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gl ut am ne- auxot ROphi ¢ hurman cell transfected with an exogenous DNA sequence

encodi ngV@ yPBIRI n or an exoge- noun DNA sequence cappdi/gpodfosdttering the
expression of an endogenous gene ehcoding a protein and an exogenous DNA
sequelyReriffiGPdi Ng a gl utam ne synthetase, wherein these exogenous DNA
sequences ‘are |l ocated on one or nore than one DNA construct, said _
capabl e of producing said protein and capabl e of grow ng

transfected cell
in a glutamne-free nmedium 6 July 2006 WO 03/054172 PCT/ EPO3/ 00454

Disclosed herein is a novel glutamine-auxotrophic human cell capable of producing a
protein and capable of growing in a glutamine-free medium. Furthermore, there is disclosed
5  anovel process of producing a protein and the use of a glutamine synthetase (GS)asa

selectable marker in glutamine-auxotrophic human cells.

Protein production by mammalian cell culture is used to provide proteins for therapeutic
and diagnostic applications. Today maminalian cell eultures are the preferred source of a
- 0 number of important proteins for use in human and animal medicine, especially those
which are relatively large, complex and glycosylated (N. B, Finter et al,, in Large-Scale
Mammalian Cell Culture Technology, 1990, ed. A. S. Lubiniecki, Marcel Dekker, Inc.,
New York).
For example, production of the human protein erythropoietin (EPO) by cell culture has
5 beon described in WO 93/09222. Human EPO has been obtained at appreciable specific
production rates employing human fibroblast cells transfected with the exogenous gene
coding for human EPO. In a further process for the production of human EPO (WO
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 éndogcnous encoded EPO,
- The cells described in WO 93/09222, WO 94/12650 and WO 99/09268 used for the
- production of human 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
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1 Description Disclosed herein is a novel glutam ne-auxot rogﬁilgzablémn cel |l
capabl e of producing a protein and capable of growing in a g‘ll tam ne-free
medi um Furthernore, there is disclosed a novel process of producing a
prot ei rwansjosutve use of a glutam ne synthetase (GS) ascarp@abget abl e marker
i n gl utam ne-auxotrophic human cekls. Protein production by mamalian cell
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gl ycosyl ated protein, has 30 been described in WO 87/04462. GS has been
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co-amplification of genes encoding light and heavy chains of immunoglobulin molecules

—

' and for co-amplification of a gene encoding a fibrinolytic enzyme in a myeloma celi 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




found in EP-A 148 605, it is disadvantageous, however to ug ogel I's for
the production of a glycosylated human protein. Proteins syn%1 esli zed by
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and a novel process accordl ng to cl al m 7. In one enbodi nent, a
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Wi t h Figreilrshoys adaptationoficelDliae Baf torsospentioreiiltat in sppafegeqneman 6 July 2006

Vo 0%4&9 §s107f2r:.ell 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.




PCT/ EPO3/ 00454 3 exogenous DNA sequence capabl e of altering ihe &gpression
. . , July 20

of an endogenous gene encoding a protein, and further with a second)

exogenous DNA sequence encoding a glutam ne synthetase (GS), preferably a

manmal i an GS, wherein these exoggnous DNA sequences are |ocated on one or

nmore than one DNA construct, said transfected cell capable of producing

said protein and capable of growing in a glutam ne-free nedi um

Accordingly, a first aspect of the present invention provides a

gl ut %H%J}%%g& P Bhofty TR RAmuB ki fied PO Bith &8-Ni2BRraasfe@xaBBI006E DNA

sequéncte encoding a protein or an exogenous DNA sequence capabl e of
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exogenous, DNA, sequence ,encodin gl m nt S i.n these
exogdtfle’s BRAL Cés’%P%“P%@%F%dH%% 5%@ © %%S%&tﬁhﬂﬁgﬁ@ﬁB%A construct,
sai d ghrABRbacd 9bot@l. Lakapabiieraf cdl UgsGREIQ & diathest 0f glutamine-fieapabl e of
growng in a glutam ne-free nedium A second aspect of the present

i nvedsdowe’spr ovi des a process for the production of a protein conprising
the steps of a) culturing a gl utam ne-auxotrophic human cell according to
the first aspect in a culture nediumunder conditions suitable for

expr g SHows FechisrRiteiriin a0 d densionetiy/ean 6figed kind 4(front ®iprio betterhi rd aspect
of the g;esgnp i nvention provides the use of a glutam ne synthetase as a
sel eas aiytven rdfiglse 5i n gl ut ani ne- auxot rophi c human cells. Figure 1 shows
adaptation of cell line R223 to suspension culture in serumfree nedium -
profiles of cell concentration during repeated serial subculture. Figure 2
Shomﬂﬁ@ﬁh@mmbweﬂkamnﬁd&myahbﬁadaﬁﬁmkmﬁﬁmwmbfgﬂkmc§dkm5ﬁwﬁoh0%®nture in
serum free, nedium Figure 3 shows adaptation of cell |ine HT1080 to
suspeshym mHigliee in serumfree medium- profiles of cell concentration
during repeated serial subculture. Figure 4 shows | EF anal ysis of

i mmunopurified EPO from GS transfectant 31310 and from the non-transfected

R223 cell line grown in industrial high-density growth culture medi um

Lane 2: 31310 harvest. Lane 3:31310 peak. Lane 4: non-transfected 8223 cel

| ine peak. Lane 5: non-transfected R223 cell line harvest. 6 July 2006 3a
Figure 5 shows | EF anal ysis of imunopurified EPO from GS- R223 transf ect ant
3E10 of the R223 cell line and fromthe non-transfected R223 cell line
grown in conventional |Iscove's nedium Lane 4: non-transfected R223 cel

| ine harvest in glutam ne-




suppl enmented | scove's. Lane 5: GS-223 cell line 3E10 at harggﬁl& oBs
glutam ne-free |1scove's. Figure 6 shows the chromatogramof "a (%ensi onetric
scan of gel lane 4 fromtop to bottom as shown in Figure 5 Figure 7 shows
the chrwoeasegiam of a densionetric scan of gel |ane sofppHohQP t0 bottom
as shown in Figure 5 6 July 2006 WD 03/054172 PCT/ EPO3/00454 4 An

"exogenqQus DNA uence encodi ng_a,protei n” or anuwexogenous DNA sequence
capathl goe i NG S R EcRsPan pfil i Srodhe RN I codi ng o
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eTbl 4Bl Sorenk bl QLR NELBE R AARARKILUS. AMEROULIWphagCt 2t ed. mumps

and pofrovirus vector. Prefer N expr essi or, articular a
plsas m dinfstidisedctorban aghomds. Mo sieqlripes adsoothy) gdaovinust ei n” may i ncl ude
addi ti onal sequences such as a_regulatory sequence as e.¢. a pronoter

and/ Psogipiednmumpeind NeBeYEE FRsPh Ereiably tepssion st PiPRECitifet | ons usual |y
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addi tronally one or nore separate targeting sequences and optionally DNA
-enc odimtexagensed BNA abjuenceenkedings pritesd maly dcthida adifiti@sd 8gBa@Res swh " exogenous
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exon, may i nclude  additional sequences such as regul atory sequences

a

and sgditionallyene o1 oers sepatedd tayzetinpsegyendes ahd ppticnalleRPAcenstding f t he exogenous

DNA s ce. ,They, may fur | ude targeting sequences and optionally

DNA SRESR ﬁﬁmg‘e-s%ﬁydgﬁ?ﬁﬁ‘i‘é‘m3é¢ﬁ% described in WO 20 93/09222. Usual Iy,
n

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

endogenous gene encoding a protein" is inserted into chromosonal DNA of the
cel | 2gf tegpgenpysHNA sequeig crpable efiplicring the expressioefhe endegsivns 87881 on or

tar get | | e ' I y region
B i el By R e bR BB IR sl P 0 B0 SR B Y S sequence.
- As 1 pgsduat afithe megindntencodypatofilat genegrodacter granteron, andlmby iclude  enhancer

whi ch cguses the gene to he expressed at | evels higher than evident in the
ad '%on sequencegsuchasregl?latory gaquences anr? splice junctlsons ugu y emp oyede

- for the expression of the exogenous DNA sequence. They may further include targeting

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




correspondi ng nontransfected cell as described e. g. in WO 23(09222.
Appropriate pronoters can be regul atable or constitutively expressed
pronoters. Appropriate pronoters may be strong pronoters which are

dependiwg oisaiRe cell line used e.g. the 30 human cyjoppsabex) rus maj or
i medi ate early pronoter (hCW-ME), SV 40 early and l|ate pronoters, other

pronoters of the adenoviruyses, earl e f any of the

pol yBFERQ)fTy é@l%?ﬂ‘%%&‘&ﬂ%gﬁﬁ%%?l r%r??‘ gj(rg?dé@%rhﬁ%?()%%ﬁ%lt% teeg’, nouse

met al.L o RSk indier ValbuRBfoMBt B 3 ABE B SRbRGTHERER AN B-glpbinmot er , the
rous sarcoma virus long term nal repeat pronoter, (3-globin pronoter,
conablumeter. pronot er, oval bumi n pronoter, nouse P-globin pronoter and human
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cel | mhdraprefisady leksdhan 2 pM athy@eiaM E, SV 40 early 20 and | ate pronoters,
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TuNDrA strong promoter may, depending on the cell line used, be ¢. g., hCMV-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




Virus-Long Term nal Repeat. Preferably the gene encoding a g?ﬂ%§0&$der t he
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cul t dre nmedi um cont ai ni n% gl utam ne 15 but failing to grow.or growi ng only
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gl ut gAeauxot rophi ¢ human cel Il s are gl utam ne-auxotrophi c human cells

which exhibit a |imted lifespan in culture. Imortalized, also called

"permanent” or 20 "established", gl utam ne-auxotrophic human-cells are

gl ut a Ne5E ﬁ% X fan! ' | Qiib whith 30ReteRpebyGoIB | mi ted |ifespan
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giSut At Faling 0 STV PHEFEVIRE FRip POY: raminesres, prosar cona cel I's, |ike
a HT. d hinh A& elSwitleh dPSWEed P the pedsert IlvemtionAddibomil gluffhind-21) and
~ B-lynphobl"fastoid human cells |ike a HL60 (DSMZ No. A]iije- 3), Preferably used
“in t expirephichuniameelis drémmartalized sitaming-auxgirephin hinan &o -%’F%‘Bphi ¢ human

g g : : gglggrﬁlrntg?a%gco%pﬂc LR be]ﬁwgﬁm’e;aﬂk&goﬁﬂic hiftabd Edfs R AKRIbiGPNI ¢ human
limited lifespan in culture. Immortalized, also called “permanent” or N
20 “established”, glutamine-amxotrophic human 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.




| ynphobl astoid cells or fibrosarcoma cells, nore preferabl y6'3h'l§%?
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encoding said protein or an exogenous DNA sequence capable of altering the
expr s stdentonfeleanfor andugfelipirmsiycind cdlscbatenty sewringahtaniedite an exogenous

DNA seguenc ncodi.ng a gl utam ne synthe _ 2 hesgugx0genous DNA
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medium 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,




nmet al | ot hi onei n-1, om thine decarboxyl ase, P-glycoprotein, rhggﬂﬁﬁgeotide
reductase, 6 July 2006 WO 03/054172 PCT/ EPO3/ 00454 S thynigin I nase or
xant hi ne- guani ne phosphori bosyl transferase can be used for this purpose.
Cel | s cwuamionitng anplified copies of these genes are peggposiaddabl e of
surviving treatnment in nedia |ackdng the nmetabolic product of the enzynes

\ ' ent . ) : : gi
o6l cdrii iR St Snafft HEARAAP RRLREL b AEE for i) L PSDORC! MO
net hiiRhdie. Cdlis Rbgxihing Beplifiddtopies of these gaes akfe. L apable@f eirmivinghi ch are

produced by the_transfected_gl utam ne-auxotrophic hyman cell of the

pr es draatment dnmedia lagking the metabolierrptusct atthe preyees/@ds e SaniBInged ns.

3 yco ted. pr | I 01 I '

ot | gt BB sk RyP Bent, EpliEepklaBl AGL S0 b E et BISUAMEDD. o e
nNa@n- gh e DHFERatdasiiodae sulpexining @I$X)7n tig daserof@#te- r el easi ng hor none,

t hyroi d hornone-rel easi ng hornone, insulin, somatostatin, prolactin,
adrenocorticotropi c hornone, nel anocyte-stinulating hornone, vasopressin,

and | | f&@&%gﬁﬁﬁj Gfohian cBIRbEhE ONI N,

par aﬁﬁ{’,ﬂf}éﬁyﬂ‘ﬁ%{%@ﬁg& Pb 3or ragment t?\girﬁg)g?&(ig g. IgTH (1-43)), gastrin,
secr girésent ineentivr ez yne-glycdsilated ahé glysasplated proteizsn Glysosatédproteimsan pl acent al

| act ogen, hunan_chorioni.c gonadotropjn, .(HCG, caerulein and notilin;

non- 8@5@9@{?‘8@&5‘%‘?@?@%0 gﬁgogﬁ h P#e enkephalin and derivatives

t er SR ForiSndiybod ied3dkemd el AoflEGThtcamtiaiRblike daynor phin and
kyot or phi'n; non-gl'ycosyl-ated enzynes |ike non-glycosyl ated nerve
t r andwieiniznghamong-relgsginpleermane, tyeid hamone relegsing hRyopns, BHMMs ubst ance P;

non- gl ycosyl.at ed.qxr o . Qf - [ or (NGF}famly;
of t hgo%‘ﬂﬁjts% ipglqwg'%%&‘%o%%@%03{031(0%@—%1&%?1%88?0@%&&H@{agﬁ%‘éﬁ@tﬁ é’gr 0\(/\/t h 1}"act or d
( FGF)vatopiiskiv, arddierivatived tieresie. g1 édmomessii, oxgodimrcaloiionimypamtigneld gr owt h
factors. Exanpl es for tgl ycosyl at ef—ll rqQtei ng are hornones and hornone

rel eé@!’fﬁ@wf@gﬁ%%ﬁ#ﬁm@é thegreehiere: BS rﬁg % oSt SISty PRASHRP B owt h hor mone,

bavi %ﬁoﬂ&ﬁwgh@p@%%&% Bﬁc&%l Defopa) ﬁurhﬁ G@abig gm%eapm par at hyr oi d

hor none, at'1 ng” hor none, ~EPQ, poproteins,
al phaHC@Naetulgip saidmotilint horeglgcosylated b gesig sitstances dike enkephiliodnd, | ut ei ni zi ng
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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
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basal 1o 20 Y9 pre era 'y 0.5 to 15 %
ser unofake AEIS emslopag ltnampbrtqamte@l, hémaing meeﬁtoze,eaddmsm rdgaletory pret¢ingim can be
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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.




Preferably serumfree glutam ne-free common basal nedi um i Sﬁ‘iﬁﬁ;dzoog July
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i ull?rﬂ?negﬁ?'t“he r“?%ngdrsg%‘a’%en’?gg%%&‘é%”eﬁgﬁ%é%?9%?5‘51{"?-‘32@%‘?%‘%%éfgn cel1 growth 20

and/ agultesd drowihahédid foy high-demitg celbathedn well-khelyn ihdkd srnandris desdrilekihanol ami ne.

Am no acids which _replace gl utanjne and/or nucl eqgsi des m ght be added to

t he  cs-tin OB 3424 ltdewelhanntigatieto theghuiamme-freemediaptihanresentor ani no acids are

I sol elﬂ%dﬁ%u thguci ne, valine, |lysine, asparagine, aspartic acid, glutamec
id,~serine, alanine. Optionally glutan ne nmght be added to the conmon

gl utam ne-free basal medium at |ow concentrations of usually less than 1

/1, 25 preferably less t 0,5 ng/l to,support.it's biosynthetic
Pﬂsnct?%m()’é ?‘Q?pli"t‘?e&% tﬁ’&taa to ﬂ&&e@w&n&f#@lﬁ%ﬁ%&ém B%s” DNA sequence
enC o, N 1eheRfsThet nflgi? be LiRAIIF XRBE BoHAn PRAGIERFPPRBASN Qrumahd eri ng the
expression of an endogenous gene encoding a protein has been anplified

af t eropBionallyfindherdugretientaswirich kavp bippsitvs effegicanensl] geoneh al/oresbondi ng sel ecti ve
t. dded the,. mp | 1 ne-f di Th l'ied
conc ety FrlimguS et s e BVl i BsATC! U The applT e

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 L
- 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




WO 03/ 054172 PCT/ EP03/ 00454 11 agent does depend on the ceI6IJuU2%6used.
Usual Iy, concentrations of 10 Mand higher are used. A

gl ut am ne- auxot rophi ¢ hurman cell which cell can be used as starting

mat er i aWofsos41A obt ai ni ng a transfected gl utam ne- aupelEmBai€s human cel |

according to the present invention \/\hi ch transfected cell is capable of
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medi. ASFH %@W‘E’P?Péleqngh‘?‘ﬁ Ing %?58 °£%8%§f@g&“88’§§“%em or
anchqj.gge-i ndependent. |f an anchorage dependent human cell, e. g. the
HT1088 cell Iine (ATCC No. CCL 121) is used, it can be adapt ed to be a
anchorage 10 independent HT1080 cell |ine capable of grow ng in suspension
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exogdh ence capa terin he “expr essi on of an endogenous
gene & @ﬂéﬂltm@a@hﬁfagé-ﬁid@enm Eacmﬂérygeaibﬁmdenthhmangﬂhw fidhd N suspension in
serumiree medi umand then further tran feCttgggq e exogenous DNA
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gapis, I‘.ﬂ?{ gell fine L%Babiyépé%gﬁléu%})eﬁﬁf)ﬁ'ﬁ? sfeﬁﬁﬁfrecgﬂnb'&lﬁﬁ‘ ne-free nedi um
ecte otTophTc

he tr ut am ne- aux man cell of the present invention
m ghtwlh&haanomem@em!mﬂmmﬂeﬂﬂemtumanthorage |ndependent and m ght be capabl e

of gro in lon i nfre Iutamn ee nmedium The
ot ef exdpitien B SERERPer ar o FBEeHeHiR b B OB DA FaE
anchhageng \HeRRNGaNE exbhdud maméqham@éapem@wfﬂenh@mws @fon@f 25 in
serumfree, glutam ne-free nedium The adaptation for bei ng an

anchanzgéogenatis generupmding proteimand|the expzeew NS spencBererEreHmGSi n serum free

FacndPuay FaBiCnRERY Rtk eSS NLsutdek ShepfnS 20 12 jone by

e. dg. r&t&ﬁ&r&ﬂﬁleﬁ@geh&&mﬁAséc{henmiab:ﬁﬂmdlt&uigslﬁmpf&ssmgoﬂmt i on or releasing
t he ceIIs by agitation. The ceIIs are then 30 adapted in.,a second step to

ser ureflogsaousaEene areeding uprotein @nd secensilradepiad Hr SRRgSEFRCRTIN I Dyr i ng

ada t educed in case it
"isBb e S o D Bt PR clopelORDIARARET TN e ae vel
ad apteﬁdodlﬁg #GS. If sdcesstrgphebrahsfeyted OfiGmight be again adapted for gl‘.OWl_ll,-‘iin.,,

90 - suspension in serum-free, ghitamine-free medium.

The transfected glatamine-auxotrophic human cell of the present mventlon nught 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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reduction of serumcontent and in a second step adapted to be
anchor age-i ndependent cells capable of growi ng in suspension bye. g.

trypsi nwepasioaizof the cells and subsequent agitati onpgfepRlogasi Ng the cells
by agitation. Both steps mght be as well applied sinultaneously. 5
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i sol amqulehremmmuh abait 0. 1cta 12094 prefeyablydl/ien0i% nmbt referbiytlison St%chni ques such
as | onat.i on (gn | m’runpaé nity or ion- e chan col umms;

pr eci ﬁrwat frra%heé*ée aymegljoped abeye: SHeredsR gwoe Wofocusmg,
Sps- P@t%entﬁﬂéhtfaébﬁtéxﬁéd @ﬂ?gtﬁé‘é&dn?%ﬂtéﬁtﬁtﬁtﬁn ﬁ%ﬁ {0 aRpIefiAL e tgat

purification nethods suitable for the polype I nterest may 3

requi P&.nodi fication to account for changes in the char acter of the

pol ypepti de upon expression in reconbinant cell culture. 6 July 2006 WO
03/ 054172 PCT/ EPO3/ 00454 13 Exanpl es

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.




Exanmple 1. Provision of the Human Fi brosarcoma Cell Line HT&Q@?%?@S The
anchor age- dependent hunman HT1080- R223 cell |ine containing multiple copies
of the 5 human EPO gene is a cell line used in industrial production of
EPO andweasozatizgi nal |y created by Transkaryotic Thep@pRkmsSwoessfC. Canbri dge,
MA 02139 (US). It is derived froms anchorage-dependent human fi brosarcoma
HT 10@ &gh s | ine. The parent HT1080 cell line (ATTC No. CCL 121) has
acqui capability of producing EPO by transfection with the DNA
construct pREP022 which is simlar to the DNA construct pREP018 descri bed

10 in WO 95/31 560 except that the DHFR gene is in the opposite orientation
and ttﬁfamlﬂRElﬂU??SEBQEﬂ&ﬂﬁlﬁ?mF@WﬂWWaé@lI/lﬂswlﬂ&%m%i rs | ess honol ogous

seque EQ@E&P n !ﬁﬁ’ I LD 11h S oh HE& of er I. as the R223

cell Plfh%ee'h o?a £ho tn%@arrp e E@Kazétcgl? P}(l)encol;)]*d %ﬂéﬁ%%@%%{tﬁ%e to Gowth

| n5Sudpans BEPO gene Sarcalitife wed inlinddébriil pivdtstioh of BPO il was aigiraliped cul tures in
ended into a

static flgsks, were rel eased by trypsinization resuspe

propricéqaf?ﬁji’y |1‘%&quﬁ’ - P’&?s%‘h&a@gﬁ“lﬂﬁwlﬁ%@%nﬁ% Hp f9Bf erred to

as" Fl MB.. : | 00, G : ?8% - (dFBS) and 500
n:/l Nﬂ%)H(mg?\%e‘iwﬁgéﬁgj{tggmgﬁsﬁ%ﬁa é) @aﬁ%@k cu ?E@%?% owlt}}qﬁg gﬁlmgréei%d af % er 6
days 4ATTCR®. CEIL R1Pswequired thecapabilityof produoing B2 Odgrtensfedionwith-i gure 1).
Once r.el.iabl of. .gr.owt h ha one est i.ghed the. serum content
of th@%@ﬁﬂ?@%‘?@@é&d"hﬂ@ lis@aﬁagﬁﬁ%%ﬁmﬂ%‘?@?&iﬁﬁc ed| | oved to
begonme, Wi 9578 BE60 SdagA theihe DRFROsARE RS 1Rl dpPasite biiQfkatidh ahdas er um  suppl ement .

Serum sus | emented and serumfree cultures were overgrown to" assess
pr odu®REPDEZ doeszantrg approximately &dase nairs Rabhamologovgssghence tianh data from

s poRRPRRA R i el R T s LREROA SBTpERF Shert” 200ival et 0t hat

I n serum suppl enented attached cul ture. Upon adaptation from attached
culture to suspension culture in_serum suppl emented nediumthe specific

rate SFampleZshdaptation offibe R223 £4ll Binetg Grovth y§uspensipniip Serymdiyee 30 cel | s/ h.
Hpyvev ffegiddd S rate was substantially restored, to 18 EU 106 cells/h,
foll

owm ng adaptation to serumfree growh. 6 July 2006 WO 03/054172 14
PCT/ ERelY §0wh 4s Ftseohee chlt@eointstatia flasky werbuekeised by trafsinidatior3223 cel | line in
attached cul ture and .in sus ension, culture before and aff{er adaptation to
ser unfeFyspanded kato a proprietory gl e-confaining serum-free medum er reterred
: 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 sante medium (Figure 1). Once 1 teliable 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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f oet al

schematic represented in Figure 2. To
cells were released from attached cultures
by Strypsini zation and the rel eased cells were resuspended into HW plus 15

2" 0% FBS. These were _ d.as shaken cultures ce suspension
growt h of the cells|iFA*HWnR (ipedfigs FREMWaVejec 0FBOest bl i ghpsl tHe
cul tures were diluted &illshnl He sramih cililhimt q make daughter cul tyres.
Rel i abl e suspensi on gr oM@’ of| ttueiir1080x tet | [l i BE/mbas Eoh@abLifRgd after
30 days 1n culture (Frgure 3)[. Thereafter the (serunrconfent of—tig nedi um
vas Ileghgrd cufid finallyeelim nghed conplately. The cel}s ¢ i nudqd to grow
in 20 gl fpdcul t bir, lj[cgmgj're absenc 8f. rgm '%g'ily 200 03/ 054172
PCT/ E%ﬁ%@dﬁﬁ{)aaﬁ% e 4. Effect falll\’rﬁ%ﬁﬁi a"BH°8&'owt h and Productivity
of th H—E-Rp—ArBRHa—+-S5—a—6 ' diald diby culturgd cells
when %I utam ne is uspd as an |ener ubstrate¢. It is clytotoxic and can
i nhi Hi FSPEEFE?“‘Q‘%‘WW h. | Further errQe(,)Igfi%t Fan 33hi i t 41§9ycolsyl ati2on off proteins
by i t|§HMF b hithin the Golgi pf the cgll. R223 kells in fllask 5
cul t J568nM/MITAI | v pfoduce 5|mM amon|a in unfed culturles and 10 yMin
ferngnt er
~ 'tsuspension culture 1.1 0.0166 210 3600 18

(HM9 (serum-~fiee)

1500 nM MTX)

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

Sermm-Free Medium

“The HT1080 cell line ATCC CCL121 was obtained from the American Type Culiure

10

DMEM containing 10 % foetal bovine serum (FBS).

Collection (Rockville, Maryland, USA). Initially cells were grown in attached culfures in

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

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

20

serial subculture in the absence of serum,




cultures which receive a nutrient feed. In an initial exam @%lb, gf the
effects of ammonia, R223 cells were grown in shake fl asks, her wi t hout
added ammonia, or with amoni a added at 2, 5 or 10 MM For each
concentwatmsostif ammoni a replicate cultures were set pupradbobflyee different
pH val ues, by 10 varying the CO2 ontent of the overlay gas. The prinmary
ai m heBxantple 4, Effbet GTATRER (BRE .gm,n, ' gxerted by
anmoni ﬁ%ﬁito test whet heirrat%rﬁe((;jucedgﬁdﬁ(}[ﬁf: \%%%igt?%p% rovvth

i nhi bi onigsie; 4 catahelitp prioducsd by el cteﬂs whihi ghithmine id used ayMohenérkgbl e 2),

reduce a itory effects of ammonia, though
the el g%/bgt %%J&gm&og(ﬁ%ﬁgg ‘1"%‘%#88‘3 Wﬂhbuﬁgﬁ“ﬁéﬁ 1t qan inhibig| f have caused some
gr owt hghyndfuyhhbm ofproteik bYREETAOGEH ®itfin A G6le ?Jffﬂ%fceﬁ%zﬁﬁeﬂfﬂﬁlasﬁ 0 continue

any er was not valid because accunmulation of non-volatile acid

cat bo? fuzes typaepdly pradies HMbimmpnia i wnfed ediueparfdal0 mMdyin femented  poi nts of a

pH Unlélﬂtu?&‘ﬁécﬁgc&,ﬁ\]a%u iaPREs WO 03/ 054172 16 PCT/ EPO3/ 00454 Table 2 Effect
of Ammoni a on growth and prodictivity of R223 cells at different val ues of

cul turle apmtlaltmalp&lanmsofahh affece df yimbhie, EORakwdE ih Bhakch q?ép#er | ay gas.

pC02 a n | maxj mum speci fi.c EPO g Epo %added pHcel M growth
fate %%@} 8‘5 018401 Vagh anamenia added at %_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 rH would
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.
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subsequent experinment (Table 3) pid was varied by adjusting the NaHCO3
content of the nmediumwhile maintaining the CO2 content of the overl ay
gaa. atabledon- i nhi bi tory., ~concentration. The range of pH tested was from
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culture). Specific growh rate was naxinmal at the pH 7.5 (NaHCO3 at 3 g/ 1)
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by t e presentehomy v anmoni g Wiha |1 cﬁgeailﬂlﬁ)d atp of EPOlsynt hesi s
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i ncr eased? co rmn 4 ta t hEculdur a,L_pAH 2 ] B gr-put was | ess
affe¢tedS and] the9sped|ifi €26 at ¢ of0¥PO isyft9P8si 4 wddiQinaf f ectded by the
preséncel®df 1D nMM ammpni @93 At {t hed.T owelst GaH7st ydi 830 pH 7. G0 NaHCO3 at

- 0.75[g/ 1)5spefi fi 0 gr aw he.gat e|wax.4 ur tlherp.omedycedigdit pgaiss wag | ess
af fected by ammonia than at pH 7.5. The specific rate of EPO 6 July 2006 WD

-

03/ 0'341./:5 PCI f I:I-’Ui/ 00457445 SYNUIES! S ey daCT §a5qed N | NE 3y esqnce of
addeg—anont-a—tthts—gy il@gi blFC!I{ft;tllbut e ‘LUJLQ l.d!.ILLIUII in growth
r at e |—7Fabl-e-3—5—EH-eqt—of—orrPri-a-on—grow i—and—produetvi-ty—ofR223 cel | s
at d ffolbnt hal uds of h$|8¢||r p me The pld-c s _adj |]|§ 44 \ Mg t he
cont ent_ of HCO3 in the pedium

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

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 (NaHCO; at 3 g/I) 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




maxi munspeci fi cEPOgEPo initialcells/mgromh rate pH xh'' L%gjilg% %06
cells/h NaHCO3 3 g/17.491. 30. 03095116 NaHC03 3 9/1 7.510. 50. 8 10 mM
ammoni a NaHCO3 1.5 g/i7.261.10.027115124 NaHCO3 1.5 g/1 7.270.70.021119126
40 vt apegesaizz NaHCOB 0. 75 gl | 7. 020. 90. 02099526 NaHG&BeRsdnasd! |

7.010. 40. 016100942 10mM ammoni a 13 Exanple 5. Productivity o? the R223 Cel |
Line in Fernenter Cultures at 5 Litre Scale For the P223 cell line three 5
|itre sypibasiniwes ineraascduy the prgsenieef addad ampmonia @his mdy havedidf atiribntableval ues of pH
bet ween 6. 9% gnd. 7. 15 (ste)g1 Tabl e 4). Each culture received a concentrated
nut ri eﬂlthf?rg 30} %’r?t%r?‘ﬁhr{&e m no aci ds and gl ucose designed to nmaintain nmajor
consuned nutrients at sufficient concentration. Cultures grew well at pH
7.15 and at pH 7.05, but the 6 July 2006 WO 03/054172 PCT/ EP0O3/ 00454 18
cul turkabd¢3pH 6.95 failed to grow, probably due to the high concentration
of i G 0, . | LVidy and

e b PSR fifieh8 oy B dndRrohiep S REZR s Mpicl B Vids's

max i mesitendpEL D il ek iadjuiste@hyapsing il cbetentsfNUHOO i the biginmiecel | Ammoni a
condi ti onshours/ m EU 106 x 10-6hoursx 10-6EU mcells/hmg/1 pH 7.15 1 . 0

"46" 1971079558163
maximum specific EPO qEro
initial cells/fml | growth rate

pH ' ,

L x10° _p n' | EBUml | BUAOScellsh. |
NaHCO; 3 g/l 7.49 1.3 0.030 951 16

INaHCO;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. . {. . iy
NaHCO; 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
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Example 6. Transfection of R223 with GS and productivity of GS transfectants in

10  attached culfure.

- Cells used for the transfection Were from'a suspension-adapted serutn-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 FIMO 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.

Data are sunmari zed in Tabl e




5 and, for conparison, data for the non-transfected R223 ce lyulviJ3Bs ar €
i ncluded. Al GS transfectants exhibited el evated specific rates of EPO

synt hesi s conpared to the non- transfected R223 cell line. The best GS
t ransf ewpambs41BELO0, had a synthesis rate five to siXpclgb@ntysgher than the
non-transfected R223 cell line. 0125 30 6 July 2006 WO 03/ 054172 20

PCT/ EPGMORASHTARLSy SuBRRAIZNG of e Bt DSHRIDGS)S il oo, T ansf ectant s

of the R223 cell line an or tAHe non-trans ine. Data are
der i veday mgrthenepleded dftenten daye svitd rghsmine frsd EMOpRaihan CAls®ft db)Yood FBS.

Met hot r,ex \ited fromth di ymused for making the 5

transf e %W?&m@&aﬁéﬁﬁ?ﬁﬂ%ﬁﬁ&nﬁ%ﬁm cultures at day | or 10 after
t r ansf g6t the Buttkd Yet@p wittktht b&iir i t ant MI'X (500
nM _to_EU 106 cel ‘Iasfp/ h transfogécﬁuig’o‘ﬁﬁ@[ﬁ%ﬁ%ﬁ%@%&%ﬂ%ﬁg@g&BEMm%

4D93 03BNEY: ne groptswapabtgn®is3152 non-transfected R223 cell |ine not

applic 4 l.n.attached Lt ur anple 7. Adaptation of GS

t ransf g%'lttg%(f‘eéﬁ?@?c ?3’%%%%%%%‘%%%?%?‘%5%@%@5Wlﬁ@mﬁaﬁfn O the seven
GS t r asizD6stelinilaesobS tlandebtints WERIEM el botliith AISHRGAMTH 3RS and GS

transf_ecta?nt #8G3 wereé)rogressed I nt o suspension culture.
inttial medtum. Of the 15 GS transfectants seven were successfully expanded to flask

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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Cells were grown as attached cultures in static flasks in g%ghg@@g free
BMP nmedi um supplenented with 10 % dFBS and 500nM MIX at 35 C. The
cells were released 15 after 5 or 6 days by agitation, resuspended into

t he sanwomeds4wry and i ncubated as shake flask cul t ur psr/Bioziot@s Sane
tenperature. G owmh comenced aftsr only two or three days. Cells were
subcul ttappcs once in the sanme nedi um and then overgrown to assess
productivity. Titres and product synthesis rate were at least tw fold

hi gher Spegific rajes of PO sypthesisfos 68 dtamafeR3A6 of did R223rell Ynowd for O % dFBS and
500 nM MIX JuI 006 5, 03/054172_21 PCT/ EPQ3/ 00454 Table 6
G owt h"&H 3%‘.’@8%@3%?? ofp pltaches gy s 289w 1k fhes uspensi on

cul tur ebéhceabmdFESiWho 555@}, 10 % dFBS
and 50%r nM MIX. GS transféﬁxgﬁmgﬁ%g%m]tﬁé\%e ug@P%P ggngo

( sub petigisfistanis, bl vas eirtrogtupet ta 618 colirbsat dayhi &Eimﬂ;eﬁ&ékﬂ:ﬂsaﬁil 8G31.21017133

non-transfected 8223 cell linel. 4419912 assessed in suspension culture

grown in 10% dFBS and 500 nM MIX For suspensi on cultures of both GS

transfectantss gakloaid 83 thﬁaﬂ&%édﬁeﬁéﬁrf it ami ne-free HV®

medi upm was reduced stepw seff MBI’}% %ﬁ 0.2 %to 0.1 %to O

% for|3E10 and 10 %t02% to étagﬁ t%% I able cell gromh to

becong—estabt b?ﬁsl eactFBS—cofitentaton b""‘“‘ Hurther reduction.

SG3- pes—rot— .urthcr adapt-ed—tHah-to--%dp Exahple 8. Productivity
3810 : :

and nptabolismiH0Gs transfbctant HE10 infserum3free buspension cul ture.

The ‘Go_transfecdiht 31310 afapted ¥b serurhfreedsr omt K in Exanpl e 7 was
cul tufed in 154B%spensi on pul tureld n serymfressgl ut grine-free HW nmedi um
at 3505 to 37 @FlFor the @S transiectant [SEIO ggIT Tijhe 2 to 3 fold higher

specific rates gij2EPO synthesrs weje 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).




obtained than for the non-transfected 8223 cell Iine, whichg _?@E{;tured
under the sanme conditions in HW nedi um containing gl utam n\gﬁ? able 7). 6
July 2006 WD 03/054172 22 PCT/ EP03/ 00454 Table 7 Gowth and productivity of
GS tramnwbeszm 3E10 cells in serumfree suspensi on perkiodhess Maxi mum cel |l s
/[ m EPO g- EPo x10EU ml EU 106/ h 3810 (gl utam ne-free 1119

medi unraplksl. 29731- 1423440 - 67 R223 (H v19 nediumwi th 61.0-1. 63075 -
581813 - 24 nmM gl utam ne) The hi gher EPO productivity of the GS transfected
cel | vEsowdomdrniledivily of 68 tramifectanr8Ei0ant 863 iehispamiodl culiialp! i ¢ anmoni a. -

| nste f a ni i cal l roduced in flask cultures of the
non- t ?%lr?g g‘i‘%‘%ﬂég%ngﬁqe WF&“H\%‘“ d 19 % SEBSiamd 590 @MMTXJ ut ani ne,
the GS transfectant 3E10 produced only 1.8 nMamonia in glutam ne-free 10
HWD npeim-LIable 8) Table 8 Reduction in amonia synthesis in GS

transfectant 3E10. Max. cel|s / m Amon{aqg A" wa x{10mvles / 106 cells /
|t R2P3 ( HVE:Shieatisfentatont ai nj k. 8lls338 b MM, gbotmel 1e)1.&5. 023 1. 05. 527
3E10 [ gl utam ne-free HWRO. 8[1. 811 medi un) 15 Exanple|9 "EPO
P (suspension)
x10° EU/ml
EU/10°cells /h
3E10 0.7 11113 57
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).




Anal ysis of Product Quality. EPO produced by GS transfectang J@E%O' n flask
cul tures has been i munopurified and 20 analysed for its distribution of
gl ycofonns. Figure 4 shows isolectric focusing (IEF) gel 6 July 2006 WO
03/ 0541w0 oR@HIEP03/ 00454 23 anal ysis of EPO obt ai negcpipopesiks cel |
concentration and harvest of a cut2ture of 3E10 cells grown in

gl uta .ﬂﬁ"; ree HW nedi um as described in Exanple 8. Conparabl e sanpl es

from the non-transfected 8223 cell line grown in HW nedium are included.
EPO  grodticae prodcttfiy of Gt ataveint 3EN0 e Th RbugfnedhRpalsidcat i on of the
nore acidic isoforns 5 conpared to the non-transfected R223 cell Iine.

ScannF‘H&“'é‘f the I1EF gels has allowed quantitation of the isoform
distribution and calculation of a theoretical isoformrelative activity
(IRA). Table 9 JO Analysis.of isoformrelative activity for EPO from

non-transfected 8223 gRkimu dellspmtl | GS tramgt ect art 3E10qu%and nunber nore
basic 1 2 3457 8|9 10 Xljo¥2 13 14 15 pyyggaci dijc 1%U/'106/h

13E10

(glutamine-free HM9

|medium) 1.1-12 9731 — 14234 40 - 67

JRrR223

(HM9 medium with 6 1.0-1.6 3075 - 5818 13-24

mM glitamine) T R '

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
10 HM9 medium (Table 8).

" Table 8

Reduction in ammonia synthesis in GS transfectant 3E10.

" Max. cells /ml Ammoniz | | Q Ammonia
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) .

15

Example 9

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




17 other mnor bands Specific Activity* 0.071 0.194 0.273¢ gl‘ﬁ’&% 658
0.989 0.999 1.000 0.796 non-transfected 8223GS transfect ant Bercent age
Activity Percentage Activity of each (percent x of each (percent x

i sof or nwpesnidie | sof onnspecific activity)activity 5. 8@rbro3o®sds 2 6. 33.6
11.46.0 10.56.2 9.20.77.50.5 8.8123710.52. 0 8.72.411.63.2 5.52.19.33.5

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 {592 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




44299563434378774545616114145353020216]\}“&0@
14.48. 7 Sum Sunm= Sum 100 Sum | RA 1100% RA = 20. 2% 1=36.0 * ges ?or
activity derived from SPA 0 428 267 6 July 2006 WO 03/054172 PCT/ EP03/ 00454
24 The watwnsardi cat ed consi derabl e enhancenent of thecpraddedss quality in
the GS transfectant 3E10 (Tables299 and 10), with an I RA alnost two fold

hi gher than for the control culture of the non-transfected 8223 cell I|ine.
5 Also the hypothetical N-glycan charge "Z" was determ ned for the EPO from

GS tr anslssindivhted Catkiderable ehBncNdnt dﬁmspmdaadluﬁmy uftnéreg ndrgf ected R223
‘cell line in Table 10. Nevertheless the "Z" Vvalues for GS transfectant

3E10 (éﬁwqﬁblﬁéaﬁn@@)lwﬁbﬁtﬂﬁtﬂaﬂﬂm foléh bigheshan forhe cangro) cubtuoeafd val ues
obt ai nﬂ:%n%ﬁ'—hfaﬂﬁ’ééfecfﬂﬁ%r 111(1e183 228) for the non- transfected R223 cell
: Twa

l'ine etermned accor di ng to Hernentin et al., 10 Q ycobi ol ogy,

1998, ﬁlsozlie'mypof&sﬁhalN—gljﬁ:a@bﬁaagenﬁdmiaydéf&hﬁhéﬂJ%HRSBPerohﬁGsect ive % share of
a certai n si al ate i sofonn wi,th the correspondi ng negative charge of said

i sof or Finstegiapt AR g4e WW@PF@FHqufP%thaﬁmaﬁéﬂsﬁ@tﬁﬂrPd 3 dndpde tri-, tetra
or peni(ﬁﬁe@érﬁxefez qﬂ’l&: g8, o §frard ear@ﬂ) Et%%%;géellt ?ncrérﬁga Z. The

Z-nunber correlates wt the In Vvivo nce *r Fén t her apeutic
gl ycopadt265 at i@aﬂesstjmncdedvalaesmbm)nedtﬁﬂéﬁkhhm&m&maj Wsihened- product quality
0t o o0l ROD3 b G abfeingd acoordlng %o Hamentmetal.. o C0r Ut SELO:

10 Glycoblolo gy, 1996 6, 217 - 230; Z is obtained by muluplymg the respectwe %-share of 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




Isoformrelative 'Z° EU/ nlLactivity R223 parent (HW nedi u? mytébogmvl
351825. 2not done gl utam ne) peak harvest 615020. 2not done 3E d

(glutam ne-free HW nedi un) peak392143. 6273 harvest 686236. 0265 20 Exanpl e
10. Pr owoaobisiizy, Metabolism and Product Quality of &Srgs@aaaEect ant 3EL0
In Serum Free Suspension Culture 2sn 6 Litre Fernenter 25 The
GS-transfectant 3E10 was grown in batch culture in airlift fernmenters. The

cul t ur Butrignigatsaffisient @mlmkﬁmﬂeaddwommbwuagﬂ dak fdeach cul ture
contai ning am no acids and gl ucose

receiv rat trieng

desi gng‘%“@ﬂ&%au i E‘Hn%ﬁ‘}lﬁf ‘i‘?&‘?ﬁfﬂw%%@%@@&w desforBCoppapsmo54172 PCT/ EPO3/ 00454
25 NUThS 6B transhiciaatbliilod BitekRD 9B AR an RESULS Al dirFOUR |0 Tabl e 11
and data for a fernentation of the non- trans cte paren 23 are

i ncl udedren Thegepife rateef pradvet ssathesinwasfoguivalett te dat bf thesbetdvected Vi abi | ity,

henge cul t.ure. e .specific rate of product
sy%helza?esnlt \%\'gfsﬁ%gﬁlff\l/&ﬁwg tqHé % %‘3‘?{ B %‘“'F FPé‘léﬁvd‘S( r?st“Hng’F’éE‘ir‘?él %%F‘@nt celol I:Jne

unchangediict tuncertttationg mmmﬁa 8dthuintieBorl WARGE bt Your G5 '1&#&1 forind G§ ' €ased maxi mim
pr oduct C nce Ammoni a_accunul ati on was at |east four fold | ower

tion.
f or t nlegirﬁg ct grality, mepsuse hytTR 4 ieias improvee & dhee@S bynsféelant was i npr oved
for the GS transfectant. Table 11 1.0 G owmh and productivity of GS
transfectant 3E10 cells in serumfree suspension culture. Product quality

of EP@abletuced was quantified by |RA
ni aHar vest q Eppl RA at

Fﬁ‘[?gf ﬁriﬁvi@é%ﬁ;@W#MHﬂ?%tﬁﬁ%whau sergmyfree susparion 10- 6FU/ nl EU/ 106

I'l's/
L S e RN i s

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




| ut am ne-free0.943192415186804948. 5 parent R223in- 1.11216-- 11195656
. 122255828 - standard process with glutam ne *Cunul ati ve cews hours, the
time integral of cell concentration [Renard et x1.,1988, 15 Bi otechnol ogy
Let t er swd@3/49)721- 96] 20 6 July 2006 WO 03/ 054172 PCTHERRY;RA6D4 26 Exanpl e
11. Productivity and netabolismofs GS transfectant in serumfree

suspension culture in Iscove's-based nmedium The GS transfected 3EL10 adapted

t o ser Gxamplee 1 BwodudtivitEx amd| metdbolbm il GSr echnsfechokia sdrusfied N a

serumfr .glutamne-free, versign of |Iscove's nmedium The parent cell

li ne, glg%ﬁlbsg%@ﬁ@gel&e%meﬁfpaﬁgiggﬁw in the equival ent nediumthat had been

suppl eTBHG: | ' i : ' Lt Dul becco' s
pp 8 Graidfécied TH10%LAMP o sivkd féowm%,ﬂpﬁaﬁ%& ciufl}{t%ﬂb[{ %19187

Medi umwi th | scove' s suppl enent I ne serum-al bumn a L, human
hol o- t flaksin ér serym-fiee,3giuiamine)freer varsorb b Bodversumadiuh0 The parkitreedtlink0 o/ L,

Lutg ol hanol ani .60, gl/L. The medi tained 4mM
ol i oo e byt 1 AREEF ) 88 Bty pEtiesonl gk bors pugplneci s  ect ed

cel | glutaminehe gl utam ne was omitted and replaced with 4 nmM sodi um
glutamate plus 4 mM asparagi ne. 15 The specific rate of product synthesis
was approxi mately 50% hi gher for the GS transfected cell line, 3E10, than

for t - e > At g .abl e. . The specific rate of
ammnr!ge{)iﬁlgd%%fa%% %@sﬁ%‘ﬁﬁﬁ% I gmﬁ%c%’r% %&%g’%@ﬁ%@édu@gle%ﬁ | i ne 3E10
( Tabl ebadde seRmoalbuiing 9.4k j Huiren hélo-aamstash ap50 MBA SresombinshEfunamd anal ysed

gels. Results of this analysis are shown

on. saelectric fo in | EF 2

L0 dﬁ?@“sﬁtl 8L lgﬁgl%ﬁ ggmﬂéfmplgméw%@@ WLAF Bel medimd 5 to 6.5
_ SO n . ! . ue. _Kev f

g, | pemnae R LaiSORE LI o GECIGhR TS AP eS Rl i 1Y T

41 mmrudise dhe glytamingywes pinittbdpand depltced mathn KR8 sgdiomngliamgle Wiand REvVCONt ai ni ng

I scov%:spsm{&gi um

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




Lane 5l mmuno-affinity purified product fromclone 3E10 of ng{lfyai%gect ed
R223 cell line grown in glutam ne-free |Iscove's nedi um For the~“product from
R223 there are at |east 13 visible bands, spread across the |ength of 25

t he gelwolsnssaihe product produced by the GS transfecpegrrglbsssd i ne 3E10, the
nore basi c bands (resolved at thextop of the gel) are much | ess intense
that fgr the product fromcell 6 July 2006 WO 03/ 054172 PCT/ EPO3/ 00454 27
line Rﬁ%m% wibde theanorp peidig bemtlsdatithnbitoprmof thirgelbat irmmasd ih hregy) are

i ncrea ' . | |1, line 3E1Q. There is, also at | east one
:axt ra g%?:gjll cIilll %gﬁg@ e }éec]tsaagoea%iei??s&?f’l@ WB@&%‘; baﬁﬁﬁsteééklﬁgg fl}?d’r@“‘f?ansfect ant

3E10 timade usingntht ClettamefeathitSH10 (R RCHot Hetbitme ﬁﬂfod%f]g&% rtlgei et ﬁné%ﬁ f rTg imst e

i ndi ca%f%hgg i.ncreased degree of sial Yl.ation for t

- 5 1§ dpQpiqsian dnoteases degrgs|of sizbylation frttheprddyst cude fromithe/GBE  GS
tr ansfeghbied 3EdHrgel |s in serumfree suspension 10 culture in Iscove's
medi um Maxi nrum vi abl e EPO g*0 cel | s/ mLEU nLEU/ 106 cells/h 3E10 grown in
gl ut am ne-0.55134011.5 free Iscove's nmedium R223 grown in
| scove' s0.729937. 3 nedium containing |utam ne 15 Table 13 Reduction in
amoniPal} dbruction by GS transfectant 3E10 cells in serumfree suspension,
culture in_Iscoves nmedium Mxi mum vi abl e Amoni a gaowoni a
cel | s/GHoxith MndeBrotyetivity pE/GS transfectant 3EI10 cells in serum-free suspension

10 culture in Iscove’s medinm

Maximum viable EPO q

cells/mL EU/mL EU/1 ng(:eﬂs/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

- suspension .culture in Iscove’s medium.

Maximuam viable | Ammonia " Qammonis
cells/ml, mM nMoles/10° cells/h
3E10 grown in 0.55 0.61 2.6
glutamine-free Iscove’s
medinvm
R223 grown in Iscove’s 0.72 239 174
medium containing
| glutamine

20
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.

25 |




3E10 grown in0.550.612.6 gl atam ne-free |Iscove's nediun1R22§J@%9p@5in
| scove' s0.722. 3917. 4 nmedi um contai ning |utam ne 20 The gel da romFig. 5
was further quantified by scanning the | EF-gel photograph

densi ongbnseaiy. The rel ative proportion of productpd@pegsrsd ed by each
band was quantified. Data are sugmari sed in Table 14, where the relative
proportion of each band is expressed as a percentage of the total product

on t heThesprsaeifipdands (& toof4) ppesessdhe higgsibidlogival 208y WRiR3hOBL 72
PCT/ EPQ34: e_acidi.c. bands (8 to 14 ossess the highest

bi ol og%gépgélgﬁ%}’%??@me ?rﬁ}éo ﬁcésgg" ﬁéscci(’ e I‘n@\&ff&é@é‘? thely little or
- no actandithe/densibmetsic sanGRY ChioStokfBR kB §for ééf oL El%né)ﬁi%u?cnﬁ fcithe :

densio Erlg)etﬁcannl ng&chromat ograms (Figure b, for gel "ane and Figure 7,
f or g%ni;i’f a8, e pradueiiitass BigGex-transtoated pell 108, PR3 ischrcheddh theimare, GSR223, i s
enrg c oy 'tr91 JJ'S@' el I non-transfect cell line,
R2'253, r%?ﬁ%go%ﬁgb@?éﬁggg%esen?&e}%‘% (‘#E thgg bf%#?lto 81'} 53(?5‘?‘??13 4&%? e for the

GS- t r dhs fotnt predudt ehilelforthe GSSFARMBoted ¢elldinpf GERBIB] 1813 prdportidnGs eased to 73% In
Fig. 6 andgq?t, g%a@:.aréeqnal ocated jdentifyer nunmbers according to the
nunberPAEESEt o dare- fukiig FP‘g‘j".is gre alfopaied idgntifyeraynbrsacentdiog td the| ne GSR223

- band peameMg dielrhdliR@icent of total nunber 120.6261. 185 29. 604Total for
bandsl. 346Tot al” for bands 33. 2911t 07=1. 9131t 07= 41. 93455. 735%. 5426. 865%

54.5933. 362 67.8707.265 77.8179. 254

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%




© 815.90518. 347 -9.1113. 84Total for bands18:87Total . for bandg july 2006
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PCT/ EPO®BA8472C] ai ms: 1. A gl ut anmi ne- auxot r opi ¢ humkaTaERés004ss ansf ect ed
with an exogenous DNA sequence eRtoding a protein or an exogenous DNA
sequenqﬁaﬁ%pabl e of altering the expression 5 of an endogenous gene
encodi ng a protein and an exogenous DNA sequence encoding a gl utam ne
synt het ase, wherein these exogenous DNA sequences are |ocated on one or
nore than one DNA construct, said transfected cell capable of producing
sai d prot ef#UHRNEAE@PRIc Srmap esll tragsfectedwith art amieeus DB, sogeinten 10 2. The
gl ut am ne- o cel|l of . claiml, erejn the exogenous DNA
sequences égf#aéﬁ{i%%gﬁta ]53%‘ %%H%g?%e n?‘f‘?alﬁN‘é ARG G@gﬁg‘ﬁqfﬁi&qngjhe epgESSsion

gl uf an ne-afiar endogpitiug gérersRELdER] d profinany m’i’éxo%lmﬁniugbi{ppge ﬁencg\:her ein the

gl utam ne- 15 auxqtrophic human cell is an immortali zg

gl ut ami ne-RECARE LRINRBINS sethetess) Wherdin thpkrexgRenoanDNA-saguentesaphi ¢ human cel |
of claim i i tzed | ut.gm ne- of.rophjc human cell is a
uman | bocea%hehDol, ﬁe%@?%@&&ﬁ“&ﬁ?ﬁgﬁﬁﬁﬁ%bﬁ? blefan cel | of

- claimt, whreedscing sdiéprotaimn fi brosarcoma cell is a HT1080 cell line. 6. The
gl ut am ne-auxotro Pic human cell, of claim1 to 5, wherein the transfected
cell is %@ﬁ??@&g-gﬁmﬁg Peritesmedi®. of growing in suspension in
semoum free, 25 glutamne-free nedium 7. A process for the production of a
protein conprising the steps of .a) culturing a gl utam ne-auxotrophic human
cel | decorlf Aytamineanxphophid nzncell bivlaim hedinin tioeopeamsBNA ons sui t abl e

For expregghgiie®lre thfla Bh Q8! RalBS 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 b) recovering said protein. The process of claim?7 wherepJulypHopr ot ei n
is a glycosylated protein. 6 July 2006 WO 03/ 054172 PCT/ EPO3/ 00454 30 9.
The use of a glutam ne synthetase as a sel ectable nmarker in

gl ut am Y&-030%31% ophi ¢ human cel | s. PCT/EP03/00454
30

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

human cells.






