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WO 03/ 054172' PCT/ EPO3/ 00454 1 Description Di sclosed herein 15§u1372'696'6|
gl ut am ne- auxot rophi ¢ human cell capable of producing a protern and
capable of growing in a glutam ne-free nedium Furthernore, there is

di scl oseWO0 00Hb2el process of producing a protein andpéPeredsaspf a

gl utam ne synthetase (GS) as a sellectable marker in glutam ne-auxotrophic

hunanmg}clligﬁofr otein production by mammalian cell culture is used to

provi de proteins for therapeutic and diagnostic applications. Today

manmal i an cell cultures are the preferred source of a 0 nunber of inportant
proteins for use in human and ani mal mnedicine,. especially those which are
rel at iDisdlgsed Berei@ is 2000 lgR¥andRdaGbi&RSI | r et al., in

Lar ge- %%egl ed MargmltJ an g.Ce_I I lture Te%%ﬁg?lg%ﬁ@i@é&u% ggA. S. Lubi ni ecki,
Mar cel” ek B c4Pi5iof rovipg gn g pluiaming fee medinm| Rurthemocky deiegmdisdlossie human

pr §t eiamoes] ptoeso poprodicing @ FRWin BYd S8 Ule 7Y blutbiufnd G nctnd (BEER descri bed in WO
as been obtained at appreci a%?e specific production

93/ 09242 Jilna EP@Hh

rat es enpi oyi%rgerﬁrﬂu AmfmesrsproRkic huwpn eellsr ansfected with the exogenous gene
coding for human EPO. In a further process for the production of human EPO
(WD 94/12650), the human fibrosarcoma cell line HT1080 transfected with

DNA sPmistmpeductioh by maghelieaaauiuk@s 126d iof#bBdd f8tehR ;encoded EPO has
been Et’ag‘lp‘iji ed.. A simlar 10 approach has \t?g%n esgri g(ggﬁé}%é\%?%/ 09268.

| nror agpgsticapplications; Today mampalian oall culteges are 88 miefdredotd8ofeel | s have been
t rgan ' We r apabl e to.activate the
erﬁoz‘fa%egg%%ggg %éﬁ%ﬂ. %‘%ﬁ?’%ﬁnfg‘gwﬁ‘%ﬁmﬂ%@@ﬁ? WO 94/ 12650 and
WO 99wigielz &8 relatiilyf lewge,idomplep madiplgtdsplate® (N Bl FaftedP R, iy &glskalpeen cul tured in
a m%&ﬁﬂt@gg@ﬁgggtuﬁw ne. This 15 is di sadvantageous because when

gl ut a FPIENRSYe ¥ Oy ok ¢y 81t Taubinieakd, Mared Meliksr) Iog., ammonia i s a
cat ab@w Y8y oduced, which is cytotoxic and can inhibit cell grow h.

Furthernore, it can inhibit glycosylation of proteins by its effect on pH
wi t hifler exaspde ipyiductiontdféhedmian pitiein prytheupoletio (ERO) §yi @l chiltehss of ti ssue

97 o prastonsi i W Moo ot b e hinertatiomeagie awier co
ol Ot B B L e R ORP LR BBl ™) i ect 1 ng
the  eodin fugbumam 00N adiutin prageor thsprodubtiby o 6 BDCHN 0541 72

94/12650), the human fibrosarcoma cell line HT1080 transfected with DNA sequences

which are capable to activate the endogenous encéded EPO bas been applied. A similar

- 20 approach has been described in WO 99/09268. Immortalised human cells like Namaiwa,
 Hela S3 and HT 1080 cells have been transfected with DNA sequences which are capable
to activate the endogenous encoded EPQ,
- The cells described in WO 93/09222, WO 94/12650 and WO 99/09268 used for the

production of buman EPO have all been cultured in a medivm containing glutamine. This

15 is disadvantageous becanse when glutamine is used as an energy substrate by cultured cells,
 ammonia is a catabolite produced, which is cylotoxic and can inhibit ce}l growth.
~ Furthermore, it can inhibit glycosylation of proteins by its effect on pH within the Golgi of
the cell.
The production of high levels of tissue plasminogen activator, a glycosylated protein, has
30.  been described in WO 87/04462. GS has been used herein as amplification system for co-
amplifying the gene encoding tissue plasminogen activator (tPA) in glutamine-prototrophic
Chinese hamster ovary (CHOY) cells by transfecting the cells with a gene encoding GS. As




PCT/ EPO3/ 00454 2 found in EP-A 148 605, it is disadvant agegljgi1 2B@éivever to
use CHO cells for the production of a glycosylated human pro gl Pr ot ei ns
synt hesi zed by CHO cells nay differ in their average car bohydrate
conmposiwoosms#rioam nat ural occurring gl ycosyl at ed humapergp@logisps. This is
due to the fact that human cells posse'ss a2 3 sialyltransferase and a2.6 5

2: Z: . tr@ﬁ%@&i§€6@né¥g§8ﬂ%£§%h‘?‘¥% OtIF‘Fg gﬁé ]‘fsqﬁ]iﬁ%e of term nal

si al igzodielish 610 dft8syRAtbOREAG 8GN Rro s 8iritREize CHOCER delis nlapaler he enzynes
for sul phation of the carbohydrate structures. CHO cells aI so lack an al-3

f ucody ﬂteﬁr@ﬁgmmcasi@hy@@&eéz@m@sm@r&ﬁnmwﬂlmwg slyreiylated bupagh do have al -6
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Technology Vol 4- 364. Lee et , Journal of Biological
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89/ 1

Bl s byt el s AR o < el g Y R e pandent By |
tr anﬁfmsyhmgfdrdse(mttauhes ho%dma&rekxéms) Hepan tell hal¢ bdths been further

o drermarrestint HH R Tt AL, SoP R ARG S ob ia B H-d 2t Ui for -

Cco- am%dcmhggmmf 1399 992yRB SRR GrtRal TednbRgl ¥ol.Q 685%2Y3M. 1.8 & nvel oma cel |
i ne. However, rodent cell |ines present di sadvantages, nanely the

att aah.nl}Qﬂﬁ, Jgﬁrmhlgifwbgbaiéfﬂnﬁm\éol%dﬂsé&ﬁla&@ﬂ Thergddrace of the .
N- t t t
br s ENbRS BT Rl RECP Btk B SR Ak g B R e e

st r ugt ki Kiblogital GERFiBt R itisond YrddnesiiZ Bémdnceni9dent cells m ght therefore be
expected to be immunogenic in humans. 25 30 Accordingly, disclosed herein

18 afp W%S%W&‘me@tb ofmalerg myrlemmenlls puohas meuselBbUdomEERSH N e d

di sa iral kv t he

o oamAEPAGET otf 16 MERAUE LR etarfnP Bl flont 67 REEkIDIE R, | PP
i's dinsthlGSled baenrteptﬁtedgnt st frrthepdainofiated hbtefbthat@S bandasediiong t o claim 1
and a noyvel process accordléjg toclaim?7. In one enbodi ment, a

gl ut serPmBUEGHeR PfEsATSoTRetam g prd hegvyihaips abbnmpnogiebalimelegyes

and for co-amplification of 2 gene encoding a fibrinolytic enzyme in a myeloma cell line.

—

20  However, rodent cell lines present disadvantages, namely the attachment of N-
~ glycolylneuraminic acid residues in place of the N-acetylneuraminic acid, the inability to

carry out snlphétion and the presence of the a1.3 galactosyltransferase enzyme.
Oligosaccharide structures of glycoproteins synthesized in rodent cells might therefore be
expected to be immunogenic in humans,

25

| Accordingly, disclosed herein is an improved process which does not have the above-
mentioned disadvantéges for the production of a protein, especially for the production of a
- glycoprotein, and which yields high protein titres.

There is disclosed a novel glutamine-auxotrophic human cell according to claim 1 and a

30 novel process according to claim 7.
In one embodiment, a glutamine-auxotrophic human cell is provided which has been

transfected with a (first) exogenous DNA sequence encoding a protein or an




transfected with a (first) exogenous DNA sequence encodi ng @ pioigskn or an
6 July 2006 WD 03/054172 PCT/ EP0O3/ 00454 3 exogenous DNA sequéence capabl e
of altering the expression of an endogenous gene encoding a protein, and
furt her WBi547( second) exogenous DNA sequence encodigrgepes/oegdsut am ne
synthetase (GS), preferably a nantfali an GS, wherein these exogenous DNA
sequences 0 . ' : PR t, said
transefcg%?lg‘ghggﬁS%&%eglg%%?aébq%&%{e% Cl ﬁ;{ sa}og%gr ot eio%gﬁg{ﬁédg é(f:igpabl e of grow ng
i N a egbatigni protcht, and fmdleruwith o Aswond)iengdepcusdDNAsequenspacedinga t he present

i nvention, provj des I, ne- auxot.r oggi c, humgn cel | trﬁg%ect ed with an

| ut.a
exog@hﬁwtg@ﬁ&ééﬁgp@% hERTRrst VR FPegs BOBHIBHE _sequence
Capa%leﬁmﬁées%}éi%{:dt%&ﬁo?iﬁBfeﬁtﬁﬁi&iwm%hsﬁﬁ&%m_ fegieMeciEncodi ng a protein
and "an ‘exogenous sequence encodi ng a gl utam ne synt hetase, wherein
t hes aRKRYE potscing R peaet emb@patdy f grovting imch ghriaroine-fioe madinm. t han one DNA
construct, said transfected cell .capable of pr.oducj ' rotein and
capabi© OIS‘Pgléfr%gﬁSWﬁpefCH’fgﬁegﬁr e’étrﬂl‘ﬁ"gt-l?nr&e%%“dnee‘q’& i%u&]mﬂgégg%gpﬁ%&su%ggt of the
pr eseal triddfeeted with ap svémsaesDNApcaeasentalingtdyeotpinedarctioginoas DMApr ot ei n

conprising the steps. of a) culturing.a gl utam ne- 0 .¢ human cell
accors?ﬂ“ﬁ’&%tc@’aglﬁé&f‘ 08 5%@85(51(’? ﬁgﬁj %\ﬂ?%ea?“es gerﬁnéé%]?%%y%anéfé@ﬁg g%di tions
sui t allkgogbius BNN @§8dnoenobdisgd glupmiteaymheaase, wherairetheseexdgigpusai d protein. A

thir spect of the esent _invention oVi h gl ut am ne
synt ﬁﬁ% uepges are Q’@’Tt TLBF 8 Wﬁﬁpﬁl@lﬂ OP%DngAu 03%‘%73‘%%%‘3%{1%@8% ?é? hunan cel | s.
Fi gurcgpable®h proauckeiaRidairdtein and capatld of| gravengd2lttemprspemsdion. cul ture in

| t di um - profiles of cell tration.durd na.repeat ed serial
SO e et v e onpanades & pREPS R b A bEPES) PO BerT

SUSPRBHNMeaHt dtefs@fi N serum free medium Figure 3 shows adaptation of cell
line HT1080 tq suspension culture in serumfree nedium:. profiles of cell
conCé?\?‘P‘HFP%%gIHWrEQF“F%f?SQP g“dfn%cre}lﬁfcogéi%tﬁ Iﬂﬂt"eui?r%t .asﬁglﬁra g}l i és)hovvs | EF

anal ysddfunDinderosdaiansshitdbedoRRE bsi@nf&ad prossasireict ant 31310 and from the
non-transfected R223 cell line grown in industrial high-density growh

cul t (W EcREEPEsRAPIPSe 2 31310 harvest. Lane 3: 31310 peak. Lane 4:

non- tA &Ra bgeied i palert alvkntlon Peovieadhe usd daglbaminosynthe@msestect ed R223 cel |

i ne harvest. 6 Ju 006 .
selectab?e marker in gluYan%ne—auxotropmc human cells.

Figure 1 shows adaptation of cell line R223 to suspension culture in serum-free medivm -

- profiles of cell concentration during repeated serial subculture.

Figure 2 shows schematic for adaptation of HT1080 cells to suspension culture in serum-

free medium.

" Figure 3 shows adaptation of cell line HHT1080 to suspension culture in serum-free

medium - profiles of cell concentration during repeated serial subculture.

Figure 4 shows IEF analysis of immunopurified EPO from GS transfectant 3E10 and from
the non-transfected R223 cell line grown in industrial high-density growth culture medium.
- Lane 2: 3E10 harvest. Lane 3:3810 peak. Lane 4: non-transfected R223 cell line peak.
Lane 5: non-transfected R223 cell line harvest.




3a Figure 5 shows | EF anal ysis of immunopurified EPO fron1 ﬁ%é
transfectant 3E10 of the R223 cell line and fromthe non-tra ec?ed R223
cell Iine grown in conventional |scove's nmedium Lane 4: non-transfected
R223 cell line harvest in glutagjne- supplenmented |Iscove's. Lane 5: GS-223
cell line 3E10 at harvest in glutam ne-free |scove's. Figure 6 shows the
chromat ogram of a densionetric scan of gel lane 4 fromtop to bottom as
shown in Figure 5 Figure 7 shows the chromatogram of a densionetric scan of
gel frdin GSORI?8 thnffestatit 3E1006 WO
03/Ogﬁgsfﬁi%&?ﬁﬁ%ﬁ?m%ﬁgﬁﬁkhﬂﬁﬁqﬁﬁi%gg%gus DNA sequence encodi ng a protein”
or anhé 8203 eab UneDNA mmM—m&mﬂMB aglltlivei giovn Ao canysniewd on of an

ncodteRen dedny oLty A R pRe P TR BEIERAR T BRaARRETER cion

vect Emé’rﬂed 864’5 OligneV §C GY223 A6 R Xifid BFI0 G haeebtoin glupdmimedfecan be
enpl o 5 As infectious vectors can be enployed e.g. retroviral, herpes,

adendmwwﬁs, adenovirus- associ ated, nunps and poliovirus vector. Preferably
an expression vector, in particular a plasmd is used. An "exogenous DNA
sequence encodi ng a protein" may include additional sequences such as a

r egulgiaiels SR BNCArahatearin ofla dedidhctiic sadlbDgel tane diffvantoprtp bpdmyadenyl ati on
sites and 10 splice junctions usually enpl oyed for the expression of the
exogesspviyiEdagwe Smay i ncl ude additionally one or nore separate targeting
sequences and optlonally DNA encoding a selectable marker as described in
WO 93/09222. An "exogenous DNA sequence capabl e of alterln% t he expression
of t IFgerRANgeetis dedneatoghi efic ddisinatripscan of gel lama§ fonctopde besteenous DNA
sequences which do not encode a gene product of the protein but encode part
of t Hashoyen@ Bigwedct e. g. an exon, and may include additional sequences
such as regul atory sequences and splice junctions usually enployed for the
expressi on of the exogenous DNA sequence. They nmay further include
targeting sequences and optionally DNA encoding a sel ectabl e marker as
described in WD 20 93/09222. Usual ly, an "exogenous DNA sequence capabl e of
altering the expression of an




endogenous gene encoding a protein” is inserted into chrormg?gl’glzow of the
cell after transfection into the cell. Honol ogous reconbi nation or
targeting is hereby used to replace or disable the regulatory region

nor mal I woasangiated with the endogenous gene with a gérkRRKhA% 0rYy Sequence.
As regul atory sequence nmay serve . g. a pronoter and / or an enhancer

whi ch, causes t ene to be expressed at levels higher than evident in the
cor 1 AR BT DN Bep EeR R POREY shtn 1 iEaSE DA HE 0/ 00222

ADPT Qaphkik Bf aliefifBE SfpPestion oben él:%gﬁnaﬁﬁ%h@cxﬁbdiﬁgﬁlﬁidtéihﬂ ind@hy expressed
pronoters. Appropriate pronoters may

C B e strong pronoters which are

depere@kogenous [ sequpnce engadingse@s earguswlﬂﬁelowdtﬂmalsNémm@Hﬂwnr us maj or

i mredj at e . - r noters, ot her

pr onot & rcé’mgl?&ﬁltc?éég%%gﬁfgﬁoruég ggs{,y - gqaslr%% %ese%%%%%é %ﬂé%gﬁffégaé‘rdg %103’%@' of the

P&l y QXeinVdclioiBe8ctons caplpoanaplyed ee Sstrovidl tefpes, aderdlvirgy, adenbeirus- nouse

nmetal | ot hi onein 6 JuIIYi 2006 WO 03/ 054172 PCT/ EPO3/00454 5  pronoter, the

rous aSsACkARdRmYIPE | nsHeViFus Vestah Prefasilnin rpratekyector g RS dor onot er

conal phud: i Rikgnot er, oval bunin pronoter, nmouse P-globin pronoter and human

P-gl dbin pronoter. 5 The "exogenous DNA sequence encodi ng a GS" according
t o t hen Paxegmngs DNAeeiense encgling a frotein' dey itchele additionsl seermestuclong pronot er

as well as. under the control of a weak pronoter. tra onoter is used
T 1R aRBns s R e guatewoles b an PR e Db ABSER Che gene”

§0COodpR: jERtions Nﬁﬂi&eﬂfpﬂ’d?é&%rm§e@§£§oﬂéftﬁéﬁo§éﬁ@ﬂ§§&ié%r%n%ﬁﬁb'ence i's being

used as a-sel ectabl’'e marker and if GSis used for anplification. An
appr egditianalypne monere separataiargetingsequepassand bptionally BNAosnsedingia i vel y expr essed
pronoter....The .pronpt ex m | ected such as, that the GS is expressed
at asﬁﬁﬁ%@ﬁﬂﬁg{é"%s:?‘%%cﬁ'?’?ﬁin'ag‘&m&?%grﬁ%rowt_h of the transfected cell but which
" does not produce a high I evel of the glutam ne catabolite product ammonia

incell culture usually not nore than 4 mM preferably not more than 2 nM
mor e A 'eKkegeasisDNA sequencs sapablg o falisring the exprossion efiheendopfeUsgiRer * confers a

|l e : @Pﬁt@t - \Whi ' | 490 1 ' | sol ate
‘ rigci %lhgﬁfgc sf.21 @?én\girydggxﬂ%égi%ﬁ% E@?ﬁ%@g@ﬁ%gﬁa‘% (Ld}é aiggﬁb?he pr esent
-i nvempkédunt ofitlie proteiibut encedd eart ofthat garpiaduttye. g.raarséig ahdthay include
gl ut ami_ne- auxot rophi ¢ human cells which have i(ncorporate d express the
ex og@ﬂ@agﬂ%muww @E@B’B%ij’q@?esﬂngfﬂhﬁﬁbmmﬁﬂf Yﬁ‘ﬁ‘?ﬁ’y@gpendi ng on the

cel | gife Iq#?&ﬁon ijeth@ exdgenous WA Makence m8Pfilrifer iGQuadddefde Pronoters,

ot her pro ers of the adenoviruses, early and | atepronoters of any of.
sequences and optionally DNA encoding a selectable marker as described in WO

20 93/09222.

Usually, an "exogenous DNA sequence capable of altering the expression of an

endogenous gene encoding a protein” is inserted into chromosomal DNA of the cell after

transfection into the cell. Homologous recombination or targeting is hereby used to replace

or disable the regulatory region normally associated with the endogenous gene with a

25 regulatory sequence. As regulatory sequence may serve €. g. a promoter and / or an
enhancer which causes the gene to be expressed at levels higher than evident in the
corresponding nontransfected cell as described e. g. in WO 93/09222. Appropriate
promoters can be regulatable or constitutively expressed promoters. Appropriate
promoters may be stfong promoters which are depending on the cell line used e.g. the

30  human cytomegalovims major immediate early promoter (hCMV-MIE), SV 40 early and

~ late promoters, other promoters of the adenoviruses, early and late promoters of any of the

polyoma viruses or papova-viruses, interferon al promoter, mouse metallothionein




the polyoma viruses or papova-viruses, interferon al pronotgn, e
nmetal | othionein pronoter, the rous sarcoma virus long term na]Iy repeat
pronoter, (3-globin pronoter, conal bunm n pronoter, oval bum n pronoter
nouse (Wo@kehi® pronoter and human (3-globin pr O”DtF(FT/EP%?/oﬁsM’eak pr onot er
may, depending on the cell line uged, be e.g. nurine |[eukaema virus |ong
term nal repeat, herpes si.nplex .vi,rus t el [ d Mouse Mammary
TunoPTOMREH e [U§§ T iRig o0 tﬁ@ﬁf'al rﬁf"%@@%ﬁ%&yﬂ%ﬁ&é nlglo%?fc oding a GSis
under ‘ P RS BlolobMyremeeridiablay puglotdn t he contr ol
of tﬁ%ﬁaﬁ@{}%@ﬁd@&@%@g@gﬁﬂg&,si bl epégnbo I ment, an arrplﬂr%eli abl e, mammal i an
GS segsmatere from hanster and its use as 30 a selectable marker in manmalian
cells is well known in the art and is e.g. described in WO 87/04462, WO
91/ 06657 and WD 89/01036; the exanples of the present invention 6 July 2006
VO 03405452 REHINARRGIRA04Eobing & G @dcofdii to i Présent ifSntiapmigtsi on unit and
respective~sel ection nethods as set forth in the references. The

" ex 0 fe nodss tRNonsdglie stenganenelerag veellss sader e cpptrel gEa WedkRJEMSEE DNA sequence

5 capable of altering.the expr han 19eRGe&Ncodi ng a

pr ot é} FFOng R lsW%féﬂ%%@g%ﬂﬁg&ﬁusgﬁ%%@ﬁg%%%ﬂ %S 'apr%g_ | ocat ed on one
or MygLochBantoang GONA weak Pinidietis used éffiis @dpenout DEAsequengeindeiwgDNA sequences
are |l ocated on nore .than one, rably on two DNA constructs. |f

t hes asuhkasgeniosieblpmakseanddhgg ds ‘gﬁg‘ré?qfag’rag’é?e}“% %P@Pf%ﬂﬂeé’m‘ft Tuct they night
26 - S PR £ PR L ARG Forf expibedd WnbtiCink GSRORPBAGALES AT ven 10 DY the

ry seqguence e.qg. onmot'er and/or 'enhancer ‘as_described e.g. in
VO  @Qkdibdindh ainat tiniGSes axpressedysaicondenimation seffivientforgrewtl of thtinan cel | s whi ch

do not GS GS | bei wh i
cul { Gensthged oS AR G RS Sheh ok R S BB IR R o g ont
- POOT Ly ch iSh LR BIARs, haRy i GhdtEthaltlt WM BrofrabB U OhbRARN aMan cel |'s whi ch

are usedﬁlln t&le present 1nvention are nortal glutam ne- auxotrophic human
cel | snwe preforaly kbs thed2 pMammonea- auxot r ophi ¢ human cel l's. Mort al

| ut anj ne- t i c.h | ' ' N
R L  a  pte N L AT

"’ Pe{ B8 8diate ﬁééi?igﬁ)t coBs Ehlah b @6k ag tdtseleiitte mucker in dippresehtimventior| | s ar e

gl ut am ne- auxo

rophic cells which exhibit an_apparentl nlimted |ifespan
in cuhowlertostlert smﬁgw@ag@a%quwﬁa hijigan colfs which have
incorporated and express the exogenous DNA sequence encoding GS.
A strong promoter may, depending on the cell line used, be e. g., A(CMV-MIE, SV 40 early

20  and late promoters, other promoters of the adenoviruses, early and late'promoters of any of

the polyoma viruses or papova-viruses, interferon ol promoter, mouse metallothionein
promoter, the rous sarcoma virus long terminal repeat promoter, B-globin promoter,
conalbumin promoter, ovalbumin promoter mouse -globin promoter and human p-globin
promoter.

25 A weak promoter may, depending on the cell line used, be e.g. murine leukaemia virus
long terminal repeat, herpes simplex virus thymidine kinase and Mouse Mammary Tumor
Virus-Long Terminal Repeat. Preferably the gene encoding a GS is under the control of a
strong promoter, more preferably under the control of the hCMV-MIE promoter. A
possible embodiment, an amplifiable, mammalian GS sequence from hamster and its use as

30 a selectable marker in mammalian cells is well known in the art and is e.g. described in

WO 87/04462, WO 91/06657 and WO 89/01036; the examples of the present invention




- in a asgbiephin hwendrcells orvsmiotintized SHRMINGABOEOING HUneA of

is well-known to those in the art. Exanples of nortal glutag?&gza&gotrophic
human cells nmay be human fibroblasts and human foetal lung fissue cells.
Exanpl es of inmortalized gl utam ne-auxotrophic human 25 cells may be human
fibrosayeesmsseal | s, |ike a HT1080 cell line (e.qg. DSpENsofSe 315 or ATCC
No. CCL 121) and B-I|ynphobl ast oi dghuman cells |ike a HL60 (DSMZ No. Ace-

3). Preferably used in the present invention are_i rt%atJai ed

gl ut mm@mémmﬁ%emm&ﬁw ugbandgesppgtive sAecigh Be g%,se Jgﬁu} mortal i zed,
gl ut a%gl NG alxot rophi ¢ human cells are B- |ynphoblastoid cells or

fibr oS cony cel | s, nore preferably human fibrosarcoma cells, 30 nost
preferably a HT1080 cell line (e.g. ATCC No. CCL 121) is used. 6 July 2006

WO 03/ 054172 PCT/.EP03/ 00454 7. The gl ut api ne- auxot.r ophi man cell can be
t r ansHEC ERRESHPUS ﬁgé"q_@%@M@gﬁﬁﬁf’t%geﬁﬂglﬁ@é%geﬂ'?/usér}gi\%ﬁe@eea%ti c engi neering
t Qe h%ﬁébﬁiﬁof a-[{e%%f;l]lg gisﬂr&@iowom a8 A RRNOHRoE e pRUIENBE Shedepends on

whet he e se are .Iocat ed on one or nore than one DNA construct.
| f t HexcgenoesNA sequendesucoing adnS rae locatpdion oms oppereiign asANAuct |

transfection can, occur with e seguence se transfection.
In cé@@s"f“rcﬁﬂzﬁf erably. ESSE’EWEOVW @eﬁﬁwcgse%go @%i @ie%é%éa %uloglg’tlﬁgreor der of

t ran?:@fefab%n%otﬂm SRR Bhdss extspdadus DNXDEdgaeRbs ard Toastsd @coneoon Wi th each
sequence Separately occurs prefera.lieefi rstly with the "exogenous DNA

sequdMNA censtridt they mightbe fpnasioaslly combinefee.g Euiby My FPIFIOLIEFIE e capabl e of

Al ter,i the expression of an g&ped%_'_rﬁgwid protein" and
c orf e SmeTe %tory&@ﬁ%(%&épﬁtegg%ggﬁ%gﬁgﬁg(r()lze'fslcﬁg'a " The transfected

gl ut smeeaxot rophic cell mght be cultured after each separate

transfection and assessed for protein production. In order to select for

successfully transfected cells, these are grown in a glutam ne-free 15

medi Sth aﬁa& ' S inEtnk 66 hinkiad G 1@wHicH bt R plesA@S BEdi UM or at

fi rs;&ilh% a cj'r_re i u%ﬁt}ﬁ%@%%icm nggdéﬁgut am ne which wll bg.di |l uted stepwise to a

gl ut apress G8 @eory tivs byingcapablo nEgrowthyinscalture wedinmeeoglaipingivan#¥ncent r at i on

of 10 mM.which may be dil uted by. steps. of. 2 t _ The appropriate

- skl e dyut GAlng 3 SEQYY) PR GR OB EOTHO %‘6%‘#&?%5&4%‘%% @Wg ce=l lines used. As

evi depbof4rie hiemRERS Wisal &e uiddtn tHepratit ibeionald @pidl gluamine cel | of the

pr esent I nventi on capabl e-of producing a_protein @I&q%%ioabl e of grow ng

said cell with

an exqgenous equenc odi Ng- ' el IhidREBReUS DNA
cequenEREEPEoraf: MRS riRarE et BB e

limited lifespan in culture. Immortalized, also called “permanent” or N
- 20" “established”,glutamine-auxotrophic buman cells are glutamine-auxotrophic cells-which

exhibit an apparently unlimited lifespan in culture when duly passaged and subcultured as
is well-known to those in the art. .
Examples of mortal glutamine-auxotrophic human cells may be human fibroblasts and
human foetal Tung tissue cells. Examples of immortalized glutamine-auxotrophic human

25  cells may be human fibrosarcoma cells, like a HHT1080 cell line (e.g. DSMZ No. ACC-315
or ATCC No. CCL 121) and B-lymphoblastoid human cells like a HL60 (DSMZ No. Acc-
3). Preferably used in the present invention are immortalized glutamine-auxotrophic human
cells. Further preferred, such immortalized glutamine-auxotrophic human celis are B-

" lymphoblastoid cells or fibrosarcoma cells, more preferably human fibrosarcoma cells,

30  most preferably a HT1080 cell line (e.g.ATCC No. CCL 121) is used.




endogenous gene encodi ng said protein and an exogenous DNADﬁIXG@%gg
encodi ng a glutam ne synthetase, wherein these exogenous equences are

| ocated on one or nore 25 than one DNA construct. The exogenous DNA
sequencwoemengizng a protein or the exogenous sequencgepmdolds of altering
t he expression of an endogenous gene encoding a protein nmaybe anplified
after transfection according to kno thghsin en lification as
des c ribsEinipming-ayxotygphis dugan be ans chfi @ G ﬁ%lg i ng enzymes |ike
e.g. ' Qlﬁfg; B3iaues. S adenosi ne deam nase, asparagi ne
synt ﬁ%ggésqys%gwggga%%ﬁcar anquélgse, met al | ot hi onei n-1, om thine
decartmeféction with-ty exogenoest BN A sequiehess deeads andehethstiie seggences aPul y 2006 WO

03/ 054172 PCT/ EPO3/ 00454 hym di Ki i ne- i
oS gGHASBETI oF PRFRNE: ohe DA FPrsok ot reppetcar e SRR SRR 0 o i i ng
agpl ighi BN L CRhERctOfrark fRARA AL HRSr ﬁftﬁe&h@e%&ﬁ&%@a&t&froﬂyd&w ng treatnent in

medi a I'acking the netabolic product of the enzynes or in_ nedia containing a
cor r espsidiongIsebermsieiongentrs with pachspansatersgpasiglpthe ofder afient s are e. g.

met hqt r exat e X) 5 in.case, of . .DH n eJyll hoxi mine (MSX) in
The diaugogion et Besbapatd i iuiPrgphl R I P AR a8 YO T

gl ut aBhReeROEEIE PRIkBLEERNWitelht "@logéddas DNASSQIEhcd aavaling il ar e

non-gl'ycosyl ated and glglcosyl at ed prot%ns. éﬁ:%(r)sg.l ated proteins refer to
pr ot ereteinf avthejexegenoasBNAGK@ICEPS GHpdie e ¢RI R0BHOBanpl es for

n-glyco r L3 " 5 @ R&el 1 ke
Irlﬁt e%ﬁ%{ eﬁé%?%oa%g&bg#@%@{ﬁgl ﬁgc} %ﬂ%@%’”ﬁi&#@i %gﬁroﬁglgg ée%easi ng hor none,
i NS Uleh#bdingHGEY. Ot arusfected ighitamine-ayxctrdpliin ogbmighidstontyred afmscatine,
mel anocyt e- sti mul ati pg hor rimne, . vgqs‘,ﬁo ressin, and derivatives thereof e.
g., GW&P@%@W@&@E{}F%?%“&@E’PP YRy ar at hyroi d - hor mone (PTH) or
fragnment thereof (e. g. PTH (1-43)), gastrin, secretin, pancreozymn, 15
chol ecyst oki ni n, angi otensin, human pl acental |actogen, human chorionic
gonadobrdeptoselectHoauccassfotlydraisfectah delispthpseiare srovningl shtegipeHieed anal gesi c

subst ances li ke .enkephalip d__derivati.v her <A 4 277 394 and
EP- A%&i%‘?éf?lﬁﬂ&@ W%&&Sﬁ?‘ﬁmﬁlﬁ%ﬁ%@% grrﬁgglgt{]ﬁrgtﬁgﬁ g y"@%syl at ed

enzy Bl didCe AR WQSVill Ve atute Eteswiss Rusdhithhiae-Sreemedium, 8gndesi n,

neur ot ensin,  bradykinin and substance P; non-glyco ﬁl at ed rlgi%h factors of
t he Zﬁarat@?Wahgrgbﬁmm%?@MwaﬂpWIWdeﬁmd\é eﬁ BFFRY O%r h factor

hon. 37 gy T aronctBSRAD proBbt Mgk S84 Slosn e B e Bl e

used. As evident from the aforesaid, the glutamine-auxotrophic human cell of the present .

20 - invention capable-of producing a protein and capable of growing irr a-glutamine-free : _
ﬁledium is obtainable by transfecting said cell with an exogenous DNA sequence encoding
-~ said protein or an exogenous DNA sequence capabie of altering the expression of an
endogenous gene encoding said protein and an exogenous DNA sequence encoding a

glutamine synthetase, wherein these exogenous DNA sequences are located on one or more

| 25  than one DNA construct,

The exogenous DNA sequence encoding a protein or the exogenous sequence capable of
altering the expression of an endogenous gene encoding a protein may be amplified after
transfection according to known methods in gene amplification as described in e.g. WO
30 94/12650. Amplifiable genes encoding enzymes like e.g. DHFR (dihydrofolate reductase),
GS, adenosine deaminase, asparagine synthetase, aspartate transcarbamylase,
metatlothionein-1, omithine decarboxylase, P-glycoprotein, ribonuclgotide reductase,




Exanpl es for glycosyl ated proteins are hornones and hornone rgiy%%ng
factors |ike growth hornones, including human growth hor none, “bovi ne
growt h hornone, growth 25 hornone releasing factor, parathyroid hornone,
t hyr oi dwsioswsdiat i ng hornone, EPQO, |ipoproteins, alphaclepssidedsiypsin,
follicle stimulating hornone, cal@ tonin, |uteini zi ng hor none, gl ucagon,

clottjn ors suc r figetor, and von
Wllmﬁ?ﬁ%‘f% Qm} guglﬁ% On%ﬂog%%ég&s% #u oteln C atrial
natr 'ﬂﬁ&ﬁisb@éll@@blﬁﬁlmnhuﬂghﬁmobﬁ@bﬂﬁése gondd RS, Bspgbl&oﬁsdrVMﬁ:tgor such as
ur oki nase or human urine or t]ssue- ty e 30 plasm nogen activator (t-PA),

t hr orttsiatment anppdin laeking @P@Wﬁb"h‘éﬁl’?@l‘c R@@@Pﬁ §74B BcUiagaRiPREE @ oqul at ed on

activ ophage
i nfl a%#ai?&nﬁﬁ ga%‘!eui}(’% Fgﬁ’%(ﬁﬁ%&sgr um-a %dsuélﬁ n serum 6 July
2306 M@a&%f@ﬁiﬁk?ﬁad%ﬂh&ﬁﬁﬁ@ﬂﬁ%ﬂe@ﬂ?ﬁ)mﬂe,camﬂfl@l an- | nhi bi ting

subst ance, relaxin A-chain, relaxin B-chain, prorelaxin, nobuse
gonadot ropi n-associ ated peptide, a mcrobi al protein, such as

bet a- h2aas, 8d by ﬁ%%ﬁw@%nme-amoﬂmmlﬂ oftglot hel i al

.growth act or , receptors for- hornones or growh factors, integrin,
pr ot giresert mVeann afe amglyossyiafed ahd glycosglated prodainso Ohyicosylatédquoteins suc h as

bone-d rlved ne%otr% hItC fa tor éara;l neurotrophln 3, -4, -5 or -6 (NT-
3, Nkt loproising hage ?asc?ﬂlca THBASF B factor such as NGF-(3,

plgat %x%fnpib% bR glfoliabed préteing bre ! Qﬁsﬂ-gl(v&éra&alhaﬁﬁmﬁ@ gé h factor such as a

FG- and G-, epidermal growth factor ~transformng growh factor
(TGF)lutsmalgarm@e @lq@mg momﬂ:md hormmw@@ismg hommm(lswhmTG: 02, TGF-P3,

rg %4215“0{"8%@ (%mdln‘giﬁf Ho ra npﬁ%@ I nSu ?’lje_ﬁﬂglahgé gﬁ?acggragfindi ng

' pr ot %sgresﬁiﬂ, arfdrdetiedtives therbofs g defophiefsig bﬁﬁbolmtcabnorpn,qmmthysc)lds uch as CD- 3,
8 and CD-19, steo nduc |(¥Tg§;a0tors i pumunot oxi hs, a bone

nor pfh@@é@i‘%ﬁ (PEE) prfragmieni thivey 0%7?3 SAUD, SEREFHD, PAICERERRE: as wel | as
clai n%ﬁbﬁcﬁfo%%ﬁ%lrﬁfég%ﬂ'hﬁin E&E)Lagﬁg %rhﬁ]fdhﬁn BE 9&&5@0 ini ncluding, for

I Nst ance t unor eta recep tors (TNFR-1, EP
15 AYRACEH3cacailin didRbtiling ﬁﬁh—glyaosﬁma amﬂgibsm ladxstancmﬂ:ikvamkep@n aad interferon

such as interfer h co st imul ati ng
© fact sedvatregdy reoggaeﬁé%%%}] ﬁ%@ﬂ%ﬁ%@a@? Lﬂ’nﬁ %aﬁg (1Ts), e.g.,
IL-1 o{ﬂhjﬂ-‘ﬁon Sy dRzyhh R Tk ASEgly &sﬁ%&n&ﬁ&@ﬂkﬁﬁt&m&@face nmenbr ane
protern décay accel erati'ng factor, viral antigen such as, for exanple, a

por t |bombesm nehmteaslmﬁar@;dyk@m)@@ substanne Bisiop- abfc@:yla‘twsgmw&lrfﬁﬁgrs oéths ptors,

i Grpanoch NG R Bl Bp e i BtherT ot el sueh

fibroblast growth factor (FGF) family and non-glycosylated receptors for_ hormones and

growth factors. ,
. Examples for glycosylated proteins are hormones and hormone releasing factors like
growth hormones, including human growth hormone, bovine growth hormone, growth
25 = hormone releasing factor, parathyroid hormone, thyroid stimulating hormone, EPO,
lipoproteins, alpha-1-antitrypsin, follicle stimulating hormone, calcitonin, luteinizing
hormone, glucagon, clotting factors such as factor VIIIC, factor IX, tissue factor, and von
- Willebrands factor, anti-clotting factors such as Protein C, atrial natriuretic factor, lung
surfactant, a plasminogen activator such as urokinase or human urine or tissue-type
30 plasminogen activator (t-PA), thrombin, hemopoietic growth factor, enkephalinase,
| RANTES (regulated on activation normally T-cell expressed and secreted), human

macrophage inflammatory protein (MIP-1-alpha), a serum albumin such as human serum




| isted gl ycosylated proteins. Preferably, glycosylated prot gijpg,z'agg
produced in the present invention. Mire preferably N-glycosylated proteins

are produced in the present invention. Most preferably glycosyl ated
hor nronewd askenBPO whi ch is N-glycosyl ated and whose pbirgpgiohashty 1S
dependent thereon, or in particul a EPO are produced. 25 Any suitable

cul tur roc . . - K i e y be used for

or owi FRRe s PG e ORR 3 il P b el 0 Y e

- nedi UibeRFRlotrgpitHasstiatd peide bagietobiab pliotein, Sughs secerasei t h about 0.1 to
20 % preferably 0.5 tqQ 15 % serumas well as rumfree, %I utam ne-free

c ormroRNBsgs Bibibis aetiR, e, yascy g epdothielia) grosh @GME’SQF 2 TSSFRIIE S e basal

medi | i Of b 08 ised » nelibddiabl y serumfree
O ot Rrlofifs o roRfif by, e P SFCin i In6iBadlE SRR 5 pelHEMBAD Y 00
PGT/ EfA08t S04 2¢bdB-deSesdnaitvirpphie factoe(RIN), aerueotmphiy-3, Fh el al -6+ ne serum or
adult bovine serum _Preferabl f(%et al bovi ne_serum | s, used.  Conmon

%}ﬂl atgl %e_nv

gl ut adidhe4sNEe opAdA0) HEAREEYR & Bei0p sird ag NG~ B platglet- AV 8hi ne-free

ool 1122t P TR iy FEOL K o EREbAC, Bl LR B0 e 5

-medi WBGHEL tralnstlbmtiﬁggmdvtfﬁfacm[mrsmhasa’mﬂ;ﬂlhhacﬁnd&ﬂfdrdtmtudhlg%t hods, ]}978,
147, 923), L.he- Ha E di R. [
Nat | GRGHFACHR Yy Bor Ba T ER ol or 16285, maliig gtovsh el At T GGEL. 18 e um

( I138¥i1h ZiesAB THE r}ﬁf{@iﬁﬂ?' R Vel , g,qg,,d,-gg% 723)epgl ut ami ne-free
R‘g}\/l L%@igﬁr%dqeﬁ@:g?ébgq%wbr re e ’lﬁzgltﬂ.m,l iILl/I'E%‘éergw?lofﬂ‘%tnaI of rﬁégz%\%r%?i can Medi cal
As s o cprateins figlustd 67 difeeRtiatiobProteins) ghalitaa Bn3-CP deCDB addP?-1%t ary nedi um and

suitable,ratjo_ mxtures thereof. Fortjfication of cell . culture
gr owt SIHRERCHVE SCtots. FRIRBRIeFins, 2bapq mOrghogsp q@%@%ﬁ“ﬁs e art and is
descriBietheepitond, as Wl @B chidRiie fdteinslcomprishe dytokiith bE @b eeckftorshe gl ut ani ne-free
medi a of the present invention, too. 15 Conmmon suppl enents ni ght be added
to t hisclodingaor instancafimerrepross Halonslphrani brte, thejupsrrors (ENFRAEP m ght be

al de =1 . ' -] Y : RRonoptional Iy
furt h%al& ﬁ@gmg%@gﬁhﬁa@? tﬁa@%%@(%vg%g%??%%#&o%g%e gr oWt h and/ or cel |
vi abi dipHay-befdra@d Giaftind) Solohy stinmulaiag fotoks(CSBE) &z MBCOF GGMBCSHE avd Ger um al bumi n
(BSA) transferrin and/or insulin. Further i n\gfli[e i ents which have a

posi ¢S inerieukins Ghsk 6481 Jenl dnkn! 2 pgsomid disewifascs A-6fi 1PeepipTa PB146° g soybean
L1 P1 Oy oSG PRb RS Ay PR AR R s, vifd b EeR ShdhSs W3 Glmple, a portion

of the AIDS envelope, transport proteins, homing receptors, addressins, regulatory proteins, =

.20' “untibodies, chimeric proteins, such as immunoadhesins, and fragments of any of the above
listed glycosylated proteins. Preferably, glycosylated proteins are produced in the present
invention. More preferably N-glycosylated proteins are produced in the present invention.
Most preferably glycosylated hormones like EPO which is N-glycosylated and whose
bioactivity is dependent thereon, or in particular EPO are produced.

25

- Any sujtable culture procedure and culture apparatus known in the art may be used for
growing the transfected human cell of the present invention. As culture medium common
glutamine-free basal medium supplemented with about 0.1 to 20 %, preferably 0.5 to 15 %
serum as well as serum-free, glutamine-free common basal medium can be used. Also,

30 common glutamine-free basal medium free of protein of animal origin can be used.

Preferably serum-free glutamine-free common basal medinm is used.




repl ace gl utam ne and/or nucl eosi des m ght be added to the %%fa}go%ﬁrredi um
depending on the cell line. Exanples of am no acids are isoleucine,

| euci ne, valine, lysine, asparagine, aspartic acid, glutamc acid, serine,
al ani newo@pts4onal |y gl utam ne m ght be added to the pePEPB0@L Ut ami ne-free
basal nedium at | ow concentrationm of usually less than 1 ng/l, 25
preferably less than 0.5 /] to support _it's, bi osynlf?_g ti.c function (e.qg.

t r ansSevRtkat My be peed arg % S<fpotal| foving serEme g adiit RovinRAeTE By L g@ﬁi ng a
protejn. . }ﬁﬁlaﬂﬁﬂ E&ggi] : | Xpressi on of an
endog%%éﬁ%seégﬁésq%e&%go ?’?\%ﬂ pr ot %?rr?g as %é%%#%f?%%ﬁ%igw transfection
usi ngglamplind-fredEgzldemarmaltehentd medipoMIEMYymedivacglintamimgiesst may be added to

th | ut.am ne-f ,basal ' he applied ti f
the SBRBERRAMEBEIFR 6B TN S Bap M EPoR e FSa FOMEYt docs: depend
Ong t hﬁ&&ig.fn{]q\i R6vina e, MQ&H%_E,'JMumEIQﬁEﬁgéIrBﬁénta@ﬂﬁﬂﬁﬁf,ﬂl@?ﬂ!"l@’gszﬁ'j, gher are

used. am ne- auxot rophi'c human cell which ce can be used as starting
mat er glatanfinr-freeSHabsFil Amedive RrGiEng Prededpgsofhaimabisegemyphi ¢ human cel |

accorgdi.ng t h sent inventi i ch,transfected. cell | apabl e of

pr od ?‘ﬁ%"’aﬁﬁgoﬁe %ﬁaﬁ%ﬁ?ﬁgﬁ’ﬁn@%‘ﬂﬂgﬁeﬂ% ovitg ARG i#‘ﬂmﬁ Bfut ami ne-free
medi U6k 930 98,1193}, BRtahiiveiéd FPMIT aibimdanm TR Oviegeet diependent  or
anchorage-i ndependent. I f an anchorage-dependent human cell, e. g. the

HT108Wumal pf the Ametipanddedipnl Astociation, 196% 169,849), p ghitamingfeadapt ed to be a
X o . apt e .
c Pt T SR T B ) ineteb R R RBA D ol OUIND, L1 2 R et

Adapt @dtnf erowlithedic fov highdbmite cell cuthierds well-knsiemtthoat sidtih déstdbedxogenous DNA
sequence encoding_a protein, or {he exogenous sequence capabl e of

al t erg-&dn ORc228)24% Uds well-agplicahle todbogutamys- s &Eﬁpgﬁfe%t protein and the
exogeﬁg%ﬁog%sequence encoding a GS. 15 Preferably, the cell is firstly
transtected wth the exogenous DNA sequence encoding a protein or the
exogenous DNA sequence capable of altering the expression of an endogenous

O o amen RhmestG R he R 0gedts R omingh ERBAE e g b B ogenone Dua
S QURES (R Al bhual) aiBE BSAAS probdis dshidph@itasablndi gt be agai n

adap or growing in, 20 suspension in serumfree, glutam ne-free medi um
The toptinadllydiebergharediontsehichkaye s ppiitive dffeton ol grovah anddier ogllesent i nventi on
m ght

viattl)eﬂity. Proteins usnally present in serum are e.g. bovine serum albumin (BSA),

transferrin and/or insulin. Further ingredients which have a positive effect on cell growth

20  and/or cell viability are €.g. s6ybean lipid, selenium and ethanolamire. Aimino acids which
replace glutamine and/or nucleosides might be added to the culture medium depending on

- the cell line, Examples of amino acids are isoleucine, leucine, valine, Iysine, asparagine,

aspartic acid, ghutamic acid, serine, alanine. Optionally glutamine might be added fo the
common ghitamine-free basal medium at low concentrations of usually less than 1 mg/l,

25  preferably less than 0.5 mg/1 to support it’s biosynthetic function (e.g. fransamination

reactions).

If the exogenous DNA sequence encoding a protein or the exogenous sequence capable of

altering the expression of an endogenous gene encoding a protein has been amplified afier
30 transfection using amplifiable genes, the corresponding selective agent may be added to the

common glutamine-fres basal medium. The applied concentration range of the selective




anchor age- dependent or anchorage-i ndependent and m ght be cggﬁﬁjﬁ)ogf
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The transfected glutamine-auxotrophic human cell of the present invention might be
anchorage-dependent or anchorage-independent and might be capable of growing in
suspension in serum-free, glutamine-free medium. The preferred transfected glutamine-
auxotrophic human cell is anchorage-independent and is capable of growing in suspension
25  in serum-free, glutamine-free medium.
The adaptation for being an anchorage-independent cell capable of growing in suspension
in serum-free medium can be achieved by adapting the cell in a first step to be anchorage-
independent using serum-containing medium. This can be done by e. g. trypsinisation of
the cells and subsequent agitation or releasing the cells by agitation. The cells are then
30  adapted in a second siep to serum-free medium by subsequent reduction of serum content.
- During adaptation the amount of selective agent if used can be reduced in case it is
inhibitory to growth of the cells. However, the cells might be as well adapted in a first step
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described e. g. in WD 96/39488. 25 Protein can be isolated fr e cell
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construct pREP022 which is simlar to the DNA construct pREP018 descri bed

10 in WD 95/ 31 560 except that the DHFR gene is in the opposite orientation
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days and t?e ells 20 %/Ere subcuyl t ur ed inl'ésg t he sane dium (Figure 1).
Once &1 %D £ e hedisefl HF amEMione §Vve- BRSSARFIERFUHIOR o he serum cont ent
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becone re-established before conplete elit mnatioh of the serum suppl enent.
Ser unbBSuppl enent ed and serumfree cultures were overgrown to assess

productivity.

The transfected glutamine-auxotrophic human cell of the present invention is used in a
process for the production of a protein by culturing said cell in a culture medium under

20 - conditions suitable for expression-of said protein and recovering said protein. Proteins |

produced are as described above. As culture medium common glutamine-free basal media
and commeon supplements as described above can be used. Suitable culture conditions are
those conventionally used for in vitro cultivation of mammalian cells as described e. g. in
WO 96/39488.

25 _
| Protein can be isolated from the cell culture by conventional separation. techniques such as
e.g. fractionation on immunoaffinity or ion-exchange columns; precipitation; reverse phase
HPLC; chromatography; chromatofocusing; SDS-PAGE; gel filtration. One skilled in the
art will appreciate that purification methods suitable for the polypeptide of interest may
30 require modification to account for changes in the character of the polypeptide upon

expression in recombinant cell culture.




25 Results are shown in Table 1 together with data from attgg&g@loggltures.
After adequate adaptation specific growh rate in suspension culture, even
in the absence of serum was equivalent to that in serum suppl enent ed

at t achewoombisume. Upon adaptation from attached cul t peErp@reEspPeENsi on
culture in serum suppl enented mnesi umthe specific rate of EPO synthesis
decre rrln 50 % from24 to 12 EU 106 30 cells/h. However, this rate was
substm restored, to 18 EU 106 cells/h, following adaptation to
serumfree growh. 6 July 2006 WD 03/054172 14 PCT/ EPO3/ 00454 Table 1

G owt h and producti vi of the R223 cell line in attached culture and in

t
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culturel, 40. Q185334419912 (Hlv19 + 10 % dFBS 500nMMI suspensi on

cul t UBEIdYTTeR DA Coubiteer VP12 MK FerEsime 3.

Adapt %&%ﬁeﬁ&ﬁe&%ﬁ%ﬁb&%afﬁ%?038?0%&@%%3&%@%3@8&%&“ in

Serum Fr ee di um The HT108 talned fromthe
Arrer i CARTCyWre OCH 120) ks 26quided thectpability siqméducing EPONGyrtyehsfaetionwdh) . Initial ly

Il ] cul t i 0. DVEM ining 10 % foet al
povi nCERatoRHel PR SRS Bl G e s eomi SRRl MeiBed ot ot on can
beo ped Warss)3 RSQPEx@ipt that fe DMFR S50 RNB HeOphS&RE 8AGIMIRH ahdihal gure 2. To

initiate suspension cultures, cells were'rel eased from
- pREPO22 does contain approximately 600 base pairs less homologous sequence than

pREPOI1S. This cell line is further referred to as the R223 cell line for short.

Example 2. Adaptation of the R223 Cell Line to Growth in Suspension in Serum-Free

15 Mediam
Cells grown as attached cultures in static flasks were released by trypsinization,
resuspended into a proprietory glutamine-containing serum-free medium further referred
to as “HM9” supplemented with 10 % dialysed foctal bovine serura (dFBS) and 500 nM
MTX and incubated as shake flask cultures. Growth commenced after 6 days and the cells

20 were subcultured into the samte medium (Figure 1). Once 2 relinble pattern of growth had
become established the serum content of the medium was reduced to 1 %. Again reliable
growth was allowed to become re-established before complete elimination of the serum
supplement.

Serum-supplemented and serum-free cultures were overgrown to assess productivity.

25  Results are shown in Table 1 together with data from attached cultures. After adequate
adaptation specific growth rate in suspension culture, even in the absence of serum, was
equivalent to that in serum-supplemented attached culture.

Upon adaptation from attached culture to suspension culture in serum supplemented
medium the specific rate of EPO synthesis decreased by 50 %, from 24 to 12 EU/10°

30  cells/h. However, this rate was substantially restored, to 18 EU/10° cells/h, following
adaptation to serum-free growth. ' |
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Ammoni a on

G owt hegre petowe and affer\adaptatipm tessepemde¢e medivre. Anmonia is a catabolite

produced by cultured cells when glutamne is used as an energy substrate.
It is cytotoxic and can inhibit cell growmh. Furthernore, it can inhibit
gl ¥cosyl ation of proteins by its effect on pHwthin the Golgi of the cell.
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(HM9 (serum-~fiee)

1500 nM MTX)

Example 3. Adaptation of the HT1080 (ATCC CCL121) to Growth in Suspension in

Serum-Free Medium

“The HT1080 cell line ATCC CCL121 was obtained from the American Type Culiure
10 Collection (Rockville, Maryland, USA). Initially cells were grown in attached cultures in

DMEM containing 10 % foetal bovine serum (FBS).

The steps to suspension and serum-free adaptation can be performed according to the

schematic represented in Figure 2. To initiate suspension cultures, cells were released from

attached cultures by trypsinization and the released cells were resuspended into HM9 plus
15 2 % FBS. These were then incubated as shaken cultures. Once suspension growth of the

20

cells in HMO plus 2 % FBS had become established the cultures were diluted with the same
medium to make daughter cultures. Reliable suspension growth of the HT1080 cell line

" was established after 30 days in culture (Figure 3). Thereafier the serum content of the
 medium was reduced, and finally eliminated completely. The cells continued to grow in

serial subculture in the absence of serum,




PCT/ EPO3/ 00454 Table 2 Effect of Amonia on growth and prodggﬁlit‘{\gob% of R223
cells at different values of culture pH The pH was adjuste y the
content of CO2 in the overlay gas. pC02 amonia initial nmaxi mum specific
EPO q_ Ewo i3siadred pHcells/ml growth rate EU nl EU 106 piMyrdddioffaz! cel l s/ h

507. 260. 90. 020171935 1006. 930. 70. 517158040 1506. 750. 40. 012118656

527. 15ExBplilf KIR66H ARR6e@%a G 899140478
557. 18Q. 60. 018263940_1056. 910. 60“@%_%%‘%%%@%°%§@W@%@%@2645

5107. 17BerpiEcxpzbolge podeEd 9P oulBoeddbie @BGEMutAhihe G vt AGHF89186 I n a
subseq rd | e was varied by adjusting the NaHCGO3
cont en%‘ﬁ%?atg'?ﬁg cw&#ﬁ%%hﬁéfﬁr%omgwwt%ﬁ@m of the overlay
gaa. at glycosglatiombd frbteins Yy its eFRNGESH SathinGhe rﬂ?g}g was from
pHn%. 0 ugo 7.5.. B((ylwt rrustybee enphasi zed tha?aiﬁiﬁorf Iagkﬂ%zgﬁaa&r@?argrgdi um pH
carthot “HRFEIrIcalypPrduesymMyammonip rundedt Gulthvey anddPanMdy Gsrmbter T i r st 10 two

days ofniitstorti@: reddde stated are the initial pH of the each
culture). Specifriec1 gaﬁlg\?\%/e%{%a ‘e was maximal at the pH 7.5 (NaHCO3 at 3 g/1)

but atIntaniisitipléxboinatigr afithdeffeats of ammonia, R223 cells were grown in shake flasks,

either without added ammonia, or with ammonia added at 2, 5 or 10 mM. For each
concentration of ammonia replicate cultures were set up at three different pH values, by

10 varying the CO; content of the overlay gas. The primary aim here was to determine the
extent of growth inhibition exerted by ammonia and to test whether reduced pH wbuid |
overcome this growth inhibition.
While ammonia was found to inhibit cell growth (Table 2), reduced pH failed to alleviate
the inhibitory effects of ammonia, though the elevated pCO; required to reduce the pH may

15 - itself have caused some growth inhibition.
Cultures were terminated after only 3 days. To continue any longer was not valid because
accumulation of non-volatile acid catabolites caused the pH of all cultures to fall by several
points of a pH unit.

20
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and maxi mum cell concentration were hal ved by the presence gfj 11 anmoni a
while the specific rate of EPO synthesis was reduced four P(y%]ﬁ%ﬂbl e 3).
At pH 7.25 (NaHCO3 at 1.5 g/ 1) specific growh rate was reduced, and the
speci f iwonavsaimaf 15 EPO synthesis was increased, copparedoissy t he culture
at pH 7.5. However growh rate was |ess affected, and the specific rate of
EPO s*nt hesi s was unaffected, by the presence of 10 nM amonia. At the

| owes a‘pﬁelzstudi ed, pH 7.0 (NaHCO3 at 0.75 g/ 1) specific gromh rate was

speci Pt EAdEpnl i GOTUMGEAARTHEL BULSIP K AFERLAUAR 17 Poyninesi s
was i adtvwapEd The pHheapadjadetby tie cotebeichbfaFginithe (tdnlay gassy have been
attributable to the reduction in gromh rate). Table 3 5 Effect of anmonia

on growth and productivity of R223 cells at different values of culture

pH. Tne pH Wap €d by Var YT Rgihits FO Eie 1 NEpg-OS] I npThe nedi um
maxi nE Smf c%%’o I nLt:Lal ¢el | g féf?—:te pH xh'| L U{- 106
cell $/h gaf—iCO?) 7.149 %ﬁl 03085116 N 9/ 1. Graa 10} 5U. 0162864 10 mM
amonhia_KAHCOR 1“%/Igli 7 28% 10102 512 ooz |1 BV L s 04021119126
40 mitamdoni al . NAHCOY 0. 786 gl I 7. 0¥%. 90 0ARMs2d NAZE R D 7535/ |
7.010.4010161p0942 10nM a6bdni ¢ 100.Exanpl &.0.7 Prloduédl vity o0 t hg R223 Cel |
~Line[in EerneptergCul tjures7st $ Lig4e Ycaloeni2 1186 56
5 2 7.15 .08 0.018 1796 38
10 2 6.88 0.7 0.017 1928 42
15 2 6.80 0.3 0.00% 1404 78
5 5 7.18 0.6 0.018 2639 40
10 5 6.91 0.6 0.014 1663 51
15 5 6.75 0.3 0.016 1626 45
5 10 7.17 0.5 0.016 2222 43
10 10 6.90 0.6 0.014 1966 50
15 10 6.75 0.2 0.008 1891 86
5

In a subsequent experiment (Table 3) pH was varied by adjusting the NatHCO; content of
the medium while maintaining the CO; content of the overlay gas at.a non-inhibitory.,
concentration. The range of pH tested was from pH 7.0 to 7.5. (It must be emphasized that
in flask cultures medium pH cannot be controlled and falls substantially, even over the first
10  two days of culture. The pH values stated are the initial pH of the each culture). Specific
growth rate was maximal at the pH 7.5 (NaHCOs at 3 g/]) but at this pH both growth rate
and maximum cell concentration were halved by the presence of 10 mM ammonia while
the specific rate of EPO synthesis was reduced four fold (Table 3).
At pH 7.25 (NaHCO; at 1.5 g/l) specific growth rate was reduced, and the specific rate of
15  EPO synthesis was increased, compared to the culture at pH 7.5. However growth rate was
- less affected, and the specific rate of EPO synthesis was unaffected, by the presence of 10
mM ammonia.
At the lowest pH studied, pH 7.0 (NaHCO; at 0.75 g/l) specific growth rate was further
reduced but again was less affected by ammonia than at pH 7.5. The specific rate of EPO




For the P223 cell line three 5 litre fernentations were cargiglg,ztal.#,
controlled at different values of pH between 6.95 and 7. 15 (I abl e 4)
Each culture received a concentrated nutrient feed containing am no acids
and gl ugessosdesi gned to nmaintain maj or consuned nutﬁ?ﬁﬁ}; g, @ks sufficient
concentration. Cultures grew wellj7at pH 7.15 and at g %ut the 6 July
2006 WO 03/ 054172 PCT/EP03/00454 18 culture at pH 6.95 failed to grow,
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6. T fect ant 10
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sus percaitane pllaPicpH sex adjusted by varyihg thie&:biten&ﬁ%me{bj inlthemedfunexanpl e 2. As

these cells grow as large nulticellular aggregates they were trypsinised
to reduce themto substanti al I y single-cell suspensi on. For transfection an

- aliquot. of approxiarery W ugper T apapt 8223]cell 15
. line (in phosphate biﬂftf re a% lﬂﬁe y_ﬁg E gal C]:F'%érjn or ﬁé%cl um jobt ai ned
[ i t D | Iéa
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('DNA sequence pCIVSS mH d riped jn Betbl ?:9[0“ et al., 1992]) .
Bi ot echnol ogy 10, . 169=175) ghd* subjected -t @ 1 op lisdi mg a Bi or ad
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wi th [NBicmdigam W § hgyd NTX gont ai hi ngoefp or {10 $gdFBY and 16
NaHCO; 3 g/l 7.51 0.5 0.016 256 4
10 mM ammonia
NaHCO; 1.5 g/l 7.26 1.1 0.027 1151 24
NaHCO; 1.5 g/l 7.27 0.7 0.021 1191 26
10 mM-ammonia. .. . . ...} - . . .. o e
NaHCO3 0.75 g/l 7.02 0.9 0.020 995 26
NaHCO; 0.75 g/l 7.01 0.4 0.016 1009 42
10mM ammonia

10  Example 5. Productivity of the R223 Cell Line in Fermenter Cultures at 5 Litre Scale
For the R223 cell line three 5 litre fermentations were carried out, controlled at different
| values of pH between 6.95 and 7.15 (see Table 4). Each culture received a concentrated
nutrient feed containing amino acids and glicose designed to maintain major consumed
nutrients at sufficient concentration. Cultures grew well at pH 7.15 and at pH 7.05, but the




distributed into 96-well culture plates or into 25 cn? flasg§W08”C“bat ed
at 35.5to 37 C. 6 July 2006 WD 03/054172 PCT/ EP03/ 00454 1 medi um
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Example 6. Transfection of R223 with GS and productivity of GS transfectants in
10 attached culfure. _‘

- Cells used for the transfectiori Were from'a suspension-adapted serum-free stock of the
R223 cell line of example 2. As these cells grow as large multicellular aggregates they |
were trypsinised to reduce them to substantially single-cell suspension.

For transfection an aliquot of approximately 107 of the single-suspension adapted R223 cell
15  line (in phosphate buffered saline without calcium or magnesium) obtained in example 2
was mixed with 20 pg of linearized DNA containing the GS gene (DNA sequence
pCMGS Bam H1 described in Bebbington et al., 1992, Biotechnology 10, 169-175) and
subjected to electroporation using a Biorad Gene Pulser (450 volts, 250 uF). As a control
an equivalent aliquot of cells was electroporated without addition of DNA.
20 Cells were diluted with HMS medium without MTX containing 0 or 10 % dFBS and
distributed into 96-well culture plates or into 25 cra? flasks and incubated at 35.5 fo 37 °C.




5 transfectants, but was reintroduced to the cultures at dagJ{JI o%og)ﬁ:o after
transfection. day of addition of q EPO (attached) GS transfec an X (500
nM to EU 106 cells / h transfection plate 3B31059 3E1010139 3E111045

4D91035weriasuds 8F12179 8G3152 non-transfected R223 getkpdsions NOL
appl i cabl e24 assessed in attachedixcul ture Exanple 7. Adaptation of GS

t ransf b OnBiHHPER J: £ . .U O the seven
GS tra%ggeglnt s obtal n?ﬁwgﬁﬁp‘mﬁ%&t@‘yﬁﬁggé? é&fﬁﬁ%ﬁ’gi and GS
t r ansf dey andtther@caced aSertemdays ssthghitntine-fusHRITh@us UAkdlitelay Tt | S were grown
as attach esnin static flasks in glutam ne-free BMD nmedi um
suppl eﬁé%ﬁgmwa%n%aaﬁ%@tﬁgﬁ‘&cﬁb‘ﬁww;@%at 35.5 to 37 C. The cells were
r el eas®er thd bulfds@kt up vith the BI éens,amj&ﬁéreaw&ogtsﬁt ffod: ic{&%c? the same

e

medi un} and i ncubated as shake flask cultures sane tenperature.
G ot h whs etaiped.y two or three days. Cells were subcultured once

in the | t hen over t ses roductivjty, Titres and
or oduct b e B Sl APE et A Ro el A3 SRRl erdemtifstin ne

non- t r sinbendlgthtés2GS tatdfbctinitd) dre Minel Both Qifkh sHaRSiHRE MPPR 1P MTX (Tabl e 6).
6 July, 2006 5 WO 03/054172 21 PCT/ EP03/ 00454 Table 6 G owth and

pr oductRAl medigm. @fthe 14 G5 Eansteptents swenwendu@ashilly esprdedisiftask cul ture in
cultures (Table 5). The remaining eight GS transfectants exhibited aberrant cell

10 morphology, or grew poorly, and were abandoned.
For each of the iﬁitial séven wGS tfansfectants isoléted, a set of repli-cl:afe static ﬂask cﬁil;ﬁrés
was set up using 10 % serum-supplemented glutamine-free HM9 medium. At intervals of
1 to 4 days, cultures were sacrified in order to count the cells and to measure the
concentration of EPO by EPO-ELISA. From a composite of these data, the specific rate of

15 EPO synthesis could be estimated for each GS transfectants. Data are summarized in Table
5 and, for comparison, data for the non-transfected R223 cell line are included. All GS
transfectants exhibited elevated specific rates of EPQ synthesis compared to the non-
transfected R223 cell line. The best GS transfectant, 3E10, had a synthesis rate five to six
N -fold higher than the non-transfected R223 cell line. |
20
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shake flasks. @ utam ne-free 13MP nedi um contai ned 10 % dFBg ;g ggzoggo nM
MIX. GS transfectantMax. cells / m Max. EPO titreq_Epo (suspension) X
10,EU M EU / 106 cells / h 3E100.71111357 8G31.21017133 non-transfected
8223 cewo biosuet. 4419912 assessed i n suspension cul t uper/gpapysi n 10% dFBS
and 500 nM MIX For suspension cul tures of both GS transfectants 3E10 and
8G3 thga@BS content of the glutamine-free HW nedi umwas reduced stepw se
from1l0 %to 2 %to 1 %to 0.2 %to 0.1 %to O %for 3ELO and 10 %to 2 %
to 1 %Spmiﬁgwes A EPOniymghesis|foGl dransfektants @fithe R223 chib ineendforald | shed at

each dE S befare f the reduc SG3- was-not. 10 further
adapt eH‘E'S’E ?@%ﬁ@é eEﬁ %GWL?AOW%%WW&%B@I i smof GS
transf EéiiaéoﬁﬁinFES VRO &éte% §ﬁi&f&§% ! a“SfeCt ant
31310 gﬁapt ed to ser umfree{3 gr ova\lf I n m%Tﬁ%ﬁx\%augch%f'&ure Me

s%enimﬁﬁec@mssw@amwwm@scglnuesaarﬂa;emmaﬂewmmmm at 35 5 to 37 C.
For the GS transfectant 3E10 cell line 2 to 3 fold higher specific rates
of EPO synthesis were obtained than for the non-transfected 8223 cell

| i ne, Jwhi ch @GR &asWctat €d undeaa}té‘ieadglﬁ&?of coaal T HVB nmedi um
contafning glutam ne (Table 006 ;%‘%‘Q y2 22 PCT/ EPO3/ 00454
Table] 7 Growth and producti | ttr g’a 02ftS2B1h cells in serumfree
suspejrsTon Tt 3ﬂ_}36 e T L,cn T J m EU/ 106/ h
3E10 10 139
3811 - - - : .10 - 45
4D9 - 10 35
8F11 1 - 47
8F12 1 79
8G3 1 52
non-transfected R223 cell line _
assessed in attached culture not applicable 24

Example 7. Adaptation of GS transfectants to suspension culture and serum-free
10 . medium. '
Of the seven GS transfectants obtained in Example 6, GS transfectant #3E10 and GS
transfectant #8G3 were pfogrésseé ihto”suspénéioﬁ culture. _
Cells were grown as attached cultures in static flasks in glutamine-free HMQ medium “
supplemented with 10 % dFBS and 5000M MTX at 35.5 to 37 °C. The cells were released
15  after 5 or 6 days by agitation, resuspended into the same medium, and incubated as shake
flask cultures at the same temperature. Growth commenced after only two or three days.
Cells were subcultured once in the same medium and then overgrown to assess
productivity. Titres and product synthesis rate were at Ieast two fold higher than for the -
non-transfected R223 cell line grown in 10 % dFBS and 500 nM MTX (Table 6).




3E10 (glutam ne-free 1119 nedium 1. 1-1. 29731- 1423440 - R%%ﬁlp/(z'dbé’lg
mediumwi th 61.0-1. 63075 - 581813 - 24 nM gl ut am ne) The h

EPO productivity of the GS transfected cell was acconpani ed by the

reduct iwo 03sa1tzhe rel ease of netabolic anmoni a. | nstgage@boédse 5 MM anmoni a
typically produced in flask cultzires of the non-transfected 8223 cell line
I n HVBTapdigum containing 6 nM glutam ne, the GS transfectant 3E10 produced
only 1.8 mMamonia in glutam ne-free 10 HVW nedium (Table 8). Table 8
Reduct Gbﬁwihﬁmmdwawgy nf GSstrmlsfentaﬁ& 3R18r88 6GB ansuspEikibn Miare 5! | S /
n1Arrrm 5[& x.’LO ﬁ'ﬁg 6 cells / ItoR223(HIV9 medi um

cont ai n| ng ags. rfﬁl NOAURE contaiped 10 HIFBEAnd 500 nMyMIEXwi ne-fr ee
HVBO. 81. 811 nedium) 15 Exanple 9 Anal ysis of Product Quality. EPO produced
nsfectant IE10.in flask cyltures has been i munopurified and 20
anal yped for i [ [ I pn of glycofenns. Figure{4 shows |so%ectric

focusf ng (| EF trgsfectantiul y 20 0Gax\\EIRIMA5# 2 BEDAROB/ 00454 23 fnal ysis of
EPO opt ai ned at peak cell cjoncentration|and harvest | of a?ﬁ] tﬁﬁ{) of 3E10

cell's] grown in glutam ne-firee ENB<$nedi cri De BE) e 8.
anst pot i 5953 ¢

lihe gropn in HWB

medi oduced-from.GS transfec Eq'/ 1@\ Sék hi bi t ed
intensificatio E&é t he m)re acidic isofprnms 5 conpafed to the
non- tr ansf ect eg’ 23 cell Ifine. %danninlg of ItiH& | EF gel s SAas al | owed
quantfitation of the isoformdistribution and calculltion of a theoretical
isofdrmrelative ' S - T :
8G3 1.2 10171 33
non-transfected R223 cell line 1.4 4199 12
assessed in suspension culture
grown in 10% dFBS and
500 nM MTX

For suspension cultures of both GS transfectants 3810 and 8G3 the dFBS content of the
glutamine-free HI_VI9 medium was reduced stepwise from 10 % to 2 % to 1 % to 0.2 % to
0.1 % to 0 % for 3E10 and 10 % to 2 % to 1 % for 8G3, allowing reliable cell growth to
become established at each dFBS coricentration before further reduction. 8G3 was not.
10  further adapted than to 1 % dFBS.

Example 8. Productivity and metabolism of GS transfectant 3E10 in serum-free
suspension culture, ,
The GS transfectant 3E10 adapted to serum-free growth in Example 7 was cultured in
15 suspension culture in serum-free glutamine-free HM9 medium at 35.5 to 37 °C. For the
GS transfectant 3E10 cell line 2 to 3 fold higher specific rates of EPO synthesis were
obtained than for the non-trausfected R223 cell line, which was cultured under the same
- conditions in HM9 medium containing glutamine (Table 7).




activity (IRA).
from non-transfected 8223 cell
nore basic 1 2 3457 89 10 11 12 13 14 15 nore acidic 16 17 other

Table 9 JO Anal ysi s. of

isoformrel ati ve actj
line and GS transfectant 3E

bands 3me®sHisc72 Activity* 0.071 0.194 0.273 0. 373 0. 6OBekhs0881
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Table 7 ‘

Growth and productivity of GS transfectant 3E10 cells in serum-free suspension

culture. '

maximum cells / ml EPO Q-rr0
x 10° EU/ml EU/10°/h

13810

(glutamine-free HM9
| medium) 1.1-1.2 9731 — 14234 40 - 67
JRrR223

(HM9 medium with 6 1.0-1.6 30755818 13-24

mM gliitamine) T - '

The bigher EPO-productivity of the GS transfected cell was accompanied by the reduction

in the release of metabolic ammonia. Instead of the 5 mM ammonia typically produced in
flask cultures of the non-transfected R223 cell line in HM9 medium containing 6 mM
glutamine, the GS transfectant 3E10 produced only 1.8 mM ammonia in glutamine-free

HM?9 medium (Table 8).

" Table 8

Reduction in ammonia synthesis in GS transfectant 3E10.

“Max. colls / mal

Ammonia

Analysis of Product Quality.
EPO produced by GS transfectant 3E10 in flask cultures has been immunopurified and
analysed for its distribution of glycoforms. Figure 4 shows isolectric focusing (IEF) gel

qAn'unonia
x 10° mM | | Moles/ 105 cells /b
R223 ( HM9 medium containing 0.9 4.8 30
6 mM ghatamine) 1.2 5.0 23
- 1.0 5.5 27
13E10 (glutamine-free HM9 0.8 1.8 11
medium)
Example 9

EPO
nunber
m nor




0.999 1.000 0.796 non-transfected 8223GS transfectant 3E10 pgy; gae
Activity Percentage Activity of each (percent x of each (percent X

i sof ornmspecific isofonnspecific activity)activity 5.22.5 5.23.2 6.33.6
11. 46. Owd@3b&12 9. 20. 77.50.5 8.81.710.52.0 8. 72. 411. p3rBro30fads 19. 33. 5
4.42.99.56.3 4.34.37.87.7 4.54.562316.1 1.41.45.35.3 0.20.21.71.4 0.5

14.48.7 Sum ) .
analysis of EPO obtained at peak cell concentration and harvest of a culture of 3B10 cells

grown in glutamine-free HM9 medium as described in Example 8. Comparable samples
from the non-transfected R223 cell line grown in HM9 medium are included. EPO

produced from GS transfectant 3E10 exhibited intensification of the more acidic isoforms

5  compared to the non-transfected R223 cell line. Scanning of the IEF gels has allowed
quantitation of the isoform distribution and calculation of a theoretical isoform relative
activity (IRA).

Table 9 _
10  Analysis of isoform relative activity for EPO from non-transfected R223 cell line and
GS transfectant 3E10.
non-transfected R223 GS transfectant 3E10
Band Specific | |Percentage| Activity | |Percentage| Activity
nmumber | Activity* of each | (percent x ofeach | (percentx
isoform | specific isoform specific
activity) activity
more basic 1 5.2 2.5
2 5.2 3.2
3 6.3 3.6
4 11.4 6.0
5 10.5 6.2
6 0.071 (82 0.7 7.5 - 10.5
7 0.194 3.8 1.7 10.5 2.0
8 0.273 8.7 2.4 11.6 3.2
9 0.373 5.5 2.1 9.3 3.5
10 0.658 4.4 2.9 9.5 6.3
11 0.989 4.3 4.3 7.8 7.7
12 0.999 4.5 4.5 6.1 6.1
13 1.000 1.4 1.4 53 5.3
14 0.796 0.2 0.2 1.7 1.4
15 0.5
. 16 :
more acidic 17
other minor 14.4 8.7
bands
Sum = Sum = Sum =100 |Sum =IRA
100 % RA=20.2|{% =36.0

¥ Values for activity derived from EP-A 0 428 267




Sunm= Sum 100 Sum | RA 1100% RA = 20.2% 1=36.0 * Val ues for agt;j'\gf lo¥g deri ved
from SPA 0 428 267 6 July 2006 WO 03/054172 PCT/ EP03/ 00454 5 he dat a

i ndi cat ed consi derabl e enhancenent of the product quality in the GS

t r ansf ewbDas41BE10 (Tabl es 9 and 10), with an | RA al ppstrdsiossi ol d hi gher
than for the control culture of 2he non-transfected 8223 cell line. 5 Al so
the hypot hetical N-glycan charge "Z" was determ ned for the EPO from GS
transfectant 3E10. "Z" was not determ ned for the non-transfected R223 cell

line i Mhdadn IdickRd chiavRFdbRaRESerhdiof tho gﬁﬁh&t‘i‘ﬁaﬂt?ﬁl 568 bangtgakant 3E10

(273 at Peak cell concentration and at harvest) exceed val ues obt ai ned

in f1a3RlGJkblgs & apd B3, witigyn Malmﬁ@t‘ﬂ@fﬂldhlghﬁsih@dbﬁhe w08l adiute off ne. " Z" was
deterr‘thé%gn éféc‘il ﬁ%eﬁ‘?ﬁﬁntl net al., 10 Gycobiology, 1996, 6, 217 -

230; Z a ne I'pl yi ng the respective %share of a certain

si a5yamzsdtheslqbothaumthlydaﬂclmgd”’zsmﬁldét&ﬁuﬁ@ﬂaimvﬁPQMSOf said isoform
dependi it is asialo/neutral, nonosialo, tri-, tetra or

pent asFQg@ ta#héﬂl%%@’mqtémm elfthga%h‘pm%@tfétm{zémwmesn Zablghe Z- nunber
correl g, Vé’i’tﬂe'bsé 8“7 Ay Mh N For @ﬁ%@@%?ﬁﬂf(&% %ﬁa%y Y% rr‘:oﬁ S{rﬁﬁ) utic

gl ycoprotein (Hernmentin, supra uct quality
f or EP@Jf266 at mwvest)eacesd ealhesbbRARE sk chltnre (183+238)3or thé ﬂm?-f ect aut 3E10.

| ' E 23 HVD redi h 6mM
551 8o S BRGEEARAES Gl M oyes Jelemncl etk o Bermshioh dbne 310
(gloit a@lydstidio@e 1696) 6B Lrmh; 2eRkBARAS3 nﬁ&&ﬁwﬂgl{h\é?e%b&%@«?%%ﬁ%a

certain sialyated 1soform with the correspondmg negative charge of said isoform,

depending on whether it is asialo/neutral, monosialo, tri-, tetra or pentasialo. The
mathematical sum of said product terms is Z. The Z-number correlates with the in vivo

clearance rate of a given therapeutic glycoprotein (Hermentin, supra).

15
Table 10. Analysis of product quality for EPO from non-transfected R223 cell line
and GS transfectant 3E10.
titre | Isoform relative VA
| EU/mL activity ' i
R223 parent ( HM9 medium with 6mM 3518 25.2 not done |
glutamine ) peak
harvest 6150 20.2 not done
3E10 (glutamine-free HM9 medium)  peak 3921 43.6 273
harvest | 6862 36.0 265
20

Example 10. Productivity, Metabolism and Product Quality of GS Transfectant 3E10

in Serum-Free Suspension Culture in 6 Litre Fermenter

- 25 The GS-transfectant 3E10 was grown in batch culture in airlift fermenters. The culture
' medium was glutamine-free HMD9, without serum. Each culture received a concentrated

nutrif_:nt feed, containing amino acids and glucose designed to maintain major consumed




20 Exanple 10. Productivity, Metabolismand Product Quali tyﬁ%ly@%
Transfectant 3E10 in Serum Free Suspension Culture in 6 Litre“Fernmenter 25
The GS-transfectant 3E10 was grown in batch culture in airlift fernenters.
The cul wonsgossmedi um was gl ut am ne-free HWB, w thout sefpFwmofach cul ture
received a concentrated nutrienta2sfeed, containing amno acids and gl ucose
designed to maintain major consunmed 6 July 2006 WO 03/054172 PCT/ EPO3/ 00454
25  nuBwtriers af sufficient ¢angentratiorn: Bamits tueahdvanin TabRU! tagd akt@ figAown in Tabl e 11
and da . ernent atl of non-transfected parent R223 are

i ncl udié %@%‘m@c‘)’f eﬂ°§6‘ﬁmf$ﬁe@%ﬂw)§%ﬂ%@%ﬂ@%&¢ﬂn&m- ext ended viability,
hence e G cadatnt Bxhitied drbol Lf] corate of product
synt hesi ;s was equi val ent to I?Iﬁg?ﬁgﬁ‘ﬁ%Héei{élﬁ%ﬁjn{nt%rrcgs}gﬁé%@%%%g%arent cell line
unc hangjdgre- bt spepific steafnsedugt dynibesis Wasrgeivaleyt to émtibf Relndnirinslce@sed maxi num

pr oglu i i ccunmul atign was atf | east fouyr fold | ower
fo?sjt %ﬂ%gwm%@%%g%W%% ails 5:1‘1“5?/@?’@3@?%“%9“%@% i nproved
for t heodsst tanaasfation. dmhmorfablcemilbtidn Was@t Mebtto@ Mla GRS isthebgy of GS

transf ect ant 3Ela%§el s in serumfree suspension culture. Product quality
of EP(?%‘F’%‘&HHE%(O qelign fnepsusl by R ARmas improved for the GS transfectant.

Fer ment at i onMaxMaxHar vest Ammoni aHar vest g Eppl RA at

condi tionscel | s/ Ml CCH*/ ni | dayng/ LTi treoveral | harvest x 101x 10- 6FU m EU 106
cel | s/Fabld 1k ami ne-freel. 033062141209366943. 6

glyut amp. ne-freel. 1336024 1505242. 6_| ut am ne-free0. 943192415186804948. 5

pa en{%%'? Auc T %ﬁ’fgﬁ'%y ‘!fo)ég&fessﬁ?mé@s%g@sm seramufreeisuspensions wi t h gl ut ani ne
* Cunulealtine PERInkc Bqikddity 8 EPO Srdd i I\l concentration [Renard et
x1.,1988, 15 Bi o?ecw;lol ogy‘i'ltetdtzgt%gvml l:eﬂ)gg?AZO

Fermep?ation Max Max | Harvest | Ammonia | Harvest qrro | IRAat
conditions | cells/ml | CCH*/ml| day mg/L Titre | overall | harvest
x10% | x10° EU/m] | BU/10°
celis/h
glutamine-free | 1.03 306 21 41 20936 69 43.6
glutamine-free | 1.13 360 24 20 20150 52 42.6
glutamine-free | 0.94 319 24 15 18680 49 48.5
|parent R223 iny- 1.1 - ~216- }-—13 ~1658 - 12225 58 -1 28 - |
standard
process with
glutamine

*Cumulative cells hours, the time integral of cell concentration [Renard ef al., 1988,
15  Biotechnology Letters 10 (9):1-96]

20




6 July 2006 WD 03/054172 PCT/ EP03/00454 26 Exanple 11. Pr o?y&gizﬁbéy and
nmet abol i smof GS transfectant in serumfree suspension cul I'N

| scove' s-based nedium The GS transfected 3E10 adapted to serumfree growh
i n Examgbeswsaas cul tured in shake flask in a serunpéfpmsodkit am ne-free,
version of Iscove's nedium The pmrent cell line, 5 8223, was grown in
parallel in the equival ent nmediumthat had been supplenented with

gl ut anfExamplved1.uProdudivity s akd cmetabalishd dif f G8d tRasheaad' @ Madnrea t h

| scove! uppl erent. (bovjne serum al bumn at 0.4 g/L, human

hol o-t?'%qusg‘ﬁﬁ“ﬁt%ﬁl“s’%“‘?’(ﬁils%a,se‘ir'gﬁ‘g]mi nant hunman 10 insulin at 10 ny/L,
Lut r ol THS@S @tinstecidl3 8 04dadian 9bradl @,13%13 | tained 4mv
glutam_ ne for culture of%_the cel l ffélgﬁgﬁvggl , ge?%%{ﬁﬁﬁkggﬁh?g%sf ected

cel | flaskdn pheerygn-freansinleminesfiesnvarsiet ofilbdovetpiadien. Thé PardntrddllSngj um

gl u a ragine. 15 The specific rate of product synthesis
vvagé ag%?%f( W%Eq%%%ggWe efeglpvaier% m@%‘u{{fﬁﬁgé@c‘i%ﬂ Sunpiqmenteﬂﬁ@ﬁl 3E10, than
for thglutaminet r ansfected parent |ine R223 (Table 12). The specific rate of

ammoni a production was seven fold |ower for the transfected cell |ine 3E10
(Tabl e 13). Product was purified fromeach of these cultures and anal ysed

on is riLafocusl > 2 | S.. sults.of _this an si s are shown
it Fi ggkgﬁ% ﬂ\}\éﬁ?c‘ﬁ&s%gm% sgrh}%dg@\ﬂg%@gt-&"o VR Tspove sg%‘lpﬁﬁ ¥ 5 t0 6.5
run ur(h@vinmnamwhbhmi;lat@nkg/mhmmnhﬂdmﬁrﬁﬁdtwﬁl@ﬂ%@@&ﬁiaﬁtﬂmﬁ Key for
Fi@{ﬂf Lﬁne% b s &ran 7§I ank Lanes 2 and 71 narkers Lane

4 BULR £ 0 P& ol §03 ab d ueE and thanolaming: afh0 indi/Ig| Theamediamcont ai ni ng
| scov&ohtaiBl MM i FSFENRG E DL d: hii I omcl one 3E10 of
GS-transfect ed R%lg%&é% |11 ﬁ%@%ﬁ%%eﬁl?jﬁggz 3§’alrﬁngﬁée}-tﬁ€§§ttﬁaég§%\t/eé&§ﬁnedi um For
t he prlivades ghragrineRyas omittedeand replaced Indthst mM3 sudiambiletahardsus 4 pgad acr oss

t he I%%J@%f 25 the gel. For the product produced by the GS transfected
cell [I'i!ne 10, the nore basic bands (resolved at the top of the gel) are
much |l ess intense that for the product fromcell

15  The specific rate of product synthesis was approximately 50% higher for the GS transfected
cell line, 3E10, than for the non-transfected parent line R223 (Table 12). The specific rate
of ammonia production was seven fold lower for the transfected cell line 3810 (Table 13).

| Product was purified from each of these cultures and analysed on isoelectric focusing (IEF)
20 gels. Results of this analysis are shown it Figure 5 which shows an TBF gel aftet staining; -
IEF gel pH 2.5 to 6.5 run under denaturing conditions and stained with Coomassie Blue.

Key for Fig. 5

Tanes1,3,6and 7 | Blank

Lanes 2 and 7 pl markers

Lane 4 Immuno-affinity purified product from
R223 grown in glhitamine-containing
Iscove’s medium

Lane 5 Immuno-affinity purified product from
clone 3E10 of GS-transfected R223 cell
line grown in glutamine-free Iscove’s
medium

For the product from R223 there are at least 13 visible bands, spread across the length of
25  the gel Fo_r the product produced by the GS transfected cell line 3E10, the more basic
- bands (resolved at the top of the gel) are much less intense that for the product from cell




6 July 2006 WD 03/054172 PCT/ EP03/00454 27 |ine R223, whil 8J£1§r9206?re
acidic bands (at the bottomof the gel) are increased in intensity for
cell Iine 3E10. There is also at |east one extra acidic band detectable in

t he proaoasiossrade using the GS-transfectant 3E10 t hapcisBpo@bssflet ect able in
product fromthe parent line 8228 This indicates an increased degree of

si al yl ﬁt@éon for the product nmade fromthe GS- 5 transfected |ine 3E10.

Tabl e 92 BeBuhila the more aeidicibandsyfatdhe Eatom efithé pd} @nincRfEddd if eltbsity n

serum [ ; ul.t,ure in |scove' s di um Maxi mum vi abl e EPO g*0
cel | s/hn.i%% qn%%%?%6ﬁc%§ %2’7}‘% Ail‘:l%ﬁte%[}eowaiaﬁmﬁﬁ ngeeﬁ‘é- edn themeduet £ ee

| scov emsdemesing e REAZmgRctunt B0 kise BuRt 8QeclBAOR hriudERbH eéﬂ%%@?iﬂ%ng | ut am ne
15 Tab%ﬁ%#ihl?ed‘ﬁct il on.in anmoni a production by GS transfectan E10 cells
in ser 1§ mqjealis g ipnreased flagrre of siglylation fas shaprddustrmalifommine GBabl e Amoni a

JaNWONrahsfeblell Sha%w¥ Mol es/ 106 cel I s/ h 3E10 grown in0.550.612.6
gl atam ne-free |Iscove's nedi um R223 grown in |Iscove's0.722.3917.4 nedi um

cont ai ni ng | utam ne

Table 12
Growth and productivity of GS transfectant 3E10 cells in serum-free suspension

10 culture in Iscove’s medinm

Maximum viable EPO Qepo
cells/mL EU/mL EU/10° cells/h
3E10 grown in glutamine- 0.55 1340 11.5
free Iscove’s medium
R223 grown in Iscove’s 0.72 993 7.3
‘medinm containing
| glutamine
15 Tablel3
| Reduction in ammonia production by_ _GS transfectant 3E10 cells in serum-free
" l‘suspension-culture in Iscove’s medium. o A
Maximum viable | Ammonia " Qammonia
cells/mL mM nMoles/10° cells/h
3E10 grown in 0.55° 0.61 2.6
glutamine-free Iscove’s
medium .
R223 grown in Iscove’s 0.72 2.39 174
medium containing
| glutamine
20

25

The gel data from Fig. 5 was further quantified by scanning the IEF-gel photograph

densiometrically. The relative proportion of product represented by each band was

quantified. Data are summarised in Table 14, where the relative proportion of each band is

expressed as a percentage of the total product on the respective lane of the gel.




20 The gel data fromFig. 5 was further quantified by scannigng. thgs ! EF- gel
phot ograph densionetrically. The relative proportion of produc‘,[t
represented by each band was quantified. Data are sunmarised in Table 14,

wher e tvwe os/g8sei ve proportion of each band is express@ghedgosdy PErcent age of
the total product on the respectizae |ane of the gel. 25 6 July 2006 WO

03/ 054172 PCT/ EPO3/ 00454 28 The nore acidic bands (8 to 14) possess the

hi ghesTheneaglichradséd to/14) possedsithehiglivet Hialegical activity,oviikrthislelmave rel ati vely

littl - Ly ' ' fromt | I 5 dth
sens) 5Bt 2B ol BRI YA GorS R Wil Bl § Sho Hr™r
-for  gmid theademsibthettib sdaniing diubinalok s (NBweSs; fof 8438 ALRM Fielld 7 ldne, GSR223, s

enri che }glggﬁgtnet more acidic isoforns. For the non-transfected cell I|ine,
Ll

R223, rofiuet e ths Ky-trangfrsied cell line, G8R233, jsrepticket] in thieinkeee f or  t he
GS<tr ;€L L ' “F‘m% i lon,is incregased to 73% In
Fi ;;5 gd&g‘%ﬁﬁ% pégk}sthg#lgﬁea ocat g:gll?J%%%?I%,g)gx?c{s:ﬂ?f@%}-?r?@@ég% g to the
numbe rthetytad produdt, \ﬂﬂhd&rthﬂGB#t@nsféctedl&ll%&,&@ﬂBﬁﬂﬁ%@?oﬂﬂmﬁ@” li ne GSR223
band perce%}% %‘yt&tjal per eTnt agg tofal nunber 120.6261.185 29.604Total for
bands PSP p% BT b7d 7oneaks e pliocated dientiiyermumibersagunéing Bee. 5426, 865%

© 54. 5938mbErngf o8 HaddsdR Figl §: 8179. 254 815. 90518. 347 -9.1113. 84Total for
bands18: 87Tot aF for bands 108. 1038t 014=14. 3398t 014= '

115.52244. 263%.1. 97873. 137% 121. 3497. 609

10
R223 GS transfected cell line GSR223
band
number percent of total : percent of fotal
1 20.626 1.185
2 9.604 Total for bands 1.346 Total for bands
3 3.291 1to7= 1.913 1to7=
4 1.934 55.735% 2.54 26.865%
5 4.593 3.362
6 7.870 ‘ 7.265
7 7.817 9.254
‘ 8 15.905 ' 18.347
1 -9 13384 - - ; Totalforbands | - -18.87 -} Total for bands: -
10 8.103 8to 14= 14.339 8to14=
11 5.522 44.263% 11.978 73.137%
12 1.349 : 7.609
13 0 : 1.482
14 0 0.512
Total = 99.998% Total = 100.002%




© 1301.482 1400.512 Total = 99.998%otal =100.002% 6. July 2006 V9 86054172
29 PCT/ EP03/00454 Clains: 1. A glutam ne-auxotropic human cell transfected
wi th an exogenous DNA sequence encoding a protein or an exogenous DNA
sequenc¥ Bl of altering the expression 5 of an ®OUERESwWoss gene

encodi ng a protein and an exogenod& DNA sequence encoding a gl utam ne
synt he@g&s,Merei n these exogenous DNA sequences are |ocated on one or
nore t han ohe DNA construct, said transfected cell capable of producing
said protein and capable of growing in a glutam ne-free nedium 10 2. The

gl ut am ne-guxotr_ophi ¢ human cell of claim1, wherein the exogenous DNA
sequendes 2ERIEGREDiropic Fyman calitransfciedOith aa®penons DN\ seitce

gl ut am ne- j € cell .of,any of claim1 or 2, wherein the

01 it am no- PR ER0En OB ot i St il Fngcb exprssion

gl ul am ne-aflur ebdoppitiue géneEREOAER d protiin ahl n BldBERRT: PR, Qé[{(];Qphi ¢ human cel |
op

of claim3, jerein the inmortalized gl utarm ne-auxot Ic human cell is a
human fi br%%r@“‘é@ﬂeﬁl@be@@ Wheaeig theseeropenoau RN sopiencestasTan cel | of

cl ai m4, ] i cell i HT1080_cell line. 6. The
gl ut am n‘g{lg%)?fg{& P t@gﬁ?@ﬁ%%ﬁ@é%&%@%bﬁlﬁ! %&%c,%e‘\mérc@?ahfeﬂﬁe transfected
- cell is onwlucnggad protkipendent and capabl e of growing in suspension in
serumfre 25 @I ul,am' ne-.fre{e medi ﬁm 7.. A process for the production of a
protein c%ﬁ%ﬁpg §* FRERER p gutaming-fresuediynng a gl ut ani ne- auxot rophi ¢ hunan
celd according to claim1 in a culture nediumunder conditions suitable
for expression of said protein and 30 b) recovering said protein. The
_process oflbe plyfemine-gretrenhic hunempel bislaim & wheghythosogaicas DOt ei n. 6 July

2006 WO 0§éq9§n%1'5.7 %e %%I{eggg ?’11/01060 grf' one DNA construct.

3.  The glutamine-auxotrophic human cell of any of claim 1 or 2, wherein the glutamine-

15 auxotrophic human cell is an immortalized glutamine-auxotrophic human cell.

4.  The glutamine-auxotrophic human cell of claim 3, wherein the immortalized

glutamine-auxotrophic human cell is a human fibrosarcoma cell.

20 5. The glutaminé-auxotrophic human cell of claim 4, wherein thie human fibrosarcoma
cell is a HT1080 cell line.

6.  The glutamine-auxotrophic human cell of claim 1 to 5, wherein the transfected cell is
anchorage-independent and capable of growing in suspension in serum-free,
25 glutamine-free medium,

7. Aprocess for the production of a protein comprising the steps of
a) culturing a glutamine-auxotrophic human cell according to claim 1 in a culture
medium under conditions suitable for expression of said protein and
30 -b) recovering said protein,

8.  The process of claim 7 wherein the protein is a glycosylated protein.




30 9. The use of a glutam ne synthetase as a sel ectabl e mar kgulyi 2806
gl ut am ne- auxot rophi ¢ human cells.

WO 03/054172 PCT/EP03/00454
30

9.  The use of a glutamine synthetase as a selectable marker in glutamine-auxotrophic

human cells.




