USE OF HSA-PRODUCING CELLS BACKGROUND TO THE INVENTION TECHNICAL FIELD 5The .
present invention relates to the field of cell culture technology and relates to methods of
replicating/cloning cells, preferably cell lines which are important for the production of
biopharmaceuticals. The invention also relates to methods of preparing proteins using cells that have
been obtained and replicated and compositions which makes it possible to replicate individual cells. 10
BACKGROUND The market for biopharmaceuticals for treating humans is growing fast throughout the
world. Over 900 biopharmaceuticals are currently being tested in clinical trials with an estimated
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10
BACKGROUND _

The market for biopharmaceuticals for treating humans is growing fast throughout
the world. Over 900 biopharmaceuticals are currently being tested in clinical trials
with an estimated potential turnover of 50 billion in 2010 (Datamonitor 2007).

15 At present, an ever increasing number of biopharmaceuticals are produced in
mammalian cells, as these have the capability for the correct processing and
modification of a human protein. The successful production of high yields of
biopharmaceuticals in mammalian cells is therefore crucial and depends on the
characteristics of the recombinant monoclonal producing cell line that is used in

20 the manufacturing process. in addition the duration of the cell line development is
a c_ritical time factor as to how quickly the biopharmaceutical can enter into clinical
trials. In view of these aspects there is an urgent need to speed up the proceés of
developing cell lines and make it more efficient.

25 Forthe biotechnologécal production of biologically active or therapeutic proteins in
mammalian cells, so-called biopharmaceuticals, the corresponding mammalian
cells are stably transfected with DNA which codes for the biologically active protein
(or its subunits). After the transfection process a pool of millions of differentiy
transfected celis is normally obtained. Therefore the crucial step for the

36 preparation of efficient production cell lines is in the selection and replication of celf

clones which on the one hand grow very stably and on the other hand show a high
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specific productivity of therapeutic protein (product formation etc.). As there are millions of different
product-expressing cells, it is critical to be able to analyse a plurality of cells individually with a high
throughput and using automation in order to be able to sort out suitable candidates (single cell clones)
which both grow very 5robustly and also yield high product titres. This process of single cell isolation
and subcultivation is known as cloning or recloning The use of animal cell cultures for producing
biopharmaceuticals demands a genotypically and phenotypically homogeneous, i.e. monoclonal cell
culture. This 10 is achieved by recloning techniques such as "limited dilution” or by the automated

depositing of individual cells b\)l fluqr&scencetactiva ed cell s rting FA%‘S . Ho Vel there is the
£RECIIE producy ity O efapeutic protein (070 uct Yoymation etc.). As there qre
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adapted to theutewitieaiimoisskraSim e tbotangtbe restoairggrum-free or chemically defined media in
the recloning step leads to a restricted recloning efficiency, i.e. only a small percentage of the cells
deposited survive and grow into a monoclonal cell line.  The "limited dilution" and FACS recloning
techniques cufrentlysasetl arernadll Sflkuioresttieragiroducing biopharmaceuticals demands a

genotypically and phenotypically homogeneous, i.e. monoclonal cell culture. This
10 is achieved by recloning technigues such as "limited dilution" or by the automated
depositing of individual celis by fluorescence activated cell sorting (FACS).

However, there is the problem of effectively replicating typical recombinant
production cells such as mouse myeloma (NSO0), hamster ovary (CHO), or hamster
15 kidney cells (BHK), particularly if they are adapted to growth in serum-free
suspension cultures, i.e. under modern production-relevant cell culture conditions,
after recloning, whereby the cells are individually deposited in microtitre plates,

under serum-free culture condiions.

20 The reason for this is that cells in vivo are embedded in the tissue matrix and are
supplied with secreted auto- and paracrine growth factors by adjacent cells. They
are therefore not adapted to isolated growth and die off without stimulation by

growth factors if they are not siowly adapted to the new conditions.

25 In particuiar, the use of serum-free or chemically defined media in the recloning
step ieads to a restricted recloning efficiency, i.e. only a small percentage of the

cells deposited survive and grow into a monoclonal cell line.

The '"limited dilution" and FACS recloning techniques currently used are well

30 known in the art.



In "limited dilution” the cell suspension is serially diluted and the cells are then deposited in a microtitre
plate in different numbers of cells per well. In wells containing large numbers of cells, many or all the
cells survive as the result of adequate secretion of autocrine growth factors. The fewer cells are
seeded per 5 well, the fewer cells survive, so that in this way the dilution can be adjusted so that
statistically only one cell survives per well and grows into a monoclonal line. These individual cells
clones are detected by visual and/or imaging techniques and the cell clones are grown on in larger
culture vessels. 10In FACS technology, a flow cytometer is used to generate single cell clones. For

this the cells gre placed,in.a Jamjnar flow, and are individually.steered into the wells of the microtitre
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30analysing a living cell clone. In the example here, therefore, 90% of the time and 90% of the

material costs are wasted without any data being obtained. To solve this problem, in the past, serum
(e.g. foetal calhsEADS ECBhbiagpfitedbeayridetttoghesakthugenSeitenspayiains! aonedefinge
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of the microtitre dishes. This ensures that the surviving colonies really are
individual clones. Therefore, FACS technology is the preferred method compared
with Limited Dilution.

15
The use of serum-free or chemically defined media in the recloning step ieads to
restricted recloning efficiency, i.e. only a few percent of the individually deposited

cells grow into a monoclonal cell line.

20 At a low recloning efficiency, therefore, a number of microtitre plates have to be
filled with single cells in order to obtain the desired number of individual clones,

which is time-consuming and expensive (e.g. in terms of media, dishes, etc).

A low recloning efficiency is particularly disadvantageous if the subsequent

zs  analysis of the single cell clones is to be carried out using an automated system.
A.analysing robot cannot normally distinguish between weils containing living or
dead cells and automatically measures all the wells in the microtitre plate. With a
recloning efficiency of only 10%, this means that in 90% of cases the robot will
analyse an empty well - and will use the same amount of reagent for this as for

30 analysing a living celt clone. In the example here, therefore, 90% of the time and
20% of the material costs are wasted without any data being obtained.
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5 serum is increasingly less tolerated, partly because of the risk of infection with bovine viruses. Totally
serum-free production of cell lines is therefore the state of the art from a regulatory point of view.
Another possible solution is to carry out a "limited dilution” for the recloning. As 10 this method only
leads statistically to the production of single cell clones but many clones may also grow in one well,
this process has to be repeated several times (usually 2-3 times) to ensure that the cell line obtained
really does originate from only a single clone. These repeated cycles involve high labour and time
costs which have a negative effect on the costs and timelines required. 15 Another approach is the

use of "feeder_'j'_cellsi. qu.narré%%zan/es from the English word "feed" and refers to a co-cultivation with
usually non-dividing et WA /&R RS RIS R 2 ireirice it srirewRC NI thente tan

secreted growkedactatded e reeomadieniciesey pancoataprifanihdesrrasadpyrteefedigalisn20 In
another approac@rﬁieconlglnant pgoteins aée added to the recloning medium, to promote the survival

and growth of TREHIGIDIGIRIT BH MR ARSI AMRFESHP M%@ﬁ@&fﬁféﬁ%lﬂfn,
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additives are obtained 25 as %urifﬁi proteips or protein solutions and added to the medium. The
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proteins and theiifrstahiias. Thedligadvanianes indudeidrastalial itke neaklemiveHbam @t of0C,
30- freeze/thaﬁi c%i%gs lead to ir}laﬁtivation and therefore have to be avoided, - rapid loss of activity in

solution undef EafVALER Bdfat PROLA YEWe present invention is to increase the recloning
efficiency in the serum-free FACS-based cloning of production cells. SUMMARY

Another possible solution is to carry out a "limited dilution" for the recloning. As

10 this method only leads statistically to the production of single cell clones but many
clones may also grow in one well, this process has to be repeated several times
(usually 2-3 times) to ensure that the cell line obtained really does originate from
only a single clone. These repeated cycles involve high labour and time costs
which have a negative effect on the costs and timelines required.

15
Another approach is the use of "feeder” cells. The name comes from the English
word “feed" and refers to a co-cultivation with usually non-dividing cells which
serve to supply the desired celis in the culture with nutrients and secreted growth
factors. The recloning efficiency can be significantly increased by feeder calls.

20
In another approach, recombinant proteins are added to the recloning medium, to
promote the survival and growth of the individually deposited cells. Examples of
recombinant proteins used are insulin, insulin-like growth factor (IGF), epithelial
growth factor (EGF) or human serum afbumin (HSA), These additives are obtained

25 as purified proteins or protein solutions and added to the medium. The
disadvantages of this method are the costs, the dependency on the availability of
the recombinant proteins and their instability. The disadvantages include, inter
alia

- the need to store them at -70°C,
30 - freeze/thaw cycles lead to inactivation and therefore have to be avoided,

- rapid loss of activity in solution under cultivation conditions.

4-



The solution to this technical problem of the reduced recloning efficiency in serum- free, preferably
chemically defined and/or insulin-free medium is obtained by the use of transgenic albumin or
HSA-producing cells or by the use of medium 5 conditioned by such HSA-producing cells. The HSA is
thus not added to the medium from outside as a purified protein but rather is released directly into the
recloning medium by living cells. The following embodiments are possible: 1. Use of an
HSA-producing cell to prepare conditioned medium for die depositing of single cells. 2. Use of
HSA-producing cells as feeder cells. In contrast to the use of recombinant HSA which is added to the
medium once, the feeder cells in the multiwell plate continuously produce NSA after the depositing of
single 15 cells and thus assist the growth of the deposited cells for a longer time than after a single

addition of the TReoBRiNgNtIREOEREL hiUsRar bR A idinshed)Isas hesbrrlls (HARAYCIihe

biopharmaceuticals. The cells are thus enabled to promote their growth by the secretion of HSA
autologously eVRHTR-TFRS AHtEeRaseE SRAIRGIRT BTRdeeiPRIEdRt additives. 20 The highest recloning
efficiency can preferably be obtained by a combination of these approaches, i.e. by the use of
HSA-producing host cells and HSAconditioned medium. Optionally and depending on the nature of the
subsequent analysis process, feeder cells may be used in addition. 25 By the use of HSA-producing -
cells as host or feeder cells or media conditioners the recloning efficiency and hence the quantity of
clones obtained can be increased significantly. This effect is observed even at concentrations of less
than 200 mg/L HSA, even <100 mg/L in the cloning medium. The activity / effectiveness 300f secreted
HSA on the recloning efficiency is thus significantly higher than that of recombinant HSA, which is
usually added in concentrations of 400 mg/L to >2 g/L.



A preferred embodiment is the use of HSA-producing cells in insulin-free medium. The positive
influence of HSA-producing cells and/or their medium on the recloning efficiency is apparent both in
the presence and absence of feeder cells in different media. It is also apparent in different cell lines /
cell types such as for example hamster and mouse cells, as well as human and various other cell
systems. The HSA-producing cells used may be both naturally HSA-producing cells (such ioas human
liver cells) and also genetically altered cells of other species. A preferred embodiment consists of
transgenic HSA-producing production cell lines such as CHO, BHK, NSO, Sp2/0 or Per.C6-cells. A
particularly pre{qitg ﬁrﬁQodiment comprises HSA-producing CHO cells. 15 The method described
here for increasing the recloning efficiency in serum-free media by the use of HSA-producing cells or
medium condit'iBmaCthémbSprﬁfﬁaItemrdcabmoélmmiuétﬁemecﬁmeéﬁmmwbt@eﬂi@bh@ annaergriificient

cell line devel e . 20In biopha utical, development, the primary goal of recloning is to
identify high- Sﬁr?o L'Jg?tﬁgg%%%?go%heés%g %? h%%%%oﬁﬂ%’gﬁia%%ff, RO IYFPIHE BrodBi Bed L 1iteRnes
obtained, and &#s& méstrensggenarnadbdisiribatidiSA theodiotias indédinsrobpresuctivity Jeagsdiom
higher probabilj taining high-p cing cell clones. 25_As fe cells have to be deposited in
dishes at a? hig %?%&%gﬂggfﬁlc%}ﬁcﬁ#é%%?ﬁ{gl%tgﬁﬁﬁe ﬁ?ﬁemkﬁ%rt FRVIMG (?éifj@gon@smﬁere is
also a significamesiuindronbotitside asdefimifies weltein dastsaber regstiledSeuPaReRss SHP thdhus

more economlpgé{g}(!ﬁﬁélg% M%r%ovhermtheérﬂgreased recloning efficiency forms the basis for the use of

highly efficient autom one s regnlﬂgcmethods (screening robot). In systems of this kind there is

generally no selection of individual wells in the microtitre plate, but all are measured equally,

irrespective of elé r they contaip a living cell population or not. As a result of all the wells in the
plate being an;ﬁ@%é ﬁi e %@gﬁ éi@%ﬁ%s%éﬁfr#ﬁ%%creases in direct proportion to the 5 number of

emergentclones. A rélslenafg affidiSkypobontingOteeaanpibos R0O%opkinensglls RSP 28

therefore cannot sup%(I% any.usat e.%a‘a bu# are still analysed. In terms of economy, this means that in
90% of cases time an ?none;?in R ETD sr‘eagents are expended without any data being gained.

Therefore the effidieridyeofdiighShrpugtipuinguissitation Jusiesnsdoneanly elmemselestion use of
recombinant HSA which is added to the medium once, the feeder cells in ‘
the multiwell plate continuously produce HSA after the depositing of single

15 cefls and thus assist the growth of the deposited celis for a longer time than
after a single addition of the recombinant protein.
3. Use of HSA-producing cells as host cells for producihg biopharmaceuticals.
The cells are thus enabled to promote their growth by the secretion of HSA
autelogously even in the absence of feeder cells and recombinant additives.
20
The highest recloning efficiency can preferably be obtained by a combination of
these approaches, ie. by the use -of HSA-producing host cells and HSA-
conditioned medium. Optionally and depending on the nature of the subsequent
analysis process, feeder cells may be used in addition.
25
By the use of MSA-producing cells as host or feeder cells or media conditioners
the recloning efficiency and hence the quaniity of ciones obtained can be
increased significantly. This effect is observed even at concentrations of less than
200 mg/L. HSA, even <100 mg/L in the cloning medium. The activity / effectiveness
30 of secreted HSA on the recloning efficiency is thus significantly higher than that of
recombinant HSA, which is usually added in concentrations of 400 mg/L to >2 g/l
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i0 increases proportionally with the number of clones obtained after the depositing of single cells.
Another advantage of the method described is that the addition of HSA-producing cells as host cells
and/or medium conditioners increases the recloning efficiency to 15 a point where there is no need for
feeder cells. On the one hand this reduces the effort involved in producing and pre-cultivating the
feeder cells and at the same time increases the reproducibility of the single cell cloning. In addition it
makes it possible to use technologies for visually detecting 20 the number of living cells as a tool for
clone analysis. As the amount of product in the culture medium is in linear correlation with the number
of producing cells, the technological development seeks to detect both the amount of product and the
number of cells, so as to determine from these the highest producing cell clones, i.e. the cell clones
with the highes spefifiegrecibatditertGsthdassteotelsaisreiffiswy tectistingushnisyalivdammihe
emergent prodelﬁgon ce%s thﬁt are also P&Iﬁ%d inéhe,visual determination of cell numbers, leading
¥R of tIHERSEl Rmibardt e FElR e 2piRtoriede Radivimasntbethe

- 5
to an Inaccurate Ca|8L(].’|a

important parareeiening spiicibn oy ddugiviierd botitaastBe pitwaideeirs sBYsisd8reiier cells
advantag%ousiargpf{eepr ent§.a preferred embodiment. Possible applications for the method
described can'hé founcﬁbsg}ﬁ tﬁarly in the production of biopharmaceuticals. The increase in the

recloning efficiiéris\alsdhappenenationdiffererduationrealls tsibRipEb ARACESTERIFYGEORIRaMS to a
higher probability .of a hi%hééjproducti ce an improved or accelerated product
S

woka iF cl%ne and h(?ﬂ | |
So oSS MEBEARBMYASIH LhsT SRH BYstMaKes it possible to use

development. The proce
high-throughput automated clone analysing techniques.

The HSA-producing cells used may be both naturally HSA-producing cells (such
10 as human liver cells) and also genetically altered celis of other species.

A preferred embodiment consists of transgenic HSA-producing production cell

lines such as CHO, BHK, NSO, Sp2/0 or Per.C6-cells. A particularly preferred

embodiment comprises HSA-producing CHO celis.

15 The method described here for increasing the recloning efficiency in serum-free
media by the use of HSA-producing cells or medium conditioned thereby results in
a more effective clone screening and thereby in a more efficient cell line

development process.

20 In biqpharmaceuticai development, the primary goal of recloning is to identify high-
producing ceil clones. A higher recioning efficiency, through the broader base of
clones obtained, and as a result of a normal distribution of the clones in terms of

productivity, leads to a higher probability of obtaining high-producing cell clones.

25 As fewer cells have to be deposited in dishes at a highér recloning efficiency in
order to obtain the same number of living cell clones, there is also a significant
saving in both time and effort as well as costs as a result. The process step is
thus more economical overall.

30 -Moreover, the increased recloning efficiency forms the basis for the use of highly

efficient automated clone screenéng methods (screening robot).
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io The addition of recombinant proteins to insulin-containing medium for the purpose of increasing
recloning efficiency is indeed described in the prior art (W02006047380). By contrast, however, the
use of secreted albumin or NSA, or medium from albumin- or HSA-producing cells, is explicitly
described in the present Patent Application as an alternative and superior possibility. The NSA is 15
not added exogenously to the medium as a recombinant purified protein, but rather the HSA is
secreted directly into the recloning medium by the albumintransgenic cells. NSA-producing CHO cells
are indeed described in the literature, but there is no 20 description of either the use of
HSA-producinqncells roduction of a protein other than HSA, or of their use as

h lIs for th
feeder cells or as ﬂég?ﬁ%ogéﬁﬁiﬁsoﬂoé ﬁ%%ﬁd%&&ﬂ&&ﬂ& rBRGiniRrierieh&dividualryelispicthmere is
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oducin rotein qgf interest in a cell, comprising the following steps: a)
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depositing a single cellin a1 esseI,Q/?) cultivatin% the said sirgg%e cell in'conditioned medium in the
presence of i) é’gﬁyﬁs&nm;ﬁf’@?n PRIRIAY TS Rsans Haak ARk _fisrepsvimecandiecneys 1

and 3 of cultivatithepieterablieagelay 2@f exjiwageq. withbliying 2 @smindl, Hgdfeeﬁ%rﬁﬁ”% €)
selecting a ce(l} ession level of the protein of interest, T) harvesting the protein

di it
of interest,.an '%%rgﬁﬁ%ﬁaw&ggﬁﬁgﬁ%m.?H*&Wﬁ’dp&sﬁ%i?fﬁ@ré% grolidelanessaieatione

conditioned cuitisreasedipropichangkesiit ressibierer aribie e SnaiReiner IR b@si{%ﬁ% of
supernatant of |lVIrL aI?umln-transgenlc cells, which is taken between day 1 and 3 of cultivation, or U.
living albumin-W48 %8ﬁ @“feeder cells for conditioning the medium. DESCRIPTION OF THE FIGURES
FIGURE 1. POSSIBLE APPLICATIONS OF THE INVENTION Schematic representation of the

possible embogiments of NSA-producing cells: (1) for preparing conditioned medium 5(2) as feeder
cells (3) use o “@%ﬁiréaﬁéma&%ﬁ’%umtéeﬂ(s ??ﬁ'@ﬁﬁaﬁﬁg@éﬁhéaﬁﬁgmﬁb@é#T!Spérnmdééihﬂwat
produces the welleiasohvsieres atdilsmabuRanreieriiiSAend thEBEIL RAMOLSHIRCMRRE YR Huring

recloning. These possible lications may be combined in order to increase thereclonin
9% 4 poarﬁ Where tﬁg% is no need Tor feeder cells. ?

On the one hand this reduces the effort involved in producing and pre-cultivating
the feeder cells and at the same fime increases the repreducibility of the single cell
cloning. In addition it makes it possible to use technologies for visually detecting

20 the number of living cells as a tool for clone analysis. As the amount of product in
the culture medium is in linear correlation with the number of producing cells, the
technological development seeks to detect both the amount of product and the
number of cells, so as to determine from these the highest producing cell clones,
i.e. the cell clones with the highest specific productivity.

25
As feeder cells are difficult to distinguish visually from the emergent production
cells, they are aiso included in the visual determination of cell numbers, leading to
an inaccurate calculation of the total number of celis and hence an imprecise
determination of the important parameter of specific preductivity. A process

30 without feeder celis is therefore advantageous and represents a preferred

. embodiment.



10efficiency still further. FIGURE 2: PREPARATION OF CONDITIONED MEDIUM OF
NSA-PRODUCING CELLS IN ORDER TO INCREASE THE RECLONING EFFICIENCY (A) This
shows the relative recloning efficiency when using fresh recloning 15 medium without any additions
(negative control, white) and the relative increase in recloning by the addition of 500 mg/L recombinant
NSA (positive control, grey) or 50% conditioned medium from a culture of NSA-producing cells, which
is removed from the culture after the stated number of days and added (black bars). (B) Tabulated
summary of the NSA concentrations measured in the above media. 20 The recloning efficiency is at its
maximum when medium conditioned for 2-5 days is used. It is significantly higher than when
recombinant HSA is added to the medium, although the NSA concentrations measured in the

conditioned mesiidg)AsedoMRL A% Afa6i0 - r.conditigning leads to a reduced
recloning efficiency in spi emof a higher NESHEAg ﬁ%ﬁ?%ﬁ%&gﬁﬁﬁg%% ﬁﬁ’ﬁl@ﬁ&&géhﬁ THE
RECLONING PERJesHNCof epkarmecryticisTHE USE OF NSA-CONDITIONED MEDIUM (A) The

influence of NSAwEqReitigaedMmadiumin theyp egder cells. - This Figure shows the relative
recloning efficiency of cells thﬁ%%%%@@lléﬁgégéﬁﬁeﬁ on ,88’?}'8%\?‘ -Q?ggfiqpfé:gg r'gélls.
The negative CRIPRERERGRRUIRR B efidesdsy tin BJbhagertshaiitnesiunhigithoptenycadgitions
(here set at 1)g\whie iy theRasit Wr,g ombinant HSA had been added to the
medium. As a ?esult o!?atjhe us%":‘(@)%ltj!.}i:onditiontg5 ﬁe iuﬁ%ﬁeﬁg@é%?% S’BBmﬁ%"‘of HSA-producing
cells the reclonihi§ effcRsRalearnysrcested eeirartyof this ASH aoctatratikes Mot ifbthis

medium are sh%h%qgﬁgn@’ﬁgﬁcaéé@n%%ﬁ %Iﬁgﬁgg&ﬁ@ %% ition of HSA-conditioned media to

commercial medium (HyQ S e graph show nt'ﬁg?g‘cloning efficiency in a
medium different from that in (A) without the use of feeder cells. In this medium no individually

;jheepgzgﬁ%ﬂfﬁ%ﬁ?ﬁ%ﬁ%@%ﬁ&%ﬁ%ﬁ tﬁﬁf@ﬁg"ﬂ&%m@%gg a'zth\fga: rﬁr—; lvl\lll’r(% g? ﬁwuévﬂ\ﬂ?p@gen ksto.
_ increasing recioning efficiency is indeed described in the prior art
(W0O2006047380). By contrast, however, the use of secreted albumin or HSA, or
medium from albumin- or HSA-producing cells, is explicitly described in the
present Patent Application as an alternative and superior possibility. The HSA is
15 not added exogenously to the medium as a recombinant purified protein, but
rather the HSA is secreted directly into the recloning medium by the albumin-

transgenic cells.

HSA-producing CHO celis are indeed described in the literature, but there is no

20 description of either the use of HSA-producing cells as host cells for the production
of a protein other than HSA, or of their use as feeder cells or as medium
conditioners for increasing the recloning efficiency.



10 mg/L, dark-grey bars). A higher recloning efficiency on the other hand is achieved by using
conditioned medium of HSA-producing cells (light-grey bars). The bars are averages of 3-5 evaluated
96-well plates for each condition; error bars show the standard deviation. 15 FIGURE 4: INCREASE IN

RECLONING, EFFICIE : Y, - ; ingle cell
from H LRI SR B R e A B Ee g S A g ool S e
HSA- prbowoingsepde( ap s tMeadingcioniely rdficiBtionuém joBancalsingls selldramBherddr). The

grey bar.gives the,relative.in in: ol o] ; - Liel ells are
e I B R e s
COMBINATIQN GfetaBi- FRODUSING RHEDHR (MSBHOSTICE 1365 Ries! Sho s fBealbemiing

efficiency in batches_coniaini t ?ﬁ% qunDG44 25 cells that have been deposited on autologous
feedeFrgéﬁg?f ‘B|§c‘?§%,%‘i§% qgv#}né?é]c or%}ng an HSA-producing cell in the presence of DG44-feeder

cells (grey). The combination, i.e. the depositing of an HSA-producing cell on HSA-transgenic feeder

cells (white t r ignificat | ' ' g ; oy shows the
avera(é;neg o%é&%é%/%slag%c; %gﬂ.\%@% gﬁ&%@iﬁﬁ%ﬁ%ﬁg iﬁ%&/%etﬁgs al_ré1E a%gﬁ%lgvlaigtig% FIGURE 6:
CONGEN FRATHIGIND ERENDENTT INSREABBr M UIHE REE] oNpNBIERHITGIEIOIAIAS AJEESULT OF
THE ADDLTI E I : rap : Gl lognahen
reco m%%ﬁréﬁtr%gﬁ fastgg (%é%l\gﬁ v %@Eﬁéﬂ%%%r%s%ﬁ%ﬁgaq%:@n%%% P;gf eq;r%iée?r%?/ﬁwas achieved
in thiscextitionsnthaherrioid@rogih retdhmbiredt H)si&%i@gaéaédq@nﬁ@tmalém@%aﬁ%ﬂﬂ tAis value
was sgLal J00TeaR ik g HRnsies maaLar e aihed haldham WetRd Sresiertdndripden thereto.

supernatant of living albumin-transgenic cells, which is taken between the days 1 and 3

of cultivation, preferably on day 2 of cultivation, or ii) living albumin-transgenic feeder

cells, e) selecting a cell corresponding to its expression level of the protein of interest, f)

harvesting the protein of interest, and g) purifying the protein of interest.

In a third aspect, there is provided a serum-free.conditioned culture medium which
makes it possible to cultivate a single cell, containing: i. cell supernatant of living
albumin-transgenic cells, which is taken between day 1 and 3 of cultivation, or ii. living

albumin-fransgenic feeder cells for conditioning the medium.

Oa



10 Detailed description of the invention Definitions Before the more detailed description of the
invention by means of the non- 15restrictive exemplifying embodiments that follow, it should be
pointed out that the use of the indefinite article, for example "a" or "an" and the definite article, namely
"the", includes both the singular and plural of the term in question , unless one of the two forms is
explicitly ruled out and reference is made to a particular form (singular or plural) . Thus, the term "a
cell" automatically includes "a plurality of 20cells" as well, unless it is explicitly stated that only a single
cell is meant. The singular is explicitly meant, for example , where "a" or "one" is supplemented by (1) .
The term "insulin" denotes a growth factor that is secreted by pancreatic beta cells. 25 Insulin is

known to the JREASE MBI IGNAN TIHE iﬁ%ﬁﬁﬁecombinamt insulin is frequently used in cell culture.
The concentr ulﬁ‘ﬁfgxg r outine experiments such
asa commeri‘ﬁ?}gggﬁn ble ins Fn sp%%lif ?flg#g iigr%ew |n re " means that the culture
medium does hiehesratihrapiesauimionasf é%ﬂ?@@¢@uﬂ@maﬂﬁssmﬂﬁ%ﬁdamdﬁnﬁu@deﬂadded to it

either. Albumin i 15% oshan MzﬁBﬁ@HiﬁlﬁeBﬁrﬁ‘?in in the plasma. It is produced in 5the liver and
e bloo

contributes to mal aini smotic pressure In t ood. Albumin
5 (2) as feeder cells

(3) use of HSA-producing cells as host cells for biopharmaceutical production,
i.e. the cell that produces the protein of interest additionally secretes HSA
and thereby promotes its own growth during recloning.

These possible applications may be combined in order to increase the recloning

10 efficiency still further.

FIGURE 2: PREPARATION OF CONDITIONED MEDIUM OF HSA-PRODUCING
CELLS IN ORDER TO INCREASE THE RECLONING EFFICIENCY
(A) This shows the relative recloning efficiency when using fresh recloning

15 medium without any additions (negative control, white) and the relative increase in
recloning by the addition of 500 mg/L recombinant HSA (positive control, grey) or
50% conditioned medium from a culture of HSA-producing cells, which is removed
from the culture after the stated number of days and added (black bars).

(B) Tabulaied summary of the HSA concentrations measured in the above media.

20 The recloning efficiency is at its maximum when medium conditioned for 2-5 days
is used. It is significantly higher than when recombinant HSA is added to the
medium, although the HSA concentrations measured in the conditioned medium
are lower by a factor of 5-50. Any longer conditioning leads to a reduced recloning
efﬁcienby in spite of a higher HSA content in the medium.

25 _
FIGURE 3: INCREASE IN THE RECLONING EFFICIENCY AS A RESULT OF
THE USE OF HSA-CONDITIONED MEDIUM
(A) The influence of HSA-conditioned medium in the presence of feeder cells.
This Figure shows the relative recloning efficiency of cells that are individually

30 deposited on 10,000 growth-arrested feeder cells. The negative control shows the
recloning efficiency in Boehringer's own medium without any additions (here set at

-10-



binds to nutrients and metabolites and thus assists with their transportation. The term "albumin” in the
present invention denotes a polypeptide component which has the biological activity of albumin.
Albumin generally denotes animal 10 albumin, particularly a mammalian albumin such as for example
human, bovine, equine, murine, rat-like and porcine albumin and albumin from birds such as chickens,
in particular, etc. Preferably the albumin is human serum albumin (HSA). In the present invention the
terms "HSA" and "albumin” are used synonymously, i.e. "HSA" refers both to human albumin and to
albumins from 15 other animal species. In the present invention a distinction is made explicitly
between recombinant HSA which is added to the culture medium from outside, and "secreted HSA",

which is releasbd V¥iidetie e posilyteeniral R lerapankinpotilitafidradrbrgmeadided oy theng
HSA-producingegiisnV IR SEIGRGE IR 8¢ AR ARG TBleA SS TUdYa IR frlheuiture

medium by living 20 albumin-transgenic cells, this means that albumin or HSA is not'ad
outside as a paFfifit prRIIHCINESESdtqi sRciRnED Bifisigrey sanibevinckaasedistihdusther aftend can

be carried out AgaLINGLRRANGABIAINE ¥PATEHddLR drdRowf Hhdod g BRcombinant HSA

may be obtained commercially from various suppliers, for example from Sigma-Al ‘(Recombinant

HSA, Cat5No.(R)7233e TRilRNsErifidibeoteddiliprhdfahi bé-seadiianes: tisdiatittn srramenciahe
data of the p@ﬁ@@ﬁ&?ﬁﬂ@@§PMN4t@1|@ﬁ%@ﬁﬁ%ﬁs’f‘ﬂ@%ﬁ%ﬁigﬁmﬁ]@%& ?@?&ﬁiﬁ ¥helency in

effectiveness than HSA, as it brings about a substantial ircrease in the recloning efficiency a

significantly lofdnedivea stifferens fronribakin (Aigithaiitiheouss ebfrederdels! ndhismediaing to
the present SipeRiaidadignagpiatian bhichiaa IiAs! SRIBCEIRNE FPRRRIANNIR Grnalnant

or purified albumin, a concéntration which is at least five timesTower compared with rec inant or

purified albumdiditivesm Ablavirrcelincemiiornanleh te IBiepdditionaft facarnbinaah HSA0
10 mg/L, dark-grey bars). A higher recloning efficiency on the other hand is achieved

by using conditioned medium of HSA-producing cells (light-grey bars). The bars
are averages of 3-5 evaluated 96-well plates for each condition; error bars show
the standard deviation.

15 FIGURE 4: INCREASE IN RECLONING EFFICIENCY BROUGHT ABOUT BY
HSA-PRODUCING FEEDER CELLS
A single cell from a cell population is deposited on either autologous CHO-DG44
feeder cells or transgenic HSA-producing feeder cells. The recloning efficiency
using DG44-cells was set at 1. (black bar). The grey bar gives the relative increase
20 in the recioning efficiency when HSA-producing feeder cells are used. The bars

indicate the averages of 3 evaluated 96-well plates for each condition.

FIGURE 5 COMBINATION OF HSA-PRODUCING FEEDER AND HOST CELLS

This shows the recloning efficiency in batches containing untransfected DG44
25 cells that have been deposited on autologous feeder cells (1 placed, black), when

recloning an HSA-producing cell in the presence of DG44-feeder cells (grey). The

combination, i.e. the depositing of an HSA-producing cell on HSA-transgenic

feeder cells (white), leads to a further significant increase in the recloning

efficiency. The Figure shows the averages of 3 evaluated 96-well plates, the error
30  bars show the standard deviation.
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comparable culture mixture containing recombinant or purified albumin, an albumin concentration
which is lower by at least factor 5 than that of a comparable culture mixture containing recombinant or
purified albumin, an albumin concentration which is lower by at least a factor 2 to 100, 2to 5, 5 to
15100, 20 to 100, 5 to 10 than that of a comparable culture mixture containing recombinant or purified
albumin, an albumin concentration of less than 200 mg/L, preferably less than 100 mg/L, particularly
preferably less than 60 mg/L. 20 In contrast to recombinant HSA the secreted HSA is released by
HSA-producing cells of a living culture directly into the recloning medium. It may originate from three
sources: (a) from NSA-producing cells of a preliminary culture used to prepare conditioned medium,
(b) HSA-producing feeder cells, or (3) HSA-secreting host cells (if the individually deposited producing

cellsnave beepasyRically 8o eRIRABNBRA BRIl eAsle [iSHTIaLgRjeon o

HSA can be determined by routine methods suchas a commercially obtainable an
Albumin ELISA-Otlriitbiion AR"ABHHSI LAKeFaidiie A MakTidin 6y, REXG QM8 v Tal 8in or

HSA-transgent 1| s "la?ﬁt [ " oral in- or HSA-secreting,cell” dengtes
any cell that refegégagﬁ gl%n@ntot'e%%%%ﬁécggﬁ ﬁt%e%rgbergcgérﬂ H‘aatnrfat allg? ?egggﬁes
albumin (ég. dniidecennepiratiosis tispesiiede dhgenetidalyrm effifiteh dpr waanzukidyeticiintrdguction
of an albumin- -exD ] S 10 it e albumin or HSA and releases it
into the mediugdg@?e@r_égﬁ eérﬁlgﬁo%%%eﬁ&o tﬁgég@éﬂ%ﬁvgr%%nﬁ%%sigédgﬁ aﬁ)ounﬁﬁ- Ggeioning
HSA-producing§ &kt vels wastgererirdbl albothithe rafRieipcauoiegsatehtoelise pattimularly

albumin- or HyAiRIRAUGINA %Qﬁgq ﬂﬁorg‘dé%'ﬁ?ﬁérgigg terms such as "albumin- or HSA-transgenic

cell", "albumin- or HSA-producing cell” an umin- or HSA-secreting cell" specified are used
interchangeably in the present application. The "specific productivity" of a cell indicates the quantity of
a particulgy protein that

Detailed description of the invention
Definitions

Before the more detailed description of the invention by means of the non-

15 restrictive exemplifying embodiments that follow, it should be pointed out that the
use of the indefinite article, for example “a" or "an” and the definite article, namely
“the", includes both the singular and plural of the term in question , unless one of
the two forms is explicitly ruled out and reference is made to a particular form
{singular or piural) . Thus, the term "a cell" automatically includes “a piurality of

20 cells" as well, unless it is explicitly stated that only a single cell is meant. The
singular is explicitly meant, for example , where "a" or "one” is supplemented by

(1)

The term "insulin” denotes a growth factor that is secreted by pancreatic beta cells.

25 Insulin is known to the skilled man. Human zin¢ insulin or recombinant insulin is
frequently used in cell culture. The concentration of insulin can be measured in
the culture medium using routine experiments such as a commercially obtainable
insulin-specific ELISA.
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15 is produced by a cell per unit of time, i.e. that is released into the medium, in the case of secreted
proteins. The specific productivity is calculated from the quotient of the concentration of the product in
the medium (=titre, determined by ELISA, for example) and the number of producing cells present over
the time span under consideration, also known as the "IVC" (integral of the number of living cells over
20time). The specific productivity is usually given in fpcd' (= pg/cell*day = picograms of secreted
protein per cell and per day)). The term "cloning/recloning”, "clone/redone™ in connection with cell
culture means a technique by means of which a cell population of identical cells can be obtained
25from an original cell. The term "cell cloning" or "single cell cloning" thus means a process wherein
single cells cal e igemtifisstin-fsatsaenrom hatlitheotuliirectrediuhffalons grobtypetasnditiyen

o I A lerRAN AR RS o4 MmIRLALIRRGal I eOica el dhie cols are

deposited individually ne ture vesse en expan o] form a cell
population of 30|dent|cal cells, the process is "direct single cell clonlng If a number of cells are

imult Iyh ea%‘q([}ﬂ ided
?r:?;ucgrgggjlatlons of |dent|ca%%é%bl)§]ﬁé8§ at |ut%rgSlr 8{’ mlte éjdgogrﬁgf%listﬁsg e?g"{)e?\glgzmup
"indirect cbnlﬁéeﬁf@ﬁcﬁiﬁd&ﬁgt@mI@Q@dﬂaﬁﬁgl@fﬁgllqsmﬁg" prestsmesnithatideodre ddvetivally
identical 5cell tical cells of
denta) Scels HAEN HANGHR D A6 00l ot sELaSPU SRS gl cols o

the same origin is consequently ereinarter as a "'monoclonal cell p . If during the
cultivation of cells of the same origin there are spontaneous changes in the genome, for example
mutations and/or translocations, the individual cells of this cell population are still regarded as

10identical celimfordhe PyiBaReR CitNhErpsest MV eRERTior ddnB eltdre Slyisa%E8 dcomponent
which has the biological activity of albumin. Albumin generally denotes animal

10 albumin, particularly & mammalian albumin such as for example human, bovine,
equine, murine, ratlike and porcine albumin and albumin from birds such as
chickens, in particular, etc. Preferably the albumin is human serum albumin
(HSA). In the present invention the terms "HSA" and "albumin" are used
synonymously, i.e. "HSA" refers both to human albumin and to albumins from

15 other animal species. In the present invention a distinction is made explicitly
between recombinant HSA which is added to the culture medium from outside,

and "secreted HSA", which is released into the recloning medium directly, i.e.
without purification or separation, by living HSA-producing cells. When reference

is made to albumin or HSA secreted directly into the cell culture medium by living

20 albumin-fransgenic cells, this means that albumin or HSA is not added from

outside as a purified protein.

The production of recombinant HSA is well known in the prior art and can be
carried out e.g. using genefically modified yeasts (U.S. Pat. NO. 5,612,197).

25 Recombinant HSA may be obtained commercially from various suppliers, for
example from Sigma-Aldrich (Recombinant HSA, Cat. No. A-7223). This is purified
protein which can be added to the cultivation medium.

-13-



as a monoclonal cell population. By contrast, a pool of stably transfected cells (transfectants) are not
cell clones of the same lineage, i.e. they are not a monoclonal cell population, even if genetically
identical starting cells are transfected with an identical nucleic acid. 15 The term
"subclones/subcultures” refers to different generations of cells which are produced from an original cell
or original culture by single or multiple passaging of the dividing cells. The words
"subclones/subcultures" are used, for example, when identical cells or cell cultures are cultivated and
replicated over a number of 20generations. The term "cloning efficiency" or "recloning efficiency" is
defined as the percentage of cells which survive, divide and form vital cell populations after being
deposited. If fa'ﬁ@(dﬁiplé)fntb%élrwmg?wpeimrsﬂ@@ dbit LseqipteibliéhdvRasl @OsightiieaaByessels

and 125 of neagmaPaiAigCH e AoRasied s RD [UERSUINGS e HONNgLSoRnnL i 25%

By "effective or ff|C|ent recloning” iIs meant a cloning e C|enc of at ea pre era east
20%, more préiéridponingaeiisiencny signifieanthplaisubineesdrtigtst0%. According to a
particularly preferred embodiment of the present invention the term effective recloning means cloning
with an efficieA&§ ofdifMeasiOBfioantbe ASHBly CONERSLEER) Mmogaskde lslordingate 7% aresevén
more preferably atiggst 80%. The term "capable of division/expandable” for the purposes of the
present invention describes the potential of a cell/cell population to divide endlessly but at 5 the least

over 2, preferablycfrig@ptadrn WhizRMeAIRDaHE RreIRIR e HHSRORARTERYRLAllpassher by

irradiation with 11373Cs or by mitomycin C treatment.
purified albumin,

- a concentration which is at least five times lower compared with recombinant or

purified albumin,

10 - an albumin conceniration which is lower by at least factor 2 than that of a
comparable culture mixture containing recombinant or purified albumin,
- an albumin conceniration which is lower by at least factor 5 than that of a
comparable culture mixture containing recombinant or purified albumin,
- an albumin concentration which is lower by at least a factor 2 to 100, 2to 5, 5 to
15 100, 20 to 100, 5 to 10 than that of a comparable culture mixture containing
recombinant or purified albumin,
- an albumin concentration of less than 200 mg/L, preferably less than 100 mgi/L,
particuiarly preferably less than 60 mg/L.

20 In contrast to recombinant HSA the secreted HSA is released by HSA-producing
cells of a living culture directly into the recloning medium. It may originate from
three sources: (a) from HSA-producing cells of a preliminary culture used to
- prepare conditioned medium, (b) HSA-producing feeder cells, or (3) HSA-secreting
host cells (if the individually deposited producing cells have been genetically

25 modified such that they themselves secrete HSA).

The concentration of HSA can be determined by routine methods such as a
commercially obtainable ELISA (e.g. "Human Albumin ELISA Quantitation Kit",
Bethyl Laboratories, Monigomery, TX)

-14-



The term "derivative/descendant” refers to cells which can be traced back iogenetically to a particular
starting cell and are formed for example by subcultivation (with or without selection pressure) and/or
generated by gene manipulation. Re-isolations of cells of the same cell type are also included in the
term " derivative/descendant”. Thus, for example, all CHO cell lines are derivatives/descendants of the
hamster ovary cells isolated from Cficetulus 15 griseus by Puck et al., 1958, regardless of whether
they were obtained by subcultivation, re-isolation or gene manipulations. The term "feeder cell" comes
from the English word "feed" and refers to a co- cultivation with usually non-dividing cells which serve
to supply the desired cells in 20 the culture with nutrients and secreted growth factors. For the
preparation, living cells are growth-arrested by irradiation with UV or gamma radiation or treatment

with Mitomyciry o T oSG G RISIRIRINGG BRI RIOFCeARCBle SAMpdasiany BUbals:

unable to divide further. 25 The term "autologous feeder cell" means that cell and the
cell which is to3Biiliivae b wiiisepriftheelbrdproescn\cepihibal srigasesan@ibicailly froortiiee

same origin. If the.cell: ti j il Criceti rably
a cell of the GO O oS8 Lo P e el
originally fsola®s 3t othathfasubeemigerelicaliyenedifioshidariexanune dsthe it natiostef ealls of
the subfamily Gricetina g r mhodi 2 " e |"
means that bo%hB%ﬁék?egjreﬁ?eﬁ gir{%g?tr%%g I Ievéﬁi%:ﬁlqjigﬁghbg %ﬁ&%&%&%&ﬁmﬁgﬁé
genus taxono@iEhlgierses:& dilgitaaymesiaed fderefiesredresedinmeotis thenp@sestulniesstion
Mesocricetus) xamps g csll ) i i t I r] or
Mesocricetus,cgrg%%ably a CH%ﬁorsé%eﬁgggﬁﬁ é@er ce rc?rﬁglgr%a )’/Eﬁég?tﬁﬁ ?r%}rﬁﬁ%t éﬁ gé%@in

question is andutbifybiedeedsr wlemi theliserpRrigulaginainiom-AucbiBipoduritgeCptefened
embodimgnt aggialagous freshselLisRrerenhibithie irefleicell ANGHINE cellvio e ciiiyatsd come

from the same species, for example Cricetulus griseus or Mesocricetus auratus. According to a

particularly préfefelreavsiEmest aariitorioeitfectie Hil-Rosretinat itelbispreifiedictreciiand the
cell to be cultim@gmgém iﬁ%é%’ﬂé%éﬁ@&ﬁﬁié&ﬁo*ﬁ?‘ve the same tissue tropism (e.g. ovarian cells

from Cricetulus griseus- CHO cells).

The "specific productivity” of a cell indicates the quantity of a particular protein that

15  Is produced by a cell per unit of time, i.e. that is released into the medium, in the
case of secreted proteins. The specific productivity is caiculated from the quotient
of the concentration of the product in the medium (=titre, determined by ELISA, for
example) and the number of producing cells present over the time span under
consideration, also known as the "IVC" (integral of the number of living celis over

20  time). The specific productivity is usually given in 'pcd’ (= pg/cell*day = picograms
of secreted protein per cell and per day)).

The term "cloning/recloning”, "clone/reclone” in connection with cell culture means
a technigue by means of which a cell population of identical cells can be obtained
25  from an original cell. The term "celfl cloning" or "single cell cloning” thus means a
process wherein single cells can be identified and isolated from a cell pool with
cells of different genotypes and then replicated to form a cell population consisting
of a plurality of genetically identical cells. if the cells are deposited individually, i.e.
only one (1) cell per culture vessel, and then expanded to form a cell population of
30  identical cells, the process is "direct single cell cloning”. If a number of cells are
simultaneously deposited in a culture vessel, expanded to form a cell population
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15 According to a particularly preferred embodiment a feeder cell is an autologous feeder cell if both
the feeder cell and the cell to be cultivated originate from the same basic cell, for example if both cells
were originally CHO-DG-44 cells or descendants of these cells. According to another preferred
embodiment the feeder cell confers the same resistances, e.g. to antibiotics, as the cell which is to be
20cultivated. This is particularly advantageous when the cell deposition is carried out in the presence
of a selecting agent, e.g. an antibiotic. In one aspect the present invention particularly describes the
use of HSAproducing feeder cells for increasing the recloning efficiency. In a preferred 25
embodiment, autologous HSA-producing feeder cells are used. The term "limited dilution” denotes an
alternative me@isttbriciivited Arciiteveiarmnotalioss i i eiiticad ceits the regisated dileticteposited in

a microtite plate 8 iRiGohYAIOR SRS SL Rl el ity lioh dhgpers of cells, many or

30all of the cells will survive as the resu equate secretion of attocrine growth factors. The fewer
cells are seeded per well, the fewer cells survive, which means that the dilution can thus be adjusted

B o o sl AR B REILREIME UM ML AL INR 8 G0RANA R a
y leads statistically to the"tormation of single cell clones, but it IS possiblé for sevetal clones
to grow insoneCRits Whist st trdeom Isaedesingleariialtinalispprutatity: 52neidtitimes) in order to
ensure that thiyeat JoeeRaer eald HHOM R SIUE RNy referred to hereinafter as a
"monoclonal cell population”. if during the cultivation of cells of the same origin
there are spontaneous changes in the genome, for example mutations and/or
translocations, the individual cells of this cell population are still regarded as
10 identical cells for the purposes of the present invention, and the culture is regarded
as a monoclonal cell population. By contrast, a pool of stably transfected cells
(transfectants) are not cell clones of the same lineage, i.e. they are not a
monoclonal cell population, even if genetically identical starting cells are
transfected with an identical nucleic acid.
15
The term "subclones/subcuttures” refers to different generations of cells which are
produced from an original cell or original culture by single or multiple passaging of
the dividing cells. The words "subclones/subcultures” are used, for example,
when identical cells or cell cultures are cuitivated and repiicated over a number of

20 generations.

The term "cloning efficiency” or "recloning efficiency” is defined as the percentage
of cells' which survive, divide and form vital cell popuiations after being deposited.
If for example in a cell sorting operation 100 cells are distributed over 100 culture

25 vessels and if 25 of these 100 individually deposited cells grow to form cultures,
the cloning efficiency is 25%.

By "effective or efficient recloning” is meant a cloning efficiency of at least 10%,

preferably at least 20%, more preferably at least 30% and even more preferably at
s0  least 40%. According to a particularly preferred embodiment of the present

invention the term effective recloning means cloning with an efficiency of at least
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By the term "conditioned medium" is meant medium from a culture of living cells. The effect of the
conditioned medium is based on its content of growth factors that 10have been secreted into the
medium by the cells of the preliminary culture and have thereby "conditioned" it. Accordingly, the term
"medium-conditioning cells" or "medium conditioner" refers to cells that are used to prepare
conditioned medium. In one aspect the present invention describes the use of HSA-producing cells
as 15medium conditioners, so that the conditioned medium thus obtained contains inter alia the NSA
secreted by these cells. The term "serum" denotes the cell-free component of the blood. Serum
contains an undefined mixture of different soluble proteins and growth factors that assist the 20
survival and p2fiterpietewideiat. igasitiie beltrmstpesfweatlycatisasu Otk @8J evbovimerserum (FBS)

are predominaég,lgf % goncentration ranges are 10-20% FCS or FBS as an addition to the
cultivation me iumé@ﬁ %?%Hsgg%én@free" means culture media and also cultivation conditions which

25 are charactéhedertn teapable efr digisionaxphocddisietidfordhaninrabard/of thenpaasserum, preferably

in the absenc rate) : refen i absence of non-recambinantly
produced protqeﬂg?@%ﬁé%gé}e%ﬁﬁ t%gtéégnmlggﬁ’i%c%ﬁé%ﬁg %sl%%érﬁ%?e% §6‘H§| igrqsgleﬁggﬁ}suf se cells
which cansbe f@glieasicovethd absienaklyfiapiasabgesunihis seiantial sy fopectainsledfe

reduced or destroyed altogether by irradiation with '**"ICs or by mitomycin C

freatment.

The term "derivative/descendant” refers to cells which can be traced back

10 genetically to a particular starting cell and are formed for example by
subcuitivation (with or without selection pressure) and/or generated by gene
manipulation. Re-isolations of cells of the same cell type are also included in the
term " derivative/descendant”. Thus, for example, all CHO cell lines are
derivatives/descendants of the hamster ovary cells isolated from Cricetulus

15 griseus by Puck et al., 1958, regardless of whether they were obtained by

subcultivation, re-isolation or gene manipulations.

The term "feeder cell” comes from the English word "feed” and refers o a co-
cultivation with usually non-dividing cells which serve to supply the desired cells in

20 the culture with nutrients and secreted growth factors. For the preparation, living
cells are growth-arrested by irradiation with UV or gamma radiation or treatment
with Mitomycin C. The resulting feeder cells live and produce and secrete growth
factors but are unable to divide further.

25 The term "autologous feeder cell" means that both the feeder cell and the cell
which is to be cultivated in the presence of this feeder cell are derived
taxonomically from the same origin. If for example the cell to be cultivated is a
hamster cell (subfamily Cricetinae), preferably a cell of the genus Cricetulus or
Mesocricetus, for example a CHO or BHK cell, each feeder cell originally isolated

so  from this subfamily is a feeder cell which is autologous to these hamster ceils of
the subfamily Cricetinae.
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The term "protein-free” means that the culture medium does not contain any animal proteins; proteins
isolated from bacteria, yeasts or fungi are not regarded as animal proteins. 5The term "chemically
defined" describes a cell culture medium which is serum- free, preferably also protein-free, and which
consists of chemically defined substances. Chemically defined media thus consist of a mixture of
predominantly pure individual substances. One example of a chemically defined medium is the CD-CH
medium produced by Messrs Invitrogen (Carlsbad, CA, US). 10 The expression "a cell which may be
cultivated in suspension” refers to cells which are adapted to growth in liquid cultures ("suspension
cultures") and whose ability to adhere to the surfaces of vessels, for example cell culture dishes or
flasks, has beéwgeslingds erpostctzdsmwhiztimenttpted b Stutosgous feedarroelthrandrs &

growth in sus [ r + non: . cells, ad erum-free.medjum”.. If feeder
cells are prep%?gg gﬂﬁ%ﬁ&é?c%:gﬁﬁ%%e%@ﬁ@i@éﬁ ?]%f?r%ti%@ﬁﬁﬁ%{rgé eren g\é%l%er&:%rﬁsﬂaiﬁapted
to serum-free $asakUGENUBNEXOMmicadinfroduet ofifnnaibsiselatesitdrbiv tharsmreuteally Smphiicant

DR LIRS AR TS S AN 9P BRI, @/ e MO IO DR A e
molecules, receptors and the derivatives or fragments thereof. However, a protéin }Jpro Uct of interest
is not restrictebiaim e calkamifie geresetaiseiaiysolyp Marissitedy sicprferginysts GiHMtanBhists
and/or have ather icardi fic significant f ipterest. Other proteins 25, of interest
are for examp?égg’rgtggﬁglp%ﬁ%ggt@s t%@%?e[ s!a%? L%?ﬁeﬁé&e p%)%egt%gs(a%f hosHEE %’%tl‘%?ﬂ fift
scope of so-calliglogelFiagidecerlym soelsenrse gf dhis-sp@rtitic. proteins, chaperones, metabolic
enzymes, glycosylation enzymes, and the derivatives or fragments thereof, but are not restricted
thereto. 30The term "polypeptides” is used for amino acid sequences or proteins and refers to
polymers of afisoistngtof angthen pilefamasd tembalioneniumieayioitgivssiaatie haet represendified

Drocessig. TheCs et o e Bol on ey B e e e M AR RERSE. Geletons
or insertions ¢hamiEatitecimt SugiaeustivoiMespraionis svailtafatairingdtdinp|byieapadiidtgriin
addition, the polvaentidles maY;MUIHIA"SG RS S 94ae- AA GISMEF hoth the feeder cell
and the ceil to be cultivated come from the same species and have the same
tissue tropism (e.g. ovarian cells from Cricetulus griseus - CHO celis).

15 According to a particularly preferred embodiment a feeder cell is an autologous
feeder cell if both the feeder cell and the cell to be cultivated originate from the
same basic cell, for example if both cells were originally CHO-DG-44 celis or
descendants of these cells. According to another preferred embodiment the feeder
celi confers the same resistances, e.g. to antibiotics, as the cell which is to be

20 cultivated. This is particularly advantageous when the cell deposition is carried out

in the presence of a selecting agent, e.g. an antibiotic.

In one aspect the present invention particularly describes the use of HSA-
producing feeder cells for increasing the recloning efficiency. In a preferred

25 embodiment, autologous HSA-producing feeder cells are used.

The term "limited dilution” denotes an alternative method of recloning. A cell
suspension is serially diluted and the celis are then deposited in a microtitre plate
in different numbers of cells per well. In wells with high numbers of cells, many or
30 all of the cells will survive as the result of adequate secretion of autocrine growth

factors. The fewer cells are seeded per well, the fewer cells survive, which means
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By recombinant proteins are meant proteins that are produced by recombinant expression in host
cells. Such recombinant proteins are produced under the strictest conditions of purity in order to
minimise the risk of contamination. 10 Recombinant proteins are usually produced in suitable host
cells such as e.g. yeast cells, animal cells or prokaryotic cells (E. coli or other bacterial strains) using
an expression vector such as for example a plasmid, bacteriophage, naked DNA or a virus, to
introduce the recombinant protein into the host cell. Recombinant proteins are usually commercially
available in purified form as concentrated 15 protein solutions or in powder form. Recombinant HSA is
obtainable for example from various commercial suppliers such as Sigma Aldrich. Examples of
therapeutic prﬂt@h&aréilhﬁammaﬁsthwﬁlike griustethcorihaimtatisicalih boynone ¢h@ld) eeidpmeher

growth factor p 0 PA), er ie t S, e.g.
interleukins (IL suc %2 ngd] 1% éﬁl ﬁHé% %F]éﬁ @g E&g ?ﬁ%o’gjﬁ%&%d?@ﬁ T{

IL-14, IL-15, ||§taesﬂgaiw mgﬂseuﬁmw@mn(lmya@leacaﬂemop@amm liomeigaserbimdptuamral
necrosis factog, (ITNE) T - alq)r@ F,. MCP-1
and VEGF. Ot lge)ﬁ\égé?n gajl?e m%gdégc gtnha@e% %%na, Z%B@I?tlésbpem |c ant?smg?ﬁeﬁglr%ﬁﬂ dies
and fragnenttiherédirsash msﬁweéﬁaxmewatihaaﬁha:@ﬂumﬁmm‘et reratynisnisyrightsibnd
heavy (H) immgnioglobulin chains and the constant, variable or hypervariable regions thereof as well

as Fv and Fd fragments (Chamov et al., 1999). The antibodies may be of human or non-human origin.
Humanised and chimeric antibodies are also 30possible. Fab fragments (fragment antigen binding =

5P AANAIP S ER R OGIGORGHSL By AEG3GRNS capstant

Fab) consist oé e
regions. They r#gl@%ae{%ﬁdégggq g)r example from conven ional antibodies by reating withy a protease

such as papaihhsr effeohipf ﬂwmd@ﬂm(hmmamnadmemkca'retF(mﬂt@Bdf@gmdhtéaMmmtbah be
P oy o HaWROHCE ) declapd P aRe Thel AT CIRB TS F A SRR ERAE Sheltone
nly o an I

antibody foragments w consist o e varla g|ons of the hea a|n VL).
These are kndwnetevebygeendiiohagmént varlable = fragment of the variable part) As 10 covalent

binding via oGS RPURS EE SRASIERL EONBRIAPG! BORele SR FUIRREDI e are

often stabilised by so ther metho IS purpose the varla e region of eavy an
chains are oftéth §eitethaigethusey inpasepaeconditipeptdedidigment of about 10 to 30 amino acids,

preferably 15 aming agda T i3 HRULALSRSIER RUYBAPLLSHIBLLSIMISR YR AN IR as

15 mediurm conditioners, so that the conditioned medium thus obtained contains inter
alia the HSA secreted by these celis.

The term "serum” denotes the cell-free component of the biood. Serum contains
an undefined mixture of different sciubie proteins and growth factors that assist the

20 survival and proliferation of celis.‘ For the cell culture, foetal calf serum (FCS) or
bovine serum (FBS) are predominantly used. The usual concentration ranges are
10-20% FCS or FBS as an addition to the cultivation medium.

The term "serum-free" means culture media and also cultivation conditions which

25  are characterised in that cells are grown in the absence of animal and/or human
serum, preferably in the absence of any proteins isolated from serum, preferably in
the absence of non-recombinantly produced proteins. Consequently, the term
"celis adapted to serum-free conditions” means those celis which can be
replicated in the absence of animal or human serum or serum proteins.

30
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15 joined together by a peptide linker. Such antibody fragments are also referred to as single chain Fv
fragments (scFv). Examples of scFv antibodies are known and described, cf. for example Huston et
al., 1988. In past years various strategies have been developed for producing multimeric 20 scFv
derivatives. The intention is to produce recombinant antibodies with improved pharmacokinetic
properties and increased binding avidity. In order to achieve the multimerisation of the scFv fragments
they are produced as fusion proteins with multimerisation domains. The multimerisation domains may
be, for example, the CH3 region of an IgG or helix structures ("coiled coil structures") 25 such as the
Leucine Zipper domains. In other strategies the interactions between the VH and VL regions of the
scFv fragmentire tesed Torotsimsfresisasengdhpt dive, aultunedpetitabatties) nTheariamdialgody is used
in the art to de [ h m@%’@ | ivative. ening. the peptide linker in the
scFv molecule%@@%)% g‘ﬁl‘%’lcﬁ acids rsss{ﬁ?zt%ﬁ\&%eg?g[%%%@éJgggr%o@{?hggﬁ' ygsﬁgeﬁarﬁsg)dsr?rqg VH/VL
chains. The dRfbadigwehipteintitionally be stabilised by inserted disulphite bridges. Examples of
diabodies can be found in the literature, e.g. in Perisic et al., 1994. The term minibody is used in the
art to denote a bivalent homodimeric scFv 5 derivative. It consists of a fusion protein which contains

the CH3 région 0% &@rmrehacutstiyldeinet desciies mestliprefersbiyddGm abidimierisation region.

Thi t fah i f : link ion.
Examples of o b T A e e A g R e BB o e
to denote a tri%!lbﬁmﬁ)trﬁﬁﬁ@ﬁ&i@@ﬁvdﬁMimQ{@m@ abnsisd o). armextlireco fusiedootivihiiyL
without the use ALABKRIALRRIEIeads D8 (oAl O'dieie, PR RGTA fRoWRD the ar

as mini antibodies which have a bi-, tri- or tetravalent structure arealso derivatives of SCFv

fragments. Th&MéHitkemediomipmchiesd dbpMessnss ofitiogen (CasishatiAdI&].coil structures
(Pack et ﬂ! 1993 and 1995; Lovejoy et at, 1993).

The expression "a cell which may be cultivated in suspension” refers to cells which
are adapted to growth in liquid cultures ("suspension cultures") and whose ability
to adhere to the surfaces of vessels, for example cell culture dishes or flasks, has
been restricted or lost. Cells which are adapted both to serum-free growth and fo
15 growth in suspension are referred to as " non-adherent cells adapted to serum-
free medium”. If feeder cells are prepared from such cultures, these cells are by

definition " non-adherent feeder cells adapted to serum-free medium" .

The term proteinfproduct of interest refers to biopharmaceutically significant
20 proteins/polypeptides comprising e.g. antibodies, enzymes, cytokines,
lymphokines, adhesion molecules, receptors and the derivatives or fragments
thereof. However, a protein / product of interest is not restricted to these
examples. Generally, all polypeptides that act as agonists or antagonists and/or
have a therapeutic or diagnostic use are significant or of interest. Other proteins
25 of interest are for example proteins/poiypeptides that are used to alter the
properties of host cells within the scope of so-called "Cell Engineering”, such as
e.g. anti-apoptotic proteins, chaperones, metabolic enzymes, giycosylation
enzymes, and the derivatives or fragments thereof, but are not restricted thereto.

30 The term "polypeptides” is used for amino acid sequences or proteins and refers

to polymers of amino acids of any length. This term also includes proteins which
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The term "antibody fusion" or "antibody fusion protein” denotes the fusion/coupling 20 of a protein to
an antibody or part of an antibody. In particular these include fusion proteins produced by genetic
engineering, in which a therapeutic protein is coupled to the Fc part of an antibody, in order to increase
the half-life / stability of the protein in the serum. The term also encompasses antibody fusions
consisting of a peptide and an antibody or part of an antibody. 25 Preferred host cells for the purposes
of the invention are hamster cells such as BHK21, BHK TIC, CHO, CHO-K1, CHO-DUKX, CHO-DUKX
B1 and CHO-DG44 cells or derivatives/descendants of these cell lines. Particularly preferred are
CHO-DG44, CHO-DUKX, CHO-K1 and BHK21 cells, particularly CHO-DG44 and 30 CHO-DUKX cells.
Also suitable draveysiesna catidifienn pashitnsiafireiinblyyN 82cuhSpRidicels aglycosylation,

derlvatlves/de S f r.and mogse ceIIs hich ¢ e used
according to t e m& %Er% gglfgs/agr% M%]ﬁ%qe?@rgﬂﬁ%ﬂ Qgﬂr}rqnoév%eveg deﬁ\ljgl?ves aﬁ%"&%sgg Tts of
these cells, otfheivpapiiaiaacbismuifitdgbuenarmplritiedubstélitiors defetionsaos;ms@torats,

monkeys, fodegis, kRO ERsRAYNG u PELSSUIRLI0 yeast nsest. i and plant cells,

may also be used as host cell e production of |op armaceutlca eins.
productiors cellniggislifien, lthe pobaspoderimbgmNiEMerise and form homo~ and heteromers.

By recombinant proteins are meant proteins that are produced by recombinant
expression in host cells. Such recombinant proteins are produced under the
strictest conditions of purity in order to minimise the risk of contamination.
10 Recombinant proteins are usually produced in suitable host cells such as e.qg.
yeast cells, animal cells or prokaryotic cells (E. coli or other bacterial strains) using
an expression vector such as for example a plasmid, bacteriophage, naked DNA
or a virus, to introduce the recombinant protein into the host cell. Recombinant
proteins are usually commercially available in purified form as concentrated
16 protein solutions or in powder form. Recombinant HSA is obtainable for example

from various commercial suppliers such as Sigma Aldrich.

Examples of therapeutic proteins are insulin, insulin-like growth factor, human
growth hormone (hGH) and other growth factors, receptors, tissue plasminogen
20  activator (tPA), erythropoietin (EPO), cytokines, e.g. interleukins (IL) such as iL-1,
-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, 1L-15, IL-
16, 1L-17, IL-18, interferon (IFN)-alpha, -beta, -gamma, -omega or -tau, tumour
necrosis factor (TNF) such as TNF-aipha, -beta or -gamma, TRAIL, G-CSF, GM-
CSF, M-CSF, MCP-1 and VEGF. Other examples are monoclonal, polyclonal,
25 multispecific and single chain antibodies and fragments thereof such as for
example Fab, Fab', F(ab’),, Fc and Fc' fragments, light (L) and heavy (H)
immunoglobulin chains and the constant, variable or hypervariable regions thereof
as well as Fv and Fd fragments (Chamov et al., 1999). The antibodies may be of
human or non-human origin. Humanised and chimeric antibodies are also

30 possible.
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ECACC No. 85110503 Sp2/0-Agl4 ATCC CRL-1581 BHK21 ATCC CCL-10 BHK TIC ECACC No.
85011423 HaK ATCC CCL-15 2254-62.2 (BHK-21 derivative)

Fab fragments (fragment antigen binding = Fab) consist of the variable regions of

both chains which are held together by the adjacent constant regions. They may

be produced for example from conventional antibodies by treating with a protease

such as papain or by DNA cloning. Other antibody fragments are F(ab')2
5 fragments which can be produced by proteolytic digestion with pepsin.

By gene cloning it is also possible to prepare shortened antibody fragments which
consist only of the variable regions of the heavy (VH) and light chain (VL). These
are known as Fv fragments (fragment variable = fragment of the variable part). As
10 covalent binding via the cystein groups of the constant chains is not possible in
these Fv fragments, they are often stabilised by some other method. For this
purpose the variable region of the heavy and light chains are often joined together
by means of a short peptide fragment of about 10 to 30 amino acids, preferably 15
amino acids. This produces a single polypeptide chain in which VH and VL are
15 joined together by a peptide linker. Such antibody fragments are also referred to
as single chain Fv fragments (scFv). Examples of scFv antibodies are known and

described, cf. for example Huston et al., 1988.

In past years various sirategies have been developed for producing muitimeric
20 scFv derivatives. The intention is to produce recombinant antibodies with
improved pharmacokinetic properties and increased binding avidity. In order to
achieve the muitimerisation of the scFv fragments they are produced as fusion
proteins with multimerisation domains. The multimerisation domains may be, for
example, the CH3 region of an IgG or helix structures ("coiled coil structures")
25 such as the Leucine Zipper domains. In other strategies the interactions between
the VH and VL regions of the scFv fragment are used for multimerisation (e.g. dia-,

tri- and pentabodies).

The term diabody is used in the art to denote a bivaient homodimeric scFv
36 derivative. Shortening the peptide linker in the scFv molecule to 5 to 10 amino
acids results in the formation of homodimers by superimposing VH/VL chains.
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ATCC CRL-8544 CHO ECACC No. 8505302 CHO-K1 ATCC CCL-61 CHO-DUKX (= CHO duk",
CHO/dhfi) ATCC CRL-9096 CHO-DUKX B1 ATCC CRL-9010

The diabodies may additionally be stabilised by inserted disulphite bridges.
Examples of diabodies can be found in the literature, e.g. in Perisic et al., 1994.

The term minibody is used in the art to denote a bivalent homodimeric scFv
5  derivative. It consists of a fusion protein which contains the CH3 region of an
immunoglobulin, preferably 1gG, most preferably 1gG1, as dimerisation region.
This connects the scFv fragments by means of a hinge region, also of IgG, and a

linker region. Examples of such minibodies are described by Hu et al., 1996.

10 The term triabody is used in the art to denote a trivalent homotrimeric scFv
derivative (Kortt et al,, 1997). The direct fusion of VH-VL without the use of a

linker sequence leads to the formation of trimers.

The fragments known in the art as mini antibodies which have a bi-, tri- or
15 tetravalent structure are also derivatives of scFv fragments. The multimerisation is
achieved by means of di-, tri- or tetrameric coiled coil structures (Pack et al., 1993
and 1995; Lovejoy et al., 1993).
The term "antibody fusion” or "antibody fusion protein” denotes the fusion/coupling
20 of a protein to an antibody or part of an antibody. In particular these include fusion
proteins produced by genetic engineering, in which a therapeutic protein is
coupled to the Fc part of an antibody, in order to increase the half-life / stability of
the protein in the serum. The term also encompasses antibody fusions consisting
of a peptide and an antibody or part of an antibody.
25
Preferred host cells for the purposes of the invention are hamster cells such as
BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1 and CHO-DG44
cells or derivatives/descendants of these cell lines. Particularly preferred are
CHO-DG44, CHO-DUKX, CHO-K1 and BHK21 celis, particularly CHO-DG44 and
30 CHO-DUKX cells. Also suitable are myeloma cells from the mouse, preferably
NSO and Sp2/0 cells and derivatives/descendants of these cell lines.
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CHO-DGA44 Urlaub et al., Cell 33[2], 405-412, 1983 CHO Pro-5 ATCC CRL-1781 Lec13 (Stanley P. et
al, 1984). V79 ATCC CCC-93 B14AF28-G3 ATCC CCL-14

Examples of hamster and mouse cells which can be used according to the
invention are given in Table 1 that follows. However, derivatives and descendants
of these cells, other mammalian cells including but not restricted to cell lines of

5 humans, mice, rats, monkeys, rodents, or eukaryotic cells, including but not
restricted to yeast, insect, bird and plant cells, may also be used as host celis for
the production of biopharmaceutical proteins.

Table 1: Known production cell lines

Cell line Accession number
NSO ECACC No. 85110503
Sp2/0-Ag 4 ATCC CRL-1581
BHK21 | ATCC CCL-10

BHK TK ECACC No. 85011423
HaK ATCC CCL-15
2254-62.2 (BHK-21 derivative) ATCC CRL-8544

CHO ECACC No. 8505302
CHOK1 ATCC CCL-61
CHO-DUKX ATCC CRL-9096

(= CHO duk’, CHO/dhfr)

CHO-DUKX BT ATCC CRL-9010
CHO-DG44 | | Urlaub et al., Cell 33[2], 405-412, 1983
CHO Pro-5 | ATCC CRL-1781 T
Lect3 (Stanley P. et al, 1084),
V79 ATCC CCC-93
B14AF28-G3 | ATCC CCL-14

HEK 293 ATCC CRL-1573
COS-7 ATCC CRL-1651

U266 | | ATCC TIB-196

HuNS1 | | ATCC CRL-8644
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HEK 293 ATCC CRL-1573 COS-7 ATCC CRL-1651 U266 ATCC TIB-196 HuUNS1 ATCC CRL-8644
Per.C6 | :

Per.C6 (Fallaux, F.J. et al, 1998)
CHL ECACC No. 87111906

According to the invention, recombinant mammalian cells, preferably rodent cells,
most preferably murine cells such as NSO and hamster cells such as CHO or BHK

are particularly preferred.

According to the invention the host cells are preferably established, adapted and
cuitivated totally under serum-free conditions. Particularly preferably the host cells
are additionally established, adapted and cuiltivated totally in a medium that is not
only serum-free but also free from any animal proteins/peptides.
10
Examples of suitable nutrient solutions include commercially obtainable media
such as Ham's F12 (Sigma, Deisenhofen, DE), RPMI-1640 (Sigma), Dulbecco's
Modified Eagle's Medium (DMEM; Sigma), Minimal Essential Medium (MEM;
Sigma), lIscove's Modified Dulbecco's Medium (IMDM; Sigma), CD-CHO
15 (Invitrogen, Carisbad, CA, USA), CHO-S (Invitrogen), serum-free CHO-Medium
{Sigma) and protein-free CHO-Medium (Sigma).

The term "production cell " or "producer cell* or "production clone " denotes a cell
that is used in a process for preparing a protein. In particular this includes
20  genetically modified cells that are used for the industrial production of recombinant
proteins. Within the scope of this invention, the term includes in particular
genetically modified eukaryotic host cells which express a recombinant protein and
are used to prepare this protein. This includes in particular monoclonal cell lines
for the production of therapeutic proteins.
25
The invention describes a method of cultivating a single cell comprising the
following steps: (a) cultivating a cell population, (b) isolating a single cell from the
said cell pool and (c) cultivating the said single cell in a conditioned medium, i)
which contains albumin, preferably human serum albumin (HSA), which is
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(Fallaux, F.J. et al, 1998) CHL ECACC No. 87111906 According to the invention, recombinant
mammalian cells, preferably rodent cells, most preferably murine cells such as NSO and hamster cells
such as CHO or BHK are particularly preferred. 5 According to the invention the host cells are
preferably established, adapted and cultivated totally under serum-free conditions. Particularly
preferably the host cells are additionally established, adapted and cultivated totally in a medium that is
not only serum-free but also free from any animal proteins/peptides. 10 Examples of suitable nutrient
solutions include commercially obtainable media such as Ham's F12 (Sigma, Deisenhofen, DE),
RPMI-1640 (Sigma), Dulbecco's Modified Eagle's Medium (DMEM; Sigma), Minimal Essential Medium
(MEM; Sigma)seseetecshyiduingdeibumicdmne sgemionse] v Dive iy ink), il o1oiasy(| hvis apesific
cansbad, CA. dimibfrid S GHAATR) iR CgeSEHRAd g L Eaatnm) SOl LiRfm
CHO-Medium (Sigma). The term "production cell " or "producer cell” or "production clone™ denotes a

cell that is use8EfratBeob¥ kB e pripERing A pIeRNGC Ieeparhies|dhenraime uefésct @gdhetitzdigmmgdified
cells that are uselaidhed YaealIREYC B AL deaBUIRInAY LIRS WAIBIN IR REORR AEINIR

: particular genetically modified eukaryotic host cells which express a

recombinagnt pi&shH ahBiBvVEsE@iigegstestisirtteitamaisineaaseto mopiiviatitg ansingtdarell, cell
lines for the proguifiy e 3BRWME WIS 48) cultivating a cell population, (b) isolating a
single cell from said celi pool and (¢) cultivating the said single cell in a conditioned
medium, i) which contains albumin, preferably human serum albumin (HSA), which
is secreted by living albumin-transgenic cells directly into said medium, i) the

10 albumin secreted by living albumin-transgenic cells achieving the same effect on
the recloning efficiency as recombinant or purified albumin at a significantly lower
concentration.

In a specific embodiment the present invention describes a process in which the
albumin secreted by living albumin-transgenic cells has the same effect on the

15 recloning efficiency as recombinant or purified albumin at a concentration that is at
least two times lower. In a preferred embodiment, the present invention describes
a process in which the albumin secreted by living albumin-transgenic cells has the
same effect on the recloning efficiency as recombinant or purified albumin at a
concentration that is at least five times iower. In a specific embodiment the

20  present invention describes a process in which the albumin concentration in i) is
lower by a factor of at least 2, preferably at least 5, than that of a comparable
culture mixture containing recombinant or purified albumin. In another specific
embodiment, the present invention describes a process in which the single cell in
step (b) and (c) expresses a protein of interest.

25 In a preferred embodiment step c) is carried out under serum-free conditions,
preferably using chemically defined and/or insulin-free medium. In a specific
embodiment the present invention describes a process in which in step (¢) albumin
is present in a concentration of less than 200 mg/L, preferably less than 100 mg/L,
particularly preferably less than 60 mg/L. In another specific embodiment the

30 present invention describes a process in which albumin in step (c) i) is present in

a concentration that is lower by a factor of 2 o 100, 210 5, 5t0 100, 200 100 or 5
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The invention describes a method of cultivating a single cell comprising the following steps: (a)
cultivating a cell population, (b) isolating a single cell from the said cell pool and (c) cultivating the said
single cell in a conditioned medium, i) which contains albumin, preferably human serum albumin
(HSA), which is secreted by living albumin-transgenic cells directly into said medium. In a specific
embodiment the present invention describes a process in which the albumin secreted by living
albumin-transgenic cells has the same effect on the recloning efficiency as recombinant or purified
albumin at a concentration that is significantly 5 lower. The invention describes in particular a process
for cultivating a single cell, comprising the following steps: (a) cultivating a cell population, (b) isolating
a single cell frifn'hi@EIRBEH ab '@%dﬁi@tﬁ?@?ﬁé‘%ﬁ‘i@@irz@% ISIOWE WhaifBRRT Feaimet which
contains alburpieséygharaiieasnman sentaratBust BTN owdiayis seeisted {1y living

albumin-transgznic cells directly intg said medium, ii) the io albumin secreted by living

albumin-transfeAPEEiRERhRTIRGI R HREAESN IREUPEh ARPEFRGS R \PERCRSSOMBRISIR &
purified albumifiet fepieHulicaMtSIYRA CARGITIERIE kI B FRE SIS RIMROCHINE Y HifiBEeSEAtdAVgNtion

describes a process In which the albumin secreted by living albumin-transgenic cells has the same

effect on the TS MOVRMIREWRRR FtNElRR SABMAHCH plRfR PaBEHRT M PIeTBHEShERRAIIMENG at
least two timeﬁq@\yeéséhﬁiﬁw@mfﬁdmm%rmmﬁaewmw%@@ﬁd@m@eéea BIs&S=dAhich
ee

the albumin secreted by living aIbumin-t.ransiienic cells has the sam ect on the recloning efficiency

as recombinaf® §VPgrAbYBHlaRSgED g arrethuhichisanavedirisybivation da¥kcific
embodiment the ;2@ pkasaps diieBHUbERRERP BfecHPERERB SN dBSRIBEINfreReeB AR 1) IS

lower by a factor of at least 2, %referably at least 5, than that of a comparable culture mixture

containing recOIRSRASUBEHAREY SbaiEh ARt utEsveidothrmilite prelerbichien

describespa prp¢amfoR WbiahilhesHagerrelténsiemiblmadtersrprsatsodiniaiRibfahitiakrsiisRIn a
preferred embodiment step c) is carried out under serum-free conditions, preferably using chemically

Hefined and/ol MRSl TS PKI, TOR: & otb IR Wl T o SRaiEERbed 40

process in whighrnisteiralbL Riksy BrRSeBlYY arcite e BmLalile sotBaRtRb ML) reseraply
less than 100 mg/L, Earticularly preferably less than 60 mg/L. In another specific embodiment the

30present inveAgBntBRt Plhés SOprBaLRR G, GHlfLPaMHENSRBIARYI® EprRRRERtaoReEligdtion
that is lower byBfafitPH PhlrietbPof AfebsbIacl 00, gReferdBl @y facktr Brefeladly #g least in a

concentration that is lower by a factor of 5, most preferably at least in a concentration that is lower by a
factor of 0.

In another preferred embodiment the present invention describes a process

wherein the conditioned medium in step c) is produced by the addition of living
albumin-transgenic feeder cells. Preferably, at most 50 0000 albumin-transgenic
feeder celis / mi are added. Also preferred is a process according to the invention
iy which the albumin<transgenic-feeder cells remain-in the medium-of step-¢y -

continuously for a period of at least 2 weeks. In a preferred embodiment of the
invention the conditioned medium in step ¢) is produced by the addition of living
albumin-transgenic feeder cells, in which 50 0000 albumin-transgenic feeder cells /
ml or less are added and the albumin concentration in i) is lower that that of a

25  comparable culture mixture containing recombinant or purified albumin by a factor
of at least 5 10 100, preferably by a factor of 20 to 100 (preferably also be a factor
of more than 100).

in another preferred embodiment the present invention describes a process
30  wherein the conditioned medium in step (c) is-produced by the fact that the single

cell from step (b) and (¢) is an albumin-transgenic cell. in a particularly preferred
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In a preferred embodiment the present invention describes a process wherein in step (c) the cell
supernatant of living albumin-transgenic cells is added, which is 5removed between cultivation days 1
to 4. In a particularly preferred embodiment the present invention describes a process wherein in step
(c) the cell supernatant of living albumin-transgenic cells is added which is removed on cultivation day
2. In another specific embodiment the present invention describes a process wherein the cell
supernatant is taken from a cell culture with 1 to 4 million, preferably 1 to 10 2 million
albumin-transgenic cells / ml. In a preferred embodiment of the invention the cell supernatant is taken
from a cell culture with 1 to 4 million, preferably 1 to 2 million albumin- transgenic cells / ml and the

albumin conc&HTRASINENS BectiRg ecplltisdransossishetbiotcalRueimaadrfor sreanmghisterasinant
or purified albaRuntRY SifIOEST priRRRIea 1ol dMEIRIARAN SR RGIoheT Sleasidf-dl pAé@nasper

preferred embodiment the present invention describes a process wherein the conditioned medium in
step ¢) is prodt¥EBly tHe HIRREAH IRMBCsTRRH hanBgRIRMcbyentians deserthiada RSSO0
0000 albuminyprasgeivcsieedey cells / ml are added. Also preferred is a process according to the
invention 20 in which the albumin-transgenic feeder cells remain in the medium of step c)

continuoudly f8) iVigisperinkassasnieiecdrrLalercre PR @ment of the invention the
conditioned megiHdeisigRExSRMSIHRHE bibearditansebivingalbumieHRnesesiefpeder cells, in

which 50 0000 albumin-transgenic feeder cells / ml or less are added and the albumin concentration in
i) is lower thattBHYeRhde%sdARd AREcliaton RIFE PR RIERERhBHtivatnpisiRsiathumin by a

factor of at least 5 to 100, preferably by a factor of 20 to 100 (preferably also be a factor of more than
100). In another preferred embodiment the present invention describes a process 30wherein the

conditioned mEBRUMYRTEIRP RIPR PRSSTIEES By S8l MBiGhsiaearigied aserfisgefqnm@idhe an

albumin-gransgesiesalk bradiarHgUuRteaRrieRirth embodiment the single cell is transgenic both for
albumin and for a gene of interest and the single cell produces both albumin and also at the same time

a protein of interest. In a specific embodiment the present invention describes a process wherein in
step c) The invention further describes a process for producing a protein of interest in a

cell, preferably a CHO cell, preferably under serum-free cultivation conditions,
comprising the following steps:
15 a) producing a cell population that contains a gene of interest that
codes for a protein of interest,
b) cultivating these cells under cultivation conditions that permit growth
of the cells,
¢) isoiating and depositing a single cell in a vessel, e.g. in a 96-well
20 plate,
d) cultivating the said single cell in condifioned medium in the presence
of
a) cell supernatant of living albumin-transgenic cells, which is taken
between the days 1 and 3 of cultivation, preferably on day 2 of
25 cultivation, or
b} living albumin-transgenic feeder cells,
e) selecting a cell corresponding to its expression level of the protein of
inferest,
f) harvesting the protein of interest, for example by separating the cell
30 components from the supernatant, and

g} purifying the protein of interest.
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5a) living albumin-transgenic feeder cells are added or b) the cell supernatant of living
albumin-transgenic cells, which is removed between days 1 and 4 of cultivation, preferably on day 2 of
cultivation, is added.  The invention also describes a cell which is generated according to one of the
10processes according to the invention. The invention further describes a process for producing a
protein of interest in a cell, preferably a CHO cell, preferably under serum-free cultivation conditions,
comprising the following steps: 15a) producing a cell population that contains a gene of interest that
codes for a protein of interest, b) cultivating these cells under cultivation conditions that permit growth
of the cells, c).isolating and depositing a single cell in a vessel, e.g. in a 96-well 20plate, d)

cultivating the/ BASRAHIE EMBANBIRMEHR ATERRMIMYSAHOD ARSFINES @ PToces S ANRIFEIRERSY of
living albuminyrangsoaricelisinvbichisrialas beraesniheaftysidiand srefeetiiyatipnherafriatidy on

day 2 of 25cultivation, or ) living albumin-transgenic_feeder cells, e) selecting a cell

. b . .
correspondin@ i8R e RiCE MBI o IR YR Bfinfttidepdy fusion protein or“an antibody
fragment.

s In a specific embodiment the present invention describes a process, characterised
in that the single cell is a hamster or murine cell, preferably a mouse myeloma
cell, particularly preferably a CHO or BHK cell or an NSO cell. In another specific
embodiment the present invention describes a process, characterised in that the
living albumin-transgenic cell comes from the same species as the individually

10 deposited cell. Preferably, the cell is a "Chinese Hamster Ovary" (CHO) cell.
More preferably, the cell is a hamster or murine cell, preferably a mouse myeloma
cell, particularly preferably a CHO or BHK cell or an NSO cell, depending on the
species of the individually deposited cell.
iIn a particular embodiment the present invention describes a process,

15 characterised in that it relates to autologous albumin-transgenic cells or feeder
cells.

In another particular embodiment the present invention describes a process,
characterised in that the isolation of a single cell in step b} is carried out by "limited
dilution” or using a "fluorescence activated cell sorting” (FACS) apparatus.

20 In a preferred embodiment the present invention describes a process,
characterised in that the cell in step (b) and (c) expresses a protein of interest. In
particular the protein of interest is a therapeutic protein, preferably an antibody, an

antibody fusion protein or an antibody fragment.

25 The invention also describes a protein which is prepared by a process described
according to the invention.
The invention further describes a process for selecting a production cell, using a
process according to the invention.
The invention further describes the use of a production cell according to the

30 invention for biopharmaceutical protein preparation.
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harvesting the protein of interest, for example by separating the cell 30components from the
supernatant, and g) purifying the protein of interest. In a specific embodiment the present invention
describes a process, characterised in that the protein of interest is a recombinant protein, preferably a
therapeutic protein, preferably an antibody or an antibody fusion protein or an antibody fragment. 5In a
specific embodiment the present invention describes a process, characterised in that the single cell is
a hamster or murine cell, preferably a mouse myeloma cell, particularly preferably a CHO or BHK cell
or an NSO cell. In another specific embodiment the present invention describes a process,
characterised in that the living albumin-transgenic cell comes from the same species as the

individually 10 dupdRveatios TrrbRi gapaliesen isarughfieeedanditana0vanftu(c Hmdiath thark

preferably, the,cellds g ﬁﬁ’égﬁ%rt%ré‘ﬂw\i)é?e%'& féecr PI}Sc?n QLS .myeloma cell, particularly
preferably a CHO or BHK cell or an NSO cell, Ic'ipgpeng?r’lg on%he s%'ecies of the individually deposited

cell. In a partfulat&dhfBigmaianhoplident avemint desgrbiss eefirocebishl B takaotdrigegemthat it
relates to autologoq)sa%bwg}mt&a&s&%' ﬁgpls’ Bgeq%? G{yc%%ﬂ%@?ymt@ﬁ%lI%rrembodiment the

present invention describes a process, characterised in"that the“isolation of a single cell in step b) is
carried out by ‘mitiing@immbr-tigngganiinedeeneksdeoneanditenisgriiiem@Nags) apparatus. 20 In
a preferred embodiment the present invention describes a process, characterised in that the cell in
step (b) and (c) expresses a protein of interest. In particular the protein of interest is a therapeutic
protein, preferab¥esatintinbey, aedimiBodcastingréteirtie ainganboty fagiaisst. 26 TABimMENtion

also describe%arm&ﬁ%wnic&i%éggpg{gﬁ agwgfgss S?Qf;pggf@fgg%if&éot%inﬁaﬂ yFhe

invention further describes a process for selecting roductio a process accordifig to the
invention.  TRRMiisWaio Reienallidessbbamh@lisegdt.a Brethreddy. cultelogottirfgedenedBirarention

for biophgymageuficalprofenpeRMalifhodiment the present invention describes a medium.

characterised in that the single cell cultivated therein is a CHO cell. Particularly

preferably this single cell expresses a protein of interest.

For putting the present invention into practice, unless stated otherwise,
15 conventional techniques that are generally known fo the skilled man from cel
biology, moiecular biology, cell cuiture, fermentation technology, etc. are used.

The following experimental data are illustrative by nature and are not restrictive.
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The invention further describes a serum-free conditioned culture medium that makes it possible to
cultivate a single cell, containing: a) cell supernatant of living albumin-transgenic cells, which is taken
between days 1 and 4 of cultivation, preferably on day 2 of cultivation, or 5b) living albumin-transgenic
feeder cells for conditioning the medium. Preferably, the medium according to the invention contains
an albumin concentration of less than 200 mg/L, more preferably less than 100 mg/L, particularly
preferably less than 60 mg/L. Preferably, autologous feeder cells are 10 used. In a preferred
embodiment the present invention describes a medium, characterised in that the single cell cultivated
therein is a CHO cell. Particularly preferably this single cell expresses a protein of interest. For putting
the present in@K?ﬁﬁWBfﬁ%ﬁcﬁE@Té@ﬂstated otherwise, 15 conventional techniques that are

generally kno%g@mgﬁfﬁw |0Iogy, molecular biology, cell culture, fermentation
technology, etc. are use wmg experlmental data are illustrative by nature and are not

restrictive. EXPERTIMANTNY SETHBICEQUWHPMENT AND METHODS CULTIVATION OF THE
CELLS The Ceﬂﬁec'igﬂs[)@ﬁ@%&%%wb &Bﬁéut}9§3glarel ngﬂq %?S”S r%‘lajaltxl*u\é%tﬁg Siitivated as
5 suspension cells in serum-free HyQ SFM 4 CHO medium (HyClone)
supplemented with hypoxanthine and thymidine or Bl's own medium in cell culture
flasks at 37°C in a damp atmosphere and 5% CO,. The cell counts and viability
are determined with a CEDEX Cell Counter (Innovatis, DE) or by tryptan blue
staining and the cells are then seeded in a concentration of 1 — 3 x10%mL and run
10 every 2 — 3 days. Recombinant CHO-DG44 are used for the single cell cloning.
The cultivation of cloned recombinant cells is carried out analogously to these
cells. Again, HyQ medium, Ex-Cell medium (JRH, USA) or Bl's own medium
without hypoxanthine and thymidine is used as the medium.

15 The cells NSO can be permanently cultivated as suspension cells in serum-free
hybridoma medium, animal component-free medium (Sigma, Aidrich, St. Louis,
USA) in cell culture flasks at 37°C in a damp atmosphere and 5% CO,. The cell
counts and viability can be determined with a CEDEX Cell Counter (Innovatis, DE)
or by tryptan biue staining and the cells are then seeded in a concentration of 1 —

20 3 x10%mL and run every 2 — 3 days.

PREPARATION OF FEEDER CELLS BY IRRADIATION

Suspended CHO-cells (untransfected cells) growing without serum and protein are

centrifuged at 180g for 10 minutes and adjusted to a cell concentration of 1 x
25 10%mL in HBSS (Hank's balanced salt solution).

Then the cells are irradiated with a radioactive irradiation source (Cs137-irradiator,

Gammacell 2000, made by Molsgaard Medical A/S, Denmark) with an energy

dose delivery of 4 Gy/min. After the irradiation the cells are seeded with about

10000 cells per well in 96-well microtitre plates in the Ex-Cell medium (JRH, USA)
30 specific for the cells or Bl's own medium (e.g. TH-9 ) and stored at about 37°C and

5% COq in an incubating chamber atmosphere.
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5 suspension cells in serum-free HyQ SFM 4 CHO medium (HyClone) supplemented with
hypoxanthine and thymidine or BI's own medium in cell culture flasks at 37C in a damp atmosphere
and 5% CO2. The cell counts and viability are determined with a CEDEX Cell Counter (Innovatis, DE)
or by tryptan blue staining and the cells are then seeded in a concentration of 1 -3 x105/mL and run 10
every 2 - 3 days. Recombinant CHO-DG44 are used for the single cell cloning. The cultivation of
cloned recombinant cells is carried out analogously to these cells. Again, HyQ medium, Ex-Cell
medium (JRH, USA) or Bl's own medium without hypoxanthine and thymidine is used as the medium.
15The cells NSO can be permanently cultivated as suspension cells in serum-free hybridoma medium,
animal comporidhéfigednetigie¢Sioelis mhéchr@iuteis, 1HSARnecatbgulture flasks at 37C in a damp

atmosphere a % T%e - go jability ¢ etermined. with a CEDEX Cell Counter
(Innovatis, DE?%hF%bE%ggthn Iﬁ%ﬁﬁg@% §§ tﬁ@%ﬂ%‘“ﬁﬁ ey S&lded ﬁ‘\'g b&%é%ﬁf%ﬁ&f%lﬁ 320 3
x105/mL and réapiEegded Bdhpsh FREFRRISIION §fEHERERMEERIS BY IRRADIATION
Suspended CHO-cells (untransfected cells) growing without serum and protein are centrifuged at 180g
for 10 minutes and adjusted to a cell concentration of 1 x 25106/mL in HBSS (Hank's balanced salt

solution). FTherRR&ECARAFKINLdfaeOWRh AOMEDRMEB ihbiation source (Cs137-irradiator,
Gammacell 20 n’@g}&! S edical A/ enmark) with an energy dose delivery of 4
Gy/min. After tﬁg?rra mt!?ﬁ%%l c&fﬁ%{ %Flﬁl s%egée}c%ﬁﬁga Sl 1%806%%?@%%&%@&@@6%5“ icFdtitre
plates in the Egulieiemedivencgiie-are $a) Boapectidficietriesealting B¢'ssiwmmeditnvdesd. f5H497) and
stored at abou 3/ 5% in.an.| ' mber.atmosphere. HSA-producing feeder cells
are produced |E§t giﬁe@ vgvﬁg% @ﬁ&&%%%?@%% 'SU &ggorccﬁﬁr%lyg%iﬁ?fg@%|@ V\?%lﬂa HeMeeder
cells are kept/séetiedfifened pEntciiltsn te obinin e exifiseo raih ¢hectisn SitRIRES ARATTIAN OF
CONDITIQNED MEDIUM The conditioned medium is obtained from the supernatant of an animal cell

culture. The cells are put in at a sufficient seeding density and cultivated for 1-7 days. The supernatant
is separated frbfn thRbEMNATYRBNDFUTHFOHABCONCHATR AT BMhE[iIBaAte obtained is used as

the conditionegrRediydlk  concentration is determined using the Human Albumin ELISA

Quantitation Kit made by Bethyl (Cat-No. E80-129) according fo the
manufacturer's instructions.

15
FACS-BASED CELL DEPOSITION
The automatic cell deposition (single or multipie cell deposition) is carried out with
a Flow Cytometer (Coulter EPICS Aitra (Messrs. Beckman-Coulter, Miami, FL.
USA) fitted with an argon iaser (488nm) using an Autocione unit. The celis are

20 centrifuged off in the exponential growth phase and taken up in buffer until the
required cell concentration is obtained. Then the cells are sorted using the
"Hypersort Option" at a speed of 8000-12000 cells/second according to their
position in the scattered light. Cells that express a flucrescent protein may
alternatively be sorted according to their fluorescence intensity in relation to the

25 intracellularly expressed fluorescence protein. The cells are each individually
deposited in 96-well microtitre plates (optionally) provided with feeder cells.
During the sorting of CHO celis the celis are deposited in Ex-Cell medium (JRH,
USA) or Bl's own medium with the corresponding supplements of HSA and
preferably IGF or insulin.

30 For NSO cells the cell deposition is carried out accordingly in hybridoma medium,
animal component-free medium (Sigma, Aldrich, St. Louis, USA).
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10 DETERMINATION OF THE HAS CONCENTRATION BY ELISA The HSA concentration is
determined using the Human Albumin ELISA Quantitation Kit made by Bethyl (Cat.-No. E80-129)
according to the manufacturer's instructions. 15 FACS-BASED CELL DEPOSITION The automatic cell
deposition (single or multiple cell deposition) is carried out with a Flow Cytometer (Coulter EPICS Altra
(Messrs. Beckman-Coulter, Miami, FL, USA) fitted with an argon laser (488nm) using an Autoclone
unit. The cells are zo centrifuged off in the exponential growth phase and taken up in buffer until the
required cell concentration is obtained. Then the cells are sorted using the "Hypersort Option" at a
speed of 8000-12000 cells/second according to their position in the scattered light. Cells that express
a fluorescent protein may alternatively be sorted according to their fluorescence intensity in relation to

the 25intracellglafy-expiasaes fiuer eace NeAIFREIEFE g ERS\are each individually deposited in
96-well microtitre plates (optionally) provided with feeder cells. During the sorting of CHO cells the

cells are depodiféRcioning iRy (raaleysigdimn Bwramelinmnalpesiiveoneipostintpte
supplements qbHSA| MrbET ARG PhiIgR!IN ROFENRS selbihin calldrprsiligads carHs out

accordingly in hybridoma medium, animal component-free medium (Sigma, Aldrich, St. Louis, USA).
5 there is exactly one clone.
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CALCULATING THE RECLONING EFFICIENCY The recloning efficiency is calculated from the
guotient of positive wells per plate to. total number of wells per plate. The definition of positive wells is
those in which 5there is exactly one clone. EXAMPLES EXAMPLE 1: PREPARATION OF
HSA-PRODUCING CHO-CELLS CHO-DG44 cells growing serum-free in suspension (Urlaub and
Chasin, 1980) are transfected with a plasmid which carries an expression cassette for human serum 5
albumin (HSA) and DHFR as selectable markers. Stably transfected HSA-cell pools are produced by
subsequent cultivation in HT-free medium. Using an HSAspecific ELISA those pools that secrete most
HSA are selected. They are subjected to gene amplification by cultivation in the presence of
methotrexate W%&bsequent Limited Dilution HSA-producing cell lines are prepared from 10

the initially hetesogemags cek PPRRATALANS thasscele IBRR AR LM [8slqdfor their specific
HSA-productlvnx‘. These lines are substantially to a further round of gene amplification by cultivation in

medium with d# MBHSCOIVEREARTHNSETas 16 piseaBsianHdauboandtichasie PGB ams MTX
can also leads@rafgey Gl ina AT e b Aasa e e !l dnes R alnafl g subsAuenty
cell li

15 investigated both for their increased productivity and for their growth properties and the ine

with the h@heﬁ%ﬁ&%cih&ﬁh@@o@@@%m melariahia. mairensis Sablycmnalieciedid8deeelwhich
can be accesseghia aldUHIg RSN e ué%fwﬁbaﬁiah'mw&éé%&hlﬁm%@%ﬁ  one

EFFICIENCY BY THE USE OF 20 CONDITIONED MEDIUM FROM HSA-PROD
possible embBfdfk oElHEMrdlese iRrRGBoH1BbnsRESIR 1B RIe BPASAfR 08 leatpdeliEheyinerease

the recloning afisjees RefaendaraaiRinn A oy aRANSA- RIOALCBRCENSLS e BRG
| y the HSA

condition the culture medium over several days, i.e. release growth factors and especiall

secreted by thdYH MtoBNEvBsaRusahI-IOHar ko iHSARIemvNEIsebliorfoaminTrRiged from
separateghfronhEghing h@ér@é%ﬁ%h@ e&'ﬂﬁp%)é&%%iﬁus%OcﬂeEEe&%ﬂé‘?ﬂé%”Q%/ﬁﬁ@Qrﬁ(%%&%&‘) the

recloning medium in a ratio of 1 :1 . In order to determine the optimum duration of the me

conditioning, d8h&RIhERSHER RARsBtiisiY ot hesedinesamabstantja v drsthadrased for the
of gene amplification by cultivation in medium with an elevated MTX concentration,

so as to increase the HSA secretion rate further. As MTX can also leads to an
reduction in cell growth at the same time, the cell lines obtained are subsequently
15 investigated both for their increased productivity and for their growth properties
and the cell line with the highest productivity and good growth is selected. From

this cell a cell bank is produced which can be accessed in all future experiments.

EXAMPLE 2: INCREASING THE RECLONING EFFICIENCY BY THE USE OF
2c  CONDITIONED MEDIUM FROM HSA-PRODUCING CELLS
One possible embodiment of the present invention consists in the use of HSA-
producing cells to increase the recloning efficiency. Before the recloning a culture
of HSA-producing cells is started which condition the culture medium over several
days, i.e. release growth factors and especially the HSA secreted by them into the
25 medium. On the day of the recloning this conditioned medium is separated from
the living HSA-producing cells by centrifugation, filtered (optionaily) and added to
the recloning medium in a ratio of 1:1.
In order to determine the optimum duration of the media conditioning, conditioned
medium is obtained from a 2, 3, 4, 5, 6 and 7 day old culture and used for the
36 recloning experiment. The positive control used is fresh medium to which 500
mg/L of purified recombinant HSA has been added.
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30recloning experiment. The positive control used is fresh medium to which 500 mg/L of purified
recombinant HSA has been added. As can be seen in Figure 2A, B, the use of conditioned medium of
HSA-producing cells leads to a significant increase in the efficiency of single cells deposition
compared with the negative control. By the addition of recombinant NSA (positive control) the
recloning efficiency is also increased, but not as much as by the 5 medium of HSA-secreting cells that
has been conditioned for 2-5 days. The HSA concentration in the conditioned medium increases
continuously over time, yet the recloning efficiency decreases when medium is used that has been
conditioned for longer than 5 days. Surprisingly, the greatest increase in efficiency is obtained by

means of condidFril REethEm itdrigdEs 27 sBbriheiNsenificanditionedonesitratinHR op1@itsgout 60
mg/L is much jauer ian the GoRESNHEON IAEFSSSEANAAL FEb ARy IBANGRAS T CWY Orﬁg@iﬁ

shows that the secreted HSA is active even at low concentrations and compared with recombinant
NSA has an efRBRAEEWith-the 5egallydfestrgndy inecadibiian aiseserakinain ld8Bningséieiency.

15 EXAMPLE o itNSHR b Sfe dh kg @RI e EEFLE Vit R A FRGREOT Y ErR'féI#néy d5y fdest

whether the observed increase in recloning efficiency by using conditioned medium from

NSA-producin8dilsséHRA-RREBERASANS shabtdascbran, congitionsd foe 2dzidnrs inTHEéISA
media: In onekateBihaRIAGEe 9@'&%9@5&@%@&%&5@%@&%&@%&@&%@ Ahfer e

feeder cells (Figure 203A), and in another it is deposited in a commercial medium wit (_Jy’t feeder cells
(Figure 33). IT®ERNINE SHIGKB Qs EABRSES YEHh Bt Hidanisriserhtie Aas bremgortlitinnagsias a
significant incigaggdmHaciariagLifisinpakiniicis BRthaignarbasd ?@?&% e in the
positive control,ﬁv%herein recon?binant SAﬂéﬂg addBed 25 to thE(:—:' ?egg%r%ri;r%qfr%ediu ?Sln theﬂt,ae;Etlc 4

without feede@ABSPESRTIAEIENE fBGRINTMHedIdaYIRivé af thdmudighdheohtfeh, epnesntratignhe
conditiongd mediumeENSA-BPRIINE AR Biararsr annaRisianasra ReashisKart Hiboth

experiments it is shown again that the secreted HSA from the conditioned medium acts at significantly

lower concent/&fShE14AE BIRHR AesHERfiidiis strwssthpishegestriedonbinam@etyeheverr@itim.
EXAMPLE 4. i\ BlrvefribtidhtEaRE CoMPUNG Fitk ieteibinam ASERMd YrstafshRQREING

FEEDER CELLS _ . _ , ,
is 5 to 50 times higher in relation to the increase in recloning efficiency.

15 EXAMPLE 3: INCREASE IN RECLONING EFFICIENCY IN DIFFERENT MEDIA
In order to test whether the observed increase in recioning efficiency by using
conditioned medium from HSA-producing cells operates independently of the
medium, single cells are recloned in different media: In one batch the single cell is
deposited in Bl's own medium in the presence of CHO-DG44 feeder cells (Figure

20 3A), and in another it is deposited in a commercial medium without feeder cells
(Figure 3B).

In both media, the use of the conditioned medium from HSA-secreting cells leads
to a significant increase in recloning efficiency, which is both higher than in the
negative control than in the positive control, wherein recombinant HSA was added

25 to the recloning medium. In the batch without feeder cells in commercial medium
no celis survive in the negative control, but by using the conditioned medium of
HSA-producing cells a 5-13% recloning efficiency can be achieved.

In both experiments it is shown again that the secreted HSA from the conditioned
medium acts at significantly lower concentrations and is hence more efficient than

30 HSA added recombinantly to the medium.
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Conditioned medium from a preliminary culture of HSA-producing cells is added to the recloning
medium once before the individually deposited cells are seeded. 5 These cells thus receive
HSA-containing medium only once at the beginning during the three-week phase of emergence after
recloning. HSA-producing feeder cells could by contrast supply the emergent single cell clones
continuously with HSA. In order to investigate whether the use of HSA-producing feeder cells leads to
a lo further increase in recloning efficiency, CHO-DG44 cells are deposited singly in four 96-well plates
with HSA-producing and non-HSA-producing feeder cells. As in the previous example, the recloning
medium contains 50% conditioned medium from an HSA-produciEFggEgeliminig/gfulture. After three

weeks the emg@%MPrﬁghﬁbléNQ%ﬁgédNe—g"ﬁ S EONNEE ENC O %ﬁ@%ﬂ&‘foning

15efficiency isgicuaien Asisowp ppEguUgE4 the recloning efficiency when using HSA-producing
feeder cells is signifigant!% higher than in the plates containing normal feeder cells. The increase is

about 25%. A&IHEREG BRI R URIESY &Y theaibh HattpIeduping Gelifyi$catfat s it is

possible to actigveansHiiy HEHFANGHRE R IR MEaGIaNNY BpesRd FbMVIBIE Steded.
HSA-PRODUCING HOST CELLS SHOW AN INCREASED RECLONING EFFICIENCY Another

possible Way dfifefes&HR) thESE6RIMG SRderrytaIRRenEESR BBIX- 285 GiuEisy ResinedNs o
produce a thetapRiditmBretei-WekispnayslringErg sneloningrtheciprivgluatbndsRRRiEAPraskser cells

could themselves produce HSA and stimulate themselves via an autocrine loop. To check whether this
process actuafi§/iBLRUIS Mereadiast-sinhg BeiGEmegentsinglsrerll elaorp caatipapughgwith
HSA-producinggslls are individually seeded onto DG44- and HSA-producing 30 feeder cells. After
three weeks, the emergent colonies are counted and the recloning efficiency for all three batches is

calculated. FijuREASEABRVERIGRE bR Bridisscyfidishaeorusiag dabretreliss inafsultarered
CHO-DG44 hegitrad feadaseeis rdk@ihifg etfisichryd Uﬁ&mmcmsg%%@ﬁsglw%agw%

monoclonal colonies emerge straight away. This shows that the probability of an HSA-producing cell

surviving recldRHPERNGBiRIES 8T RE-PEpANRING: 285iBRoH S rRgPRYEINgh fandesrcelelAR AN does

not secrete  the previous example, the recloning medium contains 50% conditioned medium
from an HSA-producing preliminary culture. After three weeks the emergent
monocional cell colonies in each cell culture plate are counted and the recloning
15 efficiency is calculated.
As shown in Figure 4, the recloning efficiency when using HSA-producing feeder
cells is significantly higher than in the plates containing normat feeder cells. The
increase is about 25%. Accordingly, by combining HSA-conditioned medium and
HSA-producing feeder cells it is possible {0 achieve another significant increase in

20 the recloning efficiency.

EXAMPLE 5. HSA-PRODUCING HOST CELLS SHOW AN INCREASED
RECLONING EFFICIENCY
Another possible way of increasing the recloning efficiency might be to use HSA-
25 producing host cells to produce a therapeutic protein. In this way during the
recloning the individually deposited producer cells could themselves produce HSA
and stimulate themselves via an autocrine loop. To check whether this process
actually leads to increased recloning efficiencies, both normal CHO-DG44 cells
and HSA-producing cells are individually seeded onto DG44- and HSA-producing
30 feeder cells. After three weeks, the emergent colonies are counted and the

recloning efficiency for all three batches is calculated.
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HSA. The greatest increase in recloning efficiency is obtained by a combination in which an
HSA-producing host cell is seeded on EISA-producing feeder cells. This mixture leads to a further
increase in the recloning efficiency of more than 40%. Compared 10 with the control mixture without
HSA-producing feeder cells there may even be an increase of more than 50%. EXAMPLE 6:
INCREASED RECLONING EFFICIENCY OF NSO-CELLS The preceding experiments show that the
recloning efficiency of hamster cells can 15 be increased by means of secreted human serum albumin.
These results would tend to indicate that HSA has a positive effect on recloning efficiency across
species. To test this hypothesis, murine NSO hybridoma cells that produce a therapeutic protein are

subjected to rddBiiRg® PheWarthaitqi rarkaning rligiensuilniousston %ﬁél@iﬁ’_ rﬁ&hi@_ﬁw@hvhich
conditioned mgdBiREaNT AOHSBRrAdLeiRAdCIaEHeR LUl UTe hirsResthardrmhandda s lBidhaich on

HSA-producing feeder cells. Compared with recloning in fresh medium or conditioned medium of a cell

culture of non$PYR & FEHRESHIIREELRIBPF aNah fSURRipY @E}%'%ssﬁiigbﬁi@é’@?‘fegﬂﬁw Fee¥sRing
efficiency. Thigappies beibasitRe énsaf?fwsndﬁ'f@a%ii&%%@%ﬁé&e@éﬁ@eﬁﬂa gl Agdaalso

HSA-producing feeder cells. This shows that human HSA which is secCreted by hiamster cells tan

assist the TeclGHIEY D SRPRRIE iiEentisation ik MgbeiEan dhat REpetsi el NerERSETRIE
RECLONING EER|CIENCY OF HUMAN CELLS

The greatest increase in recloning efficiency is obtained by a combination in which
an HSA-producing host cell is seeded on HSA-producing feeder cells. This mixture
leads to a further increase in the recloning efficiency of more than 40%. Compared
10 with the control mixture without HSA-producing feeder celis there may even be an

increase of more than 50%.

EXAMPLE 6: INCREASED RECLONING EFFICIENCY OF NSO-CELLS

The preceding experiments show that the recloning efficiency of hamster cells can
15 be increased by means of secreted human serum albumin. These results would

tend to indicate that HSA has a positive effect on recloning efficiency across

species.

To test this hypothesis, murine NSO hybridoma cells that produce a therapeutic

protein are subjected fo recioning. They are placed, firstly, in fresh medium, and
20  secondly in medium to which conditioned medium from an HSA-producing CHO

cell culture has been added and in a third batch on HSA-producing feeder cells.

Compared with recloning in fresh medium or conditioned medium of a cell culture

of non-HSA-secreting cells the use of HSA-producing cells has a positive effect on

recioning efficiency. This applies both to the use of conditioned medium from HSA-
25 secreting cells and also HSA-producing feeder cells.

This shows that human HSA which is secreted by hamster cells can assist the

recloning of murine cells.
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To set this finding on an even broader base, human HEK293-based production cells are recloned in
the presence and absence of conditioned medium of HSAproducing cells Compared with recloning in
fresh medium or conditioned medium of a cell culture of non-HSA-secreting cells the use of
HSA-producing cells has a positive effect on the recloning efficiency. This applies both to the use of
conditioned medium of HSA-secreting cells and also HSA-producing feeder cells. 10It can be
concluded from this that the effect of secreted HSA acts on the recloning efficiency of individually
deposited cells of several species, i.e. the activity works across species. EXAMPLE 8: INCREASED
RECLONING EFFICIENCY BY HSA-PRODUCING 15 CELLS INCREASES THE PROBABILITY OF
THE IDENTIFFR N DFE HER PREBORINE @ HSASINRRAS RS thE EJRERE QhotNGtivity of

producer cellsgnrg hetaeoeagors ReN RepL{ation is normal distributed. This means that most of the
cells have an averagie productivity, while a few cells produce a large amount and only a very 20 small

percentage produegtaiisrfinsige amameverdipairahasedismanidiakeddhanedheredertiont is
expended on ¢@llisEReRinNg.ARY therideniibing &f Q&%‘-%%QHE@%F%LB%HHSH%%&%&%M"&? HS

development programmes. It also means that the likelihood of finding these roducers IS ﬁfrectly
correlatedbwitPIREYERSSBEBefficiency: the more cells emerge after recloning, the more likely it is that

25there wil basopigbrBEOMGCESHAT ANALBR ThoINAECF IBNEHRHBLP HERIARYSS 2 AeIpapaeoLs

population of stably transfected CHO producing cells which secrete a therapeutic protein is subjected

to recloning. SYrReidSAaseeratinoresisming NeaIRMRAedUsiNg eefiginiancunnsitiareffesh one
parental CHO{RGAdciSHMALARRIMAIC %i@@ﬁ?ﬁ@s %%ﬁ%nﬁné”a%ae?_%Eh&i@@r"(éﬁ?‘?ﬂgﬂi%eﬂf

medium from a culture of HSA-?roducmg cells (batch 2). As in the previous Examples, more cells

grow into clonBiRPRGERtNGRE M&%’W\M‘ﬁeﬁmﬁmgms@ﬂﬁo@cing cells was used. In the
next step;d 00 gleaR LW hERIBELFHIFATHIE AN UPRATN G R NIFEA acts on the recloning

efficiency of individually deposited celis of several species, i.e. the activity works

across species.

EXAMPLE 8. INCREASED RECLONING EFFICIENCY BY HSA-PRODUCING
15 CELLS INCREASES THE PROBABILITY OF THE IDENTIFICATION OF HIGH-
PRODUCING CELLS
The level of the specific productivity of producer cells in a heterogeneous cell
population is normal distributed. This means that most of the cells have an
average productivity, while a few cells produce a large amount and oniy a very
20 small percentage produce a very large amount of recombinant product. This fact
explains the effort that is expended on cell screening and the identifying of high-
producing cells in industrial cell line development programmes. It also means that
the likelihcod of finding these high producers is directly correlated with the
recloning efficiency: the more cells emerge after recloning, the more likely it is that
25 there will be a high-producing cell among them.
In order to verify this in practice, a heterogeneous population of stably transfected
CHO producing cells which secrete a therapeutic protein is subjected to recloning.
Some are placed in a recloning medium to which 50% conditioned medium from
the parental CHO-DG44 cell has been added (batch 1), and some are placed in
3 50% conditioned medium from a culture of HSA-producing cells (batch 2).
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productivity was determined by product-specific ELISA. The distribution of the 5 specific productivity
over these 100 clones shows a normal distribution in both cases. In the 100 clones that had emerged
from the cells that were recloned using medium from FISA-conditioned medium (batch 2), the mean
value of this curve has shifted significantly to the right, towards higher productivities. The mean value
of the productivity of the 10 highest-producing cells from this batch 2 is higher than iothat of the 10
highest cell lines from the recloning batch without HSA-producing cells (batch 1). Accordingly the cell
line that is selected as the highest-producing clone for the production of the therapeutic protein comes
from batch 2. This confirms that more cells with higher productivities are indeed obtained from the

recloning batcASWinthespgyisds g eniesiHneineelsiapmdnicopianistycel! lisesiéntiyénpaicaes At the
same time thege hlfhigraRfoi g8 ehirfigLaie (Fys GRllsthat produce the recombinant

protein product in very large amounts and thus make it possible to select and use a high-producing

clone for the prodtRtht PIEPENP cloapasvarp rslesterbfiumivhenye senimicg| (iain@nsirtheite
following stepgyréa)eHiMAIRSS ARGE RIRLRUAN. Y ISPSINg R %’L%Aﬁe”ﬂr%“&i@?ﬂ%%ﬁo%e'éﬁﬁe' and
lbumin, preterably htiman

(c) cultivating the said single cell in a conditioned medium which contains a
serum aldumiSREEH) RIARHEIV R PuridtBosRin§Rusinnes telimyerac reffvalirdisigbotiosaid battium.

200 Mgt prel e e S8 11 8 SR ey Gy e
medium from HSA-conditicned medium (batch 2), the mean value of this curve
has shifted significantly to the right, towards higher productivities. The mean value
of the productivity of the 10 highest-producing cells from this batch 2 is higher than

10 that of the 10 highest cell lines from the recioning batch without HSA-producing
cells (batch 1). Accordingly the cell line that is selected as the highest-producing
clone for the production of the therapeutic protein comes from batch 2.

This confirms that more cells with higher productivities are indeed obtained from
the recloning batch with HSA-producing cells, thus increasing the probability of

15 identifying them. At the same time there is also a greater likelihood of finding the
few cells that produce the recombinant protein product in very large amounts and

thus make it possible to select and use a high-producing clone for the production.
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The process according to claim 1 or 2, wherein in step (c) the cell supernatant of living
albumin-transgenic cells is added, which is taken between days 1 to 4 of cultivation. The process
according to claim 3, wherein in step (c) the cell supernatant of living albumin-transgenic cells is
added, which is taken on day 2 of cultivation. The process according to claim 3 or 4 wherein the cell
supernatant is taken from a cell culture with 1 to 4 million, preferably 1 to 2 million albumintransgenic
cells / ml. The process according to one of Claim 1 or 2, wherein the conditioned medium in step c) is
produced by the addition of living albumin-transgenic feeder cells. The process according to claim 6,
wherein at moﬁhﬁ%ﬁﬁo&_%wntramgemc feeder cells! ml are added. The process according to
claim 6 or 7, wherein the albumin-transgenic feeder cells remain in the medium of step c) continuously
over a period of at least 2 weeks. The process according to one of Claim 1 or 2, wherein the

conditioned m{adlum#,n cﬁgs(%r% &l%({%l{%ed bg{ '1190 I:%; rft]rggot ntqhe Si ﬁ ﬁl%qlgg)r%\r(?nstes%}j%gnd (c)isan

albumin-transgenic cell roCess geeordin ing
albumin-transgenic f@)dmltmﬂsm;@amﬂqnbpuiatto@) the cell supernatant of living albumin-transgenic

cells WhICh is taken %S LSOqatl %\@ %mggd eq rulr%v%tlona%refei(abl I%ré ay 2 of cultivation 20is added.
11.A process for producing a Ein of interestin a cel compr g following steps: a)

producing a cell pop(@tmﬁtﬂﬂimﬂmmgangiefmaiénesathahﬂﬁmms feediyprotehiodl ietsisis b)
cultivating thegg, Gelli Y BASEAKY IR RRANNR AL RS T AENINGHIDS !Sscreted by living

albumin-transgenic cells directly info said medium.

10 2. The process according to claim 1, wherein albumin in step (c) is present in
" a concentration of less than 200 mg/L, preferably less than 100 mglL,
particularly preferably less than-60 mg/l..

3 The process according to claim 1 or 2, wherein in step (c) the cell
15 supernatant of living albumin-transgenic cells is added, which is taken

between days 1 to 4 of cultivation.

4. The process according td claim 3, wherein in step (c) the cell supernatant of
living albumin-transgenic cells is added, which is taken on day 2 of

20 cultivation.

5. The process according to claim 3 or 4 wherein the cell supernatant is taken
from a cell culture with 1 to 4 million, preferably 1 t6 2 million albumin-
transgenic cells / ml.’

25
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c) isolating and depositing a single cell in a vessel, d) cultivating the said single cell in .. .
conditioned medium in the presence 300f i) cell supernatant of living albumin-transgenic cells, which -
is taken between the days 1 and 3 of cultivation, preferably on day 2 of cultivation, or H) living
albumin-transgenic feeder cells, e) selecting a cell corresponding to its expression level of the protein
of interest, f) harvesting the protein of interest, and g) purifying the protein of interest. The process
according to one of Claims 1 to 11 characterised in that the single cell is a hamster or murine cell,
preferably a mouse myeloma cell, most preferably a CHO or BHK cell or an NSO cell. The process

according to ogpe of Glgj ' 2 r rised in th living albymin-transgenic cell comes, from
the same speogi]'es aﬁﬁgﬁé\%%sdsal y %@grts%j e ?Tﬁé %%Ecnésnf é)gc rdhtS 'Rng.'gf Eﬁ’é\?ﬁtéoﬁg 11
characterised in thatredging e cgpnotép it dc pertpe sxititioprofdiniog intbresin renpressss
according to claim 149%%@85‘?!@;5‘3(1 in that the protein of interest is a therapeutic protein, preferably an
antibody, an antibody fusion protein or an antibody fragment. A serum-free conditioned culture

medium which makes it possible to cultivate a single cell, containing: I. cell supernatant of living
albumin-tgansgenic cejfs, WhIEhJs (SKERBRY'RE" St 8M A ISR 0:50 0000 atbumin-

transgenic feeder cells / ml are added.

8. The process according to claim 6 or 7, wherein the albumin-transgenic
feeder cells remain in the medium of step ¢) continuously over a period of at

10 least 2 weeks.

9. The process according to one of Claim 1 or 2, wherein the conditioned
medium in step (c) is produced by the fact that the single cell from step (b)
and (c) is an albumin-transgenic cell.

16
10.  The process according to claim 9, wherein in step ¢):
a) living albumin-transgenic feeder cells are added or
b) the cell supernatant of living albumin-transgenic cells which is
taken between days 1 and 4 of cultivation, preferably on day 2 of cultivation

20 is added.

11. A process for producing a protein of inferest in a cell, comprising the
following steps:
a) producing a cell population that contains a gene of interest that
25 codes for a protein of interest, _ _
b) cultivating these cells under cultivation conditions that permit growth
of the cells,
¢) isolating and depositing a singie cell in a vessel,
d) cultivating the said single cell in conditioned medium in the presence

30 of



H. living albumin-transgenic feeder cells for conditioning 30the medium.

10

15

20

25

30

12,

13.

14.

15.

16.

i) cell supernatant of living aibumin-tfansgenic cells, which is
taken between the days 1 and 3 of cultivation, preferably on day 2
of cultivation, or
ii) living albumin-transgenic feeder cells,
e) seiecting a cell corresponding to its expression Ievei_of the protein of
interest, '
f) harvesting the protein of interest, and

g) purifying the protein of interest.

The process according to one of Claims 1 to 11 characterised in that the
single cell is a hamster or murine cell, preferably a mouse myeloma cell,
most preferably a CHO or BHK cell or an NSO cell.

The process according to one of Claims 1 to 12 characterised in that the
living albumin-transgenic cell comes from the same species as the
individually deposited cell.

The process according to one of Claims 1 to 11 characterised in that the

single cell in step (b) and (c) expresses a protein of interest.

The process according to claim 14 characterised in that the protein of
interest is a therapeutic protein, preferably an antibody, an antibody fusion

protein or an antibody fragment.

A serum-free conditioned culture medium which makes it possible to
cultivate a single cell, containing:
' i. cell supernatant of living albumin-transgenic cells,
which is taken between day 1 and 3 of cultivation, or
ii. living albumin-transgenic feeder cells for conditioning

the medium.
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