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The present invention relates to a procedure for the cost-effective

product i owoamB/0439eE0onbi nant t herapeutic gl ycoprotei ns such Pa3/Hrared?9s

eryt hropoi etin (Epo) using reconbinant cell |ines. Background to the

i nvention Erythropoietin (Epo) is thetprincipal hornone regulating the
proliferation and differentiation of erythroid progenitor cells and the
mai nt enance of physi ol ogical levels of <circulating red blood cells. In the

fetus Epo is primarily pr oduced%élpc ﬁtpﬁe |'J XE{g and about 90% of its
production switches to the kid . When Epo levels fall due to
chronic or acute renal failure, e.g. in cancer patients, Epo nust be

externally adm nistered to prevent a rising anem a. A therapeutically
active human erythropoietin has been avail able since the discovery of the

Epo gene anideldtof tee mventioron i n rodent cells. The human Epo gene encodes a
27 amno acid signal peptide and a 166 am no acid rotein with a
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protein with a calculated molecular weight of 18399 Dalton. The mature protein usually has
a one amino acid N-terminal deletion, and is 165 amino acids in length. The signal
sequence directs the peptide to the cellular compartments involved in the proper
glycosylation, leading to a mature protein with three N- and one O-glycosylation site. The
sugar moiety, which makes about 40% of the total molecular weight, is essential for the full
biological activity of Epo. Several studies have shown that the number of terminal sialic acid
residues have a positive effect on the in vivo half-life, although the in vitro activity, i.e. the
binding to the receptor, is highest in the non or partly glycosylated form (Takeuchi and
Kobata, 1991 (Glycobiology, 1(4): 337-346). The degree on sialylation is directly
proportional to the half-life, where the isoforms with less sialic acids are much faster cleared
from the organism and therefore show less activity.

A cost-effective, commercial fermentation process for the production of polypeptides
such as Epo used as therapeutics has to meet the following criteria:
(1) The cell culture medium should not contain any expensive compounds as for example
serum or recombinant proteins.
(2) Due to a possible prion contamination, the medium should not contain any components

of animal origin.



of animal origin. WO 03/045995 -2 PCT/ EP02/13298 (3) The process shoul d be
scal eable and lead to a high final concentration of the reconbinant
protei n oWoimaedest. (4) The supernatant shoul d contai n aPairgroanent of
Epo nol ecul es displaying a high in vivo activity, so-that the |oss of |ess
in vivo active isoforns during purifigation is dimnished. US Patent
5,441,868 describes in Exanple 10, page 28-29, a fernentation process
consisting of three to four steps. In a first step the.cells are seeded in
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This process, by using an expensive serum-containing medium, leads to a final
concentration of 30 pg/mL of Epo in the supernatant. Despite the fact that serum is strictly
controlled, contamination with infectious agents and scPrions (most probably being
responsible for transmitting CJD to humans) cannot be excluded.

In US Patent 5,688,679, Example 5, the generation of a recombinant cell line is
described leading to a final Epo concentration of 40 to 80 mg/L (at an estimated specific
activity of 78,000 to 130,000 U/mg respectively). Among other animal derived components
the cultivation media contain 20 % fetal calf serum and 1 % bovine serum albumin. Such
media suffer from the same prion and infectious agent-related problem mentioned above.

WO 96/35718 describes a process for the production of Erythropoietin which is free
of animal derived components. However the medium contains expensive functional
recombinant proteins like insulin and transferrin.

WO 99/28346 describes a fermentation process for the production of Erythropoietin
using serum-reduced (1%) or serum-free medium. According to the description the final Epo
concentration reached is al least 30 to 50 mg/L. However the medium still contains

expensive functional recombinant proteins like insulin and transferrin.



reconbi nant proteins like insulin and transferrin. W 99/28346 describes a
fermentation process for the production of Erythropoietin using
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final Epo concentration reached is al least 30 to 50 ng/L. However the
medi um still contains expensive funciional reconbinant proteins |ike
insulin and transferrin. W 03/045995 PCT/ EP0O2/ 13298 3 Lee et al., 1999 (J.
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Accordingly, the present invention provides a method for producing a recombinant
polypeptide of interest which method comprises:
(a) providing a transformed eukaryotic host cell which comprises a nucleotide
sequence which encodes the recombinant polypeptide of interest and which directs
expression of the recombinant polypeptide of interest in the host cell;
(b) providing a serum-free culture medium which comprises (i) water, a plant-derived
peptone, an osmolality regulator, a buffer, an energy source, amino acids, a lipid
source or precursor, a source of iron, non-ferrous metal ions and one or more
vitamins and cofactors; and (ii) does not contain any full-length polypeptides; and
(c) culturing the transformed eukaryotic host cell in the culture medium under
conditions that allow for expression of the recombinant polypeptide of interest.

Advantageously, the medium is free from any component of animal origin.
Accordingly, a preferred embodiment of the present invention relates to a culture medium
as described above, which is completely free of components derived from an animal.



(c) culturing the transformed eukaryotic host cell in the culture medi um
under conditions that allow for expression of the reconbi nant pol ypeptide
of i nterewD.03Mdvant ageously, the mediumis free fromany ecrEPIEN29®Of
animal origin. Accordingly, a preferred enbodi nent of the present
invention relates to a culture nedi umy.as descri bed above, which is
conpletely free of conponents derived froman animal. WO 03/045995 4

PCT/ EP02/ 13298 Preferably the recombinant polypeptide of interest is human
eryt hr opoi eg,| nese hanster ovar cell.
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(38) The pH of the medium is initially about 7.1 and is then reduced to about 6.9
during culturing step (c). Preferably, said reduction takes place over a period of at least one
day.

(4) The culture medium may also comprise trace elements and one, two or more -
vitamin(s). In a preferred embodiment of such a culture medium the energy source
preferably is glucose. Such culture medium preferably contains more than 0.3 g/L
phosphate.

(6) The culture medium is preferably fed, during culture step (c), with an enriched
nutrient concentrate comprising one or more amino acids, and a plant-derived peptone.
Additionally, at least one carbohydrate may be present. Optionally at least one vitamin,
trace elements and lipids can be included. The above parameters may also be used in any
combination of two or more.

The method of the invention typically further comprises a step (d) of recovering the
recombinant polypeptide of interest from the culture. Where the recombinant polypeptide of
interest, such as erythropoietin, is secreted into the culture medium, it will be recovered
from the culture medium.

A further embodiment of the present invention relates to the cell culture medium as
mentioned above as such, i.e. which is utilized in the method according to the present
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preferred embodiments thereof.

Detailed description of the invention

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art (e.g., in cell
culture, molecular genetics, nucleic acid chemistry, hybridization techniques and
biochemistry). Standard techniques are used for molecular, genetic and biochemical
methods (see generally, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2™ ed.
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Spier et al.,
Encyclopedia of Cell Technology, Vol 1 & 2, 1* ed, (2000) John Wiley & Sbns, Inc. and
Ausubel et al., Short Protocols in Molecular Biology (1999) 4" Ed, John Wiley & Sons, Inc. -
and the full version entitled Current Protocols in Molecular Biology, which are incorporated
herein by reference) and chemical methods.
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known mefdrifiifz&round pH 7.0. Suitable buffers include carbonates such as NaHCOj; also

chlorides, sulfates and phosphates such as CaCl,2H,0, MgS0,7H20, NaH,P0,2H,0, or
sodium pyruvate, such buffers are generally present in an amount 0.05 to 5g/L, preferably
0.5 to 5¢g/L.. For example about 2.5 g/L. NaHCOj3 may be included. Other buffers, such as
N-[2-hydroxyethyl]piperazine-N min -[2-ethanesul- phonic acid] otherwise known as HEPES
and 3-[N-Morpholino]-propanesul- fonic acid otherwise known as MOPS may also be used.

The term " amino acids” means that all 20 amino acids may be present. The amino
acids are preferably of synthetic origin. The amounts which are usually included vary for
each amino acid but are generally in the range 10 - 200 mg/l. However, L-glutamine is
generally present at much higher concentration preferably in the range 1000-350 mg/l.
Conveniently, the amino acid source may be based on a basal medium such as Dulbecco’s
modified eagle medium (DMEM) and/or Ham's F12, By adding amino acids to the basal
medium - to supply for rapid consumption - an enriched amino acid supplemented medium
is obtained.

The term “concentrate” describes a nutrient solution containing higher amounts of
amino acids, soya peptone and carbohydrates than the medium. Optionally one or more



and 3-[ N- Mor phol i no] - propanesul - fonic acid otherw se known as MOPS may

al so be used. The term" am no acids" neans that all 20 am no acids may be
present. Wbha3lamiopd acids are preferably of synthetic ori @Ch/EPINE2080UNt S
whi ch are usually included vary for each amno acid but are generally in
the range 10 - 200 ng/l. However, L-glwtanmine is generally present at nuch
hi gher concentration preferably in the range 1000-350 ng/l.. Conveniently,
the ami no acid source may be based on a basal nmedi um such as Dul becco's

nodi f i e, and/ Ham s B d| n arn no acids to the
basal ?’ﬁ%'ﬁﬁ'g% "pn&@ %&é%&oﬁjemﬁ'ﬁ °@Br’?§lﬁﬁ@?§o ey" @I?Qﬂc%ﬂﬁ%isaci d
supp! emtypidaiig Or6dB01% of thead¥rdin %Ium‘éhﬁtohﬁél’éterﬁmﬁﬁétﬂieéﬁﬁ 5 083611t ReRIded
nutrient sol ué){on con I ni.n i gher anounts of” am no aC| ds, soya peptone

and caf®HBYRAY Lo Sensyimy w]tge di um Optionally one or nmore WO 03/ 045995 -7

PCT/ EP02/ 13288 evietgy8obitce) of Usk i tHeShe&ilish |§’Peﬁérﬁf§ﬁp£§@rﬁ‘ﬁﬂaé SnobAlbiEpadded.
The VOlHEEﬁOf the concentrate Is typically O % 0 e starting

vol une A7 erefprapina %P%ﬁhér'%mh@&maﬂmsﬁsffmdgalﬂetoseuppmlwsﬁr
consurrmbsﬂytelféraﬂgrsgtuclsgs ;%?ﬁét@ﬂftﬁlgrtﬁssé)f It Iéslf'ref Qﬁﬁtﬁ?edrhwa ohcBRpSEA | Y
present in an amount of and i's pre era y a nbnosacc arlde such
as rranﬁf)@'écos’rer'ﬂéh%g@d'@aﬁaﬁit%e‘*@I‘L mal t ose nost preferably gl ucose,

particul arl Yh&lﬁb%@&% or'ptred arh )F’IJr/ee% Fn?%éb{e @Sleét%tﬂ‘ A i éﬁcgf}fgc%}%éﬁéigp may,

glucose in the mediumis at east sourc
for ex aﬁﬁh@"neb-‘éﬂcﬁeileeltn%a@d creic aplddpmmhahdylcﬂmhme odineoleatd arei/ahl or i de,

I [+ I t e, and/ or
conpousazbnd ifvivarhikEIORRARh (A EREER Ky e IPR Ao es v o

al cohoﬁ&ﬁth@@@laﬁum} Itmprefelnraddtb nciude. ethandlamipeef erred to incl ude

th I f d
Cypr s 1y prne ROF sbifdg et MBodhs SHbrbARE M oS o iR eseRtIEnT or r | c
and f eamoust 3825 & 8.6uiy/laExbmplesinaide e and fefrous sals @uh a8 tf@ric Ima];&ael gt ed

|t r t and, fer ctrate are referre

Ngn ts e%?%gg%rar% t§l ﬂeccﬁélétﬁa §|n TS B fre[f?ecatr%o?ﬂa %I?WmOPW E‘H@Pen%f@nem um

copperpreaercbdm nc; al so sodi um pot assi um and selenium It is preferred to
i nclude in Nhe medi um suc In the form of sodium

selenite in Sﬂ'f%'ﬁ%‘t?dt‘e‘&f'%s gptp(pai Etjﬁq_'nt gwpduum BlEfle BI1agNBENRe 8PPREI5 and

25pg/ Land zinc; also sodium, potassium and selenium. It is preferred to include in the medium
selenite ions, such as in the form of sodium selenite in an amount of 0.1 to 100pg/L, most
preferably between 0.5 and 25ug/L.

Vitamins and enzyme co-factor vitamins (co-factors) optionally of use in the medium
include Vitamin B6 (pyridoxine), Vitamin B12 (cyanocobalamin) and Vitamin K (biotin)
present in an amount 0.001 -1 mgl/litre; Vitamin C (ascorbic acid) present in an amount 1 -
10 mg/litre, Vitamin B2 (riboflavin) present in an amount 0.1 - 1.0 mg/litre and Vitamin B1
(thiamine), niacinamide, Vitamin B5 (D calcium pentothenate), folic acid, i-inositol generally
present in an amount 2 - 20 mg/litre.

In large scale fermenters, mammalian cells are particularly susceptible to sheer
forces arising from the sparging of the vessel with gases and the mixing with the impeller.
To minimize the occurrence of cellular damage it is preferred for the medium to contain a
cell protectant such as polyethylene glycol, polyvinyl alcohols or pluronic polyols. Preferably
lutrol is used, typically at a concentration of about 0.1%.

It is also preferred to supplement the medium with a peptide digest, hydrolysate or
exiract, such as yeast extract, or preferably a plant-derived peptone. The preferred
amounts are 0.025% to 1% w/v, most preferably 0.2% to 0.5% w/v. The plant peptone can
be made of rice, wheat, pea, soy but is not limited to these. It is further preferred to add
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interest (POI) which it is desired to express in the host cell. The POl is preferably a

glycosylated polypeptide, especially a glycosylated polypeptide which requires glycosylation

which is only performed by mammalian cells. More preferably, the polypeptide is sialylated.

A particularly preferred POl is erythropoietin, more specifically human Epo. ltis also

preferred that the POl is secreted by the cell into the culture medium.

The coding sequence of the recombinant POl is operably linked to regulatory control

sequences that direct expression of the POl in the host cell. Preferably, the nucleotide

sequence encoding the POI is integrated into the genome of the host cell. Various methods

for introducing nucleotide sequences encoding POls are known in the art - see for example

Sambrook et al., supra.

In one embodiment, the nucleotide sequence encoding the POI is integrated into the

genome of the host cell and operably linked to a second nucleotide sequence which when

integrated into the host cell genome is amplified when the host cell is contacted with a

selection agent that causes amplification of the nucleotide sequence. Eukaryotic cells, in

particular mammalian cells are capable of amplifying certain genes in response to a
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batch fed and which have capacities of 4L or more.

Cells are typically seeded into the culture medium at a density of about 5x10°
cells/mL. The optimum may vary for different cells types and can be determined by the
skilled person. The pH is typically set at about pH 7.0, temperature to 37°C (although some
cell lines such as insect cell lines are grown at lower temperatures) and pO; at about 50%
air saturation.

Where host cells comprise integrated into their genome a dhfr (or equivalent) gene
operably linked to the nucleotide sequence encoding the PO, a suitable amount of
methotrexate (or equivalent) may be added to the medium. However, in a preferred
embodiment, methotrexate is not added to the medium during production phase since we
have found that in the absence of methotrexate, improved glycosylation patterns are
obtained.

Cells are cultured typically for between about 7 to 14 days, depending on the cell
line and recombinant POI. During that time, it is necessary to add fresh medium to prevent



such as mammalian cells, may be cultured in a variety of nunber of formats
and culture vessels. For exanple, cells may be cultured adherent to the
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the present invention is to produce tf@-PO in commercial quantities, it is
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of the cultured cells as appropriate (from the culture supernatant in the case of Epo
expression). The recombinant protein is then typically subjected to one or more purification
steps (see for example Broudy et al., 1988, Archives of Biochemistry and Biophysics 265:
329-336; Ghanem et al., 1994, Preparative Biochemistry 24(2): 127-142) such as affinity
chromatography and/or ion-exchange chromatography. Further processes for recovering
erythropoietin having been produced by the cell culture method of the present invention are
outlined in the examples section of this document.

Preferably in a composition comprising a recombinant polypeptide, particularly Epo,
expressed in recombinant host cells and purified using the method of the invention, the
recombinant polypeptide is substantially pure, such at least 90%, 95% or 99% pure.

The biological activity of the purified protein can be determined in vitro and/or in vivo.

A suitable in vitro test is described in Hammerling et al., 1996, J Pharm Biomed Anal
14(11):1455-69, which involves testing for proliferative stimulation of an erythroid cell line.
A suitable in vivo test is described in Ghanem et al., 1994, supra, which involves

determining the incorporation of *Fe into red blood cells of polycythemic mice.
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supematant; (b) adjusting the conductivity of the supernatant to 5 mS/cm or less, and a pH
of between about 7.0 and 8.0; (c) applying the supernatant from step (b) to a column
comprising an anion exchange chromatographic medium, washing the column, eluting the
rhEpo from the column, and collecting the peak fraction(s) that contain rhEpo; (d) subjecting
the combined peak fractions from step (c) to a reverse phase chromatography step using a
polystyrene resin that can be run under medium pressure (< 10 bar) and is resistant to high
concentrations of NaOH, the rhEpo being eluted using a linear gradient of an organic
solvent;(e) applying one or more fractions eluted in step (d) which contain rhEpo to a
column comprising sepharose anion exchange chromatographic media, washing the
column, and eluting the rhEpo using a linear salt gradient; (f) selecting one or more
fractions eluted in step (e) which contain rhEpo based on degree of sialylation of the rhEpo;
and (g) subjecting one or more fractions eluted in step (f) which contain rthEpo by one or
more size exclusion chromatographic steps using a gel filtration medium to remove potential
dimers and higher aggregates; and collecting the eluate containing rhEpo.
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chr oned Qa0 Y5 Diyrgé™g a pol ystyrene resin that can be run under nedi um
pressurlge%%r< 10 Eaér?))Qg and ?s resistant to high concentrations of NaCH, the

r hEpo bei ngSéghunethods aregdescribedinrthgrexdingles setticarof dnig documerstol vent ; (e)

| yi i i i At ai E t
ol um' comph 2oreSiidnich At L isofbe AREPwih Rirsfide BibE PR hani ng
the outichare lusiradive ol @nd menriniBing. s padjcalat, treeaangidd refatath preferred§ )
sel eCtéﬂ%ﬁﬂgnﬁrof?WJSrefélft%\}ein%@ eluted in step (e) which contain rhEpo
e y '

based on gree of stalylation the rhEpo; and (g) subjecting one or
nore fractions eluted in step (f) which contain rhEpo by one or nore size
excl usion chromat ographic steps using a gel filtration nmediumto renove

pot entEXAMPUHEBer s and hi gher aggregates; and collecting the eluate

cont ai ni ng QE?%‘ISV\O 03/ 045995 -12 PCT/ EP02/ 13298 Advant ageously, the anion
exchange ne FimdiSed in step (c) is the ceram c-based ion exchange nedi um
Q Hyper D FTHidstobll lnenabl e from Bi oSepra. The polystyrene resin wused in step

(d) is~,advant ageousl ce, 3 M (Phar maci a) , ilst the anion
exchan n?%e:}i'?fﬁ?%ﬁg%vﬁ %k@hx&%@eﬁé@@%ﬁf CPPH%‘%}Q& @RE%98Bhdhs¥e Hi gh
Per f orhams &eEMdepbsitedalndéi iherBidapestTRidhtyndsederodit 8bSiEnatibh Ac ATCRS PTAD! Y
Phar Magu8 at T Rneman Ryod Eheds B3fction (ATCC), Rockville, Md. 20852, USA. on

August 29, 2001,

Cell culture Media

Cultivation medium: DMEM supplemented with L-Glutamine, 4mM, 10% FCS,
HT (Hypoxanthine, Thymidine), 1x

Selection medium: DMEM supplemented with L-Glutamine, 4mM,
dialyzed FCS, 10% and G418, 0.5 mg/mi

Amplification medium: DMEM supplemented with L-Glutamine, 4mM,

dialyzed FCS, 10%, G418, 0.5 mg/ml, and
MTX (methotrexate), 4.8x10°M ~ 1.54x10°M
Freezing medium: DMEM supplemented with L-Glutamine, 4mM,
FCS, 10% and DMSO, 10%.
Serum-free adaptation medium 1:1 DMEM/Ham’s F12, supplemented with:
for recombinant cell-lines: L-Glutamine, 6mM, Soya-peptone/UF, 0.25%,
Hybridoma Supplement, 1x, Pluronic-F68, 0.1%,
G418, 0.5 mg/ml, MTX, 1.54x10"°M
Serum-free production medium: 1:1 DMEM/Ham’s F12, supplemented with:



Such nethods are described in the exanples section of this docunment. The
present invention is described further with reference to the follow ng
exanpl es,wowhioedy9mre il lustrative only and non-limting. PoeTERo2/IX08 ar, the
exanples relate to preferred enbodinents of the present invention.

EXAMPLES Materials Host cell |ine.ggLnese hanmster ovary (CHO

di hydr of ol at e-reduct ase deficient (ATCC CRL-9096). They have been

deposi ted under the Budapest Treaty under deposit desi gnation no.

ATCC PTA-

3672 at the Anmerican Type Culture | | ect| R 20852,
USA, on August 29, 2001. OeFSPY%B?E% %/%ﬁ'?eh%g g@%’?%ﬁ"%’% E‘Fh1yg|VEM
suppl enmented wi th L-Q utam neyyrdindh sl 0% AAPX, 1JSIx(0-m)oxarGlbcm1nghym di ne),
1x Sel ection nedium DVEM sungI enent ed with L-Q utam ne, 4mM dial yzed

FCS, 10% and (418, 0.5 nmg/ m
L-G U%%mnmg;wxgmg ey, FPBs, W%1OG%%, pMgonen , and  MIX

(met hotr exat

#Ssi P84t i on medi um DMVEM suppl emented with

"8M - 1. 54x10- 6M Fr eezi n8 nment ed
Wi th ter@ecaralpinaet, cellrings: FCS, tlu jdomp Bupriement %EUW?'PE@%(I\)%{B’{&DJ@
medium 1:1 DVEM Haml s F12, sgpple %Iﬁé‘t%ecé 1o, ﬁ-nécdrlﬂémial rgaos10%ah) - | i nes:

L-d utam ne, 6mM Soya- peptone/ UF, 0. 25% bri doma Suppl ement,

Pluronic-F68, 0.1 % (418, @OQIUITQ$¢#Enlt€r\/1T5(0X 0'EMx10- 6M Serum f r ee

1 x,

production nmedium 1:1 DMEM Ham's F12, suppl enented with: WO 03/045995 -13

PCT/ EP02/ 13298 Soya- pept one/ UF, 0.25% Hybri doma Suppl enent, 1x,

Lutrol,

0.1 %plddhnd conStdeld- 6M G ucose 1g/l, NaHCOB3, 2.5g/1 Serumfree freezing

di - 9
medi um PBS, PVP-1.0, 20% DVEQ 5%

This plasmid encodes the coding region of Epo and the neomycin resistance gene as two

different expression cassettes each under control of SV40 early promoter/terminator
sequences. The construction details are provided in Example 1.

pEpo/dhfr

This plasmid encodes the coding region of Epo and dhfr as two different expression
cassettes each under control of SV40 early promoter/terminator sequences. The

construction details are provided in Example 2.

Methods in cell culture
Growth of CHO-dhir

Dihydrofolate reductase deficient CHO cells (Urlaub et al., 1980, PNAS 77(7):4216-
4220) (referred to as CHO dhfr) are cultivated in DMEM cultivation medium with a splitting

ratio 1:10 twice a week.

Transfection of CHO cells

1-5x10* cells per cm? are seeded in 25cm? T-flask bottles or 96-well plates the day

before the lipofectin transfection is performed. The corresponding plasmids are mixed in the

appropriate ratio, added to the lipofectin reagent (GIBCO/BRL) according to the

manufacturer's protocol (0.5-1 pliem?). Then the cells are overlaid with the transfection

cocktail for four to sixteen hours in serum-free DMEM, before the DNA-containing medium

is replaced with cultivation medium. After cultivation for 24 to 48 hours in the serum-

containing medium the cells are switched to selection medium. Transfected cell pools are

first cultivated in selection medium to confluence and then in amplification medium (4.8x10°®

M MTX) before screening the cell culture supernatants by ELISA for Epo production.



for reconbinant cell-lines: Hybridoma Suppl enent, 100x Ethanol am ne -
2.5x10"3 M Ferric-Citrate - 2.5x10.2 M L-Ascorbic Acid - 2.0x10"3 M
Sodi um SewerBes995 5. 0x10-6 M Plasm d constructs pEpo/ neoPCThiPs2/pd20%m d
encodes the coding region of Epo and the neomycin resistance gene as two
di fferent expression cassettes each uggler control of SV40 early
pronoter/term nator sequences. The construction details are provided in
Exanpl e 1. pEpo/dhfr This plasm d encodes the coding region of Epo and
dhfr as,two different expression .cassettes each under control of Sv40
early EV%I %rlof’?%errﬂ?%‘g?} mypgthhe M X aencentratioaingieasaskiwgelold and kast provi ded
i n Exappdecars uved srdarthér ceftiviatisnll ture Gowt h of CHO dhfr Di hydrofol ate
reduct ase deficient CHO cells (Urlaub et al., 1980, PNAS 77(7):4216- 4220)
(referred to as CHO dhfr) are cultivated in DVEM cul tivation nediumw th a
splittiam@ytical hetHods® twice a week. Transfection of CHO cells 1-5x104 cells
per cnR are seeded in 25cn? T-flask bottles or 96-well plates the day

ELIRA detgelingEngintdifigraniamatriens i s performed. The correspondi ng pl asni ds
are m A@flbbdieshe appropriate ratio, added to the lipofectin reagent
(@ BCOBRL) according to the manufacturer's protocol (0.5-1 pl/cnR). Then
t he cepplyclanal sesuam:|rabhit autt Epe hiotinylatedf(B&DiSystentsy Catadod #fAB-286NA)t 0 Si xt een

the cel _ . Disystems Clatalog #AB 260MA) L0 Si Xt
i tn o PrPFRHTehtaRP ko df #o8 (eefoates P3P sBU8 ABFA%T hour s n'the cer um

cont ai FLISA buflfiérsm t he cells are switched to sel ecti on nedium Transfected
cell p r figst l.t i ated | ect | diumto confluence and then
in anpﬁlg%ﬁ?'}gg?"ﬁt?ﬁ' n%glgdwet%é%f%@ “ﬂﬂ%ﬁf’)@ﬂgg;}% e screening the cell culture
super nitashing tuyteFL0.S4y/IfKCTI, En6 gANELHET, RIPH,B00 03/0433R5, 8 44NBET/ EP02/ 13298

H ghest pr qLL;ﬁr S ar2§ determ ned, the MIX concentration increased two-fold
and best g'r 0QU&EP8 Wsed for further cultivation. Anal ytical nethods

Dilution buffer: 2% PVP (Sigma Cat.No. PVP-40T) in washing buffer

Sample buffer: 0.5% alpha mono-thio-glycerol in dilution buffer

Staining buffer: 7.3 g/l Citric acid x 2H,0, 11.86 g/l Na;HPO,x2H,0, pH 4.8-5.0

Staining solution: 100p1 OPD solution/10 ml staining buffer

5ul H0./10 ml staining buffer

OPD stock-solution:  PP: L0017 '

Method

The ELISA method used detects Epo in ng/ml concentration ranges, in particular
with a detection limit in the range of about 10 ng/ml, starting with 500 ng/mi and eight two-
fold dilutions. One monoclonal antibody against the first 26 amino acids of Epo functions as
a coating layer, binding Epo. In the next step Epo is specifically bound by the catcher
antibody. Detection is arranged through a biotinylated Epo recognizing rabbit antiserum.
Visualization is performed by staining with OPD after streptavidin-peroxidase coupling to the
plate.

Immunofluorescence

Epo expressing CHO-cells are inoculated with 5x10° cells/200 pt on a cover slipina
6-well plate and incubated for 24-72 hours. The adherent cells are washed twice with PBS
and fixed for 5 minutes with -20°C methanol, then air dried and afterwards again soaked in
PBS. Unspecific proteins are saturated by incubation with 20% FCS in PBS for 15 minutes
and then anti-Epo is incubated for one hour. The reaction is visualized with anti-mouse IgG
FITC conjugated. The fluorescence is detected by confocal microscopy at an excitation
wavelength of 488 nm and an emission wavelength of higher then 515 nm.



ELI SA detecting Epo in different matrices Antibodies polyclonal serum
rabbit anti Epo biotinylated (R& Systens; Catal og # AB-286-NA) nonocl onal
ant i body: womasessant i Epo (CGenezyne; Cat. code AE7A5) ELI SRCrmPhBIRICO0At | ng
buffer: 8.4 g/I NaHCO3, 4.2 g/1 Na2CO3, pH 9.6-9.8 Washing buffer: 0.2 g/l
K, 1.15 g/l Na2HPO4 x- 2H20, 0.2 g/lq1&KH2PX4, 8 g/1 Nad, 0.1 % Tween 20
Dilution buffer: 2% PVP (Sigma Cat.No. PVP-40T) in washing buffer Sanple
buffer: 0.5% al pha m)no thio-glycerol in dilution buffer Staining buffer:
7.3 g/l Ot 18 | H20 .11.86 g/ Na2HPO4x2H2O, pH 4.8-5.0 Staining
sol ution: O m staining buffer 5pl H202/10 m staining
buf fer ODD\Ilnteﬂd{ssol ution: PP: L0017 Method The ELI SA nmethod used detects

Epo in nm_. con ra cular with a detection limt in
the raff g{ ﬁi&%@fﬁﬁz ouggraélgq:t ,%%ﬁ 500 ng/m and ei ght two- fold

di | utlgaaner%nnmy@@.!@madjemasl body against the first 26 ami no acids of Epo
functions as a coating |ayer, binding Epo. In the next step Epo is

speci f incupatipnsolifionby Citric acid, Ontv, TriieR Xold@y 2%Det ectl on is arranged through
a bi ot ERyhralyRAsEBA. ur(Rsp&a'ean @aﬂmwerémd é@@hkgeln sipl i zation is

per f or med b¥ stainin after streptav n- perOX| dase coupling to
the plate. ll\%ﬁehttﬁnC&’fzsméewéﬁ@félesm@dl@qonéggmmg noribes dhatsarasespansiedlimt ed

with 5&‘49!%9@'&0%3%&(3gghe*ﬁhé‘ﬂﬁlﬁef’%gsﬂélr)éeb ag\sricggﬁ) AR gh@ %ﬂlﬁ%@%ﬂ:&cwat ed

for 24-72 hours rent ¢ twcC and fi xed
for 5 ¢Arres electipdas orpionth sidedaihe change of Hierredisiapde induces a woleyedimpatsai n

soake : 20%
Fo | R} o diphf280 8 e CodlepcReRioRer, AL A oo BE AR DDl e
r eact i rihe selld, saahatiidsipossithe tmdlstmgw&rebdthn &dipDid angl agmiyptbid Fbieof

fluoregg @tﬁgg |1n§ detected by confocal mcroscopy at an excitation

wavel eng ?"2%8 nm and an e ssi on wavel ength of higher then 515 nm WO

03/ 045995 P@étheRD2/ 13298 - 15 Nucl eus size determ nation
Approximately 1x10° CHO-cells are washed once in PBS, resuspended in 2 ml incubation
solution and left there for 4-5 hours. The following steps are specific for the Coulter
Counter.

SDS Polyacrylamide-Electrophoresis and Western blotting

Materials
SDS Gels: Novex Tris-Glycine 4-20%
Sample buffer: Tris Glycine SDS 2x (Novex LC 2676)
Running buffer: Tris Glycine SDS (Novex LC 2675)
Blotting buffer:  Na;B,0;x10H,0, 50 mM, SDS, 0.1 %, methanol, 20%
Blotting matrix: PVDF Immobilon P 0.45uM Millipore; K8JM8238H
Washing buffer: see ELISA washing buffer
Dilution buffer: 1% milk powder in washing buffer
Detection buffer: NaCl, 0.1 M

Tris-HCI1 0.1 M pH 9.5

Method
Epo containing samples are adjusted to 30 ng/20pl in 1x sample buffer with 1% a-MTG and
applied to the SDS gel. At the end of the run, the proteins are blotted to a PVDF immobilon
membrane for two hours and then the Epo is specifically stained with a monoclonal
antibody detecting the first 26 amino acids of Epo. Visualization is done with anti mouse 1gG
conjugated to alkaline phosphatase and NBT/BCIP staining.



Materials Coulter Counter(r) Mdel ZM (Coulter Electronics Inc.) Coulter
Channel yzer (r) Model 256 Incubation solution: Ctric acid, 0.1 M Triton X
100, 2% BweaBiaeisgi e | soton |1 (Kat-No.844 8011; Coul ter E®mCo/EPOAgOSLI C
GrH) The Coulter Counter quantifies particles in size and nunber, that are
suspended in an electric conductive fguid. The fluid is absorbed by vacuum
through a capillary which carries electrodes on both sides. The change of
the resi stance induces a voltage inpulse that can be digitized by the

Coul ter Chalnnelli e Nucl eus size correlates with DNA content of the
cells, so t-ﬁ%?—e-ﬁ%'—cé-%ggﬁé@gi ble to distinguish between a diploid and a

pol ypl oi d sHatedfals chr onosones. Met hod Approximately 1x106 CHO cells are
washed_once in PBS resuspended in 2 m incubation solution and left there
for 4-BYHer . Myligherd]. AsuerabargBigssiences specific for the Coulter Counter.
SDS Pojpcreklst api 95 By ectrophoresis and Western blotting Materials .SDS

Gel s: Novex Tris-G ycine 4-20% S%H_B{e buffer: Tris Aycine SDS 2x (Novex LC
2676) Regwalingbulters er : 9 grurea,@.§ 9iGHARSDD.Q0Np IE, 06 PbESYlyBisdpH Brig1®)uf f er :

Na2B40O7x10H2O, 50 niv Uil , 9 l; trix: PVDF
| mobil on P 0.45pM M | |1 E’o‘?@mﬁkgﬁ%@%@m%gﬁﬁﬁ%m?gﬁmﬁpgg ELI SA washi ng
buf f er S@nplgtiudier:buf f er PCLsample lbkffeiontd 8610, RBSwHS BREGI Hy®f er  Det ecti on

are adySDEEH8r30" ngs 58S g A4RE R ol P ARkl B ANRS 0 200 e

to the SDS gel. At t headjust tofl 00hm! wilimH.Ohe pr ot ei ns are blotted to a PVDF
wtn g R  h B ARKih PR i oS BB B et s of TEpo. |
Vi sual Waabingbuifer:done sedet ELiSAtwashimgdmiffegG conj ugated to al kal i ne
Phos PN 8% e BT/ B9 hdlotdafin wikniiy Sitfer 0>
Detection buffer: NaCl, 0.1 M, Tris-HC1 0.1 MpH 9.5
Method
Epo containing samples are adjusted to 500-1000 ng/50 pl, desalted, diluted 1:1 in sample
buffer and applied to the reswollen IPG gel. Running conditions are first one minute 300V,
then linear increase to 3500V and at the end 1 hour at 3500V. During the whole focussing
process a limit of 10 mA and 10W is set. Afterwards the proteins are blotted to a PVDF
Immobilon membrane by diffusion overnight or by electroblot and then Epo is stained
speciﬁéally with a monoclonal antibody detecting the first 26 amino acids of Epo.
Visualization is done with anti mouse IgG AP conjugated and NBT/BCIP staining.
Determination of the DNA content

The DNA content of recombinant cell-lines is compared with the CHO-dhfr host cell-line by
FACS analysis.

Materials
Washing-Buffer: 0.1 M Tris-HCI, pH 7.4, 2 mM MgCl, 0.1% Triton X100
Staining Buffer: 0.3 pg/ml DAPI (Hoechst) in washing buffer

Method
5x10° cells are washed in PBS and fixed with ice cold 70% ethanol. Afterwards the cells are
washed twice with washing buffer and then incubated in staining buffer for 30 minutes at
RT. The DNA content is measured with the FACS Vantage (Becton and Dickinson) at 359
nm excitation and 450 nm emission.



-16 PCT/ EPO2/ 13298 |soelectric focussing Materials System WMiltiphor 11,
Amer sham Bi osciences |PG Gels: pH 2.5 -7 Reswelling buffer: 9 g urea, 0.5
g CHAPS, wWo04/0¢59RFE, 0.5 nml resolytes (pH 3.5-10) 10 pl PCoampPaznbs bl ue
(0.19%, adjust'to 25 mM with H20 Sanpl e buffer: |1PG sanple buffer pH 3-10,
25pl in 625 pl H20 Blotting buffer: 2493 g Gycine, 5.81 g Tris, 20 m

nmet hanol, 0.375 g SDS adjust to 1000 mM with H2O Blotting matri x: PVDF

| mobilon P 0.45 pM M IIlipore; K8IMB238H Washing buffer: see ELI SA washing

buffer Dilution buffer % m | k powder in washing buffer Detection
buf fer: NaCL—Mﬁ—ﬂu—fﬁ” -Vifgo gpggific tHcl 0.1 MpH 9.5 Method Epo containi ng sanpl es
ar e adihe hashah enARtLRBRNGHISMentF-1 deidnbiceidréftcbolodrt Gell bUf fer

and apglled to the reswol G gel . Running con |t|ons are first one
m nut eCYlees) 'Stgfféfﬁh1qeﬁ§ﬁ¢eﬂtﬁ6rlb§§éhﬁ&/’ @%mWeaﬁ@Mm@aérsam synérgistic at  3500V.

Bur i ngefféi@s Wﬁ‘b’rcﬁ’ fdrREdH WHIE EpBrc.%‘Fﬁﬁ nfairl t'hH‘Ig{'?B@{y f%ps&ﬁ’e ﬁg}% %ﬁ%{r\éélﬁ &t -

Afterwards the protei ns are otte to a rane by

di ffusf%‘ﬁn@VQfW"gﬁtGMrCWaéﬂ E@prqobtammgmdtmahemn*@plmm s stained specifically
with a nonog pdm‘ bRRdy detecting the first 26 am no acids of Epo.

Vi sual i zat i on I's'done wth anti nouse 1gG AP conj ugated and NBT/ BCl P

st ai ni Gyltivatioetreediumat | BRMbl 646 esupplameatedewith i GINAIE%FGS)t of reconbi nant

cell-lines is conp h hast . ce I-I|ne by FAGS anal ysi s.
Materials Washi ng® f’??’f‘mfém%éfi'ﬁmg-%d“emaﬁw * MM Mydl 2, 0.1% Triton
X100 St ai ni ng Buf f2g/mDrh@&NMG/SH, 3DARI rh(Egegchst ) in washi ng buf fer Met hod
5x105 cells are washed in PBS and fixed with ice cold 70% et hanol .

Afterwards the cells are washed twice with washing buffer and then

I ncubaTest mediwhai ni ng RBMI €640, Buppglemdhftdivitth AHM G ; 100MR/MINGIneRMiENt i s
measured with the ;A(}Sl\é%rx age (Becton and D cki nson) at 359

Methods
The functionality test is performed as a MTT viability test in 96-well plates (Hammerling et
al, 1996, J Pharm Biomed Anal 14(11):1455-69). Samples are diluted 1:2 fold eight times,
starting with 100 ng Epo per ml in test medium. 50 pl of each sample dilution, standard
dilution or blank are transferred to the 96-well testing plate. TF-1 cells are washed three
times with cold PBS and adapted to 2x10° cells per ml in test medium. Each well of 96-well
test plate is overlayed with 50 pl of the cell suspension and these cells are left for 72 hours
in the CO, incubator. Afterwards 10 ul MTT solution (6 mg/ml in PBS) are added and
incubated at 37°C for 4 hours. The dye is dissolved with 100 ul SDS/HCI (10% SDS in 0.1

M HCI) for another 4 hours in the dark and the Epo dependent viability is photomerically
determined at 550/690 nm.

Example 1 - Construction of plasmid Epo/neo
1.  Construction of p2-neo

1.1 Preparation of the vector fragment from pSV2neo containing the SV40 early
promoter

The basis of the vector construction is the pBR322 plasmid backbone contained in
pSV2neo. The smaller EcoRl ~ Pvull restriction fragment includes this pBR322 backbone



nm exci tation and 450 nm em ssion. WO 03/045995 PCT/ EP02/ 13298 -17 In-vitro
specificity test The human erythrol eukemc cell-line TF-1 (German

Col | ect i owoamB/oh49e3 oor gani snms and Cell Cultures) is growt rcaapendass on | L3
or hGWt CSF. These cytoki-nes display synergistic effects on proliferation,
while Epo can nmaintain the viability for sone time. The cells are

routinely grown in GW CSF and Epo containing cultivation nedium Test

Suppl enent s CuI tivation nmedium RPM 1640, supplenented with 4nM G n, 10%

%}%pt gﬁqgans%zgr L 10pM bet a- nercapt o-et hanal, 12ng/ m rhGM CSF,
3U/ m Bé‘e' otngrEutlimHinghl fragwent fram SY40rhearscthe vl evﬁmm'@ent ofjthepg/ n
tr ansfev4q Barly piéBioldr. BSA Met hods The functionality test is perfornmed as a
MIT V|ab|I|t test in 96- vveII | at es gHarmerIln et al., 1996, J Pharm

Bi oned Anal ‘13!(“9193\4%@9 (65530 Ar9) iscubwith e restigtion enzyples Fdofthand i nes,

i i/ T 01D ReBfentS s e of et aralackly o, RS, 7

testi ﬁ@FQMIQIﬂQONSTStSPf@BIEOQRhfé’Vth;émmtlbhrfagmeht inelsding alpRRE22 B2A8Kbemel adapt ed

to 2xI i n medi ach, we | . test plate is
over | &y 8 (pbRb&BTa Pl BNt sfie Hrucresabuelin  rammant e svaParlr for 7o
hour s promotelneTﬁé)zsambpb@pmpareﬂférﬁmmmda viegeh elebffdpieedid.i on (6 nmg/m in PBS)
are added and incubated at 37C for 4 hours. The dye is dissolved with 100
pl SD§/ %lO%tSDS #IFI 0.1 MHCI) .for another 4 hours in the dark and the
Epo dependdRPAAUOR of the negmygin fiCE 9€1€ det er ni ned at 550/ 690 nm

ExanplThelneo ganesis talaini fegin te trdrdpabsch TS 6NSSVZneo R SdrmpiRlet @R aoﬁ'ag@é’/eﬁieo 1.1

Pr epar atlon of tre vector fragnment from pSV2neo contai ning t 40 early

pr onotCePEfHRd 53elydhe coging regien 7B the Gz, AemRBPY fhe ¢loning pirategy, eeagHition

backbeites esrnestiiomRmh értiond&RYZt8%re TitRJIBIEBY hfbotreAld. A HBWI' ditei€BGilt i fhkON
fragnment includes this pBR322 backbone WD 03/ 045995 -
upstream amplification primer, an EcoRl and a Spel site in the downstream primer. The
amplified region corresponds to nucleotides 2846 to 1938 in the sequence of pSV2neo

(Genbank Accession No. U02434). The oligonucleotides are designed as follows:

Oligo 2004-01:  length: 38mer

5°- ggg gga age ttg ttg gga age cct gca aag taa act gg - 3° SEQ ID No. 1

5" Hindlll: aagctt - g (= pos. 2846 in pSV2neo) ttigggaagcectg............. SEQID No. 2

Oligo 2004-02:  length: 42mer
5°- ggg gaa tic act agt gag tcc cge tca gaa gaa cte gtc aag - 3° SEQ ID No. 3

gaaftc actagt- g (= pos. 1938 in pSV2neo) agtcccgctcagaa........ SEQ ID No. 4

The amplification product of primers 2004-01 and 2004-02 is prepared by PCR using Pwo
polymerase (Roche Diagnostics). The parameters for the process are: 20 ng of pSV2neo,
10 pmol of each primer, 10 mmol dNTPs, 2.5 U Pwo polymerase in the supplied buffer to a
total volume of 50 pl; temperature profile: 5 min 95 °C, 35 times (30 sec 95 °C, 20 sec 65
°C, 90 sec 72 °C), 3 min 72 °C, cooling at 4 °C until further use.

The resulting DNA fragment of 935 bp is purified by DNA isolation columns (Mini,
Wizard Promega GmbH), digested with EcoRI and Hindlil, and purified via an agarose gel
and eluted using Spin Columns (Supelco).



PCT/ EP0O2/ 13298 and t he nei ghboring Pvull - Hndill fragnent from SvV40 bears
the relevant fragnent of the SV40 early pronoter. Plasm d pSV2neo (ATCC
37149) i swou/owiodh the restriction enzymes EcoRl and Hi nacCiiEPOTiE29% wo
resulting fragnents has a sizes of 3092 bp and 2637 bp. The 2637 bp
fragment consists of an EcoRl - Pvullqgestriction fragment including a
pBR322 backbone and a nei ghboring Pvull - Hindill fragnent which contains
a fragment of the SV40 early pronoter. The 2637 bp is prepared and
purifli% el ec ?phore3| S. 1.2 Preparation of the neonycin

resi st ance 88 "‘I‘I'%‘ﬂ B"$ERe is taken fromthe transposon Tn5 of pSV2neo.

It is FA@hkinbiifst BsoR-Aihaumrot enewatgment BYigaRbab thd Esomca%ag vb&@gt on of the
gene. As art of the cloni ng strate , rec%%’]l tion sites restriction

endonu&'P@H%@§ rogp ESVﬁtr}e@dtﬁ,"lﬁj'—'Q@t'QﬂoﬁWf es5d&loniegh) mad transforraed @tdym Etcolin t he
t , t

o+ rror POUREIRol BURE (Mool Tkl SeR Ry Gohh DA RRARGSE Ta "

t he seqwm*ﬂreerﬁed P8 B0e0g/! e@pivllinnk Accession No. U02434). The

ol i gonucl eo I Qi 2004-01: length: 38ner 5' -

gglgggg; ag cht g Fﬁﬁjt ?gﬁd% SS%?S%‘?@%'?'S% é’% ﬁg%{’?\%elgg& ggtriction anghsis ysing,k C‘ﬂ% 5'

Hi ndl | plus awgb(etfragn@r(tsopm7 RS 480ibp and\eB16aw)), réspR@eivaAgC m.d ............

SEQ | Ien aa ftc act agt gag tcc
cac t cBNBasPlnodfe Spesiet o et e fiergecked BY fimongsabvag e o

act agt the o@nétquSA pkR3@d IDNA)EMRéiﬁiﬂg ad@ifi6d 8Y40 romoter-and AB&yELNo. 4 The
arrpllflca |on prod ug rimers 2004-01 and 2004-02 is prepared by PCR

usi ng 'fg\ﬂ? NGB I97RE 1 %S'Qfﬁdg%ésa #§fostics). The parameters for the process
are: 20 ng of pSV2neo, 10 pnol of each priner, 10 mmol dNTPs, 2.5 U Pwo

pol ynet.ds ePiepatdtiorsofiblei SV Mtekinfifation rag.ohcs\MOLWo!mws‘ 50 pl; tenperature
profil 5 mn 95&% 35 tines 30 sec 95 C, 20 sec 65 C, 90 sec 72 O, 3

P o L P eR HeBists A Sesiahed 1 Frning & rearaent (geleatiies s o 150 ablvs $VaGLem ' of
935 bptelrfinBtidr ifelgﬂﬁ\ Fréséiidn bSVbﬁéd %é@é&@ﬁﬁt ;(eréF also WrAdhda F& sglgﬁgﬁ s,

di gested wth ECOR" and Hindill, and purif via an agarose
el ut edfoi Spaly Bapditien F%Ph‘?sBQrsﬂb%ﬂe@dneadwmcblgﬁtbas;;%tlonmsWWMolm 98

EcoRl site is introduced into the downstream primer separated by a 6 nucleotide spacing

region from BamHI. The sequences of the two primers are as follows:

Oligo 2004_05: fength: 40mer
5°- ggg gac taq tit gtg aag gaa cct tac ttc tgt ggt gtg a - 3° SEQIDNo.5
5" Spel:  actaqg - t (= pos. 1598 in pSV2neo) ttgtgaagga............. SEQID No. 6
Oligo 2004-06: length: 46mer
5"- ggg gaa att cgg agg gga atc cag aca tga taa gat aca tig atg a - 3° SEQID No.7

5" EcoRl/BamHI: gaattc - g (= pos. 751 in pSV2neo)gatcc agacatgataag.....SEQ ID No. 8

The amplification product of primers 2004-05 + 2004-06 is prepared by PCR using Pwo
polymerase (Roche Diagnostics) as described above. The resulting DNA fragment of 873
bp is purified using DNA isolation columns, digested with EcoRI and Spel and gel-purified.

1.5 Preparation of p2-neo
p1-neo plasmid DNA is digested using EcoRl! + Spel. The resulting linearized fragment is
purified, ligated with the amplified fragment containing SV40LTpolyA/IVS and transformed



1.3 Construction of pl-neo The anplified EcoRI-H ndllI|l neo gene fragnment is
ligated to the EcoR -H ndl Il vector fragnment from pSV2-neo using Ligation
Express (Wbmawewh and transforned into an E.coli host (EBCTraiPo2/S2RE
(Stratagene)). Transformants are selected by growmh on LB nedi um

suppl emented with 50 ng/| anpicillinogRlasmd DNA is isolated fromclones
and checked by restriction analysis using EcoRl plus Ncol (3 fragnments of
2527 bp, 780 bp and 251 bp, respectively). Plasm d DNAs show ng the

expected fragments are further checked, by rel evant t he
const ritigtaR ERophesin] ransiRINAYA AL ﬁéﬁ%}e‘g by @qu‘gﬁ ey r@\fﬁ'g@é{m ?JPBPG&P%\?%“E ‘ﬁ'gh d

neony gy fﬁﬁ'l whiffce gene is designated as pl-neo. 1.4 Prepar ation of the
SV40 ter mgnatl on regi on SVAOLTpol yA/ I VS PCR prinmers are ne (impl ify
a fragment Rlasroiddd¥A isdsolated fram ¢iones apd C‘E‘@Fé‘e@W(ﬁeStE'@'Pﬁl Wsﬁﬂ"sl“'@gé

prese ?ﬁé@{, ahd isphi@N site
for f}a@rrpeﬁ\t/éﬂfl?fn @%nﬁ?ﬁ&f Si tefglﬁgggg%%?azagdﬂp; pt;lsgl t(lgon 751 of
pSV2 rfeagrmnts Brsifd 3499bp|8340|bp:amﬂ1m9n) Presoid BNAsshawingdheneppedied separ at ed

nucl ot| t wo

pr| rre?fé agref HFﬁ‘g gfq é’g%@{ﬂc@g%gengl‘) ﬁn;%ﬂ%%ggﬂﬁgg'gﬂﬁ%ﬁﬁgg ttt
gt g aagNgaantaring aveilifted $SMOLJpolydIly Sais deSgnad&as p2Meo5 5 Spel : actag - t
(= pos. 1598 in pSV2neo) ttgtgaagga ............. SEQ ID No. 6 Aigo

2004- 06: n gga att cgg agg ggg atc gag aca tga taa gat
aca ttg até s"“%”“@(?'?ﬁ“?ﬁ? 5 EcoRl/BanmHl : gaattc -.q (= pos. 751 in
pSV2neo) atcc agacatgataag..... SEQ ID No. 8 The anplification product of
pri merz,1200rkpakation2siGhe &V 40segriyepamatebira@i@niusi ng Pwo  pol ymer ase (Roche

Di agnostics) as described above. The resulting DNA fragment of 873 bp is
pur | f i Ridsmisi pRVaaA is veechas asousefanibe SM"Q&%?WW%QW E@amﬁnta}'iae &gamentng

gel - i& Eeaqr_poé xé(?rﬂc%lﬂgrtﬁéb {,‘ uldd H%oﬂ@ﬁu&iﬁg@f@pi’b%ﬁ%dé [Nvever tHedsris ed

usi ng resultrng l1neariz is purified, ligated
with tdsfahamrpgmene@refm@cgimm igodusereeagnitiongitap tar BamHiangrot Thasf or ned WO

22{ gﬁtS %%%892' é{FP“%géé (ﬁgod?'hﬁ#fgupp?'gwg%rgd@ gmé% ﬂné%%&%l%gg%lscﬂ FI n.

Oligo 2004-07: Length: 38mer

5°- ggg gag atc ctg tgg aat gtg tgt cag tta ggg tgt gg - 3° SEQID No. 9
5" BamHI: ggatcc - t (= pos. 3435 in pSV2neo) gtggaat............. SEQID No. 10
Oligo 2004-08: Length: 46mer

5’- ggg ggc ggc cge age itt tg caa aag cct agg cct cca aaa aag ¢ -3’ SEQ ID No. 11
5" Nott: geggecgce - a (= pos. 3093 in pSV2neo) getttitgcaaaag............. SEQID No. 12

The amplification product of primers 2004-07 + 2004-08 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 365
bp is purified using DNA isolation columns, digested with BamHl and Notl, and gel-purified.

2.2 Preparation of the pBluescript vector part
pBluescript Il SK+ DNA is sequentially restricted using BamHl and Notl, respectively. The
DNA is dephosphorylated using alkaline phosphatase. The BamHI/Notl fragment is purified

from the small fragment via agarose gel electrophoresis prior to ligation.



Plasmd DNA is isolated fromclones and checked by restriction analysis
using EcoRl (1 fragnment of 4411 bp) and Ncol (2 fragnments of size 3631 bp
and 780 bwp oangs9Sphl (3 fragnents of size 3499 bp, 840 bpcampoy32bp) .
Plasm d DNAs showi ng the expected fragments are further checked by
sequencing relevant parts of the consjructs. A plasmd DNA containing a
verified SV40LTpol yA/I VS i s designated as p2-neo. 2. Construction of
plasmd p3 2.1 Preparation of the SvV40 early pronoter fragnent Plasmd
pSV2neo is used as a source for the SVA4Q early pronoter fragment. The
fragn@@ Ps¢paration andosrification ptplasmid Ple one used in constructing the p2

pl asm ds. However e ends of the fr are nodi {i i ce

r ecognneiagwpliged @éﬁﬂ-ﬂ\l@grﬁqm% 80'%1’11"‘.9‘%%%?{}4& ?adléfr?ﬁ%mé%(fgdﬁgt&d ﬁ%’r@?g used to
anpl i Hyeddhd PEREBERE 1316 wRdraiReG REDNA ligas: (Prmega GoBH) MasrakdIMA 38mer
5' - 9499 ggg atc ctg tgg aat gtg tgt c_agwtéta % t '{:‘;\%99# - 3 SE%ILI%NO. 9

5'  Bafm EgqgiBURE tragag%@)stfa Qmants is %‘88)% atpga om coloniesoNn 1B gry |
No. 1%egidr9%ué&8r4nb%d\}ﬁﬁﬁﬂéd‘hgﬁ§ [GIFEQ ID No. 11 5'- ggg ggc ggc cge age
tttttg Caa aag cCt agg cct cca aaaaag ¢ -3' 5 Nofl: cqgcc c - a (= pos.
3093 i n pSWRaseling iNAs aregbaekesdy, restriction analys'smf—:w‘ﬁcﬂ ug Heqi{g
anplification prod ' 2004-07 + 2004-08 is prepared by PCR using
Pwo B@W}%'PSagfeS'f cge%a'g%%é(?sag@és), as descri bed above. The resulting DNA
fragment offwdGHasrhil DNApshoving theusxpegtetNragmasitaaiedrrtiasiaigpked BY gested with

BamH and Nof |, d,gel - RAN:TN | é@,s&;' vect or
part ﬁ%ﬂﬁ%@p‘?&ﬁls‘t'%ms %e iés\& g)e%aﬁlgﬁbtrlgéﬁﬁfﬁfe;éseﬂﬂfﬁéegﬁﬁtg ?ﬁ% Bami?tﬁgnd

Nof | , coammOldrifiedyThd plasmidNé\designatptiaspidor yl at ed usi ng al kal i ne

phosphat ase. The BanmH /Noi fragnment is purified fromthe small fragnent
via agarose gel electrophoresis prior to ligation. WO 03/045995 -21

PCT/ ER)2/ jsal8fior of hhripcEps ¢PNAand verification of plasmd p3 The anplified
BanHl - Nog fragnment contai nj nzq/ the SVA0 early pronoter is ligated into the
prepar®ll gsplatrtet fptal ANAgKh (BKOFeRdeRl T4 DNA Li gase (Pronega GrbH).

P asm d DNARiboie Radadrl s idisdididn i ERIIRNA HoRMIRIRETTRBRSY fissubs (itRdindd and

purified from col orll es on medi um suppl enented wth 100 ng/l anpicillin.
from the Lainzer Krankenhaus hospital) is a mono-phasic solution of phenol an

guanidine
isothiocyanate. During cell lysis guanidine isothiocyanate forms a water-soluble complex
with RNA while cells are disrupted. Addition of chloroform, followed by centrifugation,
separates the solution into an aqueous, RNA containing and an organic phase. After
separation of the aqueous phase the RNA is precipitated with isopropyl alcohol, washed
with ethanol, air-dried and resuspended in RNAse free water.

Human kidney tissue fragments are cut into small pieces, forced through a 100 pm
cell strainer, centrifuged (179xg/10 min) and the resulting pellet is washed three times with
PBS. Then the pellet is resuspended in PBS, aligoted in sterile tubes, frozen to ~196°C and
stored at —80°C until further use.

The frozen tissue is lysed by addition of 1 ml TRIzol® reagent, homogenized and
incubated at 15-30°C for 5 minutes to ensure complete dissociation. After addition of 200 pl
chloroform, shaking the tube and incubation for 2-3 minutes at 15-30°C the tube is
centrifuged at 12000xg for 10 minutes. Following centrifugation, the upper aqueous phase
is carefully transferred to a fresh tube mixed with 500 pl isopropyl alcohol and incubated at
15-30°C for 10 min. The precipitated RNA is centrifuged (12000xg, 10 min), the pellet
washed with ethanol, centrifuged again, airdried and dissolved in RNAse free DEPC water.

Total RNA content is measured photometrically at 260 nm.



Resulting DNAs are checked by restriction analysis using EcoRl plus Ncol (2
fragnments of size 3039 bp and 253 bp). Two plasm d DNAs show ng the

expect ed woageiws are further checked by sequencing. BotlkTgtPoanitss of t he
SV40 early pronoter are sequenced so that each position could be verified.
The plasmd is designated as p3. 3. %I ation of human Epo cDNA 3.1

| sol ation of total RNA with TRI Zol (r)“Reagent TRI zol (r) reagent, used for

i sol ati on of Epo RNA from human ki dney tissues (obtained fromthe Lainzer
Krankenhaus hospital) is nono- phasi ¢ sol uti on of phenol and guani di ne

i sot hi ocyai;ﬂ%ﬁof‘@uﬁ g BBWW ysi s guani di ne i sothiocyanate forns a

wat er-sol ubl e conplex wth RNA while cells are disrupted. Addition of

chl oroform followed by centrifugation, separates the solution into an
aqueou8y ema%ihﬁlfﬁi'%@f QReboarAsk QBming (PANETWM Asohance b araieing)ronefcanhe

AqUEOUSSIRARS thd B@ntﬁ%&ieﬂ?ﬂﬂqglﬂ aﬁ@ﬂo%@gje%&é}y # Gaeln%ﬁné) |, washed wth

et hanol, air-dried and resuspende din ree wa man ki dney tissue
fragnents are cut into small pieces, forced through a 100 pm cel

strainé@ WA isplager with DyalPadoOlign(d T2 t he resul t| ng pellet is washed
th t ded S, al ted
Stertle tupotidbadshuo (EPR PRAPIRELT o EBYE RERRRR O ofBE: hor dee.  The
f rozenpﬂlvmsins tail BNA dfyeukddiotic ovmNY to]supbrrﬁ'@ruamb (po)ystwe:gﬁpﬁmclbgnogem zed

d ' i ation.
Ater SHARnG esuchydd ford el SR N IS RSB tareed BafBhe 1 on 7 or
2- |3| mi mrfa@s amRNSbasd uohhe m&gaetusbeaﬂsrdanlb‘emﬁraaéd ﬁﬁﬂ@amn?n??éq%nm nu]E es. .
F upper aqueous phase is carefu ransferre

o °r bASE ORI (DGRaRCRr PPl SO ooy b y

to a i sopropyl al cohol and incubated at
15-30C for 10 m n. The preC|p|tated RNA is centrifuged (12000xg, 10 mn),

the pellet. ed with. ethanol . c ifuged aga airdried and dissol ved
in RNA@@S%"PQ\?% C wat ’ﬂ?‘haﬁa‘?m“"’@ﬁ/}é@ #gﬂfgs"’g“"n%q%réﬂ” photonetrically at
260 nne xX\8dk3g PARA95 - 22 1TIRGPZIMR, HB1 BS; IFOM Fim;REFTABdd) 13298 By

eval uating the ratio of OD26onm and 260nm ( maxi mum absor bance of

proteins) one can estimate the purity of the RNA isolation. It should
range p&tnmRgflofliofal AN, 408-p) DyRatEdis digd|Ahl; afe Lol e dsimalubes (dT) 25

and washed twice with 2x washing buffer. Meanwhile total RNA is adjusted to a volume of

200 pl with 1x washing.buffer and denatured by incubation at 65°C for 4 minutes. Then the

RNA is mixed with the beads, incubated at room temperature for 5 minutes and separated

in the Dynal MPC®. The beads are washed twice with 1x washing buffer. The

polyadenylated RNA is eluted from the Dynalbeads Oligo (dT)zs by incubation with elution

buffer (2 x 10 pl) for 4 minutes at 65°C. Dynabeads are separated in the Dynal MPC® and

the supernatant is immediately transferred to a new RNAse free microcentrifuge tube. The

eluate is used directly for reverse transcription.

3.3 Reverse Transcription

The specific primer for Epo is denatured by 4 min incubation at 80°C and the mRNA
is denatured by 5 min incubation at 65°C. The following components are added to a sterile
1.5 ml microcentrifuge tube on ice:

Reagent Final
concentration

mRNA 10 pl

MMLYV (200 U/pl) 0,25 pl

Boehringer PCR buffer (10 x) 2 ul



Dynabeads A igo (dT)25 nRNA DI RECT kit enpl oys hybridization of the

pol yadenosi ne tail RNA of eukaryotic nRNA to supermagnetic, polystyrene
parti cl eswoaasmfni ng 25 nucl eotide | ong chai ns of deoxy- PymPdyiadRE
covalently attached to their surface. nRNA bound to the magnetic beads can
be separated using a Dynal magnetic _pgrticle concentrator (Dynal MPC(r)).
Washing buffer Tris-HC 10 MM pH 8,0; LiCl 0,15 MM EDTA 1 mM 2 x Bi ndi ng
buffer Tris-HCI 20 MM pH 7,5; LICI 1 nM EDTA 2 nM For 10 pg of total RNA,

100 pl Dyna Dynal MPC(r) and washed
twice with SNV mMbuffer. Meanw®ille total RNA is adjusted to a vol ume
of 200 pl W9k ©0 MMihi ng buffer addldenat ured by i ncubation at 65C for 4

ni nut es. ThdPARE(10RMAANN xed witH Hlhe beads, incubated at room

t enper at ure A6k (Os! M) nut es and separ &35! in the Dynal MPC(r). The beads are
washed twi cdiNnseHinhiRitei(4AiUg) buf f er 0,28d pol yadenyl ated RNA is el uted from
the Dynal bed#® Aigo (dT)25 by incuB#5idn with elution buffer (2 x 10 pl)
for 4 mnutes at 65C. Dynabeads are separated in the Dynal MPC(r) and the
supern Jos 1 mmedi trangfenred-to a new RNAse free mcrocentrifuge
t ube. @ﬁggété nt]ate IS ﬁ'ﬁiﬁydi rec?%yéfor reverse transcription. 3.3 Reverse
Tr anscinaplivationThe spech friie prit@@°CGor Epo is denatured by 4 min incubation
at 80C and the nRNA is denatured by 5 min incubation at 65C. The foll ow ng
conmpongnt s e 0, terile 1.5 m mcrocentrifuge tube on ice:
Reagen‘?'gFi ﬁg{yﬁg?%ggﬁg;rnarﬁggt?]onm 10 PI. MMV (200 U pl) 0,25 pl Boehringer
PCR buf f er THOfolipwingrompbnedséd 288edPGCTd SRR B3R Micréd@ntdlgPubekd 47d) 2 pl

MyCl 2 ,gégc%gﬁ@g%?s% 11%5%10%,8100 pmol /pl )1 Pl DIT (0,1 MO, 25 pl RNAse

i nhi bit Yoo, 25 1
Reagent Epo
Template c¢DNA Epo 5 i
polymerase Vent 1U (0,5u1)
polymerase buffer Vent buffer 1x (10pl)
(10x)
dNTPs (10 mM) 200 pM (2ul)
MgCl. (50 mM) /

Primer for (10 pM) 30pM (3ul)
Primer back (10 pM) 30 pM (3pl)

DMSO /

Hz0 76,5yl

PCR cycle

1 Denaturation 95°C 2 min
2 Denaturation 94°C 45 sec
3 Primer annealing 58°C 30 sec
4 extension 72°C 1 min
5. finish extension 72°C 10 min
6. cycles 30

The PCR amplification products are analyzed by agarose gel electrophoresis.

3.5 Agarose gel electrophoresis

6 x BX buffer bromphenol blue 0,25 %; xylene cyanol 0,25 %, glycerol 30 %



| ncubation: 60 mn 37 C Inactivation: 5 mn 100 C 3.4 Pol ynerase chain
reaction The follow ng conponents are added to a sterile 1.5 nl

m cr ocentwpfoaggesdpuube at 4C. PCR conditions are |isted belPOWEPREaxIefhit Epo
Tenpl ate cDNA Epo 5 pl polynerase Vent 1 U (0,5pl) polynerase buffer Vent
buffer 1x (10pl) (10x) 200 pM (2pl) -gyNOPs (10 MM Mg 2 (SO0 mM) / Primer
for (10 pM 30pM (3p1l) Primer back (10 pM 30 pM (3pl) DVMSO/ H2O PCR
cycle 76, 1 Denaturation 95C 2 min 2 Denaturation 94C 45 sec 3 Prinmer
anneal extension 72C 10 min

30 sec xt e on, 7.2
cycﬂg bé%cﬁ' he PCR 3%6 %‘%9 S'ﬁc'ﬁlr%ﬁﬁﬁ'ﬁtag'daﬁ%1 5’!‘15@%&@ HW B Ost00 el
eI ectrophoresis. 3.5 ﬁg@rdfm@dg@hogbmwzgphorem s 6 x BX buffer bronphenol
0,25 % cerol 30 % WD 03/ 045995 -24

bl ue 0, 25, % cyano

PCT/ EPEATA! QIQ/ )ﬁ(@ﬁbu??%("g’?ﬁ?@”%@@gé@?@) dagyilgtypgtDaet i ¢ acid 57,1 m; EDTA
(0,5 M pH8,0) 100 pig pﬁ%&'ﬁiﬁﬂ 59 EEQQQIHbo'ﬂ?%ﬁ&rﬁ)@%r%mégfﬂlfeldluplo Pg
bact eri ophage Lanbda-w|d g

with H.0 ad 200 pl

1 h at 37°C digested, 20 min at 65 C inactivated; supplemented with

40 pl BX-loading buffer)

1g agarose and 99g 1xTAE buffer are melted in the microwave oven, cooled down to
approximately 60°C and supplemented with 3 pl of ethidium bromide stock solution (10
mg/ml). Gels are run in 1XTAE buffer at 100-300 V for approximately 30 min, depending on
the length of the DNA fragments to be separated. Each lane contains 10 pl sample mixed
with 2 pl 6 x BX buffer. Identification of DNA fragments is based on comparison with a
Lamba/Hind il digest molecular weight standard.

3.6  Preparation of PCR products and vectors for ligation

3.6.1 Restriction of Vector DNA and insert for sticky end cloning

10u of restriction enzyme and appropriate restriction buffers are mixed with 1ug
vector DNA and insert according to manufacturers instructions. The mixture is incubated at
37°C (30°C for Smal) between 30 and 60 min, depending on the enzymes used, vector and
insert. Then the enzyme is inactivated by heating up to 65°C for 10 min and the reaction
mixture is analyzed by agarose gel electrophoresis.

3.6.2 Ligation
pIRESneoSV40 vector

PIRESneo vector (Clontech laboratories) contains the internal ribosome entry site

(IRES) of the encephalomyocarditis virus (ECMV), which permits the translation of two open
reading frames from one messenger RNA. The expression cassette of pIRESneo contains
the human cytomegalovirus (CMV) major immediate early promoter/enhancer followed by a
multiple cloning site (MCS), the ECMV IRES followed by the neomycin phosphotransferase
gene and the polyadenylation signal of the bovine growth hormone. In this vector the CMV
promoter is replaced by the SV40 early promoter.



(2,5 pl Hnd Il +2,5pl Eco RI + 20 pl buffer R (Fernmentas) filled up
with H2O ad 200 pl; 1 h at 37C digested, 20 mn at 65 C inactivated;

suppl emrenwved3mivds 40 pi BX-1oading buffer) 1 g agarose amdTIP2/13298AE
buffer are nelted in the m crowave oven, cooled down to approxinmately 60C
and suppl emented with 3 pl of ethidiupgbrom de stock solution (10 ng/m).
Gels are run in 1xTAE buffer at 100-300 V for approximtely 30 m n,
depending on the length of the DNA fragnments to be separated. Each | ane
contains 10 pl sanple mxed wth 2 pl 6 x BX buffer. ldentification of DNA
fragments is based on conparison with a Lanba/H nd Il digest nolecular

wei ght vattangid PCRprodictenaligited with TARSHA ngasl crsr o@ﬂﬁhav]ﬁg@tl@ﬂi SpproXimata@t i on
3.6.1 Restriction of Vector DNA and insert fg{ﬁas icC end cl oni ng 10u of

rest ri 80 NEYeeter phe 29 MadpsaTbiserending i the; lergthhatg ise ﬂ%agméarrf?% 3hovh 1 Ry

vector 1%@%@&%&&%@ flaEntsth mufmﬁrﬁé f $0 pnﬁ O.UHel ifélbatid@ M xture
i's incubated at Smal ) between .30 and m n, depending on the

enzynegefirared auemight @H§°C|an§é*rhat diveppige B@st;‘i’rféhP%t"P?ﬁiWﬂeS‘zi’Ved by heating
up to eaction mxture is analyzed by agarose gel -
el ectrggﬁgétgsqést%sab ’ﬂi?’g@f‘?in Pl RESneoSVv40 vector pl RESneo vector

(C ontech Iaboratorl es) cont ai ns the internal ribosone entry site (IRES)
of the ence yocan drtTs—vi "Bl ﬁgm—wm—ch—p?rmts the translation of
two open F%egdq? frames from one rressenger RNA. The expression cassette of
pl RESneo conlajtdrs(pIHEt&ndwmn) cw2omgal ovirus (CW) nmjor i mediate early
prormter/enr]ance{@f | oned by a ¢BJIt|pIe cloning site (MCS), the ECW | RES
fol l oned by 'f (5’Sy0| n phospho% M&ferase gene and the pol yadenyl ati on
si gnal of the bRAiLgasd owt h hor1nmq1 In this vector the CW pronoter is
repl aced by the 2540 early promno 3 WO 03/ 045995 -25 PCT/ EP02/ 13298 Vect or
and PCR prod®Hier&® |igated w t™¥ @HDDNA i gase. For optinmal Iigation

appr oxi mat elyy,0 20 ng vect or and;dzﬂpmng i nsert (depending on the length) are
used in a nolar ratio of abowt 10 and mixed wth foll owing reagents in a
total volune of 10 pl H2O The incubation is perforned overnight at 15C
and 3 h at AT. Then the ligase is heat-inactivated by

3.6.3 Bacteria and culture media

JM109 (Promega, USA)

LB-medium peptone from casein 10 g; yeast extract 5 g; NaCl 10 g, adjusted to
1000 ml with H20O and set to pH 7,0 with 5M NaOH

LB agar 15 g agar in 1000 ml LB-medium

LB-Amp 100 pl ampicillin (100 mg/ml) in 1000 ml LB-medium

SOC medium bacto tryptone 20 g; yeast extract 5 g; NaCl 10 mM; KCI 3 mM; MgCl.

10 mM; glucose 20 mM, MgSO4 10 mM

3.6.4 Transformation using CaCl,

Preparation of competent bacteria (JM109)
10 ml of LB medium is inoculated with E.coli (JM109) and grown overnight at 37°C. 4

ml bacterial culture is diluted 1:100 in LB medium and grown until having reached ODazgo nm
of 0.8. Bacteria are centrifuged at 4500 rpm for 10 min at 4°C and the cell pellet is
resuspended in 10 ml 0.1 M CaCl, (4°C)/50 ml bacterial suspension used. The celis are



i ncubation at 65C for 10 m nutes. Reagent Final ampunt Vector

(pl RESneoSV40) - 20 ng Insert (Epo) - 200 ng T4 DNA Ligase | u (1 N)

Buf fer (Swp 03x4%925pl) H20 ad 10 pi 3.6.3 Bacteria and culpcareporestvn JMLO9
(Promega, USA) LB-nedi um peptone fromcasein 10 g; yeast extract 5 g; NaC

10 g, adjusted to 1000 mM with H2O angl set to pH 7,0 with 5M NaCH LB agar

15 g agar in 1000 m LB-nedium LB Anmp T00 pl anpicillin (100 ng/m) in 1000
m LB- medi um SOC nmedi um bacto tryptone 20 g; yga?‘r}vl gxtéric'fr 5 g];c NaC![ 10 mvt
KC 3 Cl2, 10 mM glucose 20 nM S 1 3. 6. ransformation
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cul turthoiegjl’\gircfzg??dmﬂqgg%y%n%%angdglg%%]f gérllwgcgrom until having reached OD260
nm of 0.glragermatianare centrifuged at 4500 rpmfor 10 min at 4C and the

gﬁlslpegg! l)ﬁt'rlljgga?ml‘%ﬁe ceP??%P@'%%ngéﬁ%%%%@%@%‘%?3@\0'%2‘%?4’f uged,
t hle peltp d¥1108 cerésetgptamré@rr id, rgea?ymimdjainmrpgaﬁl:] R:eefndS?(k)ﬂringumeaat d;_mé e%a drot al

17 et R A AR ISl 82 s 1
ng pl asliﬁi”G' diptely plgceriomibe foozmmllﬁlﬁsg?ﬁneaoeu{l -Sms 2@213&; g,?ﬂggagoe Eﬁgﬁﬂ% ;32 aput
wat er barR nsEBaflon S0 A8 £ arSreiing B0 i OF PAiEtn Sibe)oiBh 2BL8ARP1 co f or
2 m nubledes.Then 900 pl SOC nmediumis added to the tube and incubated for

30 mn at 37C before plating 100 pl of bacteria suspension on LB-Am
pl at es.

3.6.5 Screening and establishing glycerin cultures

Ampicillin resistant colonies are screened for the inserted DNA fragment by PCR
technique. Portions of ampicillin resistant colonies are mixed with the PCR reaction mixture
and with specific primers against the cloned DNA fragment (see below). Positive colonies
show PCR-amplified DNA bands in agarose gel electrophoresis. These colonies are then
propagated in LB-Amp medium for further analysis and plasmid purification. For further use

and storage 1 ml of desired bacteria culture is mixed with 500 ul glycerin (87 %) and stored
at —-80°C.

3.6.6 Wizard® Plus SV Minipreps DNA Purification System

Cell resuspension solution  Tris-HC] 50 mM, pH7.5; EDTA 10 mM, RNase A 100 pg/mi

Cell lysis solution NaOH 0.2 M, SDS 1%

Neutralization solution guanidine hydrochloride 4.09M, potassium acetate 0.759M;
glacial acetic acid 2.12M, pH 4.2

Column wash solution potassium acetate 60 mM, Tris-HCl 10 mM, pH 7.5;

ethanol 60%
2-3 ml LB-Amp medium are inoculated with a single colony and incubated at 37°C over
night. The solution is centrifuged (12000xg, 5 min) and the resulting pellet is thoroughly
resuspended in 250 pl resuspension solution and then 250 pl of cell lysis solution, mixed by
inverting the tubes 4 times and incubated at RT for 1-5 min. Thereafter 10 pl of alkaline
protease solution (incubated at RT for 5 min) and 350 pi neutralization solution ware added.



3.6.5 Screening and establishing glycerin cultures Anpicillin resistant
colonies are screened for the inserted DNA fragnent by PCR techni que.
Portions whDoamwioes | | in resistant colonies are m xed w th Pog/EPCRIFERACt | ON
m xture and with specific primers against the cloned DNA fragnent (see
bel ow). Positive colonies show PCR—a%pI i fied DNA bands in agarose gel

el ectrophoresis. These colonies are t propagated in LB-Anp nmedi um for
further analysis and plasmd purification. For further use and storage 1

m of esgﬂered bac;gg: cultgre is. mxed with 500 YCEI‘I n (87 % and
st or ed edpEmedigiey rywed Py épvertinadt4 fimes gnd e tl!ﬂ'@@fﬁj ysgiedia cpafifugedt em

Cel | raesuzepe fo?n 0Ffh 4t RINTAE cfeakdd | é&ierg\drarrélrgre‘ét SR agNase A 100
pg/ m 'fH9‘§§ is solution NaCH O. 2y A)rNeu?r Irf(z:atr on soI ution

guani %W @998’!‘9 Gamin) GQMhep‘éﬂ'%‘Q |'%W@%f2?éttﬂt°§ vathagasiing splationdV5@cet i ¢

aci d 2,/b3hl |.Whédﬂ£@'éﬂﬁ@d%ﬁho§ I'Alibiess macetate 60 mM Tris- HC
10 mvﬁl pH y’g et hanol 60% 2 %4 LB- Ar#;%@&a{&% are inoculated with a
singl e col ony and i ncubated at 37C over night. The solution is centrifuged
(12000xg, 5 mn) and the resulting pellet is thoroughly resuspended in 250

pl resgrgpeggd,,ggﬂ,cﬁ,gldfbyagn,,@d then 250. p1 of cell lysis solution, m xed by
inverting the tubés 4 times and incubated at RT for 1-5 mn. Thereafter 10

pl of al kaThmmsemd)émﬁBc@éMtSeqUeﬁctdﬁb#l@ﬂﬁ(éef&sd&:f Alﬁinég fb}l and 350 pl
neutra‘% Z’§9{§ %@ ﬁﬁﬁ»g)g‘?re 8_@ VWO 03/ 045995 PCT/ EPO2/ 13298 -27 The
tube i€ Higa) W ?chﬁﬁ Armess. Qligerucieniide memess fas theal | ysate
i s cerdniplifisgesh ofEEpo]arZﬂQ@m:ir@ grér@iof@r andtorAkqued dnafRisefte! |l|¥t§8tb% (?vﬁ
transferred to Spin Colums an centrlfuged (12000xg, 5 mn) he
columm is washed twice with washing solution (750 pl/250 pl). The DNA is
eluted with 100 pl nucl ease-free water. 3.6.7 Sequencing of plasm ds The

i nserted-—segquences—are sequenced hy IRl (Gerasdorf, Austria) and by
GenXprQ§'5°('N)E|PPHdV‘BF'm‘F" Aust$P'a‘)eWet h specific pr| mers. Ai gonucl eot i de
priners for the anptificatiom of Epo and—Sv40earty—pronoter—and—for

sequence analysis are listed below digonucleotide prinmer SV40early
pr oot €V40early promoter

SV40 early Clal for 5'-aga tcg atc aag cit ttt gca aaa gec tag-3 SEQID No. 13

SV40 early Nrul back 5'-agt cgc gag cgc agc acc atg gecc tg-3°  SEQ ID No.14

SV40 early 281 back 5°-gce cag ttc cgc cea tic-3° SEQID No. 15
Epo

Epo BamHl| for 5'-tag gat cct cat ctg tcc cet gtc ctg ¢-3° SEQID No.16

Epo EcoRI back 5'-tag aat tcc gee atg ggg gtg cac gaa tgt cc-3°

SEQ ID No. 17

Epo 221 for 5’-taa ctt tgg igt ctg gga-3° SEQID No.18

Epo 204 back 5’°-tcc cag aca cca aag it-3° SEQID No.19
pPIRESneo

pIRESneo 181 back 5’-tta ggg tta ggc gtt ttg cg-3° SEQID No.20

pIRESneo 1016 for 5"-act cac ccc aac agc cg-3° SEQ ID No. 21

plIRESneo 2786 for 5°-ggcc aaa caa cag atg gct-3° SEQ ID No. 22

pIRES-200 back 5'-tgg aaa gag tca aat gge-3° SEQ D No. 23




SV40 early Clal for SV40 early Nrul back SV40 early 281 back Epo Epo
BanmH for Epo EcoR back Epo 221 for Epo 204 back plRESneo pl RESneo 181
back pl REGrao43916 for pl RESneo 2786 for pl RES-200 backC®apozrnzes 5' - aga
tcg atc aag ctt ttt gca aaa gcc tag-3 SEQ ID No. 13 5'-agt cgc gag cgc agc
acc atg gcc tg-3'" SEQ I D No. 14 5'-g?§_cag ftc cgc cca ttc-3' SEQ ID No. 15
5'-tag gat cct cat ctg tcc cct gtc ctg c-3' SEQID No.16 5'-tag aat tcc
gcc atg ggg gtg cac gaa tgt cc-3' SEQID No. 17 5 -taa ctt tgg tgt ctg
gga-3' SEQ ID No.18 5'-tcc cag aca cca aag tt-3'" SEQ ID No.19 5" -tta ggg
tta g4c gConstryctign of peE@IdPSNo. 20 5'-act cac ccc aac agc cg-3' SEQ I D No.
21 5'-ggcc aaa caa cag atg get-3'" SEQ ID No. 22 5'-tgg aaa gag tca aat

ggc- 3%2/ ?é%gﬁog%gtmp 3'aBhe s m m8 4. Construction of plasmd p5

PCT/ E repa a lon o e Epo gene fragnment The structural gene
For Ei?ﬁe GhuSBmMA %@Mé IFr R @Liman elrﬁh@ﬁ’@ietlﬁ) ie AnipHfiROBY BGRru;mg)SVGPI RNEO as a
tenpl ate DNA. The sequence_of ERO I S én .GenBank ., A

pSVGPlRNEO asa template DNA. The seque ce o po is given in Ger?éanﬁ( Accesswn

No. M 11319.1. Recognition sites for Notl and Kspl are introduced into the upstream and

downstream primer, respectively. The primers are designed as follows:

Oligo 2004-09: Length: 45mer
5’- ggg gac ggc cac atg ggg gty cac gaa tgt cct gec tgg ctg tgg -3 SEQID No. 24
5" Noti: gcaaccgc a(= pos. 665 in PSVGPIRNEO) tgggggatg............... SEQID No. 25
Oligo 2004-10: Length: 44mer
5’- ggg gec geg gic atc tgt cce ctg tee tge agg cetcecctgtg -3 SEQ ID No. 26
5° Kspl:  ccgegqg -t (= pos. 1246 in PSVGPIRNEO) catctgtccect........ SEQID No. 27

The amplification product of primers 2004-09 + 2004-10 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 604
bp is purified using DNA isolation columns, digested with Kspl and Notl, and gel-purified.
The resulting 592 bp Kspl/Notl Fragment is used in the triple ligation described below.

4.2 Preparation of the termination region SV40LTpolyA/IVS
The termination region of SV40LTpolyA/IVS is recloned from pSV2neo by PCR in a similar

manner to that described above in section 1.4 for the construction of p2-neo except that the
primers are designed with different restriction endonuclease recognition sites: the site for
Kspl (=Sacll) is included into the upstream primer and the sites for Sacl and EcoRl into the

downstream primer.

Oligo 2004-11: length: 42mer
5°- ggg gec geg gtt tgt gaa gga acc tta ctt ctg tgg tgt gac - 3° SEQ D No. 28
5° Kspl:  ccgeqg - t (= pos. 1598 in pSV2neo) tigtgaaggaa............. SEQ ID No. 29
Oligo 2004-12: length: 46mer

5°- ggg gga gct cga att cga tcc aga cat gat aag ata catiga g - 3 SEQ D No. 30



No. M 11319.1. Recognition sites for Nofl and Kspl are introduced into the
upstream and downstream priner, respectively. The prinmers are designed as
foll ows: WDIgO420D4- 09: Length: 45mer 5' - ggg ggc ggc ar c PETEPIYeB298 g cac
gaa tgt cct gcc tgg ctg tgg - 3 SEQID No. 24 5" Nofl: gcggccgc a(= pos.
665 in PSVGPI RNEO) tgggggtg ........ ~29-... SEQID No. 25 digo 2004-10:
Length: 44mer 5'- ggg gcc gg gtc atc tgt ccc ctg tcc tgec agg cct ccc ctg tg
- 3 SEQID No. 26 5" Kspl: cc-qc-gqq - t (= pos. 1246 in PSVGPI RNEO)

5 . I : . Liicati d '
2004- 08 So95ePTto seoile Jaak 81 Bl rtoR G VRled Heeabr Bcetaling 4™
Di agnostics), as described above. The resulting DNA fragnent of 604 bp is
ifi ' i sqQl ation col . dj d with I d Nofl, d
DR B8 Bl 8 AT G el i
tripl e polytrasy(Fbene Digibshed) o debcrbdd aitveatTeteSitid ONAGHRAL bOgyd €gi on

SVA40LTpol yA/ 1 VS The term nati on region of SV40I__TpoIg | VS is recloned from
pSV2ne PR PR ysing DNA islationgolmeans and digested wdth KspbandifadcTheresding on 1. 4

for thenNonsghestdfdbsYp iB4h |BYfeRE that the priners are designed with
different reStriction endonucl ease recognition sites: the site for Kspl

(=Sacll) is included into the upstreamprinmer and the sites for Sad and
EcoR i4mt o Preparatigiyefthe pgveeiorPart O i go 2004-11: length: 42mer 5' - ggg gcc

gcg gtttgt a a fta cttc i t,gt. -3'" SEO ID No. 28 5" Kspl:
ccqeqq - t ?2 pb%g'?'d 'Si%qﬂgﬂ}@hgﬂ'}igg‘@a?)agggg%a@ .g?.g’. respectively.gfhg P¥ANG. 29
i go Hhid@withem@lie pAéspratdse ang sk G&ﬁo:qeégprﬁ&ﬂi@%él AfidfC aga cat gat aag
ata cattga g -3' SEQ ID No. 30 WD 03/045995 PCT/ EP02/ 13298 -29 5'

Sad/ , ' -0 (= . 752 i SV2 ....SEQ ID
Ng. gg IeTgﬁ&C{igqt aa%'%?ﬁ'sﬁl'agl?s}&f%ﬁs"ﬂpiﬂﬁelrg 2004?32) +at288?19igaitg pr eparQed
by PCR i ] i , d i,b . Th
sl ng. DU Hot SR VBEbP S it Bt ROR L R e stk S SRS KBRS

and di ¢emiratonirédiolSV40aTipolB&B]S arEHigategisnlohk tigatidiN®atticagNigatiorPExpess,bp i s
t hen g@lo- urifie

sequenti gy f&ﬁ%‘f’gﬁgﬂg F’ﬁgrae{\ia?ﬁe;(:?%n% Efg&&@éﬁéél?{n@ﬁ%?wi%%@%b%&w ?s AL
t r eat edmpicilin.al kal i ne phosphat ase and the vector fragment is gel-purified.
Positive transformants containing both fragments inserted are screened by colony
hybridization using both amplified fragments 2004-09/2004-10 and 2004-11/2004-12, as
labeled probes. Ten clones which gave a positive hybridization signal with both probes are
chosen for a "midi" scale plasmid preparation (Qiagen).
Restriction analysis is performed using the enzymes BamHI (1 fragment 4723 bp),
EcoRl (2 fragments, 2913, 1810 bp) and Pvull (4 fragments 2513, 1204, 903, 103 bp). Two
clones showing the correct restriction fragments are selected and checked by sequencing.
The whole cassette cloned into pBluescript Il SK+ is sequenced and compared to the
expected nucleotide sequence. Every single nucleotide could be successfully verified. The
plasmids are designated p5.

5. Construction of pEpo/neo

5.1 Construction of pEpo/neo 12-1
p5 plasmid DNA is digested with BamHI and EcoR| and the resulting 1792 bp fragment
representing the cassette of SV40promoter-Epogene-SV40terminator is gel-purified.



4.4 Triple ligation and isolation of plasmd p5 The Nofl/Sacl vector part

of plasm d p3, the Kspl/Nofl Epo gene and the Kspll Sad term nation region
SVAOLTpolwa/iBNE&9as e |igated in one ligation reaction (Lig&CTr@PoExeess,
Clontech). Transformants of are selected on LB nmedi um suppl enented with 100
mg/1  anpicillin. Positive transforrn_a%g contai ning both fragnents inserted
are screened by colony hybridization using both anplified fragnments

2004- 09/ 2004- 10 and 2004-11/2004-12, as |abeled probes. Ten cl ones which
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sel ect expegied fmnejﬂataed sixes pﬁmdbemmmdlﬂerlfyﬁgnh@dldné e adormttpEpofridol on t he

DNA i s, b, ransforrred into E.coli SURE (see above) and plasm d DNA prepared
usi ng a -prep"” procedure (Q agen) froma culture

5.2 The final construction of pEpo/neo

The upstream region of the Epo gene in pEpo/neo-12-1 is changed at position minus-3 from
the start ATG. An additional nucleotide A is introduced to result in the purine base G at
position -3 from start ATG. A purine at that position may improve the expression level of the

gene. For that purpose the Epo gene is reamplified using an adapted upstream primer
2004-09-a;

Oligo 2004-09-a: length: 46mer
5"~ gggggcggecgcaatgggggtgcacgaatgtectgectggetgtag - 3° SEQID No. 32

The amplification product of primers 2004-09_a + 2004-10 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 605
bp is purified using DNA isolation columns and digested using Kspl and Nofl. The resulting
DNA fragment of 593 bp is then gel-purified.

pEpo/neo-12-1 plasmid DNA is digested with Kspl and Noti, respectively, to remove
the Epo gene. The 5599 bp fragment is then gel-purified. Both prepared DNAs are ligated
to each other (Ligation Express, Clontech). Plasmid DNA from transformants is isolated and



i nocul ated by a single colony (pEpo/neo-12-1). Restriction analysis is
performed using the follow ng enzynmes: BanmH , Hindlll, EcoR, Ncol, Nod,
Psil, Spewp o3pidoos Pvull, Nari. The expected fragnments an@CIEPe¥y132081l d be
found, verifying the clone as a correct pEpo/neo clone. 5.2 The final
construction of pEpo/neo The upstreamgl egion of the Epo gene in

pEpo/ neo-12-1 is changed at position mnus-3 from the start ATG An
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anpl i fi cat i frPositivelglone dd sqlectedite ispetDNA using 2 Midi-prep sropedipay@idgéy). PCR
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then gel -purified. /neo=1 2-1 plasm i s digested with Kspl an
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Expres &I_ nt‘ec ~.Plasm.d DNA fromtransformants is isolated and WO
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suppl emented with 70 ng/1 anpicillin. DNAs are analyzed by restriction
using Ncol in a first screening. A positive clone is selected to isolate

DNA usihg a, " i prep: procedure (Q agen). An extended restriction '
anal ysk§g'i“9'ep£1r88?§'éﬁ&i&'{)ﬂgp'ﬂﬁmlﬁ’ FPHN'P??I 1, EcoR, Ncol, Notl, Pstl, Spel,
Sphl', ¥vul tondtidtion'epEyRRcEBY fragments and sizes could be found,
verifying the <clone as a correct pEpo/neo. Every single nucleotide of the

whol e cassette (SV40early_pronoter - neo gene - SV4OLTpol yA/1VS -
Sv4oealdly pPrRaration otdhe dfdneene Sv40LTpol yA/ 1 VS) inserted in the pBR322
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dhfr gelaemid pLTRdhfr26 (ATCC 37295). The nucleotide sequence of the mouse dhfr cDNA
(MUSDHFR) is available as GenBank Accession No. L263186.
The dhfr is amplified from pLTRdhfr26 using primers designed to produce a
fragment containing the coding region from the start ATG at position 56 to the stop codon
TAA at position 619. As for the amplification of the neomycin resistance gene described
above, Hindlll and Spel sites are introduced in the upstream and downstream amplification
primers, respectively. An EcoRl site is also introduced into the reverse primer beside the

Spel site. The sequence of the oligonucleotides is as follows:

Oligo 2004-13: length: 39mer

5°- ggg gaa gct tat ggt tcg acc att gaa ctg cat cgt cge - 3° SEQ ID No. 33
5" Hindlll: aagctt - A (= pos. 56 in MUSDHFR) TGgttcgaccattg............. SEQ ID No. 34
Oligo 2004-14: length: 42mer

5°- ggg gaa tic act agt tag tct ttc ttc tcg tag act tca aac - 3° SEQ ID No. 35
5" EcoRl / Spel:

SEQ D No. 36



The dhfr gene used for the vector construction is taken froma nouse cDNA,
present in plasmd pLTRdhfr26 (ATCC 37295). The nucl eoti de sequence of the
nouse dhfwooBMS99f MUSDHFR) i s avail abl e as GenBank AccessiPon/HH02/11296316.
The dhfr is anplified from pLTRdhfr26 usi ng primers designed to produce a
fragnent containing the coding regi oR fromthe start ATG at position 56 to
the stop codon TAA at position 619. %\s for the anplification of the
neonycin resistance gene described above, HndlIl and Spel sites are

i ntroduced in the upstream and downstream anplification primer
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t he ex refu y-sequencing réelevant parts of
the C@ﬁetdhwﬁ’@folaﬁe rddasm@l gEhiscdesigriatéchas pil -dfr-CDiSe dheawnelysis|of the onot er
sequences revealed one deviation within the dhfr gene from the sequence published in
MUSDHFR, specifically a change from T to C at position 451 of the MUSDHFR sequence.
Subsequent sequencing showed that this change is also present in the source plasmid.
However the resulting change does not cause a change in the amino acid sequence

encoded by nucleotide sequence since CTT and CTC both encode leucine.

1.3 Preparation of p2-dhfr-CDS
p1-dhfr-CDS plasmid DNA is digested using EcoRl + Spel. The resulting linearized fragment
is purified and ligated with the amplified fragment containing SV40LTpolyA/IVS (described
above). Following transformation and selection, resulting plasmids are analyzed by
restriction analysis using Acdl (3 fragments of 2994, 855 and 216 bp). A few are selected
and additionally analyzed using Hincll (2 fragments of 3466 bp and 599 bp, respectively),
AfMI (2 fragments of 2872 bp and 1193 bp, respectively) and Bghl (2 fragments of 2371 bp
and 1694 bp, respectively).

A plasmid DNA showing all the expected fragments in the correct sizes is further

checked by sequencing. A verified plasmid is designated as p2-dhfr-CDS.
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Ncol . A clone showing the expected fragments (Ncol: 4085 bp and 1760 bp) is selected

and designated as pEpo/dhfr-21. For additional purification the DNA is retransformed into

E.coli SURE (see above) and plasmid DNA prepared using a "Midi-prep" procedure

(Qiagen) from a culture inoculated by a single colony (pEpo/dhfr-21-1).

Restriction analysis is performed using the following enzymes: BamHl, Hindlll,
EcoRl, Ncol, Notl, Pstl, Spel, Sphi, Pvuil, Nad. All the expected fragments and sizes could
be found, verifying the clone as a correct pEpo/dhfr-21.

2.2  The final construction of pEpo/dhfr
In the same way as for pEpo/neo the upstream region of the Epo gene in Epo/dhfr-21 is
changed at position -3 referred to the start ATG. An additional nucleotide A is introduced to
result in the purine base G at position ~3 from start ATG. The Epo gene is reamplified as
described in Example 1, section 4.2.

PEpo/dhfr-21 plasmid DNA is digested with Kspl and Nofl, to remove the Epo gene.
The 5259 bp fragment is then gel-purified.

Both prepared DNAs are ligated to each other (Ligation Express, Clontech). Plasmid
DNA from transformants is isolated and purified from colonies on LB medium supplemented
with 70 mg/l ampicillin. DNAs are analyzed by restriction using Ncol in a first screening.
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with cultivation medium. After cultivation for 24 hours in the serum-containing medium we

switched to selection medium. Transfected cell-pools are first cultivated in selection medium

to confluence and then in amplification medium (4.8x1 0 M MTX) before screening the cell

culture supernatants by ELISA for Epo production. Highest producers are determined, the

MTX concentration increased two-fold and best producers used for further cultivation. 7

recombinant cell pools are selected and comparison made of the growing propetties, the

Epo productivity, the protein pattern (by western blot analysis), the Epo functionality and the

chromosomal stability.

Transfection in T25-flasks is carried out with 2.5 pg pEpo/neo, 0.05 pg pEpo/dhfr
and 15 pl lipofectin (09/T25/1 and 09/T25/2) per T25-flask and with 2 pg pEpo/neo, 0.4 ug
pEpo/dhfr and 15 pl lipofectin (09/T25/3 and 09/T25/4) per T25-flask.

Additionally five plates are each transfected with 10 ug pEpo/neo, 0.2 ug pEpo/dhfr
and 60 pl lipofectin per plate (09/96/1 - 09/96/5), five plates with 8 g pEpo/neo, 1.6 pg
pEpo/dhfr and 60 pl lipofectin per plate (09/96/6 - 09/96/10). Plates 11 and 12 are
transfected with 6.25 pg pEpo/neo, 0.08 pg pEpo/dhfr and 37.5 pli lipofectin each.

In brief, 0.25 pg DNA/cm? and 1.5 pl Iipofectin-reagent/cm2 are used and this
DNA/lipid cocktail adjusted to 200 plicm? cell layer.



DNA/ l'i pid cocktail to 200 pl/cnR cell layer. Then the cells are overlaid
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afte analyzed at 1.9x107 M MTX where the single cultures do not differ significantly.

Cell morphology is compared by light microscopy and Coulter Counter nucleus DNA
analysis. Clones 09/96/7E9, 09/96/6C5, 09/96/5H1, 09/96/5D4 and 09/96/3D5 feature the
same nucleus size distribution as the host cell line CHO-DHFR'. In contrast, cell lines
09/96/1F5 and 09/96/3H5 have larger nuclei. It is known from previous experiments that
this results from an extended number of chromosomes. It is therefore decided to use cione
09/96/3D5 for further stabilization.

The functionality test for Epo on TF-1 cells gives the same slope for all seven culture
supernatants compared with the recombinant pharmaceutical product.

The recombinant protein is tested by SDS PAGE and western blotting at each MTX
concentration and only minor changes are found in any of the recombinant culture
supernatants. The clones produce Epo.

Summary and Discussion
The selection of a recombinant, Epo expressing CHO-cell line from the construction of
eukaryotic expression vectors up to the transfection of mammalian cells and isolation of



screening all clones, growing in 4.8x10-8 M MIX, 7 clones are sel ected,
designated 09/96/1 F5, 09/96/3D5, 09/96/3H5, 09/96/5D4, 09/96/5HL1,

09/ 96/ 6Cowend/0@e®»96/ 7TE6, and their growi ng properties, EpecTmrodupg vity,
protein pattern in western blots, Epo functionality tests and chronosonal
stability conpared. The cell doublinggtinme seems to be the same for all
clones and they can be split 1:2 to 1:5 twice a week. Enhancing the MIX
concentration from9.6x10'8 Mto 1.9x10'" Malso inproves the
productivity, while further doubling the MIX concentration does .not
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Seven of these clones are conserved in liquid nitrogen and selected for further
amplification of gene copy number by increasing MTX concentration to 1.54 pM.

Table 3 compiles the plating conditions and efficiencies of the second round of
stabilization. Here the clones 09/96/3D5/1H9 and 09/96/3D5/18E5, are subcloned a final
time with 1.54 uM MTX. The cell counts per well are reduced to 4 cells. 260 single clones
are screened of which more then twenty clones of each subcultivation are transferred to T-
flasks and screened for specific productivity. The final production clones are settled by
criteria such as specific expression rate, growth conditions and nucleus size distribution.
Clones showing tetraploidy are discarded because of the experience that such cells tend to
show complicated growth patterns in bioreactors. After screening the following six

subclones (four 1H9 and two 18E5 subclones) are chosen, which are frozen in liquid

nitrogen.

09/96/3D5/1H9/4C2 09/96/3D5/1H9/6C2 09/96/3D5/1H9/6D4
09/96/3D5/1H9/15B4 09/96/3D5/18E5/7A6 09/96/3D5/18E5/15C3



each time elevated |levels of Epo are detected in ELISA Exanple 4 - Further
sel ection of a reconbinant cell-line Reconbinant cell-pool 09/96/3D5 is
used for WoroBles9st abilization. MIX concentration is i ncreagpd2/si2epw se to
0.38 pM MIX. At this anplification |evel reconbinant 3D5 cells are
subcloned with 10 and 20 cells per wgll. Screening of culture supernatants
of wells with single clones is perforned by ELI SA Table 2 shows the

subcl oni ng conditions and efficiencies of recombinant cell-pool 3D5 in the
presence of 0.38 pM MIX. 300 supernatants of single clones are tested.
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Western blot

Isoelectric focussing

DNA content and stability

Clone stability
All six cell-lines could be grown in serum-free growth media and are split twice a

week. Cryopreservation is also performed without serum and after thawing the cultivation
medium is switched to serum free production medium. This formulation is enriched in
glucose and amino acids.

After 5 passages different protein and cellular parameters are determined and one
production clone (09/96/3D5/1H9/6C2; abbreviated 6C2) and one back up clone
(09/96/3D5/1H9/4C2; abbreviated 4C2) selected.

Example 6 - Comparison of the recombinant cell-lines

Growth properties of the six cell-lines from Examples 4 and 5 are calculated over several
weeks by determining the cell counts in culture as well as splitting ratios during passaging.
The Epo productivity is tested by ELISA. From that data the specific productivity and

specific growth rate as described above are calculated.



adaptation tinme, when nearly all cells grew in suspension, the clones are
passaged twice a week and cultivated as suspension-culture. Clones are
cul ti vat eeOfoa1043095 - 13 passages in serumfree adaptati on mediEPY/bRPIOr e
cryopreservation. Six anpoules wth 5x106 cells each are frozen of every
cell-line in liquid nitrogen with seggmfree freezing nedium After

thawi ng, the clones are cultivated in serumfree production medi um
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bands become visible. There is one characteristic double-band seen on the western biot

approximately in the middle of the gel; the next band down under this double-band is

defined as band number one and 9 to 10 bands are visible in this acidic part of the gel. The

comparable commercial product gave four major bands that correspond to band number six
to nine in the heterogeneous product.
DNA content of recombinant cells

The DNA content is proportional to the numbers of chromosomes of cell-lines. The stability
of a recombinant cell-fine is in part influenced by the chromosomal count and the identity of
DNA content is verified by comparison to the host cell-ine (CHO dhfr).

Summary and Discussion
The isolation of recombinant, Epo expressing CHO cell-lines is described herein. After two
rounds of subcloning six cell-lines are compared for different properties as the basis for the
designation of one final production clone. The analytical basis is mainly ELISA, western
blotting and IEF tests as well as DNA measurement by FACS analysis.

The western blot pattern of the recombinant culture supernatants shows several
additional lower molecular weight bands compared to the commercial purified protein. One
explanation is that these additional bands represent isoforms which are removed during the
down stream processing leading to the commercial product compared. Another possibility
that artificial bands are being detected due to incomplete uptake of SDS.

Isoelectric focussing gives identical isoform-distribution for all cell culture supernatants,
irrespective of their Qp.



SDS- PAGE under reducing conditions The supernatants of the six cell-Ilines
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for all cell culture supernatants, irrespective of their Q. WO 03/045995
- 39 PCiid=LOD daid@ 6C2 is cultivated in Fed-Batch (T43C6C2) mode in a 150 L bioreactor.

Using a cell culture medium consisting of amino acid-supplemented 50:50 DMEM/Hams
F12 and containing 0.25% of a plant peptide, 0.1% lutrol, 1.54 uM methotrexate (MTX), 4
g/L glucose, 2.5 g/L NaHCO;, ethanolamine, ferric citrate, ascorbic acid and sodium
selenite. The medfum did not contain any expensive functional proteins (recombinant or
from natural sources). Components derived from an animal origin are present. The cells are
seeded at around 5x10° cells/mL in 56 L medium. The pO, is set to 50% air saturation,
temperature to 37°C and the pH to 7.0 and kept constant during the course of the
fermentation.

The glucose concentration is kept above 1g/L. After 4 days the reactor is filled to
150 L with fresh medium. After day 9 the batch is extended by adding 1875 mL of a nutrient
concentrate containing amino acids, a carbohydrate and a plant derived peptone. After 10
days another 1875 mL of the nutrient concentrate are added. Two days later (day 12) the

supernatant containing erythropoietin is harvested.

Example 9 - Production of erythropoietin in a bioreactor without methotrexate



The best producing clone and easiest-handling is clone 6C2 which is chosen
as production clone. As back-up clone 4C2 is chosen. Both clones can be

pr opagat eaoioa/ou9bs er bottles. Exanple 7 - Cultivation of PCH®PO®L3298 i n

T- Fl asks Reconbi nant human Eryt hropoietin is produced in a Chinese hanster
ovary cell line (CHO under serumfrgg.conditions in T-Flasks. The culture
Is seeded with a 2.67 x 105 cells/nm.. After a three day incubation period
a final cel | density of 9.35 x 105 cells/nL is reached (_> p = 0.42
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erythropoietin is harvested. Exanple 9 - Production of erythropoietinin a
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bloreactor Bioreactor 1 is operated as in Example 10 (Kamp 4 B5-2). In bioreactor 2 a cell
culture medium is used consisting of an enriched amino acid supplemented 50:50
DMEM/Hams F12 and containing a 0.325% of a plant peptide, 0.1% lutrol, 6.4 g/L glucose,
2.5 g/L NaHCO,, ethanolamine, ferric-citrate, ascorbic acid and sodium selenite and 0.6 g/L
phosphate. The cells are seed at around 5x10° cells/mL in 1250 mL medium. The pO; is set
to 50% air saturation, temperature to 37°C. The pH is set to 7.1 at the beginning. During the
course of the fermentation it is reduced step wise to 6.9,
Over the course of the cultivation the glucose concentration in bioreactor 2 is kept
between 3 to 4 g/L.. After 2.5 days the reactor is filled to 5 L with fresh medium. After day 6,
7, 8, 9 and 10 the batch is extended by adding an enriched nutrient concentrate containing
amino acids, a carbohydrate and a plant derived peptone. On day 11 the supernatant
containing Epo is harvested.
The cultivation with a nutrient enriched medium (amino acid, glucose, plant peptone
and phosphate) as well as the pH-shift from 7.1 to 6.9 is found to more than double the
final Epo concentration at a comparable glycosylation profile:



The gl ucose concentration is kept above 1 g/L. The cells are seed at around
5x105 <cells/nL in 1250-nL medium The P02 is set to 50% air saturation,
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PCT/ EPQ2(: : s adagyction of erythropoietin in a bioreactor
| acki ng&{':tcp)oﬁ%gﬁgﬁtés gr%leve ea@rom animals The CHO cell line 6C2 is

cultivated in Fed-Batch (Kanp 17 B5-1 and 3) node in a 5-L bioreactor. All
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i (vitamins, trace elements)
The CHO cell line 6C2 is cultivated in Fed-Batch (Kamp 12 C) mode in a 10 L bioreactor.
The bioreactor is operated as in Example 11 (Kamp 11 B5-2) with the following exceptions:

A cell culture medium is used consisting of an enriched amino acid supplemented
50:50 DMEM/Hams F12 and containing a 0.325% of a plant peptide, 0.1% lutrol, 6.4 g/L
glucose, 2.5 g/L NaHCOj3, ethanolamine, ferric-citrate, vitamins, trace elements and sodium
selenite and 0.6 g/L phosphate. The content in the concentrate is doubled and enriched
with vitamins.

The cells are seeded at around 5x10° cells/mL in 4500 mL medium. The pO: is set
to 50% air saturation, temperature to 37°C. The pH is set to 7.1 at the beginning. During the
course of the fermentation it is reduced step wise to 6.9.

Over the course of the cultivation the glucose concentration in the bioreactor is kept
between 3 to 4 g/L. After 3 days the reactor is filled to 10 L with fresh medium. After day 6,
7,8, 9, 10, 11 and 12 the batch is extended by adding the enriched nutrient concentrate.

On day 13 the supernatant containing erythropoietin is harvested.



bi oreactor 2, a cell culture nmediumis used which does not contain any
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different separatlon techniques including tangential flow filtration and centrifugation reveals
differences in the cell lysis by shear stress (measured by release of the intracellular marker
enzyme LDH ). The centrifugation gives the most gentle separation (<3U LDH/mg rhEpo)
and is to be preferred.

In the alternative, only the centrifugation via disc stack separator (without the depth
filtration step) as described above is used for the cell separation step. In another alternative,
the depth filtration step (without the centrifugation step) as described above is used.

Capture by Anion Exchange (AEX) Chromatography

After clarification the crude supernatant is diluted with approx. 3 vol. of water to
reach a final conductivity of less than or equal to 5 mS/cm and adjusted to pH 7.5 with Tris
base, before applying on the AEX-capture resin.

The used AEX-column has a bed height of about 10 — 20 ¢cm and is packed with a
Q Ceramic HyperD F (Biosepra) with good flow characteristics. It is equilibrated with 20 mM
Tris pH 7,5 and 50 mM NaCl. The diluted cell supernatant is then loaded (10 — 15 mg rhEpo
per mL resin) on the column at a flow rate of 4 — 8 cm/min and the column is washed with
10 - 15 column volumes (CV) with equilibration buffer. The product is eluted by step elution
achieved by changing to a higher conductivity buffer, 20 mM Tris pH 7,5 with 150 mM NaCl.
The peak fractions are pooled and give a yield of about 50-60%.



fermentation (4x ca. 1+2 batch node expansion stages in 2 different
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fractions a.‘:zg?pool ed and give a Ki el d of about 50-60% WO 03/045995 -43
PCT/ EP02/ 13P0%URe e APManium syliehats sontentirersthepuer Arecipitatior stepdbed by

ul t r af supekftaitohinifg tHeeprblet has to be diluted as mentioned above. An alternative is

a ultrafiltration/diafiltration step. Preferably a 5 to 10 kDa cutoff membrane is used and a
target ammonium sulphate concentration of less than 240 mM and a product concentration
of about 30 mg/ml is adjusted. The used buffer for the diafiltration step is 20 mM Tris/HCI
pH 7.0.

Reversed Phase Chromatography

The next purification step is a reversed phase chromatography which is useful in
several respects: a) the different isoforms are well separated according to their sugar
backbone (highly glycosylated/sialylated elute before less glycosylated/sialylated forms), b)
residual host cell proteins are removed with this high performance chromatography and c)
the chromatography is a robust step for virus removal as well as for virus inactivation by the
organic solvent. Source 30RPC (Amersham Biosciences) is a polymeric resin which can be
a) run under medium pressure (<10 bar) and b) sanitized with high concentrations of NaOH.
The preferred bed height is between 10 and 15 c¢m, the recommended load range 8-12 mg
rhEpo per ml packed resin.
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30RPC (Arrersham Bi osci ences a polynmeric resin which can be a) run

under ¢ailcaulivreat lavels of ypled@ %tr'§ ) sanitized with high concentrations
of NaGH. Tﬁ%nl%t%fr%rtn(/é%e@ﬁ& h@ilﬁi&be VisusdiRaouwetionlby expgbsiife l@ran drbanic ecormended

' 0ad rgg}\ge%t tr-le fragttiqonsrarlleE F[;ref;ljled with 5a \%ngesr gfs 20 ml\X\Pns p(lg (lf_’ lnstead of 4
volumes of the same buffer as described above and incubated for 20 to 40 minutes or
longer. After this incubation step another 3.5 volumes of 20 mM Tris pH 7.0 referring to the
original undiluted fraction volume are added and thus, the virus inactivation is stopped.

The fractions with or without virus inactivation are pooled for further purification.
Pooling usually starts at 50 — 100% of the maximal OD on the ascending site and ends
approx. with fractions above 70-80% on the descending site. Earlier eluting fractions can
contain host cell proteins, whereas later eluting fractions contain less sialylated, less active
isoforms. Additionally a CZE analysis can be performed to support pooling for certain
isoforms.

Anion Exchange Chromatography

The diluted RPC-pool is then loaded on a high performance AEX column, which
again helps to select for specific isoforms and remove host cell proteins. This time the
isoforms are separated according to the isoelectric point, i.e. according to the number of
sialic acids which is proportional to the grade of glycosylation. A high performance resin is
used, Q-Sepharose HP (Amersham Biosciences), which shows excellent separation
efficiency. The bed height is between 15 and 20 cm. All conditions, such as load, gradient



-44 PCT/ EPO2/ 13298 Before the RPC-step the product containing supernatant
needs to be adjusted to a final concentration of |less than 0.24 M amoni um
sul fat e .wOlBm439eMdi ti oning can be performed a) by a sub®equEPn2/13298
online-dilution step (1 vol rhEpo-supernatant + 4 vol 20 nM Tris/HC
pH7.0+ 5 vol 50 W/ ACN in 20 mM Tris/ggCl pH 7.0 during the RPC [ oad or to
save the expansive organic solvent preferentially again by diafiltration/
concentration (UF with 10 kDa cutoff) against 20 mM Tri s/ HCl pH7.0 before

t he | oadi ng step. The,columm has _been eq |I|bra d..bef hed after
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fractions (in particular approx. 0.2 CV, in the alternative approx. 0.3-0.5

CV) prifofugy ed W|th 4 vol unmes of dilution buffer (50 MM Tris pH 7,0) to
| mredi at el Wﬁeeﬁﬁgg)ooi E@o&dédwm 2A0A6 €06 bat mmesm/ah@mr&xohaméw aggr egat i on

and inpairs the | ow ng chromat ogr aphy. The frac

appr oxeéquiibeated with ZplthTfﬁaﬂH 7 8 Aftpea é’?ﬁﬂ $i6R V‘ﬁ@é@”ﬁ'P@“ﬁB%ﬂ“gar ”ieopfaf’w t he
RPC- PO lotutd@inG (?]évf ARSI @rf%eféﬁﬁﬁ&ﬂ 0 13306 nW‘NaG? AbqiRTatidheuiRRens Wi th

t he vored hi gher degree glycosylation. By this fractionatiaon regine,
des- o guwomdkaes eallectdsHp ®. hEYcrdn 0i2% Ghfraetions @nchagrlytieal Poelsiare analyzesk
position f up to
oo 1 & PaRi eGPy B hribedrtins B desks bHitoBbichitBlcimel 12 By
exposuTiee AEXmobccgmratstypmallweWe sebend haétdzflthmslutwreppﬁﬂ@w\mer%ﬂ‘e\ﬂlﬂw 0.5

vol unes, of d of 4 volunes of the sane buffer as
descrl%‘¥‘c§°S¥%‘g?£NI a’?’ﬁ%@o‘ﬁ?@(ﬁg%m S0 1o 40 minutes or | onger. After this
i ncubat i on By egingthe depillaBy SoneoelactesphofesBCZR) 3s inspropRss entret dris Persile t he
origin undi | uted. f Jon val u ar t

i nact i (Pa‘?rPgll’Fel%p@Fﬁﬁge‘fftﬁnegﬂgﬂP?eﬁte%ﬁ?g%gﬁg '%?bqvmmts%noﬂt'f teg sé{urEé’g?ilg?msat i on
are poghipd fewhighly sisiglatalisbforastduarto diffeoeitiferpentaiiahlopnditians or kixst 50 - 100%

of the maximal CD on the ascending site and ends approx. with fractions
above $#¥0% on the descending site. Earlier eluting fractions can contain

host cel | prigd eZBESs a\Mig 86lutien ﬁfett&ideapﬁl@jefolf aeparaﬂng isofotras of Higeent

sialylated, |ess active isoforns. Add nal

per f gr Rargedt gvgmaantiive iregplis A Vet sAngHe 'SP&S'I%P ﬁE&ZEﬁF éﬁ'@ ﬁ%gﬁﬁe}atgﬁ

Chr OWHEF)&HI@@HS%IEQ of Qbééi'ﬁceﬁadﬂaﬁs R2M@INngit6 atddasisicntidetdrmrpratilairgm mmlf or nance
AEX col um again ps to, select for specific |sof§rm3 apﬂarermve

host cbaichpFypicaiivithe q%}ﬂYse“ﬂt!r\Qe'qsﬁé'aM'aé%q SPIEME A g@B@P&{Yé{?O "8’y to the
i soel egfidd futpgirfictions.e. according to the nunmber of

Size Exclusion Chromatography

In a last chromatographic step the AEX-pool is polished by size exclusion, which
removes potential dimers and higher aggregates, and performs a buffer exchange for the
final formulation. The Superdex 75 prep grade (Amersham Biosciences) used in.this step
has a good resolution even at higher load volumes up to 15% of the column volume. The
preferred bed height is between 60 and 80 cm.

As it is not possible to run the AEX-chromatography of the previous step in a way to
achieve high product concentration in the AEX-pool, the pool has to be concentrated before
the gel filtration. This is performed by an ultra-filtration step using a 5 - 10 kDa UF-
membrane leading in an about 10 fold concentrated UF-retentate with approx. 10 mg
erythropoietin per mL.

About 3-7 CV% of UF-retentate are directly loaded onto a Superdex 75 pg column
preequilibrated with 20 mM Na-phosphate pH 7.0, 75 mM NaCl. After approx. 1 - 1.5 CV
the product starts to elute from the column and the elution peak is collected to give the

SEC-pool.



sialic acids which is proportional to the grade of glycosylation. A high
performance resin is used, Q Sepharose HP (Amersham Bi osci ences), which
shows excwbDloangsogseparati on efficiency. The: bed hei ght isPoatrpezmB2$ and 20
cm Al conditions, such as |oad, gradient WO 03/045995 -45 PCT/ EP02/ 13298
and bed height are defined to keep a 4@t her | ow product concentration,
which otherwise leads to a significant post-peak during elution caused by
sol vent i nduced aggregation of the product. The RPC-pool is |oaded with
2-4 ny Epo E_hgrea n on a Q Sepharose HP equilibrated with 20 nM Tri s
pH 7,0. Aft ?“%1 @8O8t ep with equilibration buffer, the product is eluted
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si al y| atrethatepéshyrs are omtted by pooling only the later eluting
fractions. Size Exclusion Chromatography In a |ast chromatographic step the
AEX- pool is polished by size exclusion, which renoves potential diners and
hi gher aggregates, and perforns a buffer exchange for the final

formul ati on. The Superdex 75 prep grade (Amersham Bi osci ences) used in-this
step has a good resolution even at higher |oad volunes up to 15% of the
colum volune. The preferred bed height is between 60 and 80 cm As it is
not possible to run the AEX-chromatography of the previous step in a way to
achi eve high product concentration in.the AEX-pool, the pool has to be
concentrated before



the gel filtration. This is performed by an ultra-filtration step using a 5
- 10 kDa UF nenbrane leading in an about 10 fold concentrated UF-retentate
W th apprwr.o30@9%% erythropoietin per nL. About 3-7 CV% @CTUPo2/e2eft at e
are directly | oaded onto a Superdex 75 pg colum preequilibrated with 20
mM Na- phosphate pH 7.0, 75 nmM NaCl. Afgzer approx. 1 - 1.5 CV the product
starts to elute fromthe colum and the elution peak is collected to give
the SEC pool. WO 03/045995 -46 PCT/ EP02/ 13298 Nano- Fi Itrati on To renove a

pot ent igh., vj.r d- Vi [ us |on step is

i npl enen b!aedi.' rﬁqﬁw@ﬁ&tﬁ?ﬁ?&%&% ‘?@%&E&%‘N@hgw PRe 8“‘%5 " menbr ane,
designed to rem)ve particles as small as 15 nm such as the Pl anova 15N
(Asabhi )[.5.\;5 Iter tive dead-end nanofiltration units are PALL Utipor VF
G ade cm pore Viresolve NFP cartridges or capsules. Especially
for small non envel oped viruses, e.g. parvovirus, there is al nost no other
tool of vi rfl.s—r-en@xca.l_or_l_nact_l#af-nn The sterile filtered SEC pool is
passed over {teangfegdiopng fi | t @umberief glonest alRe, 9+$éﬂrBrM1UT¥nc the filtrate
represents fhe final bulk dqué TS8ybst ance. /W{ y the nano-
filtration can _be inserted l?etween t he UF-gdorcentration _and the size
excl usi on [O9/@2%4t (G§rBphy. MBB03/ 045995 - 4710.16abl e 1 recorrbi nant

CHO cel | s: } t—Fpetreo—ard LE%;dhfr F25—+t+4qnsf ecti ons

PCT/ EPO2/ 13?8@%@%@ ﬁcti OI’]HH fiber of cl ones 9. 6x10 M M[X per T25[pg/1

06 cel | s/ d] IGBAYZEABETT( 50: 1) (HBG0. 16 007 1257 Joka0r 1) 10726 O3/ 25/ 3
(5: 1) 4590. 1409/ T25/ ( 5 1\ 6480 0O
09/T25/4 (5:1) * |648 0.9

96-well transfections

number of clones
transfection per plate selected clone
09/96/1 (50:1) 47 1F5
09/96/2 (50:1) 46
09/96/3 (50:1) 50 5D5, 3H5
09/96/4 (50:1) 52
09/96/5 (50:1) 49 5D4, 5H4
09/96/6 (5:1) 416 6C5
09/96/7 (5:1) 556 7E9
09/96/8 (5:1) 392
09/96/9 (5:1) 427
09/96/10 (5:1) 352
09/96/11 (75:1) 49
09/96/12 (75:1) 60 12A9




96-wel | transfections transfectionnunber of clones selected clone per plate
09/96/1 (50:1)471 F5 09/96/2 (50:1)46 09/96/3 (50: 1)505D5, 3H5 09/96/4

(50: 1) 52 WwO/084H97 50: 1) 495D4, 51-14 09/96/6 (5:1)4166C5 0RCIBIPH2/(B94) 5567E9
09/96/8 (5:1)392 09/96/9 (5:1)427 09/96/ 10 (5:1)352 09/96/11 (75:1)49
09/96/12 (75:1)6012A9 WD 03/ 045995 -48g Anplification of different clones
PCT/ EP02/ 13298 Op [pg/ 10cel I s/ d] cl one9. 6x10°" M MIX1l.9x10" M MIx3. 8x10" M
MIX 09/96/1 F51111.417.1 09/96/ 3D58. 414.411. 4 09/ 96/ 3H58. 214. 112. 9

53 53 BoRtEau o aRBERRS . ol oh i 2o o e o
cell-pool 3D5 with 0.38 pM MI'X Nunber of 96 well Nunber of seeded
Qp [pg/10cells/d]

clone 9.6x10°MMTX [1.9x10" MMTX [3.8x10" M MTX

09/96/1F5 11 11.4 171

09/96/3D5 8.4 14.4 11.4

09/96/3H5 8.2 14.1 12.9

09/96/5D4 4.9 3.8 3.6

09/96/5H1 4.7 7.1 6.7

09/96/6C5 4.2 3.8 3.6

09/96/7E9 5.5 8.8 8.9

09/96/12A9 6

Table 2: Subcloning conditions and plating efficiencies of cell-pool 3D5 with AO.38 HEM MTX

Number of 96 well

Number of seeded

plates cells/well % growing wells % single clones
25 (no. 6-30) 10 13% 77%
5(no. 1-5) 20 24% 54%




% grow ng wel |l s% single clones platescells/well
1-5) 2024%54% WO 03/ 045995 PCT/ EP02/ 13298 -49 Tabl e"3: Subcl oni ng

15( no.

25 (no.

6- 30) 101394 7%

condi t i onwoan@4bat i ng ef ficiencies of Subclone 3D5/1 H9 &0a/EPDHARSES with

1.54 pM MIX 3D5/1 H9 Number of 96 well

pl atescel | s/wel | grow ng wel | ssingle chgnes 8 (no.

1-8) 3019%16% 3D5/ 18E5 Nunber of 96 wel |
singl e clones platescells/well

8 (no.

9- 16) 4159%66% 8 ( no.

Nunber of seeded % %
9-16) 10 6.4% 85% 8 (no.
Nunmber of seeded % growi ng wel |l s%

1- 8) 829%44% Tabl e

acoeCoutothdi SHOAHTRILbN A L kil BrERRGE: P a e RN e SRR < 105

cel | s/ with 1542 MBB8. 82. 616. 416. 15

3D5/1H9

Number of 96 well

Number of seeded

%

%

plates celis/well growing wells single clones
8 (no. 9-16) 10 6.4% 85%

8 (no. 1-8) 30 19% 46%
3D5/18ES

Number of 96 well

Number of seeded

plates cells/well % growing wells % single clones
8 (no. 9-16) 4 15% 56%
8 (no. 1-8) 8 29% 44%

Table 4: Specific productivity and growth properties of recombinant CHO-clones

4C2 6C2 6D4 15B4 7A6 15C3
Inoculated cell number 217 267 289 0.71 238 2.16
[x 10° cells/ml]
Final cell number 727 935 88 2.61 6.41 6.15
[x 10° cells/ml]
Specific growth rate 0.4 0.42 0.37 043 0.33 0.35
W [days ]

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described methods and system of the invention
will be apparent to those skilled in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection with specific preferred



Final cell nunber [x 105 cells/m ] 0.40.420.370.430.330.35 Specific growh
rate p [days -1] Al publications nentioned in the above specification are
her ei n i rvorpposzaaved by reference. Various nodifications &ad/Brar/izaps ons of
t he descri bed nmet hods and system of the invention wll be apparent to
those skilled in the art wthout depab0i-ng fromthe scope and spirit of the
i nvention. Although the invention has been described in connection with
specific preferred WD 03/ 045995 PCT/ EP02/ 13298 -50 enbodi nents, it should
be und ted
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1. A net fetated fieldpaodintandgdado be ety tharscopobijthe pdlloddngodlaimst er est whi ch

met hod conprises: (a) providing a transfornmed eukaryotic host cell which
conprises a nucleotide sequence which encodes the reconbi nant pol ypepti de
of interest and which directs expression of the reconbi nant pol ypepti de of
interest in the host cell; (b) providing a serumfree culture nedi um which
conprises (i) water, a plant-derived peptone, an osnolality regulator, a
buffer, an energy source, anmino acids, a lipid source or precursor, a
source of iron, non-ferrous nmetal ions and one or nore vitam ns and
cofactors; and (ii) does not contain any full-length polypeptides; and (c)
culturing the transformed eukaryotic host cell in the cul ture nmedi um under
conditions that allow for expression of the reconbi nant pol ypepti de of
interest. 2. The method of claim1, wherein the culture nediumis
conpletely free of conponents derived froman animal. 3. The method of
claim1 wherein the reconbi nant pol ypeptide of interest is human

eryt hropoi etin.



4. The nmethod of claim 1l wherein the nucl eotide sequence encoding the
reconbi nant pol ypeptide of interest is integrated into the genone of the
host cel Iwarndoeopes ably |linked to a nucl eotide sequence emcadiPay13298

di hydrof ol ate reductase, and the host cell is cultured in the absence of
met hotrexate. 5. The method of clai m&1wherein the reconbinant pol ypeptide
of interest is human erythropoietin. 6. The nethod of claim 1l wherein the
energy source is glucose. 7. The method of claim®6 wherein the culture
nedlumbhﬂ!élally contains at least 5 g/L glucose and the concentration is
mai nt above 3 g/L during the culturing step (c). WO 03/045995
PCT/EP02/13298 -52 8. The nmethod of claim 1l wherein the cul ture medi um

cont a| an. 0,3 g/ L hos t T . i wherein the
cul tur rred J?r‘? B%‘ﬁ oélpﬁ% eaofeﬁgﬁ]%%',agt Bﬁk"e"gﬁSgﬁ‘g‘?’gS‘q@ag‘ %@O t hod of
claimdom,bwgegtn the pHis initially about 7.1 and is reduced to about 6.9
during cuIt m 10 wherein

reducti on t bcf 5"%OQP”HG?)EP"%%h%gcaﬁ‘%@?h CYRRFRA N oéeo“f'%e met hod of
claim1 V\hteé&iu%nbb?gi&[%ﬂbﬂeifﬁdgummblﬁ@nw\mmoﬂthehﬁm?ﬁtitsdlreatsd one
or nore vitam ns e nethod o a er nergy source is
gl ucose. 148XPragsionPiiBe regomyingnipe 'édee?fdmfef?ét E‘J"‘?l‘) ‘?F@dl um cont ai ns

more than Ogy p@é\hdlndj)B@émhﬂr@e c&ﬁsre%llﬁmtv\hﬁ&ﬁ @mpHsas (1) waihed plant-ddivegul t ur e

mediumis fed during culture step (c) th an enriched nutrient conprising

one or nor ePeRIPRD 3&\:‘?5&0'3'5! rqg‘ygqr érﬁ’é‘ffE'é@BcﬂWEﬂyétoé"%BWO aridhe g i ved

pept one. 165%%@ rteB&\@ona é&u%é@flrd%h@ﬁlfért&ugWtalq&@éwsﬁe st @bre d) of
recoverin reco |nant 0_y etl e of interest fromthe culture. 17.

The met hod_ vitaninappd cefagiees: @nd (m)r@eﬁé@bﬁmtﬁla@my Bi-lepathinolepeptidessebd est i s
secreted | gumpﬁ]g% {qugogﬁéﬁr R lcrn%gpafeﬁar.ﬁfhefmmémedﬁ.m ntep nmedi um

18. The net l'ar m e reconbi nant pol ypeptide of interest
is human eegnditiansdhatallaw for expression of the recombinant polypeptide of interest.

2. The method of claim 1, wherein the culture medium is completely free of

components derived from an animal.

3. The method of claim 1 wherein the recombinant polypeptide of interest is human
erythropoietin.
4. The method of claim 1 wherein the nucleotide sequence encoding the recombinant

polypeptide of interest is integrated into the genome of the host cell and operably linked to a
nucleotide sequence encoding dihydrofolate reductase, and the host cell is cultured in the

absence of methotrexate.

5. The method of claim 4 wherein the recombinant polypeptide of interest is human
erythropoietin.

6. The method of claim 1 wherein the energy source is glucose.

7. The method of claim 6 wherein the culture medium initially contains at least 5 g/L.

glucose and the concentration is maintained above 3 g/L during the culturing step (c).



WO 03/ 045995 PCT/ EPO2/ 13298 -53 19. A serumfree cell culture nedi um which
conprises (i) water, a plant-derived peptone, an osnolality regulator, a
buf fer, awoea®#39ys source, anino acids, a |lipid source or PCFAPIT0I298 a
source of iron, non-ferrous nmetal ions and one or nore vitam ns and
cofactors; and (ii) does not contai n52Ry full-length pol ypeptides. 20. The
cell culture nmedium of claim 20, wherein the nediumis conpletely free of
conponents derived froman animal. 21. The cell culture nmediumof claim19

or cl abm zogp}é\'@s?ét%@oftcgaq gﬁmg% V{f}ﬁw&lﬁun‘ Smec%rgccgﬁ&nszlﬁorentggn ﬁed é/LCUI ture

medi um any erern um con than 0.3
g/ L phphpspttate. 23. The ceII cul ture nedi um of any of clains 19 to 22,
wherein the mediumal so conprises trace el enents and one or nore vitan ns.

9. The method of claim 6 wherein the culture medium contains more than 0,3 g/L
phosphate.

10.  The method of claim 1 wherein the pH is initially about 7.1 and is reduced to about
6.9 during culturing step (c).

11.  The method of claim 10 wherein said reduction takes place over a period of at least

one day.

12.  The method of claim 1 wherein the culture medium also comprises trace elements

and one or more vitamins.
13.  The method of claim 12 wherein the energy source is glucose.

14.  The method of claim 13 wherein the culture medium contains more than 0,3 g/L

phosphate.

15.  The method of claim 1 wherein the culture medium is fed during culture step (c) with
an enriched nutrient comprising one or more amino acids, at least one carbohydrate and a

plant-derived peptone.

16.  The method of claim 1 which further comprises step (d) of recovering the
recombinant polypeptide of interest from the culture.

17.  The method of claim 16 wherein the recombinant polypeptide of interest is secreted

into the culture medium and recovered from the culture medium.

18.  The method of claim 17 wherein the recombinant polypeptide of interest is human

erythropoietin.



WO 03/045995 ‘ PCT/EP02/13298

-53-

19. A serum-free cell culture medium which comprises (i) water, a plant-derived peptone,
an osmolality regulator, a buffer, an energy source, amino acids, a lipid source or precursor,
a source of iron, non-ferrous metal ions and one or more vitamins and cofactors; and (ii)
does not contain any full-length polypeptides.

20.  The cell culture medium of claim 20, wherein the medium is completely free of
components derived from an animal.

21.  The cell culture medium of claim 19 or claim 20, wherein the energy source is
glucose.

22.  The cell culture medium any of claims 19 to 21, wherein the medium contains more
than 0.3 g/L phosphate.

23. The celi culture medium of any of claims 19 to 22, wherein the medium also

comprises trace elements and one or more vitamins.



