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di sadvant ageous because en gliutam ne 1's used as an energy substrate by
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syst empir@duction 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 encoded EPO has 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 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 medium containing glutamine. This
25  is disadvantageous because when glutamine is used as an energy substrate by cultured cells,
ammonia is a catabolite produced, which is cytotoxic and can inhibit cell 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 (CHO) cells by transfecting the cells with a gene encoding GS. As
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expected to be inmmunogenic in humans. 25 .
P with GS has been rep%rted. It has been further demonstrated herein that GS can be used for

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 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 sulphation and the presence of the a.1.3 galactosyliransferase enzyme.
Oligosaccharide structures of glycoproteins synthesized in rodent cells might therefore be
expected to be immunogenic in humans.
25
The object of the present invention is to provide an improved process which does not have
the above-mentioned disadvantages for the production of a protein, especially for the
production of a glycoprotein, and which yields high protein titres.
This object has been achieved with a novel glutamine-auxotrophic human cell according to
30 claim 1 and with a novel process according to claim 7.
According to the invention a glutamine-auxotrophic human cell is provided which has

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



The object of the present invention is to provide an inproved process which
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adapt aff’ s to ension culture in serum , free nmedium
Figure 3 shovvs adapt at| on of cell line HT1080 to suspension culture in
serumfree nmedium- profiles of cel] t|on during re seri al
sub6ul tRigexe l@qwsgﬂﬁh@nﬂtl%f?é\?v@aﬂtﬁpnzﬂfﬁ@sq% ]lﬁ’Plcf’l E%%Iu?rgom GS
transf ct ant 3E10 and from the non- transfect ed R223 cel | I|ne grown in

i ndust den5|ty grow h culture nmedium Lane 2: 3E10 harvest. Lane
3: 3E10 peak Lane 4: non-transfected R223 cell Iine peak. Lane 5:
non-transfected R223 cell |ine harvest. Fi shows | anal ysi s of
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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 3:3E10 peak. Lane 4: non-transfected R223 cell line peak.
Lane 5: non-transfected R223 cell line harvest.

20
Figure 5 shows IEF analysis of immunopurified EPO from GS-R223 transfectant 3E10 of

the R223 cell line and from the non-transfected R223 cell line grown in conventional
Iscove’s medium. Lane 4: non-transfected R223 cell line harvest in glutamine-

supplemented Iscove’s. Lane 5: GS-223 cell line 3E10 at harvest in glutamine-free

25 Iscove’s.

Figure 6 shows the chromatogram of a densiometric scan of gel lane 4 from top to bottom

as shown in Figure 5

30  Figure 7 shows the chromatogram of a densiometric scan of gel lane 5 from top to bottom

as shown in Figure 5



25 Iscove's. Figure 6 shows the chromatogram of a densionetric scan of gel
|l ane 4 fromtop to bottom as shown in Figure 5 30 Figure 7 shows the

chr omat ogwermsof41a2 densi onetri c scan of gel |ane 5 from t opCrEPO®OMSM as
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may further 1 nclude tar ing sequences and optionally DNA encoding a
sel ect adeleetabbr erkenss desibédiadViOn93M9228. 93/ 09222. Usual |y, an "exogenous
DNA sequence capable of altering the expression of an endogenous gene
encoding a protein” is inserted into chronosomal DNA of the cell after

transfegp i"gfbfleﬂ&g HKA £qhidnce COpRIOSOMGHiAL BRBRpABEILABS te cndogmbingeres her eby
used to replace or disable the regulatory region nornally associated with

t he Sendagedings pyetem " whashinglude exogenous DNA sequences which do not encode a gene

product of the protein but encode part of that gene product e. g. an exon, and may include
additional sequences such as regulatory sequences and splice junctions usually employed
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 strong promoters which are depending on the cell line used e.g. the

30  human cytomegalovirus major immediate early promoter (\CMV-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 a1 promoter, mouse metallothionein
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incorporated and express the exogenous DNA sequence encoding GS.

A strong promoter may, depending on the cell line used, be e. g., hCMV-MIE, SV 40 early"”
20  and late promoters, other promoters of the adenoviruses, early and late promoters of any'oflfw
the polyoma viruses or papova-viruses, interferon a1 promoter, mouse metallothionein
promoter, the rous sarcoma virus long terminal repeat promoter, B-globin promoter,
conalbumin promoter, ovalbumin promoter mouse B-globin promoter and human f-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
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gl ut ani mexciepbicrimmanccelly whych axg pegsl in the present mventl
auxotrophic human cells or immortalized glutamine-auxotrophic human cells. Mortal

glutamine-auxotrophic human cells are glutamine-auxotrophic human cells which exhibit a
limited lifespan in culture. Immortalized, also called ”permanent” or 7
20 “established”,glutamine-auxotrophic 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 lung tissue cells. Examples of immortalized glutamine-auxotrophic human
25  cells may be human fibrosarcoma cells, like a HT1080 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 cells are B-
lymphoblastoid cells or fibrosarcoma cells, more preferably human fibrosarcoma cells,

30  most preferably a HT1080 cell line (e.8.ATCC No. CCL 121) is used.
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transfection and assessed for protein production. In order to select for
successfully transfected cells, these are grown in a glutamne-free 15

medi um _Cel,l s m ght .be qar i.fee [ LG ik b eRitdlBRleLfecor at
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gl Ufsam peafike e R Ghidm bearBwnaiectlyiya ghantineiehmadighuersatifng ise wmat i on
of 10 mM which may be difluted by steps of 2 m\él(B to.0 T(;]e agprolgéiate
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to 0 mM. The appropriate selection procedure might be chosen depending on the cell lines

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 imr a-glutamine=free” _
medium is obtainable by transfecting said cell with an exogenous DNA sequence encoding
said protein or an exogenous DNA sequence capable 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,

metallothionein-1, ornithine decarboxylase, P-glycoprotein, ribonucleotide reductase,



20 - --invention capabl e-of producing a protein-and capable of growingin a
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redyct %%gase of BHFRA8AaRENEniHE M RAERInADISX pigi the casp of B ase, aspartate

transcar banyl ase, netall othionein-1, ornithine decarboxyl ase,
P- gl ycoprotein, ribonucleotide reductase, WO 03/054172 PCT/ EPO3/ 00454 8
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of the*enZynes or 1 n nedi g containing a correspondi ng sel ective agent.

Cor r es pef tdygroseheitavingatdgshors cligoseccharideethia: r exate (MIX) 5 in case of
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present, ’Je{h\{?'ﬁ% hB{inéﬁe@reﬁléaﬁﬁhg h¥ERSH, ﬁ{ﬁ&dﬁaﬂn&w&mmh?heﬂnma;munﬁr
Gycosy?a ed proteins refer to prot'eins having at [east one

ol i gosaeahesstalia, phdidtin, adiefocartisogopichormors, glajanosyr-sHBMIBNEIerNeGre e. g.
non- gl ycosyl ated hornones |ike . |luteinizing hornone-releasi ne,
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adr enogort.601S AR 6: RARRER terddt (@10 PYHET B ksat Beurbie, Rfecozymiappr essi ,
and derivatives e.

ere g., desnopressin, oxytocin, calcitonin,
par|3t hysheidtystbkinim nagiocthk, lnmdn pligeamtel lactegeaounian chgriopipigopadofmpin gastri n,

oot ogdHC MR bRPETE ST oR R e Saertd e ARPRUR A,
non- ol yeosyliataleanplgepics auhatpacss Het Kesenknpibighigudmdphinet ves

t her eof (seée 94 and EP- A 031567), endorphin, daynorphin and
kyotorphin; non-glycosylated enzymes like non- glycosylated nerve transmitters e. g.

bombesin, neurotensin, bradykinin and substance P; non-glycosylated growth factors of the
20 - -nerve growth-factor (NGF) family, of the epithelial growth factor (EGF) and-of the:
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 VIIC, 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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pl at el etheiteedoptons, @5 1HiS chwr&pre@mmmﬁlﬁgﬁmomsg thetrresen ?rr such as a

FGF and. b i.d | t
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and 1 KL
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chi mer i feRIPLRIfRSteRRMca? amleiza/drxglfhaes virhl dntigen suchcmpfooesample, a portion

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

20~ antibodies; chimeric proteins; sich as immunoadhesins, and fragtiients 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 suitable 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 medium is used.
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Fortifi 9?&&)&1?[9. Blot G HRANF flekent 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. soybean lipid, selenium and ethanolamitie. Aniiing acids which " :

replace glutamine and/or nucleosides might be added to the culture medium depending on . o
the cell line. Examples of amino acids are isoleucine, leucine, valine, lysine, asparagine,
aspartic acid, glutamic acid, serine, alanine. Optionally glutamine might be added to the
common glutamine-free basal medium at low concentrations of usually less than 1 mg/l,

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

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 after
30 transfection using amplifiable genes, the corresponding selective agent may be added to the

common ghitamine-free basal medium. The applied concentration range of the selective



culture growth nedia for high-density cell culture is well-known in the art
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literat
serum-free medium and then further transfected with the exogenous DNA sequence

encoding a GS. If necessary the transfected cell might be again adapted for growing in_
20 - suspension in serum-free, glutamine-free medium.’ | “ N ;
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 step 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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sinulta q)?usl y. 5 Preferably the cells are adapted in a first step to be
anchor a&e-"i ndependent cells using serumcontaining medium by rel easing the
cells by agitation and then adapting themin a second step to serumfree
medi um lgly subsequent reduction of serum content. i L )
he 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 common 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.
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WO 03/ Oﬁnm}ﬂ’l)m%wlﬁﬁ%mnhbﬁrefﬁx@ﬁplaeﬁlﬁmw line for shoirtsi on of the Human
Fi brosarcoma Cel |l Line HT1080-8223 The anchor age-dependent human

HT1080- R223 cel | | i ne containing nmultiple copies of the 5 human EPO gene
is a cel x:Jn'l_Iélg % taftion" i 4AE R23b d%ilqgiﬂﬁ% mowih ﬁ@%ﬂsmﬁ% ey
created ans otic Therapies, In nbri dge, 02139 (US). It is

derﬂﬁedlﬂhmmmxanchorage dependent hunan flbrosarcona HT 1080 cell line. The
parent @%2%90\25 la.l, attacﬂed 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 foetal bovine serum (dFBS) and 500 nM

MTX and incubated as shake flask cultures. Growth commenced after 6 days and the cells

20"~ were subcultured irto the samie medium (Figure 1). Once a'reliable 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.



(ATTC No. CCL 121) has acquired the capability of producing EPO by
transfection with
const r uctwprRBP&E82 descri bed 10 in WD 95/ 31 560 except thatCriPoDMER gene i s
in the opposite orientation and that H4pREPO22 does contain approxi mately

600 base

further

the DNA construct pREPO22 which is simlar to the DNA

i s | ess honol ogous sequence than
Fgﬁgrirsed to as the R223 cell

i ne

for short

pREPOL8. This cell
Exanpl e 2. Adaptation

line is

of the R&2ewilehhd lprodudtiviéyr chb R223TeH Hiae $h aftatlivd@ithie Bhagn sdfpeMBidnum

Cells grown as attached cultures in static flasks were rel ease

by

trypsi ni s@ltaxsrbeforeandpiseradantaion ko seruprfree srediwgnut ani ne- cont ai ni ng

serumfree nedi um further
di al ysed f oet al
flask cul tures.

of grow

h had-, b

referre

d

ce a relj

to as "HW" supplenmented with 10 %
bovi ne serum (dFBS) and 500 nM MIX and i ncubated as shake
G owt h commenced after 6 days and the cells " 20
wer e' subcul tured-into-the' sanme nmedium (Figure 1)

ble pattern

econe

epginiing

i O 1@f° t h

he dsptebidics e
reduced to 1 % Again raql icalid/mL gr ogtdwtivas
before conplete elim nat

e sREHM

r conmud atistee)
adell v

sugpj(p(msnﬁ

nt &PQ@ he
t 0 beconme

. BEHHIM S

di gpeyas

BRlRTRehof

re- est abl i shed

and ser
are sho
adequat ¢
t he absi

My free—cuttures
e 1 together, wit

gﬁte‘iﬁgﬁ%{?‘ﬁl{‘}%n spéci f
oM EM ke

+sld)

at t ache RS 500 aM

0m  Wa
MploR) 4

wel e Ovel

pat grg
| SaPPGERIS o

ldapt at i on

growT to

e 37!
lent to t
from att

ASSTSS Pt
om att achi
in d9kpen
haeplicablg ¢
ached cul

octet ity
ed culture
si on"Qyl t u
r (APPEEADIE e
ture to su

Z I eSSt
5.

After
[ e,

nin
hent ed
Kpensi on

S

cul ture
decr eas
subst ant
serum f

in serum suppl efented n¥g

PelisPansidh Saltukes om

b¥ {$64 ersgl,
~ VWO O

{

.

(v
A

24 t1a 12
to 18 EU
/ 054172 F

diumt he
EUh1085 3
106 cells
CT{EPOB/

specific

0 ceBi s/ h.

h, follo
0454 14

rate of EP
Haweyer ,

wing adapt

Tabl e 1_G

thisjyate
ation to

Q-Ha-nanal on

O synt hesi s

\as

pr oduct
culture
speci fi

+ +
vity Ul LTl

before an

CSUSBFRSEOR: FWRTEPO
(HM9 (serum-free)

500 nM MTX)

[mYa
C TN\ L

af t ern

cet—+t
adapt at i
q E

L 3
C TT1TIh att

t
N 0766 C"

L ol wal 4+

LAY ] Curt

umfree n
210

edium 5 n
3600

L and 1 o
ur © armu 1711

JUJPCII\JI A AN

BXi mum
18

10

15

20

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 Culture

Collection (Rockvﬂle, Maryland: USA) In1t1a11y cells were 'gr()Wr'l 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

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). Thereafter 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.



cells/m growth cell h/m x 10-6 rate h-1 x 10-1 EUmM EU 106 cells/h
attached culture not 0.0157 not not 24 (DMEM + 10 % applicabl e applicable
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represented in Figure 2. To initiate suspension tures,

r el edsedculiues tyaically hendues$ i emnbgnis imyweed cdaresanddddnivhia fegha@ased cel |'s
wer e resuslﬁﬁnsdeﬁl. into.HW I.us,[cfl5 2 % FBS. These were then incubated as
shaken cUFMtOFeYMCORRENE %dyrowth of the cells in HW plus 2 % FBS

had_bec ol Lk ahaeishr hb kibeese #arentl RIS BRSO IRdUM Lo

make daughter cultures. Reliable suspensioh grow

was est aditties madhouft adsied a0mtays or withudnimomsia G&daiate, 3pr 1ThavieRdrteash t he serum
content of %}{\}e . mec%j um was reduced, and finally elimnated conpletely. The
cel I s cofMUCHULHORPI SR g repgcale cliyres Wete et wp & thise differamadhealues, byer um WO

03/ Q%41 War RGE0) 0defk of 1 SHARDIo8s Ao BHEEY o TR A0 B FONN and
Product i vi %of the R2z3 Cell- Ling® ?Armgﬁlha i sa‘g‘I }éégr\ abg:t?aijege%?l%}ﬁ Sed by .
cul t ur edex¢itiod gwiveth ighibitinienertédsbyarnionia aat te teet Gteth&ubdided pl whildi S
cytotoxic and can i nhi bir&l. cell growth. Furthernore, it can inhibit
overcome this growth ihibition.
While ammonia was found to inhibit cell growth (Table 2), reduced pH failed to alleviate
the mhibitory effects of ammonia, though the elevated pCO, required to reduce the pH may
15  1itself 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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15 2 6.80 0.3 0.009 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

Tn a subsequent experiment (Table 3) pH was varied by adjusting the NaHCO; content of

' the medium while maintaining the CO, content of the overlay gas at a non-inhibitory..

10

15

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

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/l) 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 NaHCOs at 1.5 g/1) specific growth rate was reduced, and the specific rate of

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 NaHCO3 at 0.75 g/1) specific growth rate was further

reduced but again was less affected by ammonia than at pH 7.5. The specific rate of EPO
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NaHCO; 1.5 g/l 7.27 0.7 0.021 1191 26
10mM.ammonia. .| - b w | I YT
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
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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 glucose 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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at that pH Table 4 5 Product|V| ty and metabolismof the R223 cell line in
fernmenter_culture i mum doubl i ng-cumil at i ve EPO g PO_Ej n:\l
fernenthtion cel | s/ n| mexivewe ¢ doupling ficamulavel| ¢ iBRR hpuigsiol |[EUFEBE X 10- 6
hours x| 1@nedatitioh celdedls/mlny/ 1timgH 7. 15ceMaHOP3 at 2.| /1 1.0.|Ammonia
"46' -' "t - _cohd@flons - 1795 ... |58 1.63| hdtrdnd5 EU/10°
x 107 hours x 10 EU/ml | cells/h mg/l
pH 7.15 - _
| NaHCOs at 2 |~ 1o | ae 107 < b rores | ss | 163
pH 7.05
NaHCO; at 2 g/l 1.0 51 195 11414 64 157
pH 6.95
NaHCO; at 2 g/l 0.2 105 62 2995 70 not done

Example 6. Transfection of R223 with GS and productivity of GS transfectants in

10  attached culture. :

~Cells used for the transfectioni 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 HM9 medium without MTX containing 0 or 10 % dFBS and
distributed into 96-well culture plates or into 25 cm” flasks and incubated at 35.5 to 37 °C.
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interval 5 aﬁ&, for comparison, data for the non-transfected R223 cell line are included. All GS
transfectants exhibited elevated specific rates of EPO synthesis compared to the non-
transfected R223 cell line. The best GS transfectant, 3E10, had a synthesis rate five to six
fold higher than the non-transfected R223 cell line.
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1 to 4 days, cultures were sacrified in order to count the cells and to
nmeasure the concentration of EPO by EPO ELI SA. From a conposite of these
data, thewepawobfirz rate of 15 EPO synthesis coul d be esti mawrgos/osseach GS
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addi t i oprof R artaced) Vi : h transfection
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8F12 1 79
8G3 1 52
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assessed in attached culture not applicable 24

Example 7. Adaptation of GS transfectants to suspension culture and serum-free
10 medium.
iOf the seven GS transfectants obtained in Example 6, GS transfectant #3E10 and GS
?trénéfeétanf #8G3 were i)fogrésseglvi‘hto’ .suspénéioh'cﬁlthre.“j _ -
Cells were grown as attached cultures in static flasks in glutamine-free Hi/l9 medium
supplemented with 10 % dFBS and 500nM 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 least two fold higher than for the
non-transfected R223 cell line grown in 10 % dFBS and 500 nM MTX (Table 6).
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transfectant #3E10 and GS transfectant #8G3 were progressed into
suspensi owoaalos4ire. Cells were grown as attached cul t ur es PCA/EPOROG464 f | asks
in glutam ne-free HW nmedi um supplemdnted with 10 % dFBS and 500nM MIX at
35.5 to §4pfeg The cells were released 15 after 5 or 6 days by agitation,
resuspended into the sanme nedium and i ncubated as shake flask cultures at
t he sane@ewlhandlpn'edudﬁ\mmdf G transfeethnad 3E10 and $GBWR sa¥penbiof@utiaysin Cel | s
wer e sub UHUtjief( cein f}iM medi um and then overgrown to assess
product i ARy E‘%‘HEP 8¢ IV Osmediyaycontained 1030 S FHS ard 500 nibMBXd

hi gher than for the non-transfected R223 cell line grown in 10 % dFBS and
500 nM MIX (Table 6). WD 03/054172 PCT/ EP03/00454 21 Table 6 Gowth and
productfvity of GS transfectantjs 3E10 and BTB I N suspensifon cultuare 11
shake f|asks. F-Renf ree H 'wag(d ABS and 500 niW MIX.
GS trangfect antgsﬁél{gfeggﬁs / m| Max. Cg@éc‘ﬂ 'E%%t@éiO-G E-propy
(suspengion) EU/ 106 cells / (h 3E1Q0.D.7 1111}3@ 1. GUsRPPSipn}3
non-trapsfected R223 cell line [1.4 41 12 |ass éHlll n sjuspensi on culjture
grown i p_10% dFBS and 500 nM NTX 5 For _susgensi on cul t ur|éU 610%adl / &$
transfegtants 3E10 and 8G3 the [dFBS content [of the glutdam ne-free HW
medi um pas reducedripepwi se frgm 10 pto 2 %to ii1fpto 0.2 %tgy 0.1 $oto O
% for 3F10 and 10 %to 2 %to %for 8G3, gllowing religble cell growth to
becone ‘ g Eoncent rattgm—before—furtiher—reductiof..

8&3 :not 10 fur§(§|§ar adapt ed {t han tl% 1 % dFBS. 10171 13

i

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 3E10 and 8G3 the dFBS content of the

glutamine-free HM9 medium was reduced stepwise from 10 % to 2 % to 1 % to 0.2 % to
) 0.1 % to 0 % for 3AE10 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-transfected R223 cell line, which was cultured under the same

conditions in HM9 medium containing glutamine (Table 7).



Exanpl e 8. Productivity and nmetabolismof GS transfectant 3E10 in

serumf

serum frewogBosim2 i n Exanple 7 was cultured in
serumfree glutamne-free HW nedium2 35.5 to 37 C. For the
transfect

t
synt hesi gg\i;ﬁez
was cul @roRdh lﬁﬁ@ﬁﬁ-oﬂﬁ@tiﬁ%

(Tabl e

ree suspension

3E10 cell
e

7). WD 03/ 054172

cul ture.

The GS transfectant 3E10 adapted to
15 suspenPICArEPosiidss e i n

GS

line 2 to 3 fold higher specific rates of EPO

obt ai ned than for the non-transfected R223 cell

of GS trcuwlwfectant 3E10 cells in serumfree suspension
cells / m EPO g-EPO x 10-6 EU/ m EU 106/h 3E10 (glutam ne-free HW

medium) 1.1-1.2 9731-14234 40 -

i ne,

cul ture.

whi ch
GS @Rfistdconi 3110040ls TR dbram-FRR sabpundthigl ut am ne
EPO3/ 00454 22 Table 7 G owmh and productivity

maxi num

67 R223 (HW nmediumwth 6 1.0-1.6 3075 -

5818 13 - 24 nM gl utanf gl RN Egy 1€[ EPO- UCTTVI[Yy of the G5
transfected cell was acconpanjed.sby thel redu Ih?ﬂﬂ inther f@ of
met abol ic ammnia_lnstlead of “the 5 niM niatypicallly pr cEd it ask
cul tur¢8Ed® the non-transfected R223 ce|l line in HW nedi um cont ai ning|6
mM gl y{gdatanegne-filee ¥BASt r ansf ect ant 3E10| produced only 1} 8 nM amonia in
gl ut anilpediuee 10 11MD| nedi un{Tabl e 8). Tgble B2Reducti on i40p-agroni a
synthegis 1n GS transtectant 3EL0. NMBX.| celTs /7 m Ammopra q Armonia X }30-6
nn1ijI§§Zé 106 cells /| h
(HM9 medium with 6 1.0-1.6 3075 —5818 1324
mM glittamine) ST e PR A .
5
The higher 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 | Ammonia { Ammonia
x 10° mM wMoles / 105 cells / h
R223 (HM9 medium containing 0.9 4.8 30
6 mM glutamine) 1.2 5.0 23
1.0 5.5 27
3E10 (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



R223 (HWD nedium containing 0.9 4.8 30 6 mMglutamne) 1.2 5.0 23 1.0 5.5
27 3E10 (glutam ne-free HW 0.8 1.8 11 nediun) 15 Exanple 9 Anal ysis of
Product Qualowg417EPO produced by GS transfectant 3E10 i n fPicagieovuissur es has
been i munopurified and 20 analysed $or its distribution of glycoforns.
Figure 4 shows isolectric focusing (I EF) gel WO 03/054172 PCT/ EPO3/ 00454

23" anal y#latysisfof iR ebtaineded paak gedarnecatption prdbary eyt pba calige RE3R A eell g

culture of 3E10 | ' lne-f1. j i bed in
Beampl o 8o EtilniE-o8 e Wb R Bnod it IR AT SR
gr own i nibiBhERE tiahSe&ed RODEIdEUlinERGwWNAA BTV etk dhie ArGhcluden Fpext ant  3E10
exhibited intensification of the nore acidic isoforns 5 conpared to the

non- t r angrbdeceddranLH tepsfedtim 3E18«exhibitad igensifieatioppf gl motgasidig ise{osas

St of m YRRER 1 DR RPR Ry AP bl S niaa e et BPsRen AT ol ot f ve

acti Vit yofQitdE0R S sORAmtdidnBihiRmt £ cedRtieR bF a kiddeetRAbsofeimn kélafed ect ant
3E10. non-transfected R223 GS transfectant 3E10 Band Specific Percentage
Acti vi t yacHeity€iRAge Activity nunber Activity* of each (percent x of each
(percent x isoformspecific isoformspecific activity) activity nore
basic 1 5.2 2.525.23.2 36.3 3.6

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
number | 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" 92 0.7 17.5 0.5
7 0.194 8.8 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 % IRA=20.2} (% =36.0

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




4 11.4 6.0 510.56.2 6 0.071. 9.2 0.7 7.5 0.5 7 0.194 8.8 1.7 10.5 2.0
8 0.273 8.7 2.4 11.6 3.2 9 0.3735.52.19.33.5 100.658 4.4 2.9 9.56.3
11 0. 989 WO3A5437%.8 7.7 12 0.999 4.5 4.5 6.1 6.1 13 1. ®00/FPodloass# 5.3

5.3 14 0.796 0.2 0.2 1.7 1.4 15 0.2416 nore acidic 17 other mnor 14.4
8.7 bands Sum = Sum = Sum =100 Sum= IRA 100 %I RA = 20.2 %= 36.0 *
Val ues for activity derived fromEP-A 0 428 267 WO 03/054172 PCT/ EP03/ 00454

24 The dah@dithidiedted caanihaes attaBeidha B BIERRéduRt qﬁehﬁ?r BT 9\ trafs®dtdnt | D
the GS transfectant 3E10 (Tables 9 and 10), with an TRA al nost two fold

hi gher t B\EH) (sblastheansioHd)r with en IR dradmesdt twe rf@lddrmgher thensbethe edntRIZBltos of | i ne.

5 Al so t e oth can charge "Z" was determ ned for the EPO from
tran %ﬁ%@w&%@ ®hot det er ni ned for the non-transfected R223

Cell filnméorthéfﬁ%&hetﬂe%Nb{ﬁy&htdnﬁﬁgé?%’m@d rm#iRl Y§iSthé 8P Frorh 'S ect ant

3E10 (273 at peak concentration and 265 at harvest) exceed val ues
obt ai nedtransfdckang k3E;Ilﬂ f’Z’r’ waé h8BdeaB)indddor themonedransfected K208 tceld 1iR2 238 Taklk|

1996, 6. 1035 vertBalgss b2 SEEET b imsbrinh A A4EEH ol FOb v euamar o of
a and 265 at harvest) exceed values obtained in flask culture (183-228) for the non-
transfected R223 cell line. ”Z” was determined according to Hermentin et al.,
10 Glycoblology, 1996 6, 217 230; Z is obtained by multiplying the respectlve % 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
3 EU/mL activity ‘
'|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 HM9, without serum. Each culture received a concentrated

nutrient feed, containing amino acids and glucose designed to maintain major consumed



certain sialyated isoformw th the correspondi ng negative charge of said

i soform depending on whether it is asialo/neutral, nonosialo, tri-, tetra
or pent aswalod/osdiine mat hemati cal sum of said product ter m®CITEPA3/00HRE
Z-nunber correlates with the in vivo 2l earance rate of a given therapeutic
gl ycoprotein (Hernentin, supra). 15 Table 10. Analysis of product quality
for EPO putoantsahsufiigient ewcentra@ppaRewlts ate shewnandass ltlraadskacdbast 3E10.

titre Iseformr.el atjve 'Z U/ nL ivity R223 parent (HWD nediumwi th
61M 3518 BEeRAfigH 0}&%&"“%3&?’5%%é’?reﬁggﬁ%rF\}%@t“%%h@bC%P@Sﬁ%t done 3EL0
(gl ut am Re GSaPansIR e Bt Hibke AN A3 Fibb ; 265 20
Exanpl e 10. Pr odjct ie.lvi ty, I\7bt abol i s%]agﬁ ’I@lreg((?jeﬁ%r}tE%%ﬁ@fﬁ%&%@&rg%nsf ect ant
3E10 i ncubresnfhierspeciSasye nf podu@uslynthess ivas 6quivdlest t&earenttemor FrahbRcted

GS-transf ect ant, .3E 10 was,gr in batch culture in airlift fermenters. The
cultute P%%‘HiCﬁhmlmynali’%%gwgﬁ?ﬁr%%ﬂ?ﬁwfww lppgryity seliad inEneteasad maimum

receive 668 ARHoht .ol j i gl ucose
desi gnegplt%gﬁ&ngi%ﬁ%ggi’t%hrggj or con%&%%%ﬁﬁvg)o%%gé@f% @%8?% %%’ggwa@§5

nut r i ent samfectant fRrodesttquelitycmpasusdd by IR ARewss litprovee fetBevGS thindfblagt. 11 and
data for a fernentation of the non-transfected parent R223 are incl uded
for conparison. The GS transfectant exhibited extended viability, hence an
i ncreaseripletpe duration of culture. The specific rate of product
synthesis was equivalent to that of the non-transfected 5 parent cell |ine
unchi@nge@rovtlt andprghadivity of @S tragsfeaageIEL () célBSH sbitn ffee sASHARRMAA MBXi UM
product concentration. Ammpnia accunul ation was at |east four fold | ower
for the calfureshraduct gpalitysf JRQ prodpgedwas quantified BydRA.RA, was i nproved f or
the GS transfectant. Table 11

Fermentation Max Max Harvest | Ammonia | Harvest | q gpo IRA at
conditions cells/ml | CCH*/ml| day mg/L Titre overall | harvest
x10° | x10° EU/ml | BEU/10°
cells/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 in-|--~1: 11~ ~>216~- 13— | 165 | 12225~]- - §8 =] ~20&w—]. —
standard |
process with
glutamine

*Cumulative cells hours, the time integral of cell concentration [Renard et al., 1988,

15  Biotechnology Letters 10 (9):1-96]

20



10 Gowmh and productivity of GS transfectant 3E10 cells in serumfree
suspension culture. Product quality of EPO produced was quantified by |IRA.
Fer ment atworo3nbx7Max Harvest Ammoni a Harvest g EPO | RA at PCE®EPA3/00460S
cells/m CCH/m day ng/L Titre overail harvest x 10-6 x 10"6 EU m EU 106
cells/h glutam ne-free 1.03 306 21 41 20936 69 43.6 glutamne-free 1.13
360 24 28xamplo B I’ZO@ctgdxtyt amdngnétabelism odf 3G9 Panifect:868@ 48 rdm-Free

. parent R223in Et 21@ é 41165 1222& 58 standard process with
gl ut ami ngusmwmcg PECICISEoves;Bved mediim | 12 nt egral of cell concentration

[ Renard ehe &S trank@38d 3E1D 4k @%‘5%%19 [
03/ 054172 PCT/ EPO3/ 00454 26" Exanp e PecloW B B ya?ari¢V 3Bt ilhae

t r ansf ecflaskt in a ssemufnets glatarmus—rﬁ@n,svamon wif tismoseisnmediony €'1- faaae deltelhic)m The
GS tr nsi&ﬁed 3E10 adapt %1? erumfree 40Wth in Exanple 7 was cul tured
ins A% PR 3(5 g fe dhe gauiyalent facdipmdhat kadsbesn sypplemented: with

medi um Ihepggent cell 1ine, 5 R223, was grown in parallel in the

equi val ent medi um t hat had been supplenented with glutam ne. Medi um used
was | scove's I\/bdified DuI becco's Mediumw th |Iscove's suppl enent (bovine

serum al n at LL, huma | o-transferrin at 30 ng/L), reconbi nant
human gPH]W%NSﬁ ‘E’asléscﬁﬁ?ﬁ OGP%& DFB’@C%&S N@shl_lmaﬁﬂtheﬂmwi@smn@nmt 60

gL/ L. TheofRlisuint QLD 8C0.4 BN, St Toletr | g, R223,
but for ﬁ)oe GSS trans ét ed cgm }H’ane t he g gr%{ IJr)I!(Seﬁl\%ﬁé) %J%Sﬁ% aiﬁ an
r epl Hc edingilith att 10Mngddi Lurgl| BéSamntleg/dl tusd éthmﬁ)laﬁﬁlﬁaaﬁgl)n@L/L. The medium
contained 4mM glutamine for culture of the cell line R223, but for the GS transfected cell
line the glutamine was omitted and replaced with 4 mM sodium glutamate plus 4 mM

asparagine.

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 3E10 (Table 13).

Product was purified from each of these cultures and analysed on isoelectric focusing ([EF)

1

20~"gels. Résults of this analysis are shown in Figure 5 'which-shows an IEF gel aftet staining.’

IEF gel pH 2.5 to 6.5 run under denaturing conditions and stained with Coomassie Blue.

Key for Fig. 5
Lanes 1,3,6 and 7 | Blank

Lanes 2 and 7 pl markers

Lane 4 Immuno-affinity purified product from
R223 grown in glutamine-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. For 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



15 The specific rate of product synthesis was approxi mately 50% hi gher for

the GS transfected cell line, 3E10, than for the non-transfected parent
| i ne R223wQmalbsa742). The specific rate of ammoni a produ@®Cr@Erowestsseven
fold Il ower for the transfected cell 13ne 3E10 (Table 13). Product was

purified fragmeach of these cultures and anal ysed on isoelectric focusing
(1 EF) " 2bue R223aylle the angre ecighc bands £at-thehotjarmn of the gel s trovincreaseEigintaisity

5' " whi Chfor%ﬁ%eaffidz. Iﬂa‘f‘é isaIﬂE(? fat etaféltI n@%“%’t{ahac&%i%ﬁggg :nge'quﬁéeE’mt fprg@;cl% Ei 9.

under denaturing conditirons and stai

5 Lanes ihad@usifig AidGB-tBinafelstant 3REG thdt &bt AefRbtabRY ik §rSdue® ASnfthe parent line

| muno-affinity purified product from R223 grown in glutam ne-containing

| scove's i ks girates apnnersesedfdegreetof sjplilitianeldr pireoptodtctimatn frarh dine GSELO0  of
GS-trans rﬁ%%e%ged %I | line grown in glutam ne-free |Iscove's nedium For
t he product trom there are at |east 13 visible bands, spread across
the length of 25 the gel. For the product produced by the GS transfected
cell Iine 3E10, the nore basic bands (resolved at the top of the gel) are
much Ies? fblgt Znse that for the product fromcell W 03/054172

PCT/ EPO3! D % 27 line R223, while the nore acidic bands (at the bottom of
the gel)Geasweth afdepoictivity ¥feas ivnsfe@ane 810! I8 iﬁEél&umIﬂ%Eesu'séelﬁhﬁp at

| east one extra_acidic band detectable in the product nade usin e

GS- tl0ans¢dtwrg in Isseve's megiums not detectable in product fromthe parent |ine
R223. This indicates an increased degree of sialylation for the product

made fromthe GS- 5 transfected—tine—3E-10—Table 1 owt-h and
productivity of GS transfectal}ﬂua HpYm dahleq | rﬁg@rurrff—r@ee Quspensian 10
cul ture—in lscove's nedium Naxi négdsimbb| e |EFEUgubO 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

medium containing

glutamine

15 Table13

Reduction in ammonia production by GS transfectant 3E10 cells in serum-free

-suspension culture in Iscove’s medium..
I -

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 17.4
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



cells/mL EUnL EU 106 cells/h 3E10 grown in glutam ne- 0.55 1340 11.5 free
| scove's nedi um R223 grown in Iscove's 0.72 993 7.3 nedi um cont ai ni ng

gl ut am newOb3/03alt e 13 Reduction in anmoni a production by PGHEPOZNESECt ant
3E10 cells in serumfree -suspensionsculture in Iscove's nediunf. Maxi num

vi abl e Annoni a gann%gi(ge( cells/m. mM n\ol es/ 106 cells/h 3E10 grown in 0.55
0.61 2. 6lhgmeresaide! 8)tg d AV Rossessdls igheskbmiogiead wptivity, mdlevie les0. 72 2. 39

17. 4 magd'iali

. ine .. .data.from Fi .5
further qua?tblc‘i?(i%te E)Ir/ag%‘ger%ﬂ #lﬁfgeaciphe ﬁCE%%gﬁgﬁﬁlg%%‘g‘?’%% ﬁron’dt?ﬁéeg@éﬂr%%zl ly.
The rel afnd/ife desiarhétiio Reainy dauebiosRRisAERANEE, BY cfask: PANIFWER 7, for
quantified. Data are sumarised in Table 14, where the relative proportion
of each &Ridene thatpredstionstha GhetransirciageceBflineheSR323lis prrihed in the more

respecti | t el . 34,0541 | EPD3/ 00454 e.nore
aci di%g b%c(r?lcéfg ?gg)gm?l{os' fﬁg? ﬂ%ol&sosn etsrég{ ?\ic\gedgcle lﬁlélgt @%%%%Cf&% g‘%ﬁ’(ﬁs‘fré%‘l%?fl e the
| ess  acihditstabsibdsctvalige fo2ltied G atanslebeti b6ll Bhe, TSIREL3, Wil PropbitidnSs cONSpi cuous
fromthe gel (Figure 5) and the densionetric scanning chromatograns
(Fi gur e werepgnd tgeP%. nEigd 6and 7rpeplks ererallotased idgatifyiennembyrs berdipg dalthet fr om
t he GS—trlial fe tgd Pﬁ” Lilge, GSR223, is enriched in the nore 5 acidic

ML BROREF ThERel

i sof or ms. PO ted cell line, R223, bands 8 to 14 represent
44% of
10
R223 GS transfected cell line GSR223
band
number percent of total percent of total
1 20.626 1.185
2 9.604 Total for bands 1.346 Total for bands
3 3.291 lto7= 1.913 lto7=
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 ,
~9 --13.384-- . -Total forbands-|- . -18.87-.... .| Total for bands.|.
10 8.103 8to14= 14.339 8to 14 =
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%




the total product, while for the GS-transfected cell line, GSR223, this
proportion is increased to 73% In Fig. 6 and 7, peaks are allocated

i denti f yeworatbars according to the nunbering of gel bane#sTiEPoFdays4 5. 10
R223 GS transfected cell |ine GSR223 2%and nunber percent of total percent
of total 1 20.626 1.185 2 9.604 Total for bands 1.346 Total for bands 3
3.291 | t&hmMsI 913 1t 07= 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 9 13.3 84 . , - Total-for bands
- 18.87 Total for bands--, 10 8.103 8to0l4= 14.339 8to0l4= 11 5.522 44.263%

11. 978 78, 13A%iutddink-BAQrépBAAmba Bl krad&ected #itf . e'iégenoiEQbNA seq%%n&a%%
Total = 100.002% VD 03/ 054172 PCT/ EPO3/ 00454 29 o & we: 1.

gl ut ani ne- au@%@?ﬁ@ﬂlacprﬁf@ﬁh@f apegxiogenoan SN seqhenta dapable of a@ermglhe Bhyesshepuence
encodi ng a protei [ an_exogengus DNA se ence capab of altering the
expr CF?SSI on B Of enﬁo REERGGEH %& @853%‘?{[ j‘ngxﬁgeﬁf’ﬁ? h&fh SPWANEx0genous DNA
sequence enC@fébd‘iﬁg& oBhtba@iE $YRIHSHRE, Rﬂ&e@ﬁﬁ thedb 8&&@8%%& S48 %&@QHL% DNA
sequences are |ocated on one or nore than one const ruc sai d
t ransf ect ed loedted oapabpremoefe than one DNA construct, said transfected cell capable of

producing said protein

and capable of growing in a glutamine-free medium.

10
2. The glutamine-auxotrophic human cell of claim 1, wherein the exogenous DNA

sequences are located on more than 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.

207" 5.7 " The gluitamifié-auxotrophi¢ hurian éell of claim 4, wherein the humar 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.
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10 2. The gl utam ne-auxotrophic human cell of claim1, wherein the
exogenouswDNAseaeriuences are | ocated on nore than one DNAPCOrEPvs/oas4s 3. The
gl ut am ne- auxot rophi ¢ hurman cell of a¥Wy of claiml1l or 2, wherein the

gl utam ne- 15 auxotrophic human cell is an imortalized

gl ut am ne- auxot rophi ¢ human cell. 4. The gl utam ne-auxotrophi ¢c human cel
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cell of claiwiman odierein "the human fibrosarcoma cell is a HT1080 cel

line. 6. The gl utam ne-auxotrophic human cell of claiml1l to 5 wherein the
transfected cell is anchorage-independent and capable of growing in
suspension in serumfree, 25 glutam ne-free medium 7. A process for the
production of a protein conprising the steps of a) culturing a

gl ut am ne- auxot rophi ¢ human cell according to claiml1l in a culture nedium
under conditions suitable for expression of said protein and 30 b)
recovering said protein. 8 The process of claim7 wherein the proteinis a
gl ycosyl ated protein. WO 03/054172 PCT/ EPO3/ 00454 30 9. The use of a

gl utam ne synthetase as a sel ectable marker in glutam ne-auxotrophic human
cells.




