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 UERRAMEMESHIN \RCKYIICRARGIBIEPRBIGSFIret aafiBteess]
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 identifigafian ApeioRtirgZatoR 9Etragy BrsmeRtetfenRd eahanesss to-8ppEawR thereffigieney with
which protein encoding genes are transcribed. Examples of these 30 are the CMV immediate early
promoter andPOWRERIGCS TuBUsRIRIE NS ethHRY SABTYRRIS9:IBIQBFS BIORYEr, Polyoma

enhancey, and chicken [beta]-

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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WO 2010/010107PCT/EP2009/059399 actin promoter. Likewise, strong polyadenylation signal
sequences that stabilize mRNAs and enhance transcription termination are also used to augment the
protein exﬁyé)sg%wcﬁg}ﬂ"genes encoded by the expression vectors. Amoné’ PR Y 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). One of the methods employed to
optimize expression vectors in order to obtain 10 higher levels of recombinant gene expression in

eukaryotic cedistipe pedmsctithd ilieevead stiaogopodf tdyatiniatgnsigradsieheesiehabfstabilize
polyadenylati ignals are used. in vegtors for.the ession of recambinant proteins. The most
r%rﬂ%ﬂ%% O%n?f e%%aq\g%: ?r%r% '8{"%’2[ BRI |8? g/ zgsoe %?8%% Oangorplgr%Br%

commonly used In or éxamplé polyadenyrlationi signals from bovin W ﬁ) (us
5,122,458), simotgirvieagdskte anohe ayisnesyioncoalshit e tiha Bylotdssiomuscmrbumamng the

immunoglobyl ma. virus late region. In eukaryptic messen NA) the 3' untranslated
region (3.UTH LB 3 S A e R R R RS e o
can alsoregulzesgany dtiorsiefiiciemiya folysiten (AdiGn), Sghiaislarboamietidelsag seéasasohithin the

3'UTR that direct pindi ol j in,20.co x.fo ar UAAA uence within the
signal sequert:@g.%‘Zéégc%ﬁ%@é%géﬁ%}ﬂgl%%§%%§2%tgg{)&gu?s %géﬂ'r‘ﬁeé?\l gbso%éﬂ 120t%co§év or
nucleotides dotemsaeanosdthe ey Atdsdegisiice 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 mMRNA metabolism,
including stability, translational efficiency, and transport from the nucleus to the cytoplasm. Typically,
the polyaden{dBfoRfsigRaNEsnariiscsnRIRY RSCE) MBEM EIR GRS SRIARINE B 8| daRigeral obtain

polyadepylation s &/Big FORSAINRR A GNA LIBRUISNGR IPRIGKIMAIRY J4il i airer)igss

upstream of the cleavage site and a poorly Conserved G/U- or U-rich region approximately 20 to 30 50
nucleotides dé¥Pnaftda36Etiee QADRMA0SEY|AlifkE SORAISade VHiRep tReb@asiy EbaneRigNalasually

on the 3" side;p angdesifupedibMv ol eRITisiRnesYih vrch alfRmRmaReYRdRMatIoR SitRRte
processed varies considerably. The assembly speed of the polyadenylation protein complex is a

multistep proE@SY R \CHIFERIESHA 1RE SiFaRtRie AvadeRdatey sibrpiighansdidne gmpvth
example. 5 dugAdasiepaRIPIgaImAeRRgRinIng Along SNOate Rvadaayiation idpal occurs

more rapidly than in the weaker SV40 early polgdenylation signal (Chao et al., Molecular and Cellular
Biology, ¥ ol. S°HEY) 5BBESEsF0IL I MMREIg O IdInB PIYGaEN N HAItRIA 48GO8trong or even very

strong polyadgrplaligpck’ %@éﬁ@@%@%m@eﬂ%@ow&@m@%ﬁ%Imﬁﬁqstaﬁ
production of recombinant proteins. The use of strong or even very strong polyadenylation agnals

enhances trafReApaoh4PRHAIRRL SHemGeh il*i‘tﬂ?ﬁ%éﬂﬁ?ﬁpﬁﬁﬂéé&@é’t&%ﬂﬂﬁm,%?é?ﬁ'i“!y,aﬁ clear

export and/oiciAnglgHoRR ¥aelor-SRaadeH @Fﬁhhéng?hiw\yg& fonhighreBRING [Ryslsoagd hence
result in higher productivity of 15producer cells. SUMMARY OF THE DISCLOSURE /SOLUTION Here

we describe SHEEPERFadERVALBIE sl Rolbfla FieratiRingiBatPhankpi¥astand atianeReEctRimster
(Cricetus, grisestpblexrsisio AR AessyirsmebtRgk s 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



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 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 twrol elsenablis iakeslallyherhiterdlogjdasoh stlebiiesidogudnedy(s). bereftarenenwidiment
of the present disglo j Sgé t ising.at | t 0 i ence
encoding a poa o ol e B S e s, T, -rhe
polyadenylatiasseiphédy isptesrsttbarnalradepetatinnlipiagitapmplsieisisgoulipiandondeseaience(s).
A further embadi ! Il ' - Ve ide
oL ﬂ&%%ﬁ@f %H@Eo%@%%‘y\’%ﬁw SERaMaBIRAe peARRRRIC,

I
comprising at least one HGH polyad ation signal operably lin n 5 upstream multiple cloning

site which alldus tise felsisingzasenebienater tesrrawiaydbsgsitionsslEh dessopebadietylation
endonuceasghntf!aperRMbRRNALANG RRESGIAEFIORUE P iapialioRllg SRty 2

mammalian cefl, comprising the polyadenylation signal. Yet a further embodifment of the present
disclosure is &Cinatheidefor idrdetdiagangroalictastBintesyt YembRisthy 2e8@irmeteka§88s 10 cells,
preferably mammalian cells transfected with vectors or polynucleotide sequences comprising the HGH
polyadenylation signal. In a preferred embodiment the product of interest is a polypeptide and the

desired polypEpeiteisthecoeetktbfidantiie diginativre SENISTECHAESf SHO TIMBH RRYSHIPE show
the impggt of %@ﬁéﬂ?{a Ralyadenyaron signak3easenen Rdas LR NheXREESHOmRIRIGRM Figure

6). Surprisingly; the highest sSICAM expression is obtained with the polyadenylation signal sequence

derived from taecgrbinariopisagedof teen Sl SItIRT IBMRBraRSBdSHPRS 200/ AFRHEIGEHRM
series #1) Cog?gﬂ{a?éj %ﬁ%%géfﬁé%%t&%%néhwﬁﬁmﬁ%ﬁ%%%ﬁoma%nixf&;&*ﬁ% BGhhcreased

polyadenylation signal and increased up to 40 c/o (transfection series #1) compared to cells

transfected witipthistieatcstpbitomssirammpait Sviioridtasdnjinne a1 uastPsighandat amblHf the
present disclagyeefistnarpgeSadhie HRRE Q! SIS Bhroh@danialinn s aps QndRRITaNHE Bt

expression of an 1IgG4 antibody. 25 Surprisingly, titers obtained with the 1-I polyadenylation signal
sequenceé ardBrluverafdi85% 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 inSSeMNEABINGE I DIsH O&HR RS HHIZE!IBMNcontained in the expression vector
PJR131. Wheieas (he biGHpRALGnSE Baﬁ%wﬁi@%m ﬁ%@f@aeﬁﬁh@nﬁ@%ﬁw\mmmﬁéults in
e

a very good sICAM expression comparable to the expression level achieved with BGH (Figure 7). The

best expressighthesQbiseshhavsiRittGreatusIdesush s NAY dohashash pitneihdstisn
vector p9513&e(\ﬁi9ur8e%ﬁ&wcgé§sy%&#y%¢f (S8% thaarthg exreessisnipehisiad WiB Bibhg

5polyadenylation Signal (Figure 7). . o
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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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 of interest. The data of the present disclosure
furthermore show stable expression of proteins toat high levels using the HGH polyadenylation signal.
Cell pools and cell clones with specific productivities in the range of 10 - 45 pg/cell/day and titers in fed
batch 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 ID NO:9. The
disclosure further relates to a polyadenylation signal comprising a nucleic acid comprising a sequence

having at Ieagp@%ﬂlemlya@@wim‘mmTﬁé@ibﬁiwyadﬁémﬁ(ﬁ@réiﬁ@é {6 dpuREEEHlation
signal compriging 8&%%%&&2 fieEOMPY1SIRga ﬁgg*SQ‘é%%Fm%ﬁ%%ﬁH@%M%(@).SE\QflP(IJI\é@:9-

The disclosure spec relates to a polyadenylation signal comprising a nucleic acid consisting
essentially ofeanbedimsnteoht leaserPssptidéptieat® SE@ MY Cite @lisERISIHES SR 88/ 78 tes to a

polyadenylatighsigiam&OBPISHRG BRUCIRIGACIBSI0RgISHNEIS R SAgheNesHakspAst Tikeddentienl to
SEQ ID NO:9. The disclosure furthermore relates to a polyadenylation signal comprising a nucleic acid
25 comphisin SHEAD RHRI ATHAGEhe  THENRIGHS Toa AROR o B aRRRyTAIBISGhAI2

comprising aadelgifRF deaniRHsBY FsEaEemcacH leagbrhidisgssicaMeSh{RN @i bunistlesure

specifically relates to a polyadenylation signal comprising a nucleic acid consjsting essentially of a
sequence at [B2sPFE58 'd@ﬁﬁ&?ﬁ?%‘% SEB I%% .cﬁile %f&g%&%%ﬂh’e %rg?g?%%@/'argla%%si 164" phising

polyadenylatiba Sitfftal polraokésidetiannisigeit a¥Rl corfoidiiig @nboséaerined Hdenmseahodigeities to
SEQ ID NO:§¢ Thenethod for producing a product of interest comprising culturing eukaryotic

10 cells, preferably mammalian cells transfected with vectors or polynucleotide
sequences comprising the HGH polyadenylation signal. In a preferred 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 comprising SEQ
ID NO:8. In a further embodiment of the present disclosure the polyadenylation signal 5 comprises a
sequence at least 80%, 85%, 90%, 95% or 98% identical to SEQ ID NO:9 or SEQ ID NO:8. In a
specific embodiment the disclosure relates to a polyadenylation signal comprising a nucleic acid
comprising a sequence at least 85% identical to SEQ ID NO:9. In another specific embodiment the
disclosure relates to a polyadenylation signal comprising a nucleic acid comprising a 10 sequence at
least 95% identical to SEQ ID NO:9. In a specific embodiment the disclosure relates to a
polyadenylatiestsignil corverisiggetnatiidhGuReHHIRRIP BN sagAciCatiea 0Eso5 HiRthtg4Plo SEQ

ID NO:8. In angiher SPERFCRRIPRIGY the disrloputs slalesdna PlrURNYakRIsioNRcaRprising

a nucleic acid comprising a sequence at least 95% identical to SEQ ID NO:8. 15 The disclosure

relates to a nd@Ececidahesselddcbroramiainedriiptie LIPTOSTON0/oCFeriRR #dMRI82ure
relates to a nygleie agid [ SeAYRRES Ol ¥AUCh GPRFISIHRSSERIRIXGHSE QNE- Wipre mejarably,

the disclosure relates to a nucleic acid the sequence of which consists of SEQ ID NO:9. 20In a second
aspect, the dixBissigavekinessignah(fdi@iceadid the sequence of which comprises SEQ ID NO:8.

Preferably, thg.dis W%etp%{ﬂ StiRAUHBIa-asld theRpaYenss abghishsapsisisessansialpd SEQ

ID NO:8. More preferably, the disclosure relates to a hucleic acid the sequence of which consists of
SEQ ID NO:Sezsencepraferiasaienoutisbncenlipdl d9eap RifaIenarw essinr #f1d HgRserled
embodiment mlgjigflosure 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 refBtes d8tandbdhfe @BeRPAdERFREIER S0 ORI EoriisimPL R uBIBIESRS BmBREHS a
sequencg at laagiPbvidlentisald asE QAR 19 atieatiibainathagmukietell pottodimenetheldisetosure
relates to an isolated pglyadenylation signal comprisi nycleic acid comprising SEQ.ID NO:9. In a
further prefertd éﬂ%@&ﬁ%ﬁ%'&ﬁ%@%&hf&%ﬂl@s fg %ﬁ %%%%%%ﬂé%e%éﬁ%%{%f anﬁgc%?n%%sing a
nucleic acid GoayIEBg 6f IRAMEDE @1 |eastoBamisie iFizalte SEQ ID NO:8. In another preferred
embodiment the disclosure relates to an isolated polyadenylation signal comprising a nucleic acid

comprising 5 a sequence at least 95% identical to SEQ ID NO:8. In still another preferred embodiment
the disclosurarelatesciosareisesesk paty ademdatiaesigiancosiyprisingpenprisifeic acichedaiprisivid SEQ
ID NO:8, _Prefera% the s%q] e Ielates to,an isglated nycleig-acighhg sefuenes ofuduchre
compris1ess SI?STWBE i (g:gf]M%Lf grﬁeegeraégly, the disclosure relates to an isolated 10 nucleic acid the

sequence of WitbRTCEHiFsde SEIEIeDWtIRR Tl eererisiinfe RSl RithempERsIFsiynal is
operably linked{Q.adaetprairoarssadingBemsange dnsespepifinaly. preafiesrestassbadinensaric
polyadenylation signal is charf?cte izec? l‘t)P/ that.the titers / exsoression levels . L
relates to a polyadenylation signal comprising a nucléic 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



15 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:9 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 disclosufistipsheanforagenares telaiasudiei@ aerlyasersez|iien coBrWRRAPES O P MEEYISERS'ID NO:8
operably linkgd dmhadi eoMuigeeding 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:8 operably linked to a heterologous coding sequence. A
nucleic acid the sequemee obwhisheompsisehSEQHENO@sa8uand thas Fgstinatanfunsiteal

Preferably said nucleic acid has terminator 1 pdi er, lin 0. e ing
ceoquencd, 1A TR SR BoeP B e dEr 0t 0 ol P e o e B B e el
comprises anyfe af tAEQoladedyiatiolnsignatsofinuehohpdisitsedbendissiasuieseibied aldoe. In a

specific embadient, SiBRIAGAYIZNIAB NS o BALEASIHRABHENGFS UeoReAbIMIERY (0 an

expression uhit!‘expression c embodiment of the disclosure the vector comprises

the selection &i%d/deentipafidatiSiERatiRe N§drofbl e EEl ciRSSTTo HERYOdAThi e sPRFIEERER or
neomycin phosphatase (Reekkadipiaitd emhadimanbating RiesrRrIsisCRsHreBIRpRSHY Q8

polynucleotide sequence comprises a heterologous gene of interest encoding for a heterologous
product 6f interestersafatdersiAa prideriicaltle pEbiie:PrefR A G FRRepRNs R
antibody, antipedysfrromenter fsisipnHaipieimylaiadosidhafspaabrifiegdiaclastescreiaiesdongestia
comprising any one of the vectors or nucleqgtide seq es.as described above, Preferably, the
cell comprise§ a?%ﬁ@%q R tg‘&)ﬁ(glagg%léﬁgiiﬁFgaﬁjgo;%eﬁ(@eigci gc%den(?gsgggzggﬁb%%%ﬁlee
operably linkethtedinramsdrptidsciasitrenceidtag dcpradpelyadéntdetet. B@fsfa@wsa’&ﬂmr@q&dﬁi%terest
is a nucIeotld%{i@l&lﬂﬁﬁ%gjﬁﬁ&@ﬁﬁﬁﬁ@é@@@g%qE}gmgg;fg)f deceet s@istgroduct of interest is a

polypeptide of interest'enc

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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by a gene of interest. Preferably said polypeptide is an antibody, antibody zofragment 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
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 tit:9.expressionieve efstaadeewhndizerpolpadeifassresigiales ftcit &Fisd

sequence are g st A0Y6PRRE LR Y RSk R NSRN Biges thaguieseatinieed for

the BGH polyadenylation signal.ln a most@pée erred embodiment they are af least and/or on average
P

35% higher tRak tHiaRlieBamedor el oladBringticred. BrRRAIBE AN cRFHAR SB0s
h'fg_hter exfrefﬁélgfbfg’@'én5éﬁlétfﬂrpéﬁmﬁmﬁﬂﬁ@@we@mm&;mmbmmaldoglm}sbigpeptide
of interest encoded by a gene of interest, the method prising- (a) Providing a host cell comprising
a vector dr pSlyRfHEGH e %Eéﬁ%ﬂc%gg dé%ﬂﬁ@hqz?og\?ea)ljﬁrm%g a{r&esfﬂg]s%@é)éhe%é)def g\f/aé’, 10(b)
Cultivating saifhs&limesndeecangditens whiskeallow e prulifedatiotyefithgiaiels aiwtahecexprisgmion of
the gene of Ir}at%r&&téic acid comprising SEQ ID NO:8. '

ibreferably, the disclosure relates to an isolated nucleic acid the sequence of which
comprises SEQ ID NO:@. More preferably, the disclosure relates to an isolated

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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(c) Harvesting the polypeptide of interest and (d) Purifying the polypeptide of interest. In a specific
embodiment of said method the cell is a eukaryotic cell, a mammalian 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
Fe-fragmentdnhaaiijrarasirpit iendiseighoibalirletriin ahd ehisit conceluclentigslsenusiservaifdble
region as welk@fgrive @Reyen ag RN fBRAGHIRK PRI remberdimant ehsaiteseibatibied
25polypeptide, of interest is @ fusion protein %r% : n%:ha}ffold irOtecl)EYa-lc—{Q% %égll]os%}r n%‘lgtheorrrelmagigo a use

of the cell as aEibeosvce:ar'ibed above for the manu uring ofsgrote% X a sixth aspect, the disclosure

relates to a useidfeaseneast ane prtyabibhyrwmshiaGigharsassiam I AGuRrasdesdassg ol as an
insulator ;. Additignallys thegdisciosiye rlatgaipamsent apyaie oftharalyadendation sighaleor

nucleic acids as described above for the generation of improved host cell lines.  The disclosure
specifically retaielfigaiionerpaaisy HbwsiaielskysedvsiasenGIpiiie sriamier s¥be@Rstfibed
above for thenssaiigepeotippeames |haseventh-aspertrdbe diselasiie roflates teaddhcanpusing any

one of the polyadenylation signals or nucleic acids as described aboye, a vector, a cell and a cell
culture meciU RS PEITBR B G GHEEL To B R BN G T e BB B s
EXPRESSIOBNEGAP RS Figusteiotohensaticatly shofvirtteeestpreBsiderabitosaidsignsiusedsfar the
transfection of CHO-DG44 cells. "PIE" means a compgsite unit that,contains hoth CMV_enhancer and
promotePeIengX,eB% eprﬁg?gfaeff A aﬁngegpi%j té?m%ﬂaﬁc‘?ﬁ%?&r’fal ?gﬁgngcﬁsg%}ﬁ@hglfh is
required for palyatemdéadion of transcribed messenger RNA. The polyadenylation signals "BGH",
"SV40L" and "HGH" are termination signals for transcription derived from the 3' untranslated region of

bovine growth hormone (SEQ ID NO:12), the SV40 late gene region (SEQ ID NO:11) and 3'
untranslated tegiofeetChépese Hentisslognoavikifesriorre 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



20 (SEQ ID NO:8), respectively. These polyadenylation signals are flanked by restriction enzyme sites
for "Sill" 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 endonucleases (multiple cloning sites - "mcs") 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". WO
2010/010107PCT/EP2009/059399 FIGURE 2: ISOLATED GROWTH HORMONE GENE REGION OF
CRICETUS GIRISE b tRigate foshdies BE Huatstrkesyiptinnesigngé grdithehdiinshergeiasrsyion

which was amplified ' - ine Stefof e [ iseus)

DNA using neLto BCR el %3%%%l%aé*p‘%é‘éfé?@@i&?ﬁ%f%ﬁ?ﬁ%%@ﬁ%j%ﬁﬁigth

and position irthihge B&$pepifligastangatih fangled i ificktidn elichias, thesrikigner

sequence its%%%%'g Ifg%@%{: italics (SEQ ID NO:2). The stop codon TAG of the growth hormone
ighte

gene sequence’ls y underlined bold letters and is followed by 324 bp of the 103'
untranslated region. FIGURE 3: ALIGNMENT OF 3' UNTRANSLATED REGIONS OF GROWTH

HORMONE %EQ'ﬁ%'%é{?&%ﬁ“&ﬂ@%%@lﬁé%‘@t@g B Untranriated keaing af sag SdinakISORsgUsIgrowth
15 hormone (SEQ ID NO:8) is corg\%a{é%?( %?Bthe 3' untranslated growth hormone region of the syrian

hamster MesBeFREILUEERIS @6 EPYIPIMAE LR lus (Genbank Z46663), Rattus

norvegicus (Genbank V@] 239)RILBORdRUHS! (RnasidRO0SELShastingnindlieaties seceetides
differing from the C. griseus sequence. 20 FIGURE 4: HGH DELETION D RIV%‘)I’ES OF 3
UNTRANSLATED REGIORSHEBHIREE §V§F$’|r§§6‘§dt§'|36\ﬁ!1?ﬁ B & alignment the

deletion gerivates of therl6Cumipigatidefdriesiys gitkausopditishhamienalidycit e seolitsed(SEQ 1D

NO:7) containing just the 3' 25 untranslated region are shown. All derivates have an identical 5' end
and differ in their 3' ending.Oﬁ'méelBﬁﬂ%éf‘ﬂ?eﬁ’ﬁa%é(%ﬁﬁ%\?’&ﬁ@%’80?1?5'@??8?‘?24 nucleotides. SEQ

ID NO:9 consists of 1894)udieaiden@itePoly pepide1dT ditpreist ddducleotides. The stop codon TAG
of the growth hormone gene sequence is highligh ecéi)}/ Xndeglined bold letters and the potential
binding site for the 30p&faGEAN BT EBRRE ARFEAA is highlighted in italics. WO

2010/010107 G 4pR2HRUAFRMent of said method the cell is a eukaryotic cell, a mammalian

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.



FIGURE 5: RECOMBINANT EXPRESSION VECTORS FOR EVALUATION OF HGH
PERFORMANCE All recombinant expression vectors encode the gene of interest "sICAM" under the
control of the CMV enhancer and promoter element ("PIE"). sICAM transcription is 5 either 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 protdiieradlemibat aiatlopuce tamlaiieatidn sigrsigfoptranscriptioneTRespasitreaemeriRction

Of transcriptioRRialian WENRCA0R4BRSGERERDUIN B I AR Y SHLASTM: NGt
selectable marker dihydrofolate reductase is abbreviated to "dhfr". 15 FIGURE 6: EVALUATION OF
HGH PERFORNIKNGE IN TRANSIENT TRANSFECTIONS In two independent series CHO-DG44

cells are transfectgd wihrexaseanionyvesiass RIRIAkePIR BEY and RIRKS 1l sdempistiornsgaasICAM
under the CMV enhancer/promoter. F retﬁ]rr%gati?n .c@‘transcri tion ejther the SV40 late 20
THhef 820 (R

polyaderfylatidh"HGIEE &S 75 N85 BHE5EGRR6F H&RY growth hormone BGH
(SEQ ID NO:iR)kosthestnispegntesy egianoslithingatbatmste kireothphising e 1 G hi(SEE

NO:8) are used, After a period of 48 hours the sICAM titers in the supernatants are determined using
ELISA. To coPe R IGE AR ARCTARLY BEIESRS &5 HERETRAs FRRHANE KRN R e and
25 the SEAR itiviuie merbure tollsiny HicH eisspalyasienylation signal the titer is increased up to
21% compared to termination with BGH and up to 40% compared to termination with SV40 late. WO

2010/010107PCT/EP2009/059399 FIGURE 7: EVALUATION OF HGH PERFORMANCE IN
TRANSIENT BEXSEEPSION OF ANEFEIRPFA ANTIBODY CHO-DG44 cells are co-transfected

with the vect Inatio 1D/I / =6) in which the transcription of the heavy
(IlgG4) and nS‘ﬁé?H%t%n?(k%%ﬁr%géﬁﬁ%%ms%%ﬁ by the 324 bp 3'untranslated region of
the Chinese Iraguster grawHehemoally BEHWSHREIDeNOSsids aveetsroldeldignd Gdekcellbarthe
co-transfected with the vecio ination pBIR-B/lgG4 and pBINB/kappa (n= hich contain.the
oM polyadahG GRG0 (RO NORSEDS ABHe DrA RGeS SR gy b e e
genetic setupaNitheamiinset Oamettono aretiderticalcAffet R periqerahdtehoaksntizabrdimd dyTtiteas in
the supernatants are determined gs{;quﬁ ELISA. To cor@eé:ﬁfo.r transfect(ijor%grfficigpc cell§ are

co-transtéctet PN AR DI SRSCARLORN th LV RER P AN R S s R TERNAN S H %
polyadenylatiparsigribktitermase ngeavkivge 38% higheadinayidtoB Gidrnmity dBSHlatiGvéigidamnd 5

FIGURE & T P R e triation Signals for TAhSGNptioN derved Fom Te 3 Umiahaatea” >
region of bovine growth hormone (SEQ iD 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”.
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In two independent series CHO-DG44 cells are transfected with expression vectors pJR131, pJR134
and pJR135 all of which encode sICAM under the CMV 20 enhancer/promoter. For termination of
transcriptiol @AREI9HHp (SEQ ID NO:8), 189 bp (SEQ ID NO:9) or 113 B TSEEIHRE?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 sICAM titers in the
supernatants are determined using ELISA. To correct for transfection efficiency cells are
co-transfecteBiGitiRBEE plasdll ATELY -CRAMAN the AR BcBdyES REBAKDM D E@RIQET WEGCells
transfected with vectors co&%g%%gle 324 bp HGH sequence cells transfected with vectors containing
the 189 bp and the 113 bp tion variants show a reduction in sSICAM 30expression levels of

23% and 78%jgespactivelys WOn2@ku0d0 HeReTcE BR OO MIRABNBHBIORESR 8| BidibE WRich
PROTEIN EXPRESSI IN STABLE TRAN ELLS USING HGH In Eigure 9 the specific
productivitie it B BF el e PRI AN DI oL EREor ST Bl AP Sl s 1062
a_nd fo[€7:3 ant@dcﬁ@mgr@@]s@nﬁﬁ\ﬂ\lg@iagfnéemmmimf@maﬁﬁ_p@(ﬁmsméﬂt@rmeﬁfh&
bioreactors or shake %askts ar§1summ3r|zedl. %ngflc cPrrodU{:tlvmefstﬁlre in the ran(%{e of 10 - 4%H
pg/cell/day af QYErCaE R h ?a%gc P11 gﬂ;n. Rgsdé?w%t% seﬁjg%??hgo\?e {&rEUOE for
expression ofdte vamolis fhaaingiffickiticat allicontaén phiend2 4 dpunostitsefate dighdignted Chinese
hamster growth.hor (SEQ.|R.NO:8) as 10 polyadenylation signal to termjnate the transcription of
the gene of irllttae}(égt.q? g yjlgosh[@aarl'?s"fect%nsst?agoIg%%jﬂnpol@%éggrglgetﬁéectgéoﬁh;q TDRER. 854 <
NPT-based ssteci@rcéoitonigh!phRdury essied iDét-Boit deitees ayah & doliphfied tipn 32d dschyf dlddition of
100 nM and 800 nMaMsT%{et the .culture medium. Single cell clones are obtained either by dilution

e

cloning oF a FACSIBLSE 5%%% 1oh of single cells into 15wells of a 96 well plate. DETAILED

DESCRIPTION OF THE INVENTION The general embodiments "comprising” or "comprised"

encompass t )eci ifﬁﬂl ' . isti "= 0 ' r 6" gﬁ'ﬂs are
20not used ir?i mi%?‘)waé. e%@ﬁﬁ%ﬂ@?ﬁ%&%ﬁ%ﬁ@e%ﬁ%wge%tggnd methods of
preparing and selecting matirrMNEelGETeE Svhich allow a high expression of heterologous gene

products, preferably-hionhannaceytisallrele yant nolipeptides - srateins, Mhe prosesses aggarding
to the invention aré ed primarily on the 25 use of novel polyadénylation signals isola rom the
growth hermdweerobites (SHidedE hbiste ricCdoatpargdsémshiss B prisitrglysia eas dravitio odtloaethis

polyaderyiatt SO St B R e oL e g ST o R e, M erms
used in the coursewdfishi€mebankink4oficd)haveltie fodiovigigusebGigrhank 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.
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WO 2010/010107PCT/EP2009/059399 The terms ' polyadenylation signal”, "polyadenylation site",
"polyA signal”, "polyA site" or "termination signal" or "terminator” refer to nucleotide sequences Wlthln
the 3' UTR%F%?@E?H?ﬁdmg of a polyadenylation protein complex to an ARTARRIP LS8 8N ce 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 mMRNA metabolism, including
stability, 10 taiGaRENS efRECON BNARNSIORREFSITINVESROR Hd-CyropesmnURnoNIOhe

polyadenylation signal co elements flanking the cleavage and polyadenylation
site: a highly conserved Aﬂﬁﬁ%é@%@%@%mmately 14 to 30 nucleotides upstream of the
cleavage sﬂeﬁ&hdaaqmmnbasprﬁedt@weoirot’ermwglmea@er@(wﬂ&iﬁye%@ @l@mﬁﬂ@lﬁdﬁd@%
downstream 15 of the AAU uence Cleava etween the IS usua on the 3'
Side of an A RS S Do N SR AL e Bro RO L Bt & HADA A A4 ol el
Biol.,5, 2404 e2h8 té@BB])atﬁvétﬁylm (SchekatsihiddaleGioth BIDLAAINBIFOWESH3rH292) eréarly
ponAorBG d e.in U.S. Pat. No, 45 0 While in the .
polyadenylati %AHé ﬁ?gjk se%@oiﬂt@e%%%%r 88@5%%@% réﬁ%édﬁ“%ﬂt@e%dggti%ted
with other hexatraclsiatiels wgmenoémiﬂebemakmg;etog%uh%ﬂacbmg ‘aEIRey 8ECrapakieo of
signaling po f homolo anucl otide sequences inc
AanAAn, AU AT R A ARG T KR SR A AR A BRSNS AT Rk,
AAUGAA, AW%@M&A%E!WM@&U%MWA@U%WM&yMW@&%@ﬁ@ﬁWC
Therefore, inQne gmbogdimen th olyadenylation signal rise a he nucleotid uence
selected c%rom &g r;roup‘gcons?isﬁ Fof ﬁm%\ru A,@Uiurip %RUA%Q %\A%
AAUAAG, A%Mp@d\rUA% MBIMA,SAALU%@&MA@A&AMQMMA |8@t£;@UAM|AAéé6AA

AACAAA, A AAC. rather than the present AAUAAA as hes exan cleotldes
are capablepto%ﬁéﬁgP%'o unit is In%rca{ aby an arrow. The am&sﬁaobqg se ect %fh tRarke

dihydrofolate reductase is abbreviated to “dhifr”.

s FIGURE6: EVALUATION OF HGH PERFORMANCE 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 ftranscription 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.
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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 inter&EHaAL 8 #itérference of neighboring gene sequences. For exaR{piERHENA878%can reduce
5 the transcriptional read through from a promoter of a neighboring gene or spurious promoters in
adjacent nucleotide sequences. Or they block the interaction 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 characteristic of an insulating sequence within the meaning of the present

invention is its IG1IRELT 10 sulatATTProtecD B defidid trarBRADRMANOFhiChNs offetAbIg mkad to a
regulatory element from th )lzg,l f pStr @%g?g tr ' ring genetic element. For
this purpose the insulating%e Eﬁﬁ@ﬁ%ﬁ&mﬂ d%t&gﬂ%%f‘ering genetic sequence

and the reguiGteQ-Besenmsiofdhe tansnigitetednivita hrdnsetatedecdrheimsidatips R @Eacemight be

placed on 15 el or both sides of the transcription unit in one or more copies, In a preferred .
embodiment BPINCERRAHT TN HHE (e ARG UL 108 B GhroA gt i
preferreds emticapenobitbisitizmdipistiterpoheatddnpation 32qusm & st sigetpagastenylation
sequence. It is,also passible to use functional derivatjv t H.paolyadenylati sequence
uch 26 b A RERS B G FaN e BELE e EC b o A b e e
sequence or saliéragreerdstheséattadichithavecb eestorodifiedifatiexanyi Dol /sybatitatig np Bisertion,
addition and/gr,deletion, Catrresponding subf {s or subsequences,. mu r yarignts, are
hereinafter al {)kf)&%?remﬁgzjswﬁ%%iﬁgﬁt%’ﬂnﬁﬁg%mp D&%%W%I.]%R '%%%%&&eﬁ]iﬂﬁoﬁ%r
"derivative" isAgiftectidhal diéfievativeaf/SEQ Y2 MO 8cudicit éicthdogendiftagmenisfahsulasdsjuences
and functiona‘l} mytg@ntsévar.:@n%r a%d pé\z{erably Ieada to 1;e>‘§r$'e§sion I?vels of@ iﬁdmd t of inte%_'est
comparé%le toegx%r%sglgn' A& Bhtaiftrwith 'R cRotide SHG%nE‘eegR}?e §Eﬁ§eﬁ5 Nb8Ea
modified ternsinpéon praviss dcebeaisatuhier theimyPhiea.of Thedorentidoriftthbas3betignestiortenel of a
operably linked reparter gene is at least.60%, preferably /010107P., 2009/059399
Iet?st 75(;’/0, mh%fétp% er%ﬁiazgfejags Q%%%n@ing%tgéqe?gé@%%ég‘g f’&g/]ggo? ﬁéﬁ?&%ﬁi vel
obtained wit S esnpodyatiee yetionesigeaktbssagré anicy! prefet bibhee
modified tern%f',]naaﬂt%sf %@ﬂﬁ h%\//ed%rqn'ﬁnitmumisegpence homology to the wild-type sequence SEQ ID
NO:8 of the hamster gro@v? ﬁorm%ﬁe'%no@g& nsylation 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 9%.an ' ressi IS, i rative.r, ene
assay. Ina cﬁ@p‘%én ing %é?ga@ﬁ?\%{ﬁri%meﬁr@ asBS%alg/%:ﬁﬁ\gr\r)nAir%a orfr dﬁjﬁﬁgﬁg@eﬁtad
including the reference segiRABKSEEQTEDNG:8 are cloned downstream of a reporter gene. This
reporter geng codes, for, e le. far lucifer, secreted alkaling phosphotase or.green fluorescent
protein (GFP ?Afegnéﬁégﬁsﬁ%e% p%?%eesptgé@c?? gro%ei%%, ?oraéﬁﬁrﬁ%rpeg %ﬁ%ﬁfi%gﬁy Na Ef&ﬁ%‘:’ncan be
used as 15 repciaes gdRES 1T hede1Sdnatrdgtsiiaies Sudis efjweniti ietmahie addit thedestice ISMV.
CHO-DGA44, [ | the | 1ce.of t ified.terminator.d Sii Xpression
level of fhe re%qoﬁr er geﬁég%@%%rﬁrdggﬁﬁ%é%&g @%%éggﬁﬁﬁ%{%ﬁe%?’%ﬁiéﬁgﬁqﬁﬁ(@ >'r%)borter
gene. A corresbhginG tatid 883G bed in 2xaniple& 23O pbiHee K seitansidd meph meferred

HGH polyade@”ﬁlggg ﬁi&%h—iﬁ H}%\ﬂfﬁcﬁ%ﬂ&see%}chrg%gg fSiRIQ \t/g%ants have an identical &

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.
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sequence of SEQ ID NO:8 or subsequence thereof comprising the sequence of SEQ ID NO: 9. In
other embodiments, the polyadenylation signal is a nucleotide sequence which comprises or consists
of a nucleéﬁﬂé‘%‘é’&}%&?e with homology or sequence identity to SEQ ID [\F(Sﬁ?%%@ ’%913\?8):8, SEQ ID
NO:9 or SEQ ID NO:10. 25 As used herein, two sequences have sequence identity or homology when
the nucleotide sequences are homologous or identical by 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. 30AskisEdRier@in, HiSte ik \Hybrities bhdéneaivigs ol Obh i BlescFiB&NSFG CTED
2010/010107PCT/EPZOOQQE[BE%w%i%F&or hybridization and washing which are known to those
skilled in the art. Generally, stringent conditions are selected to be about 5 - 10C lower than the
thermal meltiimg Figinte( Brihéos teeSioepific setivitias eaatiat efined shald\strangfhciad GHHOHGAH is the

temperature (under. defined ionic strength n lejcH,acid,c jon). i %.af the
probes comp‘(fg:ﬂne&nqgrey% fie tgPéDeF? hey r}'g#z)%’r% t???fa’ré% se§b(énge&£néé%{ﬁ?é%l%n%gt%grﬁ%8
conditions wilge2 tRosesion/indtehes sait feohbetthatiorcaskss peaivabedtia . Ditviesdin doshgisically

bout 0.01 tq,1.Q0 M sodium | o] h Its 7.0 : h i
st about IS Sr6rHONRE oG 10050 o B E o 180 tEe) bl LGP abur B0 Aelong
probes (e.qg. gg!a@l#daa_maﬁoﬁm ac&:!'Entietes*)ar@eenfpbﬂylﬁtﬁ@@fkcaheit@mﬁmae@hylzfriﬁﬂi@ation
at 60 0 65C & bridzeion uTec ih SKORC, AN NaSng AL A2 IO RASSE0 1505 A

Isa ackg y he

positive hybri\(ljelza?ion sigha east 2 times above round ridization. polyadenylation
sequence of tire Jamstengjrdadh égicontGinid esediffedsisr tgrovidhtbesmomie Bl AkNBshds for

Cequenca of LSBT, Bt .
knowledge obthat $eansfactoor bablelogpilpocfueneescistiedvasing stardaRt rasthdd kbesedn the
q bl . A ) > = ) h
cequence desa b SIS 2 R e e S e o Sy By
oligonucleotiddgitisireafori@inibane 86Gudcl! bKiiistiractidivraay edivhe fioglly eothitieseedra probe
O e BB e SYPAIRIRCI G180 16 e PAISCON] BARARG SIS AfRe i ielated

region or othér fragments or example~by hybri e hamster
genometsUsinglisefepBfiavejepletssay 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 easily be obtained by PCR

amplification RERAY:ERIIRSGH RN GdnT henNWMERKNRYr a genomic 30library. Fragments of the

3' untranslateg.reqi i imited-exan ILl @i i large
fragments. sﬁ&%&ﬁ%ﬁ%ﬁ%@@%‘%&%ﬁ%ﬁ 07>6PCD @ggéﬁSﬁ%ﬁéﬁe ?:{r?erﬁ%a ly
synthesized sppraititcsateshmenéniealsistingresizdofihghiesie. Bsingatsra e Rition fasagiche

addition gnd 8 p I i%] *ﬁﬂﬂx may, be produced by site-specific mutagenesis, PCR-based
mutageﬁesis tgcﬁrél%gjesé;]n /olr ?ne ical synthesis known to those skilled in the art. Preferably, a

mutantis 5 afigred, AldH0 i3y Bnfiln 20 RLiaRDPRAEINRE RARIRFRIL A SManAg aliesahat 6 &p

positions. A similar approach as described in the present invention in example 1 can be used to isolate
for example theepanR@aigatsiesiitnsriraiiause!lripes syhigh 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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10 hamster growth hormone or growth hormones of other species. Their performance can be tested in
reporter gene assa(}/s as described in examples 2, 3 or 4 of the present invention. By
cross-hybrm%&ﬁ% \’/\ﬁ’tﬁ7probes derived from the hamster growth hormonepééﬂ-ﬁgﬁwgfﬂﬁ?é%rably from
the 3' untranslated region, it is also possible to identify and isolate suitable terminator sequences from
corresponding 15 homologous genes of other, preferably mammalian, species. Suitable techniques
are known to those skilled in the art. The terms "homology", "homologous", "identity", "identical”,
"sequence identity" or "hnomologous sequence" are used interchangeably. Methods for calculating
"homology" or "identity" are well known in the art. For sequence comparison 20 typically one sequence
acts as a reference sequence to which test.sequences are compared. The sequences are, aligned for
i corrL B0 e I G e PO Bk S e A0 oo RS
comparison feitedptinisdraligrahentsieateat fdentitydietivesBitorsereetite segadnsesonitiithib@umber
of identical pgsjtions,shared by the uences, taking into.account the number aof 25 he
ength of each DAL an GLE B Da T e sl S L ARIA
comparison cfespapercedtbind te Egnala@muehperddrg mEnfitg>betméaindvao seloencisasant et
accomplished ySing mariemalica) Aigopiyns, REBHI R aprAm PIBMSIra.CARNR NRSCLar femative
e'd i drithm then 30calcurates i

parameters can esighate e sequence’comparison alg percent
identity for therdst sedyrercess) trelbiivectpinet esferesiceaieCrip0a0£0/0d GG TOE PROASIDHH2H0

< citable for SETAA L RS R PN AR (P S RSP R o,

1990; Gish ebaliehtute GEhative:3 edty- 23RetB0DTMaRidA enalgbidbsm Enmyotbh@ e8abBily; 141,

1996; Zhang ’ 7,649 - A I wNuclei i e 9 -
3102, 1957 R IO S e e e B DM R ShpA
BESTFIT, FASE AvaivhTeAmdEaem tenalisconsiatG erfetico StftwgratPaclagmdrsvdamkipgrdent
identity can b termin igpment.a isual i ctign lat] he
term "vector"(%%adl?sgg%e hegr@n %&ﬁé@%@gr@g?lang %%’cériwggﬁﬁg,y#ﬁbzs%ig%g g%g%%c%%@é%%or
uptake, prolifepptionireafeiysdibricodPansniession ofunstterracddine ecteslvagg. plasands anfinivitgles,
phagemids, ] rtificial Ini- mes, er] Vi as
baculovirus, %(ésr{rg#o%\%?us@ %e%%@ﬂ@?gggq?ﬁ?g%%\%%;@ﬁg& éﬂ%ﬁ%@?ﬁg%@gﬁ% ages.
MethodssusedfttheoAdikiptie sensancavdllikasagerdatpesoritskiite o thieneasdisiestrityddn

thodssusefiheodititiveeras anosdl avage baiperstriy wedglesicn
o the unctiod ] I o e L B R s "

polyadenylatiobl ghyfaReseletitiod ohatkelt S wligh LdOéeplication, 1883 s phdiAg imdSches kh@ivn to the
Killed i _ ) ; . ol ) .
person Ski eﬂ/f&%.”@eﬂr%i 'i‘e@?‘%asré‘@t.'ﬁn%’é%;ﬁs?@z\éea%rééﬁ‘&igé?sl'ggh&‘:%@@f’I}Iuéﬁlﬁ%f Egér)%"fcéﬁ{@é'&

sequences that facilitate t e propagatio e vector In bact asano ation and
antibiotic resistagasarypieeis fdr SekatidtointhbeteAiad 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 sorde ard\dianterdialpalvanapdatem sianphing oW ASAtraggeRee LEesenbed AhavRrdyen,
Carlsbad, CA; BramegaiMagisan ol Qf t%@t%@?c'\?ﬁﬁ??tgg?mﬁ@a Re6{9e Cls iR ARETRFRd

embodiment of the invention are vectors or polynucleotide sequences containing one or more

transcription DERPEEOENHAYELAES B nteResERN@Y 90O CEPRDIG10f o BPeting PROGEIe8YEY9 Tt ehprise

at least one HitHpQly gdemyaben3igah il Jas HLRIRIEHeS 884 RiAkELaHeR aadN RARSUlating
sequence. Also Ereferred according to the invention are vectors or polynucleotide sequences

comprising e b sighdis foftansAigtdmirdbibl av stddiiZdiion andetdifsulating
sequence whishinsiged alasagsof NIRRSRAVAARMARIUIIgEleniag stawaish allawethgsloning
of the gene of interest via recognition sequences for restriction endonucleases.
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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The term "promoter" denotes a polynucleotide sequence which allows and controlsio the transcription
of the genes or sequences operably connected therewith. A promoter contains recognition sequences
for binding RRA H¥#H1&Fase and the initiation site for transcription (transcriftEEEAMEIH EMe). In order
to express a desired sequence in a certain cell type or a host cell a suitable functional promoter must
be chosen. A large number of promoters, including constitutive, inducible 15 and repressible
promoters from a variety of different sources, are well known in the art (and identified in databases
such as GenBank) and are available as separate elements or elements cloned within polynucleotide
sequences frpolyeaieméatianh @ grBbidasitories such as ATCC as well as other commercial sources) or
individual sources. In inducible promoters the activity of the promoter 20 may be increased or reduced
in response t6'al wigiesly Btioexaigplelstherigirhcheinel$et) ymethoter comsaiatogsthecetracyolaieng

operator seq tet0) induce etracycline-regulated transactivator. protein (tTA),
Binding of th;é%'rﬁﬁ%é%% tgﬁ%@gllt{ g}ﬁggdti'rg %h%%rgé%e%%%r%?ﬁ& éx?r“nélgg%%aﬁerl#% &ﬁ?& %r%rmoters
are jun, fos, nméeafrtbimectd adghbatisigogkmroseatesncel thel B xaop@essulEtbramapamticutzly

o o R AR EIAE e AN PELRP LTI B e

hamster ?WO prorrioter, adenovirus major late®promoters
metallothiongimeinpodenstier, atig ey ternkaedlde peequegimrs o Rdbs B slconihwinngs thetiearlyf momoter

fh C lov] ' , th
actin, eGSR o e aei e G eSS T, B e cesbe e
aforementiongensromditer o e wisle lofdha imsthieting gecorespon ding éfénérgloheractedsintefl ean be
functi I t i tQ.i Jlate the t ipti
activie i A LR o T B R B A e
sequences ingd&ito Meipatedhea trdeieagtiaalsacipiion Rorithighohe isr omeebhhdinted amdéor

several cobies gl an S)NARGAL SCAURNTRITIAMASUSEG: 802 CHU T S\A0 lANGR: s Aceaigipoly. an

expression vector according to the invention, In another embbdiment, Contains one or more
enhancers/erfigiatisr sejuentesppibierablpeseNhe snsVaingnsameence0s atath betvweerdiie

denot . hangs . . it dth
cimulates e et hin o Shdiy daerce. S s e R By
Unlike promo@ssrénétisctioiteith&ecérsusahede pEnelansofgtogtisecasheienighibrbanpldceg cam 15
therefore. b > . ; . AP g ) s

corting i T S O B B R B U i Bt BB Y R o

at a considergféelistagcbafdhethecsathoteention e pestiiag s bavencehysicabbad émytaliral
overlap with r 1] | il f [Qus
cources (and B0 Ao e e g e e B PR RN S

polyoma enhignt@ 4 Gt peliagearlaintesspuenstare available as independent elements or elements
cloned within polynucleotide sequences (e.g. deposited at the ATCC or from commercial and

individual sodfcts)2l8MURISEIBE plonusier BEiiomalsdgstyalbrrairténiign ddbst gereiaderylghar the
frequently usgd ey BIRMOES. iR iagaBtdM\beNnbaness iRARs:C! ae SINasst enhanssss

identified hitherto. One example of an inducible enhancer is the metallothionein enhancer, which can

be stimulatedByt@llisoEsiactidael dhreeR RIRBISCauaRrR PhsoRFag e biersehwhithrhang

comprise a PRABAGHHPHEBATHP dRERERENS, SSOLSAERIYN DE-eXPrBRSeshiFARSCHRHAS iailRkieR and
termination sites and a polyadenylation signal. WO 2010/010107PCT/EP2009/059399 The term

"transcriptionHNTEHPRAR SreferdtPAMBRISIC Atid SHRREXRRERRL 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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corresponding to the first nucleic acid incorporated into the primary transcript, i.e. the mRNA
precursor. The transcription initiation site may overlap with the 5 promoter sequences. The term
"transcriptiSHAEATHHAIT site” refers to a nucleotide sequence normally repesemrmdoatsties3’ end of
the gene of interest or of the stretch of sequences to be transcribed, that causes RNA polymerase to
terminate transcription. 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 contained within the segment are operably linked to each other. They

are transcribag£epmsysinale L [RETRIAbANS: 1858 ReriRsion Jﬁﬁ%{fﬁi@%é%%y&t i&ﬁgﬁiggé% of the

polyadenylation signal. As a result, the different genes are at least transcriptiona ed. More than

one protein oPPrEERRICELIPYR PRRRRSEW iindsSTEG AR iR & R HRucorseaptitiveurspenietigienenic
transcription waithyEaphtianRfrPtigakRAEWilkOMISadRe tsavIMas RRIERth aesesSa-iRr the

transcription and translation of any of the 20 selected sequence that are contained within the unit. And

each transcrifROHEMFENMAEBIRNGY P ctRanvdigryifrent wener sy QI dReNO: & wiefagn blensten
transcriplion gpsWIiRyeanEHE e RamBA RN RN ARES Sl BIABIAH NSRS Bay SIS ioRhg

functional linking of the genes within a transcription unit. A vector or polynucleotide sequence may

contain more tRah SHETFARYBiISGAShiEDS. Prafaiahbh 2k dersoRPdteriare nrefapidy @trieashtion
initiation site 56 hristABROPRTERGIF RAIYAsSORAJOrRAEhdadividual Pe IAg t@ﬁﬁe%?cfﬁssed-

An internal r:iosome entry site (IRES) may be included in some constructs. RES is"defined below. In
order to optinf& SxXPrELIOPR ARV ERARLEBRNG #8%dve, add 300r alter 5'- and/or 3-untranslated

regions of the nucleic acid sequence to be expressed to eliminate any potentially extra inappropriate
alternative translation WO 2010/010107PCT/E132009/059399 initiation codons or other sequences
that maydntetfeecouittespoeding exmisssiove el@;ﬁﬁr@éﬁ@%l@’@s@bgaﬂ%rﬂéfﬁﬁgfdqu%ﬁts to
Consensus rlttégsior?e lndrng.sneEéKo ak sequence: GCCGCCACCAUGG (SEQ ID NO:13); AUG
constitutes th&°start Lodon} E4IPHE &R ffiREAkEERPUBER A NPid-sm A eBae HiRyEIstamse 5

translation anuf thuspexbeessioe. Mekeasper it gantentsiasoyoe dRiswibesoMe birging skadutber a
more efﬁcienérqi some, binding. To produce a secreted polyt/[i%eptide the gene of interest usually

includes a si I?%%%%u%ﬂ%%pmgaﬁwd)é GRS 3%@5‘?%&% QUEHA: HirEED tdtrBhVentHisged

polypeptide tp@pdehtideghdhepkdReinemiziarsavhpie e poVBeRids-camharoend kY sRegtion. The
10 leader or si %al eaé)_tide is aften but nolguniversall at the amino terminus of a secreted protein and
% 4iah

is cleaved off PEptidasEE S TR %@W%U@@gH@@’R"?Hé’ﬁ‘%ﬁﬂéﬁﬁ%@@etﬁéts%l%nce
will ggnerallye@tfﬂbm@ﬁsstab rﬁm tl@ltj’n@féb'tﬁs:@\mléigﬁ@' éﬂﬁgﬁdeéeﬂ%@cﬂgd@]{ﬁi@% t@ﬁwﬁ@ﬁtﬁﬁ sigr(;a'
peptide sequence,is absent, a heterologous si eptide sequence can be fused to the selected 15
sequence. Oﬁﬁ:ées tﬁ%%\?enzt%%&f(&é%%%f8 &Z%Vl?irafﬁkgﬁ%é) ’%{5@@58 FedeifEmiBRshiiesAaNR Merous
signal peptidensequengesharegroteim otiteskiédiagtisapaner dgensited indrssshegistabanks such

as GenBank and EMBL.. An "internal riposo ry site” or "IRES" describes a sequence which
functionally p(%%:cﬁ%%qr@n%@%ﬁ fiiitfat ﬁ’?%ﬁ%ﬂ%‘?ﬁﬁﬁé@@ﬁ%@of the

20 A preferred HGH polyadenylation signal is the nucleotide sequence comprising the
sequence of SEQ ID NO:8 or subsequence thereof comprising the sequence of
SEQ ID NO: 9. In other embodiments, the polyadenylation signal is a nucleotide
sequence which comprises or consists of a nucleotide sequence with homology or
sequence identity to SEQ ID NO:7, SEQ ID NO:8, SEQ D NO:9 or SEQ ID NO:10.

25 As used herein, two sequences have sequence identity or homology when the
nucleotide sequences are homologous or identical by 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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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 imm&ﬂ&fgﬂ/ﬂd%&stream of it. Unlike bacterial mRNA which can bei’ﬂ{}a’%ﬂ%‘?e???g, 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 translatiocooiddidy shisfitsyiendadédrpelypeptdbingthdoRHe mawokaryotsaekillegalydiseronic

30transcript having an IRES ly linked to the secqnd.or,sub ent,open ing frame in the
transcript alloa\;?/té rt&ﬁggnseg%ghﬁ%ﬁﬁ%i a%ﬁ%'}?wgb%f) ﬁl%t%%ﬁr% %g%%%%bgoioﬁagf%@%@%%%
open readingtfieathe o girotkiteghmoinio] Ok hordhpo lypegifidesregueodedby thefisan éctnémn stngpig thhe
IRES can be of varying,length. fr rious sou , _encephal ocarditis virys CV),
picornavirus ?égl%rg{}%np?ﬁ’lg \r}ﬁgs%)%%ror %gp?oll{#é%é @ﬁﬁ@%@%ﬂ%%@i%@ és/’ééur%z{ﬁ%cl}élscand
their usesin vecidr éoocestnatidon redverbiebn slé%cridethanpraizewatoknplemantheyatt The dengastream

coding sequence.is_operably linked to the 3"end. of the.IRE ny_distance,that will.nat n ively
aftect e xR Y S S A S e S e R R b L S
IRES and therstaniaf the delvesteanirgbne salese Yemuhpdetetriibeddaivarigng treaibyanoednd

measuring expraspion g LOMHNCHIN,CLIRIHMANGR . DOHIRLP UGN, A5Sed heeis. ARIPRAO a

non-coding nucleic acf?sequence of varying engtﬂ?%érma%@ presen?wn In many eukaryo{llec genes,
which is remdseseh ératiize néesvigitrégasripdd ut RBOX@rdoursiobly tireopeecésggof $Plidingafiovwihioh 15
highly conser C r rei [ S r cess
of oty 1o e o b AL T e B e P Bt S0 o
the MRNA beracegntidely)jdmemplack gitngenatmediiRnNAIMcvite tiybridassoreatiog feabiEdomprotein
synthesis is V,.SRY ' rs,Sj | ) 0
mediately B g B W DS S oD anc
described ané aasiiveviny pvidizaskillsugmaisara tTeasie?nisefeabmidie pkgrotdddndu igitpiiomnce",
"polynucleotide of interest" or "desired gene" as used herein have the same meaning and refer to a 25

polynucIeotid%dlféﬁ@‘é%%@fjpﬂén@wm@@néﬁd@@aﬁﬁm@f diiavefesioThene édtdd @Q@fﬁéﬁﬂze can
be full lepgthyar.a;iacated genenthiH i onhtagged ﬂﬁnéxéﬁﬂ)f@rﬁgﬁi?aF%%rﬂg%e%@féd%H@" ora

DNA fragment. It can be the native sequence, I.e. naturally occurring form(s), or can be mutated or

otherwise m@fifleaneeaduiieer HhssE A drickashsigeno doaldsptaieshi&idrs e epamiieStidon

30usage in the sgreeted QQ@&@H’W@%Q@b@ﬂ%%@%&ﬁ%@rﬁgﬁ%ﬁ@a InAtdda [eoyal or
additions of cis-acting sites such as (cryptic) splice donor, WO 2010/010107PCT/EP2009/059399

acceptor site§eHaRcRpEIBSS PBNIGEN PASHENRTASST ATUBRNERS, UPiRgitwgriavssataararty
sites, repeat SeAHEAEAMGRACROMY SHUSHI S 4Gith ST M 4088 )iLHId g SUiSHIY iRase Eeadgctors
or other regulatory factors, restriction enzyme sites etc. to give just a few, but not limiting examples.
The seléetedBugidprdrcgrrample 1. Starting from the sequence described in SEQ ID 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

exonuciease lil digestion from farger DNA fragments. Such DNA molecules may
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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 that¥R3WBP/AI8IE nucleic acid sequences or sequence elements ard’p&SifieHEEP 38 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 ob&d5 becretiemiighal peptidesizedtigirousradddadedeing fixmmitiohye\whialaotgh an
operably linked promoter is.geperally located. upstream or an operably linked terminatar is generally
located down%ﬁgglr%ng?mﬁ@%qﬂﬁ 's[gﬁf?gw&,’ﬂg Bangrggé%f?iI?@ﬁﬁ@éh@%mﬁ%ﬁﬁéﬂ&%%o not
have to be cqntiguces asyorgtas yfiocreaseghectasrDRobayighe eoding segigeneeh ks they
can be 20 located upstream or downstream of the, codin ence an en at some distance. A
polyadenylat RE BTy TS B SOt ST o tod 2 s GRS LBting
sequence in algaydratimisdi@iottpeeeddthpopgbitibesodngsemipacaintmtiie polradestyfation
signal. Linking iS ac%omglished by recombinant methods known in the art, e.g. using PCR 25
methodology, 83?&85{%% 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", "nucleotide sequence", 30
"polynucleotidesjtalyappheatiticasedescrizddir DdAossmprericgtasasedaamip e\W@an be used

2010/010107RC 009/Q, refers tQ,an qli eqfi u ide or palynucleatide and
fragments antg) p%ét%otngs ge%g%ﬁ)? tgf%v@%%%ﬁ%%%%n%ﬁﬁ%% s%!ﬁmgién gﬁ% ien’, W %ic%r m¥§f%o%
single ordoubmttandeohdhd representitigecseiskarmanmtes nf @ btearsheties séhearper-foaydeea

non-coding SegSNes. & £oqingLemHENSe & adniiie.of 3. bl Thedualsif.ack sequnceq.of the
present invention can be prepared using standard-techniques well known t0 one "of sKill in the art. The
~ term "encodipgesancotingticsferSio thessiptadipadioerty it gpetiés skgivedcéoof theleatitssin a

nucleic acid, ghslas R0 EIOMOSOEAL AR MRNA, 103G ARCmRRICR on syhesingf other
polymers and’macromolecules 10'In bio bgalcal processes having a eﬁne sequence of niciestides
(i.e. rRNA, tRMAs bikcioRtBTiTplsodidshleteamiiiedeidisranidater sietpgioatproperties respiirding

therefrom. Aq%w%] esdfar.a i '&t i rotein.is.pr. in.a.c %eo
another%iologlca gﬁ%éjr% %%ﬁ%e?n?s%r% %F\’ gﬁ%qé%%g q%%ﬁrt?@éﬁ%@t%ﬁ%@ﬁé %ggﬁé%g% hﬁ] Llégding
strand, the na@ckestdwrdgubnee skillsavnitheisiientical to the mRNA sequence and is usually
provided in sequence listings of databanks, e.g. EMBL or GenBank, and non-coding strand, used as

the template TSI&HE RN ROMABPY BT a RRMOIBECDNA sl Bl refiltadicslas spauanagtiseptisyéiaror
other productgf that-gene oggay\é% N i gl thay pﬁ@tﬂg rotgind i acids
that have different nu%lg’otide“jsequecr%:e;é(lfokgtclz%%&riwcbdbet es r%agj rhihﬁégém sez‘%s:%[gq%{fﬁtﬁé% grotein
due to the dedEHeRIRGYOS Bie (iaTiily cade. Natidoariddraribiauiectige sequences eaaeaTieie

proteinsmaypgiude BHORS JNdhESaIVencs l@?&%ﬂ@mmm&&%ﬁeﬁ% rather

than RNA sequence. For example, when presented as DNA the start codon is presehted as ATG
rather than ACROIEHEHe tEBFLINRACES BE CHSRKE JPEHIRANMVOAOP TeSEIR GENEEX\FiRpR GaB bacids

introduced in either of the nucleic acid sequences 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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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-codin %?Hﬂg’éﬁgg strand. 30The term "expression” as used herein rgf%%?‘faﬂt‘t‘gﬂé%a’r?ﬁtion and/or
translation of a WO 2010/010107PCT/EP2009/059399 heterologous nucleic acid sequence within a
host cell. The level of expression of a desired product in a host cell may be determined on the basis of
either the amount of corresponding RNA or mRNA that is present in the cell, or the amount of the
desired polypeptide encoded by the selected sequence. For example, mRNA 5 transcribed from a
selected seqeencernzs basphotitdteddas Nodtet roblbd faylridizgtiom phamelieaseGidAegeotgdton, in

situ hybridizatipn to cellular RNA or by P Proteins encoded by a selected s e can be
quanttated b VENCUBH ARLEE & By ETEA by RIS HotiRG ) Tl Fo A
immunoprecifhtasicin;ibat assal/indoiotticd o oiCd activity td80e Gieteist, alr byt Genasissndg of
the protein foljowed FAé‘gSE_a lysis PCR., The term."polypeptide" isused. inter geably wi
"amino acid %Q%uez?gquﬁencé"%@epe%n alpiro St '%rgip’e%‘r?s %0% %o@#er_s% %a’rrslflg%gagﬁg%ga?;
length. ThesateBmnalse ifdadé, Boteins it 88 HostdchmslatiahaiNuciedifisddsrRegh 26a388% that
include, but are, limited fo glycosylation, glycation, 15 acetylation, phpsphorylation, oxidation,
amidation or Brg?gg’ﬁc%?g ‘siﬁg. Mot ic%%ﬁ% d"&%%@gﬁ%'%)%a%ﬁﬁ’ggfﬁ@gﬂ ?o%o H%%(rr%?o?é%s,
amino acid sétpiencielsithditutisins, Ideletidna DT AnsantonBE 48T Be madedn s stngiturésehatics
polypeptide while the molecule mgintains its biological functional activity. For example certain amino
acid sequenzgoﬁ%%ﬁﬁ%gga i be made in Sr&? yp@p ﬁé’e 20t 1tS l?n%ér ﬁn%r%}ﬁ%?gcigcmac%%amg
sequence and!gpruteinacanvizebiaspediathdike eaimpdatios. Amino acid modifications can be
prepared for example by performing site-specific mutagenesis or polymerase chain reaction mediated
mutagenesis on its underlying nucleic acid sequence. The term "polypeptide" thus also includes, for

example, fusi ins st immH 0 in.25 . the Ec t, and a
growth factor?g.eg?gaﬁntg%eu rL:sn.ggsalf]qsgeed herelﬂ, t %%%erﬁaaﬁ]%[ggé?&e %%ﬁ"dggég é%@%?ﬁ%ﬁegﬂy
monoclonal, pesperiad, wunsspelsfidohunmaakdumaiiftsdtion chineiés sintibaly teasarglesibairof
antibody, an gntigen-hinding. fr, ntof a ibody - a N2 f )y B
disulfideimke] El!:%%(]at%%c% a%%?c?di%éém izggﬁaig’dﬁe %ﬁ%gg%@éé:én%ﬁggw?@! L) Brifcia
2010/010107¢" CIVERR0TH 0B I3 I yMtRIBE viahaTenbhiages:, tknsfnisutlas, hagdeNi(es.,
hybridoma) c .-QL by s. F rag ntigen-hinding = ) conpsist of the
variableq%ggio’#is"% ’ %gth c%ﬁﬁé@ﬁ%ﬁ’are@é@%%gﬁaer efthrg\g Jsscer%‘e%}gr?sgtant&r%ﬁ%g Th%@egmay 5
be formed byhe@gsigR agestibicidedsvitserapaitonsiiucbashticharanisi dieovutgirile san

fragments mayifiteeiRAREECRr B dae (Bea s BuaBlBficanpieatina-fu ihetanhadliggments
include F(ab")2 fragments, which may be prepared by proteolytic cleaving with pepsin. USing genetic
engineering BRHSEHSHNG paissaiite toveiaie Ebidingd andsseyinionagheine vitiishieoakisirshly of
the variable rggi th a the.lig i L).Hieseare re as F
fragments (Ff%%@rﬁar%ﬁ@ﬁr%ﬁen%goﬂhZg\?ari%ﬁg@%t%&ﬁce thes?efﬁfv-;ggﬁrﬁeér?t@?acé?ﬁe
covalengbon@itliyastaii afiercragisnlsy thelegitiinewokens corigtant ehdrpelieatary frRIgmenltisiag often

stabilised. It igigdyantagequmigHing theVpEAR rerinty #f 1R NsAVYrARIQIkaryotic 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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15 the light chain by a short peptide fragment, e.g. of 10 to 30 amino acids, preferably 15 amino acids.
In this way a single peptide strand is obtained consisting of VH and VL, linked by a peptide linker. An
antibody p%fér’fﬁ?fq]rﬂ% 9%ind is known as a single-chain-Fv (scFv). Examplggy@géwfﬁﬁﬂﬁ%dy proteins
of this kind are known from the prior art. 20In recent years, various strategies 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, scFv were prepared as fusion proteins
with multimerisetiprisgoaidiass T be@ﬁmmtm@mwmmw@m@obemgcm @Hﬁim@i@m ahen IgG
or coiled coil str tur heI|x %ructures?% ?1as Leucin-zi ipper, omaln However there %Iqso
strategies in SRRN nte?ag Batween ”%ﬁﬁﬂ”r%%.gns NPhe T 8 AP0 e
multlmensatmw@gpzma atd- andgiersabadiespoByndEéoiiyahe sddleshpessorcorepnsingivaléit
homodimeric s Fv er| 'uve The shorieni the nker in an sckv mole to 5- amlno acids
leads to the fB1 n¥at|o W?) E@ﬂ?%lé%%ﬁfé@g %%78%5)& hga%d?r%aég)rgzlﬁ?w NichR'd a% thtétchain
VHNL-superimpoisitiog wlmptm:wimabodneadnﬁ)gadémmaﬂgetmsiamvlmedltaya thretiticier ptmaitign of
disulphide bnd ewhlx}gnwles d|a m trll%ﬁg Brot S é(reelé@%wnrfrom F]'{eo%rlor aurtenB mcr)ubody
the skilled pers n'Means & |valen m%t? ISR erlvatlve 15 CORSIStS O 3 fuaron proteln
which contalmsstre:mmaemgmumjéaaammunoglobulln, preferably IgG, most preferably 1901 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 perso h@e@ﬂmé‘mmm’mmamerMMMi%quwUMWS aheeniHs VL are

fused dlrectl tP{‘@“}%ﬁ dsarcn Iﬁgsr sgg%ﬁg %t%rthg e Clé%d% WI” lglso be

familiar W|th so-calle |ant|bod|es ave a tr| or te%r%v t ruc uréand are erlved from
scFv. The mlﬂtmmtwtmn@nfwrrre@@gmubgmlaaquejnmeaaﬁmemmﬂgd%»ﬁsmkwmsm amrefieered 15

embodiment %fﬁgﬁcﬂ{eg?gtfg}v%% ng} e({FaREH} %t '%.?th@ﬂeg {9 dqﬂyoq,fdgp?g g%aﬁegs% Rereof.

polypeptides men |one above, preter for a mon onal antl dy, erivative or fra
The' polypepﬁelemrdmeqeen’!paomelcmfam@@ﬁtype pradocsofétiteresitahigudesimomingmoter

polypeptidespg L?#r%eswe%%rﬁoup?%@% %QP o Féﬁ%ﬁg i W%%&f&%gﬁs éeS ag&ﬂﬁ lenes

selected hos proteins or example anti odles enzymes cy nés ympho
adhesiors momwlwmptersmmmwmmmvmgm@ﬁtg iffeneptif Samudcaisy ethewptlypeptitds that

can Serve asy ﬁ%ol%'@ts(é’rﬁc?r! fﬁsnﬁPdéBfébaa Iheapeullc ?ééijt 4 “‘éH&e?%S%%%ﬁ‘Q}S ealred

proteins/polypeptides or proteins terest are rexample 2 mited to insulin, nsulin-like
growth factor$ﬁgﬂah@ﬁelememﬁegrs@&nammea@umadewmm ep@iymmmﬂmequ%q&%mnﬁ IL-7,

Eo 19, I pledtngridh- e bt defiodtoles lbn4d z%%* W inreffe ”éﬁﬁgp BipdERDee,
gamma, omega or tau, tumor necrosisfactor such as aa eta,
TNF gamma,goammsmtdsﬁr,vgwabmrmsm inMopikie \oEGRodeR$ 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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30nanobodies. Also included is the production of erythropoietin or any other hormone WO
2010/010107PCT/EP2009/059399 growth factors and any other polypeptides that can serve as

agonists oM4hE4§YhIel8and/or have therapeutic or diagnostic use. The mdth&d-BH8HiRY %o the
invention can also be advantageously used for production of antibodies, such as monoclonal,

polyclonal, multispecific and single chain antibodies, or fragments 5 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 Ed-fragments. The "product of interest" may also be an
antisense RNWneIRév‘érdeétﬁ‘@r@hepRiNdeeiweawaf rikeproteins treother réguiatopsRINABIGLO The
method of th%%esTnt invention m%}/ %erfg)rme in aII e kar otic ceIIsd Cells %nd cell I|n &5, may be
present e.g. i LRIPER e RIRERG La& nb"pl? y8 ft%ce Ps § Qﬁ as?% gtoﬁ}/ant
insect or marsgal@rcesis EMeexamYmeezﬁsemeﬁsmeytbe beammmnbammtystemekeresszon
hematopoietic stem, 1 rTEells or M%ﬂpﬁ‘of dlfferentlated ce{l?I method gerre Whe ein the

d

eukaryotic ce ARSE HaniBaiEie L3 pPe?é_ﬂ%(? is T We '\%Cé'ro malia cgln?s a

human, simiaggquerioes riat, oalitchdnostesa dad, travieer|siee alcptgtyele?réferrMe&brhm&)r "host
cells" for the production of %f)?harmac utlcalsa hum mice, rat monke or.rodent eII Ilnes More

20 preferred ABRTStPE S%lf%@ fi/ogﬁl?ﬂ 'n%ﬁée%)l?@ Rl @HB% HUKx
Bl, CHO-S arthfH@rDSMicalishantee. dermdezggrogenlexmeaamnf sacmceﬂdmejn@muraely
preferred are, CHO-DG44, CH hDUKX CHOKlt CHOtSn nd %HKZl anr% even rfqgreégpre erred
CHO-DG44 a{HHeELRS‘ DﬂK@Pg e ﬁmgﬂ%?@ mutin g'msye?o%a ce sO pre?era%ly NGRS %epZ/O
cells or the 25atrraativeipederabigsaoCbfly of SietoatiHareseare also known as production cell lines for
biophar%aceutical proteins. Examples of murine and hamster cells which can be used in the meaning

of this invention are summarized J,n Table 1. 30 WO 2010/010107PCT/EP2009/059399 TABLE
1:Eukaryotic prdiftionadianees cianoiane onyiER selifsead nescer et g sis gsgsion

Sp2/0-Ag 14 5ets on the activity of a promoter and thus stimulates the transcription of a gene or
coding sequence functionally connected to this promoter. Unlike promoters the
effect of enhancers is independent of position and orientation and they can

15 therefore be positioned in front of or behind a transcription unit, within an intron or
gven within the coding region. The enhancer may be located both in the immediate
vicinity of the transcription unit and at a considerable distance from the promoter. It
is also possible fo have a physical and functional overlap with the promoter. The
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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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 PRSI EHEC cCcL-61 CHO-DUKX (= CHO duk-, CHO/dhf() AHCTER/8E58°CHO-DUK X
B11 ATCC CRL-9010

The term "transcription initiation site" refers to a nucleic acid in the construct

corresponding to the first nucleic acid incorporated into the primary transcript, i.e.

the mRNA precursor. The transcription initiation site may overlap with the
5 promoter sequences.

The term "transcription termination site” refers to a nucleotide sequence normally
represented at the 3' end of the gene of interest or of the stretch of sequences to
be transcribed, that causes RNA polymerase to terminate transcription. '

1G |
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 contained within the segment are
operably linked to each other. They are transcribed 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 ftranscribed 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

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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CHO-DG44 Urlaub et al., Cell 33 (2), 405 - 412, 1983 CHO Pro-5 ATCC CRL-1781 CHO-S Invitrogen
Cat No. 10743-029 Lec13 Stanley P. et al, Ann. Rev. Genetics 18, 525 - 552, 1984 V79 ATCC
CCC-93 BYARBSESINTCC CCL-14 HEK 293 ATCC CRL-1573 COS-7 ARIER/4%51%0266 ATCC
TB-196 HUNS1 ATCC CRL-8644

initiation codons or other sequences that may interfere with or reduce expression,
either at the level of transcription or translation. Consensus ribosome binding sites
(Kozak sequence: GCCGCCACCAUGG (SEQ ID NO:13); AUG constitutes the
start codon} can be inserted immediately upstream of the start codon to enhance
5 {ranslation and thus expression. Increased A/U contents around this ribosome
binding site further a more efficient ribosome binding. To produce a secreted
polypeptide the gene of interest usually includes a signal sequence encoding a
leader or signal peptide that directs the newly synthesized polypeptide to and
through the ER membrane where the polypeptide can be routed for secretion. The
10 leader or signal peptide is often but not universally at the amino terminus of a
secreted protein and is cleaved off by signal peptidases after the protein crosses
the ER membrane. The gene sequence will generally, but not necessarily, contain
its own signal peptide sequence. Where the native signal peptide sequence is
absent, a heterologous signal peptide sequence can be fused to the selected
15 sequence. Or the native signal peptide sequence can be replaced be a
heterologous one. Numerous signal peptide sequences are known to the skilled
artisan and deposited in sequence databanks such as GenBank and EMBL.

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
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Per.C6 Fallaux, F.J. et al, Human Gene Therapy 9(13), 1909 - 1917, 1998 CHL ECACC No. 87111906
WO 2010/010107PCT/EP2009/059399 Host cells are most preferred, when being established,
adapted, afPIMAEEN cultivated under serum free conditions, and optioRaRERFPREEFRhich 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-SFMII (Invtirogen), serum-free CHO Medium (Sigma),
protein-free GgenMediting(Figma) {&EXNGCELEeMbdiaWBABICnéHe MGHERHddsSENATEO i yiGione)
are exemplary appropriate, nutrient tions. Any.of the 10 media may be supplemented as necessary
Wit vttt B BB BB e e AR 4o AOT M UAGY TR0 (PO ARATEReB o
insulin, transtengepbpldermulagy gy ifastoENMGUIndike rpmvithsidetgr)F BHIY (spichoasisedifvi)chioride,
calcium, magnesium, phosphate), huffers, (such as ES), nucleosides (such as adenosine
trymicine). oI CTRAINR. fudIo ol LS o LRy S RS0 St e, dokee et Any
other neecessaonstipptemdmisenaycal steberibetiided atrappelipkisteraandbetratioms¢hdbwiastid ber known
to those skilled. ip the art. In the. present invention the use, of serum-fr dium is preferred, byt
mecin supplGRAMEG A LTSRN L BESeif o 128 B USeloy (o GO IBHS! 1k cells
For the growthibmsbselagitvedf géieetitadyempedifisid telfsexpfessingairagatectable geimunswtable
selection agent is added ta the culture medium. "transfection”. of .eukaryotic host cells with
oy nucieot L e S L AR B LR L e R R T SR, BB Bt o
transgenic cells, madihe pettarmieddppnenyétjotheealidaocn nthersidtediagisamprIsgitsfestioa
method:smincl%litjnlrt;.'clg(t{%1 arFtHotéim[ited to liposome-mediated 25 transfection, calcium phosphate

: o0 i igs gista

co-precipitation, electroporation, B%?ycation (e.g. DEAE dextran)-mediated transfection, protoplast
fusion, microinjection and viral infections. Preferably, the transfection is a stable transfection. The

transfection r?%@?grﬁt?aw;gwdes otggq@ transfeﬁn(r)g ,tfrequenc %an! d expression (%)(the heterologous

genes or polynutleotides in {}leabsa{r" iedar hostcell Tine %r?d%c/)pné | avored EGaBr HEthSdE can

be determinedabyimgutmgibroseduatly. Fiassisbleitinan sfectariskag/obosiancts, andielthisr fetegratdd into
the host cell's genome_or,an WO 2010/0 7PCT/EP2009/Q059399 artifici
59800 R0/010; %% 3 s

chromosome/mini-chrom E Sorme-of Togatee piscg)nrw%cfl'f/r%%ras% be E{gﬁﬁ/s%ﬁnta?ﬁigﬁ %I{H{n\%ﬁ}é ost

cell. For:gendnigiidyn coneeretchigonedifies clisrexpressihgrtieagprotitne (sitafintecestad seayiréd
heterologous genes,can be | d single vector or, polynuclgotide sequence in mono- or
multicistronic% rﬁr%bﬁ%ﬁo%@%%%lr&?ﬁ “gé {ﬁgﬁ‘w%es geﬁf?{ls{%r%ngé e%?ee§ v?/chﬁessiﬁ%#g%e[cnrt%g?g o?e
polynucleotidecserpignces VEtedretdiwogsud iggnesdsanfalse bedaitionedamali#fyrgnt eecturstor
polynucleotidg, sequences Inhik &aps10s! 8l ate ether olransieated iln Al (et 8L i
polynucleotide Sequences and/or are transfectéd In Stccessive’rounds wit 8 VeCtors or
polynucleotidersdyoedcddaamceding thertdgent spidetastptors 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  polynuclectide 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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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”,
"heterologm ﬁ’éW@*?i’%terologous coding sequence”, "transgene" or "he%?gfgﬁﬁ 3/5?%}%%" with
respect to the host 15 cell. This applies even if the sequence to be introduced or the gene to 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 heterologous
gene. The term "endogenous” means naturally being contained in the cell or organism. 20 An
endogenous gerepivasitesd anyly agresie padinth, ipdoratkimythbogesigmel of THeldnboeed) uatedtsd)d type
cell. The term."selection marker gene" refers to a gene that only allows cells carryin ene o be
cpecifically ST B e 1 e e oy S R on e, R
illustration, abiadtittjctitere&istaane g2 Saciorbeusttbasa pliivefselectabdstnctikeraeyenthat
allows the host cell fransformed with,the gene positivel cted for ip. the prese fi
correspondinsg&gﬁt%%ti%% g'ﬁ%ﬁyt?\gﬁs%\ﬁm%ath%%t Ez@l‘ﬁ\%%u éar%ﬁ)%g 'ctgggb S %fg tggr%v%’/%ag%%s%éz/ﬁ/%rfunder
the selectionanutttie cenditicreteSeleytaplesmackersiciahe pesithve needaoivedordrifettichafaResitive
selectable markers %aw selection for 30cells carrying the marker by conferring resistance to a drug or
compensate Kor ?@ 5010/010107PCT/EP2009/059399 metabolic or catabolic defect in the host
cell. In contragg,nEgafive ggb‘%ﬁé'%fmﬂé‘eﬁ@é'@m Cq SEAHERY he marker .t%?cﬁsm"ﬁﬁhéﬁ%“]'“ated-
For example, using the HSV-tk gene as a'marker will make the cells sensitive to agents suchas
acyclovir and netisielr. lMieegtlectabrensdlielinjeaits msamheifeat, iwcludingaie aiipigiabaeid
selectable gangm dHldachidedesomINaRIkeARg BReTSEITIIANISIANY YRRTIa: TRAMRS mdnqional
equivalents, derivatives, homologs and tusions of the native selectable marker gene so long as the
encodedoprodiutiietainghied seleacdsianpropertyf-ersefantayativempiasiennansgs sabetentator

e RS 08 Bl s U S e

associated with the selec property. Av

have been déserirasdnoiimefbifadtikathpgre pesiieentetiative riv po@iosdeangralio B#/08Y96
d WO 94/ ' i d
an %?écﬁgﬁsé?f@% ?éamﬁ%é%fgéﬁ%é ‘E\%‘?"brﬁ%ﬁ%@)&iﬁ%ﬁﬂﬁ?@% %%'H%@&B y use

with eukaryotic cells in e the genes'tor aminoglycoside p transferase 15 (APH), hygromycin

phosphotransfb&ise THYEGSHahyardfiatBMe duRssePiDE FRYdIg kbR Rinase(TIRE, gatemiea
synthetgge, %W@%H%@ﬁ%h%@gﬁ&”%@@ﬁ%@@%ﬂﬂ g Cﬁéﬁx@?%@(ﬁé%@%ﬂtﬁb%ﬂ ARycin,
d phleom ncodes an

histidinol D, bleomycin and ph ycin. Thé "selectable amplifiable marker gene" usually

enzyme whichrE"20!editiked forgnsuen ¢F dseeiaiiic m@tgﬁd@meﬁdﬁi@r@Wmamw the
selectable argplifiablematket AeRAHNRYBRSP AJRIHERWRICBO8ES 1SHainB!ed e ROR! ¢t

transfected therewith is grown in thé presence of the selective agent, methotrexate (MTX).

Accordingly, negeagaé_ilgmﬁmwuﬁwm @Hzﬂaﬁﬁj&dﬂamhbm@dt@lé&ﬁgéﬂmmg as
encompassegh,Qy thig axeatign, %W&EH&HS@%?Q}?&@B@@E%@ RADATEEF YRRE BRGOYSH Bk

example for a polypeptide having the function of dihydrofo eductase (DHFR), glutamine

synthetdSe, CoNBIOH RTINS e ANIHQWKIRITYIRE tharsrriss SRINEAthaREceYIP 8t some
denydrogenasgexfadhine shRamepRARRN AROD Lisarairyana HCRRIAgsy YR KaaRei is

thymidylate synthetase, P glycoprotein 170, ribonucleotide 30reductase, asparagine synthetase,

arginosuccinfeaigatirdtiiR Joamthpiclie 6e REWSNVE ICeaval briskaaseHpyRIt FSaRARY
transferase, ey~ WO 20 FEAEEPARDIIREO39  vadenylation 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”,

30 “polyhucleotide", “‘polynucleotide sequence” or “DNA sequence” as used herein
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tRNA synthetase or Na+K+-ATPase. For a review of the exemplary selectable amplifiable marker
genes listed in Table 2 see Kaufman, Methods in Enzymology, 185, 537 - 566, 1990. 50ne particular
selectable WApHfidBI&1Harker gene is the gene encoding dihydrofolate redbefBB2MBHEEY hich 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 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 (IVITX). Another selection and/or amplification marker

is r:heh glutamm??ntbe@cﬁecﬂ@s?gem&abe &&@?nﬂ@r@oqm%hal@bﬁmaamnﬁwﬁmmﬂm@e
which is required. for synthesis of the amino acid glutiamine. Cells lacking.the GS gepe or expressing
75 low endod B IRBCEREBI T LD N ARG R A 8 Qe b SRS sotu
as a dominanfisglectablomsiekesttasedect-ant pppiifegenias issnish cellagioning igtghnamimefree
medium. The selection agent used in conjunction with the GS gepe is methionine sulfoximine I\?SX).
20Table 2: SEMUBIS A dte AR GRS SHERIRe ArBHHABIS TR GanE ADEIGR

Number Selegtitm Agentudhiiy dicitbsdgueduoetase fidd 3B68dhamstenid0023bennuperddetizniexate

(MT) Metaligiioncin D105 o) 13002 fuprag) MAT04, ) Cackmtim CAD(Galtamoyt

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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phosphate synthetase:Aspartate transcarbamylase: Dihydroorotase) M23652 (hamster) D78586
(human) N-Phosphoacetyl-L-aspartate Adenosine deaminase K02567 (human) M10319 (mouse)
Xyl-A- or aBSnHEY39 e0xycoformycin WO 2010/010107PCT/EP2009/853 388 W5tk nylate)
deaminase D12775 (human) J02811 (rat) Adenine, azaserine, coformycin UMP synthase J03626
(human) 6-Azauridine, pyrazofuran IMP 5"clehydrogenase J04209 (hamster) J04208 (human) M33934
(mouse) Mycophenolic acid Xanthine-guanine phosphoribosyltransferase
heterologous nucleic acid sequence within a host cell. The level of expression of a
desired product in a host cell may be determined on the basis of either the amount
of corresponding RNA or mRNA that is present in the cell, or the amount of the
desired polypeptide encoded by the selected sequence. For example, mRNA
s transcribed from a selected sequence can be quantitated by Northern biot
hybridization, ribonuclease RNA protection, in situ hybridization to cellular RNA or
by PCR. Proteins encoded by a selected sequence can be guantitated by various
methods, e.g. by ELISA, by Western blotting, by radioimmunoassays, by
immunoprecipitation, by assaying for the biological activity of the protein, or by
10 immunostaining of the protein followed by FACS analysis PCR.

The term “polypeptide” is used interchangeably with *amino acid residue
sequence” or the term “protein” and refers to polymers of amino acids of any
length. These terms alsc include proteins that are post-transiationally modified
through reactions that include, but are not limited to glycosylation, glycation,
15 acetylation, phosphorylation, oxidation, 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 sfructure of a
polypeptide while the molecule maintains its biological functional activity. For
example certain amino acid sequence substitutions can be made in a polypeptide
20  orits underlying nucleic acid coding sequence and a protein can be obtained with
like properties. Amino acid modifications can be prepared for example by
performing site-specific mutagenesis or polymerase chain reaction mediated
mutagenesis on its underlying nucleic acid sequence. The term “polypeptide” thus
also includes, 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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X00221 (E. coil) Mycophenolic acid with limiting xanthine MutantHGPRTaseor mutant thymidine
kinase JO0060 (hamster) M13542,K02581 (human) J00423, M68489(mouse M63983 rat) M36160
(herpesvm)’g?ﬁ BaHhine, aminopterin, and thymidine (HAT) Thymidyla ﬁ@t% #Y80596
(human) M13019 (mouse) L12138 (rat) 5-Fluorodeoxyuridine P-glycoprotein 170 (MDR1) AF016535
(human) J03398 (mouse) Multiple drugs, e.g. adriamycin, vincristine, colchicine Ribonucleotide
reductase M124223,K02927 (mouse) Aphidicolin

synthesis, via recombinant or transgenic means, via cell {e.g., hybridoma) culture,

or by other means.

Fab fragments {Fragment antigen-binding = Fab) consist of the variabie regions of
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 produced in the mean time by genetic
engineering. Further antibody fragments include F(ab)2 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
fight chain (VL). These are referred to as Fv fragments (Fragment variable =
fragment of the variable part). Since these Fv-fragments [ack 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 peptide fragment, e.g. of 10 to 30 amino acids, preferably
15 amino acids. In this way a single peptide strand is obtained consisting of VH
and VL, linked by a peptide linker. An antibody protein of this kind is known as a
single-chain-Fv (sckv). Examples of sckv-antibody proteins of this kind are known
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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Glutaine synthetase AF150961 (hamster) U09114, M60803 (mouse) M29579 (rat) Methionine
sulfoximine‘éMSX Asparagine synthetase M27838 (hamster) M27396 (human) U38940 (mouse)
u07202 (ra %32\ €3;*Ir(ﬂff7nydroxamate, Albizziin, 5"Azacytidine Argininosucgfﬁ %W{H de X01630
(human) M31690 (mouse) M26198 (bovine) Canavanine Ornithine decarboxylase M34158 (human)
J03733 (mouse) M16982 (rat) a-Difluoromethylornithine HMG-CoA reductase L00183,M12705
(hamster) M11058 (human) Compactin

homodimers in which an inter-chain VH/VL-superimposition takes place. Diabodies

may additionally be stabilised by the incorporation of disulphide bridges. Examples

of diabody-antibody proteins are known from the prior art.

By minibody the skilled person 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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WO 2010/010107PCT/EP2009/059399 N-Acetylglucosaminyl transferase M55621 (human)
Tunicamycin Threonyl-tRNA synthetase M63180 (human) Borrelidin Na+K+-ATPase J05096 (human)
M14511 (réﬁ%é‘ﬁ'é{ﬁl@election may also be made by fluorescence activdted'EBMEHRHAIFACS)
using for example a cell surface marker, bacterial p-galactosidase or fluorescent proteins (e.g. green
fluorescent proteins (GFP) and their variants from Aequorea victoria 5 and Renilla reniformis or other
species; red 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 tergrdsetectactagentidefeny tothenbsisiype thidkintereresavthstiograat igvadrof a
host cell that is eficientt in adr?arti%;ﬁl(aﬁré{electable gene, For e ample,é&éto select for the presence of

an antibiotic rEsiSENLE genefiRe AR i BRBSSHEHIR fd R ST NP R ARIREHREC the
antibiotic Gerib&cimvigadiva) camnisesh Heesplentageagent caediRe grotuisRadf amatibingsagask’ which

is defined for purposes herein as an agent for amplifying copies of the amplifiable gene if the

selectable me’i%(e'ﬁ %%%g%ﬁ%do 85’ éoﬁamﬁf%?e%gs@%iﬁﬂ@%%nﬁ& %&@i@ﬁpl@r EEEES

selectionsageifiteuseful fagthé-ab, 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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amplification of the DHFR gene. A further embodiment of the above mentioned methods relates to a
method, wherein the po%/peptlde(s)/product(s) which is/are encoded by the gene(s) of interest and
being expr@@éﬁlw%‘%ﬁﬁl host cell, is/are isolated from the cells or the 20cefl (%Hﬁiﬁ' @(ﬂi@f‘ﬁ%tant 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 25medium as a secreted polypeptide, or
it can be recov&BidEfrdm h&ll@ﬂr@medﬁeﬁ(pressédiwﬁwout a secretory S|gnal It is necessary to

purlfly the prnfr\lr\ of AN/ 2010/01.0107PCT/ER20NQ/NEONQ200 intarac + fro

LV ALVIVAVAIVTT UL & VUVUJTVUJ g A A LIIDI I\fUUIIIIJIIIunt PIrUI.\zInS
host cell proit\gﬁyallﬂﬁﬁg%/ntammants in a way that SubStleIa%m@&@%gﬁg preparations of the protein
of interest afeygjptained. As a first step often cells and/of payficiftatecehdebggzare removed from the
culture medwwmnwmmu%mmm
proteins, polﬁfé%@iég%d nucleic acids, for example, byﬁfFéE 'oﬁgﬁdﬂ%ﬁmmunoaﬁinity or
ion-exchanggfgigmns, ethanol precipitation, reverse phaspdiPEE Sgphadex chromatography,
chromatography on silica or on a cation exchange resinisuch as DEAE_In general _methods teaching
a skilled persﬁiﬂfﬁém to purify a heterologous proteln exﬁ%@@%@@%ﬁl@%m well 10known in the
art. The practice-of-the-present-invention-wit-employ-trtessothepyt ise-thehicated;-conventional
techniques ()Hcazﬁlblology, molecular biology, cell culture %m\%rt?%‘gﬁnd the like which are in the 5kill
of one in thg 2R53182s2 (Bttikiguasearafivily disclosed in ABGOrGRL 8&ture. 15 The following
examples ale-net ||mﬁ-|nﬂ Thny maral\l ohn\u pcss:b!e mmhr\rlinlnan T 5;; E |n\1ar=t:cn_ A persnn c|/||| d
in the art co Jﬁ@sny adjust the condltlons to apply it to gﬁé%ﬁ\ B)di ents."20 EXAMPLES
ABBREVIATIONS #iiAladine phosphatase BGH:Bovinegragth HonoReg7bp:Base pair

CHO-K1 ATCC CCL-61
CHO-DUKX ATCC CRL-9096
(= CHO duk’, CHO/dhfr')
CHO-DUKX B11 ATCC CRL-8010
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
COS8-7 ATCC CRL-1651
U266 ATCC TiB-196
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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25 CHO:Chinese hamster ovary DHFR:Dihydrofolate reductase ELISA:Enzyme-linked immunosorbant
assay FAGS:Fluorescence-activated cell sorter HGH:Hamster growth hormone
30HT:Hyp8XaAtHHERAYmidine HRPO:Horseradish peroxidase WO 2010/8£3¥FABEPEPY009/059399
IgG:Immunoglobuline IRES:Internal ribosomal entry site kb:Kilobase mAb:Monoclonal antibody
MIX:Methotrexate NPT:Neomycin phosphotransferase nt:Nucleotides PBS:Phosphate buffered saline
PCR:Polymerase chain reaction 10 SEAP:Secreted alkaline phosphatase sICAM:Soluble intracellular
adhesion molecule

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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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 hypox‘é’rﬁl’fmg%gr%laghymidine (HT). Cells are incubated in cell culture fl: gléztogg/@?ﬁgfhumidified
atmosphere containing 5% 002. 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 1-3x105 cells/mL in fresh medium every two
to three days. Transfections 25 Transfections of CHO-DG44 cells are conducted using Lipofectamine
Plus reagentditifitiaigemomPostaregfeitiarh B h0Sarpome Rtizaie dropisotalls 50028 o be stably

h thineft idi T)- HO=S-SEMI i i l] of a_ G-well
chamber. A B R RS B S O T S e S50 o1
is generated éopezssirtgansiegitmtands3Oatidettteshealtetisg fotkavingténelpgotos oy ofitte oaanlifacturer.
After incubati - I -S- medi is.ad . .
20fg;gfgngﬁ%Pﬁ%%%%g%g%&arﬁerﬁ(ﬁgﬂﬂ}i%%ﬁgs%%§§ﬁ%§rﬁ%ﬂ§%§?§a@%§¥ﬁ\%up%trcnatant
and cellsaretrergesdth2 daits postiiarnsieetite Foshd@H ERitarHaciekotith sfgigbietsfected
CHO-DG44 cells.th i | | d-wi T -S-SEMI [ :
transfection.C%%%gé%%ggné%%%rﬁgﬁéam%}i!él %élglgg)vg@gb ei:%l n%%%%@ t%%e r}gén%ﬁégﬁg é -%OO nM
(Sigma) as aflifféifginvsstertorr apdynito! entidecsihumenceasts dhiocraadiosticrd nade Efb erred-
NPT-based j | - IS, ferri 48
Hours post 1y SR P RO e e S Evpere et Dl afe A RS s
concentratiors of GBS ivE0pgasLWilh BERprassins/ avtare | Pukelsalitee sprsine v eenorditg dbeivatives

of the pwcaé%%yggmgwg 9201055) and mediate constitutive expression of the heterologous
genes driveny the promoter/enhancer. For termination and polyadenylation of the transcript 15

of the gene Oéy‘?éﬁﬁ&i\ﬁ‘?ﬁtg(%ﬁ?(%@gw%%tﬁ‘@ i jple BP'&@QS}? eié?ri‘n%igﬂéb(,ﬁw'?gﬂgs{\'&iill) or

the BGH polyadenylation signaf NO: 12). pBID vectors enc a DHFR mini gene as
amplifiable s@le@tidhendie@rgstiecronerigiiploEPRINFY3arsm)deherd2er eBIN Secteferetode aasPT

gene as seleqtion PyksdInder e SRl Of g RIS NREAMRIBLANE chikW MRS 5]888Es
20polyadenylation signal (Figure 1).

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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Genes of interest encoding for human sICAM, heavy and light chain of monoclonal antibodies (1gG1,
IgG2 or 1IgG4 isot eﬁor Fc fusion proteins are cloned into the vectors using the muItiP_Ie cloning sites
located bemé?ﬂ%gé dter and polyadenylation signal. 25 ELI SA sICAM tﬁgg?rzéﬁ%?ﬂ(éﬁﬁ?ﬁed by ELISA
with standard protocols using two in house 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 sSICAM protein is used as a standard. WO
2010/010107PCT/EP2009/059399 mAD titers are quantified by ELISA with standard protocols using
an goat antimmetabdG Be fratpholic (Dafaotd) atiek ahosP-cohjubpatedrjtaatamppativan &alsstioight

e & SRS HOATECS R AN RS SR RORRE HESRea R e =
Cell productivisynpiectiBiy)igenleatensitketheifornaiie e/ (EeiCmngiivgdGgpninaety aSo” is
the cell ”“mber@o‘W Q@a&i{ﬁg‘“\&?&%. e tQ&&&éﬁ%ﬂ?ﬁ%@@gé@g%&é@%%F@B?ﬁ?cil‘i'&ﬂasc fduvation

period. 10 SEX assay Vvity is determine eporter Gene Assay according to
the protacol @ntipdfrabisuetesi@blR ggrebiagt ostisyel BEANFIEY : (FONATISN MMBGLENING

o TR T TN TR ST Bl N R

(HGH) For the'isolation of thé comp ation ’S|gnaY regloﬁ’\l%the g
from CHO-D @A ntivemee{ehinble marisegSricsiosiongess)the aimsdedigaiedugéistsio CHO-DG44

DNA serves te i te : he.pr C ' pri

combination %v%é%%le%?@?aﬂr' y Sé} %@a%ﬁeorggggge%eﬁ g%i growth %u%éﬂr}r%{[gﬁte%éer% @&e%%ce%ce,
respectively. Sl ajdliye{gptuifiepimar BH sve |SNGATRGCTF ADOTRES GGHE GAlaebiE:; B&E®AD NO:
1) is designe ' C rowg [

(Mosoonberu A e SR R A T T e e, S o
secondary PGR is pkitfetimeartsathe primary ReRiprodritsivgth a sashisingiorbdtiaatianal adagtor
primer and a e ific primer fQkZs5" G ICJ£752A404 G-3";
SEQ ID NO: nggg)éqsgi{#\%ﬂgﬁ%c@%%gstrg% ofe tC#g GH or%@%ﬁéﬁ%@n.%@ gulting&\§ A
fragments arénsotrivatatima rElettosiad eeeitor (ovgeyeniearaeieptagle 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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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 WO

2010/01018 PPEH/EY00/059399 by a stop codon and 324 bp of the 3' uhfrTEAIEErREE8n of the
growth hormone of Cricetus griseus (Figure 2; SEQ ID NO: 7). To obtain just the 3' untranslated region
with in total 324 bp (SEQ ID NO: 8) another PCR is performed using the primers OH Sfi foil (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) hagRieNotipmiimg deenofofleSKo-MERpevtFhoraoreiSunfatixaextragiens skieniable

species: 72.1% to. equence of th ' E rMe ' u enb ),
726% t0 the URILACE TOAREh RS e e 2 pebesy W RS LB e
norvegicus (G8hpaak YEEERIR&Ad 50.4% to the BGH sequence of Bos taurus (Genbank JO0008)
(Figure 3). 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 IIDNO: BhetitdieH Xblectaid¢SEQ i 5aa1Bor by éngmienttbethgd entansiirg

s = SRR B B conRaien SO SRR, e

us, all amplified
fragments of poeirgtsinCals|ésetinggibe HaME Bngdeativdl Badrgrovhion 20edivesgentingontsrfiest

nucleotide a ] 1] rend. (Rigue i ith Sfil
and Xbal anﬁéertrsesu tlrﬁggi%?ﬁ%ﬁ%r% #Ojg;é r%% r%tts% ia%% gsge%éﬁé}i)ﬁag;%%%%%%%lﬁ% %%?ﬁ)ﬁgﬁon
signal sequenaapiifithgaeresoinpIRAUDG;aUBIgrewttdids moadknng| EEkINEiguénss. Thea sgirieiipvectors
25 pJR131, 4 NIR1S . ' ignal seq derived from the
growth H%rm?%}é%f %?r%%ﬁs%ﬁﬁﬁgg iWé%%%ﬁﬁﬁ%?’%ﬁ%ﬁg%@fﬁ}y E&SEQ ID NO: 8), 189
bp (SEQ ID NO: 9) and 113 bp (SEQ ID NO: 10), respectively (Figure 5). WO

B A BT 2 4 SRR AT Sty
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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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 sICAM, independent of
chromosonY4PiRbetPAfiLH sites transient transfections are performed. CHO-PXG/RPruienassseransfected
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 expressmn of sICAM is
identical. Supamatants are ha; %988 pPeEiANRTERYON aNAJBRiF edysing
ELISA. To cogggﬁ{@{aggnsfectlon efficienc )!d:félﬁajpaﬂo transfegted wi

(100 ng DNATt ou_.uun), J_ovvn I St |c C\.,lc 5
SEAP act|V|tdlmlﬁﬂs}fl''ﬁ)]lzéég {3 5525‘{5

performed in Up|IC ﬁﬁ% > ;h(: hi ﬂé?gg@ﬁm u:—:-;; Mygwﬁﬁ@@@ﬁﬁj the

polyadenylation S|gnal sequence derlved frtfi4RE QPHW'EI‘P ormane gene of 20 hamster. The titer is
increased ug.to 21% (transfection series M SR dreausedells transfected with the vector pJR110
containing tHe&BURoiyadRiMdation signaPdiRatiEassdi up to M096dqphestectiacicerias #1)
compared ta pSispherifesigiranitiataseector pJR106 containing lineitHg4calatemelyadenylation signal.
25 EXAMPLEVRtMPACHOIPRIGEEEP Olof AIISNR - Bt IC NAR (i XHA R R ASIRa S terin,

EXPRESSIOM @A EfthANNERDY T;ggy@.{;gate thedmpget 9 fh F?l)(ﬁﬂ@ wgﬁqn signal

sequence derived from the Cricetus grise gﬁqg\q. hormone (H aH) on the expreSS|on of a gene of
interest, 30 humanized IgG4/kappa mADb, %iggfgdent of chrompsomal integration sites

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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transient transfections are performed. CHO-DG44 cells are co-transfected with WO
2010/010107PCT/EP2009/059399 the vector combination pBID/IgG4 and pBIN/kappa. Both vectors
contain 32W9&%‘P{ﬁ]é’%g7UTR of the hamster growth hormone (=HGH; SE Y %9%033339
polyadenylation signal sequence. As a control CHO-DG44 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 sequences the genetic setup of the
various vectors for the expression of the IgG4/kappa mADb is identical. Supernatants are harvested 2
days post traNsfestiyigand daenig@4 titerd NE88RM@Lusang ELISPurResvgctor combination 6 cell pools
are transfecleénk@etfseorrect for transfegtion efficiency cells ar¢ co-transfected with the plasmig

pCMVSEA T%&%WWN@%WQQéeWBWWOGeS g efeigted alkaline phosphatase,
and the SEA ﬁg‘ﬁ*@b}’r‘@ég asured:—Surp i3' { ii'ﬁw med V@le%ﬁd‘lGl‘l potyadenytatiorrsignal
sequence ate on average §5% higher ths rﬂ\”ﬁ%ﬁ%{%{ {" pg}yadeny ation signal (Figure 7). 15
EXAMPLE 4:TEST OF DIFFERENT HGH-WARIANYTE )!'wo 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@¢siigadersyladies signabseqbgrisoasytasiteantivfdteistehbbaene (FACBsudiing 20
vectors pJR134 und pJR135 (Figure 5) contain a shorter stretch of the HGH@?quence of 189 bp (SEQ

ID NO: 9) anfPi BX¥pRSERYF W%W@Qﬁ%’ctﬁ@@?%igfgﬁ%@m‘ﬁﬁﬁﬁ AR FOLiREAEE §ure 4).
To evaluate thedmpaaofihs-Eethdelrtiemval@nts) omhtheripiRasipnofraacne @i dnies astishaAM,

independent of chromgsomal integration sites transient 25transfections are performed. CHO-DG44

cells are tran8RtTARMA (HRAHKIBIR PIRIELERPESIES3T 00 HigrTesRERY BENGINN ' SFLBh HGH
sequence is usgrb RS GAHrah ériguraanls Asiee abpidiffererbtrimisptersqeUgNCRsCHIRNEHC setup

of the various vectors for the expression of SICAM is identical. Supernatants are harvested 2 days post
transfection AMEERERER Glglaria 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 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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30determined using ELISA. To correct for transfection efficiency cells are co- transfected with the
plasmid pPCMV-SEAP é%oo ng DNA/transfection reaction), WO 2010/010107PCT/EP2009/059399
which encStR24HK%8 eted alkaline phosphatase, and the SEAP activity %Wﬁ%ﬁ?@&?%?ﬁure 8 shows
the data of 2 independent transient transfection series performed in duplicate. Both HGH deletion
variants lead to reduced sICAM expression levels. 5 The HGH sequence of 189 bp contained in the
expression vector pJR134 results 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 andt&)estdreeveasitbe HuotdshEGH sEgUen doef t28 pteintased totherexanessioravector

lead % reduced ion. hi hat.
region of op 160 14 B0t S T O R AL SR & TP
expression oi)latgmiMsresﬁrﬁwmﬂéﬁ:@AW/&W@M@MER@T&W@W{W&GMHEVELS
15 USING THEHGH EOLXADENY ATION SIGAL CHOD G4 colaaimaansispipdyibecta
aG

combinations ehcading el e heavy an ain"of mADbs of various’iso , 19G2,
lgG4) or for Fofisioimprateiokibibepebieths, Foghppeptidesved dror dgil acityG ZoT rexbegiEeydntors
pBID and pBIN. (Eigure 1) used for expression contain the 324 bp H 0 uenc D NO:8)
as polyaden)}fe?({:gr(?gﬁg&r?a{f s%nqd@r%gn;%asﬁﬁgﬁeé) (rjciév%ns )r(ggré:lngle ti?eo Eg%r?%%ﬁf %r?t%rne%?t. @%ﬁ)&? %Itéﬂypools
are selected siegsa PhiERabe NP, TSepbed selebtiom 2 agwappyschramskcoipapThefirst valection of

2 the culture O SOOI TS SCh oo DL B B Mot e SR el ™
clones are olgais@meither by dilufipractetenplogaFA OSiBitakirgsssitonotsiayleedslistirtonedlls of a

96 well ;})cl)ate.k'llggﬁlgmqﬂggﬂtal 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 C'°“%@’@rﬁ?ﬁ%%?@ﬂé’%%@@ﬁtirlrFUSr{ﬁ‘b‘Hevﬂﬁ “0rig> DRCelauadler R RePatch
processes of up to 6.3 g/L are obtained (Figure 9)." WO 2010/01010/PCT/EP2009/059399
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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Primer GH forl Primer 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 (362MLEEEHHEEY Cricetus griseus, 3' untranslated region of growthHorfRAIE%(8¥4Hucleotides)
Cricetus griseus, 3' untranslated region of growth hormone (189 nucleotides) Cricetus griseus, 3'
untranslated region of growth hormone (113 nucleotides) SV40, late termination and polyadenylation
sequence (222 nucleotides) Bos taurus, termination and polyadenylation sequence of growth hormone
(208 nucleotides) Kozak sequence, consensus ribosome binding site (13 nucleotides) CLAIMS 1. A
polyadenylatilyzsignal comiprisimgog iobcliéne@ acid comprising a sequence at least 75% identical to SEQ
ID NO:8. 5 Z.é%/g(%polyadenﬁ{atioﬁrl sgnal accl‘,ordigyg to claim 1 comprising a sequence at least 80%,
85%, 90%, 959 0r 98% idé AR %@W I\f}('ﬂt S€3 The polyadenylation signal according to
claims 1 or 2idmmprising SE@B286HNO:8. 4. A nucleic acid the sequence of which comprises SEQ ID
NO:8.

mAb: Monoclonal antibody
5 MTX Methotrexate
NPT: Neomycin phosphotransferase
ni: Nucleotides
PBS: Phosphate buffered saline
PCR: Polymerase chain reaction
10 SEAP: Secreted alkaline phosphatase
SICAM: Soluble intracellular adhesion molecule
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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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 p@@r‘?ﬁ%‘?@c}%ﬂg sequence comprising any one of said polyadenylgﬁ&@ﬁﬁoﬁgﬁsg%%aid nucleic
acids of claims 1 to 5. 20 The vector or polynucleotide sequence of claim 6 comprising a heterologous
gene of interest encoding for a heterologous product of interest. The vector of claim 7, whereby the
product of interest is a polypeptide of interest and said polypeptide of interest is an antibody, antibody
fragment or fusion protein. A cell comprising the vector or polynucleotide sequence of any one of
claims 6 to 8TTsEit drwustictaosclaim Pedaitpolyiadeip/ieaon aghalipeszatanicied aeitboirgaims 1
to 5 is operahly li to cription.uni inga, prod finter, byt duct of
interest is a g‘o%%geggéjge § ﬁﬁ%grges’%%%’?cg@dg ﬁ%&a% gl‘éng%’)? i%teﬁ%?#%e% §§ﬁ Zggor |§é€ té)'{ f:l%?ﬁ#g or 10,
whereby saidrestiscidthmibtior B&K 4Aaistibe ohedkiiing s eeligesstivdatioflibtdrest emtiodedhyil gene
of interest, the Iuihod SQANEIRGL(a)PLOudind 2 PR%k el compyising aares a6 P BLEleaUde
sequence according to any one of claims 6 to 8 or providing a celf according to any one of claims 9 to
11 (b) CultivatingdsinpdelleX undbe denditicrisdw ORIV (Bégpreiifesaaiopliiving selkrciing agent
expression of t f Intere ) [ lypeptide;of.i 3 rifying t
polypeptide o{? &ﬁtg%ggdﬁjs@c?ﬁ a%%néfﬁﬁgé ﬁégggﬁ%la%%ﬂ*?&aﬁsﬂé?ﬁw%% gg’é?%}%:lgﬁns 1
to 5 as an insuter ranifeciepisiig-aly4headistire ot lyidresRisdin o thiscoslisldic Bolds of

claims 1 to 59_@%{?%5%8%@9’58 Ge¥ e M cibatinn elspldrehietrlriratye

SEQUENCE
(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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<110> Boehringer Ingelheim Pharma GmbH & CO. KG <120> NOVEL REGULATORY ELEMENTS
<130> P01-2393 <160> 13 <170> Patentin version 3.3 <210> 1 <211> 22 <212> DNA <213> Atrtificial
<220> <22%9 PHHEEY forl <400> 1 gagacctace tgcgggtcat ga22 <210> BCISEH20993959% > DNA
<213> Artificial <220> <223> Primer GH for2 <400> 2 agtgccgtcg ctttgtggaa ag22

mAb titers are quantified by ELISA with standard protocols using an goat anti-
human IgG Fc fragment (Dianova) and an AP-conjugated goat anti-human kappa
light chain antibody (Sigma). Purified mAb antibody of the same isctype as the
expressed mAb is used as standard.

5 Samples are analyzed using a Spectra Fluor Plus reader (TECAN, Crailsheim,
Germany).
Cell productivity (pg/celi/day) is calculated with the formula pg/((Ct-Co) t / In {Ct-
Co}) whereby “Co” is the cell number at the time of seeding, “Ct” the cell number
at the time of harvest and “t” the cultivation period.

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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<210> 3 <211> 40 <212> DNA <213> Atrtificial <220> <223> Primer GH Sfi forl <400> 3 atgcagaggc
ctaattggcc cagc c?tc tctgctggacd0 <210> 4 <211> 36 <212> DNA <213> Artificial <220> <223>
Primer GH%&‘}%@(H 50> 4 ctagtctaga tatactttat gggggtgaca taggac36 <F{IIEEINIRHE <2125
DNA <213> Atrtificial

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 total 324 bp (SEQ ID NO: 8}
another PCR is performed using the primers GH Sfi for1 (SEQ ID NO: 3) and GH
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% io the seguence of the
syrian hamster Mesocricefus auratus (Genbank S66299), 71.6% to the sequence
10 of Mus musculus {Genbank £46663), 61% 1o the sequence of Ratfus norvegicus
{(Genbank V01239) and 50.4% to the BGH sequence of Bos faurus (Genbank
JO0008) (Figure 3).
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).
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<220> <223> Primer GH Xba rev2 eolf-seql.txt <400> 5 ctagtctaga gggctgttct tccagcagcc30 <210> 6
<211> 35 <212> DNA <213> Atrtificial <220> <223> Primer GH Xba rev3 <400> 6 ctagtctaga
aatacatcta Yt ad9aiHcaat3s <210> 7 <211> 362 <212> DNA <213> CrRETARS(§riestRs<400> 7
agtgccgtcg ctttgtggaa agcagctgtg cccagegcecc cectttaccce tggcaactgce agatgceattg tattgettgg ctagatgtat
gagtcctaga ggccgacatg cctgtgggct ccaagtagag tcaacacatc acttccectg tcagaatccce agctcetctgg
acagtcacaa gt ccttttagca ccacccctat ttctgttgtg gctggaagaa tctcgtgatg ggcggcaagg

EXAMPLE 2: IMPACT OF HGH POLYADENYLATION SIGNAL SE-QUENCE ON
THE TRANSIENT EXPRESSION OF SICAM
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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gcggcgtctc tgctggactc gcetttgecct aataaaatga ggatggaggg tggtgtcaaa cagccctgac tttgcctgga agcctgcetce
cactccaga tcctat ca cccccataaa 60 120 180 240 300 360 362 <210> 8 <211> 324 <212> DNA
<213> Cri 91?[9%0 188s <400> 8 cagcggcgtc tctgctggac atgctttgcc ctaatgggé‘;c]%aﬁlﬁé?f’éﬁé?g ggtggtgtca
aacagccctg actttgcctg tgagcctgct cccactccag ggtcctatgt cacccccata tccccagcgce gaagatgcat aagagtccta
gaccaagtag agtcagaatc aagt ccccctttac tgtattgctt gaggccgaca agtcaacaca ccagctctct ggctagatgt
tgcctgtggg tcacttccece ggacagtcac atttetgttg ctgctggaag tgtctcgtga aaggcggcaa <210> 9 <211> 189
<212> DNA <213> Cricetulus griseus

the vector 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-DG44 cells are co-transfected
with the vector combination pBID-B/igG4 and pBIN-B/kappa which contain the
s BGH polyadenylation signal (see Figure 1 for basic vectors). Aside of the different
termination sequences the genetic setup of the various vectors for the expression
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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<400> 9 cagcggcgtc tctgctggac tccccagcegce ceccctttac cctggcaact geeccacccect60 atgctttgece ctaataaaat
gaagatgcat tgtattgctt ggctagatgt atttctgttg120 tgggatggag ggtggtgtca aagagtccta gaggccgaca
tgcctgtggg Mg HJgAAG 80 Page 2 eolf-seql.txt aacagcect189 <210> 10 <PANEPFAI2HIBIDNA <213>
Cricetulus griseus <400> 10 cagcggcgtc tctgctggac tccccagcegce ceccctttac cctggcaact geccaccect60
atgctttgcc ctaataaaat gaagatgcat tgtattgctt ggctagatgt att113 <210> 11 <211> 222 <212> DNA <213>
Simian virus 40 <400> 11
which encodes the secreted alkaiine phosphatase, and the SEAP activity is
measured.
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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cagacatgat aagatacatt gatgagtttg gacaaaccac aactagaatg cagtgaaaaa60 aatgctttat ttgtgaaatt
tgtgatgcta ttgctttatt tgtaaccatt ataagctgcal20 ataaacaagt taacaacaac aattgcattc attttatgtt tcaggttcag
ggggaggtg 8PPttt ttaaagcaag taaaacctct acaaatgtgg ta222 <210> RORPRZDSIRGE34P 12> DNA
<213> Bos taurus <400> 12 ctgtgccttc tagttgccag ccatctgttg tttgcccctc cccegtgect teettgaccc60
tggaaggtgc cactcccact gtcctttcct aataaaatga ggaaattgca tcgcattgtc120 tgagtaggtg tcattctatt ctggggggtg
gggtggggca ggacagcaag ggggaggatt180 gggaagacaa tagcaggcat gctgggga208 <2_10? 13 _<211> 13
<212> DNA <213> Artificial <220> <223> Kozak sequence consensus ribosome binding site <400> 13

gccgccacca t§EUENCE 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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CLAIMS

1. A polyadenylation signal comptising a nucleic acid comprising a sequence at

least 75% identical to SEQ 1D NO:8.

. The polyadenylation signal according to claim 1 comprising a sequence at least

80%. 85%, 90%, 95% or 98% identical to SEQ ID NO:8.

. The polyadenylation signal according to claims 1 or 2 comprising SEQ D

NO:8.

A nucleic acid the seguence of which comprises SEQ ID NO:8.
The polyadenylation signal or the nucleic acid according to claims 1 to 4
wherein said polyadenylation signal or said nucleic acid is operably linked to

a heterologous coding sequence.

A vector or polynucleotide sequence comprising any one of said

polyadenylation signals or said nucleic acids of claims 1 to 5.

The vector or polynucleotide sequence of claim 6 comprising a heterologous

gene of interest encoding for a heterologous product of interest.
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10.

1.

12.

13.

14.

The vector of claim 7, whereby the product of interest is a polypeptide of
interest and said polypeptide of interest is an antibody, antibody fragment or

fusion protein.

A cell comprising the vector or polynucleotide sequence of any one of claims
6 to 8.

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
interest and whereby the product of interest is a polypeptide of interest

encoded by a gene of inferest.
The cell according to claim 8 or 10, whereby said cell is a hamster cell.

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

(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.

Usé 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 medium for cultivation of said
cell. '
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