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in the final product has to be denonstrated by respective assays. (c)
The reduced folate carrier selection system The reduced fol ate
carrier (R¥QROYSESUDI quitously expressed nmenbrane gl ycaprErz@sacnmat
serves as the major transporter for the _uptake of reduced fol ates
such as 5-nethyl - THF and 5-fornyl - THF. ‘|—2|6wever, RFC di spl ays a very
poor affinity for the oxidized folate, folic acid. Hence, cells that
| ack the expression of RFC or have been del e

| ocus can sdMg&) ean hecappiddmprderip inhipi @nqopelious égtarc‘a'ﬁy %‘fcpﬁl‘?gm%ﬁ'aéﬂegﬂﬁé
mar ker gene dRb@ssinglEigh kenshitiearmsizciedVds gbneread gewide Nl gitterginsliedymedium.
o-fornyl - THE, are &qgﬁgéeyof%%%é élﬁzglgm i€ @ Jlengelgfoﬁtﬁ‘ﬂrhe (FEdZ G’Fﬁbﬁthﬁroeby

forcing the ce o express i ncreased eve S {
transporter. SGTHGMEQF%W@'"ﬁ%ﬁ%?“%?f‘%‘a?ﬁbsaﬂ?bé)’g‘é’§fef‘|b'?ssffﬁéh&]'«‘ﬁr@e%9§r"%8 Intgrgst.
system a) QIH%{H&'§|L‘ad>|f§ﬁa®'_1§:tlﬁlﬁ’ehud’n&ﬁlhﬂu&nﬂbf tioedvicsoxicragetiMIX fohiee

endogenous RFC | ocus d
knockout or qug@gntatrlonfch etse%%'vﬁﬁiégggqhgwef%ﬁglﬁ%wﬁ&gﬁ% %)éeér?% yr%%%@r
transport afd iendrolyindrdprofiest pidnterestde-arfoPavReriide HiesanstikAdy dBRY 8y e e
cannot be usgdiibedi paEkamhisRPs oGl ofGiseppRsiedgd® the current

fol atereceptor based systemthat is a unidirectional folate uptake
system and which will be explained in detail below, RFCis a

bi - di r ect i ona) THealiBteidateredperseliTX selctionaptaint Rihulrielpte yedyeiessPH Rbor t

and export ofy F\%__ﬁla@@h@%Aﬁ&He%edd@R' rb®RtidnAbinphetelc a@ﬂﬂ@ietrht@ﬂﬁ)fdné adiO{TRIFS:
deprivation,

over expr essj on t {
cel I's that f-U'ﬂFt'ﬁét}e“éf%‘ff er?%lt%ﬂ%%%%qﬁﬁén‘%géﬁx ]I‘eeges(eP E'B; & Ugéaeﬁ
of the presang dé ﬂM@rﬂdsymhessdmrpewdd@/fmdM@Spﬁﬁwﬁb&HFds%Ibéﬁfﬂﬁﬂé‘hm

system t hat tﬂé@at%ﬁrcta%hﬂy Gﬂﬁmgﬂﬂg Synth48E (TiSh Gniek bé?élyz@% Ehe&@&@f‘sﬁdn‘?ﬁ dUMP
SYyS tens nenti o

novel’ sel ectl on ﬁ.ﬁ' ‘ﬂ]@! epf L*ﬁon t he
use of fol at'@§TVR i ﬁé@éﬁhy@ﬁ? {dF Qe‘?’?ﬁa‘?rﬁfﬁaﬁtw& St %‘P@é’glﬁcg
f ol at e r ecepkeycing ditrHE dufeadrs Wiahararsexal &8 dedipsymugssrof puring atdhpyrimidine
recombi nant rﬁj%}égtrc%gttﬂa?arg%laéeshﬂ RPHRHE rdRcRb0 HeREe, BelRTOFWHO églis) that lack

i nterest. requires no prior del et|on 0
endogenous f’ib$ RHER getehe dW tqrggigd %f@ﬂ'@'c dﬁ@f"?’%ﬁ?%@e \sRd a5 W'P@Hﬁé‘lrﬂ??n of a
vect or har bafdne@ctatohtht DeiFRigeseh actathinethgtentesss nuekdtidess Aftdréransfection,

pol ynucl eot | g%%g%&g e %b@cti% POda“?CTrE%Bunn&rQés%ﬁr?ﬁ:E c&Adeﬁ@ati@nsocﬁ kheRRRbHI N TX,

cells are gr I Ve m cont ai nj n ?f% |1 m t1ng
concent r at i onwessioteo! RitRFsinhibiton twi=1 oM. jhecady fycipgiRe ¢ F‘P(%TBP%FE increased

over expr ess [E\%SC@@{-#P{kdehpmﬂﬁbﬁJ rb@ﬂde ot sielien, €% skRctabls tratker DIFR frgquamtyh,
DIVA repl i cat of 20 %%Jﬁ,;{ &t 3 RhhEH B hnorbNEHERY BULBHPY WhRE major

overexpressﬁﬁ‘r‘i‘ erest
folate, i.e.reSighnae tabliTy ha%lslSQ/\Eﬂeh 8&@"%“@6’&@@@3%@??@%‘]‘\?@%‘3@#9 Pgkgrdhat

aci d, known ags.Eooipaskes MealcQisiton of MK RGY Totediabes if Falslec@nteets. gr oup

of B-9 vitam ns t'hat r yrres
For “the. bi osyPHisRReoe sLF RBERATsiefy sy S8R RahaLR: B ER80EY T
i n eukar yot i raytagemicaaiotoxicabent, MBrital caarreaciie bites ihe'lQﬁFOtERﬁCé@’ted?@P‘%iﬁ ée“S

particul arl yAcdet%ﬁéllgls EBIFC % h&RIeS fal ABvarB Be Hﬂ@&% pe&édi tHedersons handling
proliferatio Ica

onor s of
one- car bon YR §9‘?“F§ 5“‘§E?q“8§tfyd?3“,t?1'f’ c?grr‘?ﬁEét@Pt 6" R k@%’rs'%wﬁa'ﬁ Rhay's
i nvol vi ng desxprésiobbiasytatghiegns ofdfiterestris preserddek totigsriotiiyheive mutakensdn the
acids as wel] ?&W&fdm& g3 a%&ﬁ?&l dfﬁﬁb gehé biprisein @R di ShidMEbolish

met hyl ati on 'S eC| icall factors | nﬁ\wg y%

10- f or ny| - THATX E@a‘@—l@"ﬁi‘%f)j‘sé‘?ifﬁ?tﬁ?%’ﬁfr@t ﬁ@uéagpgtgﬂrug et key de
nova fornyl tdoafa&fr%teasesdmm ovemSpremd kargad piodudt lieeg.cepohvoemsidb lissaprantiessiy s
of purines. {%tn&ﬂ@% &Bﬁv%%dl A tﬁndtém%ﬁé’ttfr@%msummg and

transforrrylase |5|nvov fornpation of the im Ie

ring of purieesisVaFBIRBALIERRC MEINaIRARRSEPEAAT PE L TYRISHS FPYPRd



is a ubiquitously expressed -85 kDa nenbrane gl ycoprotein functioning
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WO 2009/ 080759PCT/ EP2008/ 068046 - 7 - reconbi nant products in the
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WO 2009/ 080759PCT/ EP2008/ 068046 - 9 - In a preferred enbodi ment, the
expression vector of the present invention is capable of expressing
both the functional nenbrane-bound folate receptor and the product of
i nterest iWMO20RYKEFotic cell. The product of interest PEREEAIHOGF)I6 he
second pol ynucl eotide can be any biol ogi.cal product capable of being
produced by transcription, translation or any other event of
expression of the genetic information encoded by t he second
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am no acids pepti de bond(s

"pol ypept i dé“trﬁcﬁ'&‘%&éé’s ﬁ%W?b@df“?'ﬂ@@ mIno-ARG P §8‘%f§’fwa?ﬁhkFé%]Sﬂ'§V idah-
called "pr Otaﬁrrﬂy for MHE @sfectart inalubliag Gecovm @dartng-THFo K gMh g hiletrarexingpl e
more than abg I 208886 [ilFror bt £RSEh GhaiRasemb.| er
nol ecul e (co r sel%ngdg#or E&&a '?'tg(@ 4209 gmbngfoiam ds). Thélproduct can
be a pharnaceuti cal I y or ther apeutically active conpound, or a
research togj) shenbaottt bffblé@dlptaﬂe RiSAYGomBsliptet €oldté kenspdrter ¢PCFT, also

B o ably §nghg;§gg§£éﬁf RIS Bhennd (n BoREW B SpraRY) y@sppésg%t y

rapeut | ca activ
or a resear dhdeperdentyofife RRG. Iftlﬂﬁ@?@s PPF’“&ﬁ"a@tr?@@tCl (615) %ftdﬁ%‘?dpaa%sé 8 Lar?él
the like. |ng sBiided s gfi6iches) SpHi caRBlbrst(e rqaobssiapis)de ves advarious
i nmunogl obul i y r t
f uncti onal hryaﬁ’g@llﬁajnﬂ ﬁaéersérbaigmﬁgﬁr)& eggpf I‘@'C& @‘%N% Qp%g‘ trBﬁga?toH%%?{es
total | y huneaidzetifolaies atasitic D%@hbﬁwomflpbﬁwg@aW%% has aéﬁb@lel"?: e
anti body, or O,erd{g@tﬁ%dtg@gdd)éngaa{egﬁ,rtﬁ@wugﬁdul.;yeﬁﬁé| ve anti body.
Typi cal |y, Ehe product of interest will be heterol ogous to the
eukaryotic host cell used for expression, which nmeans that the host
cel | does nod) Thathitd abhsporbroundogkicioths bl;esqmt bdentien isihesgsk tirelvas felate
i nterest befarg gn drd ﬁ% f“ﬁ& hr%rﬂngh%?ftnhffolaté ﬁlndﬂ{gd@fcoérgteﬁ@ Bh&ded Py e @lstifn

or expression roduct of er est a in

t he product ashes ﬁﬁ‘éf@sﬁqpﬂqaf%ﬁ%ﬁet?)ﬂ"?g&&@f 53 A'{?egoéﬁiﬁwg%t'ﬁ EEJS(ﬁost
cel I, in pariioehbapdimFolateBiadigriionm wFDR, arFo@anRmshodmr‘F@tRcﬁm mice
according to th t .invention ent
i nvent i og caf 'bi’)ﬁ %‘F@ggﬂf‘”ﬁ” e 3300!?@69 n%%o#e% %?% OF ﬁ]rﬁ%?)rlgﬂﬁé
form e.g. anpWaasFOLRMén4(parsl asskeRP/Plot pbmmtaésﬁi"fdw ﬁﬁ%gammapmﬁisoé@@w@%
of interest ysuall, agﬁﬂtc,agﬂ ewearawm rstauagaaénd@p%rnerln €L REBNGEstsH kD! €

to drive transeripti r onot er s,

pol yadenyl at #6260 yABN&-5A k BRERTEDELER 1S HGT i 2ie gpologos
signals. If 5r5t@m§|ﬁ§m +ABoEr atibes boid Bleditpandtcentain 289 ia 236 lagirtoragids IaaWBlbensaI
control el e;@ﬁi‘is %:%%}iit%n Fl gl %@R‘thﬁ%d‘%ﬁpﬁ bet%}J&Q membgage

e.g. 5 unt I'ons %{H lIJ rza suj tab
for recruititmynd. |ffblé?§f€9H§§9|)éﬁ?§y'!§°t°éEf‘a§ BQ%OIt(@P't) é?‘?‘f’PWQt@ 3 CFPHﬁ%DFQa?'?%n
process. | n pairdds el & devblobin Ghl&anﬁl@irﬁﬁwslaes@tmtée psdivi FRp (&R dihe) and FRB

select abl & MRREEE) JSDS, Mg S B2 idi Qgcgé’ﬂ@éﬂ%'rﬁﬂté A BOLORILG ol t he

product of SCT | under e contro
transcri pti oaviddPOABHE; @l‘pﬁi@s@ml- 401 3wt wsinail atfeliqRckRSEeuEstraig) @nd BGCO4S

resul tant trgage fs'a@y&oé@nta@é%a&&%e&:@ééﬂcﬁlﬁrbidﬁatﬁamkﬁdsegemﬁoraerpdcmdam of
the product of int a onal. transl akion, el ﬁgﬂp&m bR bt
facilitate stmm%??‘i?‘y Y'@vgf'g'gpb?]pfba [1 vig fhe'raduc o{f r u

N expres

transl at i on)muchdever difinityl for, MEX {idef 69 pidd FBTﬂ?W%@M’W%Pﬁ?'é@ ang agfifolates

?‘Xpr ?55' Fn Vﬁ?&e@{gs \?j&& @Iﬁ%dagmé@laﬁl opﬂ’eSéiﬁdiimdldfh%?rﬁnU&?tdmeG@eWnbdfkeut
irst polynucleotide an nucl eot i de

control of ditedgsieye W’&’H%"F F%T ﬁ%%aqﬁng?é%éé‘P%W” ™ #O% r@ﬁ %Pgﬂgg%sre éﬁr]ragtoér

capabl e of pronoting expression, in particular transcrlptlon, of the



Preferably, the functional nmenbrane-bound fol ate receptor encoded by
the first polynucl eotide of an expression vector of the present
invention is selected fromthe group consisting of the fol ate
recept or AVPRYICRRE)  the folate receptor beta (FR), aR§TEPRYREIHNal
nmut ant thereof. A functional nutant conprises a derivative of a
folate receptor which is functional in a physiological manner, i.e.
capabl e of being uptaken by the eukaryotic cell and contributing to
the cell's vigbiljty via the cel]|’ I b , a
nut ant for me@%y F'ﬁéry%/r&(f %‘?"8‘0?[8%“3 ﬁ?Angt\?\{ngllfaétg r?pgﬁeg%g%h@mg?&%grg% ?n@%{g
aci d nut at i omftsyonicliétkaityzand atieser farnpiog! deyelbemetsn and/ or addition, as
well as a chem cal derivative, where a chemical noiety, like a

pol ymer, for_exanple a_ pol hyl ene. ol. structure. .
attached to teE a0 a'egé**"sé‘eégé’b ?a??j?'@ﬁiléﬁ%ﬁm{ﬁ a”tdhcgstfe(f)chf' tepsgﬁ)gt(':oen psff BEm
encoded by tdiecH dvesbmpodnern oloeotf ttdalisadvaatabiemefthef sglegtion sydeapkevnaP ftha
(hFRa), a h folate receptor beta (hFR(3), or a functional nutant
t hereof. Most preferred is a human fol ate receptor al pha (hFRa),
preferably having the follow ng am no acid sequence (SEQ I D NO 1,

1-l etter codaymmdipvithe invattiorecti on from N-termnus to C-termnus):
MAQRMT TQLLLLLVWAWGEAQTRI AWART EL L NVCVNAKHHKEKPGPEDKL HEQCRP
VRKNACCSTNTSQEAHKDVSYL YRFNWNHCGEMAPACKRHFI QDT CL YECSPNL GPW

QVDQSVRKERVL T¢I eSRETE CNANEE e SR TR HENRAAR CERRICRUPIRAY aTirst
CQPFHFYFPTPT)d R MEEHSNESHEY SREBERG QM IFDRAQENBRIE R RRIY Al econd

SGAGPWAAWPFL L LA@&%%%% dm%%%%@ﬁgégﬁg%g@PCT/EP2008/068046 - 12 -
e r

Anot her preﬁ?ypg: odi ne elates to a hunman fol ate receptor beta
(hFRp) having the follow ng am no acid sequence (SEQ I D NO 2,
1-letter codgy Miinvie Rtigiflirgiet feRtesfid eurailotoaens foushithoceGildreatilityis ) :

MVWVKWVPLLLL|LVCVAT DL . . P
CCTASTSQEL H@%&%F)@%%&@%@g % N(;)TF_K‘I’%Qen stably
WRKERFL DVPL GREDGER\AENIEBCHTIS FHIORES [ 24 ROINIES VIR P IRGAE ressed by
YFPTPAAL CEGLMBERYKVSNYSRGSGRClI QWAFDSAQGNPNEEVARFYAAAVHVNAG
EMLHGTGALLLSLALMLQLWLLG In an alternative, the present invention
relates to a folate receptor which in its natural environment is not
menbr ane- bouhdtherBoch the presantimrbioandates Guarrglecnapatiind frarevBigfut at ed i n
order to becag RN ARGoRUNEhpabIO bf WF%sQNg {5 @Mkt BOntarebUs high
protein between the non nenbrane-bound folate receptor and a
transnenbrad@ﬁ¢%gion of anot her pol ypeptide. Likew se, other mnutant
forms are possible which would be readily available for a person
skilled in the aldn ifehiRIbRLvEXRTBE Bifizddtn biptesaoRAcduCRWS the BRdb@DE
on the soluble folate receptor gamm (FRy), preferably the human

sol ubl e f ol dptgregide Bigh Weldganma (FRy). In a nmost preferred enbodi nent

t hereof, the human sol uble folate receptor gamma (FRy) woul d have the

foll ow ng am Ld. ID NO 3, 1-letter code, shown in
direction freih LebSRAUPACH é”%g'?m nus): NDVAWOWMOL LLLALVTAAG
SAQPRSARAR TDLLNVCWVNA KHHKTQPSPE DELYGQUSPW KKNACCTAST SQELHKDTSR
LYNFNWDHCG  KVERTGHREDT th4B63nY InGsnti BNt GRS WX rIRBARIKESR lound/PatGHEDEEN

RWAEDCRTSY TCKSNWHKGW 4 :

NYSRGSGRCI d%ﬁﬁé%@@i‘%ﬁ%&ﬁ% %EE%%&%D%%%% en E&gvrﬁ%reem
nut at ed or ohéehkssd ogdirciniied pyajlabiity efadplaigin yeslcyiite E’éﬁ'“‘?‘oﬂﬁd‘%’ﬁgﬁ will
functional reNhEapSheuRd d e Aékalemadel anicle agaiat eattlty depbadsepapthake
within the con ext P[ the present invention. In a further aspect, the
expr essi on VPG 208 ding to the present invention can additionally
conprise one or nore further polynucl eotide(s) encoding one or nore
addi tional sglc8fldl SpbtdFREdrIe(BEd folBiE Qb cHiangby seldchiord sgre@figyang dstablishment
enbodi ment cg- sel %ﬁ%écggzh%&gﬂ%\jn%hn Eignhgeilfc%lngé tﬁafi shbér?ovére%’ré%sqﬁqh%veysm?

present i nvel€rGH ne’ of nore ent 'sel ection




I n anot her aspect, the present invention relates to a eukaryotic cel
for which cellular viability is dependent on folate uptake, and into
whi ch eukaryotic cell a first polynucleotide | ocated on an expression
vect or and”éﬁ%@@ﬂﬁg’a functional nenbrane-bound fol at e PCEFEPAOYPo8HISd a
second pol ynucl eoti de | ocated on an exp9e55|on vect or and encodi ng

t he product of interest have been stably introduced, wherein the
first polynucleotide and the second pol ynucl eotide are |ocated on the

same expression vector. or .o arate .an expressi on ye a
preferr gd eﬁﬁ??mbf?éﬂttpr?dr‘l‘étrsébtge atf%gcq‘ﬁﬁ%ta&f’ﬂ%éﬁ V nrrg?% %Egﬁt{n%nyé# at e
recept or andttiehengeneglectonsfstems, dreesis nas@%ﬁ@bm@dé@iﬂow semetiraepdedsiiii ¢
cell. In adqbllnkcgﬂlﬁﬁ QeIIshﬁ'OJ:GHEQ.Id ap %htaﬂﬁj@'kﬁéhﬁm@@&l@ﬂdég@h@ts%eﬁ@@)eghéﬁ

i nt roduced |1 ne via an tor

eukaryotic e F:Raé‘:c%?’a'i‘ﬁi&'sf"aysc HHohsF 8@@9& 0&2\;&% 1dﬁﬁé'éaﬁ‘ f(?f)?ryﬁr”lpé REY for
| east one en¢legene st =f ) sohtednsponts dilic edd intrealls iam otidicatidnal pthaeg the
transport Sy?%%ﬁ@md Etio[?lad’rfg\}m%g lfcgzhe%g oﬂfRJﬂah%f ﬁﬂ%g%mg%mfe‘* Q@ép!d?é"@a‘a

menbr ane- bouh S) an advant a )

i nvention thﬁﬁfkquemﬁ@NWWa”E'@Fté*&q"F Bﬂe%%b‘edﬂ%rﬁ?r 'B@ﬂ% e‘f'?lgrﬂ‘é'ﬁ)&ffean
be utilized (gyembid drid) bepripates &bmenaadrowth atediemdTigeToe folalerbakedeetettion & an
functional folate sdat%g&flggtrt w?i{sﬁﬁtﬁnﬁbr t'heg ce}@ﬂ\% n@&%n@ﬁl&?@@éﬁous system

i s retai ned.“ACCOY erre iment relates to

t he eukar yotaverewsepysiopfol tam@t ﬁp@gﬂémcuitw%mm@ﬁ“%né%'we 0BG PLVIRPXat

| east one englQoaneish asnbdineigasddamnaroliuinetdxpmsdiorfsybtane transport
system wherein such endogenous unidirectional functional folate
transport system preferably conprises at | east one endogenous
functional riwippeehesiéniomeysten! Hoes pevewpirppriant AdvANARR QYPT SIPCEARFRIPTE Nt
t hereof , the,gpdRaemeydorfanct i onal menbrane-bound fol ate receptor is
selected fromthe group consisting of the folate receptor al pha (FRa)
and the folate receptor beta (FRp). Another preferred enbodi nent
relates to a.@bksaigotti systealdocadiopiodhapresent inyratign ie 8 apfy ranid/MRCHiGSystem:

wher ei n t he \QRAOIENRAILRs SFbidiatR GEbRBRIN, fiRESUIABAbr dt@iaaéea dbianeeor t
system for exanple co

risin
f uncti onal rﬁ%‘ﬁ'ﬁ?%h%@%&ig?”8I°gp§rers£%aé’3}ec5?adg¥ '581[;13% h}? Eg!f'l?f)r%rad'sync\t/'?w ,
i.e. is atteanuasegsterSuettionbd smyawhiommenreqbies ¢ oenttied sesctiameapl e by
any type of Sr{g,é" LREH étaé}t e endogenous folate transport systemin
question, e. e endogenous functional nmenbrane-bound fol ate
recept or, for exanpl e by point nmutation, gene disruption, and the
| i ke. The ati endiglidcodn s;/atﬂmlmcﬁdip@tottlhea;bremnt ioamjpdredoes nbequire a gendic -
latter case ulepa?oneé%l%%%% dc!m of%lénd?g%?ﬁfs Fﬂig(albﬁla)t@@eﬁf @rsﬁﬂémrhﬁ)vg%ﬂéé (SHar

does not conprise uni di rectional functional

folate tr ané@tﬁ?fle@W‘t%‘ﬁﬁhU@ cgn b%?Ppé?thB@éh’E?ﬁ‘Q'ef‘lﬁ’?E?Y%r’H\e" REND PEEEERind
fol ate recemrogene éﬁ;ﬁ‘r@srsdah ROPrysent THig eé;&advadammtmmn thénacphaidainwing
| nvention r ﬁJgt R eloRo) Wfillodhiof LA SR Gxfittd tovap%mbfhr@@e@fpa@&.%tfan of

vector of t i nveénti'on duced
cell is Iackfoiﬂfgs feu;l roha@qsqi)\frorrthow mesliut: Cevré%quéwdﬁgsfﬁmf?"éN’alch

menbr ane- boygrebodi @ﬁf@am@ﬁ@pﬁt@wmwémtabmmqmta@hahﬁareemeesmsom vector
i ntroduced |n 0 s?ﬂ% sglsgwe@i%feg a%parn a|u%?g}éﬁf8,ta% %mtog&dé)h%e”t

|nvent|on [ﬁﬁ enbo nent ereln,
can be util Iabadlce bfara signiéi¢ast elektien de m@msr@f of thieerg pgenPyot RE(FRelIghabf

the present jopyeRkiiOn cbiiRstth Er@tol-ﬁipd/wm;}s%a{ m@iﬁm@émeswu@@ vihichumobtipiaal
menbr ane- bound fol ate

he se nu di ng
the product e qrﬁ{r%quggt[y d&%gedc%%r t@? %”cﬁjogéwof’ shéﬁ'g[g B Xﬁréggﬁ)drf'q\%@% nd
Preferably, GH@bhueogis)essi on vector is and expression vector accordlng
to the present invention, i.e. as described herein. The eukaryotic
cell according to the present invention is, preferably, selected from
the group consisting of a mammalian cell, an insect cell, a plant



(ii) culturing said plurality of eukaryotic cells in a cell culture
medi um having a limting concentration of a folate, thereby obtaining
a eukaryotic cell wherein stable expression of the product of
i nterest iWO3RROEZEYH. In principle, such folate can be PAA/ERRG0806664H
folate or a reduced folate. Preferred i _an oxidized folate, which in
particular is folic acid. Wth respect to the limting anpunt of a
foI ate the suitable concentration in the nedium can be determ ned by
a person skilled in the art f
fhe host cel® TEnePee" SePmanaflafd BRAE AAGL ot iR e BERHSp o
applied. In stringenayleh seléapn @Jeé@B’@VEEOFLﬁw sglsclivh @reppirayie inceagted xR

with a CHO rﬁ?%ﬁerﬁﬁﬂve rouﬂes%ﬂl‘ofa&tﬂp%k@%ﬁ@iﬁé naleb€a eRfredshniofthaehdbgefbushe

cell culture a stringent .s [ QC e about
700 vt or 1 g Thi RSt ariagh i ous oS Tt RGBS ERE EHb R R )
| ower. For exsatgridag afinguiot falisl agidd§erdeimiM)athe BRCefspby arnexaem%iy Bean aﬁa'tye

any val ue i %Ff% d-RANAR=05-00- rﬁ}@)lw%nasl%da%nd?raﬂfsaé@bh yys&eanstlmdsr@me@
of 0.01 nM - OOn nor e

o Un tnett RO TR S o seuiie LS of SDEnl el res e Dk
0. 001 nM - 30sefzidtion, MTX@es&stetnheallsamgwfcefque)itlgmbtnEMd {86t hatg na dtr@opraelgetable
0.1 nM-30 rhérbeg Jfém.eane adllo@%ffmin&MftMRﬁd‘%erﬁﬂﬂ@ M”fx B MrelQapM

For exanpl e, ic acid concentration in the cell cultur g_teum
sui tabl e forb%@F%effP%W“*dH?Phﬁ@snlHWT>§WR)Ftai%K)I"%P3%*’(§’ﬁT\/F MR t‘&B%g”ectﬂ
reduced f ol atequért kelgeneay Dedtnativg Inutdiendis ¢@ RAT dehe osevereidss nf RFDoE®S

t he concentr% 90, 4 hereof again can be determ ned by a person skilled
inthe art iR accordance with the requi renents of the host cell and
the stringency of the selection condition to be applied. Such
concentrati o) Teé sélejﬁs@sgereiﬂhcbasrdh@e t6€presantiintantien deedinatmse arytbexit org

exanpl e be in

ot ocess. 1 n L RERREDsa Ve T AL bR St S AFERES b
further cormhatge'saltedé'ﬁtgﬁﬂ"qﬁym@f tha ecipiest ealp Ay well as at HeyaasteeerlintGlRgr ei n
stabl e expr gesiephOFER bastiph Eithdprincle@s 8sdrivatdn acdViRIetonl e growast
preferred enbodi nent of the nmethod for selection, the plurality of

eukaryotic B s conposed of eukaryotic cells according to the
present invention, i.e. as disclosed herein. Further preferred

embodi nent s A%fcorﬁdﬂ@ iRERES e@thetd?@eﬁtmm&mmuslrayemdMka@@t.c@ae@ég@ed

herein, in particular. w ryogtic.ce

expr essi on W@Etf’o‘?ompﬂﬂ?ﬁ?lérf’t pé’ﬁ(ﬂ‘bci‘? 5+% ?nc8?'nq ?‘lﬁmq Oégé'hetmblraﬁ]\? Tagfﬁitag
rel ates to aeqpc@ssthé seleqmbleduarkérganafanda ptacedmmfymieotmeenmngaproduct
conpri sing (d)ydgkformng a method of selection according to the
present invention, i.e. as disclosed herein, (H and isolating the
product of interest fromsaid cell culture medi um or from said cell .
Agai n, pref erfusdiosarhedbreebsunoffolbthireceptopacordind td the preept @sention is

i nventi on ar %F%E%Aeﬁﬁﬁ A8 6 clonal ReMBbhd- saunawec%thhcabeapemmcﬁremem

eukaryotic ce he expression vector. e product of Interest,
for exanpl e APHHANWRER Pf(i’efO'a‘ﬁr"B‘aﬁé\élﬁ’Xoﬂc %ﬁg‘cor dance with the invention
may be recovered further purified and isolated by nmethods known in

the art. For Lcﬁdanélgethep@'% aﬁﬂ?ﬁvénﬂ& JRY%itR& ok %ﬁ g%ﬁ%&&dfoltafeqm tﬁ:h?r:u:it:i) or

nutri ent medA con rocedures inclu
to, centrif @ga@qce%folam ir geseiab A fOIEH? ey be pafyl afthip fre pé%?f’?td@ieﬂ‘éﬂ’i' 3§ jong as

preci pi tati @oen Biate il l@@tfdp@tﬂe Bf&:)ém@ﬁek@&hﬁ Dt eukayyoic d6a by eieyurafional
procedur es ETR%C/) b(eenlegyounoe fola{e retﬁeg%r l'/{\dér %rec%@{am'ﬂ@tof éﬁ EQ f#]?eg f&lgte is folic acid.

chromat ogr a on exc
chr omat of oc (Rséferted exawplss fdeduged 1’9@?9@ §ye 5’@?@&% te§ B'W@FC@I"P éc'ﬁrWQWﬁr es

(e.g., prepag@hldsiolic, 10-formyl-tetrahydrofolic acid and 5,10-methylene-tetrahydrofolic acid.



- 17 - isoelectric focusing), differential solubility (e.g. ammonium
sulfate precipitation) or extraction. A yet further aspect of the
present invention relates to the use of a functional nenbrane-bound
fol ate rectPeYPOYIS% sel ection marker for selection of PETEBRMFOGH4SC
cell, for which eukaryotic cell cellulag viability is dependent on
the uptake of folate, and which eukaryotic cell being capable of
stably expressing a product of interest. Wthin a preferred

enbodi nent of | ate r.ece or

group consi gl?ﬂrg’?eéqegteﬂ'?o% @F‘gtt © PREEPTOI“Hl G Oﬂhgfé%an?% qOJ fl;' %%[aattb,geof
recept or beteapréssRig, botintte wnttmallnmmranﬁﬂpmﬂfolﬁhé?@éw 3ﬂﬂrt@~’| RSt §f interpgd
folate recepf QLsaHblidteied Wi thin this aspect of the present invention
are the respective human fol ate receptors, the hunan folate acid
receptor alpha (FRa) being preferred. Further preferred enbodi nents
of this aspatt pakiuttlveinteesst exeddd bythessetondmolneiedtidaosan he dnhieiplegies] pioduct
particul ar \%ﬁe{ﬁller &%Qﬁghroﬁﬁbeﬁ@?tr%’éﬁd’t%:@tﬂaﬁslﬁﬁh bor %@tﬁeh@«eﬂ?‘@%@&&sﬁbﬂ of

vector. The cont he texts and Gcﬁ?rrg E'ﬂ Q h S
herein are itecesnpbT BICERRIAR PRECASARY theTesprsrRoyNUcH§pldg: *5\5’?3‘?6‘3 RARPrEE
serve to il kisig &t exptehsioppredentol axempieina pwidried embodimentysuamg piodumt tsi ng

the scope therFagﬁ]fmrlﬁheﬂg%Jp'a%Hé.&ﬁ oﬁmlgﬁﬂp'aeﬁm %ln@ta@amomao%fp@;m@d

enbodi nents "0 resent 1 nvention genera

mat eri al s neﬁprﬁém@mowévlépﬁamp@maﬁ Palgm?@é@@rﬁlp§c'd%%e togpter oy p?la'd?he
skilled per $gRd(s)c PHETRING ipdlybaptiaes aicluasd @[)@Bphdeacf dng leagte dwhich ramychercditetic e
w th the manuf act urer - Hi ;
expressi on o'?m%mr @ccgﬁ%??fr?e{%?é ciféc%@@édm@?é &FB ?ntp ﬁ'ﬂh%@ Hg'ﬁ \éé%ruég%%qmg?
based sel ectarids), &rypentide B eapploba gmaler rBt'ﬁff{@s@@raWSvs&rﬁ%w'%? pras&ing

vector (i.e ac|H§§eTﬁ<ﬁ§bdtMEﬁn%)a phgwat:atﬁb@fybﬂmerewmlsear\ve eomgskaroyat i
cells, in part

cassette whi Ir%swa@ﬁ ggsotl%e% On] dssadc FQ(? {he glge Eﬁ% %a‘ééhj?arl?ﬁe%ﬁ% grﬁl?ddﬂ'%nt
| i ght chai n$heqfro®,lc25|§@rpgb/@@tld@@(ﬂfﬁwqmnhanumﬁtlcaw 1 e.rapgmqaw\;eof | gGL

t yloe alnd § I gw éyad@l loph lréeearc;e%enrt@s@ utmaedqaaa@ﬁdsﬁc Wr@ha@emmsmka Ina
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invention.

A vector according to the present invention can be present in linear form or, preferably, in

circular form, e.g. a plasmid.

Vectors used for expression of polynucleotides of interest usually contain transcriptional
control elements suitable to drive transcription such as e.g. promoters, enhancers,
polyadenylation signals, transcription pausing or termination signals. If the desired product
is a protein, suitable translational control elements are usually included in the vector, such
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product of interest will be transcribed under the control of transcription elements present in
appropriate promoters. The resuliant transcripts of both the selectable marker gene and
that of the product of interest harbor functional translation elements that facilitate

substantial levels of protein expression (i.e. translation).

Accordingly, a preferred embodiment relates to an expression vector according to the
present invention wherein the first polynucleotide and the second polynucleotide are under
the control of distinct transcription promoters. In general, a promoter capable of promoting
expression, in particular transcription, of the first and / or second polynucleotide in a
eukaryotic will be suitable. In a preferred embodiment, the distinct transcription promoters
are the same. In another preferred embodiment the distinct transcription promoters are
different. Preferably, the transcription promoters are selected from the group consisting of
an SV40 promoter, a CMV promoter, an EF1alpha promoter, a RSV promoter, a BROAD3
promoter, a murine rosa 26 promoter, a pCEFL promoter and a B-actin promoter. In a
preferred embodiment thereof the promoter controlling the transcription of the first
polynucleotide and / or second polynucleotide is CMV promoter or, mostly preferred, an
SWV40 promoter. In a particuiarly preferred embodiment the promoter controlling the
transcription of the first polynucleotide is a Sv40 promoter.

In another preferred embodiment of an expression vector of the present invention the first
polynucleotide and the second polynucleotide are under the control of a common
transcription promoter. Preferably, such transcription promoter is selected from the group
consisting of an SV40 promoter, a CMV promoter, a RSV promoter, a BROAD3 promoter, a
murine rosa 26 promoter, a pCEFL promoter and a B-actin promoter. In a further preferred
embadiment thereof the commaon transcription promoter is an SV40 promoter. A further
preferred embodiment of the expression vector having such a cormmen transcription
promoter comprises an |RES element functionally located between the first polynucleotide

and the second polynucleotide.

The membrane bound folate receptor as introduced into the eukaryotic host cell by means
of an expression vector utilized according to the present invention can be derived from any

species as long as it will be functional within the present invention, i.e. compatible with the
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eukaryotic cell utilized. Preferably, a folate receptor derived from a mammalian species will
be used, for a example derived from a rodent, or, mostly preferred, a human folate receptor.
in general, the folate receptor introduced into the eukaryotic host cell and ulilized as
selection marker can be homologous or heterologous to an endogenous folate receptor of
the host cell. If it is homologous it will be derived from the same species as the host cell,
and may, for example, be identical to an endogenous folate receptor of the host cell. If it is
heterclogous it will be derived from another species than the host cell, and may thus be
different from an endogenous folate receptor of the host cell. Typically, the introduced folate
receptor utilized as the selection marker will be heterologous to the host cell. For example a

human-derived folate receptor may be used as selection marker for a rodent host cell, e.q.

a CHO cell.

Preferably, the functional membrane-bound folate receptor encoded by the first
polynucleotide of an expression vector of the present invention is selected from the group
consisting of the folate receptor alpha (FRa), the folate receptor beta (FRB), and a
functional mutant thereof. A functional mutant comprises a derivative of a folate receptor
which is functional in a physiological manner, i.e. capable of being uptaken by the
eukaryotic cell and contributing to the cell’s viability via the cell's folate metabolism. For
example, a mutant form of the folate receptor will comprise one or more amino acid
mutation(s), like a substitution, deletion andfor addition, as well as a chemical derivative,
where a chemical moiety, like a polymer, for example a polyathylene glycol structure (PEG),
is attached ta the folate receptar. Preferably, the folate receptor encoded by the first
polynucleoctide is a human folate receptor alpha (hFRa), a human folate receptor beta
(RFRP), or a functional mutant thereof. Most preferred is a human folate receptor alpha
{(hFRa), preferably having the following amino acid sequence (SEQ ID NO 1, 1-letter code,

shown in direction from N-terminus fo C-terminus):

MAQRMTTQLLLLLYWVAVVGEAQTRIAWARTELLNVCMNAKHHKEKPGPEDKLHEQCRP

WRKNACCSTNTSQEAHKDVSYLYRFNWNHCGEMAPACKRHFIQDTCLYECSPNLGPWIQ
QVDQSWRKERVLNVPLCKEDCEQWWEDCRTSYTCKSNWHKGWNWTSGFNKCAVGAA

CQPFHFYFPTPTVLCNEIWTHSYKVSNYSRGSGRCIQMWFDPAQGNPNEEVARFYAAAM

SGAGPWAAWPFLLSLALMLLWLLS
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which then may be mutated or otherwise genetically altered or derivatized to form a
functional membrane-bound folate receptor capable of folate uptake within the context of

the present invention.

in a further aspect, the expression vector according to the present invention can
additionally comprise one or more further polynucleotide(s) encoding one or more additional
selection marker(s). Accordingly, in a preferred embodiment co-selection utilizing the folate
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comprising at least one endogenous unidirectional functional folate transport system,
wherein such endogenous unidirectional functional folate transport system preferably
comprises at least one endogenous functional membrane-bound folate receptor. In a
preferred embodiment thereof, the endogenous functional membrane-bound folate receptor
is selected from the group consisting of the folate receptor alpha {(FRa) and the folate

receptor beta (FRB).

Another preferred embodiment relates to a eukaryotic cell according 1o the present
invention, wherein the endogenous unidirectional functional folate transport system, for
example comprising at least e.g. one endogenous functional membrane-bound folate
receptor, is lacking full activity, i.e. is attenuated. Such attenuation can be provided for
example by any type of mutagenesis of the endogenous folate transport system in question,
e.g. the endogenous functional membrane-bound folate receptor, for example by point
mutation, gene disruption, and the like. The attenuation can be a partial or complete. In the
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latter case the eukaryotic cell according to the present invention does not comprise an
endogenous functional unidirectional functional folate transport system, e.g. an
endogenous functional membrane-bound folate receptor. Accordingly, a preferred
embodiment the present invention relates to such a eukaryotic cell whereln an expression
vector of the present invention has been stably introduced, and which cell is lacking full

activity of at least one endogenous functional membrane-bound folate receptor.

With respect to the expression vector infroduced into said host cell any expression vector of
the present invention, including its preferred embodiments, as described herein, can be
utilized. In a preferred embodiment of the eukaryotic cell of the present invention the first
polynucleotide encoding a functional membrane-bound folate receptor and the second
polynucleotide encoding the product of interest are located on the same expression vector.
Preferably, such expression vector is and expression vector according to the present

invention, i.e. as described herein.

The eukaryotic cell according to the present invention is, preferably, selected from the
group consisting of a mammalian cell, an insect cell, a plant cell and a fungi cell. With
respect to fungi cells and plant celis, which usually are prototrophic for folates (i.e. such
cells can autonomously synthesize their own folates necessary for their cellular viability, i.e,
cellular growth and proliferation). The present invention encompasses in particular such
fungi and plant cells which may become auxotrophic for folates. This may be for example
due to genetic manipulation, i.e. cells are now unable to synthesize sufficient amounts of
folates necessary for their cellular viability. For example, the capacity of such fungi or plant
cells to endogenously biosynthesize folates, €.¢. via an appropriate metabolic pathway, will
be inactivated, e.g. by gene disruption or gene silencing of appropriate target genes, or

inhibition of key enzymes, etc.

In a preferred embodiment thereof the eukaryotic cell is a mammalian cell. Preferably, such
mammalian cell is selected from the group consisting of a rodent cell, a human cell and a
monkey cell. Particularly preferred is a rodent cell, which preferably is selected from the
group consisting of a CHO cell, a BHK cell, a NSO cell, a mouse 3T3 fibroblast cell, and a
SP2/0 cell. A most particularly preferred rodent cell is a CHO cell. Also preferred is a
human cell, which, preferably, is selected from the group consisting of a HEK293 cell, a
MCF-7 cell, a PerCe cell, and a Hela cell. Further preferred is monkey cell, which,
preferably, is selected from the group consisting of a COS-1, a COS-7 cell and a Vero cell.
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(PM the cell culture medium for a stringent selection process would be about 100 nM or lower,
preferably about 30 nM or lower, or about 10 nM or lower. For example, a suitable
concentration of folic acid can have any value in the range of 0.001 nM — 100 nM,
preferably in the range of 0.01 nM — 100 nM, more preferably in the range of 0.1 nM — 100
nM or in the range of 1 nM — 100 nM. Likewise preferred is the range of 0.001 nM ~ 30 nM,
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applied. Such concentration of leucoverin in the cell culture medium can be for example be

in the range of 0.2 nM — 2 nM for a stringent selection process.

In a further embodiment thereof, the method for selection further comprises identifying and
isolating a eukaryotic cell wherein stable expression of the product of interest is achieved.

In a most preferred embodiment of the method for selection, the plurality of eukaryotic celis

is composed of eukaryotic cells according to the present invention, i.e. as disclosed herein.

Further preferred embodiments of this aspect of the represent invention are described
herein, in particular with respect to the eukaryotic cell and the expression vector.

Another embaodiment of the present invention relates to a process for production of a
product of interest, comprising

(i) performing a method of selection according to the present invention, i.e. as disclosed
herein,

(i} and isolating the product of interest from said cell culture medium or from said cell.

Again, preferred embodiments of this aspect of the represent invention are described
herein, in particular with respect to the eukaryotic cell and the expression vector.

The product of interest, for example a polypeptide, produced in accordance with the
invention may be recovered, further purified and isclated by methods known in the art. For
example, the polypepfide may be recovered from the nutrient medium by conventional
procedures including, but not limited to, centrifugation, filtration, ultra-filtration, extraction or
precipitation. Purification may be performed by a variety of procedures known in the art
including, but not limited to, chromatography (e.g. ion exchange, affinity, hydrophobic,
chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative
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Example 1.1: Expression Vectors

A plasmid vector (i.e. the test vector), suitable for expression in eukaryotic cells, in
particular CHO cells, harboring both (i} an expression cassette which comprises a
polynucleotide encoding the heavy and light chains of a secreted recombinant human



(ifi)culturing said plurality of eukaryotic cells in a cell culture
medi um having a limting concentration of a folate, thereby obtaining
a eukaryo erein stable expression of the pro
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receptor fofds0 BLHEARSisting of the folate receptor
al pha (FRa) pﬁ%@g%&ﬁgtes eiéga%t%e%geta (FI%( 3), and a functional nutant

thereof and preferably is the human fol ate receptor al pha (hFRa)
- 1292870. t XtExSRRENCEells|aBd GGtk Cdiftiodovarti s AG <120> organi c

conpounds <a%§s§ga%ér\é%rﬁ Géll_ls derived from strain CHO-K1 are maintained under suspension
culture conditions in suitable chemically defined growth medium containing 2.3 pM

{microM) folic acid.

For analysis of folic acid dependency of cell survival, a folic acid starvation experiment is
done using folic acid concentrations ranging from 2300 nM to 0.1 nM. Cells are cultivated in
such medium and cell viability is analyzed to quantify the percentage of surviving cells,
Table 1 summarizes the results obtained with the CHO-K1 cell line mentioned above.

Table 1: Survival of CHO cells at different folic acid concentrations:

FA Conceniration Precentage of
[nM] Survival

0.1 2.08

1 245

3 2

10 27

30 6.8

100 55.5

300 88.6




<150> EP07150326. 2 <151> 2007-12-21 <160> 3 <170> Patentln version
3.3 <210> 1 <211> 257 <212> PRT <213> Hono sapi ens <400> 1 Met Al a
Gn Arg Gn Leu Leu Leu Leu Leu Val Trp Val 015 Al a
Val Val %O%H’%}? G@n Thr Arg lle Ala Trp Ala Arg Thgc%zéwg&gﬁ
Leu Leu Asn val Cys Met Asn Ala Lys HisiHis Lys Qu Lys Pro Ay

354045 Pro Qu Asp Lys Leu Hs Qu @n Cys Arg Pro Trp Arg Lys Asn
Al a 505560

1000 100.8

2300 100

These results indicate that for this specific host cell line folic acid concentrations below 100
nM, preferably below 30 nM should be suitable to generate significant selection pressure

for folic acid receptor based selection of stably transfected cells.

Example 1.3: Transfection and Selection
Cells are transfected by electroporation either with the test vecior containing a hFRalpha

(hFRa) expression cassette or the control vector lacking the hFRalpha hFRa. The
transfectant cells are subsequently grown under suspension culture conditions in 125 ml
shake flasks in medium supplemented with an appropriate concentration of glutamine and
2.3 pM (microM) folic acid. Forty eight hours after transfection, cells are transferred to a
medium containing a limited amount of folic acid, namely 10 nM or 1 nM folic acid to initiate
the selection process according to the invention in 24-well plates for samples transfected
with the test vector. In addition, cells transfected with the control plasmid are selected by
adding a selection agent, namely 0.8 mg/mL G418, to a medium containing 2.3 M
(microM) folic acid (i.e. control 1) or cultured in the absence of any selection (i.e. controf 2).
Cells which have successfully recovered from this selection scheme are transferred fo 6-
well piates and further expanded in shake flasks for analysis of antibody production leveis.

Example 1.4: Analysis of antibedy production
From the transfectant and folic acid deprived cell populations, overconfluent batch cultures

in shake flasks are prepared to analyze antibody expression levels. Cells are seeded at
2x10° cells/mL in medium containing 2.3 uM (microM) folic acid and incubated under
suspension culture {i.e. shaker) conditions. At day 14, the supernatant of the cell culture is
harvested and analyzed for antibody levels using a protein-A HPLC methodology, i.e. an
affinity-type of purification. lgG molecules specifically bind to the column, mainly via their
Fc-part, while other proteins pass the column without interacting with the matrix. Under low
pH conditions, captured 1gG proteins are eluted from the column, quantified via UV

absorption measurement, and, where necessary, further purified and isclated.

Example 1.5: Results




Cys Cys Ser Thr Asn Thr Ser G n Qu Ala H's Lys Asp Val Ser Tyr
65707580 Leu Tyr Arg Phe Asn Trp Asn Hs Cys Ay GQu Mt Ala Pro Ala

Cys 85909 is Phe Ile @ n Asp Thr cys Leu Tyr
Pro Asn 136?%%?%‘939& Gy Pro Trp Ile @n G% val As%l (Sgﬁ@@@ﬁ%gi%rg
Lys Gu Arg 115120125 val Leu Asn Val Peo Leu Cys Lys Gu Asp Cys Qu
Gn Trp Trp Au 130135140 Asp cys Arg Thr Ser Tyr Thr Cys Lys Ser Asn
Trp Hs Lys Gy Trp 145150155160 -1292870.txt 165170175

The aim of this approach is to provide a proof of concept that a folate gene, in particular the

hFRaipha (hFRa) gene, can serve as a selectable marker under conditions of folate
deprivation thereby selecting cells that co-overexpress a product of interest., e.g a
monaclonal antibody. As a contral, a vector containing a neomycin-resistance gene as a
selectable marker is also used. After transfection, cells are subjected to a stringent
selection by abruptly reducing the folic acid concentrations in the medium from 2.3 uM
{microM) to 10 nM or 1nM. Cells transfected with a plasmid harboring the folic acid receptor
readily recover under conditions of folate deprivation and can be further expanded in the
selective medium. In contrast, in the case of the control vector, the concentration of folic
acid remains unchanged, but either a selection pressure with G418 or no selection
pressure at all are applied. The selected cell populations are then analyzed for antibody
production using overgrown (i.e. overconfiuent) suspension (i.e. shake) flask cultures in
medium containing 2.3 uM (microM) folic acid. The concentration of antibody in the culture
medium is then determined at day 14. As shown in Table 1 below, cells transfected with the
plasmid containing the folic acid receptor and selected by reducing folic acid availability,
overexpress the recombinant antibody. The amount of antibody produced by these
transfectant cell populations is higher compared to the cells transfected with the contro
vector and selected with G418. As a further control, when no selection pressure is applied,
cells providing no antibody production are obtained. These data provide the proof of
concept that the current folic acid receptor gene approach can be readily applied as a
stand-alone dominant metabolic selectable marker to rapidly establish cells overexpressing

a recombinant product of interest.

Table 2: (Croic acie: cONcentration of folic acid in the medium during selection; Cg1s:
concentration of G418 in the medium during selection; C map: concentration of the secreted

antibody in the medium of overgrown cultures)

Vector Cralic acis Coats C mav
(nM) {mg/mi) {mgll)
Test vector 10 none 25
(hFRalpha 1 none 24
(hFRa))
Control vector 2300 0.8
{Neo) 2300 none




pro Phe His Phe Tyr Phe Pro Thr Pro Thr Val Leu Cys Asn Qu lle
180185190 Trp Thr His Ser Tyr Lys Val Ser Asn Tyr Ser Arg Ay Ser Ay

Arg 19520

G au 200N WA Arg phe Tyr Aa Ala s el SO

Pro Trp Ala 225230235240 Ala Trp Pro Ph&lieu Leu Ser Leu Ala Leu Met
Leu Leu Trp Leu Leu 245250255 Ser <210> 2 <211> 255 <212> PRT <213>
Hono sapi ens <400> 2 Met val Trp Lys Trp Met Pro Leu Leu Leu Leu Leu

Val Cys Val

Al a

Example 2: Recombinant antibody production levels increase as a function of the decrease

in folic acid concentration in the growth medium

Example 2.1: Expression vector
A plasmid vector (i.e. the test vector) as described in Example 1.1 above is provided.

Example 2.2: Cells and Growth Conditions
Chinese hamster ovary cells derived from strain CHO-K1 are maintained under monolayer

culture conditions in chemically defined growth medium RPMI-1640 containing 2.3 uM
{microM) folic acid. The cells are lacking RFC transporter activity, as disclosed elsewhere
(Assaraf, Y.G. and Schimke, R.T. (1987) Proc. Nall. Acad. Sci. USA 84, 7154-7158;
Rothem, L., et al., Mol. Pharmacol. 68 616-624). Such a RFC-deficient cell is used to avoid
a potential by-pass of the folic acid starvation by this further carrier system in this example.

Example 2.3: Transfection and Selection
RFC-deficient C15 cells are transfected with the test vector by electroporation. Forty eight

hours after transfection, cells are propagated in folic acid-free medium supplemented with
30 nM folic acid in order to promote the expression of both the selectable marker as well as
the recombainant antibody and subseqeuntly subjected for dilution cloning. Cells are diluted
to a final density of 5 cells/ml and seeded at 100 pl/well in 96-well plates (i.e. 0.5 cells/well).
Clones are then maintained in a medium containing 0.25 nM felic acid and 500 pg/ml G418,
The co-selection utilizing the folate system of the present invention together with an
additional selection system (i.e. neo/G418) is applied to provide optimal performance of the
selection process. Clones with the highest levels of antibody production are then grown
under low folic acid concentrations {i.e. 1200 pM, 600 pM, and 60 pM) to further support
and establish antibody overexpression. This is corroborated by further analysis of antibody

expression in the various clones.

Example 2.4: Analysis of anfibody production



151015 Thr net Cys Ser Ala G n Asp Arg Thr Asp Leu Leu Asn Val Cys
met 202530 Asp Ala Lys His His Lys Thr Lys Pro Ay Pro Qu Asp Lys

Leu Hi s 35404bpopsidséa n Cys Ser Pro Trp Lys Lys Asn Al a pispSdnsoddiis
Ala Ser Thr 505560 Ser G n GQu Leu His Lys Asp Thr Ser Arg Leu Tyr
Asn Phe Asn Trp 65707580 Asp His cys G-¥2tys Met Qu Pro Ala Cys Lys
Arg H's Phe Ile G n 859095 Asp Thr Cys Leu Tyr Gu Cys Ser Pro Asn

Leu Ay Pro Trp Ile G n 100105110 -1292870.txt
The analysis of antibedy production is performed in principle as outlined in Example 1.4

above. The concentration of the secreted antibody is monitored using an ELISA assay as
follows: Maxisorp microplates are coated with an anti-human 1gG. Following blocking with a
buffer containing bovine serum albumin (BSA) and several washes, multiple ditutions of the
secreted antibody samples are added. Then, a peroxidase-conjugated second antibody
consisting of goat anti-human 1gG-peroxidase is added. Finally, a colorimetric peroxidase
substrate is added following which the resultant dye concentration is delermined in each
well spectrophotometrically and then compared to standard concentrations of known IgG

concentrations.

2.5 Resulis

As depicted in Table 2 below, the levels of recombinant antibody production correlate with
the stringency of folic acid deprivation. Hence, antibody production levels increase as the
concentration of folic acid concentration is decreased in the medium. These results further
corroborate the proof of concept that the hFRalpha (hFRa) gene is an efficient selectable
marker that can be used for the overexpression of recombinant proteins under conditions of

folate deprivation.

Table 3: (Cruiic acie: cONcentration of folic acid in the medium; C nap: concentration of the

secreted antibody in the medium)

Crolic acid C man
(pM) (ng/L)
60 216£30
600 13815
1200 1918




115120125 Cys Lys Qu Asp Cys Gn Arg Trp Trp Qu Asp Cys His Thr Ser

H s
Ay
du
Ser
Cys
Au
du

130135140 Thr cys Lys ser Asn Trp His Arg Ay Trp Asp Trp Thr Ser
Val 145150155160 ASR Lys Cys Pro Ala Gy Ala Leu CS Arg Thr Phe
Ser Tyr Phe 165170175 Pro Thr Pro Ala Ala Leu Cys Qu Ay Leu Trp
Hi s Ser Tyr Lys 180185190 val Ser Asn Tyr Ser Arg Gy Ser Ay Arg
Ile Gn Met Trp Phe 195200205 Asp ser Ala Gn Ay Asn Pro Asn G u
Val Ala Arg Phe Tyr Ala 210215220 Ala Ala Met H's Val Asn Ala Ay
Met Leu Hs Ay Thr Ay Ay 225230235240

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A eukaryotic expression vector comprising a first polynucleotide encoding a functional
membrane-bound folate receptor and a second polynucleotide encoding a product of interest,
wherein the product of interest is a pharmaceutically or therapeutically active or a diagnostic
polypeptide.

2. The expression vector according to claim 1, wherein the first polynucleotide and the
second polynucleotide are under the control of distinct transcription promoters.

3. The expression vector according to claim 1, wherein said vector comprises an IRES
element functionally located between the first polynucleotide and the second polynucleotide,

4. The expression vector according to any one of claims 1 to 3, wherein the functional
membrane-bound folate receptor encoded by the first polynuclectide is selected from the
group consisting of a folate receptor alpha (FRa), a folate receptor beta (FRB), and a
functional mutant thereof.

5, The expression vector according to claim 1. wherein the functional membrane-bound
folate receptor encoded by the first polynucleotide is a human folate receptor alpha (hFRa).

6. A eukaryotic cell for which cellular viability is dependent on folate uptake, and into
which eukaryotic cell a first polynucleotide located on an expression vector and encoding a
functional membrane-bound folate receptor and a second polynucleotide located on an
expression vector and encoding a product of interest have been stably introduced, wherein
the first polynucleotide and the second polynucleotide are located on the same expression
vector or on separate an expression vectors and wherein the product of interest is a
pharmaceutically or therapeutically active or diagnostic polypeptide.

7. The eukaryotic cell according to claim 6, wherein said cell is lacking full activity of at
least one endogenous functional membrane-bound folate receptor.

8. The eukaryotic cell according to claim 6 or claim 7, wherein said first polynuclectide
encoding a functional membrane-bound folate receptor and said second polynuclectide
encoding a product of interest are located on the same expression vector.

9. The eukaryotic celi according to any one of claims 6 to 8, wherein the expression
vector is as defined in any of claims 1 to 5.
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10.  The eukaryotic cell according to any one of claims 6 to 8, wherein said eukaryotic cell
is a mammaiian cell.

11.  The eukaryotic cell according to ctaim 10, wherein said mammalian cell is a rodent
cell, preferably a CHO cell.

12. A process for production of a eukaryotic cell according to any one of claims 6 to 11,
said process comprising providing an eukaryotic cell for which cellular viability is dependent
upan folate uptake, and introducing a first polynucleotide located on an expression vector and
encoding the functional membrane-bound folate receptor and a second polynuclectide
located on an expression vector and encoding the product of interest, wherein the first
polynucleotide and the second polynuclectide are located on the same expression vector or
on separate an expression vectors.

13.  The process according to claim 12, wherein the first polynucleotide and the second
polynucleotide are located on the same expression vector.

14: The process according to claim 13, wherein the expression vector is as defined in any
one of claims 110 3.

15. A method for selection of a eukaryotic cell capable of stably expressing a product of
interest encoded by an expression vector which has been introduced into the cell, comprising
(i) providing a plurality of eukaryotic cells for which cellular viability is dependent
upon foiate uptake, and into which cells a first peolynuclectide located on an
expression vector and enceding a functional membrane-bound folate receptor
and a second polynucleotide located on an expression vector and encoding
the product of interest have been introduced, wherein the first polynucleotide
and the second polynuclectide are located on the same expression vector or
on separate expression vectors,
(i) culturing said plurality of eukaryotic cells in a cell culture medium having a
limiting concentration of a folate, thereby obtaining a eukaryctic cell wherein
stable expression of the product of interest is achieved.

16. The method according to claim 15, further comprising identifying and isclating a
eukaryotic cell wherein stable expression of the product of interest is achieved.

17.  The method according to claim 15 or claim 16, wherein the plurality of eukaryotic cells
is composed of eukaryotic cells as defined in any one of claims 6 to 11,
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18. A process for production of a product of interest, comprising

(i performing a method of selection according to any one of claims 15 to 17,
(i) and isolating the product of interest from said cell culture medium or from said
cell.

18. Use of a functional membrane-bound folate receptor that is introduced via an
expression vector as a selection marker for selection of a eukaryotic cell, for which eukaryotic
cell cellular viability is dependent on the uptake of folate, and which eukaryotic cell is stably
expressing a recombinant product of interest, wherein the product of interest is a
pharmaceutically or therapeutically active or a diagnostic polypeptide.

20. The use according to claim 19, wherein the folate receptor is selected from the group
consisting of the folate receptor alpha (FRa), the folate receptor beta (FRB), and a functional
mutant thereof and preferably is the human folate receptor alpha (hFRa)
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Lys Arg His Phe Ile Gn Asp Ser Cys Leu Tyr AQu Cys Ser Pro Asn

100105110 Leu Ay Pro Trp Ile Arg Gn Val Asn G n ser Trp Arg Lys Qu
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