylation signals or the nucleic acids of claims 1 to 5 as an insulator. A kit comprising any
one of the polyadenylation signals or the nucleic acids of claims 1 to 5, a vector, a cell and a cell

culture mediuahitet cetbcation tisaidostedalisanldxpEEQUENEE LAGT NG <SEAP Baetviygds
Ingelheim Pharma GmF{aH & CO. KG <120> NOVEL REGULATORY ELEMENTS <130> P01-2393
<160> 13 <1 70REPAERtIN version 3.3 <210> 1 <211> 22 <212> DNA <213> Artificial

Figure 8 shows the data of 2 independent transient transfection series performed
in duplicate. Both HGH deletion variants lead to reduced sICAM expression levels.

s The HGH sequence of 189 bp contained in the expression vector pJR134 resuits
in a more moderate reduction of up to 23 %. Thus the 189 bp fragment shows a
performance comparable to the BGH and SV40 late polyadenylation signal (see
example 2 and 3). However, the shortest HGH sequence of 113 bp contained in
the expression vector pJR135 leads to a up to 78 % reduced sICAM expression.

10 This shows that between the HGH region of bp 190 to 324 of SEQ ID NO:8
sequences are located which contribute to an efficient expression of a gene
interest.

EXAMPLE 5: STABLE EXPRESSION OF PROTEINS AT HIGH LEVELS
15 USING THE HGH POLYADENYLATION SIGNAL
CHO-DG44 cells are co-transfected with vector combinations encoding either for
the heavy and light chain of mADbs of various isotypes (IgG1, 1gG2, 1gG4) or for Fc
fusion proteins whereby the Fc part is derived from IgG1 or IgG2. The basic
vectors pBID and pBIN (Figure 1) used for expression contain the 324 bp HGH
2 sequence (SEQ ID NO:8) as polyadenylation signal sequence positioned
downstream of the gene of interest. Stable cell pools are selected using a DHFR-
and NPT-based selection 2 days post transfection. The first selection of stable
transfectants is followed by two successive DHFR-mediated gene amplification
steps by adding to the culiure medium 100 nM MTX in the first round and
25 subsequently 800 nM MTX. Single cell clones are obtained either by dilution
cloning or a FACS-based deposition of single cells into wells of a 96 well plate.
The experimental data show that high expression of a protein of interest in stable
fransfectants can be achieved using the HGH polyadenylation signal from Cricetus
griseus. Cell pools and cell clones with specific productivities in the range of 10 -
3 45 pg/celi/day and titers in fed batch processes of up to 6.3 g/L are obtained
(Figure ).
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<220> <223> Primer GH forl <400> 1 gagacctacc tgcgggtcat ga22 <210> 2 <211> 22 <212> DNA
<213> Artificial <220> <223> Primer GH for2 <400> 2 agtgccgtcg ctttgtggaa ag22 <210> 3 <211> 40

<212> DNA3Y4PREial <220> <223> Primer GH Sfiforl PCT/EP2009/059399
SEQUENCE TABLE:
SEQ ID NO:1 Primer GH for?
SEQ ID NO: 2 Primer GH for2
SEQID NQC: 3 Primer GH Sfi for1
5  SEQIDNO4 Primer GH Xba rev1
SEQ ID NO:5 Primer GH Xba rev2
SEQ ID NO:6 Primer GH Xba rev3
SEQ ID NO:7 Cricetus griseus, growth hormone sequence,

part of 3'coding region and 3" untranslated
10 region {362 nucleotides)
SEQ ID NO:8 Cricetus griseus, 3" untranslated region of
growth hormone (324 nucleotides)
SEQ ID NO:9 Cricetus griseus, 3" untranslated region of
growth hormone (189 nucleotides)
15 SEQID NO:10 Cricetus griseus, 3° untranslated region of
growth hormone (113 nucleotides)
SEQ ID NO:11 SV40, late termination and polyadenylation

sequence (222 nucleotides)

SEQ ID NO:12 Bos taurus, termination and pelyadenylation

20 sequence of growth hormone (208
nucleotides)

SEQ ID NO:13 Kozak sequence, consensus ribosome

binding site (13 nucleotides)
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<4(_)Q>_ 3 atgcagaggc ctae_tttggcc cagcggcgtc tctgctggacd0 <210> 4 <211> 36 <212> DNA <213>
Artificial <220> <223> Primer GH Xba revl <400> 4 ctagtctaga tatactttat gggggtgaca taggac36 <210>
5 <211> 30 <212> DNA <213> Atrtificial <220> <223> Primer GH Xba rev2 eolf-seql.txt '

CLAIMS

1. A polyadenylation signal comptising a nucleic acid comprising a sequence at
least 75% identical to SEQ ID NO:8.

5
2. The polyadenylation signal according to claim 1 comprising a sequence at least
80%. 85%, 90%, 95% or 98% identical to SEQ ID NO:8.
3. The polyadenylation signal according to claims 1 or 2 comprising SEQ 1D
10 NO:8.
4. A nucleic acid the sequence of which comprises SEQ ID NO:8.
5. The polyadenylation signal or the nucleic acid according to claims 1 to 4
15 wherein said polyadenylation signal or said nucleic acid is operably linked to
a heterologous coding sequence.
6. A vector or polynucleotide sequence comprising any one of said
polyadenylation signals or said nucleic acids of claims 110 5.
20

7. The vector or polynucleotide sequence of claim 6 comprising a heterologous

gene of interest encoding for a heterologous product of interest.

48



<400> 5 ctagtctaga gggctgttct tccagcagcc30 <210> 6 <211> 35 <212> DNA <213> Atrtificial <220>
<223> Primer GH Xba rev3 <400> 6 ctagtctaga aatacatcta gccaagcaat acaat35 <210> 7 <211> 362
<212> DNA <213> Cricetulus griseus <400> 7 agtgccgtcg ctttgtggaa agcagctgtg cccagcgcecc
ccctttaccc tggcaactgc agatgcattg tattgcttgg ctagatgtat gagtcctaga ggccgacatg cctgtgggct ccaagtagag
tcaacacatc acttcccctg tcagaatcce agctctctgg acagtcacaa gt ccttttagca ccacccctat ttctgttgtg gctggaagaa

tetcgtgaty 9gcogcARIY S8eUcatciiastagarte auitugrstnatiatatdatieatsgagap tanptstve of
cagccctgac tttgcctgga a cctgctcc cactccagag tcctatgtca cccccataaa, 60 120 %Lgo d24\9 300 360 362
interest and said polypeptide of interest is an antibody, anfibody fragment or

fusion protein.

5 9. A cell comprising the vector or polynucleotide sequence of any one of claims
6 1o 8.

10. The cell according to claim 9, said polyadenylation signal or said nucleic acid
of claims 1 to 5 is operably linked to a transcription unit encoding a product of
10 interest and whereby the product of interest is a polypeptide of interest

encoded by a gene of inferest.
11. The cell according to claim 9 or 10, whereby said cell is a hamster cell.

15  12. A method of making a poiypepfide of interest encoded by a gene of interest,
the method comprising:
(a) Providing a host .ceH comprising a vector or polynucieotide sequence
according to any one of claims 6 to 8 or providing a céif according to any
one of claims 9 fo 11
20 (b) Cultivating said cells, under conditions which allow the proliferation of the
cells and the expression of the gene of interest,
(c) Harvesting the polypeptide of interest and
(d) Purifying the polypeptide of interest.

25 13 Usé of any one of the polyadenylation signals or the nucleic acids of claims 1

to 5 as an insulator.
14. A kit comprising any one of the polyadenylation signals or the nucleic acids of

claims 1 to 5, a vector, a cell and a cell culture medium for cultivation of said
30 cell. |
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<210> 8 <211> 324 <212> DNA <213> Cricetulus griseus <400> 8 cagcggcgtc tctgctggac atgctttgec
ctaataaaat tgggatggag-ggtggtgtca aacagccctg actttgcctg tgagcctgct cccactccag ggtcctatgt caccecccata
tccccagegce gaagatgcat aagagtccta gaccaagtag agtcagaatc aagt ccccctttac tgtattgett gaggccgaca
agtcaacaca ccagctctct ggctagatgt tgectgtggg tcacttccce ggacagtcac atttetgttg ctgctggaag tgtctegtga
aaggcggcaa <210> 9 <211> 189555&EN>CE)P§AE %g%]@if?@'etulus griseus

<110>
<120>
<130>
<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400

IST
Boehringer Ingelheim Pharma GmbH & CO. KG
NOVEL REGULATORY ELEMENTS
PO1-2393
13
PatentIn version 3.3
1
22
DNA
Artificial -
Primer GH forl

1

gagacctacc tgegggtcat ga 22

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

22

DNA
Artificial

Primer GH for?2

2

agtgccgtcg cttitgtggaa ag 22

<210
<211>
<212>
<213>

<220>
<223>

<400>

3
40
DNA

Aartificial

Primer GH Sfi forl
3

atgcagaggc ctaattggcee cagcggegtc tctgetggac 40

<210
<211>
<212>
<213>

<220>
<223>

<400

4

36

DNA

Artificial

Primer GH Xba revl

4

ctagtctaga tatactttat gggggtgaca taggac 36

<210>
<211>
<212>
<213>

<220>
<223>

5

30

DNA
Artificial

Primer GH Xba rev2
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<400> 9 cagcggcgtc tctgctggac tccccagcegce ceccctttac cctggcaact geeccacccect60 atgctttgece ctaataaaat
gaagatgcat tgtattgctt ggctagatgt atttctgttg120 tgggatggag ggtggtgtca aagagtccta gaggccgaca
tgcctgtggg ctgetggaagl80 Page 2 eolf-seql.txt aacagccct189 <210> 10 <211> 113 <212> DNA <213>
Cricetulus griseus <400> 10 cagcggcgtc tctgctggac tccccagcegce ceecctttac cctggcaact geccaccect60
atgctitgec ctaataaaat gaagatgeat tgtattgett RFCtBuRReT a3 <210> 11 <211> 222 <212> DNA

ctagtctaga gggctgttct tccagcagec 30
<210> 6

<211> 35

<2172> DNA

<213> Artificial

<220>

<223> Primer GH Xba rev3

<400> 6

ctagtctaga aatacatcta gccaageaat acaat 35
<210> 7

<211> 362

<212> DNA

<213> Cricetulus griseus

<400> 7 |

agtgcecgtcg ctttgtggaa agcagctgtg ccitttagea goggegtcic tgctggactc 60
cccagegece cocctttacce tggcaactge ccacccctat gotttgeccct aataaaatga 120

agatgcattg tattgcttgg ctagatgtat ttctgttgtg ggatggaggg tggtgtcaaa 180
gagtcctaga ggccgacaty cctgtggyct gotggaagaa cagoccrgac ttrgectgga 240
ccaagtagag tcaacacatc acttcccctg tctogtgatg agectgetcce cactccagag 300
tcagaatcce agctcictgg acagtcacaa ggcggcaagg tcctatgtca cccccataaa 360
gt 362
<210> 8

<211> 324

<Z2172> DNA

<213> Cricetulus griseus

<400> 8 ‘
cagcggegte tetgetggac tocccagege cccoctttac cctggcaact geccaccect 60

atgctttgcc Ctaataaaat gaagatgcat tgtattgett ggetagatgt atttctgttg 120
tgggatggay gytggtotca aagagtccta gaggocgaca tgectgtggg ctgetggaag 180

aacagccctg acttrtgoctyg gaccaagtag agtcaacaca tcacticcce tgtctcgiga 240

tgageetget cccactocag agtcagaatc ccagcetctct ggacagtcac aaggeggcaa 300
ggtcctatgt cacccccata aagt 324
<210> 9

<21l> 189

<212> DNA

<213> Cricetulus griseus

<400> 9

cageggegtc tctgetggac tccccagege coccctttac cotggeaact goccaccoct 60

atgctitgec ctaataaaat gaagatgcat tgtattgett ggetagatgt atttctgttg 120
tgggatggag ggtggtgtca aagagtccta gaggecgaca tgcctgtggg ctgctggaag 180
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<213> Simian virus 40 <400> 11 cagacatgat aagatacatt gatgagtttg gacaaaccac aactagaatg
cagtgaaaaa6b0 aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt tgtaaccatt ataagctgcal20 ataaacaagt
taacaacaac aattgcattc attttatgtt tcaggttcag ggggaggtgt180 gggaggtttt ttaaagcaag taaaacctct
acaaatgtgg ta222 <210> 12 <211> 208 <212> DNA <213> Bos taurus <400> 12 ctgtgccttc tagttgccag
ccatctgttg tttgccccte cceegtgect tecttgaccco@®eddaaggtgt>dactcccact gtectttect aataaaatga ggaaattgca
tcgcaﬁ %1 fgagtaggtg tcattctatt ctggggggtg gggtggggca ggacagcaag ggggaggatt gggaagacaa
tagcaggcat gctgggga208 <210> 13 <211> 13 <212> DNA <213> Artificial <220> <223> Kozak
sequgﬁ%;co%%gnsus ribosome binding site <400> 13 gccgecacca tggl3

<212> DNA
<213>

<400> 10

Cricetulus griseus

cagcggegte tctgetggac tccccagege

atgctttgcc ctaataaaat gaagatgcat

<210>
<211>
<212>
<213>

<400> 11
cagacatgat

11

DNA

aatgctttat
ataaacaagt

gggaggtrtt

<210>
<211>
<212>
<213>

12

208
DNA
Bos

<400> 12
ctgtgcecttc

tggaaggtgc
tgagtaggtg
gggaagacaa
<210>
<211>
<212>
<213>

<220>
<223>

13
13
DNA

<400> 13
gccgecacca

222

Simian virus 40

aagatacatt
ttgtgaaatt
taacaacaac

ttaaagcaag

taurus

tagttgccag
cactcccact
tcattctatt

tagcaggeat

Artificial

Kozak sequence

tgg

gatgagtttg
tgtgatgcta
aattgeattc

taaaacctct

ccatctytty

gtccrttect

ctggg9g99ty
gctgggga

ceeectttac

tgtattgett

gacaaaccac
ttgctttatt
attttatgtt

acaaatgtgg

tttgccccte

aataaaatga

gggtggggca

cctggeaact

ggctagatgt

aactagaatg
tgtaaccatt
tcaggttcag

ta

cccegtgect
ggaaattgca

gyacagcaag

consensus ribosome binding site
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gcccaccect

att

cagtgaaaaa

ataagctgca

ggggaggtgt

teccttgaccee

tcgcattgtce

‘ggggaggatt

60
i13

60
120
180
222

60
120
180
208

13



