COMBI NATORI AL ENG NEERI NG BACKGROUND OF THE | NVENTI ON TECHNI CAL FI ELD The
i nvention concerns the field of cell culture technology. It concerns

product i omohosti3c®i!l |ines with increased expression of prirEpsomEesBNA
(rRNA) achi eved through introduction of nucleic acids encodi ng UBF or
reduci ng expressi on of NoRC proteins, especially of TIP-5. Those cell Ilines
have i nproved secretion and growth characteristics in conparison to contro
cell lines. BACKGROUND Sel ection of nmanmmalian hi gh-producer cell |ines

remai ns a major challenge for the biopharmaceuti cal manufacturing industry.
On t he wa OVMEBINAVYORMADENGENEERANG] ation is a maj or bottl eneck which can
limt the specific productivity of mammalian production cell lines. Cells
are able to upregulate the rate of protein synthesis either by increasing
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at the nuc peri phery ucl eol'us an
r-protelnSOQ@ﬁkbha@S@mnbedlbmmPol . Thus ri bosone bi ogenesi s requires
orchestration of transcription by di f f er ent pol ynmer ases operating in

di ffer'gnt conpartnments. In nmammalian cells, these processes are |argely
unknown ( Rated QBHJ ghd Gummt, I. (2001). Ml ecul ar nmechani sns nmedi ating
nmet hyl ati ondependent sil encing of ribosomal gene transcription. MI Cell 8,
719- 725) . Selection of mammalian high-producer cell lines remains a major challenge for the

biopharmaceutical manufacturing industry. On the way from DNA to product translation is
a major bottleneck which can limit the specific productivity of mammalian production cell
15 lines. Cells are able to upregulate the rate of protein synthesis either by increasing the
translational efficiency of existing ribosomes or by increasing the capacity of translation
through the production of new ribosomes (ribosome biogenesis). With about 80% of total
nuclear transcription being dedicated to the synthesis of ribosomal RNA (rRNA), ribosome
biogenesis is one of the major metabolic activities of mammalian cells. Ribosome
20 assembly occurs within the nucleolus and requires coordinated expression of four rRNAs
(458 pre-rRNA, which is subsequently processed into 18S, 5.8S, 28S and 5S rRNA) and
about 80 ribosomal proteins (r-proteins). 45S pre-rRNA 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
25 biogenesis requires orchestration of transcription by different polymerases operating in
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
30 haploid genomes contain about 200 ribosomal RNA genes of which only a fraction is

transcribed at any given time, while the rest remains silent (Santoro,R., LiJ., and



Transcription of 45S pre-rRNA is the key step of ribosone biogenesis.
Mammal i an hapl oi d genones contain about 200 ri bosomal RNA genes of which
only a frwotomm3o®4transcri bed at any given tine, whil eprChiEpe@stsésesai ns
silent (Santoro,R, Li,J., andGumt, 2. (2002). The nucl eol ar renodeling
compl ex NoRC nedi ates heterochromatin formation and silencing of ribosonal
gene transcription. Nat CGenet. 32, 393-396). Active and silent genes are
distinct with respect to chromatin configuration: active genes have a
euchromati c structure, whereas silent genes are heterochromatic. The
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For i nst aggpgositt s thuc SBieM &hag, reducing the nunber of rRNA genes by about
two thirds did not affect total rRNA production. Simlarly, maize inbred
| i nes and aneupl oid chicken cells, containing different nunbers of rRNA

copi es di h . f t i ntlan. AS: r ent s
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ultimately | eading to reduced protein synthesis. In biopharmaceuti cal
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Therefore, there is an
15 containing different numbers of rRNA copies displayed the same levels of rRNA
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.
20 In biopharmaceutical production cells, this creates a limit in the cell’s full production

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 (Pspec) determining process yield (Y) is

25 the IVC, the integral of viable cells over time which produce the desired protein. This
correlation is expressed by the following formula: Y = Py, * 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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urgent need to increase either the production capacity of the host cell or
viable cell densities in the bioreactor by inproving cell growmh - or

i deal |y bwohoparseswet ers at the same time. SUMVARY OF THEPCIHWEHihObGsSHhe
present application solves the above sescri bed problemand shows that the
knockdown of TIP-5, a subunit of NoRC (nucl eolar renodeling conpl ex;
McStay,B. and Gumt,|. (2008). The epigenetics of rRNA genes: from

nol ecul ar to chronosone biol ogy. Annu. Rev Cell Dev. Biol 24, 131-157),
decreases the nunber of silent rRNA genes, upregulates rRNA transcription,
enhances SUMBDYRY QR {IAHS INVENITTONXr eases production of reconbi nant

pr ot ei ns. resent applicatjon soI es .t e cri bed problem and
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production of reconbinant proteins. The data of the present applicati on
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the transl ation machi nery. The present application shows that knockdown of

TI P-5 i nd0t¥&ns.oss of repressive chrorratl n marks at the rDNA repeats,

ennances A AIREHLRL U cRlikahs, JUSL ARl FoB LG G, S0l REATELES, 6!

growth an | VI I's ‘con reversi
acetyl ati die tmedcaptech faytok hBPaupﬁeghIateamRNer asmci\fp’for( Wh[cﬁScaaUSz&hto athahdudl
first) and the deacetyl ase Sl RTJ'@(Slrtqu} Acteyl ation of TIP-5 at a
| ysi na® r e SPRLFENY KEESSTS ANFHIGEEsCA@RGUGHIONI KRR MPiIBNEProfeiag| t s i n enhanced
bi ndi ng to r DNA genes, enhanced heterochromatin formation and r DNA
silencing. Conversely, nutation of this |ysine residue (e.g. to arginine)
resul ts i iThe ethtrc ed th@ljmesa:_at lhyplatatiom denwnetmdtartbatdtheRNANberaos crangtripoonglZhou
et al. (Zgoor% eten tfRI\%léengsl (i)lll’IﬁtS(l‘%OSg_lJfl’e synthesis. Epigenetic engineering of ribosomal
RNA genes offers new possibilities for improving biopharmaceutical manufacturing and
15 provides novel insights into the complex regulatory network which governs the translation

machinery.

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

20 structure and promotes cell growth and proliferation.

TIP-5 activity is controlled by reversible acetylation mediated by the acetyltransferase
MOF (males absent on the first) and the deacetylase SIRT1 (sirtuin-1). Acteylation of
TIP-5 at a lysine residue (K633 in mouse, K649 in human TIP-5) results in enhanced
25 binding to rDNA genes, enhanced heterochromatin formation and rDNA silencing.
Conversely, mutation of this lysine residue (e.g. to arginine) results in reduced rDNA
methylation and enhanced rRNA transcription (Zhou et al. (2009) Nat. Cell Biol., (8) 11;
1010-1017). Mutating this lysine residue or overexpression of a TIP-5 variant bearing said
mutation solves the above described problem as another embodiment of the present
30 invention. Specifically, the combination of mutating this lysine residue of TIP-5 in

combination with introduction of the transcription factor UBF upregulates rRNA



1010-1017). Mutating this lysine residue or overexpression of a TIP-5
variant bearing said nmutation solves the above described problem as anot her
enbodi nenwoabiorizesopr esent i nvention. Specifically, the ecrEpPr@biossFsOf
mutating this lysine residue of TIP-54in conbination with introduction of
the transcription factor UBF upregul ates rRNAtranscription which |eads to
enhanced ri bosone synthesis and increased production of reconbi nant
proteins. To determ ne whether increasing nunbers of active rRNA genes
affect cellular growth and proliferation, we analyzed several shRNA-TIP5
cel |l s by fhanseriptiometicly 1{aBA@S)enhBwep rritwisoigk ysyathdsis andt inerchied sprotlucton efe
show in the present application that an engi neered decrease in the nunber
of silent” H&Eﬁ%@terd)lg%l d be correlated with enhanced production of rRNA
and ribosones and consequently w th higher productivity of mammalian cells.

Unexpectedly, the present application additionally provides data show ng
t hat knocHRodstamaore Whathas ingreaginef mmehers ofeaehis rRNAcgsines dffese scllvdargmowth dralst er

at kno ot TS i NAcihts difeselluadzont dnds e
cont bt DSURSIST &' oReBPRL TSR IRREATPIFS 2UThY pEkBbb&Rentede)’ " s has

previously been identified to function as a Ras-nedi ated epigenetic
silencing effector (RESE) for Fas in a gl obal m RNA screen (WO2009/0

17670) . Ryrarsinglynend fog dasfirss tisisg srseshionyviel the grespntcapplicatioartbdtormenginnsrednd

t unori gengsi el i Sif e o) j .
cancer o, RgeaPdh B8 rabeE SRUBAL I KL R Bl M AL P8 St B TR rign,

ef f ect or s o§1tRNA asd TibBsdmdsesidIcbsschjteraly witdhhightd padwfivitebf mpmehdlfecalld. on. To
verify this, we analyzed both shRNA-TIP5 cells by flow cytonetry (FACS). As
shown '*n FI GURE 4A, B, however, the nunber of shRNA-TIP-5 cells in S-phase
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Consi stent w esults, shRNA Tl P5 showed i ncr eas
i ncor por abf ddP&f i diffevers deexynatipdicaB 1(i8s dehdsi twt Gastea sedndycDNArcenehsion gdnelr

| evel s of .Cycli FI.GURE 4C). Additionally, we conpared cell
prolifer afl}%%s?‘g?e@sp(rBtggj%@H' shRNA- TI P5, shRNA-control and parental N H3T3
and CHO- Kl cells (FIGURE 4D, F). Surprisingly and in contrast to

15 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 epigenetic silencing effector
(RESE) for Fas in a global miRNA screen (W02009/017670). Ras is a well known
oncogene involved in cell transformation and tumorigenesis which is frequently mutated or
overexpressed in human cancers. Therefore, the prior art claims that reduced expression on

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

To verify this, we analyzed both shARNA-TIPS cells by flow cytometry (FACS). As shown
in FIGURE 4A,B, however, the number of shRNA-TIP-5 cells in S-phase is significantly
higher in shRNA-TIP5 cells in comparison to control cells. Consistent with these results,
25 shRNA TIP5 cells showed increased incorporation of 5-bromodeoxyuridine (BrdU) into
nascent DNA and higher levels of Cyclin A (FIGURE 4C).
Additionally, we compared cell proliferation rates between shRNA-TIPS5, shRNA-control
and parental NIH3T3 and CHO-KI1 cells (FIGURE 4D,F). Surprisingly and in contrast to
prior art reports, both NIH/3T3 and CHO-K1 cells, expressing miRNA-TIP5 sequences,
30 proliferate at a faster rate than the control cells. Thus, a decrease in the number of silent

rRNA genes does have an impact on cell metabolism. The present invention surprisingly



prior art reports, both NIH 3T3 and CHO Kl cells, expressing m RNA-TIP5
sequences, proliferate at a faster rate than the control cells. Thus, a
decr ease wo 2twesmoenber of silent rRNA genes does have amcirmpraei/ossssgel |

nmet aboli sm The present invention surprisinglyshows that depletion of TIP-5
and a consequent decrease in rDNA silencing enhances cell proliferation.
The present application denonstrates a significant increase in protein
production in TIP-5- depleted cells conpared to the control cell lines (see
Exanple 6 and followi ng, FIGURE 6). The increase in protein production in
TI P- 5- depklatvedtheeddpdctmongdiBd 4wl ¢4 tmseqrent décrast in IDNAssilescing eghanbencell
2-fold, m)r?. than 4-fold, nore than 5-fold, nore than 6-fold, nore than
10-fol d, BEHU@AI°S. 10-fol d. These data show that TIP-5-depletion increases
het er ol ogous protein production. The present application shows that a
decrease in the nunber of silent rRNA genes enhances ribosone synthesis and
i ncr eases Thagrgsentapplicationfdemoastrastd ssigoifipand duarease et preivéin araduprien wi HP-5- n

this invention rovi de. a.new hod..f or, i ncreasi r tran i-pti on,
1 bosone: Bruganess R PSR! A9 WS Rt B b M R FEGHRE o g
UBF wi th theranatise ih @ratbiniprediliyn enirans alepRededell9 Bo@part @ EOTHRI ddab cell
proteins. Furthernore, we denonstrate that depletion of TIP-5 |eads to

faster celipesciyenase phasgd-&ddi meredhen #ipldowmetr than p-fgldowtorc thanttefolhtmare|than t he
f f i t i ahi it f - 5. l,at i g.
by over expy A bt R 2 BYRM TERY Al M ke P Plag Lo nBRalel iRl SRl <,

by del eti pottihgradetiyh.allicopresnc epilanticn tieowy thhi a dedreaseridolyen@abia offl sHeft

gene. A specific enbodi nent. of the present jnvention is a T|P-5 mutant
whi ch '¢anfoNAp&engs et %‘{eédfﬂPﬁFO@FFﬁT‘Pﬁ%?rSISaa@e}néf??’éﬁs &he ppignte 99%%?6‘6% to

accept or ﬁ}gﬁpg\@&gﬁlgmtdg@prg%%geneous TIP-5 gene, both preferably in

conbination wth the introduction of the transcription factor UBF. This
results in upregulated rRNA transcription, which then | eads to enhanced
ri bosonme synthesis and increased production of reconbinant protein. A
particularly suitable TIP-5 nutant is TIP-5 with a nutation at the |ysine

residue K@3ehii hvARMSE wid FroRide a new method for increasing rRNA transcription, ribosome
15 biogenesis and translation by reducing TIP-5 and/or overexpressing UBF with the benefit

to ultimately enhance secretion of recombinant proteins.
Furthermore, we demonstrate that depletion of TIP-5 leads to faster cell cycle progression

and improved cell growth.

20 Alternatively, the same effect can be achieved through inhibition of TIP-5 acetylation, e.g.
by overexpression of a TIP-5 mutant which cannot be acetylated by SIRT1 or by deleting
the acetylation acceptor site within the endogeneous TIP-5 gene.

A specific embodiment of the present invention is a TIP-5 mutant which cannot be
acetylated by SIRT1 or a deletion of the acetylation acceptor site within the endogeneous

25 TIP-5 gene, both preferably in combination with the introduction of the transcription factor
UBF. This results in upregulated rRNA transcription, which then leads to enhanced
ribosome synthesis and increased production of recombinant protein. A particularly
suitable TIP-5 mutant is TIP-5 with a mutation at the lysine residue K633 in mouse TIP-5
or K649 in human TIP-5.
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or K649 in human TIP-5. Enhanced cell growth has a profound inpact on

mul tiple aspects of the biopharmaceutical production process: - Shorter
gener at i onotzomesosf cel s, which results in shortened tipoe/HErR0I0®56588 Ccel |
| i ne devel opnent. Ceneration 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. - Higher efficiency after
single-cell cloning and faster growth thereafter. - Shorter timnmefranes
during scal e-up, especially in the case of inocculumfor a |arge-scale
bi or eact oEnhanckil gblégrawtbdias b pyifetmt paract en metipde hgpectsiofehadbiephapnibatical
proportional correl ation between |VC and product yield. Conversely, |ow
| VCs caus 899G BiPEfSSs and/ or | onger fermentation times. Preferably the

yield is Lngoesgtnd¥iok0¥mesyrecdd e ivBicbikuly i QR6fmsd (RhEMBEAR YeNind0%
This enables to increase the protein yield in production processes based on

eukar yot i deddringent.| Genpratiet yinres dos prsfarhlely sbettenpthay @ébiks, picfasaldi bevase2des
and at th me time red s.the of t s that nged.tp be duced
Fod poner ni TS B ERUR RS D B IR AR oS prBERRL PuBEe ROl Ce]

studi es op4m@r ket supply of a therapeutic protein. The invention
furthernore speeds up drug devel opnent as often the generation of
suf fi ci ent Haghsuafficiary geesingle-celbelopmg-apdifaftergrowthbereafisrs a critical work

package w t he. ti ine i pvent | : I ease
t he proper??o%gqgfah%%?éﬁgg’Fgaée |§m§§§%§ O?Bfﬁgy%iﬂgggﬁFgﬁﬁg?E%%%Q%%
several sp@etdctor. proteins for either diagnostic purposes, research purposes

(target identjfication, |ead identification, |ead optimzation) qr

manuf dét ur ifhgfl%fprmtiw ypddipricioprentation timedig o e Rrﬁgorﬁ*apﬁépfr@fatﬁoﬁ_b@rwﬁnc al
devel oprepyc THe G8lihct! gfégﬁ Coh3¢ Llf,eld& eyided @%wérh' ldlsmé‘ﬁgio'r OBn?&J pto
increase the protein yieldin pro§ ction processes based on eukaryotfc

cel I s. Thifsmesdticedinidie Rrofrabdy tlypopidkl of insigased by 10%, more preferably by 20%

most preferably by 30%.

15 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
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 generation of sufficient

20 amounts of material for pre-clinical studies is a critical work package with regard to the
timeline.

The invention can be used to increase the property of all cukaryotic 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

25 therapeutic proteins either on the market or in clinical development.

The cell lines / host cells provided by this invention help to increase the protein yield in
production processes based on eukaryotic cells. This reduces the cost of goods of such

30 processes and at the same time it reduces the number of batches that need to be produced



processes and at the sanme tinme it reduces the nunber of batches that need
to be producedto generate the material needed for research studies,

di agnost iwe,2omlismsoeal studi es or market supply of a theraparreio/opsses ei n.
The invention furthernore speeds up drug devel opnent as often the
generation of sufficient anmounts of material for pre-clinical studies is a
critical work package with regard to the tineline. The optim zed host cell
lines with reduced expression of TIP-5 and/or enhanced | evels of UBF can be
used for the generation of one or several specific proteins for either

di agnost i to pencpos 88, matesdarcededpfor pess@sh (tudregediagrbands, tlicadlisonlies| aradarket
identification, .| ead opti m zation) or manufacturing of therapeutic proteins
ei t her onStHk ﬂ%?ﬁ@’fapﬁ‘ﬂm‘imotﬂnf'ni cal devel opment. They are equal ly

appl i cabl ght OineXRI08S furlerhbRAYSERdS 8" BRRA deVclbmAb ane vReN N PERLRLBE dsuch
as surface receptors, GPCRs, netall oproteases or receptor kinases) which

shar e t hessf@insnsevewtiveympiatiphiay sreatioiical sfudigs &l d griticelwekarackaiei with regard

| i pi d-vesi ctl es. he proteins can then be used for research purposes which
aimto’ chdy} élgtlg?‘ell?% the function of cell-surface receptors, e.g. for the
production and subsequent purification, crystallization and/or analysis of
surface proteins. This is of crucial inportance for the devel opnent of new

human dr udhe RetiBzicd ogiscadldlines ity iducades@prssips oarldPa daaamhingad leicksel of
drug targefgy caﬁﬂ%el%&‘?%or thé‘gér}ekegioﬁ%‘f%% %?F‘&Jé?alf Leifid 6o e%éd%r Qifthér'?i%ar AG&l! ul ar
signal | i ng conpl exes assocrFated with cell'-surface receptors or t & anal ysi s
of cel | - celitpos@nTaderrclapurpasstiiacdet iidenniditdhne thad ndgpaifitation, theé optitnetasion) @n of
soluble gromh factors with their carrespondi ng receptars on the sane or
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then be used for research purposes which aim to characterize the function of cell-surface

15 receptors, e.g. for the production and subsequent purification, crystallization and/or

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.

Moreover, this is advantageous for the study of intracellular signalling complexes

associated with cell-surface receptors or the analysis of cell-cell-communication which is

20 mediated in part by the interaction of soluble growth factors with their corresponding

receptors on the same or another cell.

DESCRIPTION OF THE FIGURES
25 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.
(C) Semiquantitative RT-PCR of TIPS mRNA of stable shRNA-TIP5-1/2 NIH/3T3,
30  miRNA-TIP5-1/2 HEK293T and miRNA-TIP5-1/2 CHO-K1 cells. As control, qRT-PCR
of GAPDH mRNA is shown.



m RNA- TI P5-1/2 HEK293T and m RNA-TIP5-1/2 CHO Kl cells. As control, gRT-PCR
of GAPDH nRNA is shown. FIGURE 2 : TIP-5 KNOCKDOWN LEADS TO REDUCED RDNA
VETHYLATIVON 20/1G)soepl et i on of TIP5 decreases CpG net hylparieproiofosesBiNA
pronoters. Upper panels: Diagrans of §A) nouse, (B) human and (C) Chinese
hanster rDNA pronoter regions including the Hpall (H) sites analyzed. Bl ack
circles indicate CpG di nucl eotides. Arrows represent the prinmers used to
anplify Hpall-digested DNA. Lower panels: rDNA CpG nethylation | evels are
measured in (A) NIH 3T3, (B) HEK293T and (C) CHO Kl cells stably expressing
shRNA- and/ or m RNATI P5-1/2 and control sequences. Data represent the
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t he trans&mg@;@m@r@f dharmouset B) humamadd ((S) GhaeesarhagstonitDiN A préveotso dégiens
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di gest ed Rdfeschitha pfiflfsasedto 4MSlifAPANL ig&ftedPAIA. resi stant rDNA nornel i zed
to the total rDNA cal culated by anplification with priners enconpassi ng DNA

sequences LoekpHEISHIANA Gpé é‘!?ﬂb}ﬂ%thljlrlﬁi’ fd%%f? é%PaEJMAd R A9/ T3, (B D RRNA
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cel I |ineseqeacesobael rep&deﬁtaheéﬁﬂdnmpﬁ]/—eésmtarﬁ BDNADNArrhztl&néctoitm taal i s
det ect ed 2@5 in situ BrUTP i ncorporatl on after same expqsure tine. The BrUTP
si gnal’® (1 8PNApemerptcddymrppehicationyith grigest %@C@aln?éwg%@spgu@}sé%laﬁ 08y
det ect ed i, tiNG DM GRS &te@qﬁq}ger areas within the nucleus as seen in the
phase contrast i nages I ght panel). FIGURE 4 : TIP-5 DEPLETI ON LEADS TO
| NCREASED (HE_IIF&}M&DIHN ARD decreases rTDNA 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
15 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
calculated by amplification with primers encompassing DNA sequences lacking Hpall

sites and undigested DNA.

20  FIGURE 3: INCREASED RRNA LEVELS IN TIP-5 KNOCKDOWN CELLS
(A) Depletion of TIPS enhances rRNA synthesis. qRT-PCR-based 45S pre-rRNA levels of
stable NIH/3T3 and HEK293T cell lines are normalized to GAPDH mRNA levels.
(B) rDNA transcription is 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
25 detected in the nucleolus (darker arcas within the nucleus as seen in the phase contrast

images (right panel).

FIGURE 4: TIP-5 DEPLETION LEADS TO INCREASED PROLIFERATION AND
CELL GROWTH
30 (A) FACS analysis of ssRNA TIPS cells



CELL GROMH (A) FACS anal ysis of shRNA TIP5 cells(B) Percentage of cells in
i ndi vidual cell cycle phases. The nunber or percentage of cells in S phase
i ncr easeswonhavse®4t he nunber or percentage of cells inpGI/EPb@sEsEHELr eases
in TIP5 depleted cells. Proliferation9is enhanced. (C) BrdU incorporation
assay. Cells are incubated with 10 MM BrdU for 30 mn, stained with

anti bodies to BrdU, and percentage of cells in S phase is estimted. The
BrdU assay shows increased DNA synthesis in TIP5 cells. (DDF) G owmh curves
of (D) NIH 3T3, (E) HEK293T and (F) CHO Kl cells stably expressing
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KNOCKDOWNTHE b 14t Eolls Rkt bMBoRIRMRkScc@f cytoplasmc RNA/cell in (A)
stable NIH 3T3, (B) HEK293T and (C) CHO Kl cells. Data represent the

aver age ofCx \/BIdempempmnm apey f O¢livete |mcubat|ef.bIW1&Jat(buM BrdRifdyo¥bmen, ptapidd e of

stabl e HEK293T an E Kl | i nes. Nore ribosones present in
71 Pa. koo RABVIHERH P 0 BIUSCRd gorcontept BT USRI BB SRR sy
PRODUCT! O, ¢ iREREIREIN KRGIEENSin 1PS)ccfEAP expression of (A) stable
NIH 3T3, (B) HEK293T and (C) CHO KI cell lines engineered with the

const i t ut i(PeF SEARP wthpewses oh (e MIbY 3 HCAG) SHAR29T DR (EudiH@rak eclix plablysi on

f D bl NI H HEK293T | | d h
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| evel s |n HEK293T and (B) HeLa follow ng expression
10 3T3 and CHO-K1).

FIGURE 5: RIBOSOME ANALYSIS IN TIP-5 KNOCKDOWN CELLS

(A-C) Relative amounts of cytoplasmic RNA/cell in (A) stable NIH/3T3, (B) HEK293T

and (C) CHO-K1 cells. Data represent the average of two experiments performed in
15 triplicate.

(D) Ribosome profile of stable HEK293T and

(E) CHO-K1 cell lines.

More ribosomes are present in TIPS knockdown cells.

20  FIGURE 6: TIP-5 KNOCKDOWN LEADS TO ENHANCED PRODUCTION OF
REPORTER PROTEINS
(A-C) SEAP expression of (A) stable NIH/3T3, (B) HEK293T and (C) CHO-K1 cell lines
engineered with the constitutive SEAP expression vector pPCAG-SEAP.
(D,E) Luciferase expression of (D) stable NIH/3T3 and (E) HEK293T cell lines

25 engineered with the constitutive luciferase expression vector pPCMV-luciferase.

FIGURE 7: OVEREXPRESSION OF UBF ENHANCES RRNA SYNTHESIS

(A,B) qRT-PCR 0of45S rRNA levels in (A) HEK293T and (B) HeLa following expression

of increasing amounts of UBF (pCMV-UBF). rRNA levels are normalized to GAPDH
30  mRNA quantities.



of increasing ambunts of UBF (pCW-UBF). rRNA |evels are normalized to
GAPDH nmRNA quantiti es. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Knock- down of

TI P-5: Wwb 2btveizesom of engi neering cells for increased s¢mEresiomseshs

reconmbi nant proteins, we determ n whetoher a decrease in the nunber of
silent rRNA genes enhances 45S pre-rRNA synthesis and, as consequence, al so
stinul ates ri bosone bi ogenesis and increases the nunber of

transl ati on-conpetent ribosones. Therefore, we use RNA interference to
knock down TI P5 expression and construct stably transgeni c shRNAexpressi ng
NI H 3T3 or m RNA-expressi ng HEK293T and CHO KI using shRNA/ m RNA sequences
specific i f i | P5-1 and TIP5-2). Stable cell
l i nes epr%ﬁ&@bm%@%@iﬁdkﬁﬁﬁé ences are used as control.
There ar et yek-usaRa@ngp8r producing stable cell lines rather than

perform ng transient transfections with plasm ds expressi ng shRNA-TI P5 or
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poor trangjfkdsisoBnEfdd 6oBBGuened, AbdVsBrhdladardribdiontl biogthsisvwand theeQREY aid se
subsequent anal yses of endogenous rRNA, ribosone |evels and cell growth
proper t i egumipey Qfdtanskiion-competentiribosemes Thereforpewi He R¥SWRtr ferense te kpekt ed
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cells (FIGURE. ] A). Asimlar reduction_in TIP5 NA | evel s i s observed in
st abl €% HERpQ difforentaesmeny o) TIPH) (BEP 3rkxiad [TE0£ 4 St%bq%@l l{?es_eé@rqsv@a Sﬁrém\@’dcan

be measur gchiQR! ydDiEGRI sgﬁ@é?]%st Al e RER 4R IOPRE e 1R 1Pt e B fo?gy&&dc
TIP5 mMRNA is simlar to that of stable NIH 3T3 and HEK293T cells. These

resul t s detablestetlatimest dathter e s toabiings henhimlttanbfentétslspwinh plasdidsvexpeosing of
ThPs. Tl Pél?RﬁR%%%\?nmik&aAq%lf’So serqlelgryc(ég%irrs{, tKe osst erlegl;[elss?\r)é epigenetic marks like

CpG methylation is a passive mechanism, requiring multiple cell divisions. Second, even

of

15 though HEK293T cells can be transfected relatively easily, the poor transfection efficiency
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 (FIGURE 1). TIPS expression

20 decreases about 70-80% in NIH/3T3/shRNA-TIP5-1 and -2 cells when compared to
control cells (FIGURE 1A). A similar reduction in TIPS mRNA levels is observed in stable
HEK293T (FIGURE 1B). TIPS mRNA levels in CHO-K1-derived cells can be measured
only by semiquantitative PCR (FIGURE 1C) but the reduction of TIPS mRNA is similar to
that of stable NIH/3T3 and HEK293T cells. These results demonstrate that the established

25 cell lines contain low levels of TIPS5.

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.,
30  Poortinga,G., Sharkey,K., Hung,S., Holloway,T.P., Quin,J., Robb,E., Wong,L.H.,

Thomas,W.G., Stefanovsky,V., Moss,T., Rothblum,L.., Hannan,K.M., McArthur,G.A.,



CpG net hyl ati on of the nouse rDNA pronoter inpairs binding of the basal
transcription factor UBF, and the formation of preinitiation conplexes is
pr event edwOSarii3pde4, Poortinga, G, Sharkey, K., Hung, S., pHuldrowasEss.
Quin,J., Robb,E., Wng,L.H , Thomas, WiG., Stefanovsky,V., Mss,T.,

Rot hbl um L., Hannan, K M, MArthur, G A, Pearson, R B., and Hannan, R D.
(2008). UBF | evels determ ne the nunber of active ribosomal RNA genes in
manmal s. J . Cell Biol 183, 1259-1274). In NIH 3T3 cells about 40%to 50%
of rRNA genes contain CpG nethyl ated sequences and are transcriptionally
si | ent. TRearsegRdhcesd ddachn@pB. Herﬁ%@QSy OBR hevetsDN¥tepninaother numbdnuafaastivem ce

Cont ai o SRORE KNG EreS i eG4t Gl HELdShalebara s e ruta B BB TRoE
CpGs, respgat ﬂovsfd%{ of Fﬂaﬁ&Pge&é\c&)etalrnT @@ﬁétwaﬁeb%&q&h@e‘% éﬁ@%&(%ﬂm@%@mﬁ

r DNA si | enci ng, det er mi ne hyl ati on | evel s by neasuring’t
armount  of lrh@@p@bmanuemeem@lscs)@qdemfefsof C@ndﬁNé promater HpAbmagy, goise eahd and

STt ST IR DS BRR 0 |,

decrease iwhilOREmi®t il @Hih&8 hahbRigththerds an®d B EpGseispittiollyAFTGI/REI AL
rRNA genes in all TIP5 knock-down cell 1ines, underscoring the key ro e of
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i ndicating that TIP5, once bound to the rDNA pronoter, initiates s&readl ng
mecharlf s meugTBitativg real=time PCRAHERE Pimets qnéﬂ@%%ﬁfe[ﬂ%ﬁ sCqpgees (LG t he

'DNA | 0cusy 3 hOGRERPEGINANRMEL Sidhth (H BreinbRORKRNT L8kl Jendel epaine

whet her a decrease In noer t genes affects t e anount's of the
r RNA t r anscall piPS tweoakedsur eelhﬁl&spumierﬂhlﬁmgyhﬁk@sno& by THRTHn PEFEnasng gPNAI mer s
t hat enco ass t?ﬁ lfJ S%Llr RNA processing site (FIGURE 3A) and by in vivo

Br UTP |nc6 FEA F\E RE 3B). In both TIP5-depleted Nl H 3T3 and HEK293T

cells, anNotably, although TIP5 binding and de novo methylation is restricted to the rDNA
15 promoter sequences, CpG methylation amounts in TIP-5 reduced NIH3T3 cells diminished

over the entire rDNA gene (intergenic, promoter and coding regions; FIGURE 2D,E),

indicating that TIP5, once bound to the rDNA promoter, initiates spreading mechanisms

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

20 Increased rRNA levels in Tip-5 knockdown cells:
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 (FIGURE 3A) and by in vivo BrUTP
incorporation (FIGURE 3B). In both TIP5-depleted NIH/3T3 and HEK293T cells, an
25 enhancement of rRNA production compared to the control cell line is detected by both

analyses

TIP-5 depletion leads to increased proliferation and cell growth:
Ras is a well known oncogene involved in cell transformation and tumorigenesis which is
30 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



enhancenment of rRNA production conpared to the control cell line is
detected by both anal yses TIP-5 depletion |leads to increased proliferation
and cel | woawonsodas is a well known oncogene invol ved iPoT@PRA10/056588
transformation and tunorigenesis whict2 is frequently nutated or
overexpressed in human cancers. Geen et al. in WR009/0 17670 describe to
have identified TIP-5 to function as a Ras-nedi at ed epi genetic
silencingeffector (RESE) of Fas in a global m RNA screen. The publication
descri bes that reduced expression of Ras effectors such as TIP-5 results in
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CHO Kl cells (FIGURE 4D-F). Surprisingly and in contrast to the prior art
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in the nu genes oes ave on ce ism
TI P5 depl dCh.on in HEK293T does not significantly affect cell proI i feration,
because these cells have re d reached their maxi rumrate

prol i fier afiBHY, FTReLERHE 5 Flﬂﬁlr?/t% (Rt R ath R i 14F 7 o%%lRé\fA'FPwsolam a
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analysis in TIP-5 knockdown cel In manmalian cell cult e rate of
protein syotthssioshe priamart reports, doth WHI/AWB ted CHARKIFrells, cdprosang mlRNIAaTH’tﬁ to

t he product vyield %et ne whet her depletion of TIP g cons uent
decr ease. FFGA WP GREF o HPHE Felis Bl e SPRFDGr ot Y Rahc drr eomge
number of silent rRNA genes does have an impact on cell metabolism. TIPS depletion in
15 HEK293T does not significantly affect cell proliferation, because these cells have already
reached their maximum rate of proliferation. These data surprisingly show that depletion of

TIPS and a consequent decrease in rDNA silencing enhances cell proliferation.

Ribosome analysis in TIP-5 knockdown cells:

20 In mammalian cell cultures, the rate of protein synthesis is an important parameter, which
is directly related to the product yield. To determine whether depletion of TIPS and a
consequent decrease in rDNA silencing increases the number of translation-competent
ribosomes in the cell, we initially measure the levels of cytoplasmic rRNA. In the
cytoplasm, most of the RNA consists of processed rRNAs assembled into ribosomes. As

25 shown in FIGURE 5A-C, all TIP5-depleted cell lines contain more cytoplasmic RNA per
cell, showing that these cells produce more ribosomes. Also, analysis of the polysome
profile shows that TIP5depleted HEK293 and CHO-K1 cells contain more ribosome
subunits (40S, 60S and 80S) compared to control cells (FIGURE 5D).



ribosonmes in the cell, we initially neasure the |l evels of cytoplasm c rRNA
In the cytoplasm nost of the RNA consists of processed rRNAs assenbl ed
into ri bosomery1zdmashown in Fl GURE 5A-C, all TI P5-depl ered/epedib/obésses
contain nore cytoplasm c RNA per cell13 showi 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 (4GS,
60S and 80S) conpared to control cells (FIGJRE 5D). Ti p-5 knockdown | eads to
enhanced production of reporter proteins: To determ ne whet her depletion of
TI P5 and dgep &asekdownrl®NA ts Ehtancidygodmtianod rdpetter plotegous pr ot ei n

production, we transfect stahle TIP5-deplefed NIl H 3T3 K293T and, CHO Kl
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antibody is transfected with an enpty vector (MOCK c%gtrol)- or smal | RNAs

( shRNA? or STRGATR Ndegsrgh sahansekibRsemsomtesip-25d digseases thgpoterial of %ﬁ@glﬂs 19CP- |
titers ar g, SReOdcBmblenCSblciR00l s With the nost efficient TIP-5 depletion,
wher eas tﬁg prol'E g??]l co?]@gnter ations are markedly |lower in nock transfected
cells or the parental cell line. b) CHO host cells (CHO DX44) are first

ranstoct oo LU AT LS, Rosisnces, CoIRMG, or, AL Lo, edice, UELS
Subsequenbloteih NGMCEE) hnd édh@ScRMEbrhftuRdhatidRly préddcibn:44 wild type cells are

15 (a) A CHO cell line (CHO DG44) secreting monocyte chemoattractant protein 1 (MCP-1)
or a therapeutic antibody is transfected with an empty vector (MOCK control) or small
RNAs (shRNA or RNAi) designed to knock-down TIP-5 expression. The highest MCP-1
titers 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.

20 b) CHO host cells (CHO DG44) are first transfected with short RNAs sequences (sShRNAs
or RNAi) 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

25 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

30  produce more protein per cell and time, they exhibit higher IVCs and show higher

productivitics at the same time. Both properties have a positive influence on the overall



transfected with a vector encodi ng nonocyte chenpattractant protein 1
(MCP-1) or a therapeutic anti body as the gene of interest. The highest
MCP-1 titwoosnmdogaroductivities are seen in the cell poecs/mrilo/ oséses nost
efficient TIP-5 depletion, whereas tha protein concentrations are narkedly
|l ower in nock transfected cells or the parental cell line c¢) Wen the sane
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 nore pronounced: As the cells transfected with reduced expression
of TI P-5 groeessfdsltieThanfhra|H8-pddeod eclivorase pranifeiantlpdighee MCRrhabr tantviegdyt hey
exhi bit hi gher 1 VCs d show hi gher productivities at the sane tine. Both
or oper t i ebaaydters put[ees Fmpr o IERETBRITRR PRASIEM pr ocess yi el d.
Therefore, TIP-5 deleted cells have significantly higher MCP-1 or antibody
harvest titers and lead to nore efficient production processes. Al so SNF2H
del et ed céllyosSNEVE @&j@‘d Pelsakrvieysignifeeatly| lyghdndgGekarvest ttisgrs andhdeddetadmos nor e

ef fici ent pr C Progesses. Knock-out of the TIP-5 gene increases rRNA
transcripfi't Chengﬁ nn%%%“ﬁ?sol iferation nost efficiently: The nost
efficient way to generate an i nproved productl on host cell line with
constantly reduced | evels of TIP-5 expression is to generate a conplete

knock- out Kapcle-gut ofjtie B1Ryé gene mereasqsirB N irpsseptioyandcaharges Realifgrgdon most
honol ogougf[eqlg&bl nation or nmake use of the Zink- Finger Nucl ease (ZFN)
t echnol ogy srupt the Tip-5 gene and prevent its expression. As
honol ogoudhe eantrbffivaint onyits gentraefdn ipeonedi modilrd(f)oﬁeiohtscelmeledeﬁh gonsanfiyN
whi ch int roducel% e& (f)ubl e strand break within the TIP-5 gene which is
theredy fGifeeshlisxels ¢t déRoragpEssions Oarorgte %@qmlelf«‘férhmklﬁeekofota@ Tap->gepes, a
Western Blpgi tH1§%1B?5§eO bR ShiRg u@@hbmoigggufre%%bfﬁgg(}n?%r miRe LiEo FBRLA AN, no
TIP-5 expressio s detected in TIP-5 K out cells wherease the parental
CHO cel | [Finger Nholmsea(ZENemfchmlggjato d:lsnupe@lp(Tmp}ﬁ regn¢ and prevdit fits Sxprestian. s

k- out ,CHO ce and .t

parent al. e BERES s B aEony CORTH e hrherin oVEl S6m FRURsHTes! s
and incr e’ﬁﬁﬁﬂu&ésbé)%ﬁ?le strand break within the TIP-5 gene which is thereby functionally
15 destroyed. To control efficient knock-out of TIP-5, a Western Blot is performed using anti-
TIP-5 antibodies. On the membrane, no TIP-5 expression is detected in TIP-5 knock-out
cells wherease the parental CHO cell line shows a clear signal corresponding to the TIP-5
protein.
Next, rRNA transcription is analysed in TIP-5 knock-out CHO cells and the parental CHO
20 cell line. The assay confirms higher levels of rRNA synthesis and increased ribosome
numbers in TIP-5 knock-out cells compared to either 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 TIP-5 wild-type cells and cell lines in which TIP-5 expression

25 was only reduced by introduction of interfering RNAs (such as ShRNA or RNAI).

Overexpression of UBF enhances rRNA synthesis:

Ribosome production requires coordinated expression and assembly of rRNAs and r-

proteins. UBF binds to active rRNA genes, promotes transcription initiation and regulates
30 the elongation rate. As shown in FIGURE 7, UBF stimulates 45S pre-rRNA synthesis in a

dose-dependent manner in both HEK293 and HeLa cell lines.



nunbers in TIP-5 knock-out cells conpared to either the parental cell and
al so conpared to cells with only reduced TIP-5 expression | evels. Moreover,
cel |l s defwoizeri13bssn TI P-5 proliferate faster and show hipgh@mp2@elosessginmber s
in fedbatch processes conpared to TIRs5 wild-type cells and cell lines in
whi ch TIP-5 expression was only reduced by introduction of interfering RNAs
(such as shRNA or RNAi ). Overexpression of UBF enhances rRNA synt hesis:

Ri bosonme production requires coordi nated expression and assenbly of rRNAs
and rproteins. UBF binds to active rRNA genes, pronotes transcription
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15 UBF. Subsequently these cell lines and in parallel CHO DG 44 wild type cells are
transfected with vectors encoding humanized anti-CD44v6 IgG antibody BIWA 4 as the
gene of interest. Again, 1gG titers are markedly enhanced in UBF overexpressing cultures
compared to controls. Also in fed-batch cultures, heterologous expression of UBF results
in increased IgG production. Together, these data indicate that overexpressioin of UBF is
20  able to enhance the specific production capacity of the cells grown in serial cultures or in

bioreactor batch or fed batch cultures.

Knock-out of TIP-5 and Overexpression of UBF act synergistically to enhance rRNA
synthesis and therapeutic protein production:

25 In the present invention, we provide evidence that both reduced expression of TIP-5 and
overexpression of UBF result in enhanced rRNA synthesis. We also show that TIP-5
depletion results in reduced methylation of rDNA genes. As de-methylation is a pre-
requisite for recruitment of chromatin modifying factors such as histone acetylases and
binding transcription factors such as UBF, we hypothesized whether both approaches

30 might act synergistically on rRNA synthesis whereby TIP-5 depletion-mediated reduction
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parental eedbxprbdd®h of UBF and knock-out of TIP-5. Next in the ranking are cells having either
15 TIP-5 depleted or UBF overexpressed, whereas titers of the protein of interest are lowest in

un-modified parental cell lines.

Synergistic improvement of protein production by combination of epigenetic and secretion
engineering:

20 The approaches described in the present invention, namely depletion of TIP-5 or SNFH2
and overexpression of UBF, all enhance recombinant protein production by enhancing
rRNA synthesis, ribosome biogenesis and thereby protein translation. However, protein
production does not only require an optimized translational machinery but also efficiency
in the post-translational steps of protein transport and secretion. Therefore, we set out to

25 simultaneously engineer both mechanisms, translation and transport, by deletion of the
TIP-5 gene and overexpression of the secretion enhancing gene CERT in a cell.

For this purpose, CHO-DG44 cells with disrupted TIP-5 expression are transfected with a
transgene encoding a mutant variant of the human CERT protein (CERT Ser132->Ala). In
a second transfection step, an expression construct encoding a monoclonal IgG subtype

30 antibody is introduced into these cells and stable cell populations are generated. Next, the



Synergi stic inprovenent of protein production by conbination of epigenetic
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15 limiting way.

Terms used in the course of this present invention have the following meaning.

The term “epigenetic engineering” means influencing epigenetic modifications of the

chromatin without affecting the nucleic acid sequence. Epigenetic modifications include
20 changes in the methylation or acetylation of histones or DNA nucleotides as well as

alkylations. In the present invention, “epigenctic engineering” primarily refers to

engineering in DNA methylation.

“NoRC” (nucleolar remodeling complex) is the key determinant of rDNA silencing and it
25 consists of TIP-5 (TTF-1-interacting protein 5) and the ATPase SNF2h. NoRC binds to the
rDNA promoter of silent genes and represses rDNA transcription through histone-

modifying and DNA-methylating activities.

“TIP-5” or “TIP5” (transcription termination factor 1 (TTF1)—interacting protein 5) is a
30 nucleolar protein of more than 200 kD that serves to recruit histone deacetylase activity to

the rDNA by interacting with DNA-methyl-transferases (DNMTs) and histone



The term "epi genetic engi neering"” neans influencing epigenetic
nodi fi cations of the chromatin wi thout affecting the nucleic acid sequence.
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phosphoprotein with both DNA binding and transactivati on domai ns whi ch
functions as transcription factor. required for expression_ of the éSS, 5. 8S,
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nmet hyl ati on a or acetylation of the DNA encoding ribosomal RNA or the

chr omat i nof thetll8Bs5.8pemidfA88 rbegomal RIE4Asl WBRgs alsp naver asdpBEE o HORPOOr RNA gene
transcription. Mre specifically, in the present invention the termrefers
to the approach to reduce the nethylation of rRNA genes resulting in better

accessi bi Irht Yexpfesdif® <@8B&Snd PMbosdBEISRNAPEERN(rDNA) silencing” means influencing
15 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
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.
20 “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.

rDNA silencing can be measured / monitored by the following assays:
Silencing of rDNA results in reduced transcription of rRNA which can be analysed by
25 quantitative or semi-quantitative PCR (e.g. using oligonucleotide primers against 45S pre-
RNA as described in Materials and Methods).
Methylation of the rDNA gene promoters can be analysed by digestion of the genomic
DNA with methylation-sensitive restriction enzymes and subsequent southern blotting,
resulting in different band patterns for methylated and un-methylated status.
30 Alternatively, methylation-induced rDNA silencing can also be quantified by digestion of

genomic DNA within methylation-sinsitive restriction enzymes and subsequent qPCR
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15 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-

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

DNA of the target gene.

20 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
by Northern blot hybridization, ribonuclease RNA protection, in situ hybridization to
cellular RNA or by PCR. Reduced abundance / loss of the corresponding protein(s)
encoded by a selected gene can be quantitated by various methods, e.g. by ELISA, by
25 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 homogeneous time-resolved fluorescence (HTRF) assays.

The term ,,derivative* as used in the present invention means a polypeptide molecule or a
30 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
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references.

“Host cells” in the meaning of the present invention are eukaryotic cells, preferably
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,
20 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
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
which can be used in the meaning of this invention are also summarized in Table 1.
25 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

invention, particularly for the production of biopharmaceutical proteins.

30 TABLE 1:  Eukaryotic production cell lines
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Host cells are most preferred, when being established, adapted, and completely cultivated

under serum free conditions, and optionally in media which are free of any protein/peptide

of animal origin. Commercially available media such as Ham’s F12 (Sigma, Deisenhofen,

Germany), RPMI-1640 (Sigma), Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma),

Minimal Essential Medium (MEM; Sigma),

Iscove’s Modified Dulbecco’s Medium

(IMDM; Sigma), CD-CHO (Invitrogen, Carlsbad, CA), CHO-S-Invtirogen), serum-free

CHO Medium (Sigma), and protein-free CHO Medium (Sigma) are exemplary appropriate



use of serumfree nediumis preferred, but nedia supplenented wth a
sui t abl e anpbunt of serum can al so be used for the cultivation of host

cells. Fowotzhm/gosswt h and sel ecti on of genetically nodi Pcedre@losssss
expressing the selectable gene a suitable selection agent is added to the
culture nedium The term"protein” is used interchangeably with am no acid
resi due sequences or polypeptide and refers to polyners of am no acids of
any length. These terns also include proteins that are post-translationally
nodi fi ed through reactions that include, but are not limted to,

gl ycosyl aniorent scdetignsafingf tichosgilaonay t supplanenpedisareprpceghiangriety of

Mbdi fi cati ons and changes or ex | e fusions.to ot her. proteins, .am.no
hoi 0 SequENEBO s ETIITEY Bhh e s P aRRIcs And Rbaiher gRuvth Calra S gs T e
struct ur ey@hsRrie! PREREafErotth! fectbPan dMIELKL BrohThabPS sditsS(sRERh O G

functional activity. For exanple certain amno acid sequence substitutions
can be madelofide.zapsoiypapgicdanp phpsphatmdafiops GychacHEPES haivdlcosdésngudlegsuence

and a protein can.be.obtained with |like propert.ies. The term"paol. tide"
means & SAGUSARE W TH MDY 8LFAARC ser 55 SHET BV e PSP reans
sequences tridpe bRl taMM0othet Aecck&rgishpp[ERRnAY @SR Alsol Brviabluded at spisidptiakl e to
generate host cells for the production of biopharnaceuti cal

pol ypept i dergeptratiaiisibat widd bertreeivn énthose skalled ighapityIndbe prgbend inspntipmghe

hi gh-yi el d_.e i -a_ | r of diff ' by
cel'l's” shod e S i i RS R m i Shicl haREs SRRES R THELfTSr
"sel ect edssaguencdiq bousddofod ductulgemtdon dfbtust téles. Famehcnganitingnd esledtivnastd
refer to a pol ynucl eoti de _sequence of any | ength that encodes a product

of i nt df esgewstically gedifigdselly epagssiggthe salecipbleainesragably trarandentiyadiced
product”. (The Sehech&shsequence can be full length or a truncated gene, a
fusion or tagged gene, and can be a cDNA, a genom c DNA, or a DNA fragnent,

preferably, a cDNA. It can be the native sequence, i.e. naturally occurring
forn(s), can be nutated or, ot herwi se nodi.fied.as desired. These
o 11 bat 13RI RIBE TG o BoSher UMM Fio Bt 260c BIGHE SHGETEN e

sel ect ed BoBhemifieland FeRNoZRI s BF atBRG%UCS: of BRG ISRAHIE CltREL REAYERE Sn @R
encode a secreted,

15 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,
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

20  substitutions can be made in a polypeptide or its underlying nucleic acid coding sequence

and a protein can be obtained with like properties.

The term “polypeptide” means a sequence with more than 10 amino acids and the term
“peptide” means sequences up to 10 amino acids length.

25 The present invention is suitable to generate host cells for the production of
biopharmaceutical polypeptides/proteins. The invention is particularly suitable for the
high-yield expression of a large number of different genes of interest by cells showing an

enhanced cell productivity.

30 “Gene of interest” (GOI), “selected sequence”, or “product gene” have the same meaning

herein and refer to a polynucleotide sequence of any length that encodes a product of



cytopl asm c, nuclear, nenbrane bound or cell surface pol ypeptide. The
"protein of interest"” includes proteins, polypeptides, fragnents thereof,
pepti des,wal2b10of3080hi ch can be expressed in the sel ect edprhogtr2@elossssPesi red
proteins can be for exanple antibodi es, enzynes, cytokines, |ynphokines,
adhesi on nol ecul es, receptors and derivatives or fragnments thereof, and any
ot her pol ypeptides that can serve as agoni sts or antagoni sts and/or have
t herapeutic or diagnostic use. Exanples for a desired protein/polyp eptide
are also given below. In the case of nore conpl ex nol ecul es such as
nDnocIonahnanﬁkbédkesnbﬁenﬁ£M”emmodeﬁmmaebpﬂkhenh”mﬁht&pKMMUfaﬁhdtﬂmﬂcd

so be.an antjsen "Proteins

chains. The " roduc nt rest
Cro e or csgauchieStichs Rl Ml 6k aneeT i o BT G saean ey, o ot P& v

desired pcphey, rhsémw@@mdelsaqmm@ég%aﬁ ﬁrfef JﬂlﬁfﬁébN@I qt Lo bEXRMRhRc but
not limted to inRsulin, insulin-I rowth factor, hGH tPA cytokines,

such as | AEGRICEDY menestu(almoccsrrglg fotzm( ch@n b Lm@ateﬂl_or@thmm@ mpogifged asL- 7,

|43, b Byl PR phaond it o B s o vl e

t u mor  neckgsétsd BEtQEll (lﬁiﬂlfz)mzméﬁr@ra@g r¥: Tak @Bl@ctem Jequi¥icdetndencdiFa geuivrad,
TRAI L; G CSF, GwWCSF, M CSF, MCP-I VEG-. Al so |ncluded is the

product i ofyieplasmigs Rudesi @f:mhrae@ bamd Ot el sutagerohercgtidin h factors. The

pr oduct on o o Be ek OHERLE b B AMAIIAURLY AR Blor,
Fab fragnmemich ¢dor b@mesmdtlnghasblbadd ﬂgst‘cd:ﬂib)esnE@.tpr(ﬁtémg rmntt& mﬂs;ampleof

the variable regions of both chains which are held toget y the adjacent
const dht PRIGIOGES: THESESHaFYEKIRSr niyEPhokigeht adlission; gueles ﬁ% éecgptow td

papai n, fHom.£QBY glnffrh@ﬂ@ﬂts anLgrosh L0 (pd‘l&r ﬁdl?ﬂegﬁﬂes':@@t EdnaQRRM S, c@ﬂ)’sm@éﬁo be

produced in the nean genetlc ngi neer urther antibo fragnments
i ncl ude F@abnyﬁuimagwﬁuthavmmh@hpﬂaycba'¢mgpased1by pxetrgdbyfocaclesavidng
in of inte is preferably recovered fromthe

wi th pepsin t
cul ture nﬁﬂﬁﬂﬂ&ﬁbgﬁpt d?%?@ﬂgﬁﬁpbﬁgﬁ%ide, or it can be recovered from host
cel I lysajeshd fas€¥PHRTS @ImplckNadeciBes QhelsHh¥noclonal antibodies the GOI encodes

15 one or both of the two antibody chains.
The “product of interest” may also be an antisense RNA.

“Proteins of interest” or “desired proteins” are those mentioned above. Especially, desired
20  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), e.g. IL-1, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16,
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,
25 GM-CSF, M-CSF, MCP-1 and VEGF. Also included is the production of erythropoietin or
any other hormone growth factors. The method according to the invention can also be
advantageously used for production of antibodies or fragments thereof. Such fragments
include e.g. Fab fragments (Fragment antigen-binding = Fab). Fab fragments consist of the
variable regions of both chains which are held together by the adjacent constant region.
30  These may be formed by protease digestion, e.g. with papain, from conventional

antibodies, but similar Fab fragments may also be produced in the mean time by genetic



signal. It is necessary to purify the protein of interest from other
reconbi nant proteins and host cell proteins in a way that substantially
honmogenowsopneposii ons of the protein of interest are ebrarp@dioséssa first
step, cells and/or particulate cell dabris are renoved fromthe culture
medi um or |ysate. The product of interest thereafter is purified from
contam nant sol ubl e proteins, polypeptides and nucleic acids, for exanple,
by fractionation on i munoaffinity or ion-exchange colums, ethanol
precipitation, reverse phase HPLC, Sephadex chromat ography, chronatography
on sil i cacogingming. dairthen aekbédndemgmesisn imhote &FgabDEAK.agienigenereh , magtheods
teaching a skilled persan lhow to.purify a protein heterol ogous expressed by
host cel | 8repgicd t\)(é%r‘?te 1?(89\/8 CRAHDE R SMyUsi ng genetic engi neering nethods it
is possible to produce shortened anti body fragnments which consist only of
the variable regions of the heavy (VH) and of the light chain (VL). These
are ref er Téd pretemsofFintéresigwemesrbiy agpowecd Vizemabt euttufer mgdient 2ok sehested

vari able part)...Since these Fv-fragnents | k the.coval ent .bondi n f the
Vo ohar nBofblaR! BOE bl BE Tecteh I Ao sl el S SR SRS O Sty dbnyt
of ten st abighhls&ds nédesdady aslyaify aBepioseih Of Intétkstttien vavet alebmbiet prdseif arldne

heavy and of the light chain by a short peptide fragnment, e@g. of 10 to 30
ani no aci #8st gsHamratesls iy apsayaihiahoubsédngis!ly hemogesoysaprenarstiong ef theprotga aft r and
is obtain LS} of, . V I [ Ny

ant i body %ﬁ%%gﬁé §P{ap}%dsAﬁ¥?H§'{]sgeﬁz hgl\%%qé“g&;&%a??{%%?%%gﬂéiigﬁlil%‘%%@ﬁﬁ]fmm
Exanpl es dfe sckweantctihodyr pyoitel he fodindtsofkinnereatr ehavehfte Kivopenrifiedfrdine

art. In recent years, variqus strategi es have been devel oped for preparing
SCFv 48 aCPRirMiTegYs ut&%m%%@efymﬁcges i28d phcleingeids 9T pxameplei by fracrionatianar |

tor ecO”bioH%hlﬁlﬂléfﬁ*ﬁﬁQio?Siﬁﬂ%ic&hahgpE&ﬁﬁﬂs,%ﬂd@@f@&iﬂ?@tibﬁ, @Q&g%%ﬁﬁieﬁf‘ﬂ@,m i on

properties as we as"with increased binding a I'ty. In or to achieve
mul ti meri Sephadpx olirotraegsafhy, clyatRutographpoe piicedr as afcasdmnexchpageaicsis sught 4%

mul timeri i domains. . The nultinerisation domains . be,. e.g. the CH3
regi on of L GEnaBh Fishodei {o 8 dorIRG RO Ve PRI By g JEfoipesus
Leuci n- zi pRaEssd@BRINDS collQWRVREN KASRK f BE Grtal so strategies in which the
interaction between the VH VL regions of the scFv are used for the

mul timerisation (e.g. dia-, tri- and pentabodies). By diabody the skilled

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).
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
20  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, e.g. of 10
to 30 amino acids, preferably 15 amino acids. In this way a single peptide strand is
obtained consisting of VH and VL, linked by a peptide linker. An antibody protein of this
kind is known as a single-chain-Fv (scFv). Examples of scFv-antibody proteins of this kind

25 are well known from the art.

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

multimerisation domains. The multimerisation domains may be, ¢.g. the CH3 region of an



person nmeans a bival ent honodi neric scFv derivative. The shortening of the
Li nker in an scFv nolecule to 5- 10 amno acids leads to the formation of
honodi merwoi2niwizogoh an i nter-chain VH VL-superi nposi t i orCraPes 0p5aEse.

Di abodi es may additionally be stabilized by the incorporation of disulphide
bri dges. Exanpl es of diabody-antibody proteins are well known fromthe art.
By m ni body the skilled person neans a bival ent, honodi neric scFv
derivative. It consists of a fusion protein which contains the CH3 region
of an imunogl obulin, preferably 1gG nost preferably Igd as the

di meri sat g orre@iilaa’\ coftisohctuge @ehrnetuedrdsp stdheass E&cinkippa ddmges.ridgiveorer,( e. g.

also from,.| nd a Li.nker re ion. es of mnij anti bad rot ei ns
e wel | KGR B WRST (R s epre uiim Peq TS s anaie
trival ent m&rfbﬁﬁ{d ﬁuﬁﬁfe\hs@k%ﬂ wat i Mg, u§CE dﬁ&&atb\saie'syqz;y Wags 8/ ﬂle\éﬁiﬂ@d are

fused directly without a Iinker sequence to the Tormation of triners.
By "scaf f @tltsmp ety wbivalens kompdichepie ssbn dm‘eﬂms'e ahye shertening edlthabimdémingn a

proteln th coup enet I. n b frans ational ocesses
P Th ot ndv hPiERiNocs RYpdfdd Bl Be Rt gt ARa R i fh o

skil'l ed peft&othan VH/VL%Qp&@me@dﬁdﬂ Aked\plake. imaﬁcﬁilésa@laﬁhmlﬁaﬁalgow ﬁ@blMHdCh
have a bi-, trior tetravalent structure and are derived fromscFv. The

nul ti meri bmtheolﬁcqrﬁoea@m pEdiselphidgypridges. Exampples of digeadyaansibpay pisit¢iagare ayall
structureﬁ ggﬁﬁhg i on any sequences or genes introduced into a host

cell are cal erologous sequences"” or "heterol ogous genes" or
"transge nB?y"mm‘tioldy ntkesgelidd pasdnndchinsitbicatit, h@vedimctic sty dartvaadeidecbssguence
or gene |sgéghnt|cal to an endogenous sequence or gene in the host cell. A

" het er'dl o§ Sl%%%fﬂwhéchtméaués%@ St rresnn iensiaynyogiabylinertefesttly b
sequence. The bf‘e{fﬁ‘ra‘%lge%@i@és”ﬁf%t nieﬁsaﬁ)%dregfsﬁhaﬂgﬁqp'aénmc&éa [Nl &FN via a

"het er ol ogous out the specificatifon of this present Invention,
especi al | ylikge iteg'emc(@rgt ekso fiirh Aig@it oarel o Lénkpr epsino kixafiples ofamhfoed;mbiﬂvmh’t
protein |s tmﬁgg%ekgnﬂm%gQ§ J&8n1a het er ol ogous sequence.
By triabody the skilled person means a: trivalent homotrimeric scFv derivative. ScFv
15 derivatives wherein VH-VL are fused directly without a linker sequence lead to the

formation of trimers.

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
20  a protein that has another function.

The skilled person will also be familiar with so-called miniantibodies which have a bi-, tri-

or tetravalent structure and are derived from scFv. The multimerisation is carried out by di-

, tri- or tetrameric coiled coil structures.

25 By definition any sequences or genes introduced into a host cell are called “heterologous
sequences” or “heterologous genes” or “transgenes” with respect to the host cell, even if
the introduced sequence or gene is identical to an endogenous sequence or gene in the host
cell.

A “heterologous” protein is thus a protein expressed from a heterologous sequence.



Het er ol ogous gene sequences can be introduced into a target cell by using
an "expression vector", preferably an eukaryotic, and even nore preferably
a manmel w0 2expr3ewsi on vector. Methods used to construckcrarbanssase wel |
known to a person skilled in the art 2nd described in various publications.
In particular techniques for constructing suitable vectors, including a
description of the functional conponents such as pronoters, enhancers,

term nation and pol yadenyl ati on signals, selection markers, origins of
replication, and splicing signals, are reviewed in considerable details in
( Sanbr ook Tét tai, “rd@@®inandisus¢keehaesablytveith theeerei thetdvelogouss thmyghaut thede

but are not Hintted to plasm d vectors, Pﬂaqen%ds, cosmds, . .

artici fi cPRACHIREHPY Of RPLoRRS Iy entyn. aeieptally in fhq gontg W ih Srotgig xgeession.
bacul ovi r gsiys, hetdQHivitkdt” RERNON A HSteirddPRASASERE h 3R Bhd S cqt@ERes si npl ex
virus, retroviruses, bacteriophages. The eukaryotic expression vectors wl|
typically contain al so prokaryotic sequences that facilitate the

propagat i oflthe vector in bacﬁ;ri@.iucg.%s an.Q i%fg of. replication and
anti bi ot i & TEYPEYRriEC JEMELFSA S8 BERTUSH! IO Bartest F4. AUy fRt yFRirssion
eukar yot i @it §S&1ablyV &€ le@k&ryot indi SWeRgmdrC bRsiirlillySd fanhMé Wbk fibstdn

pol ynucl eoti de can be operatively |inked, are well Enomn inthe art and
sone are o Mthodsysed i soapirect egRTscBapEH kaewade |3 pessosskiled g e arf and
Jolla, CA ' , e - ' . or. ' i.ences
cnontech,dﬁ%ﬁ§&£F?%?£E%§aﬂk%§&%ré #P@Hgﬂﬁgﬁﬁﬁggﬁkgﬁﬁgmﬁﬁﬁ»ggﬁ%%ﬁwﬁic ‘or
conpri sesimludigast desseprioic lofi the afiincticad wenpenwhs clach sasaproagidrat onhansa@guence
necessary for transcription and translation of nucl eotide sequences that
encode® f ofSTRIERR | T/ %V%ﬁﬁéﬁkafl%lstﬁnéfseisﬁle‘é}foq AaEHCES { OTIZNe Of dPRHCeEXpr 8¥lsi on”
as used NElRil; LEHEKS ofOrddANICH BARrANE/ il TANSaAbIRK of JR NoIT glgogous
nucl ei ¢ ac sequence within a host cell. The level of expression of a
desired prddumuicts prted dienciof Vientogs esty innludetos areedt limmatgd be pstred mentedts,on

the basis of ei.ther the anmouynt of. correspondi MNA. that. is present in the
cel 1, or  PheecEinRe B Aol PUE - By BRpPFaLT Eph bt 7 UF L L Era St hebicoded
by the sebggi&drseaadeiRusaS addholes, PRESBMsSOHIB €PirustOherBA Rl e TR,
transcribed froma sel ected sequence can be quantitated by Northern bl ot
hybr i di zatrétmyirusé¢spbanieriarhggesRilae pulgresic axprespion gicetarshyibl tiypicaldy roramnalso

cel L ul ar 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
cukaryotic expression vectors, containing a cloning site into which a polynucleotide can be
operatively linked, are well known in the art and some are commercially available from
20 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
sequence which is a regulatory sequence necessary for transcription and translation of

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

The term “expression” as used herein refers to transcription and/or translation of a
heterologous nucleic acid sequence within a host cell. The level of expression of a desired
product/ protein of interest in a host cell may be determined on the basis of either the
30  amount of corresponding mRNA that is present in the cell, or the amount of the desired

polypeptide/ protein of interest encoded by the selected sequence as in the present



RNA or by PCR Proteins encoded by a sel ected sequence can be quantitated
by various nethods, e.g. by ELISA by Wstern blotting, by

radi oi mmaoassaneso4by i mrunopreci pitation, by assayi ng Por/EPb@obsasogi cal
activity of the protein, by i munostaning of the protein followed by FACS
anal ysis or by honpbgeneous tineresol ved fluorescence (HTRF) assays.
"Transfection"” of eukaryotic host cells with a pol ynucl eotide or expression
vector, resulting in genetically nodified cells or transgenic cells, can be
performed by any nmethod well known in the art. Transfection nethods include
but are neosarmplps.tFed eXampli:,anNmemdblab@ﬂfrd)mamsfeeteﬂisequ,enc@wni henquehoisEddtye

CO- preci pi Iro oration, pol t|on such as

AR doxt Pad e Rtip i b aRRG drembls R SR EPReiST GLrBRhvtyidization i eeiilens
and m cr ol £6k 'b9'PCIf’rP“rB£%'IrﬁtEn)é@d E@@l@@t&@%&d&éﬁcé SarPbS§@ki®attd BPShS&Es on.
The transfection nethod that provides optinmal transfection frequency and

expr essi omahotle ek@t bYchIﬁ)ﬁs byeMesstern thettpagt byulaahohostunedssaysnéyand
type is far}/louredlr i1 al ? et hoI(ljs gan t be bdelt ernll naeg1 tg% I‘Pu[él ne rntl)c%dures
For stabl & PP%%%F%B% r?ts he RORLE ¢ Bt % ROBER YT g a8 PIS™ e host
celI"s genamnédtainimgastt itel floddin qbn@was@mmcsmﬁryrs@n@fseyﬁlo@fﬁogbmka@ne-

epi sonel |y so as to be stably maintained within the host cell. The

i nvent i onquélVﬁﬂélgoteéce@C%ﬁﬁ%é) #6%YSi ncreasi ng protein, preferably

reconbi nant protein expression in a cell conprising a . Providing a cell,
b. Increasing the amount of ribosomal RNA in said cell, and ¢ . Cultivating
sai d cel | “Diradefcctoonidof icokaryudic diosalctibw witlotaepolyex@e@saisi on.expressiors peciofl| C
enbodi ment step .b) conprises, upre ulating ri bo omal . RNA transcription |n
sai d Hbst r%ftmg,a? gesitigpllymggi 1691@?@%%%}5%%%&? %a%‘"ﬂ’n‘be Rt fresd %as Anpmyethpd

transcri pjan a6t af tl?e”%bﬁl‘rarn@fé%dxﬂ%e&ﬂo@?%ﬁ@lﬁ&e B BERG ﬁ&%)to SlpogsifiéNg i N

said cell (epigenetic engineering of east one ribosomal RNA gene
(rDNA)) . Th@dlamdemlianifnctmemafmml IbI;ospEltatc&)spmolpaanm wmttrfoporatlnormdscatg)n

protein, suc a'BEyAEr Sex?ranj H}at&{ t%n?sl CtleOIP rp?ostsolpf)ast %usmn Vlrak 1ncfocr:TPons anrgig
microinjection. Preferably, the transfection is a stable transfection. The transfection
15 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
located episomally so as to be stably maintained within the host cell.

20

The invention relates to a method for increasing protein, preferably recombinant protein
expression in a cell comprising
a. Providing a cell,
25 b. Increasing the amount of ribosomal RNA in said cell, and
c. Cultivating said cell under conditions which allow protein expression.
In a specific embodiment step b) comprises upregulating ribosomal RNA transcription in
said host cell preferably by introducing (increasing expression of) a transcription factor and
by reducing ribosomal RNA gene (rDNA) silencing in said cell (epigenetic engineering of
30 at least one ribosomal RNA gene (rDNA)).



a . Providing a cell, b. Increasing the anount of ribosomal RNA in said
cell by reducing ribosomal RNA gene (rDNA) silencing in said cell, and c .
| ncr easi gotzhw/mwoswasomal RNA transcription in said cell poy/EPR@0ARESEN]
expressi on (overexpression) of a tramscription factor, d. Cultivating said
cell under conditions which allow protein expression. In a specific

enbodi nent step b) conprises epigenetic engineering of at | east one

ri bosomal RNA gene (rDNA). The invention preferably relates to a nmethod for
i ncreasing protein, preferably reconbi nant protein expression in a cell
conpri si ngha invPnt@n dpegfieallyelrtiatel. toRedunithed riobomorrabingRNgrogeme pf BBy
silencing in said cell, and ¢ .. Increasing the ribosomal RNA transcription
in said céﬁfclomfwl RO SXPTERINNER 86N CPENBX pr essi on) of a transcription
factor, d. Cultivatippgigasdcegl | under conditions which allow protein
expression. In a specific enbodi nent of the present invention reconbi nant
protein expressi dn lecr¢asmgashs emoint of gibdswed IRNSnpagiddell by sedpeing nikios¢malo

reduceg r DNA si |l enci Preefﬁﬁ%gl é sai dini nerease is 20%to 100% nore
preferably 20%to 3 /og?ﬁ)s({ p f ?%CE)I}%/ Ror e h%ﬁi 20% In a preferred

enbodi ment step . CIRsIingethel BsRARI MRINAh@afidchpsiontah sBNACEIT BRSEEicakingn N
said cell by introducing a transcription factor. For the purpose of the
i nvention the order CHICSHBYOVEPXRIAHIQT) of afrapecriptioRifagtds, I n a specific

enbodi ment of the;p - i t I nock down
or knock-out of ad'cct){r?r%[?r%{el%% Qa\égg%lkgﬁhnegﬁ%gﬁ%lfs@gﬁlg%%wg%&ggg%%%% NoRC) and
step c) compr spesfio\carbedpias sitgn byf coanpirisasn spidepttioRngi@actrarg. oSpecledidt cade y
step b) conprises _reduci t he expression of a conponent of the nucleol ar
renodel | i FFQO RNA g NA)n a preferred enbodi nrent of the present

i nventionthp ﬁlvteflﬁ&?ﬁﬂ’ei&)%ﬂl? R4S 1S mbfhoH RS & Wing protein, preferably recombinant
protein expression in a cell comprising
a. Providing a cell,
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell, and
15 c. Increasing the ribosomal RNA transcription in said cell by increased
expression (overexpression) of a transcription factor,
d. 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 preferred embodiment step ¢) comprises increasing the ribosomal RNA transcription
in said cell by introducing a transcription factor.

For the purpose of the invention the order of steps b) and ¢) can be reversed.

25 In a 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) and step
c) comprises overexpression of a transcription factor. Specifically step b) comprises
reducing the expression of a component of the nucleolar remodelling complex (NoRC). In
a preferred embodiment of the present invention the transcription factor is upstream
30 binding factor (UBF). 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



bi nding factor (UBF). In another preferred enbodi nent of the present

i nvention the NoRC conponent is TIP-5 or SNF 2H, preferably TIP-5. In a
very prefwonet/sodadi nent of thepresent invention Tl P-5pcs/Ereaokssssout. | n
a specific enbodi mrent of the nmethod o® the present invention TIP-5is
knocked down or knocked out, whereby the TIP-5 silencing vector conprises:
a . shRNA according to SEQID NO 1, SEQID NG 2, SEQID NO 8 or SEQ ID NO 9
or b. m RNA according to SEQID NO 3, SEQID NO 4, SEQID NO 10 or SEQ ID
NO1 1. In a further enbodi mnent of the present invention the acetyl ation of
TIP-5 i s presergntechtioy HPther kbeked oon lora smtﬁ'tci enﬂoomiﬁmaﬂtR;thhermdjbrod of the

over expressi on of a. va ich c t be a et ecific
oo e Pt RECTpiBSERES o butites fouir sk Al e TES Skiitat ed

by SIRTl yedof dntfiRks.embodi ment of the pr esent invention is a deletion of
the acetyl ation acceptor site within the (endogeneous) TIP-5 gene.
Pr ef er abl g, sERINY ascardimg to SEQEIRNQuh Hir@ [12 HfD2nBQUDMNNO 18 SEQ HadNiePioon of a

e e NI NG

i ncreased productlon of reconbi nant protein. A particularly suitable TIP-5
mutant is TIP-5 with a nutation at the |ysine residue K633 in nouse TIP-5

or K649 i f hdwaher prhogdimqrt péflesrescat dyicni ﬁleﬂcﬁ-yti&tiaemtT'lBﬁ isPrevseRddy at
lysine re e -]iP

preferr edgl %E&ig;&@%t& %}uﬁr%%ﬁ)% Ofﬁlelg esg Pl{i%éﬂgeﬁ‘%ﬂr&s@ ;Bq gcgip rlla-cglg“@fw -ﬁ%t i's

pr event edbbycexlpteds $h ng@mﬁ@&&bdﬁrdmﬁﬁt ofothe ﬁfd@el‘& mVenaioi{,&cﬁQ "Im!l-ﬁaﬁtltamf cahhé* 5. A
preferred, enbodi nent s the ﬁlonbl nati on of pressi ng/ overexpressi g% sai d

Lysi n frut Bhecekeaisd by SBAY. & further ﬁsn%qsiamﬁ%)ré Teecdt Hyentian g aListstign o
factor, prefanahl a(ccyﬁ%r s&@wﬁﬁﬁtth@r(e@g‘g%g[{@nﬁg Lhe MERRPN, shfavrﬁﬂttahto&

SNF2H i s knocked out. In a nost pre nt of the present
i nvention daibﬁGISanesombmlde’dﬂdlrhwmtmdusﬂlcﬁpoﬁy)trarsdrlpleﬁ fastog\peeferaplyeldBEd This st ep

0o A", 2 UL SHEL ek oL L Brcsent LOvEnL o0t e acelubarionel
-II_-Iy SPI- ﬁ \r/ni: g%{iﬁel%khétﬁmn%ﬁmtprg&c@i@ﬁto\f'r@éo%@oma% ptAE@bl A phiticaMelyaxpiRs Spg t he
15 mutant is TIP-5 with a mutation at the lysine residue K633 in mouse TIP-5 or K649 in
human TIP-5. Likewise, a suitable TIP-5 deletion is located at lysine residue K633 in
mouse TIP-5 or K649 in human TIP-5.
Thus, in a preferred embodiment of the present invention the acetylation of TIP-5 is
prevented by expressing a K633 mutant of TIP-5 or a K649 mutant of TIP-5. A preferred
20 embodiment is the combination of expressing/ overexpressing said Lysin mutant K633 or
K649 of TIP-5 and overexpressing a transcription factor, preferably UBF. In another
embodiment of the present invention SNF2H is knocked out. In a most preferred
embodiment of the present invention TIP-5 is knocked-down in step b) and UBF is
overexpressed in step ¢). In a further embodiment of the present invention the acetylation
25 of TIP-5 is prevented by either deletion or mutation or by overexpression of a TIP-5
variant which cannot be acetylated, preferably by overexpressing the Lysin mutant K633
or K649 of TIP-5 in step b) and UBF is overexpressed in step c).
The invention further relates to a method for producing a protein of interest comprising
a. Providing a cell,

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



or K649 of TIP-5in step b) and UBF is overexpressed in step c). The
invention further relates to a nethod for producing a protein of interest
conpri si myoao1o/Bosaei ding a cell, b. Increasing the amurcT@EP20i0eEesal RNA
in saidcell,c . Cultivating said celdo under conditions which allow
expression of said protein of interest. In a specific enbodi nent of the
present invention the nethod additionally conprises d. Purifying said
protein of interest. In a specific enbodinment the cell of step a) is a
enpty host cell. In another enbodi nent said cell of step a) is a

reconbi nant cel |l cofpiltisitnge saiderd wrdcodondjitions vehiph atlewnexgfressoreoéssid I n a
further specific enbodi.nent, step b) conprises increasing the anount of

ri bosomal RNA (upreBUFﬁPPEG“W?ﬁosonal RNA transcription) in said cell by i)

reduci ng i HOSQRIR iR FildNNend ivERMSINEe hidtiRAl MdRRhhIK &RhgRRET i C
engi neering of at |east one r ) and by ii) increasing the ribosomal RNA

transcription in &aiPdrifyend sad/piotain ewiarestexpr essi on of (i ntroduci ng/

overexpressing) .a transcription,factor. .The inventia ecifical .rel ates
0o mt i ey SaBRTAGhEts B ot e if f Splrly SRS IFREOLEC ARG
cell, b. Radueling stepas el reldWbiganee(lr prissid eneho@ntdtisaife £@kdtein of

(epi genetic engi neering of at |east one rDNA%, and ¢ . Increasing the

ri bosomal st r Bina dwiithsr i sppcifip cggodingqaty stpiy b) sePpESISHgCIcRAEnS kit awepgnofof
(over expr essi r Nel g 1t vating.saj I r
condition§$§%1c Igﬂ%oa egg%gé%?@ﬂ&%ﬁhggﬁéqﬁygﬁg%%%@fh}nlg?%@Pgsbf%ﬂgg&
speci fic eibbatal®NA gbn¢ M®ONKesknting v editl icol (¢figenedt boginad thigtd fan &daktyone
conprises e . Purifying said p interest. The order of steps.b) and

ein of
c) may’bePRer@dly lllhméres“ﬁ‘@éit;‘g %lﬁl%ﬁrﬁ]’é’%éi%t“%@ﬁ’tm 18 oS F@eEY increasing

expression of (introducing/ overexpressing) a transcription factor.
The invention specifically relates to a method for producing a protein of interest
comprising
a. Providing a cell,
15 b. Reducing ribosomal RNA gene (rDNA) silencing in said cell (epigenetic
engineering of at least one rDNA), and
c. Increasing the ribosomal RNA transcription in said cell by increasing the
expression of (overexpressing) a transcription factor,
d. Cultivating said cell under conditions which allow expression of said
20 protein of interest.
In a specific embodiment of the present invention the method additionally comprises
¢. Purifying said protein of interest.
The order of steps b) and ¢) may be reversed. In a specific embodiment step b) comprises
the knock-down or knock-out of a component of the nucleolar remodelling complex
25 (NoRC) and step c) comprises overexpression of a transcription factor. In another
embodiment step b) comprises reducing the expression of a component of the nucleolar
remodelling complex (NoRC). In a preferred embodiment the transcription factor in step
¢) is upstream binding factor (UBF). In a very preferred embodiment of the invention the
NoRC component is TIP-5 or SNF 2H, most preferably TIP-5. In the most preferred

30  embodiment of the invention TIP-5 is knocked-down and UBF is overexpressed.



t he knock-down or knock-out of a conponent of the nucleol ar renodelling
conpl ex (NoRC) and step c) conprises overexpression of a transcription
factor. Iwoanmiiieso4enbodi ment step b) conprises reduci ngcrP2@npsesssi on of
a conponent of the nucleol ar renodel |3ing conplex (NoRC). In a preferred
enbodi ment the transcription factor in step c) is upstream binding factor
(UBF). In a very preferred enbodi nent of the invention the NoRC conponent
is TIP-5 or SNF 2H, nost preferably TIP-5. In the nost preferred enbodi nent
of the invention TIP-5 is knocked-down and UBF is overexpressed.ln a

speci fi ¢ é&mbodeaBnembbdinieat ab theeabort hodhddofor pradivoigng petgn AtlBinis KnPel&edi s

knocked d mn or TIP-5 silencing vector conprises:
O SRR OT BTG BB iehy NG TP ST BENEST D NG § or SRG | D NG ©
or b. m RhlAstNa‘éb&amtgqo §E@ HPNW SEQ 8FR 0P, Sh4p 1&5@ dr@E‘@Di@) 9lor SEQ I D

NO1 1. In a further enbodi ment of the present nethod f produci ng a

protein ob. nanTlAe@EOItdh@ ‘f&(féi@llatl‘i@rﬁ SEQTIIPNG:4,SHE 8 &¥{d: é@l ObﬁEﬁl DN¥E:11.

del etion tion rexpre a_Tl,P-.5 varl |ch nnot
e ety I aqtikdie BResinity SY BLEPRIED ShaPed orburbiliiis “ohibRR okbsftsf A0S,
of TIP-5 getglheh bﬁ TENY idfBleverdec ¥R LRKE RESBE or Mih@fh 61) by J‘ktﬁeipﬂéfs@i@hldfra
furthernore relates to a met hod ofzgﬁgeratln a host ceII Ereferabl f or

product i oA 1P Yasieeintshish seniot pstasetylairso wectpiab eb}hOtf‘éwerngg @ Lysiprraytaefi ng a
cell, b. fnpegen 6290%?&%?&{@ O@'{ﬁﬁ%%@%m aée n?%ljg ell. The invention

specifically re tes genera preferably for
producti on of reconbi nant / heterologous protein conpr|5|ng a . Providing a
cell, b. lncreasing the anDunt of ribos RNA in said t.ai ni ng
a host! celne iFyRatipR fRrRGrBIRTS [l3tR% f0 raem%rggi of GeRCTHREh Bt C@lé r{g?%fwoagf

single ceplodilfifor REGHEHAR) YlkloRiQGHALh Bnflishgeond! nant / heter ol ogous

protein conprising a . Providing a
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. Selecting 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.



b. Increasing the amount of ribosomal RNA in said cell, ¢ . Selecting a
single cell clone. The invention furthernore relates to a nethod of
gener at i lyoaotwsvsoael | |ine, preferably for production eCrmeeanisésant /

het er ol ogous proteins conprising a . roviding a cell, b. Increasing the
amount of ribosomal RNA in said cell, ¢ . Selecting a single cell clone. In
a specific enbodi nent of the present ionvention the nmethod additionally
conprises d. Qbtaining a host cell line fromsaid single cell clone.The
invention furthernore relates to a nmethod of generating a nonocl onal host
cel | |i neThpnefeatiam fyrtHeomopr witkst to acnmefhod exd @ehératamg a/mdrecknel bapp wsll pinat ei ns
conprisin .. Providing. a cell, b. Increasing the.anount. of ribosomal RNA
'n Sai d cBraCrably ORRPdtioR s EecRERgnb N SRESP T RO REPTSHES speci T ¢
enbodi ment of the, abgkgjifehledls, step b) conprises increasing the amount of
ri bosomal RNA (upregul ating ribosomal RNA transcription) in said cell by i)
reduci ng ri bosomgt. RMAcagmgahg abd)t o rikeseinalgRINA 18 aiid ceBl | (epi geneti c

engi neering of at Isalstt.onae rltl)l\l@ %Ed tb lliiin%) i ncreasing the ribosomal RNA
transcfiption in Sard“eey 16139 Phet g?ncé Xpression of (introducing/

over expr essh @?éciﬁc tmBOGIEIchPbT MR 4bacd @lctholiBestéNWLESrhibes RREdakingahé ¥mbehtat es
to a nethod of generating a host cell (li nez, preferably for production of

r econbi naff riposeatad RAY b genisgyhtaeeibesomahBNisirmgcrptionpr By ¢l By 0 pducing
et 10, LABSRRTR S OBIRULL P S16\0 L0, oL R AP HEN Gy,
transcri ptDNA)iandssi 1) tetdasihy tha eibessnal RN Aarax@ieai arsacl c{lbbeniscgsegsi ng)
atr anloscr ie>F()1;[1riesos?onf 0 C(En%‘ro'du%é} oovrél?'elxlplyesssiral}ig)da tqggsgr?gtioaﬁdfgicttoir.onal 'y conprises
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
15 engineering of at least one rDNA), and
c. Increasing the ribosomal RNA transcription in said cell by increasing the
expression of (overexpressing) a transcription factor.
Optionally said method additionally comprises
d. Selecting a single cell clone.
20  Preferably said method additionally comprises
¢. Obtaining a host cell (line).
The order of steps b) and ¢) may be reversed.
In a specific embodiment step b) comprises the knock-down or knock-out of a component
of the nucleolar remodelling complex (NoRC) and step ¢) comprises overexpression of a
25 transcription factor. In another embodiment step b) comprises reducing the expression of
a component of the nucleolar remodelling complex (NoRC). In a preferred embodiment
the transcription factor in step c¢) is upstream binding factor (UBF). In a very preferred
embodiment of the invention the NoRC component is TIP-5 or SNF 2H, most preferably

TIP-5. In the most preferred embodiment of the invention TIP-5 is knocked-down and

30 UBF is overexpressed.



d. Selecting a single cell clone. Preferably said nethod additionally
conprises e . (btaining a host cell (line). The order of steps b) and c)
may be rewenssxisodon a specific enbodi nent step b) conpripeexPRie/okésegk- down
or knock-out of a conponent of the nusl eol ar renodelling conplex (NoRC) and
step c) conprises overexpression of a transcription factor. In another
enbodi nent step b) conprises reducing the expression of a conponent of the
nucl eol ar renodel ling conplex (NoRC). In a preferred enbodi nent the
transcription factor in step c¢) is upstreambinding factor (UBF). In a very
preferredlre mspecﬁiﬁtenmb@dinteheOf the @boveomethod dlgRCretmmpa hesttcell SITIPHPsKnocke8NF

2H, nost refer &ﬁilu_l P-5 g ew?)% Epreferred enmbodi nent of the
i nvention ‘?WFOS 83%8’&16’@ BECOSFPEPERYPRLSED. In a specific
enbodi ment, @ﬁRNJﬁleacé&ﬁi{% tH%‘E'('Pﬂ)NfO gD ﬁﬁmzasmqb 6eld or JEO § D iNo: b@gcked

down or knocked out, whereby the TIP-5 silencing vector conprises: .
shRNA accér mIR@H@CSE@giDS\F@lD NSEQ, SBAND NO:6=BQ B NO:80 or SEQ@DN)ON@ 9 or

N1 1 TOPERer el e, e Rl RS ScesElng Jher el iMoot

cel I (i naaet%a@oragﬁrm -8t pﬂaveﬁtedr biPehhdrsdepition &t datiyh @iﬁ;hwer@bqir@tsioarbfqr
nmut ati on or by overexpression of a TIP-5 variant which cannot be

acetyl ated IPﬁr@r@ntawhthnw&e@ﬁW@é@i iecferbly s verenpresingkBa 3 yein E4 of
TIP-5 in %@90?%6@9%‘1’@: |H§St81¥00rﬁ@l@fg%ﬁﬂ;@%ﬁgﬁgﬁ sétﬁgv' i nvention further

relates to enera e met hods.

Preferably, the expression of recombinant protein is increased in said cell
conpared to a cell th no reduced rDNA silen preferably sajd increase
is 209tol gemyenm gﬁﬁ%ﬁe P 02@@@?‘6”8%6%“&8%? ° Fhetidhaptaycmitiodshan 20%

Pref er abl y..gah | ﬁfclé g%ssﬁﬁ%f‘}@éolmﬂlﬁ‘atﬁ%}’ot&fn i hI?Cl‘@':QQ(Y ‘?n 468 Chil Qg lplgféﬁiwqts i's

a eukaryotic ce ferably a manmmal i an, rodent hanst er
Pr ef er abl g¢ll s;aﬂdndnem@toed rDéJA snlsncang:I-ﬂ@efceiblly sudhnasai@—@l(}% t@I—KDO%, 18I0 D4

or o Dugléfg’lably 20‘%3{0%0%% m&lst pre%;'a%ly more than 20%.
Preferably, said cell or the cell in any of the above described methods is a eukaryotic cell,
15 preferably a mammalian, rodent or hamster cell. Preferably, said hamster cell is a CHO
cell such as CHO-K1, CHO-S, CHO-DG44 or CHO-DUKX B11, preferably a CHO-DG44
cell. The invention further relates to a use of said cell, preferably for the production of a
protein of interest.
In a specific embodiment of the present invention the order of steps b) and ¢) in any of the

20  above described methods is reversed.

Epigenetic engineering in combination with ceramide transfer protein (CERT)
overexpression:
The invention further relates to a method for increasing recombinant protein expression in
25 acell comprising
a. Providing a cell, and
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell, and

c. Increasing the expression of a ceramide transfer protein (CERT) in said cell, and

o

Optionally increasing the ribosomal RNA transcription in said cell by increasing
30 expression of a transcription factor, and

e. Cultivating said cell under conditions which allow protein expression.



cell. The invention further relates to a use of said cell, preferably for
the production of a protein of interest. In a specific enbodi nent of the
present iwoenioemothe order of steps b) and c) in any ofcrier2@bosesss

descri bed nmethods is reversed. Epigemstic engineering in conbination with
ceram de transfer protein (CERT) overexpression: The invention further
relates to a nethod for increasing reconbinant protein expression in a cell
conprising a . Providing a cell, and b. Reducing ribosormal RNA gene (rDNA)
silencing in said cell, and ¢ . Increasing the expression of a ceram de
transfer ﬂu at qimif(cCERTﬁQdihmnts aif dhe girésentamd eotiorOp¢doortarany p’roteineazsprngicmhéi

ri bosomal . ansc tion in said cell b nc Si.0

{raneor plioAstLEran cdherTibarcliiia yitich o0 Sl BEL BN A aes RE o B P B o
al | ow pr OR&k&s@i@mo%% % Hn&e%?&@ﬂaﬁlyﬁzmd%%os@bréfél@bl@rn‘i‘o%'ﬁ{an'%%”t' on
reconbi nant protein expression is incCreased in said cell Conpared to a cell

with no rédu&@@urHDMOEﬁhbem@nhgn th@roesd@mébﬂeps brind d) gem bfaseeyexssd 20% to 100%

ferably 20% ¢ % »
o hot b AcrisAE RS AR o TR bisB gL f RS HER R SEHouBR o gl Pose

speci fi c aohadk Mesdk-Alft ofa@om@smbftmmmebgmmmm SdoRiip 1Y) (NSRPY dndesept he
knock down or knock-out of a conponent of the nucleolar r enodel |'i ng conplex

(NoRC) ané) SOEPridys OFPSKPISEOHWEr X dition Betos preferablyi PBfon agnesher

f bI
Pr el or 20! b8y L AL R PG S FIRPH TN Shabl T ERATS o (s
preferred pmfa‘mbllyn‘ﬁm-s of Int hevepy @sefbitred rem)nthnmmt OfRhE presckndokedodiP-3 i a

specific di ment of the _nethod of the present jinvention TIP-5 is knocked
down df kﬁ%ﬂ%@é o¥tit In wrerdly emb@grﬁmt ?éhq @ﬁthog.gb \;E%mselefdﬁmt@@sﬂ Py 1s

E hRNA R‘F\‘IX CRhslikag dB@n%Ele)c@e&‘l%tl ’Whgl%@y kiR NG gsﬂeﬁ%fﬁg'x@cﬂgpc [\glsegEQ I'D NG9 or
according to SEQ 3,"SEQ I D NO 4, "SEQ 10 or SEQ ID
NO 1 1. 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.
In a further embodiment of the present invention the acetylation of TIP-5 is prevented by
15 either deletion or mutation of TIP-5 or by overexpression of a TIP-5 variant which cannot
be acetylated. In a specific embodiment of the present invention, the acetylation of TIP-5
is prevented by expressing a K633 mutant of TIP-5 or a K649 mutant of TIP-5. A
preferred embodiment is the combination of expressing/ overexpressing said Lysin mutant
K633 or K649 of TIP-5 and overexpressing CERT (preferably CERT wildtype or CERT
20 Ser132->Ala mutant) and optionally overexpressing a transcription factor, preferably UBF.
In another embodiment of the present invention SNF2H is knocked out.
In a most preferred embodiment of the present invention TIP-5 is knocked-down in step b)
and CERT Ser132->Ala mutant is overexpressed in step ¢).
The invention specifically relates to a method for increasing recombinant protein
25 expression in a cell comprising
a. Providing a cell, and
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell, preferably by
knock-down of TIP-5 or by prevention of acetylation of TIP-5, and
c. Increasing the expression of a ceramide transfer protein (CERT) in said cell,

30 and



In a further enbodi nent of the present invention the acetylation of TIP-5
is prevented by either deletion or nutation of TIP-5 or by overexpression
of a TI P-wowvarowamto4whi ch cannot be acetylated. |In a speechirr2@oisassent of
the present invention, the acetylati®a$ of TIP-5 is prevented by expressing
a K633 nmutant of TIP-5 or a K649 nutant of TIP-5. A preferred enbodinent is
t he conbi nation of expressing/ overexpressing said Lysin nutant K633 or
K649 of TIP-5 and overexpressing CERT (preferably CERT w | dtype or CERT
Serl| 32->Ala nutant) and optionally overexpressing a transcription factor,
preferably UBF. |h @pobhaly endrediimgtlic obosdiealpR Waemrtnsanipeitn ionsaSNE2H biys

knocked out. In a nost preferred enpodi nent .of .the present jnvention TIP-5
i s knocked- down in StEFH e_éﬂlj(ﬂ’s%%%rpas’é?lfséﬁpg% %Ctﬁﬁtlgﬁéral%g'gbgr@&pre_ssed in
step c). The invent (QRivaBRRE bid eal hyddr 8bfifisnstvwhidh MESW BFbtéiRexpR&iGASI NY
reconbi nant protein expression in a cell conprising a . Providing a cell,
and b. Redbei mgentionoSothermmAreg/etes ©Or BNmethod| &ncinstpasing seicdmbaiaht protein

prefergblﬁ t%és Iforhol%g-d Vé/nmo;i %I P-5 or by prevention of acetylation of TIP-5,
and ¢ > | HoreRy ng £y 8x8r§s§i on of a ceram de transfer protein (CERT) in

said cell, andd. QpPi@n@hg ¥ ckinGgasi ng the ribosomal RNA transcription in
said cell by increasing expression of a transcription factor, preferably
UBF, and e . cCul th-vitqragpingitle depsorasldRNAcHABsarindion Winjadth call Ibavinpregsdign

expressi on. The invg r%&qbrfc&fratt?ﬁlrsg@ft%nrfﬁét&t §ef£r9bl?lﬁ§l§gﬁg for increasing
reconbi nant protein expression in cell conprising a . Providing a cell,
and b. | ncreasing.t heredstmgsberetpréddntafanscanipé tramsférpre@ind GBERT) ibyaid cell,
i ncreasi ng expression of a transcription factor, preferably UBF and c .
| ncred8i ng the expré%%i on of a ceram de transfer protein (CERT) in said

cell, and d. Optionally reducing ribosomal RNA gene (rDNA) silencing in said cell,
preferably by knock-down of TIP-5 or by prevention of acetylation of TIP-
5, and
e. Cultivating said cell under conditions which allow protein expression.

15 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

increase is 20% to 100%, more preferably 20% to 300%, most preferably more than 20%.
For the purpose of the invention the order of steps b) and ¢) can be reversed. In a preferred
embodiment of the present invention UBF is overexpressed in step b) and wildtype CERT

20 or CERT Ser132->Ala mutant is overexpressed in step ¢).

The invention further relates to a method for producing a protein of interest in a cell
comprising
a. Providing a cell, and
25 b. Increasing the expression of a ceramide transfer protein (CERT) in said cell,
and
c. Reducing ribosomal RNA gene (rDNA) silencing in said cell (epigenetic
engineering of at least one rDNA), and
d. Optionally Increasing the ribosomal RNA transcription in said cell by
30 increasing the expression of (overexpressing) a transcription factor,

preferably UBF, and



d. Optionally reducing ribosomal RNA gene (rDNA) silencing in said cell,
preferably by knock-down of TIP-5 or by prevention of acetylation of TIP-
5, and e woGuioisvatsi ng said cell under conditions whi chpralriEreopnedses n
expression. In a specific enbodi nent ®f the present invention reconbi nant
protein expression is increased in said cell conpared to a cell with no
reduced rDNA silencing. Preferably said increase is 20%to 100% nore
preferably 20%to 300% nost preferably nore than 20% For the purpose of
the invention the order of steps b) and c) can be reversed. In a preferred
enbodi nent of t hee. pCadewitin mvadicednndBF cosditiwas extprkssled ¢xprssspn by samd
w | dt ype CERT or CERT Serl.32->Ala nmutant is overexpressed in step c). The
i nvention further r8iBOI{YCISStet hod for producing a protein of interest

in a cell £QRLIR dBbAimer T Yt B@nBin&Shtion B8 chcbhodl AL RASINE hMEscEXPr €Ssi on
of a ceramde transfer protein (CERT) in said cell, and c " Reducing
ri bosomal RNA genfe ProiNA)g siid procdimgl inferesti d cel | (epi genetic engi neering of

t | t . [ Iy | ' he rib | RNA
rancer | pToAhObsrl Hei gy PR s R kR asi on of *(over expr essi ng)

a transcriTpt iigventias taftherPic@h @' RDL YmddRhd f@NE® duciflat ?I\b@éﬂ-lr@ﬂ isRtd@dt gelal cainder
condi tions which all ow expression of said protein of interest. In a
speci fic EvHBAY ANt of the present invention the nethod additionally

conprises f . Purjfwyi sal rotein of interest. The order of steps b), c¢)
and d) may be reé#rghgggﬁghgg@égged. The invention further relates to a

met hod for produds.nfhcacapingttlt expeéssiontefraestaniide aansttd proiMIUERTYgn said cell,
10 and
c. Reducing ribosomal RNA gene (rDNA) silencing in said cell (epigenetic
engineering of at least one rDNA), and
d. Cultivating said cell under conditions which allow expression of said
protein of interest.
15 In a specific embodiment of the present invention the method additionally comprises
¢. Purifying said protein of interest.
The invention further relates to a method for producing a protein of interest in a cell
comprising
Providing a cell,
20 b. Increasing the expression of a ceramide transfer protein (CERT) in said cell,
and
c. Increasing the ribosomal RNA transcription in said cell by increasing the
expression of (overexpressing) a transcription factor,
d. Cultivating said cell under conditions which allow expression of said
25 protein of interest.
In a specific embodiment of the present invention the method additionally comprises
¢. Purifying said protein of interest.
In a specific embodiment of the above methods of producing a protein the cell of step a) is
a empty host cell. In another embodiment said cell of step a) is a recombinant cell

30  comprising a gene encoding for a protein of interest.



a . Providing a cell, and b. Increasing the expression of a ceram de
transfer protein (CERT) in said cell, and ¢ . Reducing ribosomal RNA gene
(rDNA) siweneiomgosoa said cell (epigenetic engineering ofPCatEP@adscssne
rDNA), and d. Cultivating said cell wider conditions which allow expression
of said protein of interest. In a specific enbodi nent of the present

I nvention the nethod additionally conprises e . Purifying said protein of
interest. The invention further relates to a nmethod for producing a protein
of interest in a cell conprising a . Providing a cell, b. Increasing the
expr essi offhofteran CEERNT defetsrtartbé ecrapmdst mmfe(rmbn CERéfaiwﬂiiaheﬂs la]sodmawar as

| ncreasing, the ri bosonal transcr I n sa .d cel i.ncreasi ng the
expr easi OLCBHPEBYE FERTELEIAG Y SIoRT oERI e GHP P POE PSSRttt [y 0T AGsa o
cel | undegegansh &él&z@ﬁy whb@ram@del RYMEXPERS §F 9fbd9&uo%ﬁmdth@r&hsp1asrﬁfc leRbQneSt -

In a specific enbodi ment of the present invention the nethod additionally

conpri ses (ER) tOFfﬁnlglfIngragaﬂ, avhsreotoaiversion tp splenganyelin{ShDdpesiptace. enbodi ment
of the ab%\{leﬂlrr'aee%f% qugr?ﬁ ?um %gr%yegsr tein the cell of step a) is a enpty

host call ell of step a) is a reconbinant cell

conpri si N@reer@dBRetHRTCERIT RebtéiAlin 8tcp fbg{_rﬁsk/ﬂdt@f)e CERAT, ‘ﬁ‘idreE bl m is @RRTERTES er s
to the ceram de transfer %EOtel n CE which is al so known as Goodpasture

ant i gen- b § Hi otSer B2tk Ing: %}rtévtm%rrﬁé cpyoetisiant Eedemssraitiondpctehi@ non
vesi cul ar t%ﬁ ! g%/setfé% rQa[rn ?@ﬂ?ﬂg ﬂgt&) @ﬁk*@ﬁ% olHRr BIfe e(adéfﬁﬁod?rﬂetﬁtofttﬂ rnethod

endopl asm'C anes; ere conversion
sphi ngomny €IERT $&Mp2 bAKzemumhaﬁz&i UBEF are both overexpressed.

10 In a specific embodiment of any of the above methods the step of reducing ribosomal RNA
gene (rDNA) silencing in said cell (epigenetic engineering of at least one rDNA)
comprises reducing the expression of a component of the nucleolar remodelling complex
(NoRC), such as the knock-down or knock-out of a NoRC component. In a preferred
embodiment of the invention the NoRC component is TIP-5 or SNF 2H, most preferably

15 TIP-5. In another preferred embodiment of the invention TIP-5 is knocked-down and UBF
is overexpressed. In another preferred embodiment of the invention TIP-5 is knocked-
down or knocked out and CERT is overexpressed, preferably CERT wildtype or CERT
Ser132->Ala mutant. In another preferred embodiment of the invention TIP-5 is knocked-
down or knocked out, CERT is overexpressed (preferably CERT wildtype or CERT

20 Ser132->Ala mutant) and the transcription factor UBF is overexpressed.

In a specific embodiment of the above method of methods of producing a protein of
interest TIP-5 is knocked down or knocked out, whereby the TIP-5 silencing vector
comprises:

a. shRNA according to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:8 or SEQ ID NO:9 or

25 b. miRNA according to SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:10 or SEQ ID NO:11.
In a further embodiment of the above methods of producing a protein of interest the
acetylation of TIP-5 is prevented by either deletion or mutation or by overexpression of a
TIP-5 variant which cannot be acetylated, preferably by overexpressing the Lysin mutant
K633 or K649 of TIP-5 in the step of reducing ribosomal RNA gene (rDNA) silencing in

30 said cell (epigenetic engineering of at least one rDNA) and CERT (preferably CERT



The order of steps b) and c) may be reversed. Preferably, the CERT protein
in step b) is wildtype CERT, nore preferably it is the CERT nutant CERT

Ser | 32- >Avea.2olom3esoftur t her preferred enbodi nent the tranecrigpeionsdsagt or in
step c) is upstream binding factor (UBF). In another preferred enbodi nent
of this nmethod CERT Serl 32->Ala nutant and UBF are both overexpressed. In a
speci fi c enbodi nent of any of the above nethods the step of reducing

ri bosomal RNA gene (rDNA) silencing in said cell (epigenetic engineering of
at | east one rDNA) conprises reducing the expression of a conponent of the
nucl eol ar widtypdebt | GHRT o Spt18R->(ANp RGptanyuch cavsrexpiesdedoekd daptionalty KUBE k isout
of a NoRC conponen In a preferred enbodi nent of the invention the NoRC
conponent OYECAIB8d.or  SNF 2H, nost preferably TIP-5. In another preferred

enmbodi menty Qf fiubthe pRYGRY &ﬂbotﬂlﬁeé ihe thPQGkR™N IRV 30 ehIREp 0T iRMBEEAP RS Sed.
I n another preferred enbodi mrent of the invention TIP-5 is knockeddown or

knocked outibospmarl BEﬁrtnasscap@menmaah@élday lpﬁl@ﬁ%n&mewxm@mowf @vyIsEpiSsSIGHRT
Serl 32->Al a nut n anot.her preferred F n&iofftpeAy fntlon TI P-5
o oot ol ARt ARt pelsh eBRBHES o BleRh R h i o EIRGSHIBDkR! T CVBEEY' R

w | dtype or CERT Serl 32->Ala nutant) and the transcription factor UBF is
overexpressed In a specific enbodi nent of the above nethod of nethods of
pr oduci ngPeeferablyesaid grellj it apef the mbyve smithedk éd aderstickerd keafcebly a

NG 1. e0 TR, Rl TR P SRR By S MR SR 7S
D NO. 3, CBERKIDCHD.8, CHERDCBANOCHO K SEE) I, profaily b CHO-BGHbcelher

enbodi ment of the above nethods of producing a protein of interest the
acetyl'ation of TIP-5 is prevented by either deletion or nutation or by

OVer expr eggj ﬁghcﬁﬁe G tﬂé? reaeahicRbn Wil € p%‘é‘rz ﬂﬁ’ﬁe s%hél%%%h@&&% o%@érﬁfoﬁ?l' y by

over expr essi n nmut ant K633 or TIP-5in the step of
reduci ng tdcbugoesadf dQNIAncgegbe niolBNAr tsolbenaich gultwesmmrdumgy qrelpghg dke tvhech

Sor 3o- ot Mt Bty oerel sbs SR ana iRt Mudickid in the RBh 557

literature.

MATERIALS AND METHODS
Plasmids
pCMV-UBF is kindly provided by Ingrid Grummt. pCMV-TAP-tag contains TAP-tag

20 sequences transcribed under control of cytomegalovirus immediate early promoter.

Stable cell lines

NIH/3T3 cells are stably transfected with plasmids expressing shRNA TIP5-1 (5’-GGA-

CGATAAAGCAAAGATGTTCAAGAGACATCTTTGCTTTATCGTCC3® SEQ ID
25 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-
30  UGGGCUGC3’ SEQ ID NO:9)



overexpressed. In a further preferred enbodi ment the transcription factor

in the step of increasing the ribosomal RNA transcription in said cell by

i ncreasi ngotzhm/wBgressi on of (overexpressing) a transcriPpiriErPRoAasdses

conpri ses overexpression of upstreamd nding factor (UBF). Preferably said

cell in any of the above nethods is a eukaryotic cell, preferably a
manmal i an, rodent or hanster cell. Preferably, said hanster cell is a CHO
cell such as CHO-KI, CHO S, CHO D4 or CHODUKX Bl | , preferably a

CHO D344 cell. The practice of the present invention will enploy, unless

ot her wi seHEKﬂ%it adi CHnkantélbnale steldfiniraquéstodf wikl plasmidb egpressing eoutralr

bi ol ogy, cul ture, and the |ik il

one in th@f1 A ﬁes@lml %ﬁ’ﬂ@%ycﬁe PLECEYE gi iﬁq@o ﬁlﬁ?t hg curggﬁpAG'

i t er at ur ecAMIERAE PNEGNETHERS; Braatitisa OB RFAGAdG Aty pr ovi ded by
Ingrid Gumt. pCW-TAP-tag contains TAP-tag sequences transcri bed under

control of@ybradal oViQ UB N@ediRi-é: 2avCAAMGADEICATLCAIEl AAGIGGTHEE

(5" - CACER AR AR P R AL A e BT ey e
T| P5- 2 ( 5BISABORSIABGANRBT A TEAMAAG IS AGH TeLEEKsT et fdeied SctdrtifAg N@ 2)

sequences under control of the H pronoter. The transcri bed shRNA sequences
are: shRNMaTpRstuTe msiraetioamActaarRmahAadh EANCEIESAGAEACAUCUUUGCUUUAUCGUCCS

> oncooc AR R R A RSO Y s TIBES o v SAERAST and

CHO Kl ceU@MMUWWGﬂM@G&Qﬁ@AC@%@AQW@“ rol m RNA
or m RNA sequences tar etln (TIP5-1 ‘-
GATCAGCRMACTEAHAGA eﬁ@&@ﬁ%é&@.&é@aﬁ&@é@%ﬁmﬁ%@éﬁ D
NO:3; I PWJ@'GW@@%WWTW@%UG-? SEQ

ID NO:11)

Transcription analysis
15 458 pre-rRNA transcription is measured by qRT-PCR in accordance with the standard
procedure and using the Universal Master mix (Diagenode). Primer sequences used to

detect mouse and human 45S pre-rRNA and GAPDH have been described before.

CpG methylation analysis

20  Methylation of mouse and human rDNA is measured as described previously. Primers used
for analysis of rDNA 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.

25
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, BrtUTP KH
buffer is removed and the cells are incubated 30 minutes in growth medium containing

30 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.



CTTAACTTCCC ATCTTTG- 3 ' SEQ ID NG 4) according to the Block-iT Pol Il mR
RNAI system (Invitrogen). Infections are perfornmed accordi ng to manufacture
i nstruct iwow10dsbdos are anal yzed 10 days after infecti orcr/EPeotnssssgri bed
m RNA sequences are: mRNA TIP5-1.1: 8 ' -
GAUCAGCCGCAAACUCCUCUGAGUUUUGGECCACUGACUGACUCAGAGRAUUG CGGCUGAU- 3" SEQ | D NO
10; and m RNA TIP5-2.1: 5 ' - GCAAAGAUGGGAUCAGUUAAGGEUUUUGGCCACUGACUGACC
CUUAACUUCCCAUCUUUG- 3" SEQ I D NO 11) Transcription analysis 45S pre-rRNA
transcription is neasured by gRT-PCR in accordance with the standard

pr ocedur e Bat@Puimierpotahien Umithar detecthhstserz moro(lDiad ganiddie) . aRibotis Ségroences
used to d ﬁ%]gm)use and human 45S pre-rRNA and GAPDH have been descri bed
bef ore. THeYhyl ation anal ysis Methyl ation of nouse and human rDNA is
measured as described previously. Priners used for anal ysis of rDNA

met hyl ation in CHO Kl cells are: -168/- 149 forward

5' - GACCAGOTGVIhGUTBGATG- 3' SEQ I D NO. 5; -10/+10 reverse

5' GCGTGT ACCTATCTGC; 3 I 1 §;, -100/ -84 forward -

5 TOCOCACT A GRAFFIed BT @Eﬁ %gm@%%@fe%a?hn%a&fﬁilﬁ At9 Brpsetredgreiigsted

i ncor por ahj @RouROY Rt C RS TRECCSMEL RIS G Y. ek padedis Boe be@Bn? kel | s
are incubated with KH buffer containing 10 mM BrUTP for 10 m nutes. Then,
Br UTP KH Bupplcetesiand repeaieedwmnd t he cells are i ncubated 30 nminutes in growth
medi um cont ai ni ng 20% FCS to chase the transcripts before fixation. The
cells are fixed in 100% net hanol for 20 mnutes at -200C, air-dried for 5

m nut es apdlykehygfcttied with PBS for 5 m nutes. BrUTP incorporation is then
det ect ed usi ng nonocl onal anti-BrdU anti bodies (Sigma- Aldrich). Gowh

cur veso 108 cleprostrepted withdwaloexinvigs (10 ngimd. Wemin)pingt lysethi 20aeM TrayHEd! | s
are trypsiphzed, \qolLeE! 8bmm KCl, 2.5mM DTT, 100ug/ml cycloheximide, 0.5% NP40,

0.1mg/ml heparin and 200U/ml RNAse inhibitor at 4°C. After centrifugation at §,000g for
Smin, the supernatants are loaded onto a 15%-45% sucrose gradient and centrifuged for 4h
at 28,000 rpm at 4°C. 200 pl fractions are collected and the optical density of individual

15 fractions is measured at 260nm.

Protein production
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-
20  nitrophenyphospate-based light-absorbance time course. Luciferase profiling is performed
according to the manufacturer’s instructions (Applied biosystems, TI‘OpiX® luciferase assay
kit). Values are normalized to cell numbers and to transfection efficiency. Transfection
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

25 repeated three times.

Cell culture of suspension cells

All cell lines used at production and development scale are maintained in serial seedstock

cultures in surface-aerated T-flasks (Nunc, Denmark) in incubators (Thermo, Germany) or
30 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-



and counted with Casy Cell Counter (Schaerfe System. Experinents are
performed in duplicates and repeated twi ce. Polysone profile Cells are
treat ed wwohooycbsshexi mi de (100 ng/m, 10 min) and | yse@CireEP2@oivseErs s- HC |
pH7.5, 5mM MgCk, 100nM KCl, 2.5nM DTH1 | OOrg/ M cycl ohexi m de, 0.5% NP40,
O lmg/mM heparin and 200U/ M RNAse inhibitor at 4C. After centrifugation at
8,000g for 5mn, the supernatants are | oaded onto a 15% 45% sucr ose
gradient and centrifuged for 4h at 28,000 rpmat 4C. 200 ml fractions are
coll ected and the optical density of individual fractions is nmeasured at
260nm Pr 3Eéi nelprmobuckicorePr oomientrgiomd s t daverniisedasisesB eduldBbs dfyt ersing a

transfection of a consti.t.utive SEA CAG SEAP) or luciferase expression
vector - peReDiRTHER ASe T GEABeRTO Rl Gpana el By el
pni t rophenyphospat e- based |i ght-absorbance tine course. Luciferase

profiling is performed according to the manufacturer’'s instructions
(Appl i ed beddyishentsivatiomopi x | uci f erase assay kit). Values are normalized to

measur éa by Aoy ol PERS SRl UL Rl Sy BRES AE OO B m S

expr essi oprodeetic mefubr @ithod OfibRERY or MTX &R Reid- ARIMCE, aetnAs) f Did@dturdy
triplicate and are re(5)eat ed three tines. Cell culture of suspension cells

Al cell Premsstatedad 139 mip dHa G ol AndC@evhichpniaducetion 20 doldowiar deadnBl i n
i al i F f - . ) i
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t enper at unecdetl. BéIT denslitics aad vaibilgpirerdtaatidai by noypaReblO excherwds uoag an
cultures are subcul tivat ﬁd evefry 2-3 dayf wi th seeding densities of 1-3E5
cel | s/'L. agtqEated| GEREK sHapragtiisationsystand imenddsk n al | cul tures by using a

henocytoneter. Viability is assessed by the trypan bl ue exclusion nethod.
Fed-batch cultivation Cells are seeded at 3EO5 cells/m into 125 m shake
f 1 asks i nG30emtiondf Bitibpdppradatiag gells

CHO-K1 or CHO-DG44 cells (Urlaub et al, Cell 1983) are stably transfected with
expression plasmids encoding heavy and light chains of an IgG1-type antibody. Selection
15 is carried out by cultivation of transfected cells in the presence of the respective antibiotics
encoded by the expression plasmids. After about 3 weeks of selection, stable cell
populations are obtained and further cultivated according to a standard stock culture
regime with subcultivation every 2 to 3 days. In a next (optional) step, FACS-based single
cell cloning of the stably transfected cell populations is carried out to generate monoclonal

20  cell lines.

Determination of recombinant antibody concentration

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
25 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

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



production nmedi umw thout antibiotics or MIX (Sigma-Aldrich, Germany). The
cultures are agitated at 120 rpmin 37C and 5% CO which is reduced to 2%
f ol | owi ngwoay1033088upr opri etary feed solution is added daciryEracnd/opéiss s
adjusted to pH 7.0 using NaCO as needied. Cell densities and viability are
determ ned by trypan-bl ue exclusion using an aut omated CEDEX cel |
quantification system (Innovatis). Generation of antibody-producing cells
CHO KI or CHO-D#4 cells (Ulaub et al, Cell 1983) are stably transfected
wi th expression plasm ds encodi ng heavy and |ight chains of an I1g@ -type
anti body. ESsAM®PIIEM is carried out by cultivation of transfected cells in

ol s as. A aPLENE FRRRTEDARNOE ol | 07, “Crable col | popul ati ons are
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regime with subcultivation every 2 In a next (optional) step,
FACS- bas edctsimigl whatldr|a dsicesapanip ¢ nvméerscpm eyt RMaA gaet @dian@ls |45§@p¢;rl?9lNAons
is carrled t 1o generate m)noci]) S?[m b Qeterqnat4 a th

r econbl nan¥miREs Hist vy COREENEPari‘on Td"4a PRBSHOREIT S ’6185%/ 55 e

product i ORuinBert df&fhilﬁl@ﬁbl@doﬁpétleﬁ,rlmbﬁﬁ"h%fe@cﬁ’e cet isSRNEY Medrféncd @ knock
collected from standard i noculumcultures at the end of each pass%&e for

t hr ee condevotiiVé grarssgeand prastpresfusiably drrvseaniashiNARsprewEte MRy Seer by

enzyme |i ﬁhan ﬁ-%%%%%0%§9?15 Ay C%kﬁpﬁsm &/ﬁ%ﬁﬁﬁ[ @édagﬂcegfspéﬁﬁé ¢j.ed

nonocl ona I's neasured usi odi es agai ns uman- Fc
fragment (Wadk&oemt regionmoo REPEFTTPO- Il_abdmﬁm &ablaleﬂ hmpmapg_ sthagidledchai n
HRP conj ugat ed (Si gma) . EXAMPLES EXAVPLE | KNOCK- DOWN OF TIP-5 Wth, the

ai m of!° engli1 BrandgMEN Aseagincphaicasd ds somttledhere gre Pue BTsPaiF PRdYCHIENS,

we det er mny, W NG saraHRE 1RAS rfd?nﬁﬂke HaTOR rtra‘i’iéfe%ﬂl&fsn&ntﬁ ?gls%rdr; e 5%9@” ces

45S pre-rRNA synthesis and, as consequence, also stimula
bi ogenesi shRNA-TIRSroz asBHN A- ITéPﬁ"lwu[barcesmest disload ¢ fompreenpeteginetic basiontgs:.
Ther ef or eCp\&eme‘c%ylaﬁglﬁ 1sI A tpggsflveer r%gghean}s(r)n l}equurmg 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 (FIGURE 1). TIPS expression
decreases about 70-80% in NIH/3T3/shRNA-TIP5-1 and -2 cells when compared to
20 control cells (FIGURE 1A). A similar reduction in TIPS mRNA levels is observed in stable
HEK293T (FIGURE 1B). TIPS mRNA levels in CHO-K1-derived cells can be measured
only by semiquantitative PCR (FIGURE 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
EXAMPLE 2: 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. In NIH/3T3 cells
about 40% to 50% of rRNA genes contain CpG-methylated sequences and are

30 transcriptionally silent. The sequences and CpG density of the rDNA promoter in humans,

mice and Chinese hamsters differ significantly. In humans, the rDNA promoter contains 23



down TIP5 expression and constructed stably transgeni c shRNAexpressi ng

NIl H 3T3 or m RNA- expressi ng HEK293T and CHO Kl using shRNA/ m RNA sequences
speci fi c wonotomoshiuf f erent regions of TIP5 (TIP5-1 and PciPAap2)10/08sabl e cel |
| i nes expressing scranbl ed shRNA and 431 RNA sequences are used as control.
There are two reasons for producing stable cell |ines rather than
performng transient transfections with plasm ds expressing shRNA-TIP5 or

m RNA- TI P5 sequences. First, the |oss of repressive epigenetic marks like
CpG nethyl ation is a passive nmechanism requiring nmultiple cell divisions.
Second, evefist Wwbiligm MMBCM&IS& iaamstnrsbhertrazmsmm%éZbGsetenpwmbly (EEGURE t he

t f f 3T el | |
B s equant Azl Yo ugi bt by BloPeNETecr) RS RUen IS dATEEe fgRONan
properti egetihPatRtieFdN l%emkgh%rlﬁé ftl'l&érﬁ&ﬁl‘x’ 0PheChER 1%9@@@@@@661&&&9 Gefbakt ed

cl ones, we measure TIP | ével s by quantitative and sem quantitative

rever se- t DAWS ¢y Hpeldslegentedi mder@SIB?@fme(iﬁI@ﬂﬂollll €. ﬂpﬁBH@ﬂp’iaé@Q) ormepsoredhyes
about 70-80%.,i

NI H T3/ NA-TI P5-1 and -2 cell en co ont r ol
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15 EXAMPLE 3: INCREASED RRNA LEVELS IN TIP-5 KNOCKDOWN CELLS

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
encompassed the first rRNA processing site (FIGURE 3A) and by in vivo BrUTP
incorporation (FIGURE 3B). As expected, in both TIP5-depleted NIH/3T3 and HEK293T
20 cells, an enhancement of rRNA production compared to the control cell line is detected by

both analyses

EXAMPLE 4: TIP-5 DEPLETION LEADS TO INCREASED PROLIFERATION AND
CELL GROWTH

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

30 cell proliferation.



DNA is Hpal |l -digested, and resistance to digestion (i.e. CpG nethyl ation)
is measured by quantitative real-tinme PCR using priners enconpassi ng Hpal |
sequencesw0QGaEaEB0s0There is a decrease in CpG net hyl at i orCwmiEPRO10/056568
pronoter region of a majority of rRNA4genes in all TIP5 knock-down cell

| i nes, underscoring the key role of TIP5 in pronoting rDNA silencing
(FIGURE 2). Notably, although TIP5 binding and de novo nethylation is
restricted to the rDNA pronoter sequences, CpG nethylation anounts in TIP-5
reduced NIH3T3 cells dimnished over the entire rDNA gene (intergenic,
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cell line is detected by both anal yses EXAMPLE 4 : TIP-5 DEPLETI ON LEADS TO
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cells in HEK293T do not significantly affect cell proliferation, because these cells have already

reached their maximum rate of proliferation. These data surprisingly show that depletion of

15 TIPS and a consequent decrease in rDNA silencing enhance cell proliferation.

EXAMPLE 5: RIBOSOME ANALYSIS IN TIP-5 KNOCKDOWN CELLS
In mammalian cell cultures, the rate of protein synthesis is an important parameter, which
is directly related to the product yield. To determine whether depletion of TIPS and a
20 consequent decrease in rDNA silencing increases the number of translation-competent
ribosomes in the cell, we initially measure the levels of cytoplasmic rRNA. In the
cytoplasm, most of the RNA consists of processed rRNAs assembled into ribosomes. As
shown in FIGURE 5A-C, all TIP5-depleted cell lines containe more cytoplasmic RNA per
cell, indicating that these cells produce more ribosomes. Also, analysis of the polysome
25 profile shows that TIP5depleted HEK293 and CHO-KI1 cells contain more ribosome
subunits (40S, 60S and 80S) compared to control cells (FIGURE 5D).

EXAMPLE 6: TIP-5 KNOCKDOWN LEADS TO ENHANCED PRODUCTION OF
REPORTER PROTEINS
30  To determine whether depletion of TIPS and decrease in rDNA silencing enhance

heterologous protein production, we transfect stable TIP5-depleted NIH/3T3, HEK293T



conparison to control cells. Asimlar profile is obtained with N H3T3
cells 10 days after infection with a retrovirus expressing m RNA directed
agai nst TWB2o0megusaces. Consistent with these results, eoRWIibBSsse! | s
show i ncreased incorporation of 5- br4snodeoxyuridine (BrdU) into nascent
DNA and hi gher levels of Cyclin A (FIGURE 4C). Finally, we conpare cell
proliferation rates between shRNA-TIP5, shRNA-control and parental N H3T3,
HEK293 and CHO Kl cells (FIGURE 4D-F). Surprisingly and in contrast to the
prior art reports, both NIH 3T3 and CHO Kl cells, expressing m RNA-TIP5
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consequent decrease in rDNA silencing increases the nunmber of

transl at i &terd 6RPEt ades enlygsenaBosomet fyathesisjand yrergasps thginojeniiehafiihe celheto
| evel s of n the cytoplasm nost of the RNA consists of
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processed’r asse 0 ribosones. As shown in FI GURE 5A-C, all
TI P5-depl eted cell lines containe nore cytoplasm c RNA per cell, indicating
that these _cells produce_nore ribosones. Al so. analysis of the E@ﬁé&rﬂe

profil'e shovsMPhEt 1 Psddpl-et NI T o INGRBARE S Pl QP aRMAR

ribosone sglgyhiésihNOF hﬁ%@ﬁ@ﬁthﬁ?ﬁ’ﬁk@@ﬁ@\@‘PRU@INCHN/I@P( RE 5D) .
EXAMPLE 6 : TIP-5 KNOCKDOWN LEADS TO ENHANCED PRODUCTI ON R

PROTEI NS To Al€1HHD welh&nevhet DD Gdépseetdtiop rnlfnowt@&hamdat&eciaquretelml (DKIR-1)
silenci nglsetr%gns?ec?ed with an empty vector (MOCK control) or small RNAs (shRNA or RNA1)
designed to knock-down TIP-5 expression. The cells are subsequently subjected to
15 selection to obtain stable cell pools. During six subsequent passages, supernatant is taken
from seed-stock cultures of both, mock and TIP-5 depleted stable cell pools, the MCP-1
titer is determined by ELISA and divided by the mean number of cells to calculate the
specific productivity. The highest MCP-1 titers are seen in the cell pools with the most
efficient TIP-5 depletion, whereas the protein concentrations are markedly lower in mock
20  transfected cells or the parental cell line.
b) CHO host cells (CHO DG44) are first transfected with short RNAs sequences (shRNAs
or RNAi) 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) as the
25 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
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

30 mock transfected cells or the parental cell line.



het er ol ogous protein production, we transfect stable TIP5-depleted N H 3T3,
HEK293Tand CHO Kl derivatives with expresssion vector pronoting

const i t utwoeosxpo®ssi on of the human pl acental secr et edpalrEebinmsesss
phosphat ase SEAP ( pCAG SEAP; FlI GURE 6#-C) or luciferase (pCW-I uciferase;
(FIGURE 6D, E). Quantification of protein production after 48h reveals a
two- to four-fold increase in both SEAP and | uciferase production in TIP5-
depleted cells conpared to the control cell lines, indicating that
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The highest MCP-1 titers are seen in the cell pools with the nost efficient
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15 homologous recombination is not efficient in CHO cells, we design a ZFN which
introduces a double strand break within the TIP-5 gene which is thereby functionally
destroyed. To control efficient knock-out of TIP-5, a Western Blot is performed using anti-
TIP-5 antibodies. On the membrane, no TIP-5 expression is detected in TIP-5 knock-out
cells wherease the parental CHO cell line shows a clear signal corresponding to the TIP-5

20 protein.
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 either the parental cell and also compared to
cells with only reduced TIP-5 expression levels.

25 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 sShRNA or RNA1).
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productivity. The highest MCP-1 titers and productivities are seen in the
cell pools with the nost efficient TIP-5 depletion, whereas the protein
concent r avoaoey/@os4mar kedly | ower in nock transfected cetlrEperiobbesspar ent al
cell line.c) Wien the sane cells des«7ibed in a) or b) are subjected to
batch or fed-batch fernentations, the differences in overall MCP-1 titers
are even nore pronounced: As the cells transfected with reduced expression
of TIP-5 grow faster and al so produce nore protein per cell and tine, they
exhi bit higher 1VCs and show hi gher productivities at the sane tine. Both
properti eEXreMBLE PosENHANGED | TERRAPEN THOANIEBAQDY PROIXSETIONIIN TIP-5

Therefore i | cells have significantly higher MCP-1 harvest

titers an@ﬁpé%grﬁﬂicﬁrﬁg ef ficient production processes. EXAMPLE 8 :
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prevent its expression. As honol ogous reconbination is not efficient in CHO

cell's, weSdss¢ grnosk-zpl Rhiies S1Xn$lbwu@@§>aasa@éwueer§4twna takes dlonpeadrsiodkhe
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anti bodi ey EG)]SAhmdrmwbaabﬁthmﬁeéﬂ ﬁrﬁb@mﬁ rcel$§uoojaldu$atd&teesq:)beicﬂicipmodﬂcﬁvﬂy

knock-out cell s wherease the parental CHO cell line shows a cle
cor r espondiMhdighsst 18 trcps srep%etSéf (e cultyrppal ikEpgdep %?d[ %ﬁklsp gv%srﬁaﬁ ed in

TIP-5 knoﬁi ﬂHtco%tr%ﬁl)ﬂssa@%aﬁ(Qﬁ ?ﬁ&/@tnh%o%aﬁﬁ%&te& oso rﬁﬁé{ﬁéﬂ cell

confirnms | evel s of rRNA sy esis and i ncrease nunbers in
TIP-5 knod:,ikeout cells corrpar ed to either the parent al ceII and al so

comar e L0SEL B b FrT ISl il SRR ot e
in fedbat @NAs sequences (sShRNAs or RNAi) hybridizing to TIP-5 sequences or by stable knock-
15 out of the TIP-5 gene. Subsequently these cell lines and in parallel CHO DG 44 wild type
cells are transfected with expression constructs encoding heavy and light chains of an
antibody as the gene of interest. Stably transfected cell populations are generated and
supernatant is taken from seed-stock cultures of all stable cell pools over a period of four
subsequent passages. The antibody concentrations in the culture supernatants are
20 determined by ELISA and divided by the mean number of cells to calculate the specific
productivity. Cell pools derived from TIP-5 depleted cells show the highest antibody titers
and productivities compared to MOCK controls and the parental unmodified DG44 cell
line which produce markedly lower IgG amounts.
¢) When the same cells described in a) or b) are subjected to batch or fed-batch
25 fermentations, 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
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.
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processes conpared to TIP-5 wld-type cells and cell lines in which TIP-5
expression is only reduced by introduction of interfering RNAs (such as
ShRNA or WADjo/BXAYPLE 9 : ENHANCED THERAPEUTI C ANTI BOD¥YCIPRERAICOEEESSE | N

TI P-5 DEPLETED CELLS (a) A CHO cell l|48ne (CHO DXA4) secreting a human
nonocl onal 1gG subtype antibody is transfected wwth an enpty vector (MOCK
control) or small RNAs (shRNA or RNAi ) designed to knock-down TIP-5
expression. The cells are subsequently subjected to 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 cultures of both, nock and TIP-5 depl eted stable cel
pool s, antibody titers are determ ned by ELISA and di vided by the nmean
nunber of cells to calculate the specific productivity. The highest 1gG

titers are neasured in the cultures of TIP-5 depleted cells, whereas the
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par ent a
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are genera supernatant i's taken fromsee

st abl e cektlepal ® obwin ataplr cal podlsf utcrmtibslgn SN2 Has slagleted Thelckinibh body
concentratjons, in the culture supernatants are determ ned by ELI SA and

di vi detl byStHEioR©4 thenthtlye gehe Caprlsopty. IRWing 318 sEbSCARIS BRSpESScSYRCBRERE ISvi t y.

Cel | pool g derishdetd el 'éﬁnﬁrege&*d&%tg,dnﬁ%kla%dsﬁqm h&gget%%meaggﬂ ggax,
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e oo SR MBS Bl LR ] P R e A"
pronouncedNFAS ddifcted cells, whereas the protein concentrations are markedly lower in mock
15 transfected cells or the parental cell line.
b) SNF2H is depleted in CHO host cells (CHO DG44) cither by transfection with short
RNAs sequences (shRNAs or RNA1) hybridizing to SNF2H sequences or by knock-out of
the SNF2H gene. Subsequently these cell lines and in parallel CHO DG 44 wild type cells
are transfected with expression constructs encoding heavy and light chains of an antibody
20  as the protein of interest. Stably transfected cell populations are generated and supernatant
is taken from seed-stock cultures of all stable cell pools over a period of four subsequent
passages. The antibody concentrations in the culture supernatants are determined by
ELISA and divided by the mean number of cells to calculate the specific productivity. Cell
pools derived from SNF2H depleted cells show the highest antibody titers and
25 productivities compared to MOCK controls and the parental unmodified DG44 cell line
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

30 exhibit higher IVCs and show higher productivities at the same time. Both properties have



TIP-5 depleted cells grow faster and al so produce nore protein per cell and
time, they exhibit higher I'VCs and show hi gher productivities at the sane
ti me. Botwopoopeodoues have a positive influence on the ecemekéiopsassess
yield. Therefore, TIP-5 deleted cell st9have significantly higher 1gG harvest
titers and lead to nore efficient production processes. EXAMPLE 10:

KNOCK- DOAWN OF SNF2H LEADS TO | NCREASED PROTEI N PRODUCTI ON AND | MPROVED CELL
GROMH (a) A CHOcell line (CHO D&#4) secreting a human nonocl onal 1gG
subtype anti body is transfected with an enpty vector (MOCK control) or
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protein of interest. Stably transfected cell popul ations are generated and
super riat aR¥PTESIQRYEEHPreR 1%%@@@%&%@%%9%&)@Veféwl Udthabings e VpeaNe over
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cul ture supernatants are determ ne by ELI and divided by the nean nunber
of cells FOGURECUIZBE stimelasgseldiSt pre-rRNGdsyatthasistivi.a @ekidepovlest viennev e bbthom

SNF2H dep cel,l s _show the highest antibody titers and productivities
conpar ed Iﬁ?@%&@n@&%ﬁa&l@ lﬁﬂsd the parental unnodified D&4 cell line which

produce mahkediBF bLOWekprka$s PaHIUNORk-down of TIP-5 share the effect of increasing rRNA

15 synthesis. UBF overexpression also enhances ribosome biogenesis and protein production.

EXAMPLE 12: OVEREXPRESSION OF UBF INCREASES BIOPHARMACEUTICAL
PROTEIN PRODUCTION OF AN ANTIBODY.
(a) An antibody producing CHO cell line (CHO DG44) secreting humanised anti-CD44v6
20 IgG antibody BIWA 4 is transfected with an empty vector (MOCK control) or expression
constructs encoding the upstream binding factor (UBF) and all samples are subsequently
subjected to selection to obtain stable cell pools. During six subsequent passages,
supernatant is taken from seed-stock cultures of all stable cell pools, the IgG titer is
determined by ELISA and divided by the mean number of cells to calculate the specific
25 productivity. The highest values are seen in UBF overexpressing cell pools, where IgG
expression is markedly enhanced compared to MOCK or untransfected cells. Very similar
results can be obtained if the stable transfectants are subjected to batch or fed-batch
fermentations. In each of these settings, overexpression of UBF leads to increased antibody
secretion, indicating that UBF is able to enhance the specific production capacity of the

30 cells grown in serial cultures or in bioreactor batch or fed batch cultures.



c) Wien the sane cells described in a) or b) are subjected to batch or
fed-batch fernentations, the differences in overall antibody titers are
even nor ewpromouosped: As the SNF2H depl eted cel | s grow Pastereoiansssag so
produce nore protein per cell and tin®, they exhibit higher IVCs and show
hi gher productivities at the sane tine. Both properties havea positive

i nfl uence on the overall process yield. Therefore, SNF2H del eted cells have
significantly higher 1gG harvest titers and |l ead to nore efficient
production processes. EXAMPLE 11: OVEREXPRESSI ON OF UBF ENHANCES RRNA
SYNTHESI SbRCBI6s bowse cq:itsc(d)Hﬂ) Dértdp ex:puﬁnstatsatrsﬁantedi widt ectt@x pne@sisigoiBEnshbas el y
of r RNAs and1 r ot ei ns. 8 d@ﬁe m ne ﬁther overexg&ﬁss on of the.bas
rRNA t r anfESItioB R UE G OpE PEnthe BiTkar AR ESEP BT OURRFTOIE0YS PENEYITT

i ncrease iUBH heuts@iRn@y e RiEtihéNand ﬁ@'])%%lleptdf@@ @de%ﬁ@qy@%twsemanced
ri bosone production and heterol ogous protein synthesis, we transfect

SEAP- expr érgssfmed—img@tftoamnmm lmnamzem anti-@DEdystgG antlbpeiyeBtWés% pothe

vect or encodi n BF .0 the nt al ntr vect or BF S to C

o penagatt OO CAREEE PRI P Niklon Sikarant iy 1l ok SRSk on
rate. As shigwss bflalth@gBEceYl dd%coﬁ&lar@dr@ti&sf &&me?xdh%@ssggegt ﬂ@qnge} titBr &
dose- dependent manner in both HEK293 and HelLa cel [ |ines. Thus, UBF

over expr eSSiCHRINGHPYKHASIA arshi vistodyrhg mgsa mantlive 0B £eliscio cafeul#ie thsasicpigicr RNA

o oduct | OB AL A AR SE BN or - et TR A o oal

PROTEI N PRGKCEH CINcaktrodN AN hB@H%atdlﬁ&ulMesahéﬂehﬂ@gousI’e@ﬂmssndi‘lgoEHBFCRkﬁltsl i ne
(CHO D44) secret] n%bhumam sed anti - 4v6 .gG antl body BI WA 4 %
t r ansflect SHNgIRpedalR VCttPé‘ctTBBGt[" Sﬁ?ﬂ’?ﬂl?at%t aéf?ﬁ?@’é@?%ﬁ@%@ UBE, st

encodi ng the tb'l%ﬁlﬁa[n%é@ﬂebéﬁégﬂf 1Grd REHBh céﬂé%@z o@'ﬂ% é’éllk g%@x%'n?%r?a‘i @ulﬁHQsS&qhﬁe”t ly

subjected to selection taln stabl'e cell pools.” During six subsequent

passages, beugetarda@htor ifsl basdbequlturasm seed- stock cultures of all stable cell
pools, the IgGtiter is determ ned by ELI SA and di vi ded by the nmean nunber
of cells to calculate the specific productivity. The hi ghest val ues are

seen in UBKQMPLEXPI:eSENOEKCOIUT RICTSP-SWARITS AWEREXPRESSION OF UBF ACT

15 SYNERGISTICALLY TO ENHANCE RRNA SYNTHESIS AND THERAPEUTIC
PROTEIN PRODUCTION
In the present invention, we provide evidence that both reduced expression of TIP-5 and
overexpression of UBF result in enhanced rRNA synthesis. We also show that TIP-5
depletion results in reduced methylation of rDNA genes. As de-methylation is a pre-

20 requisite for recruitment of chromatin modifying factors such as histone acetylases and
binding transcription factors such as UBF, we hypothesize whether both approaches might
act synergistically on rRNA synthesis whereby TIP-5 depletion-mediated reduction of
methylation provides accessibility of the rRNA genes for subsequent UBF recruitment and
binding.

25 (A) To test this hypothesis, we generate cell lines with combined TIP-5 depletion and
overexpression of UBF. When rRNA synthesis is compared in those cell lines, cells which
either overexpressed UBF or have a deletion in TIP-5 and unmodified parental cell lines,
rRNA synthesis is again higher in TIP-5 depleted cells and also in UBF overexpressing cell
lines compared to the controls. Importantly, combined deletion of TIP-5 and UBF

30 overexpression results in even higher rDNA gene transcription as well as higher ribosome



expression is markedly enhanced conpared to MOCK or untransfected cells.
Very simlar results can be obtained if the stable transfectants are

subj ect edwoaotvatscsvsor fed-batch fermentati ons. I n each eCTiEPe®6/0SE&8E | NgS,
overexpressi on of UBF | eads to increaded anti body secretion, indicating
that UBF is able to enhance the specific production capacity of the cells
grown in serial cultures or in bioreactor batch or fed batch cultures.b)
CHO host cells (CHO DA44) are first transfected with vectors encodi ng UBF,
subj ected to selection pressure and cell lines are picked that denonstrate
het er ol ogeysh@xpldssindivate thdBfhe Suhisegioandfl hoth hp[sreacde!; | debleties oAAdP45nand

par al | el DG 44 w e cells etr fect W th vectors encodi ng
hunanizedEE§%?W%fﬁﬂﬁngﬁ%ggﬁﬂpﬁﬂ %&pﬁ%§§A§H@1 dhe of interest. After a
second roysf Whers@b %EFH %era%éﬂoi%r(%ﬁta?é“ttraﬂs%cﬁe@@ﬁh éiﬁ%sﬁﬁ%ﬁ%&@%&%&% rses of
all stable cell pools over a period si X subsequent passages,

titer is dettenmef ruédresiwnﬂl_th@mqutr@tms @éaaldy)rcpthe a«rea@mmm@etr cafure gledin Qfo

calculate t he speci roductivit G tit are

enhanced. 9CerByebefil By umbtn i8R BroshPs’ « BECSHS S iilsteqns

f ed- bat chogettipte®son JTAUBF h® gRvLk-Qi PIF FBISONcf in u%amglat@cdu@ haiageased | 9G
productlonﬁ%ﬁégether t hese data indicate that overexpressioin of UBF is

able to ef pletrd o5 f &Y pveew@ﬂ%twlwaéa%&pf the proteiefartprest a5 dmrest i

seri al i Q or batch or fed batch cul tures. EXAMPLE 13:
KNOCK- tho?ﬁ%g‘gp%?ﬁg&ﬂ RESSI ON OF UBF ACT SYNERG STI CALLY TO ENHANCE
RRNA SYNTHESI S AND THERAPEUTIC PROTEI N PRODUCTI ON In the present i nventi on,
we provide_evidence that both reduced eéfre55|on

over expr eSSOMPLE UBF SOUR G HCHMERENERK QﬁrRRﬂQEELN RRQ%UQF IQNAKYt hat
TIP-5 depleiNiBiNASFINIGF EPIGE@E‘Pﬁ?Aﬁ(ﬁi QEbﬁ@I@@N%N?ﬁQ@EEﬁ@GS As

de-nethylation is a prerequisite recrui tment of chromatin nodifying
factors sﬂbhamgohdﬁ$@hexﬂnéhth&msxmndnbmndln@nmbamaﬁﬂﬂmudﬁﬁﬂﬁbotSb&¢§hch

o (5= e DLIcE o b er beLh aopcachies ol oo yn sl on
provi des ﬂ@ﬂﬁ$§h@&%ﬁg%b&%nkhgmgamﬁmgﬁﬂ@ﬁmﬁ%§IﬁHgﬁﬁﬁw%ﬁhmHBﬁb&%Q&yﬁ%&?ﬂﬁ and
15 production does not only require an optimized translational machinery but also efficiency
in the post-translational steps of protein transport and secretion. Therefore, we set out to
simultaneously engineer both mechanisms, translation and transport, by deletion of the

TIP-5 gene and overexpression of the secretion enhancing gene CERT in a cell.
For this purpose, CHO-DG44 cells with disrupted TIP-5 expression are transfected with a

20  transgene encoding a mutant variant of the human CERT protein (CERT Ser132->Ala). In
a second transfection step, an expression construct encoding a monoclonal IgG subtype
antibody is introduced into these cells and stable cell populations are generated. Next, the
resulting stably cell populations are subjected to inoculum and fed-batch cultures to
analyse specific IgG productivity as well as overall antibody titers obtained.

25 Interstingly, highest antibody titers and specific productivities are achieved in double
engineered cells. Antibody concentrations produced by cells harbouring both TIP-5
deletion and CERT overexpression are markedly higher than in single engineered cells.

This indicates that combined engineering of both steps in the secretory pathway, namely
translation engineering by TIP-5 deletion and secretion engineering via CERT, is a means

30 to even further enhance the secreted protein production and generate mammalian host cell

lines with optimal production capacities.



bi nding. (A) To test this hypothesis, we generate cell lines with conbined
TIP-5 depl etion and overexpression of UBF. Wien rRNA synthesis is conpared
in those wel2bio/i3oswg, cells which either overexpressed UBETmP2awss588
deletion in TIP-5 and unnodi fied pareittal cell lines, rRNA synthesis is
again higher in TIP-5 depleted cells and al so i n UBF overexpressing cell
| ines conpared to the controls. Inportantly, conbined deletion of TIP-5 and
UBF overexpression results in even higher rDNA gene transcription as well
as higher ribosonmesynthesis. This indicates that the conbination of both
appr oacheSEQI¢ENEHE BABYE Tl P-5 and UBF over expression has a synergistic
effect on rRNA synthesis. (B) Wien the cells generated in (A are
transfected with expression constructs encoding a protein of interest and
t he concenivalised$oof PSR IRIALSNIHBTS ceyrpared in cul ture media of those
cells, highest titers are nmeasured in cultures of cells wth sinultaneous
over expr eSELOW NO:UBF andhBkNACKPSut of TIP-5. Next in the ranking are cells
havi ng_ei JL.RB-5 depl et overexpressed, whereas titers of the
SERENO Sre FURaTEr

proteih o are P un-nodi fi ed parental cell |ines. EXAMPLE
14: SYNER@INGVY dscll ROV ctfan ilPRGHhEh bhPRERIEFTdNinBY: COVBI NATI ON OF

EPI GENETI C_ AND SECRETI ON ENG NEERI NG The approaches described in the
present i AR NP3 namel BRI EBSoh of TIP-5 or SNFH2 and over expressi on of
UBF, all @ Ro-£conbi napt APFRsed N production by enhancing r RNA

synt hesi s, ri1 bosone bi ogenesis and thereby protein translation. However,
protein production does not only require an optim zed transl ational

machi nery but al 58 ef fi ﬁi ency in the post-translational steps of protein
transg6rt PHASEEr &1 BehylHe? #13y® we set out to simul taneously engi neer

bot h mechagisipng:5 ans! apiigi, ang@/ 1heRsRAS . by deletion of the TIP-5 gene
and overexpression of the secretion enhancing gene CERT in a cell. For this

pur pose, SHQ IDAD:cel | s Wiitder dile+ Uptegersd| P-5 expression are transfected
with atr encodi ng .a n ari ant of the human CERT protein (CERT
Ser| 32- >AS§§g'ﬁ]ﬁoa?secongrlﬁ}eg%ﬁ)%é'gf‘?fwa§$ep, an expression construct

encodi ng a nonocl onal 1gG subtype

15 Transcribed RNA sequences:

SEQ ID NO:8 shRNATIP5-1.1
SEQ ID NO:9 shRNATIP5-2.1
SEQ ID NO:10 miRNATIP5-1.1
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 UBF UBTF 7343 NP_001070151.1

CERT COL4A3BP 10087 NP _001123577.1

30



antibody is introduced into these cells and stable cell populations are
generated. Next, the resulting stably cell popul ations are subjected to
i nocul umwoadofeedednat ch cul tures to anal yse specific | gGrpraPReiiossssy as
wel | as overall antibody titers obtaised. Interstingly, highest antibody
titers and specific productivities are achieved in double engineered cells.
Ant i body concentrations produced by cells harbouring both TIP-5 del etion
and CERT overexpression are markedly higher than in single engineered
cells. This indicates that conbi ned engi neering of both steps in the
secret ory(JiaAIMAay, nanely translation engineering by TIP-5 del etion and
secretion engineering via CERT, is a neans to even further enhance the
secreted protein production and generate manmalian host cell lines with

optimal prodycta ﬁ@th@@@@}%ér'b@s%ggﬁ%%twleﬁ sidf &fla £AI cobhfristnglep! etion
i NNl H3T3 cellI's: SEQ ID NO 1 sh TIP5-1" SEQ I D NGO 2 shRNA TI'P5-2 RNAs used
for TIP-5 depl eti@nPravidingaselhnd hanster cell lines: SEQ ID NO 3 mi RNA

TIP5-1 SEQ ID NO.4 i RNA TI.P5-2 KNers or,_net hyl ati op anal ysi s SEQ
"D N5 P mor - taarediany BpiaryT RAE b Aplie Hsfel, Srar o S 1D
NG 7 Priner -100/c 84ndr&isitar che TriBokdeal e ARNANRERHONGE Sai SESD bE ihNE¥eBsi

n
ShRNATI P5-1.1 SEQ ID NO 9 shRNATIP5-2. 1 SEQ | D NO 10 m RNATI P5-1 .1 SEQ|D
NO 11 mi RNA TI P5- 2 exprasifssof/a tinserdntios fadesendbed in the present invention:

d. Cultivating said cell under conditions which allow protein expression.

10 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 is 20% to 100%, more preferably 20% to 300%, most
preferably more than 20%.

15 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) and

step ¢) comprises overexpression of a transcription factor.

4) The method of any one of claims 1 to 3, whereby the transcription factor is

20 upstream binding factor (UBF).

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

25 6) The method according to claims 1 to 5, whereby TIP-5 is knocked out.

7) The method according to claims 5 or 6, whereby the TIP-5 silencing vector
comprises:
a. shRNA according to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:8 or SEQ
30 ID NO:9, or



Protein Oficial Synmbol Genel D Human Reference Sequence TIP-5 BAZ2A 11176
NP_038477.2 SNF2H SMARCAS 8467 NP_003592.2 UBF UBTF 7343 NP 001070151.1
CERT COL4weBP101GesH4 NP 001 123577.1CLAIMS 1) A net hod f ®eCTiEPesieaséssg

reconbi nant protein expression in a call conprising a . Providing a cell,

b. Reducing ribosonmal RNA gene (rDNA) silencing in said cell, c .

I ncreasing the ribosomal RNA transcription in said cell by increasing
expression of a transcription factor, and d. Cultivating said cell under
conditions which allow protein expression. 2) The nethod according to claim
1, wherein reconth. na”niRl‘Mmk:etirdingtpr&E@iIDnNﬁs 3, 3¢ R dOI4n ST dDADI10 or

corrpared to a cell giE h]&?]gI ﬁlduced rDNA sil encing, preferably said increase
is 20%to 100% fLJl' 3 y 20%to 300% nost preferably nore than 20%

3) The met hod accordl ng to clains 1 or 2, whereby step b) conprises the

knock-down or knock-out of a conponent of the nucl eol ar renodel | i ng conpl ex
(NoRC) and sbefihe)metbagpricserdingy &r elpmeskiosn2,ovhercby astepe bi paonises dbetothe 4)

The rrethod of any. one of 1to0.3 er e ranscr.i on fa tor is
upst r eam bi ndi AY ¥1at&?lbr %%5”81% Snt%mﬁ%del%éosglleﬁ 1Y ¢ ﬁta é’r eby
the NoRC corrpoaeabxpréss”ﬂnPoﬁ DOTIBNFvaiant preiterabhyt B Pcdtylddd, T fef%q}hqq
according to clains 1to 5, whereby TIP-5 is knocked out. 7) e net hod

according to cPEFTREPTESSEM O thohkyie Byt K639 pr K649 p&hEI-Ag vect or conprises: a
ShRNA according to SEQID NO 1, SEQ ID NO 2, SEQ ID NO 8 or SEQ

9) The method according to claims 1 to 5, whereby SNF2H is knocked out.

10) The method according to claims 1 to 3, whereby TIP-5 is knocked-down in step b)

and UBF is overexpressed in step c).

11) The method according to claims 1, 2 or 8, whereby the acetylation of TIP-5 is
15 prevented by either deletion or mutation or by overexpression of a TIP-5 variant
which cannot be acetylated, preferably by overexpression of the Lysin mutant K633

or K649 of TIP-5, in step b) and UBF is overexpressed in step ).

12) The method according to any of claims 1 to 11, whereby additionally the
20 expression of a ceramide transfer protein (CERT) is increased in said cell, whereby

CERT is preferably CERT wildtype or CERT Ser132->Ala mutant.

13) A method for producing a protein of interest in a cell comprising
a. Providing a cell,
25 b. Reducing ribosomal RNA gene (rDNA) silencing in said cell,
c. Increasing the ribosomal RNA transcription in said cell by increasing the
expression of a transcription factor, and
d. Cultivating said cell under conditions which allow expression of said
protein of interest.
30

14) The method according to claim 13, whereby the method additionally comprises



ID NO9, orb. m RNA according to SEQID NO 3, SEQID NG 4, SEQ ID NG 10
or SEQIDNG1 1. 8) The nethod according to clains 1 or 2, whereby step b
conpr i seswohato/tsbssacet yl ati on of TIP-5 is prevented by peirtaresiodsdses i on or
mut ati on or by overexpression of a TI®-5 variant which cannot be

acetyl ated, preferably by overexpression of the Lysin nutant K633 or K649
of TIP-5. 9) The nethod according to clains 1 to 5, whereby SNF2H is
knocked out. 10) The method according to clainms 1 to 3, whereby TIP-5 is
knocked-down in step b) and UBF is overexpressed in step c¢c). 11) The nethod
accordi ng to cl aiars Prify2nmsai@prowhepeimeredte acetyl ati on of TIP-5 is
prevented by either deletion or nutation or by overexpression of a TIP-5
vari ant which cannot be acetyl ated, preferably by overexpression of the

Lysin mut antlstﬁﬁé nR%hd86480:1@fng kb Rtadm 1i3rbr94t4,e&h@f)ein%@brhﬁﬁaﬂt%r&gﬁr&isfe@ﬁ§§i?sd in
step c). 12) The nmethod according to any of clains 1 to 11, whereby
addi tional |y t hecrexsmdeigisiaod cotl conpparaditder ¢qlamgfheno peduasidr FIEARIenicgng,

increased in said cell, .whereby . i s, .eferably .CE id dt ype . or RT
Sor | 357 ol b mibkr b e TREE RS A e 157 bALE FePEpiseiEin e ot BB S
cel | conpri si ngreferablPrmmdtt ehan0ds.cel |, b. Reducing ri bosonal RNA gene (rDNA)

silencing in said cell, ¢ . Increasing the ribosomal RNA transcription in
said cell by increasing the expression of a transcription factor, and d.

Cul tivating [ - dition ieh_gal essl o
protein of iﬁ?g?%s(#ﬂ%ﬂ $ﬁ%&§g{ﬂ%%8%§%§$%fhg e%ggﬁgéﬂﬁfgéhg g?éeéng%
met hod addi ti odawhYr kaogk-owede confpuneftydfnie sadleblpr @hwidollia contpéyxe@™NoRA)5)
The net hod according to claim13 or 14, erein recgnbi nant protein
expres8ion is # PER S LEPTIIHISEHP YT SBIESSIOF ) 2 BAST BN dA9T- wi t h no r educed
r DNA si | enci ng,

17) The method according to claim 13 or 16, whereby the transcription factor is

upstream binding factor (UBF).

15 18) The method according to claim 16, whereby the NoRC component is TIP-5 or SNF
2H, preferably TIP-5.

19) The method according to claims 13 to 16, whereby TIP-5 is knocked-down and
UBF is overexpressed.
20
20) A method of generating a host cell for production of recombinant protein
comprising
a. Providing a cell,
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell,
25 c. Increasing the ribosomal RNA transcription in said cell by increasing the
expression of a transcription factor,
d. Optionally selecting a single cell clone, and

¢. Obtaining a host cell.



preferably said increase is 20%to 100% nore preferably 20%to 300% nost
preferably nore than 20% 16) The nethod according to clains 13 to 15 ,
wher eby swepotwy13esmapri ses the knock down or knock-out ofca/rpocmposesss of t he
nucl eol ar renodel ling conplex (NoRC) #nd step c) conprises overexpression
of a transcription factor. 17) The method according to claim13 or 16,
whereby the transcription factor is upstream binding factor (UBF). 18) The
nmet hod according to claim 16, whereby the NoRC conponent is TIP-5 or SNF
2H, preferably TIP-5. 19) The nethod according to clainms 13 to 16, whereby
TIP-5 i s knotlkdde dothm darfcclIBR20, svievayestgy bsseuhrise) Aenaiohkdowh ogdmeclabiutng a

host cell for production of reconbjnant protej.n conpr.i sSi . Providing a
cerl, b Reduchhg FrHUSEHAIHRA eIt 1N S Rerrrgen CRG ¢ fiepee)
I ncreasi ng t he c§iPBasQWREre RO POSLIrARE iR Acteai d cel | by increasing the

expression of a transcription factor, d. Optionally selecting a single cel
clone, and e . Cbtaining a host cell.21) The nethod of claim20, whereby

step b) co hses the knack-down, or knock-ou conmpanent. he

el o ar r Aaan PING B RTEE e PR B Il RGBS ay ElRsR 8T S o
of a transcri pbHORréfa@bBr TIRZ) andh@hsRbNAE: Besiitiog fherot isipste2im dvhemgby
t he NoRC conponent is TIP-5 or SNF 2H, preferably TIP-5, and whereby the

transcription fagtardMBE. upst ream bi nding factor (UBF). 23) A cell generated
according to any of the nmethods of clains 20 to 22. 24) Any of the nethods
according to clainms 1 to 22 or the cell according to claim 23,

23) A cell generated according to any of the methods of claims 20 to 22.

24) Any of the methods according to claims 1 to 22 or the cell according to claim 23,
whereby the cell is a eukaryotic cell, preferably a mammalian, rodent or hamster

cell.

15 25) The method according to claim 24, whereby the hamster cell is a CHO cell such as
CHO-K1, CHO-S, CHO-DG44 or CHO-DUKX B11, preferably a CHO-DG44 cell.

26) Any of the methods according to claims 1 to 22, 24 or 25, whereby the order of
steps b) and c) is reversed.
20 27) A method for increasing recombinant protein expression in a cell comprising
a. Providing a cell,
b. Reducing ribosomal RNA gene (rDNA) silencing in said cell, preferably by
knock-down of TIP-5 or by prevention of acetylation of TIP-5,
Increasing the expression of a ceramide transfer protein (CERT) in said cell,
25 d. Optionally increasing the ribosomal RNA transcription in said cell by
increasing expression of a transcription factor, preferably UBF, and

e. Cultivating said cell under conditions which allow protein expression.

28) A method for increasing recombinant protein expression in a cell comprising

30 a. Providing a cell,



whereby the cell is a eukaryotic cell, preferably a mamualian, rodent or
hanster cell. 25) The nethod according to claim?24, whereby the hanster
cell is avOH@ocsbdoasuch as CHO KI, CHO S, CHO D4 or CHOTBEEX 0Bs6SKS |
preferably a CHO DX44 cell. 26) Any of7 the nethods according to clains 1 to
22, 24 or 25, whereby the order of steps b) and c) is reversed. 27) A
nmet hod for increasing reconbinant protein expression in a cell conprising a
Providing a cell, b. Reducing ribosomal RNA gene (rDNA) silencing in said
cell, preferably by knock-down of TIP-5 or by prevention of acetylation of
TIP-5, c . Incr edsi ifrg:rbdcréngxlmabei;maloRNA trensumipd®nt mavasd eell pryanerensin@ERT)
in said cell, d. Optionall ncreasin he rr% transcription in
said cell by i ncreagi‘mﬁss §a}n8?f1% ‘Et?%rl?g E‘ty factor, preferably

UBF, and e . CQultg V?ﬁdrélﬁm%alhéieﬁﬁéésm‘ﬂrlﬁ%rcepa%gé trhRs ﬁf@eﬁf(@ﬂﬂ% RLi@LeiL N
expression. 28) A met hod I ncreasi ng recombi nant protein expression in a

cel | conprising al QPtlgmlb’I rﬁgiuglnggnbosbmaﬂ Rotegshnrha) sil pusegral sarheell,

transcrrptron in sard ce easr ssion of atr

factor’ preferably lyb ﬁlc?rg%éigw r%gxsg%e?ye%r&’“%n logofge fag gg'rﬁf'_
transfer protein (CEI%{)d in said cell d Opt i onal |y reducing ribosomal RNA
gene (rDNA) silencing in said cell, pref erably by knock-down of TIP-5 or by
prevention of acet yﬁgith@Hng)ﬁalq' cel umgler goplidons ghirh pNw PFRICIB &KRICET. under
condi tions which allow protein expression.



