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Sothad for culiivating osliy for the produstive st eoruponnds

The fnvention converns a method for sulturing cells movder o g
fnonoglobuling or fagments of fmmusoglohulivg sccording to the

prechurscterising portion of chaim 1.

Clell culiures ave nsed in feomentative processes o produce sebstanves and i
&
particular proteing. A distinetion {s made belwson processes i which the cell

cultures are genetically urmodified and form thely own metabolie produets and
proceases 0 which the organisios are genetically modified & 1 such & rnanne that
they efther prodece # larger amount of thelr own substanees such 4y proteine or
oroducs forelpn substamces. The organisms producing the substances are supplied
sith & outrient madiom i this process which guacantess the survival i the
organisms and enables the production of the desired target compound, Namerows
culture wedia sre known for these purposes which oradie 3 fymentstion. One of the
mest important componsnts uf the culture media s glocose. According to the pric
art one regriady endeavours to malntain a winimaen concentration of glucose ina
fermentatinn proparation in seder to optimize the vield of the targst compound. The
fapanese Fatent AppBeation 001 101 382 A discloses » eulturing provess for
annhalisn colls nowhich g minhmom vovcentration of 0.2 mmold glocose i3

P
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nunntained. US 844 discloses 8 culuring process in whish a glucose
Hmitation takes place. However, the procesy does not resndt in & higher speciiic

production rate of the celly compared © non-Hotation

discloses a three-stage method for enltivating roammetian colls under shwsose

by

a hateh phase forreduciog dhe soncantration of shuvase,

Boutation, svldeh comprises

fHllowed by o fod-bach phese, iuwhich the colls wdereo somslabolio shill dug &

the ohicose Hmitstion, and fnally a shuge of continuogs srocess, The desres of
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chicose Hndtation is defined in the docurnent by means of the atie of lactale

cose congmmad (U

i cn b > % Eeory Yo fey st b i - - S
The objoot of the nvention is (o oreate a e & esdly, which moregses

the productivity of sn individual cell with regand o the product and enables lgh

ot

wid snable a high spacedtime vield of produst,

hould be partiontarly shuple o carry ont, be assoclated with a
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mintmum effort for measaring and control and be parttondacly scononia.

he basis of the precharacteriving portion of clat 1, the object s surprisingly
achieved by calturing a cell Hne producing nmunoglobutins or fragments of

tommnoglobuding whils fooding @ nutrient mediv in sach & mswner that glocose

Pt

e

Hinitation oo in the calture solution. The degree of ghucose timitation can be

Yafined ao b B SORNITE AR S et YN PN O NS Y ¢ cten Foow Hhye
defined as the ratio of the oheerved speeific glucnse consumption rate to the

masimum koows speeific glucose consumption rate for these oelis. The degree of
Tncose Timitation DGL = glilo/giiome. (qGie = cnrrontly observed specific glucose

v

constrnption vate gllom, = maximwn known spectiic ghicose consmmphion rale

for these pells). DG Hes within the Hmits between DO

DG

cand T owhers

denotes complete growth Hmitation and { destes po hmilation

AR

whatsoever or complote glacnse gxeess,

Glacose Hinifation 1y associated with @ contipuous decline in the residual glucose

comeendraiion fo 8 sationary concentration in the calture solution whicl 18 more

than Ommal/ but less than 1 ool and preforadsdy leas than 0.5 mmeldl Mg

P s

shserved that fowering the DGL can resul! tn g Rathey incrsase in the Bve cell

density in the oulture vessel, As the glucose Haitation tnoresses the cell dewsity then

comverges towards @ maximun value As s roqult the degree of ghicose Tnitation
convorges fo a ndmse value) the DGL according fo the ipvention being larger

than or squal to the DGL which leads to the maintenasce of the cell {maintenanwe
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metabolisn} DG lmsneence ™ §0 Cnuineance ¢ by § U pmenance = ahserved
speeific ghiouse consumption rate i the case of pure malntenance metabolisny
A e maxdian known specific ghuoss consamption rate for these celisy and is

hied

Iess than (.3, preforabiby Toss than 0.4 sad pactionlarly preforaddy less than 0.3,

However, it i characteristio that the cell concentration in the selution doss aot
decrsgse when the glucose EoBEen weation decresses, Ag the gleeose hmtlatios
fnoreases Lo the DG ve hm decveases, the specilio produchivity of a coll invreases,
Since the Hve cell density in the culture vossed doos not decrease, iy feads o
ierease in the space/time vield, The ccowrvencs of ghwase lmitation 1s
phenonenologioslly assoctated with & redoction in the rate of spectfic lactate
formation, The lactate formation 1aie cONVErges I a minimuen value. As 2 resuit the
residual lactate vonveriration fn the culhure vesael decresses to 7ord as & waximum,

Henco glhecose Hmitation is associated with a conversion of the cell mstaboliam,

Tn this conneotion it s important that there is ne other Suttation by other sobstrates
before the pnset of glucose Hmitation, Henee the prowih medtom must be such that

ghucose s lndted frst

The method aceording to the nvention inororses the space/time vield at & given well

(

density. The method avcerding to the vention reduces the amount of glucose 8

D

et

&
is avatlable per coll iy such 2 mnaner that gheoose ts maindy veed in maintenange
wetaholsty and s foy the produet aad fess for cell groveth Since Tess inflow of
3

medign 18 necessary, costa for glucose 3 beoanse oy gl

&

firose 19 vequuired.

Moreover, & very lgh product concentrtion ix scldeved. This can lower the

processing costs. In parfivedar the msthod acecrding to the invention enables an

incresse tn the production of tmaenoglobuding or fagments of hamunaglobuling
withowt having to additonally geneticalty modify a vell line mn order to inpleraent
the mthesd according to the invention. The fncrsase in the product tiire enables the

produstion of a desired amount of Immuneglobulins or fragments of



fanmegiobuling in & smaller colfure volame which resuits w lower capital

oxponditure.

The method secording o the iovention can be caried oot using the following

PrOCEES Staps!

The colls should be preforably sultured 1 8 continuous provess with cell retention o,
spin Giters {perfuston culture), Al standard types of colture vesaels such gs sifmred

3 '3

tanks, and cell retention mechanizms suelt as spin Glters, nltvasound or se
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snitable for this. The culture system shoold prefieably soable high ool densities, Cal
setention is preforable so that the cell density cannet Jovrease when glucose HBmitation
ococurs. As a result the DGL i further reduced g the hve ol density Inoreases aud

the glucose feeding remaing ponstant. The high cell density enables the DGL to be

reshnosd below a value of 04 at a set flow e of the order *x}i'f‘rtaa'§<a,szt§ifi‘;{ia of the

maximun growsh sate Thos for example fow rates of 003 - 005 n can be weed for
e OHO MUC2-GER-Cotern cell as well as for the CHOMUC L leGRa PHITA4ES

el

T order 10 reduce the DGL the fesding stratony with gloonse can conseguently be ag
foltows: The amount of fod glocose is not inoressed as the live cell density Inoveases
in ondor to avold glucose Timitation, The amowt of fod glucose should be selected
such that the DGL falls below the rogutred valoes Lo 8 DOL of tess tha s 05,
sreferably < 0.4 and pretionlarly preforably £ 0.3, As o result the amount of fud
shocoss ix preforsbly not wore than 5O 9%, particularly preferably not more than 35
9% of dat wisich the expected Hve cell count can maxinally consume in the system
in the case of 2 conventional non-glucese-liniting process control, Adler conversion
of the ool metabolism actate wetabolism and productivity} the sount of fad
slucose can be slowly tnersused but shoudd not enable » DGL of move than 0.5 and

vo gell density

o

preforably mors than (.4, This results in g forther fncrease in the i

with a constant high productivity and thus an increased space/time yiehl Ina
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x the amount of fod glucose can be influenced ‘iX} the media inflow

vate and the glecese concentration in the foadin
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mass Howe of fod glucose during the process 13 not inersased or ondy fo such an

extent that the DG

veaches o fallx holow g valoe of leas than 8.8, prefirably losa

thar 0.4 and this value Is thea no longey voaded,

Advamageous furthe

Dietatle of the invention are iilastoaied o the Rllowing.

The fpnves show examples of experimental

Figure legends:

Pig. b

Fgo®

or developmssts of the fnvention are set forthuin the dopendent

2
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Inoresse t the vital ool pount el } wad plot of the media How
vate [h Togsinst the procsss Hiwme (h for the production of

MUCT G from CHO MUCT G2 PHITAH2S cells e

porfusion resctor,

TUCHTaGa fug/(WED colls} and

DG versus the process time tn @ perfusion reacter,

Tnerease in the vital cell count bl '] and mM residual ghusese
olotied against the process time [h] foe the production of

PefpGila from CHO MUCHA

porflsion seete.

Cillpcose and Tactste concentration as well an the conceniration

of glucose in the wediy infow Immold] plotied agatnst the
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production of MUC G2 from CHO MUCH G2
PHI744/28 vedly in a porfusion regeton

Inoteasy in the vital cell connt T and plot of the media fow
vate [ versus the prooess time Thi for the production of

JCRGEPCuenm oellvin s

7ok

MUCZ-GRECenn fom CHO A

porfusion teacte

Spectfic productivity of MUCZ-GFP-Coerm [nomol (W ES

3

collsi} and DGL versas the provess time v g perfusion reactor,

X b3
1
N

fncrease i the vital coll vount [l ] and restdual glucose
I plotted against the provess time (] Ry the prodoction of

MUCLOFP-Coterm Hom CHO MUCZGFMCaammeells in g

perfasion reactor,
CHuvose and lsctate concentradion as well as the concedration
of ghucuse i the moedia nflow fmold] plotted against the

provess tme [N} for the produchion of MUUZ-GEP-U-term

froen CHO MUCRGPP-Cotorm cells tn s porfision reactor

HE Increase i the concentration of MUCZ-GEP-Coterm [nMT and

QMUCE-GFP-Crtorm fnmolh¥ED celle}] versus time Thi for



JC-GER-Chtorm frow CHO MUCZ-GER

T oaddition table T shows the experimental data oblans

scenrding to the vention with the CHC

pe

thod avcording

{'7

sutal data obtained fom theawseolthe m

The procedure scoording fo the invention can be carried out with vartons produgtion
-~ LN E

o} Hoes can be used aw & wilddype or a8 genetically modified

olls. The penstic modification can for exauple ke place by Inserting

1 oor-of another organism into the DNA, o

additivnal gones ot the same oy
ector or i can be the amplification of the activity or expression of 4 gene by

eoiporating a more effective promoter for example from OMYVY, The genes can

cods For varions protelay, fn o for proteins such ay fusion proteins of

Manwnadian colls such &
fovbridona, NSA, other myeloma cells and fusect cells or other higher celis. The nse

ot gowgsied 1o growth e partiontarly

exdenive

of cells whose produstion ix proferably

preferred,

A vevembing CHO cell line whose productivity can be inereased by the proveduse
aceording fo the invention ts the cell Hoe CHO MUCHpG2s, PH 3744/15 which
can b used b seorete the glyeoprotein MUC G2, Another CHG ool hagte,
CHO MUC2-GEP-Ctorm 15 capabls of s oreased amount of a fusion
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ostls and the media fow rate (1) vorsus
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® is the media Sow rate {1/h) and

v mih

Flaare T shows the specific productivity of MUCTIgG3s (gMUCTH- 102} and

& v

DIGL versuy the prooess thine 1 a perfusion reacior,

s i3 the speciiie productivity (ug/hES vells),

e DAL {degree of glucose Hndtalion).

shows @ graph i which the vital cell count fm? '] s plotied on the left side

and the concentration of restdngl glucoss [mM] iy plotted on the rig

s the production of MUCTGZ i CHO MU ﬁimji

1% the vitdd celboount and

3
3

T figore 4 the glucese and lactaie conoenteation o well as the glucose concentration

in the media inBlow fomel] ave plotted against the process time [h fo this fgwee

H

are-dactate concentration corves and

we glucoss concontralion curves

Rl
2

% 22,9 mmold concentration of glacose i the modia inflow {Hlow wate of P 0033



Fa Seure 3 the concentration nf MU e 28 [pgd wil ix plotted on the left side and

gells] is ploted on the right side of the graph against

* i the specific productivity g of MUCT-IgG2a (py/hED oplls) and
. & RiEY :

& is the conceniration of MU a2 (ngy

Fioure # shows the Hme course of the Hve cell devsity {ov) of CHOMUCZ-GER

YN

3

celly and the media Sow rate (0} versuy process time {h i perfusion veactor. In

= is the roedia fow rate { Ry and

e

@ is the Hve coll donstty (V)

foca

Figure 7 shows the speeifie produetivity of MUCZ-GFP-Ctetmn (gMUC-GFP-C-

3

term) and DGL versus the provess thae in g perfosion reactor, In this fgure

ceemw 15 the spectfic productivity {nmolhES cells),

~~~~~~~~~~~~ 1o DGL {deprne of glucose Hmitation),

- o . Ceo ks
Figurs ¥ shows & gra p‘n i which the vital sell count fmi™ ] s plotted on the Jeft side
and the concentration of residoal glucoss ImM] v plotied ou the right side against
the process time (hi for the produstion of MUCZ-GER-Creme tn CHO MUCAEG2:

PHAITAZS, In the geaph

il coll cound and
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? the plecose and Tactate concendration as well as the gucose concentration

-
jor ]
e
5o
o)
N
/’

\‘

i the media wflow [uuoaoll] are plotted aga

3 the process time [hl b tas Bgare

the curves with

are lactate concentration surves aud
v are glucose concentration curves

o

x 23,8 ol concentration of glucose in the media wflow (fow vate of T = U043

C’Z,‘:
o,
o
L8

I Sgure 10 the concentration of MUC2-GFR-Chtarm [aM] s plotied on the left side
and gMUDZ-GFPE-Cenmn [onolhdES cells)] ix plotied on the right side ot the

graph against time (], In ths “igs

SRES eolls) and

® is the spenific prodactivity g of MU

Q ts the concentration of MUCLGEFR-Cionn (nM)

Figuee | shows a procedure with regand to glucose feeding s ansxample. &
cofistant amonnt of glucoss is fod nto & continnous perfusion culivre. In the
example shown this 1s seldeved by 8 constant media flow rate where the ghacase
conceniration Is constant in the media inflow, The media How rate t not incrsased
with increasing Hve coll density. The proeess wag started as 2 batch befoes the
CORTINGUS PrOceas bégan,

Figurs 2 shows that in this procodure the DGL decreases 1o the cosese of the provcess
and fleally reaches » vahue below 0.4 As this ocours the speetfic prodactivity
jncroases and Boally reaches ¢ value which fs 4-fold higher than the value before

falling below the DOL vahe of 04



50

Figure 3 shows that the Bve cull density teads towands @ maxinum value which can

then be nudntained while the restidual glucose concentation tonds towards zere

the course of time. This oocurs even though glucose is fod, Dodng the lowering of

2ol

3

the residual glucose concenttation, the M;m.;i  slygose spiake rate of the orgamiss
starts to decrease. Ay s oocues the Hve vell coust van still incveage. fn paralisd
with the decling in the specific glucose uptake rate, the specific lactate formation
vate also decreases whish nitially resulis in a slowery thorease and then o a decrease

in the lactate concentration in the collure vessel, Fruadly the lactate congentration in
e cotture vessel tends fowards 2evo ae show In Bgare 4, Henes therp s s
comsiderhie changeover iy the cell metabolism, As shows i Hgere § the

chanigrovir it cell motabolism s aes

wated with an inorease in the speeific

Vork

productivity to ahout 4-fold compared to the tme before the changeover invel

Fo

sstabolian, The tnoresse in the spectfic productivity with an at least constant or

o

st increasing oetl deusity during the deseribod phase fnally loads to 2 significant

inerease in the produet titre m the culfure supornatant as shown in Soure S and t

o an incressed spaceitinos yiald

Table 1 shews dats on the Srmentation of MUCTMgh2a,

imitacty o feuves 1o 8, figuees § o 10 desoribe the rosults nsiug the method

aecording o the lnvention with CHO MUCT-GFP-Crtemm cells,

Table ¥ dhenve dation the formentation of MUCRAGFP-Com,

With rogard to production engineering the method secording fo the fovention can

also be operated as o fud bateh (foeding process) fo addition to the perfusion method

doserihad shove



In a fod-batch operation the production cultere is supplied vnce o repeatedly ot

Yatchwise oy contiouonly with 2 glucose-containing medium or a separate ghacose

§& S

salution fn such o manner that the DGL prefirably decroases below a value ol 0.3,

X N

v (4 and better st Q3. A repetitive fed-bateh i also possible

pﬁ?’iisﬁ‘ arly prefiend

<

The process can be started i all gonerally known provedures in the perfasive

;,,4

process as well as in the fod-batel provess. Thas before starting the procedure

i .

e favention the culiure can be operatad ax g bately

avcording i
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Az EP2228281 Injstromszdimd surdpal szabadalom igénypontjainak forditasa:

1. Eliards CHO sejfiek tenydszigsdre immunglobulinak vagy immunglobutinok
fragmenseinek alballitdsahos,
azzal jellemesve,
hogy anvagekat termeld CHO seftet DOL gllikdz-koridtozas melistt tenyésziiink,
ahol a glitkdz-korldtozds méréke, DBL = qGleigBitne,
ahol Gl = a g%iﬁikéﬁ&iﬁéﬁmzéiés magfiavelt pilanatny spectfikus sebassdgs,
83 qGtne = ezen THO sajtek lsmert specifikus glikdziethasanalasénak
maximsélis sebassage, ami nagyobh, mint a kizérdlag @ CHO sajt
farmtartasabd eredd DOL, DGl
ds DGL éndke = 0.5,
ahol 8 DGLanasarisy ™ 80 manrue GG 0na, ahol §BCpnms = 8
glitkdzfogyaszids ceupan fennlartast anyagosensng maghigyell specifibus
sabessdge, &8 qiElon = szen OHO sejtsk ismert spacifikus
giikoziogyasziasanak maximalis sebessége,
ahol az adagolt glikdz mennyisége nem nagyobb, mint 50 S%-a annak, amelyst g
gitikdzkorigtozas nélkdit maximalisan varhatd ssjtszam maximalisan fel fud
hasznalnl,
ahat olvan glikéziartalm kiizaget adagolunk, amely mas
tapanyagkomponensekre vonatkozdan a glikozkaridiozds megkezdéss it
nem korldtozd,
ahol az oljfrdst szakaszosan kezdjiik &s folyamatos eljdrasként folytatjuk, ahola
tenyésstést a folyamatos olffdrés megkezdess olfit szakgszosan vegezzik

2. Az 1. igénypont szeving elifrds, azzal jellemezve, hogy & DGL ertéke s 83,4 vagy =
8,3,

3. Az 1 vagy 2. igenvpont szarint elidras, azzal pllemezve, hogy az adagolt glikdz
mennyiségs nam nagyobb, mint 358%-a annak, amelyet a giiikozkoratozas nélkdi
maimalisan varhato seitszém madmalisan fal tud hagenalind.

4. Az 1-3. igénypontok sgyike szerinti elidras, azzal pllemezyve, hogy a gltkdet a
bl szubsztralio! elkiidnibes adagoliuk,

8. Az 1-4. igénypontok egytke szerinti elidras, azzal jellemszve, hogy a 6,7 7.7

pH-tartomanyban végezzil,
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8. Az 1-8. igénypontok agyike serering alidras, accal jellemerve, hogy 38 °C é5 388
T kozat homérséklettartoményban vageeziik,
7. Az -8, indnyponiok sgyike szerintt aljards, azzal jellemazve, hogy olvamatns

slidgrasmadban legalsbb részieges sejivisszalariassal végeasik,

8. Az 1-7. inényponiok sgyike srerntt aljards, azzal jellemasve, hogy nem-
nivekadéskapesolt modon termald sejtakkel végersik,
8. Eijdras OHO sejiek lenvescidsdre immunglebuiinok vagy immunglobulingd
fagmenseinek albalitasdhos,
azzal jollemesvs,
hogy anyagokal temeld CHO seitel DGL glikdz-korlaloras mellelt tenyasztiink,
ahol g gitkdz-korfatozas méridke, DGL = qGIciaGitne,
ahof gGle = a giikdzlethaszndlas megligyell pllanatngl specilikus sabessége,
£8 GGome = egen CHO sajlek ismeart speciihus glikdsisthasendldsdnak
maximalis sebassdgs, ami nagyohb, mint a kizardlag 8 OHO ssit
nntartasabd! eredd DAL, DOLansiss:
&s DGL éeddke 2 0.5,
ahol 8 DG Lliennme ™ (00§86 0na, abol GGCannme = &
gitkoriogyaszids caupan fenntartdas! anvagessrénst meghigyell specifikus
sabagsége, 68 gl = azen CHOD seifek lsmert spacifikus
glikdzfogyasstasanal maximalia sehassigs,
ahol g adagolt gltkdz mannyvisags nam nagyobh, mint 88 %-a annak, amebet a
glikdekortalozds ndlkil maximalisan virhald seiissdm maximalisan fel tud
haszrsing,
ahol olvan gliikdstartalmt kdzeget adagolunk, amely mas
tapanyvagkomponsnsekes vonatkoztan a gitkdzkordlozds megkezdsése siblt
ram korlatozd,
ahol a8 cljards szakaszos &s hozzatapldldsos szakaszos slfdrdsmodbdl i
ahol az ljiarast szakaszosan kezdjlk es hozzstdpialdses szakaszos sljdraskent
Tobvtatiuk.
10, A Q. igenypont szerintl eljdras, azzal jellemezve, hogy a DGL értdke £ 0.4 vagy <
0,3
11 A S vagy 10 igénypont srerintt sliaras, azzal jellemssve, hogy az adagolt gltkds
mannyisdge nem 1Bbb, mint 35 %-a annak, amelyet 2 glitkdzkoriatozas neikil

maximalisan varhatd saiiszam maximalisan fal tud hasenalnt.
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12, A -1, igényponiok agyike szanntl eljaras, azzal jellemezve, hogy a gitikdzt a
{Obbl srubseteattal elkiiidnitve adagoljuk.

13 A G180 igdnypontok egyike szerntl olidras, azzal jollemesve, hogya 8,7 - 7.7
pHtariomanyban vegezeik,

14, A 812, igénypontok egyike szerintl eljards, azzal jellamesve, hogy 35 °C és 385
0 kOzOH homérséklsttariomanyban vagazzitk.

18. A 014, igénypontok egyvike srerntl elidrés, azzal jellemasve, hogy nem-
nivekeddskaposoll madon termeld ssjtekkel vigeaik.

A meghataimazott:

1865/1684
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Figure 6
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Figure 8
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Figure 9
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