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concerns production host cell lines with increased expression of ribosonal
RNA (rRNA) achi eved through reduci ng expression of NoRC proteins,
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through the production of new ribosomes (ribosome biogenesis). With about 80% of total

The

nuclear transcription being dedicated to the synthesis of ribosomal RNA (rRNA), ribosome
biogenesis is one of the major metabolic activities of mammalian cells. Ribosome
assembly occurs within the nucleolus and requires coordinated expression of four rRNAs
20 (458 pre-rRNA, which is subsequently processed into 18S, 5.8S, 28S and 5S rRNA) and
about 80 ribosomal proteins (r-proteins). 45S pre-TRNA is transcribed in the nucleolus by
polymerase I (Pol I), 5S RNA is transcribed by Pol III at the nucleolar periphery and then
imported into the nucleolus and r-proteins are transcribed by Pol II. Thus, ribosome
biogenesis requires orchestration of transcription by different polymerases operating in
25 different compartments. In mammalian cells, these processes are largely unknown
{Santoro,R. and Grummt,I. (2001). Molecular mechanisms mediating methylation-
dependent silencing of ribosomal gene transcription. Mol Cell 8, 719-725}.
Transcription of 45S pre-rRNA is the key step of ribosome biogenesis. Mammalian
haploid genomes contain about 200 ribosomal RNA genes of which only a fraction is
30  transcribed at any given time, while the rest remains silent (Santoro,R., Li,J., and

Grummt,I. (2002). The nucleolar remodeling complex NoRC mediates heterochromatin
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transcription. Nat CGenet. 32, 393-396). Active and silent genes are
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same tine. containing different numbers of rRNA copies displayed the same levels of rRNA

15 transcription.
As rDNA represents the major component of the ribosome, silencing of these genes results
in a limitation in ribosome biogenesis and thereby protein translation, thus ultimately
leading to reduced protein synthesis.
In biopharmaceutical production cells, this creates a limit in the cell’s full production
20  capacity, meaning reduced specific productivities of the therapeutic protein product. It will

thereby lead to reduced overall protein yields in industrial production processes.

The other factor next to the specific productivity (Psp..) determining process yield (Y) is
the IVC, the integral of viable cells over time which produce the desired protein. This
25 correlation is expressed by the following formula: Y = Pgec * IVC. Therefore, there is an
urgent need to increase either the production capacity of the host cell or viable cell
densities in the bioreactor by improving cell growth — or ideally both parameters at the

same time.
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i nvention solves the above descri bed problem and shows that the knockdown
of TIP-5,wa2eu3ngod of NoRC (nucl eol ar renodel i ng conpl exT/Eve@oayesB and
Gumt,l. (2008). The epigenetics of BRNA genes: fromnol ecular to
chronosone biology. Annu. 5 Rev Cell Dev. Biol 24, 131-157), decreases the
nunmber of silent rRNA genes, upregulates rRNA transcription, enhances

ri bosome synthesis and increases production of reconbi nant proteins. The
data of the present application denonstrate that the nunber of
transcriptionally 10 conpetent rRNA genes limts ribosonme synthesis.
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time, we shq¥%kpmthe present application that an engi neered decrease in the
nunber of siTent TRNA genes could be correlated with enhanced production of
rRNA and ri bosonmes and consequently wi th higher productivity of manmalian

cells. 25 Ungx t edl the present application di tional rovi.des data
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A genes offers new possibilities for improving biopharmaceutical manufacturing and

provides novel insights into the complex regulatory network which governs the translation

machinery.

15 The present application shows that knockdown of TIP-5 induces loss of repressive
chromatin marks at the rDNA repeats, enhances rDNA transcription, alters nucleolus

structure and promotes cell growth and proliferation.

To determine whether increasing numbers of active rRNA genes affect cellular growth and

20  proliferation, we analyzed several ShRNA-TIPS cells by flow cytometry (FACS).

Surprisingly and for the first time, we show in the present application that an engineered
decrease in the number of silent rRNA genes could be correlated with enhanced production
of rRNA and ribosomes and consequently with higher productivity of mammalian cells.

25
Unexpectedly, the present application additionally provides data showing that knock-down
of TIP-5 in different mammalian cell lines leads to faster cell cycle progression and

increased cell proliferation.

30 This finding is in contrast to what is described in the prior art (W02009/017670). TIP-5

has previously been identified to function as a Ras-mediated epigenctic silencing effector



(RESE) for Fas in a global m RNA screen (W?2009/017670). Ras is a well
known oncogene involved in cell transformation and tunorigenesis which is

f r equent |wyorentoatsesboor over expressed in hunman cancers. TRETaPOo10/05¢582 pri or
art clains that reduced expression on4Ras effectors such as TIP-5 results
in an inhibition of cell proliferation. 5 To verify this, we analyze both
ShRNA-TIP5 cells by flow cytonetry (FACS). As shown in FI GURE 4A B,
however, the nunber of shRNA-TIP-5 cells in S-phase is significantly higher
in shRNA-TIPS cells in conparison to control cells. Consistent with these
results, shRNA TIPS cells show i ncreased incorporation of

5- br onodeoxyRBSd) fer (B iy disHad nli@Npasaest (WNAVE@ENIEH 767@h®as liewewsll ahokdycl i n
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the control %@IelfngtorFﬁB@, asd RS pailis & qnﬁnlﬁlg]éloﬁBﬁfif‘élrpf@iffe@il@bnt 15 rRNA genes
does have; an inpact on cell netabolism The present invention surprisingly
shows that depletion of TIPS and a consequent decrease in rDNA silencing
enhances celTo perdy itifisrvet anglyze Phid shRESehIPSapld by dow ontodehrpiBAECAYL s shown

Cani fi i . ) . ! Ced.
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application shows that a decrease in the numher of silent rRNA genes 25
enhances ri b%‘%‘g‘iﬁ‘&lab%‘f’%é%@garﬁr‘f PR30S ewaﬁﬁwﬁ-“é% ﬁ@?@f?@rf 0
produce recofidiparifal RIS H-CHOKN dellb &FIGNYBFY.I QibpridialP bRV indBnBash@Wridet hod
for increasing rRNA transcri [%tl on, ribosone biogenesis and translation by

reduci ng TI PU5 reporty, Opd DERSHP t ando GHQ-Kiaedisy caimpsiice mRNACHBS | tsAugces,
reconbi nant ALEERIS 2 UG %Mé&&@%@%&%ﬁ?%&@la%@éﬁél ilﬁ tEéJﬁllhﬂﬁe'% 0K font W

denonstrate that depletion of TIP-5 |eads to faster cell cycle progression
and i npr ovedR&NA engs dagshhave an Enpash o delt alctabglisont Ihe pagsenrt iprafioumdpilymeEet on
mul tiple asp o] i.cal .5or T pL: , rier
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| i ne devel opmelferati@ener ation tines are preferably shorten than 24hrs,
preferably between 20 to 24hrs, nore preferably between 15 to 24hrs or 15
to 22hrs, nost preferably between 10- 24hrs. 10- Hi gher efficiency after
si ngl e-cel | THeqirtsrgt @ptcdtias tdemogstrawt b sighdfice@fiha@ease in protein production in TIP5-

20 depleted cells compared to the control cell lines (see Example 6, FIG. 6). The increase in
protein production in TIP5-depleted cells compared to the control cell lines is more than 2-
fold, more than 4-fold, more than 5-fold, more than 6-fold, more than 10-fold, between 2-
10-fold. These data show that TIP5-depletion increases heterologous protein production.
The present application shows that a decrease in the number of silent rRNA genes
25 enhances ribosome synthesis and increases the potential of the cells to produce

recombinant proteins.

In this invention, we provide a new method for increasing rRNA transcription, ribosome
biogenesis and translation by reducing TIP-5 with the benefit to ultimately enhance

30 secretion of recombinant proteins.



Shorter tinmeframes during scal e-up, especially in the case of inoculumfor
a |l arge-scal e bioreactor. Higher product yield per fernentation tine due
to the prwpantoisosb correl ati on between | VC and product Pgirardo10@sesser sel y,
| ow 1 VCs cause | ower yields and/or |ofger 15fernentation tines. Preferably
the yield is increased by 10% nore preferably by 20% nost preferably by
30% This enables to increase the protein yield in production processes
based on eukaryotic cells. It thereby reduces the cost of goods of such
processes and at the sanme tinme reduces 20 the nunber of batches that need
to be produced to generate the material needed for research studies,
di agnost i cs, FugthkmhcealwsddiaehinetSat® than@dpliction 90 PM-Y 1afs & ke @peytle @rdpiatieh n.
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critical oworkHighskafigenol biicris@@ar & lltctbnidpent! itiwed fvevth thecap@t | M zed host cel

' can he used Hﬂr t he %gneratio of
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bioreactor.

- Higher product yield per fermentation time due to the proportional correlation between

IVC and product yield. Conversely, low IVCs cause lower yields and/or longer
15 fermentation times. Preferably the yield is increased by 10%, more preferably by 20%

most preferably by 30%.

This enables to increase the protein yield in production processes based on eukaryotic
cells. It thereby reduces the cost of goods of such processes and at the same time reduces

20 the number of batches that need to be produced to generate the material needed for
research studies, diagnostics, clinical studies or market supply of a therapeutic protein. The
invention furthermore speeds up drug development as often the gencration of sufficient
amounts of material for pre-clinical studies is a critical work package with regard to the
timeline.

25 The invention can be used to increase the property of all eukaryotic cells used for the
generation of one or several specific proteins for either diagnostic purposes, research
purposes (target identification, lead identification, lead optimization) or manufacturing of

therapeutic proteins either on the market or in clinical development.

30 The cell lines / host cells provided by this invention help to increase the protein yield in

production processes based on cukaryotic cells. This reduces the cost of goods of such



l'iipurposes (target identification, |ead identification, |ead optimzation)
or manufacturing of therapeutic proteins either on the market or in
clinical woveloopns®nt . They are equally applicable to expcesEP2an/opsesiuce
secreted or nenbrane-bound proteins (such as surface receptors, GPCRs,

nmet al | opr ot eases or receptor kinases) which share the sane secretory

pat hways and are equally transported in |ipid-vesicles. The proteins can 15
then be used for research purposes which aimto characterize the function
of cell-surface receptors, e.g. for the production and subsequent
purification, crystallization and/or analysis of surface proteins. This is
of cruci al ipfpakicanae af Qe satditeuﬁeweh@me@mb n@fb&reyd tatshesnthalrieed tdies gpiesd as
cell -surface receptors are a nlnanhﬁclass of drug targets. Mboreover,

this is advatﬁtga@fé%}aéheffa%terf%ee Trarch sRdER d At GRS BAprEkes 20
associ at ed Wh@QW@ehhmﬁgg&ﬁqgo@@peptors or the anal ysis of
cell-cell-communication which is nediated in part by the interaction of

sol ubl e growths fryentisms fugihemnare esppeds o élwoﬁaveﬂ%rrr@et:@@tqfwe Bh geneaeah@f or
another ce, | RSl et B . Bl RN URF it N RO CE
I N RODENT AND HUMAN CELL LI NES RT- PCR of (A NI%—VSTS
cel | s st abl ytodhgtrmedwieng shRNA- TIP5 1 and Tl P5-2 sequences and (B) of
HEK293T cells stably expressing m RNA-TIP5-1 and Tl P5-2 sequences. Data are
normal i zed to GAPDH nRNA | evel s. WD 2010/ 130800PCT/ EP2010/ 056583 7 (C)
Sem quantit aiflieveptRaizRCR)stcerrlll?@s miRAradficeslt adprassiot RINAFIIFSPBanl b2 ublidHfB TiB¢

RNA- Tl P5- 1/ 2 HEK293T a As t |,
ot GAPDH REPTEIAT 8 BY e navine g g (o e AR PR RO

METHYLATLON I(Lv?p(@):s @&@ét&ﬂeﬁﬂ)ﬂﬂicﬁfon]_leﬁ’(&déﬁ@ﬂi@l:ﬁs&,ﬂeaﬁp@ﬁﬁﬁiaﬁ&&hﬁdﬂ Iﬂd'huﬁctdrﬁ@@sf
pronot ers. anel s: . mouse, ( human and (C) Chinese
hamst er r DNA %‘ P@V“?@ﬁ?@’ IVH% l?ﬁ@“%gQVFE%PFH%lteS anal yzed. Bl ack
ci rcles i ndirigherCpdaaty Apgilentiee s%\rd tE&RERSaNbr MBAbIRKE-BBMY pis@Hls t O
anplify HpaII-dlrestgd DH% | o Loﬁg? 852%5?4 r DNA IC met h IatlogﬂlevZIs
are measur edSE@H Myrfwemewrs (BCRyereaiqrrgisascs e@mwme |vehigh giroythe
expressi ng shENA-aadf 5&H%5%A%h5§el&%m?ﬂﬂmﬁﬂﬂ&&%{h QQ%%EQ§SHw bRk &Rk esent
t he amounts of HpaII-reS|stant r DNA" nof mal I'zed he total cal cul at ed
by anpl i fii catherobe wicd Hoprehareahspueprsenyhisk |anﬂgtmar®é@q1@eﬂ@efgnqtlaemfngﬂ -surface
Hpal | -sites di gest e D k) P
oG net hyl at%o%tq%(;vée g ¥ A{ri}lgl d%&nﬁ& a(nﬁ @E&ﬁh@ﬁt BikifRhtiol, FpyIffL.R85 &Rd/oPNA
analysis of surface proteins. This is of crucial importance for the development of new

human drug therapies as cell-surface receptors are a predominant class of drug targets.
Morcover, this is advantageous for the study of intracellular signalling complexes
20  associated with cell-surface receptors or the analysis of cell-cell-communication which is
mediated in part by the interaction of soluble growth factors with their corresponding

receptors on the same or another cell.

25 DESCRIPTION OF THE FIGURES
FIGURE 1: KNOCK-DOWN OF TIP-5 IN RODENT AND HUMAN CELL LINES
(A,B) qRT-PCR of TIPS mRNA of (A) NIH/3T3 cells stably expressing shRNA-TIP5-1
and TIP5-2 sequences and (B) of HEK293T cells stably expressing miRNA-TIP5-1 and
TIP5-2 sequences. Data are normalized to GAPDH mRNA levels.



rDNA i ntergenic and pronotor region including the transcription start site
(+1) and (B) two areas within the coding region. Schema representing a

si ngl e noweeorodis¥sonepeat and the anal yzed Hpall (H) sit@ST/ER0100S658Epr esent
the primers used to anplify Hpall digésted DNA. Data represent the anmounts
of Hpall resistant rDNA normalized to the total rDNA 20 cal cul ated by
anplification with priners enconpassi ng DNA sequences | acking Hpall sites
and undi gested DNA. FI GURE 3: | NCREASED RRNA LEVELS I N Tl P-5 KNOCKDOWN
CELLS (A) Depletion of TIPS enhances rRNA synthesis. gRT-PCR-based 45S
pre-rRNA | evel s of 25 stable NIH 3T3 and HEK293T cell lines are normalized
to GAPDH nRN&)I ]fséﬁﬁ@;antit(atﬁ)e RODNECR roanseﬁilﬁlﬁjmnof StaﬁletﬁﬁNled”(HlPﬁ]:li/I] 1\$1'H/:|ur3|3r UTP
i ncorporation_after sape exposure tine. The BrUTP signa eft pane is

i gher 1 TIPRO AR S0 BcERRRG i RS S 1 E Tt ol ch Sl GRd PR

nucl eol us (dsrdvgFp@MEESA WM dhbivh. t he nucl eus as seen in the phase contrast

i mages (right panel). WD 2010/ 130800PCT/ EP2010/ 056583 8 FI GURE 4: TIP-5
DEPLETI ON LEADS TO | NCREASED PROLI FERATI ON AND CELL GROANMH (A) FACS

anal ysi s of gtk I! Pp-£RNotkDoWR LEEDIEH REBULTEIFRDNS B THRGIAMIENal cel |

cycle phases. The nunber or percentage of cells 5in S phase increases,
wher eas t he (Aufthdeptatiopef &t dagecasds (éF msthiylati@l oA pdeeeterasésper pamklsPs

depl et ed cel rold fierat | j ( i i ay.
Col 1 o are  bnpaPRg T RRGEE BuERRAREIE guicle Ruded ARG TROAGO RIS
to BrdU, andngediog titcaigerlbfH)cetes gnalyred Eﬁimlagisca'rqles imﬁtaiterﬁp@ctiinu‘ﬁlmti&sdmrrafws ay

N TS (B bl PR CR T et TR PP Rexbr cssi ng i RA TIPS and
control sequesee panclNeDFAHhmEthyMEsn desDns nfcadieed indh) NIIPSTIgp) elExdose! | s
2ha i k) g2l RS i Sk PRk SR e bl 10T
Rel ative amupicnc@f Dat Rpfcssitce MMneedt HpAlI-(eistafit APNA MNEHAIZES to ¢IB) totEK293T

and (C) CHO K1 cells. Data represent the average of two experinents .
per f or med i rONA ng]icglg‘{eé_by amplification with primers encompassing DNA sequences lacking

Hpall-sites and undigested DNA.

15 (D,E) Depletion of TIPS decreases rDNA CpG methylation levels. Analysed is (A) the
rDNA intergenic and promotor region including the transcription start site (+1) and (B)
two areas within the coding region. Schema representing a single mouse rDNA repeat and
the analyzed Hpall (H) sites. Arrows represent the primers used to amplify Hpall digested
DNA. Data represent the amounts of Hpall resistant rDNA normalized to the total rDNA

20 calculated by amplification with primers encompassing DNA sequences lacking Hpall

sites and undigested DNA.

FIGURE 3: INCREASED RRNA LEVELS IN TIP-5 KNOCKDOWN CELLS

(A) Depletion of TIPS enhances rRNA synthesis. QRT-PCR-based 458 pre-rRNA levels of
25 stable NIH/3T3 and HEK293T cell lines are normalized to GAPDH mRNA levels.

(B) rDNA transcription i8 detected by in situ BrUTP incorporation after same exposure

time. The BrUTP signal (left panel) is higher in TIP-5 depleted cells and is specifically

detected in the nucleolus (darker arcas within the nucleus as seen in the phase contrast

images (right panel).

30



(D) Ri bosonme profile of stable HEK293T and 20(E) CHO- K1 cell lines. Mre
ri bosones are present in TIPS knockdown cells. FIGURE 6: TIP-5 KNOCKDOMN
LEADS TO WBRANGBBIPRODUCTI ON OF REPORTER PROTEI NS 25 ( APCY/EBEAB/086683 €SSi on

of (A) stable NIH 3T3, (B) HEK 293T aRhd (C) CHO Kl cell |ines engineered
with the constitutive SEAP expression vector pCAG SEAP. (D, E) Luciferase
expression of (D) stable NIH 3T3 and (E) HEK293T cell lines engineered with

the constitutive luciferase expression vector pCW-1 uciferase. WO
2010/ 130800PCT/ EP2010/ 056583 9 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Knock-down of TIP-5: Wth the aimof engineering cells for increased

synthesi s of FIGRRERI NEIP-5 WERIETION KEADStHD MNCREASHDE PROLUEKR ABSON IAND he
nunber of si] ent rRNA,H%enes enhances 45S pre-rRNA 5 synt hesis and, as
consequence,C%IFISQRQVlv | ates ribosone bi ogenesis and increases the nunber

of transl ati@n-conPetfits JrisROSANMEBs cclller efore, we use RNA interference to
knock down TIPS expression and construct stably transgeni c shRNAexpressi ng

NI H 3T3 or niBRNATeseiee 85y THERPIBT! el YA@hRISS Ukt iert MPRRNAVSFicRINeE Sletfliences
speci fic for, i, ifngr%ﬁs%g,twl{eg&'s ﬁ%ﬁgﬂg%%loﬁ]ﬁer@atfg%&f c8iMGn U FRadd decrlaglif cel |

| i nes expressing scranbled 10 shR\ sequences are used as
control . TheF®Sdeetedwoellse Bydifiationris prhenedi ng st abl e cell 1ines rather than
perform ng transient transfectjons,Wth sm XA i RNA- T1 PS or
R T Pe SquaifERieb AP RLE TR dpRbRETEE BRI RURELSE, e
CpG net hyl atwantiodicp aSBIIVE and pdiaditapiof E&BUh IS phgsani lebtirdted. d@k IBréli) ussay ons.

Second, even though H T cells be transfected relatively easily, the
poor transf e%‘PWBHl%E@Ia?qEﬁgéWtﬁ@sd‘F %ﬁi%ﬁﬁg%s and CHO-Kl cells woul d

conprom sg SubFe Rk thaldleses(f NENIPY MY USER RV, ardd S@I@-KEVﬁls_Sst@d'l‘ﬂ cell
grow h properties. To determ ne the efficiency of TIPS knockdown in the

sel ect ed cl oiFeEsSIpEMRRNA RS Mdeontirhisarcaeest sthisgreyithsuivesadamoastsgig that TIP-

seni quant i t af iR &\EhiS grdw 3NRGL AL BsCaBAERESH RCRLFhGr thhn ShFR cells
expressi on decreases about 70-80% in N H 3T3/shRNA-TIPS-1 and -2 cells when

conmpar ed to @UHBFHrdEIPKDO (FIG 1A). A simlar reduction in TIPS mRNA

| evel s i s observed in stable HEK293T (FIG 1B). TIPS nRNA | evels in CHOKI
-derived cells can be nmeasured only by sem quantitative PCR (FIG 1C) but

t he reduct i ofIGORETS: PRIBIROMESANA IY BErINt BIPt hRNOSK D WIN €ENLYY 3T3 and HEK293T

cel I's. These { esul g AeIRNSH' @b abic A RSH APLA B RRLATY I BFRiskaOtpl m
and (C) CHO-KI cells. Data represent the average of two experiments performed in
triplicate.

(D) Ribosome profile of stable HEK293T and
20 (E) CHO-KI1 cell lines.

More ribosomes are present in TIPS knockdown cells.

FIGURE 6: TIP-5 KNOCKDOWN LEADS TO ENHANCED PRODUCTION OF
REPORTER PROTEINS

25 (A-C) SEAP expression of (A) stable NIH/3T3, (B) HEK293T and (C) CHO-K1 cell lines
engineered with the constitutive SEAP expression vector pCAG-SEAP.
(D,E) Luciferase expression of (D) stable NIH/3T3 and (E) HEK293T cell lines

engineered with the constitutive luciferase expression vector pCMV-luciferase.
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25 TIP-5 knockdown | eads to reduced rDNA net hyl ati on: CpG net hyl ati on of
the nouse rDNA pronoter inpairs binding of the basal transcription factor
UBF, and wbeofoo3osbi on of preinitiation conplexes is precemreaoS®8s | , E. ,
Poortinga, G, Sharkey,K , Hung, S, H® Iloway, T .P . , Qin,J., Robb ,E
wong, L. H., 30 Thomas, WG, Stefanovsky,V., Mss, T., Rothblum L.
Hannan, K M, MArthur, G A, Pearson, R B., and Hannan, R D. (2008). UBF

| evel s determ ne the nunber of active WO 2010/ 130800PCT/ EP2010/ 056583 10
ri bosomal RNA genes in mammals. J. Cell Biol 183, 1259-1274). In NI H 3T3
cells about 40%to 50% of rRNA genes contain CpG nethyl ated sequences and
are transcripeETamEDDESCRIPTIONOFSHEENVESTAON CpG density of the rDNA
pronoter in humans, m_ce and Chi nese hansters differ significantly. In
humans, the 48186t drocont ai ns 23 CpGs, 5 while in nice and Chinese

hanst er s t hew@hah® adn 3RdnSn&Pis  ccll @ SREGELYLRH ¥yhtidsE o2RAcEhbind Pretkink ywt hat
TI PS knockdown affects r silencing, we determ ne the rDNA net hyl ation

| evel s by nedesumimyhathes aglepigrie ipfherfpapesol sicriBNGomnes erfisatre €35 Peeifomt ¢ DNA
is Hpall -di tfedis aﬁﬁgasrcﬁﬁbéqlh@f?&?afsg sAhLBRLS 198 sbine Dio AR FEL Ml ALL Qe | S
measured by quantitative real-tinme PCR using prinmers enconpassing Hpal l
sequences (CoGEkr offivmsletiprocdngpetentisbosemse Tihare@uG veetsh RNt inder fongnich fonktokle
pronot er regi L Qrity ;o es._l.n I R k- I
e R e S b e S TR e S
2) . Not abl y, m&RNAroxghssiigRBERLNA| ang GHO-HKdeusingvsh Rt R A isoquenses spifid ©ted t o

the r DNA pr onot sequences, hyl.at i nts.in TIP-5 reduced
NFBTS cel | g GH RSO Ty TS ! it P e P Piarsane B Sitot er
and codi ng rgNonsid MiFBUREc@nE) ard Bdd@atomeplt Nigdre dicPSo r@Res foppivdudiag t he
r DNA pronoter, inifjates s$readi nmechani.snms far the eEtabIL hnment of
silent epi get§ elhdpRsathRr BE STP RS TARIER! (TGRURCOPH BB ABPIRRIR S| s i n
Ti p-5 knockdmwm AeiHsor mMRANROTHSLE UEh&E. MREHRELss i8R 8pikhetib Makdmier of
silent genes affects the amounts of the rRNA transcript, we neasure 45S
pre-r RNA syntHeégicthylRjion Rre peRvE$1asbens. ﬁ@i%rlltawlatlltlélw@ﬁﬁia@@mh geqong.sqver RNA
processi ng shL&h(iti> 93381806 ‘t}%}frahﬁeéfédllglaﬁ(f&g Eas‘ilg}%é B%rq;ahﬁgct{oﬁleﬁicie%@- I'n
both TIPS-depl eted NI H 3T3 and HEK293T cells,; an”enhancement of rRNA
product i on cUnplrER eed Ch®-EdreeHpivoeld| domiprereisy subjequsat aentlisys pottdogemauyses

rRNA, ribosome levels and cell growth properties. To determine the efficiency of TIPS

knockdown in the selected clones, we measure TIPS mRNA levels by quantitative and
semiquantitative reverse-transcriptase-mediated PCR (FIG. 1). TIPS expression decreases
about 70-80% in NIH/3T3/shRNA-TIP5-1 and -2 cells when compared to control cells
20  (FIG. 1A). A similar reduction in TIPS mRNA levels is observed in stable HEK293T (FIG.
1B). TIPS mRNA levels in CHO-Kl-derived cells can be measured only by
semiquantitative PCR (FIG. 1C) but the reduction of TIPS mRNA is similar to that of
stable NIH/3T3 and HEK293T cells. These results demonstrate that the established cell
lines contain low levels of TIPS.
25
TIP-5 knockdown leads to reduced rDNA methylation:
CpG methylation of the mouse rDNA promoter impairs binding of the basal transcription
factor UBF, and the formation of preinitiation complexes is prevented (Sanij,E.,
Poortinga,G., Sharkey,K., Hung,S., Holloway,T.P.,, Quin,J., Robb,E., Wong,LH.,
30  Thomas,W.G., Stefanovsky,V., Moss,T., Rothblum,L., Hannan,K.M., McArthur,G.A.,
Pearson,R.B., and Hannan,R.D. (2008). UBF levels determine the number of active



25 TIP-5 depletion leads to increased proliferation and cell growh: Ras is
a well known oncogene involved in cell transformation and tunorigenesis

whi ch i s Woegquersvdoy nut at ed or overexpressed i n hunman ca&oTHEP010@5@&8h et al
in W2009/017670 describe to have idemtified TIP-5 to function as a

Ras- nmedi at ed epi genetic silencing 30 effector (RESE) of Fas in a gl obal

m RNA screen. The publication describes that reduced expression of Ras
effectors such as TIP-5 results in an inhibition of cell proliferation. WO
2010/ 130800PCT/ EP2010/ 056583 11 We anal yze both shRNA-TIPS cells by fl ow
cytonetry (FACS). As shown in FI GURES 4A B, the nunbers of cells in S phase

are signifi casthsbiallRgREndsin Bahinasd RNCelTB3D /8% 11259-1 2746 ORPIH/ BI3Nc 19 ab@nt r ol
cells. Asim]lar Erofile is obtained with NIH3T3 cells 10 days after

i nfection withe P r&p rEWRN s ek} AECHAMR S Pubensas ayhirhdpnspripdpnally

sequences. CQRS TheMeqrnWist dhdt 0peeddhesUbt she TN rIMBSRr G lhuasd)aMicé RaY eased
i ncorporation of 5- bronodeoxyuridine (BrdU into nascent DNA and hi gher

| evel s of Oyelipgse Rapgters dafyr sigmificaptlyy In psmagimsher @A Promsted] Gopwingt23dabGsat es
bet ween shRNfyifl iﬁ%icéélﬁ%ﬁﬁ&@harﬁite%%r@%@%a'g NdBI3pec RS ?&"'{G@Qﬁl-% F'S

cells (FIG 4D-F). Surprisingly and in contrast to the prior art rep
bot h NI H 3T3veaifidtheHOPK knoeddpbwn aéirgss daNArsgenpitRNAe TeRENNG theatpeh owthylation

proliferate r t I C y Showi n ecrease
Pt henumbervott BZhRhnit AR AR oF it ROk IO InCELE SR b il Iyl oo
TIPS depl et i opali-digbdid2 98T absistandeoto sligpsiidn ¢ant CyG amétbglhtionl is peslurddebat | on,
because these cell. s have a ady reached their. i mrate

orori oratt one i it BRI he AR Sl TR B SRS Rorms sy o
COB sequend dile@rdeas@eiim Cp%&ﬁjlit%gﬁ&iﬂ@ Eh:a ltpacnﬁ(e& egibh olpa ﬁiajofri@,;r T’ﬁﬁﬂR@fA gdies ]
Ri bosone analysis in TIP-5 kn own cells: In manmalian ce cultures, the
rate of pr ot Bl @%#ﬂ%f&r%o“insceﬁﬁmmﬁiﬁrgﬁfm%éhﬁgﬁ%tf%lﬁ of i Hrgmaﬁwgerﬁ%

rel ated to tdien@hoduGt2)yi el d. To determ ne whether depletion of TIPS and a

consequent decrease in rDNA silencing increases the nunber of
transl at i on-lﬂ‘éfﬁlﬁé’t glthough TIPS binding and de novo methylation is restricted to the rDNA

promoter sequences, CpG methylation amounts in TIP-5 reduced NIH3T3 cells diminished
15 over the entire rDNA gene (intergenic, promoter and coding regions; FIGURE 2D,E),
indicating that TIP3, once bound to the rDNA promoter, initiates spreading mechanisms

for the establishment of silent epigenetic marks throughout the rDNA locus.

Increased rRNA levels in Tip-5 knockdown cells:

20 To determine whether a decrease in the number of silent genes affects the amounts of the
rRNA transcript, we measure 45S pre-rRNA synthesis by qRT-PCR using primers that
encompass the first rRNA processing site (FIG. 3A) and by in vivo BrUTP incorporation
(FIG. 3B). In both TIP5-depleted NIH/3T3 and HEK293T cells, an enhancement of rRNA
production compared to the control cell line is detected by both analyses

25
TIP-5 depletion leads to increased proliferation and cell growth:

Ras is a well known oncogene involved in cell transformation and tumorigenesis which is
frequently mutated or overexpressed in human cancers. Green et al. in W02009/017670
describe to have identified TIP-5 to function as a Ras-mediated epigenetic silencing

30 effector (RESE) of Fas in a global miRNA screen. The publication describes that reduced

expression of Ras effectors such as TIP-5 results in an inhibition of cell proliferation.



20 ribosones in the cell, we initially neasure the |evels of cytoplasmc
rRNA. In the cytoplasm nobst of the RNA consists of processed r RNAs

assenbl edwpnvw/BdtWosones. As shown in FIG SA-C, all TI PeTawpdieectstel |

| i nes contain nore cytoplasm c RNA perl cell, show ng that these cells
produce nore ribosones. Al so, analysis of the polysone profile shows that
Tl P5depl et ed HEK293 and CHO Kl cells contain nore ribosone subunits 25(40S,
60S and 80S) conpared to control cells (FIG 5D). Tip-5 knockdown | eads to
enhanced production of reporter proteins: To determ ne whet her depletion of
TIPS and decrease in rDNA sil encing enhance heterol ogous protein

pr odu?:t idon, we ahﬁl@tﬂsﬁlﬁcﬁkﬁ shBNAbITes TEHRSydfpl etethe, K 8TS). ASEK398 Tn BIGIBRES
CHO Kl derivatives w expresssi on vector _pr tjing constitutive i

expr essi on otAPhEC REREFTS B wdé it SPhusarARAGar ek thﬁgﬁkﬁ%%-s@’%@ib in

(PCAG SEAP;  dolfpari@ft-t&kotfol VENs2 B10h 34RO PGTSteRRULOIPO RGBS ddis hudafLirrse
(pCW-1lueiferase; (FIG 6D E). Quantification of protein production after

48h reveal s afceiRIL Withha FigrIrpoarssHes BHTRA [diedert sgamsinHPA seflucnees £ Eprsent

production il Fasdepkgied aaths GPFPALRD 8wt NGceRRET Aleofldioh! RES .
i ndi cating that TIP5-depletion increases heterol ogous protein production.

Al l these rdwgampdeosiowinc{Brdly) idlecnsastd NA andbighertiets dfCyslin 4i(FEn4Cr. RNA

genes enhancgg, ) Q\%S@orﬁ?pa?e\’o ?%?ﬁ%ﬁl?&f%}%gga{%ggjgégeg[? shﬁ%Apﬂ‘i@,“él{nﬁ\ﬁA-%néoﬁ‘%nEfe' 'S

to produce reconbi nant p I'ncreases bi opharmaceuti cal
producti on ofarenteiOUHBE3,dHE¢AYahd EEICKT cplisdFEs. A DLEF). Nubrikjngdyrahd ém ban@gtgo

oer obng olbelrf Y hOAe el at bl B Rl BT P e

?nth i body i s steqmgésepltoﬁfbrm tuhfl?aer %fégttlyanvtﬁeb@{tm{ MICKsHeoni g,rmhr)h a @a;]cr@ﬁainl th&NAS

ShRNA or RNA esi.gne 0 knock-down TI.P-5 expression, T i ghest MCP-1
titers are sr@»a#er ﬂf %1%@ A 2p58 19SS,V R 2p HaPash SR C%lf me@lg%lﬁ@-?ﬁlﬁi %gpc!i%‘ﬁpé’ﬁi on,

wher eas t he PERLEIINISLO NGEAET Adah PSSk @elgﬂ’oh%ﬂétﬂ)n,' BMRiscitheseeglls Hav@msdaggt ed
cells or the parental cell line, 15 b) host cells (CHO D&X4) are first

transf ect ed i#rRd G156 max e reefuspidiewtion Hirpsdagsupanglyrsgoy e eelcriop-ob
expressi on ap@sshab L&lséfdul%’m%eér%pée% ﬁﬂNﬂ%ﬁénclﬁgg: eh%&?%ll%z&if&%@f at ed.

Subsequently these cell lines and in paral wldtype cells are

transfected with a vector encodi ng nonocyte chenpattractant protein 1

(MCP-1) or aRi%Q%%pﬁ%,%ginaﬂi)i_sblggglb&%ntcgﬁs:gene of interest. The hi ghest

MCP-1 titers and pro Ivities are seen in the cell pools wth the
nost ef fi ci elntmaprRalindelb celtirem thewhte o€ astdimeyplrestses a maractent ragtnadarswhicke
mar kedl y | ower a

.in, sfected cgel | r the rental, cell .line, When
The sam col FainBLTRA P ARLTSLEF ER, 12 Rl BRAEE Gl of iGedd on
f er ment at i on®nsdghént teticayeeinC®NA nilencaigalnkreddeP-the hithBerSofotrardatibmoshypdtdnt er s
are even nore pronounced: the.cells transfected with reduc expr essi on
R N R S e T SRS Al R P i o
t hey exhi bi tcyhdpBRer ndoMGSt BN NS BMs RisHTRr 068l WRATAY lakdefiBlcalinth oS, Ak Me.
Both properties have a positive influence on the overall process vyield.

Therefore, ThEBndeFEi ed-tetl| SIPRaralctrgall fipessiontain meigtratoremicR B rehedlbody
harvest titefhgwifatthhe@RteccOlIMbEu& hdrE kBBlonts 0SNG InR s RIPARSHBRome profile

shows that TIPSdepleted HEK293 and CHO-K1 cells contain more ribosome subunits
25 (408, 60S and 80S) compared to control cells (FIG. 5D).

Tip-5 knockdown leads to enhanced production of reporter proteins:

To determine whether depletion of TIPS and decrease in rDNA silencing enhance

heterologous protein production, we transfect stable TIP5-depleted NIH/3T3, HEK293T
30 and CHO-K1 derivatives with expresssion vector promoting constitutive expression of the

human placental secreted alkaline phosphatase SEAP (pCAG-SEAP; FIG. 6A-C) or



WO 2010/ 130800PCT/ EP2010/ 056583 13 Knock-out of the TIP-5 gene increases
rRNA transcription and enhances proliferation nost efficiently: The nost
ef fi ci entwoayiwisogpener ate an i nproved production host ce@eCII/HP2016/094585h
constantly 5 reduced | evels of TIP-5 Bxpression is to generate a conplete
knock-out of the TIP-5 gene. For this purpose, one can either use

honol ogous reconbi nati on or make use of the Zi nk-Fi nger Nucl ease (ZFN)
technol ogy to disrupt the Tip-5 gene and prevent its expression. As

honol ogous reconbi nation is not efficient in CHO cells, we design a ZFN

whi ch introduces a double strand break within the TIP-5 gene which is

t hereby f unf:lhi:i@ﬂa?sle |(p’C1¥/I®’-lﬁiei§driis@y&dG. 410, E5.0 k@ ficefidn cgiﬁmemlqﬁ@cﬁiﬁﬁ@uaf;@gmﬁ | P-5,
a Western Blot is perforne i.ng anti TIP-5 anti badies. On the nenbrane, no
TIP-5 expr esSYGH ¢ e e BUBPIH inefyape &n I’H@cﬁE%ﬂtang dNgiErip aredignn HeTHar ent al

CHO cel | | i ngprl@uRld cshSaéd & tﬁé‘é‘&nt{o@_Eélﬁﬁm,nfiﬁdﬁgtiﬁ%zthhthﬂﬁld% Btid RERLRs
Next, rRNA transcription is analysed in TIP-5 knock-out cells and the

parent al CHOe1Bolegaus protpig. prathstion e thewsricrylighey ght e desipaiesinghe pymnger of
synt hesi s; ar@lehtwgiﬁgs EARASR Mo UM Enhekid add RcralRAksd éhttiaf;@f: ths cqRpar ed

to either the parent cell and al so conpared to cells wth only reduced

TI P-5 expr esmpdueckevombmant privpineover, cells deficient for TIP-5 proliferate
faster and show hi gher cell nunbers in fed-batch processes conpared to TIPS
wild-type cells and cell lines in which TIP-5 expression 20 was only
reduced by iThiProdtnedkioon inefeasast @pplerwmaguiiApr¢dmmiidn af nsinebjAc ahefdiAirictant The

general enbodi pent s, - risgng" or "c ri.sed" enconpass the nore specific
enbodi nent "%8ﬁ§ﬁms@f‘%%'?g$“d.en‘%ﬂ’gf’%@?rﬁ%er“g@%?bﬁgﬁP%?fa“%}?&- plural forms are not
used in & ﬁ5(|a) HiGI‘]IH(Df@el]\N.ﬁye (C1e0 MBG449 @&rétﬁhrg]tﬂitﬁloﬁﬁklE:l‘ie@xlcﬁftrabtfahtSprﬁﬁ’eﬁlsE(MCP-l)

i nvention have the follow ng neani ng., The term "epige 1.C engi neering"
means i nf | ue¥ct g epiietirs AT R I Y it ety Sk T

af fecting t henNAYEhRINA BCREADERYRASE 0 KEBLIGERAT TP-Sredbdstoat m@DﬁNiE\hm Meder

30changes in_the nmethylation or acetylation of histones or nucl eot i des
as vel I as WABS2019f130B0eHERREPENbF sisEReiqy TIP-5 depletion, whereas the protein

concentrations are markedly lower in mock transfected cells or the parental cell line.

15 b) CHO host cells (CHO DG44) are first transfected with short RNAs sequences (ShRNAs
or RNAIi) to reduce TIP-5 expression and stable TIP-5 depleted host cell lines are
generated. Subsequently these cell lines and in parallel CHO DG 44 wild type cells are
transfected with a vector encoding monocyte chemoattractant protein 1 (MCP-1) or a
therapeutic antibody as the gene of interest. The highest MCP-1 titers and productivities

20 are seen in the cell pools with the most efficient TIP-5 depletion, whereas the protein
concentrations are markedly lower in mock transfected cells or the parental cell line.
¢) When the same cells described in a) or b) are subjected to batch or fed-batch
fermentations, the differences in overall MCP-1 titers or antibody titers are even more
pronounced: As the cells transfected with reduced expression of TIP-5 grow faster and also

25 produce more protein per cell and time, they exhibit higher IVCs and show higher
productivities at the same time. Both properties have a positive influence on the overall
process yield. Therefore, Tip5 deleted cells have significantly higher MCP-1 or antibody

harvest titers and lead to more efficient production processes.

30 Also SNF2H deleted cells have significantly higher IgG harvest titers and lead to more

efficient production processes.



al kyl ations.In the present invention, "epigenetic engineering” primarily
refers to engineering in DNA nethylation. "NoRC' (nucleolar renodeling
conpl ex) We 20tve13hsdy det ermi nant of rDNA sil encing and i PCH/EPeII9I054583 Of
TIP-S (TTF-1-interacting protein 5) and the ATPase SNF2h. NoRC binds to the
r DNA pronoter of silent genes and represses rDNA transcription through

hi st onenodi fyi ng and DNA-net hyl ating activities. "TIP-5" or "TIPS"
(transcription termnation factor 1 (TTFl)-interacting protein 5) is a 10
nucl eol ar protein of nore than 200 kD that serves to recruit histone
deacetyl ase activity to the rDNA by interacting with
DNA-nethyI-transferases (DNMTs) and hi st one deacetylases (HDACS) and ot her
chromatin nDdlf 1{{Fctors Furt her synonyns are: gﬁ 3 F1113768;
F1113780; Flli% AR’ BengRereRESARTE Y BARserintign-e nc‘is §f ?‘E%tﬂ%‘é%lo%f t he
SW / SNF fan1&ﬂmghbprote|ns and has helicase and ATPase activities. SNF2h is
a conponent of the NoRC involved in nucleosone gliding to establish a

cl osed het erbetrevratlicient Wiep Faeenerast et BIPTTHe rBeductimhosh setelies wiromstangy
SMARCAS (f or . g}¥4 RNEs o8 ik ?@xprgé%iorn it 0G}eAt &y 1&&&&&%@%&1@ ’ﬁP 5%91%' at or
of chromatin, subfamly a, nenber 5). Further allases are

hSNF2H and VICREGISBUpRes, meC@xqmﬂlels@p chnmomgdweﬁgnblnawgmmakﬂm rgfethe Z(nkDNA)
sil enci ng ng

encodi ng r|bos%%gﬁeﬁh%%ggN?%gﬂ%EE% ??ﬁﬂfﬁ't |sg§%€%¥P|c @gm%§1%§§§hf?,ng
in a de- reprmxmmqmumﬁamﬁmkwgmmesUm&nﬁ@mﬂmhnoﬁHOWde swedmﬁynalZEN which he

pr esent |nven& rmrefers to,th

Doty at 1 oRrifReon Bk oL Bl g freoRRE 238k M R et Brcioneiy enes

for transcridkireRdfBctonts] @fdeithusch-aadtmp-5.a Whﬁerﬁm&thepérﬁ)r@f:d a3 gEantiRNA
fromthe re enes. "rDNA silen herein specific refers to
si | enci ng ofﬂﬁé\w @8%@% 01 the gpradrisy n?f{ gcﬁ’épﬁ?ﬁ%‘ﬁ@&dﬁe&ted géﬁ nékm) gout

si | enci ng NegNaNh&iBseW Shterddl CCHO el Ho®d al¥eat BigndNeREespoihg to the TIP-5
2010/ 130800PCT/ EP2010/ 056583 15 Silencing of rDNA results in reduced

transcrlptldﬁo@ﬂerNA whi ch can be analysed by quantitative or

sem - quant i tdy; vmcﬁa&emh%mqﬂﬂsz@d in9ap ‘5%1%912 b€ PR shd AR Rl €350
pre- RNA as described in terials and Met hods).
15 cell line. The assay confirms higher levels of rRNA synthesis and increased ribosome

numbers in TIP-5 knock-out cells compared to cither the parental cell and also compared to
cells with only reduced TIP-5 expression levels.

Moreover, cells deficient for TIP-5 proliferate faster and show higher cell numbers in fed-
batch processes compared to TIPS wild-type cells and cell lines in which TIP-5 expression

20  was only reduced by introduction of interfering RNAs (such as ShRNA or RNAi).

The general embodiments “comprising” or “comprised” encompass the more specific
embodiment “consisting of”. Furthermore, singular and plural forms are not used in a

25 limiting way.

Terms used in the course of this present invention have the following meaning.
The term “‘epigenctic engincering” means influencing epigenctic modifications of the
chromatin without affecting the nucleic acid sequence. Epigenetic modifications include

30 changes in the methylation or acetylation of histones or DNA nucleotides as well as



Met hyl ati on of the rDNA gene pronoters can be anal ysed by digestion of the
genomc 5 DNA with nethylation-sensitive restriction enzynmes and subsequent
sout her n wWbabto/13ggoor esul ting in different band patternsPCoEPr®Eblysat ed and
un-net hyl ated status. Alternatively, ®Wethyl ation-induced rDNA silencing can
al so be quantified by digestion of genomc DNA within nethylation-sinsitive
restriction enzynmes and subsequent gPCR using prinmers spanning the site of
cl eavage (as described in Materials and Methods and ici shown in Fl GURE 2).
The term "knock-down" or "depletion” in the context of gene expression as
used herein refers to experinental approaches |eading to reduced expression
of a given gghgatanpar BdtHeOpRXdak E8Sn€en,i Tepietaidt &plincethd”. pKnadk- dm tof a
gene can be achi eved g%ivarious 15 experinental means such as introducing

nucl ei ¢ aci FgBCEdE BINNISYREOR el | which hybridize with parts of the
gene's NMRNA | eading to its degradation (e.g. shRNAs, RNAI, m RNAs) or
altering the s%ﬂgence of the ?ene in a way that |leads to reduced

way i iced .
transcri pti onNoRleduedeplsrrmmodaliapicpmphpxlois thy ey ictsHamanralaDNAarisnerg ol it A

conpl ete § nhifiitd BPTHLs e LSRR priteidisy 1 @ERGPhg INGHB! KEEC bfhd@% the
"knock-out". Knock- 20 out of a ge & means that no functional transcripts
are synt hesitENA fpromptsaiod ylenfe séreadindgrepresses | thESA offanferpeipn othronelh nagtone-
provi ded by |:8-0€eng. | -Qut..i.s achieved by altering the DNA
sequence | ea ?%émg%ﬂﬁggggggpﬁﬁggga%eﬁg%ion of the gene or its regulatory
sequences. Knock-out technol ogies include the use of honol ogous

reconbi nati o chni. o repl.ace, interrupt lete crucial.parts or
the entire gaibSeafullBs GRnERB G a8 FELrF, PG Syl rBlant ae
zi nk-finger mukbRagesil of ibictBahi00 kot £ret tacthul héddis demdesy1{MWActofitytthe

target gene. Ass to nonitor! prov nock-down_or knock-out of a gene are
mani fol d: | Fobe elNRI &Y rBgHEMEon I | BN BFIHRRERIHS dDDAIOT B BisBEF ect ed

gene can be @damflhdeat(athAIR) Ryd Neteh @Fotndah Oho g Eicad. | ther bRRWAL aase RNA
protection, in&gftu Eybrid?zation to cellularg%%k or b PCR.:%gdgged

bbundance | B&&EAOW MRS Tddi § Bpbhds f: FFB587 G103 14 and DKFZp7S 18109

15 “SNF2h” is a member of the SWI/SNF family of proteins and has helicase and ATPase
activitics. SNF2h is a component of the NoRC involved in nucleosome gliding to establish
a closed heterochromatic chromatin state. The official name of SNF2h is SMARCAS (for
SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a,
member 5). Further aliases are ISWI; hISWI; hSNF2H and WCRF135.

20
The expression “Reducing ribosomal RNA gene (rDNA) silencing” means influencing
methylation and/or acetylation of the DNA encoding ribosomal RNA or the chromatin in
this specific region resulting in a de-repression of rRNA gene transcription. More
specifically, in the present invention the term refers to the approach to reduce the

25 methylation of rRNA genes resulting in better accessibility of the genes for transcription
factors and thus leading to the synthesis of more rRNA from the respective genes.
“rDNA silencing” herein specifically refers to silencing of rRNA genes. It does not include

unspecific, genome-wide silencing mechanisms which are not mediated by the NoRC.

30 rDNA silencing can be measured / monitored by the following assays:



WO 2010/ 130800PCT/ EP2010/ 056583 16 encoded by a sel ected gene can be
quantitated by various nethods, e.g. by ELISA by Wstern blotting, by
radi oi MmMMmoO28sBEn8300by i mrunopr eci pitation, by assayi ng PoT/EPh@obsE&BDgI ca
activity of the protein, by immuno st&i ning of the protein followed by FACS
anal ysis or by honopgeneous tine-resolved fluorescence (HTRF) assays. 5 The
term"derivative" as used in the present invention neans a pol ypepti de

nol ecul e or a nucleic acid nolecule which is at |east 70% identical in
sequence with the original sequence or its conplenentary sequence.
Preferably, the pol ypeptide nolecule or nucleic acid nolecule is at |east
80% : denti C&S}ildné’in@%‘ﬂlﬂBN(Aererl’ﬁshintrfB@c@db :t@hﬂ&ﬁiﬁ]ti(ﬁﬁﬂ?m vﬂiécH &afiql Bd)alialysed by
conpl enentary sequence. Mre preferably, the polypeptide nol ecul e or

nucl ei ¢ aci cHBHEENA @ S agenriins PORds et oliepnis Og%ﬁfétﬁ%fé aGHEsh 4ehare-

original seqrRRGS d&cribddin GRARIBBANKINodSEquence. Mst preferred is a
pol ypeptide nolecule or a nucleic acid nolecule which is at | east 95%

i dentical i nMe@Bylgbore el ticttPNAeacnsr prgmatsrs sddirednebset by digestionmidhe genomjc

sequence andpdiaSpiRYSeth1RioR AR RsBibtidd @ﬂnzgﬁM QR sQBLeSRAF ShltRn Bhotfil}e
15o0ri gi nal sequence. Sequence differences y be based on differences in

honol ogous stesplierecie diffaranrbefidffatieram for orctfartiteainand ulinegphyddterhstatad.so be based on
target ed nodjf i L.Qn | i ' ' 1 I i on
o one-or  mor Ak EE pShRAGHRRERD (DXL YAk thl A, bt BERHELPY BeAgheE °F
8, 9 or 10. @ebmici DNA wither ticthylabpn-sinbigté trestriation nzamdssamiayubbeugetngP@® ed 20

' it i f i t i s / or PCR-based ' ' .
Cor r aspondi n TRl HERS Se A AL PIpUc 554 Bt vSBErEh aaean: aad MeEuE M n®
Chapt er 36. Isheivhin RIGHIRE onal references. "Host cells" in the neaning of the

present invention are eukaryotic cells, preferably 25 manmmalian cells, nost
preferably rodent cells such as hanster cells. Preferred cells are BHK21,

BHK TK , CHOrheGleh Kilno clddow UK dcptdio Ui h 8 Lonta th Gk EXpidksior lab s hdrdi

derivatives/ progeni es of any of such cell line. Particularly preferred are
CHO DG44, CHIfepURRXPmnfe] apnepchepdoadingigdedigehesiseion pet 8ivPRENCIaeMPIEd and

CHODUKX cel | g cxMpstioR"ifa&lohfid] 88ie ihfdklisth 68hL! Senc ! din @S RESLEY G yeURRAL Ment
of the 30 present invention host cells nean nurine nyel oma cells, .
pref er ably NSEerment@pme@s coich sasomtrodusinge nialeie | agls motaggleniets bf cgHywbich such

cel | 1ine. BXAEALES BT BUGEAS A0 AATE! Rhafgkd B o¥Bday hRNAs, RNA]
2010/ 130800 ggﬂ%ﬂ@@%é&%’f%gﬁ%lc caﬁlgg us%&%g%af%%&ﬁ%gnlng&o this
i nventi on armiRAAY os aliragitzegtquancd abthe gdne ikleweayehst lehds tosatliose stapscopieon, es  of
t hose cells,_ other |.j.an cells, jn gﬁpin ut not limted to human
mice rat, moned) mARaroliEy SGurined REMA Mt vor i ¢ cel s, i ncl udi ng
but not | i m Ae6emplete)iglabition iofegeéssiandf plganh gedd ik seferea@intoak Skndok-out’eknodk-t he
meani ng of this 5inventi0@71P%£ticuHarly for thehpno %gtioqiof leadi
bi ophar mat euquit 85? g%ﬁ(‘j‘ﬂeé}lsn gt o tunctional tranScripts are synthesized from said gene leading to

a loss of function normally provided by this gene. Gene knock-out is achieved by altering

the DNA sequence leading to disruption or deletion of the gene or its regulatory sequences.

Knock-out technologies include the use of homologous recombination techniques to

replace, interrupt or delete crucial parts or the entire gene sequence or the use of DNA-

25 modifying enzymes such as zink-finger nucleases to introduce double strand breaks into

DNA of the target gene.

Assays to monitor / prove knock-down or knock-out of a gene are manifold:

For example, reduction / loss of mRNA transcribed from a selected gene can be quantitated
30 by Northern blot hybridization, ribonuclease RNA protection, in situ hybridization to

cellular RNA or by PCR. Reduced abundance / loss of the corresponding protein(s)



TABLE 1: Eukaryotic production cell lines CELL LI NE ORDER NUMBER NSO ECACC
No. 85110503 Sp2/0- Agl4 ATCC CRL- 1581 BHK21 ATCC CCL-10 BHK TK ECACC No.
85011423 WaKIANMG®ICCL- 15 2254-62. 2 (BHK-21 derivative) ACCEPORLABGE3 CHO
ECACC No. 8505302 16

encoded by a selected gene can be quantitated by various methods, e.g. by ELISA, by
Western blotting, by radioimmunoassays, by immunoprecipitation, by assaying for the
biological activity of the protein, by immunostaining of the protein followed by FACS

analysis or by homogenecous time-resolved fluorescence (HTRF) assays.

The term ,,derivative as used in the present invention means a polypeptide molecule or a
nucleic acid molecule which is at least 70% identical in sequence with the original
sequence or its complementary sequence. Preferably, the polypeptide molecule or nucleic
acid molecule is at least 80% identical in sequence with the original sequence or its
10 complementary sequence. More preferably, the polypeptide molecule or nucleic acid
molecule is at least 90% identical in sequence with the original sequence or its
complementary sequence. Most preferred is a polypeptide molecule or a nucleic acid
molecule which is at least 95% identical in sequence with the original sequence or its
complementary sequence and displays the same or a similar effect on secretion as the
15 original sequence.
Sequence differences may be based on differences in homologous sequences from different
organisms. They might also be based on targeted modification of sequences by
substitution, insertion or deletion of one or more nucleotides or amino acids, preferably 1,
2,3,4,5,6,7,8,9 or 10. Deletion, insertion or substitution mutants may be generated
20  using site specific mutagenesis and /or PCR-based mutagenesis techniques. Corresponding
methods are described by (Lottspeich and Zorbas, 1998) in Chapter 36.1 with additional

references.

“Host cells” in the meaning of the present invention are eukaryotic cells, preferably
25 mammalian cells, most preferably rodent cells such as hamster cells. Preferred cells are
BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1, and CHO-DG44 cells
or the derivatives/progenies of any of such cell line. Particularly preferred are CHO-DG44,
CHO-DUKX, CHO-K1 and BHK21, and even more preferred CHO-DG44 and CHO-
DUKX cells. Most preferred are CHO-DG44 cells. In a specific embodiment of the
30 present invention host cells mean murine myeloma cells, preferably NSO and Sp2/0 cells or

the derivatives/progenies of any of such cell line. Examples of murine and hamster cells



CHO wi | d type ECACC 00102307 CHO KI ATCC CCL-61 CHO DUKX (= CHO duk-,
CHO dhfr-) ATCC CRL-9096 CHO DUKX Bl1l ATCC CRL-9010 CHO DX4 (Urlaub et

al ., 1983y0Chi0/Brgwe5 ATCC CRL-1781 V79 ATCC CCC- 93 Bl4AFREAB01ADSRGSLCL- 14
17

which can be used in the meaning of this invention are also summarized in Table 1.
However, derivatives/progenies of those cells, other mammalian cells, including but not
limited to human, mice, rat, monkey, and rodent cell lines, or eukaryotic cells, including
but not limited to yeast, insect and plant cells, can also be used in the meaning of this

s invention, particularly for the production of biopharmaceutical proteins.

TABLE 1:  Eukaryotic production cell lines

CELL LINE ORDER NUMBER
NSO ECACC No. 85110503
Sp2/0-Agl4 ATCC CRL-1581
BHK21 ATCC CCL-10

BHK TK ECACC No. 85011423
HaK ATCC CCL-15
2254-62.2 (BHK-21 derivative) ATCC CRL-8544
CHO ECACC No. 8505302
CHO wild type ECACC 00102307
CHO-K1 ATCC CCL-61
CHO-DUKX ATCC CRL-9096

(= CHO duk’, CHO/dhft")

CHO-DUKX B11

ATCC CRL-9010

CHO-DG44 (Urlaub et al., 1983)
CHO Pro-5 ATCC CRL-1781
V79 ATCC CCC-93
B14AF28-G3 ATCC CCL-14
HEK 293 ATCC CRL-1573
COS-7 ATCC CRL-1651
U266 ATCC TIB-196
HuNS1 ATCC CRL-8644

CHL

ECACC No. 87111906




HEK 293 ATCC CRL- 1573 COS-7 ATCC CRL-1651 U266 ATCC TIB-196 HuNS1 ATCC
CRL-8644 CHL ECACC No. 87111906 WD 2010/ 130800PCT/ EP2010/ 056583 18 Host
cel | s ar ewouosto/oseherred, when bei ng established, adapt edT/Expaonsesps et el y
cultivated under serumfree conditions$, and optionally in nedia which are
free of any protein/peptide of animal origin. Commercially avail able nedia
such as Hanmls F12 (Si gma, Dei senhofen, Germany), RPM-1640 (Sigm),

Dul becco's Modified Eagle's Medium (DVEM Sigma), 5 Mninmal Essenti al

Medi um (MEM Sigma), |scove's Modified Dul becco 's Medium (I MDM Signa),
CD-CHO (I nvitrogen, Carlsbad, CA), CHO S-Invtirogen), serumfree CHO Medi um
(Si gm), anflﬂm ot1Bi die ﬁfo@tq%r&iﬁi:dyfbﬂigﬂ rnsbiﬁ@ieggwﬁsh@cn a?@s@lmkr;mmpa@awpnﬂva&@ .
nutrient solutions. Any of the ia may. be suppl enented as necessary Wt
a variety of "dghisBmase mﬁlﬁp@éﬂ@fﬁpw”ﬁww@w i ressTeertd ABY PE{TIPeRgidewt h

factors (Sucdraafmdl Bsipinl G@mﬁs@rcﬁdllﬁ%ﬁiﬁﬂb[ei Hedi£RNicH RS MRIn'OF NI hABREnhdf@Sul i n
| ike gromh factor), salts (such as sodium chloride, calcium mnagnesium

phosphat e), GameeY's RPMIdR4QESigEpEByIbepiect Modifigd Sagls i dedaum ARMENT Yema),

thym dine), Gld#hamelentifll VE@SE PUERE: NSRS UiskA AN MRIRLHIPuRRMEE Medium
antibiotics, trace el enments. Any other "necessary suppl enents may al so be
i ncl uded at @dpPMpPigeak FdhdENt(haitiogas Cdrbadadin)d GO Rrlovirrogan) .t fvose-fiski | | ed

in the art. t . : i i O f j LS
ref orrod. oIOG8 S5ERE, b Gk Efted CRONHER GlyRE M GhAGIRROBTL S, o,
be used for futgentwblufivat Aoy obfthe moslia ey bssupplementvd agneskdaryawah seheeayiobn of
genetically nodified cell

sel ection a gcé)mpopté S a?éalgaleﬁs 8F \)Eéﬁlrg %rlsﬁihgﬁpéngﬁé{sﬂc?%%fl&bglrgwﬁefggor% (ssulélf-l Elsa gllsu in,
10 transferrin, epidermal growth factor, insulin like growth factor), salts (such as sodium

chloride, calcium, magnesium, phosphate), buffers (such as HEPES), nucleosides (such as

adenosine, thymidine), glutamine, glucose or other equivalent energy sources, 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

15 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 the selectable gene a suitable selection agent is added

to the culture medium.

20 The term “protein” is used interchangeably with amino acid residue sequences or
polypeptide and refers to polymers of amino acids of any length. These terms also include
proteins that are post-translationally modified through reactions that include, but are not
limited to, glycosylation, acetylation, phosphorylation or protein processing. Modifications
and changes, for example fusions to other proteins, amino acid sequence substitutions,

25 deletions or insertions, can be made in the structure of a polypeptide while the molecule
maintains its biological functional activity. For example certain amino acid sequence
substitutions can be made in a polypeptide or its underlying nucleic acid coding sequence

and a protein can be obtained with like properties.

30  The term “polypeptide” means a sequence with more than 10 amino acids and the term

“peptide” means sequences up to 10 amino acids length.



20 The term "protein” is used interchangeably with am no acid residue
sequences or polypeptide and refers to polyners of am no acids of any

| engt h. Twe=eiwwnswe al so i ncl ude proteins that are post PCrarsdiasaazl |y
nodi fied through reactions that include, but are not limted to,

gl ycosyl ati on, acetyl ation, phosphorylation or protein processing.
Modi fi cations and changes, for exanple fusions to other proteins, am no
aci d sequence substitutions, 25 deletions or insertions, can be made in the
structure of a polypeptide while the nolecule maintains its biological
functional activity. For exanple certain am no acid sequence substitutions
cag be made The @r@g[htymg@hﬂidile Cils)l’suiitﬁlﬂf: Utgdfgéﬂlef&tﬁgh@UC&eﬁisCfoaCﬂﬂ padiuepns @fuence
and a protein can be obtai ned wit i ke_praperties. WO i

2010/ 130800PCINEPDIEIB568KBC g@ﬁf@fetemseggmm‘ieﬁmtls BiftiFgardy, syighice fqr gthe
gener at e hosgigleQleldSexhRisibh8f Pl URIIRP o OBl APLRAEIBCIBIELSCHY cells showing an

pol ypepti des/proteins. The invention is particularly suitable for t%e

hi gh-yield e@(‘@?‘%@%lﬂpf@ﬁuc&vﬂt}arge nunber of different genes of interest by
cells showi ng an enhanced cell productivity. 5 "Gene of interest" (GJ),
"sel ected sequence", or "product gene" have the sanme neani ng herein and
refer to a pdéiopneotinaestdeshiselnged sfquenty”. loefiptodudt lzanc”dnrothesame prradogt of
i nterest or ,'pr.otej i " qal nt4 one e " i r
product +. rrisanrEL o ulhuBhiReod®saR b BNRRK bl BRLERE
fusion or taggedtgepstcimnfincasnthasamitiomBiNgy thae tgrenblnsicd PiiAjuctr Tiee sidéted

fragnment, preferabl a .1t can be .the native sequence, i.e. naturally
beaorring PoRmraRd el v@ Tsaeg b 4 a5 Pt oD S goss i Bt
Tﬂese Inro@ld fh@fmpmgeﬁﬂﬁb trllnllea,c(ﬁolaom\wfrhgﬁlmtﬂrefaﬁabtw ﬁcnmu:m Izealgedm wsage in
the selecte ost cell, ni zati on or tagaqi . The sel ected sequence can
encode a sectarEye: @%ﬁf%@ﬁq%}lﬂﬂ@ﬁ%@a %g%%ggﬁ@t%%ﬂfdot Iy mO@Eﬁefia&e

pol ypept i de. delhdh@heRImdBiidatiohs inbhes sdon ohNGlMESS tBopLiRIAToddOhYpeRt thees,

fragnents thereof, peptides, all of which can be expressed in the selected
host cel | . Dskcicddoprest diumgnizationer theging JAaptlectethiciBOWr 631 creads hrissreted,

cyt oki nes, | Rl fficRIRGRIAR TRhE6UASHARGERPMIRaNd deri valives or
fragnents théreof, and any other pol ypeptides that can serve as agoni sts or

ant agoni st s Hredborteihafmtar¢sériagudasipeotoins, dplgerdisies, dragsents tgeeap bepfidepallgf
desired 20prot-ej i r I LV - -t h e
compl ex ot eeirherER: KATE LA e RrRE AR, BEVRpriflide B8 SlactiE ey
of the two anttitbdiby, chainms, cTivkitesr bowdtokdfesi ndlerseést thohmy el saehwranand

anti sense R

A gnSv "Pr %taei ns t%f ipt e%gst oth&r "desire pr.ot eeirvnesz'i'S are. t hose
ment i oned aboVE! "E3 Sec AT, "dest Fe ‘B’r%{l%il?%‘%pﬁ%tﬂ{?ﬁ it iYeT ot “pIESEEP RS of
i nterest aredtogordx@angildéor bate thekapdutict @dditagnostsaillisd),Examples for a desired
20  protein/polypeptide are also given below.
In the case of more complex molecules such as monoclonal antibodies the GOI encodes

one or both of the two antibody chains.

The “product of interest” may also be an antisense RNA.
25
“Proteins of interest” or “desired proteins” are those mentioned above. Especially, desired
proteins/polypeptides or proteins of interest are for example, but not limited to insulin,
insulin-like growth factor, hGH, tPA, cytokines, such as interleukines (IL), ¢.g. IL-1, IL-2,
IL-3, 1L-4, IL-5, IL-6, 1L-7, IL-8, 1L-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16,
30 IL-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,



insulin-like growh factor, hGH tPA, cytokines, such as interleukines
(rL), e.g. IL-21, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,

I L-11, |Llwo2p10/i3e808, |L-14, |L-15, IL-16, 30 IL-17, |L-P8I/EPatiense@sdn (1 FN)
al pha, 1FN beta, IFN gamm, |FN onmegaoor | FN tau, tunor necrosisfactor
(TNF), such as TNF al pha and TNF beta, TNF gamma, TRAIL; G CSF, WO

2010/ 130800PCT/ EP2010/ 056583 20 GW CSF, M CSF, MCP-1 and VEGF. Al so

i ncluded is the production of erythropoietin or any ot her hornone growth
factors. The nethod according to the invention can al so be advantageously
used for production of antibodies or fragnents thereof. Such fragnents

i ncl ude e. g. GMaOSE, NAGISFNMVE A Fa@WEGF. ARD igalcdisnié pgdactibald) eryfhadpofatiagrent s
consist of the 5 variable reqgi gns of both e?alns whi ch are held toget her by
the adj acent ¥ty ?Ieggraw%* e Thgyged BcRENSY BF oreadn a%ng%léq ®n,

e.g. Wth papRhfageblidu&ANbe piddabian @fnéﬂtllg@ﬂbse& frBithen®d Hetcf. Judl ffabAERENT S

may al so be produced I n the nean tine enetic en%ﬁgeerlng Fur t her
ant i body fr agftedt s2.iheb figamenrs gragpent F‘I&@%'%t@mgvﬁlf% yragaenp epnapseal hy

proteol ytic \Qalrﬁmé'rgéloﬂ\ﬂ SboRE AR wiliPh I RY t%%&h& l§0§rf thé Q&ﬁéé%% bords®nPFigr abl y
recovered fromthe culture nediumas a secre | ypeptide, or i1t can be

recovered friBmshosty del fortgd dtyeprotdasexgestsned si thutapams dometeonyengouphal
It is necess u%c@& %ﬁf élfrﬁ’la{ RS, L %‘ie%'ts% al%(ﬂfé eﬁr%ﬁ iR W9 %]a%rthnq ﬁ@?g&eﬂé‘“t

proteins an el ns g stantla nous
preparati onsengfneerlng pﬁmtﬁlen ranmifodszframmsesincha:lleeF(cab‘t)al fn@henms vehifhi msty bt ep,
cell s and/or debri,s are renoved fromthe cul ture nedi um or

| ysat e. The E 5t cbtyp(f? elPﬁlc ?%?fngt%%%%r is purified from contam nant

sol ubl e proteins, polypeptides and nucl eic acids, for exanple by
fractionatio on innugoafflnlt i on- exch coI gthan

preci pi tat i oh® PO} Sk BHEY LS B %Ea lgéfmafés% 6%? B‘F%Bﬁ UM py 8 SEEEET aphy

on silica or &@e@tl&abf RRAEKE RRBGLd BSth MoStUel 1@te? & RFARed MIthg@NEsRletory
met hods teachlng a skilled person howto purify a protein heterologous

expressed bySi#ght i @pgessarafoed Uiy The RASEIA of Mtera Tiam othaugpeegnbieRpipieins and
engi neeri ng Rt RYOS olcins! id ap@a%sml@! Gtk AniIQHSFR SRS HhEparighyt Mbtﬁg;src{g&ﬁ%ent s

whi ch consi st only of the variable regions of the heavy (VH)
light chain 1(1WLe)st arg Hbipied eAnp dirgt ¢fepr gedel andjorgmrtiaplate eadingshris al(eFrplagYﬁérftom

variable = Hlte Rfegﬁlﬁh a"f‘é" ?he"?%&uct 3 N %p%e?ea'ﬁ\é]% if JUPROE SredrCK

t he covalent o I'ng o chaln y the cysteine
contaminant soluble protems polypeptides and nucleic acids, for example, by fractionation

on immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC,
Sephadex chromatography, chromatography on silica or on a cation exchange resin such as
20 DEAE. In general, methods teaching a skilled person how to purify a protein heterologous

expressed by host cells, are well known in the art.

Using genetic engineering methods it is possible to produce shortened antibody fragments
which consist only of the variable regions of the heavy (VH) and of the light chain (VL).
25 These are referred to as Fv fragments (Fragment variable = fragment of the variable part).
Since these Fv-fragments lack the covalent bonding of the two chains by the cysteines of
the constant chains, the Fv fragments are often stabilised. It is advantageous to link the
variable regions of the heavy and of the light chain by a short peptide fragment, ¢.g. of 10
to 30 amino acids, preferably 15 amino acids. In this way a single peptide strand is

30  obtained consisting of VH and VL, linked by a peptide linker. An antibody protein of this



the constant chains, the Fv fragnents are often stabilised. It is

advant ageous to link the variable regions of the heavy and of the |ight
chai n by wo=hort3ogeepti de fragnent, e.g. of 10 to 30 am moT&P2US/05¢s8Ef er abl y
15 amno acids. In this way a single Yeptide strand is 30 obtained
consisting of VH and VL, |inked by a peptide linker. An antibody protein of
this WD 2010/ 130800PCT/ EP2010/ 056583 21 kind is known as a singl e-chai n-Fv
(scFv). Exanpl es of scFv-antibody proteins of this kind are well known from
the art. In recent years, various strategies have been devel oped for
preparing scFv as a nultineric 5 derivative. This is intended to lead, in
particul ar, itiad i’s&(ﬁ@ﬁbh@ﬁﬁhgl&-@hdiﬁ-@‘di(@FV)MEkﬁ’mﬂ)leﬂWEsdarﬂfbadm@wﬁisﬂﬁlﬂlﬁkﬁmd

bi odi stribution roper ies as well as with increased binding avidity. In
order to achi'eVe HMWW A% on of the scFv, scFv are prepared as fusion
proteins with nmultinerisation domains. The nultinerisation domai ns may be,
e.g. the CH3 region of an IgG or coiled coil structure (helix structures)
such as Leucliticeenpysars. Haivap pisatcgipniiaye peentdseslepcd fer preing ekt egi wyltimsrighi ch

the interactjon,het vee 'ﬂs ﬁﬁéﬁdeﬁ% Yéad rlﬁ %hﬁl@ﬁlap fo FEmBiG M aﬁﬁlﬁ)dﬂ:ﬁ %&chflﬂlrprc;vg@
mul tinmerisation (e.g. dia-, tri- d pent abodi es). By di abody the skilled

person neangﬂ@ﬂmwv@mgnumhbﬁddmﬁ®anpsmﬁvﬁﬁ@mwﬂhﬁnvénnﬁﬁéeéhmdmeﬁwﬁgyém t he
Li nker in an rﬁecr':t}’) 1e9e°%ﬁlufimﬁe%sﬁm c%\}ﬁﬁ'ﬁm aGhd5.! ?e%%edta% fE 8"11 EPoltéH?st l,gp of

honodi ners i n whi er-c superi nposition
D abodi es rrar;auladﬂrmatlom abmymbérhstrmbmmemdomwmmshaay lvmcalgpmealengmh of an
di sul phi de qt

ody roteins . a
fromthe art gbB% Zﬁfl’:‘g%l r'f‘?‘i ]r}?q il ‘al%’éﬁ‘rsgs%c a‘ff@“ﬁ‘zg’lpvrafi%fﬁ?myﬁ%o%&?nen c
scFv deri :30' atthwe.ard ilscfﬁtl’)we?g&ésin Qﬂllc? thel gitﬁﬁlctﬁihcﬁeﬁd/d%n\l\ﬂiﬁ ©h/¥o ng@dﬂ@%ftﬂtescﬁrﬁ
region of an immun obul i n era G nost era g
di meri sat i orf'f @&%ﬁ? i BHierig ﬂé%ge%gt 89&?& Igeerﬂbgi}?sg g@)é#yn@é E‘i‘ﬁ‘ig
(e.g. also fyamnliadd a 8RdicAt hdnitgaherl@QFP QerivaX A1AILE ShétenMgnd rRAYn AMih la@dy
proteins are well known fromthe art. By triabody the skilled person neans

a: trival entSchomsisculvelpi s Demying @eidy ey o thgdmmagian jof hpmodimeymay whigh vr v
are fused diLeethan WH/UE%pé}nﬁﬁo&*ﬁSﬁ takEAPROC ®ikiRats byt a*aﬁluf)f?aﬁ@a&e' Qikd

trimers.
15 by the incorporation of disulphide bridges. Examples of diabody-antibody proteins are well

known from the art.
By minibody the skilled person means a bivalent, homodimeric scFv derivative. It 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
20  Hinge region (e.g. also from IgGl) and a Linker region. Examples of minibody-antibody
proteins are well known from the art.
By triabody the skilled person means a: trivalent homotrimeric scFv derivative. ScFv
derivatives wherein VH-VL are fused directly without a linker sequence lead to the
formation of trimers.
25
By “scaffold proteins” a skilled person means any functional domain of a protein that is
coupled by genetic cloning or by co-translational processes with another protein or part of
a protein that has another function.
The skilled person will also be familiar with so-called miniantibodies which have a bi-, tri-
30 or tetravalent structure and are derived from scFv. The multimerisation is carried out by di-

, tri- or tetrameric coiled coil structures.



25 By "scaffold proteins” a skilled person neans any functional domain of a
protein that is coupled by genetic cloning or by co-translational processes
wi t h anotweroprisos®on or part of a protein that has anot Ir€T/HPa10105&583 The
skilled person will also be famliar 2% th so-called m nianti bodi es which
have a hi-, tri30or tetravalent structure and are derived fromscFv. The
multimerisation is carried out by di- , tri- or tetrameric coiled coi
structures. WD 2010/ 130800PCT/ EP2010/ 056583 22 By definition any sequences
or genes introduced into a host cell are called "heterol ogous sequences" or
"het er ol ogous genes" or "transgenes" with respect to the host cell, even if
the i ntroduced sequence or gene is identical to an endogenous sequence or
gene in the host_5cell. A "heterol ogous" protein is thus a protei

expressed f roARSfiHERNGHE| SEHETESS B FHRRBTOdRR igy frhos @@E?P&m&%{ hejego o
exchangeabl YseWidnBest’ @ “h&EBlogh® ?h@d”qge‘ﬂﬁﬁsgéﬁb%’obbﬁlh(?éh&)e@thg tRPRBI Edicatdnan of
this present invention, especially in the context with protein expression.
Thus, a "recBerbitiegdvrcd seruenes]on 2pag i iqspticab fopnesagPecaaushefitcans o 978¢ BY B Bebus
sequence. 10, fet er ol ogous gene sequences can be introduced into a target
cell by using an "expression vector", preferably an eukaryotic, and even
mor e pr ef er abl eterologonsi picdein expusesmbiom axprstod ot tedelogmedequgnesonst r uct
vectors are e, e j

vari ous publ TSRSttt PRESRRARSbesk bt R bl BRI MHELERR AR,
vectors, 15 dpnaficwiongf ahld@sasentpmveonomfespdanally um dtei cngikt wampmtelnt@pls:mdn as

' i I I
arkor s, ~or | BRS: STCPBRTE AT bR SRBCLb PR e ghaao baPE & i n

consi derabl e details in (Sanbrook et al., 1989) and references cited
t her ei n. V@g%ors i ncl ude but are no%]‘JrC imted to |%Sﬁ1d vect ors,
phageri ds eéﬁtplf’gousagemf SFIIERGCR CHR nintredHeghiee iaeqt el by Agipg an SPRRHiaD

vect ors suchyer2GriaebilyoM Eu&ryoti! iR b¥ddSmoRUFBRYILIK S  mANRRNRMASHeGEsh ed
virus, herpes sinplex virus, retroviruses, bacteriophages. The eukaryotic

expr essi on vesstonrMethpdsiused o conytrugt vasiorsara wall &Bowsh &%P%rm skilled dn b @eing hat
facilitate tHg.AQRAGRTLOPEEatldAE 1Y BarkiChlal teclmcﬁl%@fdr BoHERInd SuRIbIOF ) Xf

repllcatlon and anti biotic resistance genes sel ection in bacteri a.
variety of ecoiladipgtd dessxpiians of dle Venstiorad coammfsmtwm@ & ofomitery eibeecciwnt o

whi ch a pol yt@Hﬁllngt%ﬂ gtﬁi f’oq%dl%ﬁylation signals, selection markers, origins of replication, and

splicing signals, are reviewed in considerable details in (Sambrook et al., 1989) and
references cited therein. Vectors may include but are not limited to plasmid vectors,
phagemids, cosmids, articificial/mini-chromosomes (e.g. ACE), or viral vectors such as
20  baculovirus, retrovirus, adenovirus, adeno-associated virus, herpes simplex wvirus,
retroviruses, bacteriophages. The eukaryotic expression vectors will typically contain also
prokaryotic sequences that facilitate the propagation of the vector in bacteria such as an
origin of replication and antibiotic resistance genes for selection in bacteria. A variety of
eukaryotic expression vectors, containing a cloning site into which a polynucleotide can be
25 operatively 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.

In a preferred embodiment the expression vector comprises at least one nucleic acid
30 sequence which is a regulatory sequence necessary for transcription and translation of

nucleotide sequences that encode for a peptide/polypeptide/protein of interest.



25 operatively linked, are well known in the art and sone are conmercially
avai |l abl e from conpani es such as Stratagene, La Jolla, CA, Invitrogen

Car | sbad,wGAp10As0smega, Madi son, W or BD Bi osci ences C enT&rk0108a583 Al t o,
CA. In a preferred enbodi nent the eXpression vector conprises at | east
one nucl eic acid 30sequence which is a regul atory sequence necessary for
transcription and transl ation of nucl eotide sequences that encode for a
pepti de/ pol ypepti de/ protein of interest. WO 2010/ 130800PCT/ EP2010/ 056583 23
The term "expression” as used herein refers to transcription and/or

transl ation of a heterol ogous nucleic acid sequence within a host cell. The
| evel of expression of a desired product/ protein of interest in a host

cell may be determipned on the basis of either the 5 amount of corres ondi ng
MRNA t hat i s!ir BEBnteXPiesitie #ertcd BFreipneleamifuiEnuFiptien 2BdeT FaesPorydept i de/
protein of int@siesdusaneiedadidR¥qlche $Rhif G5 RBINRNER] BFcipestiBR 0Pk 8SBRY
exanpl es. For exanple, nRNA transcribed froma sel ected sequence can be
quant i t at ed WdugErarpEnothinsreshimb ihgstzstlima, by dgemieddeers efvas pE sitbetthen, in
situ hybridi zafhpBf EfRreSidnkiiteahRENARD s BYes B 1R QliebiNGc GRLAMES Y d&ired
sel ect ed sequence can be qugntltated by various |l o nethods, e.g. by EL
by Western biabypepidg/ nsgteinadi oitereni nenasdsdyky thyy s¢leateth oguendepist at ithen prebgnt

assayi ng for i i A Vi . i i n LN of
fhe protei n Ferpsvdy oriReatgih bt Aol REOLEL Ruudibe LTSI GOU T
f | uor escenceN¢hERFYloalsydaiy szatidb tibparfagcR NArptotoftion ulnaity dybrodituist tecelllukirwi t h

a pol ynucl eotj.de or ression vector, resulting in netically nodified
celTs or tr e genite 1RAP IESES dndBEL BY b sP R biiches e BR G TE 1 Be 1t he
art. fTr ansf e[ﬁbﬂwlus_m%t @.oﬂﬁ E'LE(SMU,dley g st@Fe bietting,m leaidfroamlnhnm@w@d@ﬁt ed
transfection, calcium phosphate co-precipitatjion, electroporation,.

pol ycat i on (‘SUBKIA CHEAERIG8KPY 4A§2% ifat B fplaw dcast ity GePPEER: Pusi on,
viral inf eCtihﬁlﬂﬁloé%E‘iﬂin%%ﬂﬁh@ rRbBineelbRed bRrefes abhlysis bheyt Kot eohs @ s a
stabl e transfection. The transfection nethod that provides optinal

t ransf ect i orcsaegfnesccarFESgD 888y on of the heterol ogous genes in the
particul ar host cell line and type is favoured. Suitable nmethods can be
determ ned by routine procedures. For stable transfectants the constructs
are eithey i'niragfated phicokarymichbest el IWith gepelmmicleptidm oaraxpiepsigm|vector,

chronosone/ . i - ||

i ntai ned weth P RERREHR bgified QERLPRAERAOMM: o BEpSohla BE o) HOks

i ncreasi ng pwdt gnewn pr éfcesrabilynsf@commatianls iprodeebut @x poeSsitoh to hipasoget |

Icgms);: 3' le l?’rrolgdéell,;[g{ Q%hsdflecqgn,a cglgljulm’ pB(')splla grc%@psrlecqgit&tg%, gle”allrjorf)tora ifon,rf)o 390551 o2 | RNA
(such as DEAE-dextran)-mediated transfection, protoplast fusion, viral infections and

20  microinjection. Preferably, the transfection is a stable transfection. The transfection
method that provides optimal transfection frequency and expression of the heterologous
genes in the particular host cell line and type is favoured. Suitable methods can be
determined by routine procedures. For stable transfectants the constructs are either
integrated into the host cell’s genome or an artificial chromosome/mini-chromosome or

25 located episomally so as to be stably maintained within the host cell.

The invention relates to a method for increasing protein, preferably recombinant protein
expression in a cell comprising
30 a. Providing a cell,

b. Increasing the amount of ribosomal RNA in said cell, and



WO 2010/ 130800PCT/ EP2010/ 056583 24 c. Cultivating said cell under

condi tions which allow protein expression. In a specific enbodi nent step b)
conpri seswoppegbsadi ng ri bosomal RNA transcription in s&CU/EPOGH/066RS
preferably by reducing ribosonmal RNA XMene (rDNA) silencing in said cell

(epi genetic engineering of at |east one ribosomal RNA gene (rDNA)). 5The
invention specifically relates to a nethod for increasing protein,
preferably reconmbi nant protein expression in a cell conprising a. Providing
a cell, b. Increasing the anount of ribosomal RNA in said cell by reducing
ri bosomal RNA gene (rDNA) silencing in said cell, and 10c. Cultivating said
cel I under conditi ofs Qottivetingdaldoosl] HEdr @it o8 MeSEh aDlow ;eritela csPresidn. C

enbodi nent step b), CO%I ses epll%\eﬁg etic engineerin east one

ri bosomal RNA dg@Refie cERRJImeRtRC AFIST Feeifiagpr °§°€}a§1‘3§§ repsgriniopHBd f or

i ncreasing phaRt lﬁsﬂcelpb&ffe%@?'by ré&@ﬁ@ib@%ﬁalmgbﬂb @B RG SRéRMhgl iR s@d &ell |
conprising 15a. Providing a cell, b. Reducing ribosomal RNA gene (rDNA)

si | enci ng i r(cBIgFRFtic engincegpgof at least One riposogigl RNGegcnp DVY cel | under
condi tions which hnv%hﬂl&i"’ngé&ﬁ@allg) RXRLLSS | LMethdd FoS REGEInG GrIRGMI JTBRL, 19 the

present invention reconbinant” protein expression is Increased |n sal d cell
conpared to I&C%@ilnalhhpmtﬁlm@pn’@signm eebdomgiibiegci ng. Preferably said 20
increase is 20%to %Ogr/ E,tﬁreferably 20% to 300% nost preferably nore
than 20% In a further spec |c “enbodi nent of the present invention nethod
step b) conprises the knasikgdevamannt dirtokensu RN inssacionf) by eetucnf ribhemal

oducing the. expr ess SR DR (ABNSOTSHI LR THE IR eol ar rempder i ng. compl ex
(NoRC). 26 In anot her Qartﬁﬁteﬂgr atll eradirmenditiers whikh Po@SeHttinicRM@Ridon t he
NoRC corrpone?lt a Is?)ec-g c embodlm%tl}ltl: stzepH b)p E(?leel»l{Sng le 1gl-tlleEt)1_cSeng1neer1ng of at least one
ribosomal RNA gene (rDNA).
The invention preferably relates to a method for increasing protein, preferably recombinant
protein expression in a cell comprising
15 a. Providing a cell,
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell, and
c. Cultivating said cell under conditions which allow protein expression.
In a specific embodiment of the present invention recombinant protein expression is
increased in said cell compared to a cell with no reduced rDNA silencing. Preferably said
20  increase is 20% to 100%, more preferably 20% to 300%, most preferably more than 20%.
In a further specific embodiment of the present invention method step b) comprises the
knock-down or knock-out of a component of the nucleolar remodelling complex (NoRC).
Specifically step b) comprises reducing the expression of a component of the nucleolar
remodelling complex (NoRC).
25 In another preferred embodiment of the present invention the NoRC component is TIP-5 or
SNF 2H, preferably TIP-5.
In a very preferred embodiment of the present invention TIP-5 is knocked out.
In another embodiment of the present invention SNF2H is knocked out.

In a specific embodiment of the method of the present invention TIP-5 is knocked down or

30 knocked out, whereby the TIP-5 silencing vector comprises:



In a very preferred enbodi nent of the present invention TIP-5 is knocked
out. In another enbodi nent of the present invention SNF2H is knocked out.
In a specwbizeloersiedi mrent of the nmethod of the present | BRCEMPR@0O/O0FISB35 is
knocked down or 30 knocked out, where¥dy the TIP-5 silencing vector
conprises: WO 2010/ 130800PCT/ EP2010/ 056583 25 a. shRNA according to SEQ ID
NO 1, SEQID NO 2, SEQID NO8 or SEQID NO9 or b. mRNA according to SEQ
IDNO 3, SEQID NO 4, SEQID NG 10 or SEQID NO11. 5 In a nost preferred
enbodi nent of the present invention TIP-5 is knocked-down in step b). The
invention further relates to a nethod for producing a protein of interest
conpri sing a. shRNA according ftf SEQADMND:a, SBH D N»:2,| SRy EASIO®oit $1&Q apdund  of
ri bosomal RNA in said cell, c. Cultivating said cell under
condi tions whichl|ow expression of said 10protein of interest. In a

speci fic enbodh MBRRNG adcbRIiMY SSTHY HNEN 191D IHNOEB! bogd 1BANOHI0RRAIBY D
n a

conpri ses d. Purifying sai d protein of interest. I

speci fic enbodi mé¥:lthe cell of step a) is a enpty host cell. In another
enbodi men{ Slﬁ'aqn(?s?{nlefeﬁfed ShERiAnt oF R Pr&ERTRIAANT THSS |s KNOIRE EWAh &cPBNe
encoding for a protein of 15interest. In a further specific enbodi t,

step b) conpFlieseseniion fuetheri migtes hrea matbadhfor pfoduribg s oradin RNAtefaspeoseuisaEi ng

ri bosomal RNA transgcrippt i said cell by reducing ribosomal RNA gene
(rDNA) silencing i ngslgfoylcg@‘ilw(ﬂépi genetic engineering of at |east one
rDNA) . The inventi on $peskihg deldampuntdfati@soma RINA®t saticddlor produci ng a

protein of Interest c.z%?trinpartlinsgi sg% cell under conditions which allow expression of said
10 protein of interest.
In a specific embodiment of the present invention the method additionally comprises
d. Purifying said protein of interest.
In a specific embodiment the cell of step a) is a empty host cell. In another embodiment
said cell of step a) is a recombinant cell comprising a gene encoding for a protein of
15 interest.
In a further specific embodiment, step b) comprises increasing the amount of ribosomal
RNA (upregulating ribosomal RNA transcription) in said cell by reducing ribosomal RNA
gene (rDNA) silencing in said cell (epigenetic engineering of at least one rDNA).
The invention specifically relates to a method for producing a protein of interest
20 comprising
a. Providing a cell,
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell (epigenetic
engineering of at least one rDNA), and
c. Cultivating said cell under conditions which allow expression of said
25 protein of interest.
In a further embodiment of the present invention the method additionally comprises
d. Purifying said protein of interest.
In a specific embodiment step b) comprises the knock-down or knock-out of a component
of the nucleolar remodelling complex (NoRC). In another embodiment step b) comprises

30 reducing the expression of a component of the nucleolar remodelling complex (NoRC).



a. Providing a cell, b. Reducing ribosomal RNA gene (rDNA) silencing in
said cell (epigenetic engineering of at |east one rDNA), and

c. Cultiwsoizog/ses0d cel | under conditions which all ow epprTaEPsdionsa3 sai d
25protein of interest. In a further &s$bodi nent of the present invention the
met hod additionally conprises d. Purifying said protein of interest. In a
speci fic enbodi nent step b) conprises the knock-down or knock-out of a
conponent of the nucleolar renodelling conplex (NoRC). |n another

enbodi ment step b) conprises 30 reducing the expression of a conponent of

t he nucl eol ar renodel | ing conpl ex (NoRC). WD 2010/ 130800PCT/ EP2010/ 056583
26 | n a ver ynpi edrgpiddranhadidiimmnt opfhetifeentiy eiRNERC ttbRpNRRGsCORPORESNF i S
TIP-5 or SNF _2H, nos%H@referably TIP-5. In a specific enbodi nent of the
above net hodzﬁlé]i‘osbPYG DhilPad-protein TIP-5 i's knocked down or knocked out,
wher eby the fhlP Sp'émﬁb |eﬁ1'BGéhHﬁntV@fCthé)5b&)@rmé'th&le§)r pRAuCIAH B otia crap i 8 %nd&kePEQ D
NGO 1, SEQ I D NO SEQ ID NGO 8 or SEQID NGO 9 or b. m RNA according to SEQ
ID NO 3, setgwmmrﬂsepf&ed Mh@ewg@m’oé Sl@&@ngme%@@mlpnaﬂ)whe i nvention
furthermose relat@rNhOcEoIREROSEQIDIRNE! Sh Y NOH A AFNO:8 wﬁg@@ﬂdgf or

producti on of reconmbinant / heterol ogous protein conprising a. Providing a

cell, b. Increasiong the anount of ribosonmal RNA in said cel
b. miRNA according to SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:10 or SEQ ID
NO:11.

10 The invention furthermore relates to a method of generating a host cell, preferably for
production of recombinant / heterologous protein comprising
a. Providing a cell,
b. Increasing the amount of ribosomal RNA in said cell.
The invention specifically relates to a method of generating a host cell, preferably for
15 production of recombinant / heterologous protein comprising
a. Providing a cell,
b. Increasing the amount of ribosomal RNA in said cell,
c. Obtaining a host cell.
The invention further relates to a method of generating a single cell clone, preferably for
20 production of recombinant / heterologous protein comprising
a. Providing a cell,
b. Increasing the amount of ribosomal RNA in said cell,
c. Selecting a single cell clone.
The invention furthermore relates to a method of generating a host cell line, preferably for
25 production of recombinant / heterologous proteins comprising
a. Providing a cell,
b. Increasing the amount of ribosomal RNA in said cell,
c. Sclecting a single cell clone.
In a specific embodiment of the present ionvention the method additionally comprises

30 d. Obtaining a host cell line from said single cell clone.



The invention specifically relates to a nethod of generating a host cell,
preferably for 15 production of reconbi nant / heterol ogous protein

conpri si nyoas1oABasrdi ng a cell, b. Increasing the anounPCofEPRélbOSEGaRI RNA
in said cell, c. Obtaining a host cel?. The invention further rel ates
to a nethod of generating a single cell clone, preferably for 20 production
of reconbi nant / heterol ogous protein conprising a. Providing a cell, b.

I ncreasing the anmount of ribosomal RNA in said cell, c. Selecting a single
cell clone. The invention furthernore relates to a nethod of generating
a host cell line, preferably for 25 production of reconbinant /

het er ol ogousTHar i@l &itiBs fGEHFPhds irélgte@to PhRwodioiGeeratilgl a mbnocldder Bas tapliddye
anount of ribosonal RNA in sajid cell, Sel ecting a single cell clone.

In a speci £ | OB BPRRIALuP phEC L] h?t?fﬁl?éﬁ‘tsipé?felflﬁ%om&’ffsﬁ@d addi tional | y
conpri ses 30d. ot aj nippgidnd9&d, cell line fromsaid single cell clone. WO
2010/ 130800PCT/ EP2010/ 056583 27 The invention furthernore relates to a

net hod of generating &craspioe thsratoupionft rikaspmal R in ysidgelly abl y for producti on

of reconbi nant / het exel.QgRUSHAHRIRAMSstCRIMARE. SI Ng a. Providing a cell

In a specific embodiment of the above methods, step b) comprises increasing the amount
of ribosomal RNA (upregulating ribosomal RNA transcription) in said cell by 1) reducing
ribosomal RNA gene (rDNA) silencing in said cell (epigenetic engineering of at least one
rDNA).
10 The invention specifically relates to a method of generating a host cell (line), preferably for
production of recombinant / heterologous proteins comprising
a. Providing a cell,
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell (epigenetic
engineering of at least one rDNA).
15 Optionally said method additionally comprises
c. Sclecting a single cell clone.
d. Preferably said method additionally comprises Obtaining a host cell (line).
In a specific embodiment step b) comprises the knock-down or knock-out of a component
of the nucleolar remodelling complex (NoRC). In another embodiment step b) comprises
20  reducing the expression of a component of the nucleolar remodelling complex (NoRC).
In a very preferred embodiment of the invention the NoRC component is TIP-5 or SNF
2H, most preferably TIP-5.
In a specific embodiment of the above method of generating a host cell TIP-5 is knocked
down or knocked out, whereby the TIP-5 silencing vector comprises:
25 a. shRNA according to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:8 or SEQ ID NO:9
or
b. miRNA according to SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:10 or SEQ ID
NO:11.

30 The invention further relates to a cell generated according to any of the above methods.



b. Increasing the amount of ribosomal RNA in said cell, 5c. Selecting a
nonocl onal host cell line. In a specific enbodi nent of the above nethods,
step b) cwoppiBssooncr easi ng the anount of ribosonal RNARCTEHPR@EQOFEBS Ng

ri bosomal RNA transcription) in said 28ell by i) reducing ribosomal RNA gene
(rDNA) silencing in said cell (epigenetic engineering of at |east one
rDNA). | oThe invention specifically relates to a nethod of generating a
host cell (line), preferably for production of reconbinant / heterol ogous
proteins conprising a. Providing a cell, b. Reducing ribosomal RNA gene
(rDNA) silencing in said cell (epigenetic engineering of at |east one

r DNA) . 15Q0ptPrefaaiblyy tieadx@radEibh oflrcastdbihh@ padtbiv i€ Rabslas said oSEchﬁlbiirﬁ@ tcda
single cell clone d. Preferabl %E’d met hod addltlonal

conpri ses Ofdi ‘i’ﬁﬂh&" dedtssd OB SlEanIH%») PrefepRby S4i& I aEe enbdi el & {PC b)

compri ses. L hacknagieoounoor., agkeiaut yolrduapmpanent of the nucl eol ar
renodel | i ng conpl ex ( I n anot her. enbodi nent step b) conprises 20

reduci ng théhéﬁﬁ@é5§@6ﬁdbmwaeé@hﬁdﬁéﬁfﬂ@ﬁ*@ﬁ%*%ﬂﬂﬁé@ﬁﬁﬁ“ﬁéﬁb@@?ﬂpﬁbcﬁbnplex
(NoRC). In apr¥f3fa¥lypar RhRMaeH, ?dﬁ@f?tcﬂr rﬁ@tﬂgteloéellt ﬁ"?efétglyl?nstaicplﬁn{sﬁ? NPRG @prmenent

is TIP-5 or SNF 2H, nost préferably TIP-5. In a specific enbodi ment of the
above net hodestgéh@m(GPrB@) eclhoysh ag éJHO EGMSCH@ th&li@d* doilOdPUkNdeKed

e G
to SEQ | D NO'he3nveBEGH ﬁﬁihbi@el@tes BEQuid NG Tell,grefSER)YIfG th Opbluctid@of a protein
2010/1308003%5&5%%910/056583
10
The invention further relates to a TIP-5 silencing vector comprising
a. shRNA according to SEQ 1D NO:1, SEQ ID NO:2, SEQ ID NO:8 or SEQ ID
NO:9, or
b. miRNA according to SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:10 or SEQ ID
15 NO:11.
Furthermore, the present invention relates to a cell comprising a TIP-5 silencing vector.
Preferably such cell additionally comprises (contains) a vector containing an expression
cassette comprising a gene encoding a protein of interest.
The invention further relates to a cell in which TIP-5 has been knocked out and which
20  optionally comprises a vector including an expression cassette comprising a gene encoding
a protein of interest. Preferably, said knock-out cell is a complete knock-out. In another
embodiment the invention relates to a cell with deleted TIP-5 and which optionally
comprises a vector including an expression cassette comprising a gene encoding a protein
of interest.
25
The invention further relates to a kit comprising a TIP-5 silencing vector. Preferably such
a kit is used for manufacturing a protein of interest. Preferably such a kit additionally
comprises a cell (host cell, such as described above). Preferably such a kit comprises a
TIP-5 knock-out cell as described above. Optionally said kit comprises cell culture

30  medium and / or a transfection agent.



28 Preferably, the expression of reconbinant protein is increased in said
cell conpared to a cell with no reduced rDNA silencing, preferably said

i ncrease WO 2800430890100% nore preferably 20% to 300% mpST/Are@DAsE@ERS Yy nor e
than 20% Preferably, said cell or tH® cell in any of the above descri bed
met hods is a eukaryotic cell, 5 preferably a mammali an, rodent or hanster
cell. Preferably, said hanster cell is a Chinese Hanster Ovary (CHO cel
such as CHO D44, CHO K1, CHO S or CHO DUKX Bl1, preferably said cell is a
CHO DA4 cell. The invention further relates to a use of said cell
preferably for the production of a protein of interest. 10 The invention
further rel allepridicaoflthPpls&it tBiioAgvil Gy, GHERbiRIg RAdicstdRNAnaadordi ng
to SEQIDNO 1, SEQID NO 2, SEQID NO8 or SEQID NO 9, or , .M RNA
accor di ng toteémwwé\?dl bologyrmolcgyifyigloe el MRy TEUBPlIoBER ) by &%ﬁ\r«ﬁlﬂ.

Fur t her nor e, a1t B tRY QISR dndVigNthe QR. MBLRAL Rhriqucd afe killlyCObMEeS iRIhA cdrkdRit 5
silencing vector. Preferably such cell additionally conprises (contains) a
vect or cont ditFiafée-an expr essi on cassette conprising a gene encoding a
protein of interest. The invention further relates to a cell in which TIP-5
has been knocked out and which 20 optionally conprises a vector including
an expression cassette conprising a gene encoding a protein of interest.
Pref erably, i QKL is a conplete knock-out. In another

enbodi nent t$§§#ﬁ#ﬁ§yﬁ&gﬁﬂﬁgﬁ§?%gb$o acell with deleted TIP-5 and which
optional ly cRimpmidlses a vector including an expression cassette conprising a

di ' f. i .25 The ir i f |
Gt conpri si g TS Rb T o 4GS oo’ Bk VSR ol e BlohFefufn For

manuf act ur i nighngedpitcodaelyprodfotbnt er est . Preferably such a kit additionally
conprises a cell (host cell, such as described above). Preferably such a
kit conprises a TIP-5 knock-out cell as described above. Optionally said
kit conprisesagiebdll gaekt ure 30 mediumand / or a transfection agent. WO

2010/ 130800PCT/ EP2010/ 056583 29 . . .
NIH/3T3 cells are stably transfected with plasmids expressing shRNA TIP5-1 (5’-GGA-

CGATAAAGCAAAGATGTTCAAGAGACATCTTTGCTTTATCGTCC3® SEQ ID
15 NO:1) and TIP5-2 (5’-GCAGCCCAGGGAAACTAGATTCAAGAGATCTAGTTTCCC-
TGGGCTGC3’ SEQ ID NO:2) sequences under control of the H1 promoter.
The transcribed shRNA sequences are: ShRNA TIP5-1.1 (5’-GGACGAUAAAGCAAA-
GAUGUUCAAGAGACAUCUUUGCUUUAUCGUCC3’ SEQ ID NO:8) and shRNA
TIP5-2.1 (5’-GCAGCCCAGGGAAACUAGAUUCAAGAGAUCUAGUUUCCC-
20 UGGGCUGC3’ SEQ ID NO:9)
HEK293T and CHO-K1 cells are stably transfected with plasmids expressing control
miRNA or miRNA sequences targeting TIPS (TIP5-1: 5°- GATCAG-
CCGCAAACTCCTCTGAGTTTTGGCCACTGACTGACTCAGAGGATTG
CGGCTGAT-3" SEQ ID NO:3; TIP5-2: 5’-GCAAAGATGGGATCAGTTAAGGGTTTT-
25 GGCCACTGACTGACC CTTAACTTCCCATCTTTG-3’ SEQ ID NO:4) according to the
Block-iT Pol II miR RNAi system (Invitrogen). Infections are performed according to
manufacture instructions. Cells are analyzed 10 days after infection.
The transcribed miRNA sequences are: miRNA TIP5-1.1: 5°- GAUCAG-
CCGCAAACUCCUCUGAGUUUUGGCCACUGACUGACUCAGAGGAUUG
30  CGGCUGAU-3" SEQ ID NO:10; and miRNA TIP5-2.1: 5’-GCAAAGAUGGGAUCA-



The practice of the present invention will enploy, unless otherw se

i ndi cat ed, conventional techniques of cell biology, nolecular biology, cell
cul ture, worenrol3og9y and the |i ke which are in the skill pofi/Ere@oiosssBhe art .
These techniques are fully disclosed 3in the current literature. 5 MATERI ALS

AND METHODS Pl asm ds pCW- TAP-tag contains TAP-tag sequences
transcri bed under control of cytonegal ovirus 10 i mmedi ate early pronoter.
Stable cell lines NNH 3T3 cells are stably transfected with plasm ds

expressing shRNA TIPS-1 (5

' - GGACGATAAAGCAAAGATGT TCAAGAGACATCTTTGCTTTATCGICC3' SEQ ID 15 NO :1) and
TIP 5-2 (5 ' GGOAGHEAGCGEARNCTAGAT TAAAMAGAT CTAGTA A COCTE@EXITAIBUG-SEQGR®
NO 2) sequences under control of the HL pronoter. The transcri bed shRNA
sequences ar'® NOHRNA TIP5-1.1

(5" - GGACGAUAAAGCAAAGAUGUUCAAGAGACAUCUUUGCUUUAUCGUCCS' SEQ I D NO 8) and
shRNA TI P5- 2. 1( 5" - GCAGCCCAGGGAAACUAGAUUCAAGAGAUCUAGUUUCCC- 20 UGGECUGC3!
SEQ | D NO 9) Trpewdipton &alysicHO- KI cel |'s are stably transfected with plasnds
expressi g CoRt bl RN Ofip B UALSEHERE CRTLAC AGH bAGHIESW(FIFDsdndard -
GATCAGCCGCAAA CTGAGT TTTGGOCACT GACT GA GAGGATTG CGGCTGAT- 3" SEQ I'D NO
:3; TIPS - 2:preceduGCmAAGNEABCATIOAGET AMGRGITX TD1 8n @ECAATTEACTGACS used to
CTTAACTT T ' ; c i | =1 ol Il mR
RNAI system zegr%ﬁ]&?'ﬁ%ﬁgnﬁgn%l%e rle'g%lgga#gt%er obgn%ag)ggnc(%gé}%ﬁg%og' manuf act ur e
instructions. Cells are analyzed 10 days after infection. The transcribed
m RNA sequen are; MRNA TIPS -1.1 : 5 '-

GAUCA SRIOBEGECCACUGACUGACUCAGAGGAUUG 30 CGGCUGAU-3' SEQ | D
NG 10; and mIENNatfdPSRouse afmd h s deW¥Blbed previously. Primers used
2010/ 130800PCT/ EPZOlOf/rB 6583 30

for analysis o A methylation in CHO-K1 cells are: -168/-149 forward 5’-GACCAG-
TTGTTGCTTTGATG-3" SEQ ID NO:5; -10/+10 reverse 5’GCGTGTCAGTACCTATCT-
GC-3° SEQ ID NO:6; -100/-84 forward 5’-TCCCGACTTCCAGAATTTC-3* SEQ ID

NO:7.

15
BrUTP incorporation
For BrUTP incorporation, coverslips seeded with shRNA control and TIP5-1 and 2 cells
are incubated with KH buffer containing 10 mM BrUTP for 10 minutes. Then, BrUTP KH
buffer is removed and the cells are incubated 30 minutes in growth medium containing
20 20% FCS to chase the transcripts before fixation. The cells are fixed in 100% methanol for
20 minutes at -20°C, air-dried for 5 minutes and rehydrated with PBS for 5 minutes.
BrUTP incorporation is then detected using monoclonal anti-BrdU antibodies (Sigma-
Aldrich).

25 Growth curves
10° cells are seeded per well of a 6-well plate and each day cells are trypsinized, collected
and counted with Casy® Cell Counter (Schaerfe System). Experiments are performed in

duplicates and repeated twice.



GUUAAGGEUUUUGGCCACUGACUGACC CUUAACUUCCCAUCUUUG- 3" SEQ I D NG 11)
Transcription analysis 5 45S pre-rRNA transcription is nmeasured by gRT-PCR
i n accor dsiocelwistdeot he st andard procedure and usi ng thePUmiEPeo19ab6sRASt er

m x (Di agenode). Priner sequences used to detect nouse and human 45S

pre-r RNA and GAPDH have been descri bed before. CpG nethyl ati on anal ysis 10
Met hyl ati on of nobuse and human rDNA i s neasured as described previously.
Primers used for analysis of rDNA nethylation in CHO Kl cells are:
-1681-149 forward 5' - GACCAGITGITGCTTTGATG 3' SEQ ID NGO 5; -10/+10 reverse
5' GCGTGTCAGTACCTATCTGC-3' SEQ I D NGO 6; -100/-84 forward

5' - TCCCGACT TITAGAAPToCe 3' SEQ I D NO 7. 15 BrUTP incorporation For BrUTP

i ncorporation, coverslips seeded with shRNA control and TIPS-1 and 2 cells
are i ncubat ed!i FhIRNFG P s¥ clebreaidsi(hy &QAHHM tpurend bised iy At les - Hehen,

Br UTP KM buffg7.5] ﬁnM%g@B,dl@th, £8hiNg DATTe 10 M Rat R RRidBW. 88 NPYegr owt h
medi um cont ai ni ng 20 20% FCS to chase t he transcrlpts before fixation. The

cells are fiQ(BBg/%H heppgmnapa LAAAG RN seaohipias gt €€ Atfter oprifuggtiong 88005 9F 5

m nut es asnd_ 51'9113)/@5 alpRehaWntshir £ §§deant05a m‘%‘-q%%ssucﬁgé%gdi.%ﬁcagﬁ _ngtﬁitu.géﬁ’]fo& ghthen
det ect ed using nonocl onal anti-BrdU anti bodies (S -Aldrich). 725 G owh

curves 105 cal2BH08remzeéded0pedt fragidns efe eoligctpdhid the apacadensgaoh indaydusél | s

are trypsini col | ounted with Casy(r) Cell Counter (Schaerfe
Systen). Exp%ar%g%%sﬁglsllegsﬁ%e%g%?%ﬁﬁed in duplicates and repeated twice. WO

2010/ 130800PCT/ EP2010/ 056583 31 Pol ysome profile

Protein production

10 Protein production is assessed 48h after transfection of a constitutive SEAP (pCAG-SEAP)
or luciferase expression vector (pCMV-Luciferase). SEAP production is measured by a p-
nitrophenyphospate-based light-absorbance time course. Luciferase profiling is performed
according to the manufacturer’s instructions (Applied biosystems, Tlropix® luciferase assay
kit). Values are normalized to cell numbers and to transfection efficiency. Transfection

15 efficiency is measured by flowcytometric analysis of cells transfected with a GFP
expression vector (GFP-C1, Clontech). All experiments are performed in triplicate and are

repeated three times.

Cell culture of suspension cells

20 All cell lines used at production and development scale are maintained in serial seedstock
cultures in surface-acrated T-flasks (Nunc, Denmark) in incubators (Thermo, Germany) or
shake flasks (Nunc, Denmark) at a temperature of 37°C and in an atmosphere containing
5% CO,. Seedstock cultures are subcultivated every 2-3 days with seeding densities of 1-
3E5 cells/mL. The cell concentration is determined in all cultures by using a

25 hemocytometer. Viability is assessed by the trypan blue exclusion method.

Fed-batch cultivation

Cells are seeded at 3E05 cells/ml into 125 ml shake flasks in 30 ml of Bl-proprietary

production medium without antibiotics or MTX (Sigma-Aldrich, Germany). The cultures
30 are agitated at 120 rpm in 37°C and 5% CO; which is reduced to 2% following day 3. BI-

proprictary feed solution is added daily and pH is adjusted to pH 7.0 using NaCQs as



Cells are treated with cycl oheximde (100 ng/m, 10 mn) and lysed in 20mM
Tris-HCl, pH7.5, 5mM MyCl2, 100nmM KC1, 2.5rmM DTT, 100g/m cycl ohexi m de,

0. 5% NP40OWOQotwvm3hHsoh heparin and 200U/ mLRNAse i nhi bit or RCTAB20105683
centrifugation at 8,000g for 5 5m n, he supernatants are | oaded onto a

15% 45% sucrose gradi ent and centrifuged for 4h at 28,000 rpmat 4C. 200
[tl fractions are collected and the optical density of individual fractions
is neasured at 260nm Protein production 10 Protein production is assessed
48h after transfection of a constitutive SEAP (pCAG SEAP) or |uciferase
expression vector (pCWe-Luciferase). SEAP production is neasured by a

pni t r ophenyphedpateilbassded nghtabiliso blRadnteminddebc aypameblud ULdlis@inatdng an
profiling is performed according to the nuf acturer's instructions

(Appl i ed bi CEYRIPAY C,El?%ﬁﬂi@?*)n“ eation arsi (133l ki t) . Val ues are nornal i zed
to cell nunbers and to transfection efficiency. Transfection 15 efficiency
is measured by flowytonetric analysis of cells transfected wwth a G-P

expr essi on V@@FBWOQe¥?ﬁ¢H@YEP6W@@ﬁWﬂ$ Al experinents are performed in

L1 Pl icate atbloate o aRFaiRtd BEIRCdIESer FeldelCYbayrfe QlanRUSRRASIAN ! | s
20All cell I1nes used at production and devel opnent scale "are nmaintained in
seri al seedstxpuksicuplesmids cpaedmgrhanyeanddight erinp-of land&s! -(yiNarRBtibodENSEgdkipn | n

i ncubators (; - r 0 S . o
omperarur e o tpeou T R0l AAGKEd (A Pk b OGree FPATBNIR, atpigrics

cul tures ar ecnsodeduby itheatqoessiver planids. dayferwitiont Sewdiks gofdehsiion, egatdé cdH 3ES
cells/nm.. The ¢

1 concentration_.is determned in all cultures ing a
Seheneyt omERaigpsane syt w0 el ST Sordin ko, bt til Ropk i
met hod. ked-dgihthvitidubtuatdtion c@al Rso ardeyss aesackt adptidEpsteg IHAT/SAbastdingld 25
shake flasks in.30 m_of Bl-proprietar roduction. nedi um w t hout
anti bi ot i os G g it abAY E?ﬁsgﬁmﬁﬁ@@# ﬁﬁﬁ%ﬂ?ﬂ%ﬁéawﬁtﬁ@s%e%atafl@naﬁ?%t ed
at 120 rpm igRuIiaes. and 5% CO2 which is reduced to 2% foll owi ng day 3. BI-

proprietary feed solution is added daily and pHis adjusted to pH 7.0 using
NaCO3 as

Determination of recombinant antibody concentration

15 To assess recombinant antibody production in transfected cells, samples from cell
supernatant are collected from standard inoculum cultures at the end of each passage for
three consecutive passages. The product concentration is then analysed by enzyme linked
immunosorbent assay (ELISA). The concentration of secreted monoclonal antibody
product is measured using antibodies against human-Fc¢ fragment (Jackson Immuno

20  Research Laboratories) and human kappa light chain HRP conjugated (Sigma).



WO 2010/ 130800PCT/ EP2010/ 056583 32 needed. Cell densities and viability are
determ ned by trypan-bl ue exclusion using an autonated CEDEX cel l

guanti fi caoi20ry/BYbem (| nnovati s). Ceneration of anti boadgTmroanosesgs cel | s
5CHO- KI or CHO-D&A4 cells (Ulaub et 38l ., Cell 1983) are stably transfected
W th expression plasm ds encodi ng heavy and |ight chains of an I1gGL -type
anti body. Selection is carried out by cultivation of transfected cells in
the presence of the respective antibiotics encoded by the expression

pl asm ds. After about 3 weeks of selection, stable cell populations are
obtained and further cultivated according to a standard stock culture lo
regime with sxXameprtEyati on every 2 to 3 days. In a next (optional) step,
FACS- based si ngl e cell clani na of the stably transfected cell popul ations

is carried ouf W%&he‘f@@gKﬁB S Ol PDel | Tines. Deternmination of

reconbi nant @withithodim cPREEREERLI@Ns 5t TiAcrREE S§nth&E08D0&RbinaNt rBeRY, we
production in transfected cells, sanples fromcell supernatant are

col | ect ed fréstargnayribe ajdsereefcdprtheumberal slent RN ‘e pepey enhapess 4pA 5adeN4A or

three consecyhinigs RAS SAIEshseqlBfeP LR UkihnuGRRCHTYEAL I H0kch&id RN nRRALYSRI DY
enzynme |inked | munosorbent assay (ELISA). The concentration of secreted

monocl onal antnitisodtrgsletierstonistane beronds. dirsrrantd oM inghiamst thwak- Fe
somert ok B PSS AT RS
EXAMPLE 1: KiNGCKA-EDXMbBssOlg HER2B T\Vaht ICHOHK lawsmgoshR&gmeA ispqueaeds Ispedhfar for
| ncreased Sytnvvtoh 1&ér§nt0r];gi(l;t%com{3§ ?‘fﬁ’SH ra%%lelilp§ -2). Wbl cell lines expressing scrambled
10 shRNA and miRNA sequences are used as control. There are two reasons for producing
stable cell lines rather than performing transient transfections with plasmids expressing
ShRNA-TIP5 or miRNA-TIP5 sequences. First, the loss of repressive epigenetic marks like
CpG methylation is a passive mechanism, requiring multiple cell divisions. Second, even
though HEK293T cells can be transfected relatively easily, the poor transfection efficiency
15 of NIH/3T3 and CHO-K1 cells would compromise subsequent analyses of endogenous
rRNA, ribosome levels and cell growth properties. To determine the efficiency of TIPS
knockdown in the selected clones, we measure TIPS mRNA levels by quantitative and
semiquantitative reverse-transcriptase-mediated PCR (Fig. 1). TIP5 expression decreases
about 70-80% in NIH/3T3/shRNA-TIP5-1 and -2 cells when compared to control cells
20  (FIG. 1A). A similar reduction in TIPS mRNA levels is observed in stable HEK293T (FIG.
1B). TIPS mRNA levels in CHO-Kl-derived cells can be measured only by
semiquantitative PCR (FIG. 1C) but the reduction of TIP5 mRNA is similar to that of
stable NIH/3T3 and HEK293T cells. These results demonstrate that the established cell
lines contain low levels of TIPS.
25
EXAMPLE 2: TIP-5 KNOCKDOWN LEADS TO REDUCED RDNA METHYLATION
In NIH/3T3 cells about 40% to 50% of rRNA genes contain CpG-methylated sequences
and are transcriptionally silent. The sequences and CpG density of the rDNA promoter in
humans, mice and Chinese hamsters differ significantly. In humans, the rDNA promoter
30 contains 23 CpGs, while in mice and Chinese hamsters there are 3 and 8 CpGes,

respectively (FIG. 2A-C). To verify that TIPS knockdown affects rDNA silencing, we



determ n whether a decrease in the nunber of silent rRNA genes enhances 45S
pre-rRNA 5 synthesis and, as consequence, also stinmulates ribosone

bi ogenesiwoanty/idmopeases t he nunber of transl ati on- conp@CErmP2010/056583TES .
Therefore, we use RNA interference to4knock down TIPS expression and
constructed stably transgeni c shRNAexpressing NI H 3T3 or m RNA-expressing
HEK293T and CHO KI usi ng shRNA/ m RNA sequences specific for two different

regions of TIPS (TIP5-1 and TIP5-2). Stable cell l|ines expressing scranbled
10 shRNA and m RNA sequences are used as control. There are two reasons for
produci ng stable cell lines rather than perform ng transient transfections

with plasm d@t@mpfe&ﬁesﬂm ﬁﬁﬁw&tﬁﬂl RScloby ﬁieﬁﬂﬁﬁngﬂﬁfanﬁﬁﬂuﬁmﬁdﬂf)(}slﬁﬁ msiGCcade
| oss of repressive epigenetic nmarks like %sanget hyl at i on sive
S

mechani sm  rEaUAFh %ameq BINA cig| Fpgf]-giesst Eeeisiaace &&%@@%@w HE2 03T

cell's can bem&thg rﬁvgrﬁéhsﬁr@h 8y qulyaue@%al Mme POR L@&%rﬁﬂemt ds@Rg Hpall
efficiency 15 o CHO-KI cells woul d conprom se subsequent

anal yses of S@ﬂ@?@g@qummre i Aslss AT ip W6 @ethﬂaﬂ@ewhlg thevitrpmpieisaioniods. To
det er mi ne, thﬁm% mﬁsf@rm nesl 1P P8 aKHQML NG eS BhEGE &fling HRNES ro W& £

measure TIPS | evel s by quantitative and sem quantitative
r ever se-t r anBl®f imppragetingedith edenP@R (FIG.¢). 1) . TIPS expressi on decreases

about 70-80 Fg\l,% 5- d red o trol
cells 20 (Fl@tglilg’) Eythiggésﬂ ar rdenl? ¢ ?%{% 70&#%@4%‘% re(s‘%{%ﬁl t§ %1 sgﬁ\s&ed in
st abl e HEKZ%Wm@tEt ﬁquérﬁys, Cii(}l-‘l'ﬁ;emmltbnlmhts in MIFCHEdKMEed-NI#I3ITE edllscmigshedn be
nmeasur ed onl

titativ 1C the.red Tl PS
a1 o st s o SarBE ek et TRk M HAMRE Rl s
denonstr ad e ihhidktidg@atcBPadrics heehdcelthe ﬂDNLQ@rcﬁﬁkﬂb@hﬂituﬁt@éﬂéﬂr@dﬁig&n%aﬁ}nﬁS 25
EXAMPLE 2: Tl P-5 K DS . TO RE THYLATION I n NI 3T3
cel | s about é?b%eleﬁl\%@ft OFRETQ %Mtl‘b%a’i‘“@g@t éfoéﬂs sequences and

are transcriptionally silent. The sequences and CpG den3| ty of the rDNA
pronoter in humans m ce _and Chi nese hansters differ SI8nIfI cantly. In

humans, the FONMPAEGHINGREISELLRREANSE YELEDEEP-3NQCKROWN EERRE Chi nese

hamsters thefeialsin RIS aqégi%ase 1§§}Eerﬁﬁﬂb\é? b¥sifeht! Senela¥rdeds: thd Sm¥iid d¥nt hat
TIPS knockdown affects rDNA silencing, we WO 20107 130800PCT/ EP2010/ 056583

34 det er mi ne'Rife teDiPpwetchipbaticoS peeREAbyyntheals byi iyl -PH8 wireumimas thwe CpGs
in the CCGG &%&H%%%Sth? ﬁ%Pau OH{GM '%El"@(ﬁﬁlh QAgeﬁl%t@% VRO B PP H&B&B?a‘ﬁoﬁo

di gestion (i asured b ntitative rea
using pri mer(§l®n&Bm)asPSS nzg)ebtpé,,l in bmuﬁﬁﬁéebpléed:(m})HB%ené HEKZP3decelbase in

G hyl [
a1 T PS knotRss el R R s Eaist g REREYST hdischecbar e "
pronoting r DMAlysdsl encing (FIG 2). Notably, alt hough TIPS bi nding and de

nova met h%l ation is restricted to the rDNA pronoter sequences, CpG
met hyl at on amounts in TIP-5 reduced NI H3T3 cells dimnished over the

entire rDNA geARPIIEM eTgeRiDEPLBTOON EHARS ¢OC I RIgA $ 1Y iPRITE T FIER ASUIRIN AE) , 10
indicating that TIPS once bound to the rDNA pronmoter, initiates spreading
mechani sms foELE REOWTHDI i shment of silent epigenetic marks throughout the

rDNA | ocus. Rags is a well known oncogene involved in cell transformation and tumorigenesis which is
frequently mutated or overexpressed in human cancers. Green et al., 2009;

25 WO02009/017670 describe to have identified TIP-5 to function as a Ras-mediated

epigenetic silencing effector (RESE) of Fas in a global miRNA screen. The publication

describes that reduced expression of Ras effectors such as TIP-5 results in an inhibition of

cell proliferation.

30 We analyze both shRNA-TIPS cells by flow cytometry (FACS). As shown in FIGURES
4A,B, the numbers of cells in S-phase are significantly higher in both shRNA-TIPS cells in



EXAMPLE 3: | NCREASED RRNA LEVELS IN TIP-5 KNOCKDOM CELLS To determ ne

whet her a decrease in the nunber of silent genes affects the anmounts of the
15 r RNA tweansari3pgop we nmeasure 45S pre-rRNA synt hesi s bpCHRP2HCR56583 ng
prinmers that enconpassed the first rRSA processing site (FIG 3A) and by in
vivo BrUTP incorporation (FIG 3B). As expected, in both TIPS-depleted

Nl H 3T3 and HEK293T cells, an enhancenent of rRNA production conpared to
the control cell line is detected by both anal yses 20 EXAMPLE 4: TIP-5
DEPLETI ON LEADS TO | NCREASED PROLI FERATI ON AND CELL GROMH Ras is a wel |l
known oncogene involved in cell transformation and tunorigenesis which is
frequently nashiphechnat comesl eXp ass@ilar profily IT@dSbtﬁﬁﬂEﬁi’tlSNIl@"BEébll@tloaﬂays af909;
25 W2009/ 017670 descrl be to have identified TIP-5 to function as

Ras- medi at ed"EpiYetiEh # EUOVINETEPIRgSIRG PEEY B dire st Tlﬁééequﬁn“ésgp%)‘b%ﬁte% RNA
screen. The publ ifead | RBuIEeSSKRIPES Tipat chigduged expeRss atoRordtdn &ff gctors
such as TIP-5 results in an inhibition of cell proliferation.

)
2010/ 130800 Wﬂ@@ﬁ[‘@l@%@@ﬁ@%@?ﬁﬁ%ﬁ@@éﬂ@ blgh@rd@\fe&ﬂ of CorhimA (NGHa- | ar
profile is thlhﬁ %ﬁré\u:é'[pﬂ-%h?e?alt on r‘ltgs MR ishRRAL "ﬂi’?cgﬂlﬁ@A Whithb18nd

retrovirus expr SS| ng directed agai nst TIPS sequences. Consi stent
with these rresatal NIHSRRMEKA998n¢ EHOsKd lselly (F%%Ehmﬁmm—

b d t I
ooy ffy B klod 9Tk B, ) 0 Lotelgechy o

ShRNA- TI PS, shirNAesc protifeodte arfaistgaatemthalh thisllchiBf@ cellHEIﬁ@BStmg thaChi@edttase al the

(FIG 4D F)._ Surprisjngl nd in contrast to r orts bot h
N H 3 any kel SlenPeh S R deRol kb H b tS BisleRbidl b SRRDabn L
f a?”t) er r ];ad esyllEhwmt Hl@nﬁtoﬁglﬁﬂéémﬂﬁ |a£]fBGt Bl G@el FErafih, tbbﬁus?tlﬂ%:&eﬁl@&ﬁvd Alrdalie
nunober of silent enes oe ave an | act on ce ol m TIPS
depl etion i repqyd thgwg#ﬂ%%? Plgfﬁlia%l%éfﬁn?efa&fwwm&& Fewalaﬂ f¢ 9008,
because t hesgpsghd & cdiR¥ficat deBREK it ARGAGHedchR chhdRX bdUFTL i REaBoRf

proliferation. These data surprisingly show that depletion of TIP5 and a
consequent decrease in rDNA sil encing enhance cell proliferation. EXAVPLE
5: RI BOSOVE ARNAMEBES : N BORTMENSGKEENY 1CEES dSobRpmREtE@ER cel | cul tures,
the rate of protein synthesis is an inportant paranmeter, which is directly
rel ated to tlhengmodwatceliceltutes, Thy refieoé preitave sxutlessivey ardl@moet@mtmara@fetén wachnd a
consequent o nc

ransiatt on- Soreapoiited (A UOARELEP, TRARES M ABEofbe TIPS pyde

| evel s of cydoopiqasiti decreRigAn IDNA hdemyteoipeasses tho atimbér d:fhmamemmpesm of
processed rR asse Ied in FLG
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indicating that these cells produce more ribosomes. Also, analysis of the polysome profile

shows that TIP5depleted HEK293 and CHO-K1 cells contain more ribosome subunits
(408, 60S and 80S) compared to control cells (FIG. 5D).

25 EXAMPLE 6: TIP-5 KNOCKDOWN LEADS TO ENHANCED PRODUCTION OF
REPORTER PROTEINS
To determine whether depletion of TIPS and decrease in rDNA silencing enhance
heterologous protein production, we transfect stable TIP5-depleted NIH/3T3, HEK293T
and CHO-K1 derivatives with expresssion vector promoting constitutive expression of the
30  human placental secreted alkaline phosphatase SEAP (pCAG-SEAP; FIG. 6A-C) or
luciferase (pCMV-luciferase; (FIG. 6D,E). Quantification of protein production after 48h
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transfected cells or the parental cell line.

b) CHO host cells (CHO DG44) are first transfected with short RNAs sequences (shRNAs
or RNAIi) to reduce TIP-5 expression and stable TIP-5 depleted host cell lines are
20  generated. Subsequently these cell lines and in parallel CHO DG 44 wild type cells are
transfected with a vector encoding monocyte chemoattractant protein 1 (MCP-1) as the
gene of interest. After a second round of selection, supernatant is taken from seed-stock
cultures of all stable cell pools over a period of four subsequent passages, the MCP-1 titer
is determined by ELISA and divided by the mean number of cells to calculate the specific
25 productivity. The highest MCP-1 titers and productivities are seen in the cell pools with the
most efficient TIP-5 depletion, whereas the protein concentrations are markedly lower in
mock transfected cells or the parental cell line.
¢) When the same cells described in a) or b) are subjected to batch or fed-batch
fermentations, the differences in overall MCP-1 titers are even more pronounced: As the
30 cells transfected with reduced expression of TIP-5 grow faster and also produce more

protein per cell and time, they exhibit higher IVCs and show higher productivities at the
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EXAMPLE 9: ENHANCED THERAPEUTI C ANTI BODY PRODUCTION IN TIP-5 DEPLETED CELLS

Next, rRNA transcription is analysed in TIP-5 knock-out CHO cells and the parental CHO

cell line. The assay confirms higher levels of rRNA synthesis and increased ribosome

numbers in TIP-5 knock-out cells compared to cither the parental cell and also compared to
20  cells with only reduced TIP-5 expression levels.

Moreover, cells deficient for TIP-5 proliferate faster and show higher cell numbers in fed-

batch processes compared to TIP-5 wild-type cells and cell lines in which TIP-5 expression

is only reduced by introduction of interfering RNAs (such as SIRNA or RNAi).

25 EXAMPLE 9: ENHANCED THERAPEUTIC ANTIBODY PRODUCTION IN TIP-5
DEPLETED CELLS
(a) A CHO cell line (CHO DG44) secreting a human monoclonal IgG subtype antibody is
transfected with an empty vector (MOCK control) or small RNAs (shRNA or RNAi)
designed to knock-down TIP-5 expression. The cells are subsequently subjected to
30 selection to obtain stable cell pools. Alternatively, TIP-5 is depleted by deletion of the TIP-

5 gene (knock-out). During six subsequent passages, supernatant is taken from seed-stock
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(ShRNA or R%Irn)lentations, the differences in overall antibody titers are even more pronounced: As the

TIP-5 depleted cells grow faster and also produce more protein per cell and time, they
20  exhibit higher IVCs and show higher productivities at the same time. Both properties have
a positive influence on the overall process yield. Therefore, TIP-5 deleted cells have

significantly higher IgG harvest titers and lead to more efficient production processes.

EXAMPLE 10: KNOCK-DOWN OF SNF2H LEADS TO INCREASED PROTEIN
25 PRODUCTION AND IMPROVED CELL GROWTH

(a) A CHO cell line (CHO DG44) secreting a human monoclonal IgG subtype antibody is

transfected with an empty vector (MOCK control) or small RNAs (shRNA or RNAIi)

designed to knock-down SNF2H expression. The cells are subsequently subjected to

selection to obtain stable cell pools. Alternatively, SNF2H is depleted by deletion /
30 disruption of the SNF2H gene (knock-out). During six subsequent passages, supernatant is

taken from seed-stock cultures of both, mock and SNF2H depleted stable cell pools,
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15 which produce markedly lower IgG amounts.
¢) When the same cells described in a) or b) are subjected to batch or fed-batch
fermentations, the differences in overall antibody titers are even more pronounced: As the
SNF2H depleted cells grow faster and also produce more protein per cell and time, they
exhibit higher IVCs and show higher productivities at the same time. Both properties have
20  a positive influence on the overall process yield. Therefore, SNF2H deleted cells have

significantly higher IgG harvest titers and lead to more efficient production processes.



SEQUENCE TABLE RNAs used for TIP-5 depletion in NIH3T3 cells: SEQ ID

NGO 1shRNA TIPS -1 5 SEQ ID NGO 2shRNA TIPS -2 RNAs used for TIP-5 depletion
i n human woadotvarsatoer cell lines: SEQ I D NO 3m RNA TIPS PCTSPQ10056863 4m RNA
TIP5-2 10Primers used for nethylati ombanal ysis SEQ I D NO 5Pri ner -168/-149
forward SEQ I D NO 6Prinmer -10/+10 reverse SEQ ID NO 7Pri nmer -100/-84
forward 15 Transcri bed RNA sequences: SEQ | D NO 8shRNATIP5-1.1 SEQ ID

NO 9shRNATIP5 -2.1 SEQ I D NO 10m RNATIP5-1.1 SEQ ID NO 11m RNA TIPS -2.1 20

SEQUENCE TABLE

RNAs used for TIP-5 depletion in NIH3T3 cells:

SEQ ID NO:1 shRNA TIP5-1
s SEQID NO:2 shRNA TIP5-2
RNAs used for TIP-5 depletion in human and hamster cell lines:
SEQ ID NO:3 miRNA TIP5-1
SEQ ID NO:4 miRNA TIP5-2

10 Primers used for methylation analysis

SEQ ID NO:5 Primer -168/-149 forward
SEQ ID NO:6 Primer -10/+10 reverse
SEQ ID NO:7 Primer -100/-84 forward

15 Transcribed RNA sequences:

SEQ ID NO:8 shRNATIPS-1.1
SEQ ID NO:9 shRNATIPS5-2.1
SEQ ID NO:10 miRNATIPS-1.1
SEQ ID NO:11 miRNA TIP5-2.1

20
Genes / proteins described in the present invention:
Protein Official Symbol GenelD Human Reference Sequence
TIP-5 BAZ2A 11176 NP 038477.2
SNF2H SMARCAS 8467 NP_003592.2

25



Genes / proteins described in the present invention: ProteinOficial

Synbol Genel DHuman Ref erence Sequence Tl P- 5BAZ2A11176NP 038477. 2
SNF2HSVAREZA2816(3080003592. 2 25 WO 2010/ 130800PCT/ EP201@C0A®3@8/08658CLAI M5
1. A nethod for increasing reconbi namtl protein expression in a cel
conprising a. Providing a cell, b. Reducing ribosomal RNA gene (rDNA)
silencing in said cell, and 5c. Cultivating said cell under conditions
which all ow protein expression. 2. The nethod according to claim1, wherein
reconmbi nant protein expression is increased in said cell conpared to a cel
wi th no reduced rDNA silencing, preferably said increase is 20%to 100%
nore preferaptxima8% to 300% nost preferably nore than 1020% 3. The net hod
accordi ng to cl ai or 2, whereby step h) conprises the knock-down or
knock- out ofl-a’cB ??E%ﬁ@ﬁ’cnc%?ﬁm%@c% iy pEgteip é’fﬁﬁﬁfé‘IOPluh@C%'ocﬁﬁ}PélﬁmgNoRC) 15 4.
The et hod accgqu@g¢hga@aaln13 wher eby the NoRC conponent is TIP-5 or SNF

2H, preferably TIP-5
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell, and

5 c. Cultivating said cell under conditions which allow protein expression.

2. The method according to claim 1, wherein recombinant protein expression is increased
in said cell compared to a cell with no reduced rDNA silencing, preferably said
increase 1s 20% to 100%, more preferably 20% to 300%, most preferably more than

10 20%.

3. The method according to claims 1 or 2, whereby step b) comprises the knock-down or

knock-out of a component of the nucleolar remodelling complex (NoRC).

15 4. The method according to claim 3, whereby the NoRC component is TIP-5 or SNF 2H,
preferably TIP-5.

5. The method according to claims 1 to 4, whereby TIP-5 is knocked out.

20 6. The method according to claim 5, whereby the TIP-5 silencing vector comprises:
a. shRNA according to SEQ 1D NO:1, SEQ ID NO:2, SEQ ID NO:8 or SEQ ID
NO:9, or
b. miRNA according to SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:10 or SEQ ID
NO:11.
25

7. The method according to claims 1 to 4, whereby SNF2H is knocked out.

8. A method for producing a protein of interest in a cell comprising
a. Providing a cell,

30 b. Reducing ribosomal RNA gene (rDNA) silencing in said cell,



5. The method according to clains 1 to 4, whereby TIP-5 is knocked out.
206. The method according to claimb5, whereby the TIP-5 silencing vector
conpri seswOa010s1308d0 according to SEQ I D NO 1, SEQ | D NOPRT/EBRQIOESSBED 8 or
SEQ ID NO9, or b. m RNA according tof2SEQ ID NO 3, SEQID NGO 4, SEQID

NG 10 or SEQ ID NO 11. 25 7. The nethod according to clains 1 to 4, whereby
SNF2H is knocked out. 8. A nethod for producing a protein of interest in a
cell conprising a. Providing a cell, 30b. Reducing ribosomal RNA gene
(rDNA) silencing in said cell, WD 2010/130800PCT/ EP2010/ 056583 42 c.
Cultivating said cell under conditions which all ow expression of said
protein of interasfltivating s%id cEhemnt@tdeaditiaas ahtbhngovaexgtasith 8f saldh praediy of he
nmet hod additionally conprises: 5d. Purifying said protein of interest. 10.
The met hod accor dMA§St o clains 8 or 9, whereby step b) conprises the
knock-down or knock-out of a conponent of the nucleolar renodelling conplex
(NoRC). lo 11. The nethod accordi n% to claim 10, whereby the NoRC conponent
is TIP-5 or BNEhomethpd agcarding) tg clpipSowhergby the Wé‘thﬁéadfbﬂmgﬁhé@rawstﬁg a host

cel I for produgtimpngh gawggimm@gtpt ein conprising a. Providing a cell,
15b. Reducing ri bosoma% gene (rDNA) silencing in said cell,

10. The method according to claims 8 or 9, whereby step b) comprises the knock-down or

knock-out of a component of the nucleolar remodelling complex (NoRC).

10 11. The method according to claim 10, whereby the NoRC component is TIP-5 or SNF 2H,
preferably TIP-5.

12. A method of generating a host cell for production of recombinant protein comprising
a. Providing a cell,
15 b. Reducing ribosomal RNA gene (rDNA) silencing in said cell,
c. Optionally selecting a single cell clone,

d. Obtaining a host cell.

13. The method of claim 12, whereby step b) comprises the knock-down or knock-out of a

20 component of the nucleolar remodelling complex (NoRC).

14. The method according to claim 13, whereby the NoRC component is TIP-5 or SNF 2H,
preferably TIP-5.

25 15. A cell generated according to any of the methods of claims 12 to 14.

16. The cell according to claim 15, whereby the cell is a Chinese Hamster Ovary (CHO)
cell, preferably aCHO-DG44, CHO-K1, CHO-S or CHO-DUKX B11, most preferably
the cell is a CHO-DG44 cell.

30



c. Optionally selecting a single cell clone, d. Obtaining a host cell.

13. The nmethod of claim 12, whereby step b) conprises the knock-down or
knock- outwof20m/@0onponent of the nucl eol ar renodel | i ngPCOMAPREX/0§6883RC) . 14.
The net hod according to claim13, whet3eby the NoRC conponent is TIP-5 or
SNF 2H, preferably TIP-5. 2515. A cell generated according to any of the
nmet hods of clains 12 to 14. 16. The cell according to claim 15, whereby the
cell is a Chinese Hanster Ovary (CHO cell, preferably aCHO D344, CHO K1,
CHO S or CHO DUKX B1l1l, nost preferably the cell is a CHO D&44 cell. WO
2010/ 130800PCT/ EP2010/ 056583 43 17. A TIP-5 silencing vector conprising a.
shRNA accor dimg tio- ﬁi@lduﬂgm&mrﬁlﬁ@lﬂ@ NO 2, SEQID NO 8 or SEQ ID NO 9, or
b. m RNA according_to SEQ | D NO 8 NG 4, SEQ ID NO. 10 or SEQ 1D

5NO 11. 18. A el RNWP@E%%SE@ PDENG; 1 S FBN)%& SFQalL HY4F 95 SEQ &P ai m
17 and opti onal | Ww@ov&ct or cont ai ni ng an expr e55| on cassette corrprl sing a
gene encoding a protein of interest. TI P-5 has been

knocked out an8- mﬁiPemA@ﬁ@qTéWﬁltP§E@d|PprsésS%Q\}@é‘i‘Bf4 Sﬁ@lleNleOefﬁ SEpHessi on

cassette conprisiyig.;a gene encoding a protein of interest.

18. A cell comprising a TIP-5 silencing vector according to claim 17 and optionally a
vector containing an expression cassette comprising a gene encoding a protein of
interest.

10
19. A cell in which TIP-5 has been knocked out and which optionally comprises a vector

including an expression cassette comprising a gene encoding a protein of interest.



