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197 cultured in high concentrations of glucose in a custom nmedi um
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Fol I owi ng transfection, the site of chronosomal integration of an
anti-apoptotic transgene can dictate the level of its expression.
Mor eover, whemwonttitl pl e anti apoptoti c genes are transf @T&82009/MI178
| evel of expression of a particular anti-apoptotic transgene can
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can be diffréalt t m ne uetosnerglsthe ects of the
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presence of cRpskd tdsviuﬁ\%fl u@iﬁﬁgtlslt%u%@ﬁib?rl Ramnakit 1éxf~]é<?ﬁfe(§h5’ét€'t‘ﬁ¥
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e de de t
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in the maxi @ygtéﬂs’:}bbﬁdCﬁl lsoflensddey kRe tgztflacunsm@ah@m edetFigs. 5
and 7) and |l actate sup %rrenrerg cultu‘gses e(ﬁ hgderl)Ve eeg t he EAX197
cell line f&&FWIH P T GRS ABI 8519 'sasfai n i ﬁ Viabilities at or
above near | yi609%einGr parn: ddy she v téha wale st Me@mer@n@@r t Ragrnlse
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i nclusion o | ease e Gel l.s resistance t spase
activation SHE*thics f{ ‘%/)é(rxllgg&d 8&%) ]g >(/thghe very Igw cbgspg’sg
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apopt osi s resi stanc ative t Xl AP protein. Thus,
the protect R a&égl £ (ffveflh%ncgé(lt%?i}%éaﬂﬁ?fé%d %t AP SPRFAPA) may be
si gni ficant (0@ i ﬁauheffaé-ﬂpeessl,oﬁloteqmlp?ﬁmemgn 9k 834¥0t36Ri gh in
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cell lines. Such higher titers illustrate the potential commercial

benefits of using the anti-apoptosis genes in nmanmalian cell |ines
produci ng VRSP¥HAKIFc or other proteins of interest.  PCT/US2009/04717} e
present invention will now be described with reference to the

;0: : ow ng Sp@@io}‘esi;p, r}melféﬂ tinngr&seanheses BExaapt &fect of thd Bnthe

ol  owi ng Exanpl e CHO ce i_nes. over-expressin nti-apopt osi s
genes were aar?g));?g%figﬁngﬁa?(ne tlthlea%?(llcu\éf-"trurrﬁeesak}%rlcpeaa%ev?fab éep((:?gﬂ
density, |ongevirey,etaspade- 3cgetdivatlivena arrdn ¢ betfoRdr fainadeadr ane
potential (NMR):. cAddid 9paddns thUbHd@Nte CONSUBRE | @hsangdc o ahal ite

production in these cell |lines were ¢ ared to that ,of control cell
Pl bes t o derrProsia Serem bl er SniCrBan e AR B i S GENEE had any
ef fect on thaeabderéeit deonsunpiporeartd ard abokditeiddeunul ation in
manmal i an cell culture systens. Materials and Methods: Cell culture:
CHOK1SV cell line (Lonza Biologics, Slough, UK), designated as the
Control cell line ClO013ABrias mesctipeibd RfCEKHOawihgsm (Cat. No.

10743-011, Invitrogen Ls . CO L a d
Suppl ement ed i t 18 LT G s S T PogEn Lt DR 6T GER |
sone instances, anethetr @R FRPY ph6t elaIatesl nddicinPE ARCREATHY ¢art ous
concentrati anseisncl udi ng 60mMM gl ucose (defined as the high glucose

nedi unm) was used...Fetal i S.p sz f.ro |l_.one Labs,
Logan. U (Gat - 1550 SLEooN. o5y e G reiae e "hont oF by
Cedex aut omei?éd ¢eby seguntinégvi Asew MYEAPShnovati s, Ger many).

| nt egrat ed vi abl erigel | ¢zcauntndd \eewt € eddordayé Mo apestdlct deat exhiddsi ng

the follow ng for : . AY( 1.)gm= ) + _
(4D)]12 VOB a0 b are™VEB G S Ceeb 1 dike: P praemsf aho bae
constructiont9K + Aven + XIAPA. hBUBGELL1esldetton ﬂ@gﬁ@ﬁédof g-ontrol
constitutiveley, exps eqs , EABrclOKm( Eind &aRI oNOMET Yerfirfohetoaddreror in
conj unction w EDE Avea1r1 gCM\/ ro te.r%)gng has been descri bed

(Ni vi t chanyoni§~ef. “al". “°2 ANThe Fect of - expressing Xl APA (CW
pronoter) was as fdescri®hed bhovSastrhalidcerraiiles2002apoptiet b apkl 1
vector refersnkg §heQrk8i N PBURGEA-loNEs @is-19k + avEN + xAappdel

ti body (Ab # | t t | oni He
and o L1 ght AN EORASERCD TG G LEanF RE it Rbc 't ed) Mg Bsai on

vector (obt aiaxed?f (ramckonza BisoketH emniBboughor Uk rivndefic s seas.ch

| i cense). Ceneratjon of apaopitotie cell. |lines: , An
exponential cul tlfrlgsofgptﬁgﬁlé“?/ FEFI S e 1REE T ARB BEEECF 3 1)
pBUDCE4. 1; 2popBUDCEAc4LIEIBn9K; 23) (pBURCE4rdl EME- EDKE AvEen; umrihdd)
PBUDCES. 1- ELf1 8K e and HONKI APA 5 angl eGhL A6 Jwar ¢, Rertoraed
usi ng Eugene (Roche, Cat. #1815075, Basel, Switzerland) according to
t he manuf actigder' s recommendati on. Two days post-transfection, cells
were plated in 96-wel | 7478t g8 RrghoMtanamediapicentadmilag sH0pg/ il

Zeocin (for transfectjons 1, .2zan abave) . 300 eoci n _and
400pg/ mL I—|ygcr°(5%f/‘<(3:|I na“(djf 8Pog?d§:ﬁscf 6€ %glnlnﬁf) ggls%ﬁ 28%%%; out” 200
anti bi oti c rmesissnantorckbaese pbm adeiiet feglifngct | Omtwet e(Bxpdaded and
anal yzed forcagpasedfqa! indlctY: aSrdesCidnen bgl qu-sBromsivig cl ones
underwent stability testing in absence of the respective antibiotics
for ten passd§édteTdble 1 vector(s)transfected Genes over-expressed
Cl ones Cel |l LineFigs. ss&l-€ct eldovbyprEonteolofNanendNeredNae@leted by

apoptotic® cell lines upon lactate feeding. Control (e),

EAl167 (O, un-fed and M, lactate-fed), EARX197 (A, un-fed and
¥, lactate-fed).

Figs. 9A-%D show growth profiles and lactate
accumulation profiles of control and apoptotic® cell lines EAX
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Bl ank pBUDCE4.1 None Zeo E64 pBUDCE4. 1- E1B- 19K E1B19K Zeo EA63
pBUDCE4. 1- E1B- 19K- Aven E1B- 19K, Aven Zeo EA112 EA 167 EA190
EAX64 EAX990 pifiéE® 1- E1B- 19K- Aven and pCW- XI APA PCT/US2009/047178

1¢7 cultured in high concentrations of glucose in a custom
medium formulation. ApoptoticR cell line EAX1S97 (M); control
cell line (¢).

Figs. 10& and 10B show antibedy titers of cell lines
generated from EAX197 and control host cell lines cultured in
custom media formulation containing 30mM or 60mM glucose.
ApoptoticR cell line EAX197 (H); control cell lines (O).

Figs. 11A and 11B show V(D and titer of a cell line
containing the apoptotick gene Bcl-2 with high and low cell

seeding densities and media containing 30mM or 60mM glucose.

Summary of the Invention

One aspect of the invention is a method for obtaining
high wviable cell density in a fed batch eukaryotic cell
culture comprising the steps of:

a) culturing a eukaryotic cell line expressing one ox
more heterologous apoptotic-resistant (apoptotic®) genes and
one or more genes of interest; and

b) maintaining a high glucose media feed during the
exponential and stationary phases of the cell culture.

Another aspect of the invention is a method of
increasing production of secreted proteins in a fed batch
eukaryotic cell culture comprising the steps of:

a) culturing a eukaryotic cell line expressing one or
more heterologous apoptotic-resistant (apoptotic®) genes and
one or more genes of interest; and

b) maintaining & high glucose media feed during the

exponential and stationary phases of the cell culture.

Detailed Description of the Invention

A1l publications, including but not limited to
patents and patent applications, cited in this specification
are herein incorporated by reference as though fully set
forth.

As used herein, the term “fed batch cell culture” means
a cell culture process which is based on feeding of a growth
limiting nutrient substrate to the culture. The fed-batch
strategy is typically used in bio-industrial processes to
5



E1B- 19K, Aven, Xl APA Zeo, Hygro EAX148 EAX197 Initially, a
control cell I|ne was devel oped by transfecting the blank vector into
CHOK1SV cefP 20¢%a824%d sel ecting zeoci n-resi stant col oni ES/USEARYE71ZR] |
| i nes had on average about 20% | ower |VCC conpared to the

unt r ansf ect eﬂaa@:ﬁ”é"&gh%@.@-%nsﬂ@iﬂcﬁu Qﬂ@:&\éc\a@s smqaﬂntﬂm@ used as

t he control 4 I|ne|n al | xperlrrents romsing. .
apopt oti cR c& G]e PRt EARYYFSAS GBT aassg%lhcoséeoﬁ tpcefll E‘frln%‘él\?vrére

t hen used tovfdeteéiibrpilp@r wdsres mnde@ts Suchess elﬁptet;@m@ anpreia-

anti ]Pod%/ USid@lc@ﬁ@r&oﬁgpfﬁsl%hﬁél%(@%t%r (ﬁ%@?éﬂgal}? tbeo) and 8mM .
manuf acturer's reco all O nti %%%ﬂﬂace cu UI‘E‘1f S Nneasure
¥

by Nephel orreEianﬁe ﬁnA?nr J51e Ke- FPAsKEArt Tt €5 of
apopt oti cR cealhibitemes for sukaryotic &dllegtet-hapoptoti cR cell |ines

were cultured inyiR=fod Ratehedmdenbfe PeeeHR RAUM samie@gefﬁeed vvn th
6nM d utam ne and.the requi site antj bi O%%é ﬁl ection ent

experi ments, SGHEHHTER ROIEETELUT 6 GF 6t P%I—‘%ncé’lafgdi‘lﬁ?éis
fed with | actatere e pkendistrushed | dotvat e Irhéye hak sgapl ertﬂe&iltlonf

Addi tional |y, %@k@ﬁ{atf\beeaw&%%hngo Qpeldluclrﬁgf]Q.%m%tE@ Gk ed ibA &nd
custom fornul at ed ani mal grocél n-free rre ;u Ierrented Wltg 6nmv
t|1\7l f@

gl ut ani ne and"B6ARt Y dcdReS Gadpdsrsidr7e R ggyPresente
About 3x105 Tel hstiofd eaghldiopeenesprseeted ong onenarke ehtigr om h

medi umin a Z4pwelic R-aks.iAn @l@yt Ace(ld411rp@st Tﬁgefagmta@@out | x105
cells were transferred in trip fte a gwelllgla% alurosprlne
(2pM fc) vvasapé’ﬁ’agﬁl%ﬁ&sfﬁ%arbtelcle; 5 Fﬁ: 58 Fore<18RA bt or e
assayi ng forrecadpasied/ Zndcidonmuyaty 1ARPO GNEaket (BBredbsg. tTkee

procedure mlﬁepﬁ@éﬁéam%% @x&@medt hatn %tlaw@&m&lwgty@é gri tted.
The cl ones that had gnl ficantl | ower C‘ﬁsﬁgﬁﬁ?ea activity on both
c

days were expandad |ﬁ:t° SR a‘b‘b]ﬁiUSF? RPrOREC gEIss et Y

cl ones was omifli iimexb loynf fewhc it gmeticplanadysdgn{iser bBheow) cahd in
sone i nst amﬁ%es%(lé@%%%éé’@ tdhenddd achendriab, Serrane, pé%fvo%%t@é—
Anal ysi s of apoptoticR clones by flow cytonetry: About
1x106 cel | s ¥5°3fit &Xpdfichtfal cultures were withdrawn from each shake
flask into 24welThpl m¢tegsdsi af uiat edventtivonSeaeinespot | e (2phedcingf or

16h, har vestﬁ%bagdcé/ﬁstaggs %nanvfa%@hweup%hsb%he &hlewl@gy@at ed
with Cyt oPerm ( Cat . KK, BD Bi OSCI enceé é\%? E‘E%rdt

per meabl i zedt et %PFBW I?‘?@Séeﬁlfg’%é'sﬁ He| fige aeolrn CFwi t h
FI TC- | abel edccant cebspase3 (CabrtNoulag@68ds rBRhBioSd ¢hee)nanmtibody

before subj egtd pgetem 1 0; aNRLYSHS 1L &h%ﬁxgerﬁﬂe Miochandrial
menbr ane pot enti al rom shake fl ask

cul tures wer &Yt %éz%ﬁ B%l]dg){lﬂ)ﬁéfess‘eea?‘ﬁd”e&ﬁa |‘?1f§|}51§t S AR
St aur ospor i nemps5pdt S chef srerd kdursltuFhey averd lsubseguent$singashed and
processed wid.nnbipoRRLL Eo &AL Qﬂbﬁtdi)i%hréﬁsjcaﬁga)g%tla@g@) &Emecf\r bor,

M) as per manufacturer's recommendati on. Pl ates. were read

FL535and FL59% 8Rd ThE°ratidaRast cHi'Caratied™d PestErAipy it thllﬁa

About 1x107 gekbse forcoiiri Ackd atiedngelie bkpesmeat drar vest etharwashed in
PBS and | ys%as@s %f%hguééﬁr c&9Bh Al Ni &Qeée@ﬂ'ﬁeéoarel%QBM 54 skl
150mM NaC1, F_and 1nmM EDTA. Fifty m.crograms of cytosolic
protein frorﬁoéaE]He sdfﬁ‘ﬁllgpli}%’st PE ARG+ 3" ZF%%% NIFSAGEPHT 3fi%ént  gel
and separ at egkoby i BDSPAGEeTastashovess systiatas| peptidegényiodSepar at ed
protein bands  wepe:1430sf %Jﬁ@n@é‘t Oarﬁ'ﬂgB@fé% | HéQ%e%”Qnﬁyﬂ?ﬂrN%@ﬂeap&’

using: 1) anm antl-nouse_anti body human | ution

(Cat No. DP-PEPLeEnt giPABREM) @Sb%‘f%POMBEPt?)ie%erS&ﬁPF Fibbi t
anti body t o tgrapeien, dladnd3@@cdot weseayrc GatrpdNoes.6125215e1BDlines

Bi Sci ence. SaRud080.cnCA oA oB) Al :ADkhe IS ECANL Badct 0 human
XIAP (Cat No. 616713, BD Bi oSci ence bove protocol, including

the anti bodi B&ViiEEEeWaS2BITRRY Z6M 27d STUHGNT (FRPAUEL AL KifSwn
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cell line that was transfected with E1B-19K (E), Aven (A) and Xl APA

(X). The notation, apoptotie, will be used to refer to a cell line
t hat has beenomwnsnsf ected by one or nore of these anti rapast@pne17s
genes. Al'l apoptoticn cell lines used in this study were

characteri Zgﬂ V\Qﬁﬂﬁler My P 1QfL fﬁ—tede,‘:%%ﬁﬁe 18/ zheacfntelt}éh& yofmﬂq

m t ochondri ent| ata not shown e sing

transf ect antmEeatlQﬂ ldé Bl NEP amst SEEARt s EAG3, EA112 EA167 and
EA190, all expregsedcdiavelseofuseib: Wthb&ﬁe%ﬁeoﬁbﬂiéelb@@lﬂgbﬁund

| evel s observed in the contro unt.ransf ec I|n 101 O
the four dodbre tFansf 8gtnéoﬁ:teshét OIlo ?lﬁsésanﬁli}g%toa g%é]'?gex fessed
both E1B- 19Ra(t19KBs) &bkl 9&FeA F1BSIROEIBICE| K559 A@SNENG3 aﬁ@ $£A190
expressed siggai Aveanisebevehwsof 3 Bl 19Kmmmseﬂduy vehy deoly keyelisigof

Aven. O th th n r f ing the
dual vector %%%C‘E%% EEf%?lgﬁ I\‘?}&en as we 8 é& ”(3@% @%ﬁ% %%%rel
EAX64, EAX991P0E¢9@4;8 ganels ngqpr%ﬁ%m}a%wfe‘%}ﬁ @§§é5d: Géﬁec%%l e

Ieve:;s f’f alllat&hf@étj;e@r @fail’{érs]apopfiotlc Slgna&gngﬁﬁd@aﬁpamcés\pamg&azr ved
in a anes. i udi in the untra ed co ,
above the rZEco% rfan?‘g eIr band 1 sgﬁéllfevea ?ic:sqb% t he cgn gefn%us
Aven protei A0as Ttanfag) vi Su@kkyedrwet htlipositi mRAPECBER SFHESWFah Pe
pre-imune Sehac{Raue! wirdsf%t:tﬁdm ,teZQQQqueGhahlowat tal tthéJQQlllJche_n
transfected Aven 9en?tl acks tthe fltl‘ SIX O%Wer ), gl ids t\l(\)@ll(slh have
been shown NGt £0i mp&i t° tHa B %]Iaoel Al 1Y of “F e prot & n
Consequent | ),frotﬂr’@h@feeétlwsA@éntfﬂ% a§ppg¢ﬁﬂlw s&oed | ieg PWdﬁ“alYtr ssuch as
endogenous ¢oMRt eSHRAITD. N A OKERG Q@ndan&\frﬂcqhxnaysmepbamt 1@ and
degradati on s oductldoflAv%e vas t:)us]e ved | gL Ilne tnhat
over - expresséd’ thi's “pfoteim i'A°conjtnctT on WI Oél 19K gra’dative
products of sim Farthd pessort € ngbseroredtpe e&ﬁ%ﬂél%h&héhnﬁ/en was
over - expr eS%@gre\!\églhlgBﬁét@gel6§&U§ra\i\@b_daﬁipt@ltlc 20R3) aDIouBCihase

(Fi guer oa, RF l|msge obscerr\éations o dccg l'broa Ilr% tl 8 . EXpr essi on of
Aven was Si gﬁl i CANTT VO I OWBF T N1 pre-tTansf 8ctants. 1 nél udi ng
EAX197 overﬂe)éﬁ)mfeasﬂcﬁgmlELl%BﬁQKaCWén é@ndexphmtegrated Vlable cell

Interesti nglc)éunﬁ h@wlc@yewbaplfeseawﬁs%@nfcmd hignsf eabed-MtABA yas

significantl 3_{ r;1G0 1(l)cotsee eg&io enousta!levgl S Qtf the intact
XI AP pr ot ei n: ?\%te Rat I pErEnt Sal frel'8heE 1 IFR B pression Tevel

bet ween XI AFByaH@iC%aAPAGC@ﬂ Hl«b}éléexipﬂél ¢t ithepartt pbydltcﬁféodl ¢¢-Eer ence

in antibody 1@h@§|llﬂg ceiﬂlfé e@ﬁy Ple1tiBese graaubof eeinddi€ron a
anti-apoptoti.c aren sion | erence

t. e S |ff
ot wean | ho ARATEATEE SRS A TRES r Ae o R A AP S C T RS he
contri buti oganf r%fh«'llzi; ir akesfeacPraiiustorei qPsitA Pre\EORPEer) Papoprosi S.
! ndeefl this aﬁ.ﬁuéjly t&h@gﬁ&sé S ihBAtgdraenee ipl&dafat:t ad fayipefi ol GRELity
correl ati on petween the expressi Leve ven, ant | taotic
gene and théqueV?aFEth a%?)%lﬁ{)ogl scaqﬁ‘h brti & Fﬁ%%oflof”é?nq cﬁﬁg?%nfagr on
a cell linelysed cells relEach ppUFEsts ethedl Fiemfn?@ wasdestam ned for

caspase 3/ 7 aaebiyi ybytrfé%@ %@%réhé®@§5k%5%5pﬁgﬁ|@ﬂs an
indication of t resi st an

re | ine to_apoptosis.
B ef 1y 1 n SEHF Ly S R B EH TG Lo S P RE DS 7 BEOERLED 15
cl eaved by caspass 3ﬁ71m’rner&5dose dependent manner. Exponenti al

cultures of EAL67,anl RAXISY Astuelinascihe %eta@lll%l b ldnae were
treated with staurogporine.for 16 hours to induce

ap
f ol | owi ng mﬁ?8ﬂt%ti§pa%e§‘13 PG RS EI T TS 88@ gf‘?taaCGt ity in
st aur ospor i meutd edthedwcontacghmeldtles aw%;ﬁbpw‘&rdebyf gletcuat:ur_l.@O%

Under thesesegaéégtlegnéo atlh%wc SRASE AGL \eoha%&lfs Bbau%%lgium
EAX197 cells were 30% and 35% respecti velg g gfntrol
CE: pi[Qr T

suggest i ng Fﬁa‘fejtlhé‘?efﬁje]lqmlngn%]suc\ﬁéﬁed%ilel 95 Fesi stant to
apopt osi s i mrdbcdiremtEFi the 2Afhodss ofutbdemvent deneecwvidd Herapoptoti e
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From t he above data, it is obvious that the characteristics of the
apoptoticR cell lines are dramatically different fromthat of the
control ceWP2PHE%I13 However, when nultiple clones are XaWWREWYHARr
somewhat different experinental conditions, a w de spectrum of

phenot ypes I;ﬁl&@a@éy%aﬁn@ﬂ&ﬂeh@e@p%@ﬁﬁltnea@&&f:tla%@m@ npe
phenot ypi ¢ vari abi I sol ate rol

exj s
line as wel |ln°rFaF% 8§§ ""F% Ftr8t§éT etét%ef aHé%SSEﬁCgtﬁ“éﬁgE?‘beﬁ‘éé’ l"F‘*i»”oern
control cel lcdlilneoyt utrebngdchgealslan ableigrtdeni argl dagreased In this

respect, Matd;aReMbedy:3ndn8astdhe( 399&%1@% avikewed tae: amlthgat ion
of cell sortin isolate rare varia rabIeBIF) erties

Cromwi | 0t yBEPEOMS| PRI T B ToAkARIE 1L aer DR Jetht o

f eedi ng been usedhe ampimthigh lactlst ef preegeniadtrta eedllarowhtare at
any point is;depgpdent, ep ]&eb%e@ggyﬂy ¢b | Rcdrabeosealiotied Mpnt Bﬁésece| |
line less the armunt consuned by it.” In order to determne if the
apoptoti cR ¢8I I #&% were actual ly consuning lactate or if the net

| actate producti gelhasidowernifedtiese el kbite mes cheatdaomed of al |

three cell | 'ﬁ%éré{\@{cﬁ‘l RNt o 8g- Qﬁéﬂ%t@@dt%?béggﬁé Q!andkﬁ&%tﬁa“%ﬁe' n
| actate concentration between apoptotie and contr ol | i.ne was

el i mi nat ed by Ehehddi®t ?Bﬂr%sf“(@?og@??&ﬁgv?%ct 8. m'ﬂstlé?’g%e?%d
previously, drhetbait atteckensd tiransheten, figt dpopl atfi eRoEAdGAnand a
EAX197 begagga&@léﬁpaof %tntg-aé‘pc%tQ)EitgstraﬁA\é@r@ SR) umé& %Q%tlk,@@y of

| act at e by DA67, un-fed) or , un-fed
| act at e profciqyétg?r tar?élcﬂ?\?l?t(ﬂtlEe}f’IFOtieﬁﬁé %‘L’:FﬁhéﬁPsﬁ?sPﬁ rséé‘§8 unti |

d6 at whi ch raingecf hehelsevetotddoki hederskkgiittectfiprot hadhexttiyntee days

but never dr&aﬂsdaﬁ&t23rl9su}i%@cgﬁlAhxéna@g" tnort!hggcé)lfl thepapaptosi sR
culture, lactate was ad arate fed-batch cultures up to

2.5¢g/ L. at dé?la?t%?%trlvEAT%F}’trllbiuél BAE Sﬁﬂh FgIH--APORIQFE Y CRREYY
Fig. 6B) in tederefar kpvetstiicd derstnitiatite dhat coll theeceontlr ol

cell Tine. Eygn, éh;etn'ag addifi goepfc suppl en®atal nd agkatg, the
| actate | evel dropp ch nore rapidly in the apoptoticR cul tures

conpar ed t hatY"ER8-Tioift ?SF%C?Sr &rn H}é‘?/ aQOPBOH‘aFy 99°CS| ngRed: HieRe P act at e
| evel droppedohioimahtsctiond-:i2gtlota valhea BANGT ekesk cuilthuresdecontday- 6

to day 7 m'ép%pk@@lépagﬂﬁa%tgggéﬁﬂ% \é@én 0&?1'0)5 flfzﬂrﬁ‘ %f7t1t1é?n %aé}glﬂreénn t he
control culture over sanme t1nme period 'ql‘ the | act ate appears

to be consuﬁ(‘]“‘?ﬁe"ﬁr“?‘tﬁfl HbB’btad’t TER AL Prhey éfa%\?ﬁeé’@éel efft%edsr at e
conpar ed t o dlkercoudnr mheceédulltlsnleJSea‘e(mteatlri east Exargays Haldwowsng
addi tion of &%QPEQE‘F?%E%L %ttﬁc gene tested oFRe-&f fa%CHnéﬁerJeﬂEéﬁt e

suppl enent ati on on cell viability 1s shown ip Figs. 7A and
7B, respect |W§F§1V%§%P@v?‘ﬁif§ld§ HH%"é’rvw}éﬁ %S GPOBYIS St he VCD of t he
un-fed apoptdtarefeelsititsnes wechostedelapidiey istantiing at wday- 8

(EAL67) and ﬂ%xs9ec(é%%><19@thl£hltﬁe o%e axnpgcaclﬁ?lgne or nore

essential nedia conponents, including glucose and/or lactate, have
been exhaust' @@ FPHeTHEsE T FPBEET2 e SEBTH IS teefI HPne exhibited a
sl ow decl i nershafédtegtat wayeh? inHoweveerd hapeattatte suppd Eneahes

cul tures (E'%%theéﬁf‘ets%ﬁﬁ% yaBQe Ea%?é%QZpoém%%@t @rafrF‘Es%XnQXh' bited a

much sl ower decline in In one cell line

| act at e-f ed), th&ovm%et“é}ﬁ?h%%]&Oélﬁn%ett%éﬁf%?fﬁé whid® PORIOB GER! s/ nd
until dil4 bef:pressivss veulsis,e cevent uelkckyolsudeunbedh Theideld levels
viabilities o%hgyégré&lghg 7L%Be>,s6kb'p&,%q a?éa @315@.5 e 9&@%@& Qecl ine

for the two ap otie cultures wth enented | actate I n

nedi a. Theses&suPt Fi8ugdestast ﬁ%%%W@%pb?ﬁ &PFicF?%elclloP‘??]é%laér]éad
capabl e of utiighi zimg:sbath Endagen®@is-apH wirppketmnt abstactabe had
efficiently r i.abl e y d.yLa ty.while
the control pt% 8%%'%21 %pgfﬁ %eé %at%n%%sgdn%{r%ﬁhg sﬁr}ﬁ tarE éé)’% rd|p(%?é(sént

| act at e consurrptl on strategy. This difference is reflected in the
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not possible to conpare exactly the nmedi um conponent(s) in the two

formul ations in order to understand the cause of the different

| act at e comeumptismam profiles in the different fornul atiremaisSz@Evasmise 7
Productivity of an apoptoticR cell line i n hi gh gl ucose medi um

The apoptoti SR celonll i Eleml %gg Aal.on thelcloragg Lell line

wer e subsequenﬂ“y For 't eve oprent production

cell lines @@E?é‘s%ci rﬂrg*} QHWéllSa?‘i’tHI@@Gyng Al Bedbtalalnarbefiof 1tt ones

were surveyed for:oeafe{kyceblrésulesamatlhedm @EDDELl@l@Beé@I%dstﬁ@m
each host ar |n shake-f| ateh r

producti vi }A%%B£§I?c§% NB CF 8d- me FSm rgol%[ al }r(f_ilm ﬁ?\}lo% ? 1)

gl ucose as ale@aﬁwt%@i@'e C\N@SKHS@dll himsrsd€p- ?@J@@ﬁb&ﬁ? e°*“tel*‘le|ﬁ=‘A 67)
Ferfor rrgn)ce drnAaerhlaglh gtmzomfmmmr@nmtedl mrfn;ﬁft&e&taawamﬁ medi um
Fig. 10A r.oduction, ce e Y rom / titers
of 489ny/ L, V\/\,ﬁl % 1% A)c%eng% sagr&o&g(?éthgg%on SU1 r%se 9%% “Wwhi ch
had a titer tof B}Qﬂ@dﬁﬁ bty $uneharelpneigieain Waéhtbﬁ REPSEesHedl @

(Fig. 10B) had &Iﬁﬁlefa%oﬁifoﬁ%?@‘gﬁés iwhted #is 1&3@%ﬂmareﬁﬁﬁf@u@ﬁtthat of
t he control gl line ( ;ctl-m? enh nced t| on uas due at

| east in part°t %tlonlégfasr?cr gase it ?/%}]rosflﬁls the
control cel Inehppeng gatantictl $howe PrExes éfSlnﬁElflfCéc%n@fudlng
over - eXlOreS%lt@ﬁr&JpoElaé%%\éE%ﬁded XJ&ABAdu@t@J:éEkl ng apoptosis
The naj or actlvanrshof th e, a @gsi sch%ascareesslin mft %CQQ qrrga% are
shown in Fig. 1. Pn-BuF*afee % T ASVEl OFF AR Sapdptiofi corediPStant cHO
cell line, wé BERdffedviiriedsantiumpdpeerl dogehes ofhdelact atvwarly,
En'A;JI- agdxlI aAtAeeﬁt agRy Q&A@zp%tsogiasmzbes@r @&ge?thfedE%ﬁﬂ;% (:&%1. Al\/:EN
an used transfect] ost ce
line was tr \(’ect eg k?‘ﬁe\iEf%S%g%g esmﬁ?w?%%utse 3353\]53? d;r ge
nunmber of trcahs$ ectsonat Materstatdeneto afg anfegprouenesl & fﬁ@ﬁ?éﬁ@%’
transfectiop-wees. %@.lrgé;&ye%rtegén{ Wt I@ﬂé ésathdypeﬁa@\e/t buprief the study of
these cell lines showtf t. t hey reach N ré;i 9(?5 thpd |nt neral
their I|veC WG B3t Wo- *5PA° highér ‘f‘h ®fhat® of' cont °6F.
apopt oti cP dehbtidlyes. | ot avlﬁablqu Y BIARdayn8ERGIH - é@bmdﬁgtlmt‘w

regai ned it aday-Jf: envards BYoeQRSURT Bghdiackat nnlhedddtt UhetHd ui d of
apoptoticR i nes exp ngl ng E BI%L9K+ }/rllzl\g(lt%PénQad 1%691%%39 ?

undet ect abl &*F&VE 18 Qo TG Y| AetAatE AR RESTet 6 Ut et e
fromthe culandr@ n@dl éaC@zc&rrpm@PJ@meUB@d offulBe&eSZd(FtLé i Her eé%‘ée%fntl body

titer | lthlh@mn@sul:&m éltiﬂléeféc}fmﬂﬁtiﬁt%[céh@elts &BQ@&@-I isﬁgtelﬁ;ﬁ“ I}nes
accunul at e es {e. co ar e to contr.o e Vi apl ||l 0
apoptotic: h&ﬁﬁt %’é?c%lesoggnﬁr R Red I P h 64 gg uggse YRedi t}yl n the

fol l owi ng shaket¥d alsls bbarsiereXipay ithentll&n Cabbfpta@til toweldeyp | anger
expressi ng Bgin2thaardnanii Radyyheavynanthdibghdn draknse QZQ&QB) was
seeded at various seeg ensiti es in st andard (4 g?‘hlj‘% ncpl gh
concent r at i SR°OF*HuEBE cqe( . Bgl 15 5t TAE® rEs P 137 $how HOPhE

apoptoti cR c¢élb 13 weridheh igeBtted Jaby | €Bcebrs/ Yl CASPRRS GA EOHWAI ni ng
9. 5tg/ L gld_UC(%sfeEA}fl@aig?ign mgrvmaghgﬁéte&%l ggaéambsgergeé/ 7 _

post - seedi n and aniibo i n_counpari son,
C20885. cul t SPEHPIRTIER | WS P8 o TLH ETORC 0 3ERbHrE RIS

i nocul at i on eah@nZeBgpbytdree peai@t‘d@Deorfelﬁéﬁcelﬂ%/tm ahid! &Hp¢ oAy

titer of |ghlo{&.g. ﬂeﬂ@, tlalal Sridanslat&satoc f 20Q%k idorease in
anti body ti ters for g g(aucose co d| tion _as conpar ed to standard
éa hg i M€

conditions (Prent ode ER8| t3PYoPC 05 1SRG TR VB AT U 8ont ai ni ng
4.8g/ L gl ucespyessicn of e pressint isnventiigh iowhbes ngic dihys.

described, it wk} be %QQ&?P&LI bk oPNenef r&Iéj'o@aéﬂ{e ski kbrd intthe art
t hat many chag{ges and nodifications can be made thereto WlthOUt

departing f@BAYtHe SsPRTS tS! orms%?}demSFakfcf'}ésﬁp‘ﬁ%%déiaeﬁPaer d ai ns
1. A net hodrotriewor eassungptiicabimel oekbbdensi pyodurtdch edkdgat ch

9



2 wherein the CHO cell line is CHO K. 4. The nethod of claim?2

wherein the CHO cell line is CHO K1SV. 5. The nethod of claim1l
wher ei n t NWOEMRaP3d3ic cell line is a nyeloma cell |ineCT/US2HN/ 047
met hod of claim5 wherein the nmyelona cell line is NSO 7. The

met hod of cl@it@rmined in the apoptotic® cell lines expressing E1B-19K in
conjunction with Aven and/or XIAPA. In particular, the
accumulation of the two most common cell culture waste
products (i.e., lactate and ammonia) were compared in
apoptotic® cell lines to that of the control cell line. TIn
the data presented below, it was found that in shake-flask
batch cultures in CD-CHC medium, on day 6-day 7 post-seeding,
the control cell line accumulated 2.8g/L (31mM) lactate and
12mM ammonia (Fig. 5), which are well above the
concentrations of 18mM of lactate (Kurano et al., supra) and
8mM of ammonia (Hansen and Emborg, supra)} reported as
inhibitory for cell growth. These levels may be part of the
reason for loss in viability seen by day-8 post-inoculation
in CHO control cell line (Fig. 4).

While the data presented below show that apoptotict cell
lines accumulate some lactate early, these cell lines began
to consume lactate during the exponential phase and continued
to increase in VCD well bevond that ¢f the contrel cultures.
Either the ability to consume lactate immediately following
glucose exhaustion or an increase in apoptosis inhibiticen cor
both factors contributed to the continued cell growth.
Furthermore, the apoptotict cells only entered the staticnary
phase when the endogencus lactate was exhausted. In order fto
determine 1f the consumption of lactate was a general
characteristic of these engineered cell lines, exogenous
lactate was added to the apoptosis® cultures to replenish the
depleted lactate (Fig. 6). The results presented in the
Examples below show that the apoptotic® cultures consumed the
added lactate and maintained high VCD and viabilities fer
four to seven additional days as compared to contrcl cultures
(for un-fed and lactate-fed cultures, respectively; Fig. 7A
and B}, An added process benefit is that lower levels of
lactate in cultures of apoptotic® cell lines will result in
lower osmolarity and higher pH, both of which are highly
desirable for superior product quality.

Previous researchers have detected lactate consumption
in hybridoma, NSO myeloma and CHO cultures (deZengotita et
al., 2000; Zhou et al., 1995 and 19%7; Burky et al., 2007;
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5 wherein the nyeloma cell line is Sp2/0. 8. The nethod of claim1
wherein the eukaryotic cell line is a hybridona. 9.

further Woeomgsttiod of conprise Xl APA. claim1l wherei RCT/E2009/047178
apoptoti cR genes 10. The nmethod of claim 1l wherein the peak viable

cel | denSitB@agggg»étsaippréﬁ%g?q' However, th%ée céﬂﬂstg§§ﬁcally exhibit
lactate production in the exponential phase and transition to
consumption in the stationary phases to suggest that lactate
can represent both an intermediate by-product and a
carbohydrate fuel source (Burky et al., 2007; Brooks et al.,
1985). In the results presented below, the control CHO
cultures appeared to consume some lactate in the staticnary
phase, particularly in the ‘high’ gluccse medium (Fig. 92), as
seen in the previocus studies. 1In contrast, the apoptotic®
cells exhibited a dramatically different profile in which
lactate was consumed during the exponential phase and the
cells only entered the stationary phase when the exogenous
lactate was depleted.

The conversion of pyruvate to lactate, catalyzed by
lactate dehydrogenase (LDH), is reversible but strongly
favors lactate formation with an equilibrium constant of
3.6x10“/M. However, when glycolysis is unable to keep up with
tricarboxylic acid (TCA) demand, lactate can be ceonverted
back to pyruvate by one of the several isozymes of LDH
favoring that reaction. The lactate consumed by apoptotic”
cell lines likely feeds into the TCA cycle for cellular
energetics and amino acid producticn. Interestingly, the
ammonia profiles of the apoptotic® cultures differed from that
of contrel cultures, with a repeated transitory drop in
ammonia production for both the un-fed and lactate-fed cell
lines as well as an overall decrease in ammcnia production.
The utilization of amino acids as an energy source in the TCA
cycle is likely to lead to the accumulation of ammonia.
Consequently, & reduction in ammonia preduction suggests that
the apoptotic® cell lines may be obtaining a lower relative
fraction of their TCA energy requirements from amino acids
compared to the control cells, which is reasonable when
considering that the apoptotic® cells are also consuming more
lactate as a carbon source. It should be pointed out however
that the drop in ammonia is transitory and the apoptotich
cells may still utilize amino acids as an energy source.
Indeed, three amino acids, isocleucine, leucine and valine,

all branched-chain amino acids were consumed more rapidly by
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The method of is extended. claim1 wherein the |ongevity of the cell
12. culture The method of is increased. claim1l wherein the titer
of the celWO2009/152413 13 The nethod of claim1 wherein tHE'TRIEEHEATRA
viabl e cell count (IVCC) of the cell culture is increased. 14.
The method aofpcphatm=lcuhereinsstda c‘tﬁh&t&cafsu@@tc&rumafslé&@de&bé@@mqeld.

15. The nethod of clajm 1. wh equggt[%% H}mt h%orédr Pn? rane .11

potential is 4558 F8ased. eréin the
genes of i ntlemest exprogdacad emtiberty deaty ltﬁiamvwm ahe arimitisedy

light chain.ce11 1ined,7+tndbe ﬂn&teeoguq{o gbmgnmbywﬂ@fneimiwﬂ@hoqbcks

gl ucose nedi a feed cont. |ns ose_a d t
concentr at i o]ﬁ % ? Ce GFM g g‘7”FLe nee? (gsbyaﬂler

days of cul tano«@totgé@esus SEQXE\?@ECEFSTEF N@taJQQDbZGDCRMa ALK £

KYUNG, YUN M@y<ﬁ&p>&h%i‘m@cﬁ.@f Gbisahing i ghi M @bhgmcg‘a;llanensi ty
in Marmmelian Cell Cultyre <130> 222 SNP <14 > TO g ASS| GNED
141> 2000- GEOTEIe THn 2187 TE3aT Ix 865 3%1865 12 <170>

Fast SEQ f or W ndduns cvetrmisgntd ., e amino acids whlch are observed to
decline, a few amino acids were secreted including alanine,

transiently and aspartate, transiently in the control
cultures. A portion of the pyruvate can be converted to
alanine by alanine amino-transferase. This pathway may be
more active in apoptotic® cells leading to a larger rise in
alanine concentration relative to the control cell lines
{Fig. 8B). Aspartate, on the other hand, is the first membex
cf the aspartate amino acid family and is formed along with
alpha-ketoglurate by the conversion of TCA cycle intermediate
cxaloacetate and glutamate using aspartate transminase. Its
level increases only in the control cells for the first six
days while being continuously depleted in the apoptotick cell
lines. Since this reaction is reversible, the depletion of
aspartate in the apoptotic™ cell lines early in the growth
phase indicates a possible limitation in the reversible
oxaloacetate product in the TCA cycle for apoptotick cell
lines. Given that oxaloacetate alsc reacts with Acetyl-CoA
during the initial step of the TCA cycle, an increased flux
of pyruvate into Acetyl-CoA from lactate in the apoptotick
cell lines may enhance the demand for oxalocacetate. In

. contrast, there may be less of a demand for Acetyl CoA in the
control cell lines since they are not consuming lactate and
thus they generate aspartate from oxalcacetate. Indeed, this
lack of demand for Acetyl CoA could be driving the build-up
of lactate as an alternative by-product to Acetyl CoA in the
control cells over the first seven days of the cell culture.
Alternatively, a lack of lactate consumption in the control
cells could lead to a limitation in the supply of Acetyl-CoA

and a concomitant increase in the producticon of aspartate.
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<210> 1 <211> 660 <212> DNA <213> Honp sapi ens <400> 1 atgtcgtccc
acctagtcga gccgccgccg cccctgcaca acaacaacaa caactgcgag 60 gaaaat gagc
agt ct ct gcovoe@yasmyycCc ggcct caaca gttcctgggt ggagct accc pLzAsalgacmgca
gcaat ggcaa tgataatggc aat gggaaaa at ggggggct ggaacacgta 180 ccatcctcat

cctccatcca caat ggagac raétsggggaaa&al&thcctatttt?ggft%c gcaacat - § 0.gaat caggac

agagtagttc cagaggcag? tctrcactgtg acagcccttc gcc caagaa 00 gat'gggcaga
tcatgtttga @@?@@%‘%@&tsgléa‘??décég@% @@‘@é@%@tn@g apkctapagteal 360" ghagaagaag
tt gt agaagg agageagyaa gi£&gaggetipigaaganadythgcggact gg 20t 9éat cagact
ggtccagtag acccgaaaac aitcgacce agti.cca ac t aaacgtt
ctgtgtcttt aagca gm°§§ a%taaiLgt gg%% accg ga%atlué(aaa ngSl%t af]j[C %%g %fc%ccgcag
aatttctgaa @gt gee date etdihet epesumcscl eticttea %@t‘qh@t ggeser8o0nvegedct ag

gcatctat at tig0Raageea 84EAGEAEBELd G;Glta@tmgtgac@émtjgale%@mﬁﬂu@ 2

<211> 219 <212> P 2 Hono _sapi ens, <400>, r_Ser._His eu
val Qu Proaﬁ%mﬁira&eér 15 G AN AR AN Y leTS % ©ASHTTYS d_
A u Asn d uleraesary Bed P& -Pro Pro Ala Ay Leu 202530 Asn Ser Ser

Trp Val GQu Leu E’anli\@toéw sef1 Slqrne/s\salrﬁume@@ Aspn3b44S Asn Ay
Asn G y Lyse %st\fle yl evq:u Hi s vl mFr)l 0 igrac umu% dE{QSS Ser
Ile His Asn &y P TGRS T SRR TR PR *70 75
80 A u Ser @hynGihﬁrSeitS SErPOSéFbNJGYC;QatS@eS%rlH% s &s puBetrePr o
859095 Ser Pﬁlom@fhrrocﬂnﬁﬁﬂuggYIQﬁtlal &r I\'@leaheco%i@ﬁ{ﬁﬂlg @ighdetendhs
Thr 100105112 ff JAsp His Serf 5 ) Ser, u GO#thG udVaI Val du
Ay Qu 115F G?L‘%SL gff r\?ﬁﬁ?ﬁquPuioesuLs s 9887 A%A Asp Trp Val
Ser Asp TrpViBD&BLEtM@Olei rQar bArgyrProted unAsnthe}retPP@ Fr gelysli@eu Phe
H's Phe Arg ks m&@@%@Qon&kd—}ﬁ Ay sSek MadboReEoleld, Sescie Arg
Lys Ser (33’d§£§u£§%1o%y3as é%served in apoptotic® cell lines when it was
provided as a component, in addition to gluceose (data not
shown) or when lactate accumulated as a waste product. This
suggests that the apoptotic® cells cannot perform
gluconeogenesis from pyruvate or cbtain enough energy from
lactate, but if glucose is provided in conjunction to lactate
the cells can consume both the glucose as well as lactate
accumulated or supplemented to the culture. Moreover, in
medium containing high glucose (60mM), the IVCC {and VCD and
viability, Figs. 93-C) of apoptotic® cell lines was
significantly higher than that of control cell lines. This
is due to the fact that, in the high glucose medium, the
control cell lines amassed more than 20mM lactate, which may
have been toxic. The apoptotic® cell lines on the other hand,
were consuming the lactate early in the growth phase and thus
able to maintain higher numbers of wviable cells that
translated to an increase in IVCC of 170% over contrel (Fig.
9C) .

Since the apoptotic® cell lines consumed lactate and
achieved higher IVCC, precduction cell lines expressing
proteins of interest such as therapeutic antibodies derived
from apoptotic® host cell lines achieved significantly higher

titers compared to production cell lines derived from control
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SEQLI ST 165170175 Lys Gy Gy Ile Phe Ser Ala Ju Phe Leu Lys Va

Ile Pro Ser

180185190 Leu Phe Leu Ser His Val Leu Ala Leu Ay Leu

Phe
Ay

I1e Tyr | 1WOERP1538500205 Lys Arg Leu Ser Thr Pro Ser A G20 PRATEy
210215 <210> 3 <211> 1089 <212> DNA <213> Honp sapi ens <400> 3

at gcaggcgg
ggcggagat c
ggaggcggcg
ggcgct cgeg
ggct ggggcg
gaagagaat g
t at caagat a
ttcagtgtcc
aaagaat ggg

gagttattgg
gaact ggt cc

gat ggcaagg
atctttgagc
agcccgggt c
cat ttggaag
aacatcttac
caagaggaag

agndageads. | 6galdAgEer CaItdadC YUt 336 £AGARC Ho CAHGEYICCL

gccacagega,gcggeccgga gcc cgg .cggt agccag _aggcggcggce
038555600 "A00c Juacac Cbageegt oot dcc Bhger tocge
geEgyed fany Fead galrEg D ECYET OOy LRI RFEAGE CTT Fh ey AFOE ST
cagqggseasd cgcgeecggtt gaagat gaca gcgat gcaga gacct at gga
at gaacaggg aaattattct aaaagaaaga ttgtctctaa ctgggatcga
tt gaaaaaga ggt caat aat gaaagtggag agtcacagag gggaacagat
t cct taget ¢ 14,0caggg9qac: 1aaLLGE GAG 1agL) 6r0gLL 19640000
a&%gtgaagc ttctt tcca_aaacagaatt cagcatttta tgtggatagt
ECGAGRET E0r EAR FAAPH RE SOREL et PEBTRCHEARS CHIAgETTe
agggt acagt tcctttagag gttcctcagg tgaaaccaaa gagaact gat
gat t agggat gcagttaaag gggEssmples ggcct ggagg aagggggccc
t gaaat ct gt ggctgctgge tgccctgtgt tgctgggcaa agacaaccca
ct t cad@g§he tidt enyand=enetrtt €68 eAdt geayt ®vagraggagac

aagaactaga ahetl Hdgebl: aajdnkagd > caeciaAlaaa agaedyagsi

cagat cagac, ol clcaggar, clgaagleea 209a00al0g gagglgol c
aagttt gt gc aaaaccat ¢t gtgact gaag‘daaaaaacat’ ggaacct gag

1020 caaccaafitaveti @ aadan togheadeigag ngaRpage PoEr Hagac tiggiit-
ggacagcat g 180 tabti4106t asu 089t <@dbunbt £l bha3her 62122 RRbas2d8sn Homo

sapi ens <400>

Arg Pro Ay lf)SfB_eL%e

4. Met

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

y Arg

G.n a du Argdy Ala Akg Ay d r
Ay b St Bttty el SR o

Pro Ay Al a Jngs202380AnneAlld vhe cAPgemppraey @ti-ePyrdsis@ynd y
ghy E y ésr) r/%dya@yef&@ée% Ghy ALOriAnE s 8163 YanAr gelnpiAtg Gy
e Arg y a

accum@iékfgnyin mammalian cell culture systems.

Materials and Methods:

Cell culture:

CHOK1SV cell line (Lonza Biologics, Slough, UK),
designated as the Control cell line Cl013A, was cultured in CD-
CHO medium (Cat. NWo. 10743-011, Invitrogen, Carlsbad, CAa),
containing 30 mM Glucose and supplemented with 6mM L-Glutamine
10313-021).

animal protein-free medium containing wvarious concentrations

(Invitrogen Cat. No. In some instances, another

including 60mM glucose {(defined as the high glucose medium} was
used. Fetal Bovine serum was purchased from Hyclone Labs,
UT (Cat. Neo. SH30071.03).

by a Cedex automated cell counting instrument (Innovatis,

Logan, Cell cultures were monitored

Germany) . Integrated viable cell count (IVCC, cell-day/ml}) was
calculated using the following formula:

IVCC (dl) = [VCD (d0) + VCD (dl)1/2 +VCD (d0) ,
where VCD = wviable cell density

Plasmid construction:
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505560 Gy Arg dy Ay Ay Ay Ala Pro Arg Ay Ser Arg Arg Qu Pro
Gy 65 70 75 80 Ay Trp Gy Ala Jy Ala Ser Ala Pro Val du Asp Asp
Ser Asp Alwo8m90£313G u Thr Tyr Ay Gu G u Asn Asp G uPprGrustdy04sTs
Tyr Ser Lys Arg 100105110 Lys Ile VaI Ser Asn Trp Asp Arg Tyr G n Asp

Thr Asp Phe Ser Val PELCTAUIsE0a07 GUSCBSEr AR Oy RGN SR Be Ser
G n Phe ArgFPRel¥ AE& g @1gme 4S50 £55M%0 a&yge Q@ iTr EOWQJ@CSW“ F@ikrAl a
Eer \%s ifOA}&I¥§ @uv ﬁs&noi%rr Abgd Rhe ﬂ;@&lﬁ%&l&%ﬁr (Mahmlanﬁ@fﬁg Gtu Leu
eu Va rg a L u Pro Leu 1

val Ala Ala®& U %OZJ IHH@ EEE TAP-Var" nlgrg}%g% 88%% eg% Pro
G n Val Lysdppsorilps AﬁgSEWWA@E) dspla Y2 Uh¢s Ghe Qiegum@or:awezs
SEQLI ST Leu+© yndvklri G Ral@iubys: G yePrer Leu G y Pr o d y a y Arg Gy

Pro 225230235240 |l e_Phe e VaI Al a. Pro Val
Leu Leu Gy 245250255 ’Eo%qus‘i‘S%ebO"L’%ﬁé%@ 5?‘8r%§“°’l°l5r %%r 79 Asp Ser

Gn Lys Pr o cFhgtructed by cloning a Heavy and a nght chain cDNA into the
Glutamine Synthase (GS} expression vector (obtained from Lonza

Biologics, Slough, UK, under z research license).

Generation of apoptotic® cell lines:

An exponential culture of CHOKISV cell line was
transfected with 1) pBUDCE4.1l; 2) pBUDCE4.1-E1B-19K; 3)
pBUDCE4.1-E1B-19K-Aven; and 4) pBUDCE4.1-E1B-15K-Aven and pCMV-
XIAPA. 'Transfections were performed using Fugene (Roche, Cat.
#1815075, Basel, Switzerland) according to the manufacturer’s
recommendation. Two days post-transfection, cells were plated
in 96-well plates in growth medium containing 300pg/ml Zeocin
{for transfections 1, 2 and 3 above); 300ug/ml Zeocin and
400pg/ml Hygromycin (for transfection #4), see Table 1. About
200 antibiotic resistant clones from each transfection were
expanded and analyzed for caspase3/7 activity as described
below. Promising clones underwent stability testing in absence

of the respective antibiotics for ten passages.

Table 1

Cell Line Vector({s) transfected Genes over-expressed Clones
selected by

Control None None None

Blank pBUDCEA4 .1 None Zeo

Ec4d pBUDCE4.1-E1B-19K E1B19K Zeo

EAG3 pPBUDCE4.1-E1B~19K-Aven E1B-19K, Aven Zeo

EAL1l12

EALGT7

EA1S0

ERX64 pBUDCE4.1~E1B-19K-Aven EI1B-19K, Aven, XIAPA Zeo, Hygro

EAXS9 and pCMV-XIAPA
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260265270 Ser Pro Leu Gn Ser Ala Ay Asp Hs Leu Qu Gu Qu Leu Asp

Leu
Leu
du
Val

Lys
Leu

275280285 Leu Leu Asn Leu Asp Ala Pro Ile Lys Qu Gy Asp Asn |le
Pro 299998®082¢A5p G n Thr Ser G n Asp Leu Lys Ser IRF/@E@HPIALHTT y

305 310 315 320 Gn GQu Qu du Vval Cys Ala Lys Pro Ser

Thr G u g@kuidys Asn 325330335 Met Qu Pro Gu Gn Pro Ser Thr Ser

ERREO G U Qu Gu 340345350 Leu G u Asp Trp
met Ile Ser 355 <210> 5 <211> 1356 <212> DNA <213> Honp

sapi ens <400> 5 360 Initaphhot £t feantedgrett darnagiat deaaborast byt gt ac
ctgcagacat caadhaddgfdidg the blank vector into CHOKISV cell line and

selecting zeocin-resistant colonies. These cell lines had on
average about 20% lower IVCC compared to the untransfected
control CHOK1SV, hence CHOK1SV was subsequently used as the
contrel cell line in all experiments. The most promising
apoptotic® cell line, EAX197 as well as the control cell line
were then used to develcop production cell lines expressing a
model antibody using the GS expression vector according to the
manufacturer’s recommendation. Antibody in cell culture was

measured by Nephelcmetry (Beckman Array System).

Shake-flask cultures of apoptotict cell lines:

Selected apoptotict cell lines were cultured in un-fed
batch mode in CD-CHO medium supplemented with omM Glutamine and
the requisite antibiotic selection agent. 1In some experiments,
the batch mode cultures of apoptotic® cell lines were fed with
lactate to replenish the lactate they had depleted.
Additionally, select Ab-expressing cell lines were cultured in
a custom formulated animal protein-free medium supplemented

with 6mM glutamine and 60mM glucose.

Caspase 3/7 activity Assay:

Rbout 3x10° cells of each clone were sceded in one ml
of growth medium in a 24-well plate. On day 4 (d4) post
seeding, about 1x10° cells were transferred in triplicate to a
96well plate. Staurcsprine (2uM fc) was added and the cells
were incubated for 16h before assaying for caspase3/7 activity
by APO-ONE kit (BD Labs). The procedure was repeated on dlC,
except that Staurosperine was omitted. The clones that had
significantly lower caspase3/7 activity on both days were
expanded into SF. The apoptotic® nature of the selected clones
was confirmed by flow cytometry analysis (see below} and in
some instances, by measuring the mitochondrial membrane

potential.
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60 gaagaatttg tagaagagtt taatagatta aaaacttttg ctaattttcc aagtggtagt

120 cctgtttcag catcaacact ggcacgagca gggtttcttt atactggtga aggagatacc
180 gt gcgovgedsnotisagit gt ca tgcagctgta gat agat ggc aat at ggagasziveagemgt t
240 ggaagacaca ggaaagtatc cccaaattgc agatttatca acggctttta

Analysis of apoptotict clones by flow cytometry:

About 1x10° cells from exponential cultures were
withdrawn from each shake flask into 24well plates, incubated
with Staurosporine (2uM fc) for 16h, harvested and washed once
in PBS. The cells were then incubated with CytoPerm (Cat. No.
2075KK, BD BioScience) to fix and permeablized them. Following
a PBS wash, cells were incubated with FITC-labeled anti-
caspase3 (Cat. No. 68654, BD BioScience) antibody before
subjecting them to analysis by flow cytometry.

Mitochondrial membrane potential (MMP) assay:

Cells from shake flask cultures were withdrawn on dé
post-seeding and incubated with Staurosporine (5uM fc} for 2
hours. They were subsequently washed and processed with
lipophilic cationic dye, JC-1 (Cayman Labs, Ann Arbor, MI) as
per manufacturer’s recommendation. Plates were read at
FL535and FL5%5 and the ratio was calculated.
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tcttgaaaat 300 agtgccacgc agtctacaaa ttctggtatc cagaat ggtc agtacaaagt
t gaaaactat 360 ctgggaagca gagatcattt tgccttagac aggccatctg agacacat gc
agact at ct t WO200¥ 53 daact g ggcaggtt gt agat at at ca gacacc HEHUREWPIHFHaa
ccctgccatg 480 tatagtgaag aagctagatt aaagtccttt cagaactggc

Western blotting:

About 1x10’ cells from indicated cell lines were
harvested, washed in PBS and lysed in RIPA buffer containing 1%
NP-40, 120mM Tris-Hcl, 150mM NaCl, 0.2mM PMSF and 1lmM EDTA.
Fifty micrograms of cytosolic protein from each sample was
loaded on a 4-12% NuPAGE gradient gel and separated by SD$S-PAGE
in a Novex system (Invitrogen). Separated protein bands were
transferred onto nitrocellulose and analyzed by using: 1) an
anti-mouse antibody to human E1B-19%K, 1:40 dilution, (Cat No.
DP-17, CalBicchem, Gibkbbstown, MD); 2) an anti-Rabbit antibody
to human Aven, 1:1,000 dilution, (Cat Ne¢. 612521, BD
BioScience, San Jose, CA); and 3) an anti-mouse antibody to
human XIAP (Cat No. 616713, BD BioScience). The above
protoceol, including the antibodies used, was optimized and
standarized using known guantities {(~10ng each) of purified
E1B-1%9K, Aven and XIAP, purchased from commercial sources. The
protein bands were visualized using ECL detection kit (GE

Healthcare, Piscataway, NJ).

Determination of metabolite concentrations in culture medium:

Concentration of all key metabolites and waste
products were determined using an YSI 2700 automated analyzer.
Ammonium ion concentration was determined by flow injecticn
analysis (Campmajo et al, 1894). 2&mino acids were measured by

HPLC (Waters, Milford, MA), using a reversed-phase column

(Waters) .
Example 1
Generation and characterization of apoptotic-resistant cell
lines

A list of cell lines used in this study, the
expression plasmids that were transfected in each case to
generate the cell lines and the selection agent(s) used for
isolating the transfectomas is shown in Table 1 above. The
cell lines listed are representative of multiple clones that
were generated from each transfection. The name of each cell
line was derived from the anti-apoptotic genes that were

transfected into the host cell iine. For example, EAX197 is a
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cagactatgc tcacctaacc 540 ccaagagagt tag caagtgc tggactctac

tacacaggta ttggtgacca agtgcagtgc 600 ttttgttgtg gtggaaaact gaaaaattgg
gaacctt gt gvebegligmet g gt cagaacac 660 aggcgacact ttcctaaCrgsomb/ei7itsgt t
ttgggccgga atcttaatat tcgaagtgaa 720 tctgatgctg tgagttctga taggaatttc

cell line that was transfected with EL1B-1%9K (E), Aven (A) and
¥IAPA (X). The notation, apoptotic®, will be used to refer to a
cell line that has been transfected by one or more of these
anti-apoptotic genes.

211 apoptotic® cell lines used in this study were
characterized by Western blotting, caspase 3/7 activity and
mitochondrial membrane potential {(data not shown). The single
transfectant E64, or double transfectants EA63, EAll2, EAlG7
and EA190, all expressed levels of E1B-91K that were above
background levels cbserved in the control, untransfected cell
line, Cl1l013A. Of the four double transfectants, cell lines
EAll2 and EAl67 expressad both E1B-19K (~19KDa) and Aven (~55
KDa). Cell lines EAB3 and EA190 expressed significant levels
of E1IB-19K but only very low levels of Aven. Of the four cell
lines that were generated by transfecting the dual vector
pBUDCE4.1-E1B-19K-Aven as well as pCMV-XIAPA, namely, EAX64,
EAX99, EAX148 and EAX197, only EAX197 expressed detectable
levels ¢f all three proteins.

An ~55kDa band was observed in all lanes including in
the untransfected control lane, Cl013A, above the recombinant
Aven band was believed to be the endogenocus Aven protein as it
was visualized with post-immune but not with pre-immune sera
(Sauerwald et al., 2002, Chau et al., 2000). The transfected
Aven gene lacks the first six amino acids, which have been
shown net to impair the biological activity of the protein.
Consequently, transfected Aven is slightly smaller than its
endogenous counterpart. A 40KDa band, which may represent a
degradation product of Aven, was observed in all cell lines
that over-expressed this protein in conjunction with E1B-18K.
Degradative products of similar sizes were observed previously
when Aven was over-—expressed with Bcl-XL (Sauerwald et al.,
2005) or Becl-2 ({Figueroa, unpublished observations).
Additionally, the expression of Aven was significantly lower in
triple transfectants, including EAX197 over-expressing Ei1B-109K,
Aven and XIAPA.

Interestingly, the level of expression of transfected
XIAPA was significantly lower compared te the endogenous levels

cf the intact XIAP protein. Note that the apparent difference
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ccaaattcaa caaatcttcc aagaaatcca 780 tccatggcag attatgaagc acggatcttt
acttttggga catggatata ctcagttaac 840 aaggagcagc ttgcaagagc tggattttat
gct tt aggt gWeEIW§AAa agt aaagt gc 900 tttcact gt g gaggagRfUBIOHTE gg
aagcccagt g aagacccttg ggaacaacat 960 gctaaatggt atccagggtg

in expression level bhetween XIAP and XIAPA could be explained

in part by the difference in antibody binding efficiency of
these two forms of the anti-apoptotic protein. The apparent
expression level difference between the endcogenous XIAP and the
transgenic XTIAPA guestions the contribution of this transfected
protein in preventing apoptosis. Indeed this study suggests
that there is not always a direct correlation betwsen the
expression level of a given anti-apoptotic gene and the level
of apoptosis inhibition the protein can confer on a cell line.

Each apoptotic® cell line was examined for caspase 3/7
activity by APO-ONE as this activity provides an indication of
the degree of resistance of a cell line to apoptosis. Briefly,
in this assay, the profluorescent substrate Z-DEVD-R110 is
cleaved by caspase 3/7 in a dese-dependent manner. Exponential
cultures of EA167 and EAX197 as well as the control cell line
were treated with staurospeorine for 16 hours to induce
apoptosis, following which caspase 3/7 was measured. The
caspase 3/7 activity in staurcosporine treated control cells was
arbitrarily set at 100%. Under these conditicns, the caspase
activities of the EAl67 and EAX197 cells were 30% and 35%,
respectively, of the control, suggesting that these cell lines
were at least partially resistant to apoptosis induction (Fig.
2A). As further evidence of the apoptctic® nature of EALG7 and
EAX197, staurcsporine-treated cultures of these two cell lines
and the control cell line, were labeled with FITC-conjugated
anti-caspase 3 antibody followed by analysis by flow cytometry.
As can be seen from Fig. 3, all three cell lines, whether
untreated or vehicle (DMSO)-treated, had 1% or less caspase 3-
positive population. However, 91% of the control cell
population was positive for caspase 3 following staurosporine
treatment. In contrast, only 9% of the population derived from
cell line EAX1S7 and 30% of that derived from cell line EAL167
were positive for caspase 3, confirming the apoptoticR phenotype
of these two cell lines.

To examine if the resistance to apoptosis leads to
increased longevity, multiple EA c¢ell lines were grown in
shake-flasks (batch mode) and both wviable cell density (VCD)
and integrated viable cell count (IVCC) were monitored.
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%%ggeégggagcaagé 1%%35%%6% C%iéﬁ%%gggifté%unt improve the
volumetric productivity of a culture, assuming that the
specific productivity of the cell remains unaltered. Therefore
IVCC can be used as a parameter for screening superior
apoptotic® cell lines that can serve as hosts for the
development of production c¢ell lines. As shown in Fig. 2B, the
cell lines with lower relative caspase 3/7 activity tended to
generate cell lines with higher IVCC. Although each of the EA
cell lines showed reduced caspase 3/7 activity relative to the
control, thers was no strict correlation between IVCC and the
level of caspase 3/7 that each cell line possessed. Moreover,
some apoptotich cell lines were more stable than their sister
clones with respect to the degree of anti-apoptotic phenotype.
EAl167 was chosen for further study because it possessed both
potent anti-apoptotic activity and robust growth in shake flask
cultures. Additionally, EALl67 was the most stable cell line in
this panel, expressing Aven at high levels as detected by
Western blot.

Many of the signaling molecules in the apoptosis
pathway interact with or reside within the mitochondria. There
these proteins interact with the mitochondrial membrane and
ragulate apoptosis through modulation of the mitochondria
permeability. Therefore, mitochondrial membrane potential
(MMP) serves as another monitor of cell physiclogy in which to
compare the characteristics of the apoptotic® nature of EALE7
and BAX187 wversus control. As seen in the assay results of
Fig. 2C, both EAl167 and EAX197 had higher MMP than the contrel

cell line.

Example 2
Effect of E1LB-19K on viable cell density of CHOK1SV

The growth profiles of double transfectants over-
expressing E1B-19K in conjunction with Aven (EAl€7), triple
transfectants over-expressing E1B-19K in conjunction with Aven
and XIAPA (EAX19%7), as well as the transfectant over-expressing
E1B-19K only (E64) are compared to the control (host) cell line
in Fig. 4. While the peak VCD of the contrel cell line reached
7.7x10% cells/ml and the peak VCD of E64 (expressing E1B-19K
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only) was 8.9x10° cells/ml, that of EAL167 was 1.4x107 cells/ml
and that of EAX197 was more than 1.5x10° cells/ml, an increases
of over 1%0% above the control cell line. The viability of
EA167 and EAX1927 showed a sharp decline by d8 or d9 post-
seeding, presumably because of nutrient depletion, while the
control and the E64 cell lines viability declined more slowly
(Fig. 4B). The net effect on IVCC is shown in Fig. 4C. The
IVCC of the control cell line was 4.9x10’ cell-day/ml, followed
by that of E64 (5.2x107 cell-day/ml}. Clearly, the IVCC of the
two apoptotic® cell lines, BA167 (6.3x107 cell-day/ml) and
EAX197 (6.6x107 cell-day/ml) were significantly higher (136% and
140% for EA167 and EAX1%7, respectively) than that of control
cell lines,

In addition to EAl6é7 and EAX197, several other
apoptotic® lines exhibited similarly low lactate production
phenotype (data not shown). 2Additiconally, wild-type cell lines
with low lactate production characteristics, though rare, have
been repcrted (Pascoe et al, 2007).

Example 3

Metabolic profile of apoptotic® cell lines

in order to compare the physiology of the apoptoticF
cell lines EA167 and EAX197 which could protect against
apoptosis to the contrel c¢ell line in batch cultures, the
levels of key nutrients and amino acids that were provided at
the beginning of the batch culture, namely, glucose, glutamate
and glutamine, were monitored. Additionally, the accumulation
of the waste precducts ammonia and lactate were alsc menitored.
Shown in Fig. 5 are the levels of these metabolites when EAX197
and EAL67 as well as control cell line were cultured in batch
mode in shake-flasks in commercial CD-CHC medium. As shown in
Fig. 53, glucose is rapidly depleted from the medium cof all
three cell lines by day-6 or day-7 post-seeding. No
significant differences in glutamine depletion were discernable
between apoptotict and control cell lines and glutamate levels
did not vary greatly for the three cell lines across all days
{data not shown). All three cell lines showed an accumulation

of lactate during early cell growth phase up to day-4 (Fig.
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up until day-6 (at which time it reached 2.8g/L) and then a
slight decrease was observed with the lactate concentration
eventually reaching 1.8g/L. This amount of lactate is expected
to lower the pH of the culture and in bioreactors, where pH is
contrclled by the addition of bicarbonate, the osmclarity would
be elevated. All these characteristics, in addition to other
stress factors, could lead to a toxic environment for the
animal cells. In contrast, the lactate levels in the apoptotic®
cell lines increased for a shorter period and then dropped
rapidly from day 5 onward with the lactate being completely
eliminated by day 7 (EA167) or day 8 (EAX19%7). Interestingly,
the time point at which the lactate dropped to zero immediately
preceded the time at which the VCD dropped precipitously in
Fig. 52 for these two cell lines, suggesting that the loss in
cell viability was due to the absence of any available glucose
or lactate in the medium.

Another difference cobserved between apoptotic® and
control cell lines is the ammonia profile (Fig. 5C). The
ammonia levels in EAlé7 and EAX197 declined slightly at day 6,
at which time the decline in lactate had besgun, and then
ultimately increased again. However, the overall ammonia
levels of the apoptotict lines were lower than that of control
lines, which was surprising since the apoptotic® lines reached
higher IVCC and thus attained more overall cell growth compared
to the control cell line (Fig. 4C).

From the above data, it is obvious that the
characteristics of the apoptotic® cell lines are dramatically
different from that of the controcl cell lines. However, when
multiple clones are examined under somewhat different
experimental conditions, a wide spectrum ¢f phenotypes is
observed among the apoptosis® transfectants. Since phenotypic
variability exists in clonal isolates of the control cell line
as well, it is possible to select rare apoptotic® clones from
control c¢ell line by utilizing a suitable screening regimen.

In this respsct, Mattanovich and Borth (2006) have reviewed the
application of cell sorting to isolate rare variants with

desirable properties from wild-type (control) cell line.
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cell lines, cultures of all three cell lines were monitored
daily and any major difference in lactate concentration between
apoptotic®™ and control cell line was eliminated by the addition
of exogencus lactate. As observed previously, the lactate
level in the un-fed apoptotic® EA167 and EAX1%7 began to drop at
day-5 (Figs. 6A and 6B} with exhaustion of lactate by day-7
(Ea67, un-fed) or day-8 (EAX197, un-fed). The lactate profile
of the control cell line continued to increase until dé at
which time the level declined slightly for the next three days
but never dropped to zero. Upon daily monitoring of the
apoptosis®™ culture, lactate was added to separate fed-batch
cultures up to 2.5g/L.at day-7 (for EAl67, Fig. 6A) and 2g/L at
day-8 (for EAX197, Fig. 6B) in order for levels toc be similar
to that of the contrel cell line. Even with the addition of
supplemental lactate, the lactate level dropped much more
rapidly in the apoptotic® cultures compared than the controls
from day-6 te day-12. Indesed, the lactate level dropped frcm
2.5 to 0.2g/L in the EA167 fed culture from day-6 to day-7
while the lactate decline was only from 2.7 to 2.4g/L in the
control culture over the same time period. Thus, the lactate
appears to be consumed in the apoptoticF cell lines at an
accelerated rate compared to the control cell lines for at
least 7 days following addition of supplemental lactate.

The effect of lactate supplementation on VCD and cell
viability is shown in Figs. 7A and 7B, respectively. As
previously observed (Fig. 5A), the VCD of the un-fed apoptotic’®
cell lines declined rapidly starting at day-8 (EA167) and day-9
(EAX197). This is presumably because one or more essential
media components, including glucose and/or lactate, have been

exhausted in these cultures. The contrcl cell line exhibited a
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with supplemented lactate in the media. These results suggest
that the apoptotic® cell lines are capable of utilizing both
endogenous and supplemental lactate efficiently to retain their
viable cell density and viability while the control cell line
is unable to implement a similar efficient lactate consumption
strategy. This difference is reflected in the IVCC of the
lactate-fed apoptotic® cell lines, which were nearly 180-220%
higher than the un-fed apoptotic® c¢ell lines and about 235%-250%
higher than the contrel cultures.

Most of the other nutrients and metabolites shown in
Figs. 7D-F exhibited profiles similar to that observed
previously in the un-fed cultures of Fig. 5. Glucose and
glutamine were rapidly consumed at early time points in the
culture. The ammonia profile of the apoptotic® cell lines once
again exhibited a slight decline at the time at which lactate
consumption began in both the unsupplemented and lactate-
supplemented cultures. As in the previous experiments, the
final ammonia level of the apoptotic® cell lines was below
control levels even though the IVCC was considerably higher in
all four apoptoticF cultures. The glutamate levels differed
between lactate-fed and un-fed cultures with glutamate
depletion being significantly increased in the fed culture as

compared te the un-fed and control cell lines.
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Leu Al a Leu Interestingly, all three branched-chain amino acids, namely,

isoleucine, leucine and valine (shaded light grey in Table IT)
were more rapidly depleted from the culture medium by apoptotich
cell lines compared to the control, and this depletion is more
pronounced in lactate-fed cultures (Figs. 8A-D). In addition
to glutamate, the final levels of these three amino acids were
much lower from the medium in lactate-fed cultures. Other
amino acids with a high percentage consumed (final

concentration below 50% of their initial concentration in the
medium) included tyrosine, phenylalanine, methionine (Figure
8D}, and aspartic acid {(Fig. 8E).

A comparison of the amino acids that were excreted
into the culture medium between the contrcl and the apoptotich
cell lines is also of interest to consider. As shown in Fig.
8E, the control cell lines accumulated aspartic acid in the
culture medium over the first six days while there was a
decline in the aspartic acid levels over that same time period
for all four apoptotic® cultures. Additionally, the apoptotick
cell lines secrete significantly more alanine (Fig. 8F) over
the first 6 days as compared to the contrcl cell line, while
all the cell lines consume it at later times. Also, the
apoptotic® cell lines produce more homocysteine over the entire

cell culture in comparison to the control cell lines (Fig. 8G).

Example 6

26



165170175 Val Ay Ala Cys Ile Thr Leu Ay Ala Tyr Leu Ser
180185190 <210> 9 <211> 1476 <212> DNA <213> Honp sapi ens

His Lys
<400>

9 atgtgcaava:2@easget gt c tgtacctact gatggtgctg taaccaccPCTASAGHOL7ETBa
60 gcttcggaac aagagaccct ggttagacca aagccattgc ttttgaagtt attaaagtct

120 gttggtgcac

Batch culture in the presence of high glucose

If the apoptotic® cell lines can utilize lactate, then
there is a possibility that these lines may potentially thrive
at glucose concentrations that could be inhibitory for control
cells due to accumulation of toxic levels of lactate.
Additionally, it is possible that growth of these lines could
be supported by culture medium containing lactate as the sole
carbon source. It was not possible to use the CD-CHO medium
used in the previous experiments because such as high gluccse
would lead to unsustainable osmolarity and thus a new medium
had to be utilized for these experiments. Therefore, we
compared the growth kinetics of EAX157, which exhibited the
highest sustained growth in previous experiments, toe that of
control cell lines in a custom-formulated animal protein-free
medium containing 60mM glucose (high glucose} or 30mM lactate.
Neither the apoptotic® nor the control cell lines exhibited
sustained growth in the complete absence of glucose, i.e., in
the presence of lactate only (data not shown). When both cell
iines were cultured in the same custom-formulated medium
containing ‘high’ (60mM) concentrations of glucose, BAX197
exhibited z higher VCD, wviability and IVCC (Figs. S%A-C) than
the control cell line especially at later times in the cell
culture. EAX197 cell line exhibited a smaller overall increase
in IVCC (130%) over control than in the previous CD-CHC medium
but the difference was still significant due to increased
viability at later times. The lactate profiles of these two
cell lines cultivated in ‘high’ glucose are shown in Fig. 9D.
As in the case with IVCC, the lactate profiles of both lines
differed somewhat from that observed in CD-CHO medium (Fig.
5D). Consistent with previous results with the CD-CHO medium,
the apoptotic® cell line in the custom formulation medium
initiated net lactate consumption earlier (by day 2, as shown
in Fig. 9D) than the control and the maximum lactate level was
much lower (1.2g/L compared to 2.4g/L for the contrel cell
line). The control cell exhibited a net production of lactate
until day 5 at which point the control cells also bkegan to
consume the lactate in the medium. Since the CD-CHO medium is

a commercial formulation with a propriety composition, it was

27



aaaaagacac ttatactatg aaagaggttc ttttttatct tggccagtat 180 attatgacta
aacgattata tgatgagaag caacaacata ttgtatattg ttcaaatgat 240 cttctaggag
atttgtttggWOFYHERHYc ttctctgt ga aagagcacag gaaaat at at W%&@éﬁ’t"{jgﬁ ct
acaggaactt ggtagtagtc aat cagcagg aat cat cgga ctcaggtaca 360

not possible to compare exactly the medium component (s} in the
two formulations in order to understand the cause of the
different lactate consumption profiles in the different

formulations.

Example 7

Productivity of an apoptotic® cell line in high glucose medium

The apoptotic ® cell line, EAX197 along with the
control cell line were subsequently used as hosts for the
development of production cell lines expressing a model
antibody. An equal number of clones were surveyed for each
cell line and the best clone generated from each host was then
compared in shake-flask-batch mode for Ab productivity. Custom
formulated medium containing 60mM (‘*high’) glucose as a carbon
source was used in order to compare their performance in a high
glucose environment. In the standard medium (Fig. 10A), the
production cell line derived from EAX197 had titers cf 48%mg/L,
which is 145% increase over the control cell line, which had a
titer of 337mg/L. The same cell line in high glucose medium
{(Fig. 10B) had titers of 687mg/L, which is 178% increase over
that of the contrel cell line (384mg/L). The enhanced
production was due at least in part to a 188% increase in IVCC

for EAX197 wversus the control cell line {(data not shown).

Example 8
Effect of over-expression of EI1B19K+AVEN +/- XIAPA in blocking

apeoptosis

The major activators of the apoptosis cascade in

mitochondria are shown in Fig. 1. In our attempt to develop
an apoptotic-resistant CBO cell line, we selected three anti-
apoptotic genes that act at early, mid- and late stage of
apoptosis. These genes were EIBIS9K (E), AVEN (A) and XIAPA
(¥). CHOK1S5V, the widely used transfection host cell line
was transfected with E1B1S9K+AVEN with/without XIAPA. A large
number of transfectomas were screened and a few clones from
each transfection were selected for further study. Growth
profile study of these cell lines show that they reach very
high VCD and in general, their IVCC was about two-fold higher
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than that of control. The apoptotic® cell lines lost
viability by day-8 post-seeding, but regained it day-10
onwards by consuming lactate. The culture fluid of apoptotich
lines expressing E1B19K+AVEN+XIAPA had reduced or
undetectable levels of ammonia and lactate and depleted

glutamate from the culture media.

Example 9
Use of Becl-2d to increase antibody titerxr

The results above demonstrate that apoptotic® cell lines
accumulate less lactate compared to contrel cells and
viability of apoptotic™ cultures can be maintained in high
glucose medium. In the following shake-flask batch
experiment, an apoptotic® cell line expressing Bcl-2d and
antibody heavy and light chains (C2088B) was seeded at
various seeding densities in standard (4.8g/Ll) and high
concentration of glucose (9.5g/L}. The results show that the
apoptotic® cell line, when seeded at le6cells/ml in medium
containing 9.5¢g/L glucose, reached peak VCD of 1l4e6cells/ml
on day-7 post-seeding (Fig. 113a), and antibody titer of 2g/L.
In comparison, C2Z088B cultured under the standard conditions
(0.3e5cells/ml inoculation and 4.8g/L) had peak VCD of
7ebcells/ml and antibody titer of 1g/L (Fig. 11B). This
translates to a 200% increase in antibedy titers for high
glucose condition as compared to standard conditions (i.e.,
seeding density of 0.3e6c/ml in medium containing 4.8g/L

glucoese} .

The present invention now being fully described, it will
be apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without

departing from the spirit or scope of the appended claims.
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Claims

1. A method of increasing viable cell density in a fed
batch eukaryotic cell culture comprising the steps of:

a) culturing a eukaryotic cell line expressing cne or more
heterclogous apoptotic-resistant (apoptotic®) genes and one or
more genes of interest; and

b) maintaining a high glucose media feed containing about
60 mM glucose during the exponential and stationary phases of the
cell culture, wherein the apoptotic® genes comprise E1B19K and
AVEN and the lactate concentration in the cell culture is about 1
g/L or less after 5 days of culture.

2. The method of claim 1 wherein the eukaryotic cell line
is a Chinese Hamster Ovary (CHO) cell line.

3. The method of claim 2 wherein the CHO cell line is CHO-
K1l.

4, The method of claim 2 wherein the CHO cell line is CHO-
K15V,

5. The method of claim 1 wherein the eukaryoctic cell line
is a myeloma cell line.

6. The method of claim 5 wherein the myeloma cell line is
NS0,

7. The method of claim 5 wherein the myeloma cell line is
Sp2/0.

8. The method of claim 1 wherein the eukaryotic cell line
is a hybridoma.

9. The method of claim 1 wherein the apoptotic® genes
further comprise XIAPA.

10. The method of claim 1 wherein the peak viable cell
density {VCD) is increased.

11. The method of claim 1 wherein the longevity of the cell
culture is extended.

12. The metheod of claim 1 wherein the titer of the cell

culture is increased.
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13. The method of claim 1 wherein the integrated viable
cell count (IVCC) of the cell culture is increased.

14. The method of claim 1 wherein the cellular calcium
flux is reduced.

15. The method of claim 1 wherein the mitochondrial
membrane potential is increased.

16. The method of claim 1 wherein the genes of interest
encode an antibody heavy chain and an antibody light chain.

17. The method of claim 1 wherein the high glucose media
feed contains 60 mM glucose and the lactate concentration in the

cell culture is about 0.1 g/L or less after 7 days of culture.
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KYUNG, YUN SEUNG

<120> Methods for Obtaining High viable Cell Density in Mammalian Cell Culture
<130> CEN5222USNP
<140> TO BE ASSIGNED
<141> 2009-06-12
<150> 61/061233
<151> 2008-06-13
<160> 12
<170> FastSEQ for windows version 4.0
<210> 1
<211> 660
<212> DNA
<213> Homo sapiens
<400> 1
atgtcgtccc acctagtcga gccgecgecg cccctgcaca acaacaacaa caactgcgag 60
gaaaatgagc agtctctgcc cccgecggec ggcctcaaca gttcctgggt ggagetacce 120
atgaacagca gcaatggcaa tgataatggc aatgggaaaa atggggggct ggaacacgta 180
ccatcctcat cctccatcca caatggagac atggagaaga ttcttttgga tgcacaacat 240
gaatcaggac agagtagttc cagaggcagt tctcactgtg acagcccttc gccacaagaa 300
gatgggcaga tcatgtttga tgtggaaatg cacaccagca gggaccatag ctctcagtca 360
gaagaagaag ttgtagaagg agagaaggaa gtcgaggctt tgaagaaaag tgcggactgg 420
gtatcagact ggtccagtag acccgaaaac attccaccca aggagttcca cttcagacac 480
cctaaacgtt ctgtgtcttt aagcatgagg aaaagiggag ccatgaagaa agggggtatt 540
ttctccgcag aatttctgaa ggtgttcatt ccatctctet tcctttctca tgttttgget 600
ttggggctag gcatctatat tggaaagcga ctgagcacac cctctgccag cacctactga 660
<210> 2
<211> 219
<212> PRT
<213> Homo sapiens
<400> 2
Met Ser Ser His Leu val Glu Pro Pro Pro Pro Leu His Asn Asn Asn
1 5 10 15
Asn Ash Cys g]u Glu Asn Glu GIn Ser Leu Pro Pro Pro ééa Gly Leu
0 25
Asn Ser Ser Trp val Glu Leu Pro Met Asn Ser Ser ﬁgn Gly Asn Asp
35 40
Asn Gly Asn Gly Lys Asn Gly Gly Leu Glu His val Pro Ser Ser Ser
50 55 60
ser Ile His Asn Gly Asp Met Glu Lys Ile Leu Leu Asp Ala GIn His
65 70 75 ) 80
Glu ser Gly GIn ggr Ser ser Arg Gly ggr Ser His Cys Asp ger Pro
5
ser Pro Gln Glu Asp Gly GIn Ile Met Phe Asp val Glu Met His Thr
100 105 110
Sser Arg Asp His Ser Ser GIn Ser Glu Glu Glu val val Glu Gly Glu
115 120 125
Lys Glu val Glu Ala Leu Lys Lys Ser Ala Asp Trp val Ser Asp Trp
130 135 140 )
Ser Ser Arg Pro Glu Asn Ile Pro Pro Lys Glu Phe His Phe Arg His
145 150 155 160
Pro Lys Arg Ser val Ser Leu Ser Met Arg Lys Ser Gly Ala Met Lys
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ccattgaacc ttgtgtgatt 1320 tgtcaaggtc gacctaaaaa tggttgcatt

gt ccat ggca aaacaggaca tcttatggcc 1380 tgctttacat gtgcaaagaa

gct aaagaaa aggaat aagc cctgcccagt atgtagacaa 1440 ccaattcaaa
tgattgtgct aacttatttc ccctag 1476 _ <210> 10 <211> 491 <212> PRT
<213> Mis nuscul ug,g400> 2 700" 175

Lys Gly Gly Ile phe Ser Ala Glu Phe Leu Lys val Phe Ile Pro Ser
180 185 190
Leu Phe Leu Ser His val Leu Ala Leu Gly Leu Gly Ile Tyr Ile Gly
195 200 205
Lys Arg Leu Ser Thr Pro Ser Ala Ser Thr Tyr
210 215

<210> 3

<211> 1089

<212> DNA

<213> Homo sapiens

<400> 3

atgcaggcgg agcgaggage tcggggagge cgtgggegge ggccaggecg cggecggect 60
ggcggagatc gccacagcga gcggeccgga gecgeagegy cggtagccag aggecggegge 120
ggaggcggcg gcggggacgg aggcggacge cggggecgtg gcecgtggecg gggcttecge 180
ggcactcgcg gaggcecgagg aggaggaggc gocccgcgag gcagccgecg ggagecggga 240
ggctggggcg caggggccag cgcgccggtt gaagatgaca gcgatgcaga gacctatgga 300
gaagagaatg atgaacaggg aaattattct aaaagaaaga ttgtctctaa ctgggatcga 360
tatcaagata ttgaaaaaga ggtcaataat gaaagtggag agtcacagag gggaacagat 420
ttcagtgtcc tccttagctc tgcaggggac tcattctcac agttccggtt tgctgaggag 480
aaagaatggg atagtgaagc ttcttgtcca aaacagaatt cagcatttta tgtggatagt 540
gagttattgg ttcgagccct tcaagagctyg cctctctgec tccgactcaa cgttgetgee 600
gaactggtcc agggtacagt tcctttagag gttcctcagg tgaaaccaaa gagaactgat 660
gatggcaagg gattagggat gcagttaaag gggcccttgg ggcctggagg aagggggecc 720
atctttgagc tgaaatctgt ggctgctgge tgccctgtgt tgctgggcaa agacaaccca 780
agcccgggtc cttcaaggga ttctcagaaa cccacttccc cactgcagtc agcaggagac 840
catttggaag aagaactaga tctgttgctt aatttagatg cacctataaa agagggagat 900
aacatcttac cagatcagac gtctcaggac ctgaaatcca aggaagatgg ggaggtggtc 960
caagaggaag aagtttgtgc aaaaccatct gtgactgaag aaaaaaacat ggaacctgag 1020
caaccaagta cctccaaaaa tgttaccgag gaagagctygg aagactggtt ggacagcatg 1080
atttcctaa 1089

<210> 4

<211> 362

<212> PRT

<213> Homo sapiens

<400> 4
Mit GIn Ala Glu Arg Gly Ala Arg Gly an Arg Gly Arg Arg Pro Gly
5 15
Arg Gly Arg ;60 Gly Gly Asp Arg gés Ser Glu Arg Pro géy Ala Ala
Ala Ala g§1 Ala Arg Gly Gly géy Gly Gly Gly Gly ggy Asp Gly Gly
Gly §gg Arg Gly Arg Gly Agg Gly Arg Gly Phe 269 Gly Ala Arg Gly
5

Gly Arg Gly Gly Gly Gly Ala Pro Arg Gly Ser Arg Arg Glu Pro Gly
65 70 75 80

Gly Trp Gly Ala g;y Ala Ser Ala Pro val Glu Asp Asp Ser ggp Ala

90
Glu Thr Tyr Gly Glu Glu Asn Asp Glu GlIn Gly Asn Tyr Ser Lys Arg
100 105 110
Lys Ile val Ser Asn Trp Asp Arg Tyr Gln Asp Ile Glu Lys Glu val
115 120 125
Asn Asn Glu Ser Gly Glu ser GIn Arg Gly Thr Asp Phe Ser val Leu
130 135 140
Leu Ser Ser Ala Gly Asp Ser Phe Ser Gln Phe Arg Phe Ala Glu Glu
145 150 155 160
Lys Glu Trp Asp Ser Glu Ala Ser Cys Pro Lys Gln Asn Ser Ala Phe
165 170 175
Tyr val Asp Ser Glu Leu Leu val Arg Ala Leu Gln Glu Leu Pro Leu
180 185 190
Cys Leu Arg Leu Asn val Ala Ala Glu Leu val GIn Gly Thr val Pro
195 200 205
Leu Glu val Pro GIn val Lys Pro Lys Arg Thr Asp Asp Gly Lys Gly
210 215 220
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Met Cys Asn Thr Asn Met Ser Val Pro Thr Asp Ay Ala Val Thr Thr

151015 Ser Gn lle Pro Ala Ser Qu Gn Gu Thr Leu Val Arg Pro Lys
Pro 202530 Page 5 SEQ.IST Leu Leu Leu Lys Leu Leu Lys Ser Val Qy
AI a Gn Lys Asp Thr Tyr 354045 Thr net L s Gu Val Leu Phe Tyr Leu

Y Ay ek ek [ G5 pROTR00 i?”%%%smﬁeg Fybys G0 A0

Gy V& ph¥ @18elred3h¢s Ser WAl Alaysﬂﬁsl @l yHCgs #5088 Pew LeysGllyl e Tyr Thr
met |le Tyr Aqu AdhS Leu Val Val Va?30Asn G n 00105§ %n d u Ser Ser
Asp 'Sér Atk PSTETOsar” VAP Ser PEE gf és’?‘ngfA@U &gk zgl f901Y5 Leu Gu @y
Ay S PP@QeQ@]nLS!@r AR dBUAMRAIHIE NG I8y GiunLé&ad Wsp3L35140 G u Lys
Pro Ser Serk7%er H's Leu Val 28&r Arg Pro Ser 2B Ser Ser 145150155160
%g\sm leu] pgp ddp OUﬂFhr‘-Y@l uele E/ rIspel RoLeu Ser

5

1651 g r lle Ser Leu
Ser %'g gheGﬁ\ﬁS%i uug{égs %ﬁ Yy, Saggeu ésw\slgle %E %%g Gu lle Cys

Cys (E]nuG]_LQQOOQI@lSVa'I Cys Ala Lys Pro Ser‘ val Thr Glu Glu Lys Asn

335
Met Glu Pro Glu G1n Pro Ser Thr Ser Lys Asn val Thr Glu Glu Glu
340 345 350
Leu Glu Asp Trp Leu Asp Ser Met Ile Ser
355 360
<210> 5
<211> 1356
<212> DNA
<213> Homo sapiens
<400> 5

atgactttta acagttttga aggatctaaa acttgtgtac ctgcagacat caataaggaa 60

gaagaatttg tagaagagtt taatagatta aaaacttttg ctaattttcc aagtggtagt 120
cctgtttcag catcaacact ggcacgagca gggtticttt atactggtga aggagatacc 180
gtgcggtgct ttagttgtca tgcagctgta gatagatggc aatatggaga ctcagcagtt 240
ggaagacaca ggaaagtatc cccaaattgc agatttatca acggctttta tcttgaaaat 300
agtgccacgc agtctacaaa ttctggtatc cagaatggtc agtacaaagt tgaaaactat 360
ctgggaagca gagatcattt tgccttagac aggccatctg agacacatgc agactatctt 420
ttgagaactg ggcaggttgt agatatatca gacaccatat acccgaggaa ccctgccatg 480
tatagtgaag aagctagatt aaagtccttt cagaactggc cagactatgc tcacctaacc 540
ccaagagagt tagcaagtgc tggactctac tacacaggta ttggtgacca agtgcagtgc 600
ttttgttgtg gtggaaaact gaaaaattgg gaaccttgtg atcgtgcctg gtcagaacac 660
aggcgacact ttcctaattg cttctttgtt ttgggccgga atcttaatat tcgaagtgaa 720
tctgatgctg tgagttctga taggaatttc ccaaattcaa caaatcttcc aagaaatcca 780
tccatggcag attatgaagc acggatcttt acttttggga catggatata ctcagttaac 840
aaggagcagc ttgcaagagc tggattttat gctttaggtyg aaggtgataa agtaaagtgc 900
tttcactgtg gaggagggct aactgattgg aagcccagtg aagacccttg ggaacaacat 960
gctaaatggt atccagggtg caaatatctg ttagaacaga agggacaaga atatataaac 1020
aatattcatt taactcattc acttgaggag tgtctggtaa gaactactga gaaaacacca 1080
tcactaacta gaagaattga tgataccatc ttccaaaatc ctatggtaca agaagctata 1140
cgaatggggt tcagtttcaa ggacattaag aaaataatgg aggaaaaaat tcagatatct 1200
gggagcaact ataaatcact tgaggttctg gttgcagatc tagtgaatgc tcagaaagac 1260
agtatgccag atgagtcaag tcagacttca ttacagaaag agattagtac tgaagagcag 1320

ctaaggcgec tgcaagagga gaagcttatc gattga 1356

<210> 6

<211> 451

<212> PRT

<213> Homo sapiens

<400> 6

Met Thr Phe Asn Ser phe Glu Gly Ser L%s Thr Ccys val Pro §1a Asp
1 5 1 5

ITe Asn Lys g1u Glu Glu Phe val g1u Glu Phe Asn Arg 58” Lys Thr

0 5
Phe Ala Asn Phe Pro Ser Gly Sgr Pro val ser Ala Ser Thr Leu Ala
35 4 45
Arg Ala Gly Phe Leu Tyr ;hr Gly Glu Gy Asp Thr val Arg Cys Phe
50 5 60

Ser Cys His Ala Ala val Asp Arg Trp GIn Tyr Gly Asp Ser Ala val
65 70 75 80

Gly Arg His Arg Lys val Ser Pro Asn Cys Arg Phe Ile Asn Gly Phe

&5 90 95

Tyr Leu Glu Asn Ser Ala Thr GIn Ser Thr Asn Ser Gly Ile GlIn Asn
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Arg

210215220 Asp Ala Ay Val

Ser
Leu
Ser
Ay
Leu
Pro
Asn
du
Asp
Ser
Ser
Ser
Au

Ser Ser Ser Ser Au Ser Thr Ay Thr Pro Ser ASn Pro Asp Leu

Ser Qu His Ser Ay Asp Trp Leu Asp G n Asp

Ser Asp G n Phe Ser Val Gu Phe Qu val Qu Ser

Leu Ser Qu u dy Gn u Leu
Gnv Thr Val Tyr Gn A a

sE’IhQ\r 35 Asp A0 Au lle ser
Cys Thr s Asn u Met Asn Pro

225230235240 val
Asp Ser 245250255 A u Asp Tyr Ser
Asp A u As 60265270 Asp %

B Bf

QWGﬁ?rTyAS% DA1 210280289

Ala Asai¥yr Trp L s 290295300 e125(,y

lLeewl\%d\rSeﬁrmﬁsr %nHBSE\QEO@PSW'O ?;gggteeyérgrﬁb%b( LeU Arg Q u
r S Y. 3 y Qu lle Ser
igss dal %’pﬁ%ﬁe 53 T@é l?hf”%%gfm 3%53"%% Iﬁly 2 %Eu Gu Gy Phe

Nal sér @msqiiuc Ea IAyg ngusLSmrSel"I@eVGln Asn %5860365 B8p Ser Arg Gu
Gn37 5 80 Ala Ser G n
r

’%’an”b? L’re%e}q‘ [P /-Q£B ‘%}‘pL%é a g erpAg EP’ i & 90395400 Ser

dlyerid esWy/xspSeTn San GnncE lPhé\ScQ/SV&i/s g ShuLyheel uysArg 405410415
Adu Thr19® n Asp Lys d u2®u Ser VaJl Gl_u &pr Ser ,Letf1 Pro Leu
Asn Trp Glu Pro Cys Asp Arg Ala Trp Ser Glu His Arg Arg His Phe

210 215 220
Asn Leu Asn Glu
240

Leu

Leu Ile ser
235

Pro

val
230
ser

Pro Phe Phe Gly ASn Arg

225
Ser

cys Arg

Thr Asn
255

Thr

Phe Ser
250

Glu

Ala val ser ASn ASh

245
Ser

Asp AsSp Arg

Phe Phe
270

Arg

Ash Pro Met Ala Ala Ile

260
Ile

Pro Asp Tyr Arg

265
Lys

Arg

Ala Ala
285

Phe

val Asn Glu GIn Leu Gly

280

Gly Thr Trp ser

275
Ala

TYr

Phe Leu Glu val Lys Cys His Cys Gly

Tyr
290
Gly Gly Leu
305
Ala

Lys Trp

Glu Tyr Ile
Thr
355

Phe

val Arg
Ile
370
Phe

Thr

ser
385
Gly

Lys

5er Asn

Ala GIn Lys
Ile
435

ASp

Lys Glu
Ile
450

<210> 7
<211> 573
<212> DNA
<213> Homo

<400> 7

atggcgcacg
tataagctgt
ccacctgtag
cgcgacttcg
tttgccacgg
ttectttgagt
gtggacaaca
caggataacg
tttgatttct
atcaccctgg

<210> 8
<211> 190
<212> PRT
<213> Homo

Leu

Gly

Thr Asp

Trp

Gly
295
Lys

AsSp

Pro

310

Pro
325
Asn

Tyr

Asn
340
Thr Glu

GIn Asn

Asp
TYFr LYyS
405
Asp Ser
420

Sser Thr

sapiens

ctgggagaac
cgcagagggg
tccacctgac
ccgagatgtc
tggtggagga
tcggtggggt
tcgecctgtg
gaggctggga
cctggetgtc
gtgcctatct

sapiens

Gly
Ile
Lys
Pro
Ile Lys
390
ser
Met

Glu

Cys Lys

His Leu
Thr Pro
360
Met val
375
Lys Ile

Leu Glu

Pro Asp

Gln
440

Glu

agggtacgat
ctacgagtgg
cctecgecag
cagccagetg
gctcttcagg
catgtgtgtg
gatgactgag
tgcctttgtg
tctgaagact
gagccacaag

Lys

Ser Glu Asp
315
Leu Leu
330

His

Tyr
Thr Ser
345
sSer

Leu Thr

GIin Glu Ala
Glu
395

val

Met Glu

val Leu
410
Glu Ser Ser
425
Leu

Arg Arg

aaccgggaga
gatgccgegg
gccggegacg
cacctgacgc
gacggggtga
gagagcgtca
tacctgaacc
gaactgtacg
ctgctcagtt
tga

Page 4

300

Pro Trp Glu

Glu GIn Lys
Glu
350

Ile

Leu Glu

Arg Arg
365
Ile Arg
380

LyS

Met

Ile Gln

Ala Asp Leu

GIn Thr ser

430
GIn Glu

445

Leu

tagtgatgaa
ggccrtgeget
acttctecccg
ccttcaccgc
actgggggag
accgggagat
ggcacctgca
gcceccageat
tggccctggt

His
320
GIn

Gln

Gly
335
Cys Leu

Asp Asp

Gly Phe

Ile Ser
400
val Asn
415
Leu G1n

Glu Lys

gtacatccat
cagcccggtg
ccgctaccgce
gcggggacgc
gattgtggcc
gtcgceecty
cacctggatc
gcggectetg

gggagcttgc

60

120
180
240
300
360
420
480
540
573



420425430 Asn Ala Ile u Pro Cys Val Ile Cys Gn Ay Arg Pro Lys Asn
Gy 435440445 Cys Ile Val Hs Ay Lys Thr Gy H's Leu Met Ala Cys Phe
Thr Cys 450455460 Ala LyS Lys Leu Lys Lys Arg Asn Lys Pro cys Pro Val
Cys Arg G n 465 470 475 480 Pro IIe Gn Mt Ile Val Leu Thr Tyr Phe
Pro 490 <210> 11 <211> 513 <212>"BNR'<213> Hormp sapi ens <400> 11
at gtueCABA HEE AAGCHDIArgCtH@IE DIt r gn@-@t Mncwag @Gt araggtiveltt cccagaaa 60
ggat dcagct ggagtcagytt tagtgatgt aaca ggact gdfggc cccagaaggg 120
act ge¥st &gy I gg I§gRgadyYe detadky gn eﬁ'"@a‘é Yyd¥a Cgé' éé? d!§cacct ggca 180
F’agem% G 2JBGRACE 0 C0PCAT G0VR0GERGHI etpaﬁa%agca

gtttggat 3gcgggaggtg 240 ag@cccatgg cagcagtssaa gcaagcgctg agggaggcag
gcgaﬂcga it Aflgadict gaggsBOhiet st goeggy Tat ﬂcagﬂthaAﬁCPg%ld-‘dacc cagct ccaca
t cac cagaqett ac t tggaa ctctatggga
RS0 BBl el TR 8 AR THRShATA Bhpigae ot g0o

gcatpg@chgi TegOI9CH G148 ugLécirhet gy ggdcapt\mﬂtAmgmgzjaaa tga 513
<210> 12 <21]1> 2385 <212> PRT <2 3>90I—|0rm| iens <48@0> 12 Met Ser G n

Ser Adntlg yab aL%'?P Vaf Q4| P'ﬁsﬁ VLG BeF 5rYgy§T4SEh15 Leu Ser

G N JaiSaG Wrd¥dTaSREe TeP 6507 L& NaPepSen A% AMal L& #rSivet202530 Asn
Arg Thr GuilNa Pro Gu GyiZthr Gu Ser Gu st Gu Thr Pro 354045

Ser TNFaG;g EYRASRUGRSN ASH "PISOL(EEH'I TrrH II%S' ApaA IS PSBETYPr o Al a

505%99 Trp Asp Ala Phe val G'Iu Leu Tyr Gly Pro
150 155
Phe Asp Phe Ser Trp Leu Ser Leu Lys Thr Leu
165 170
val Gly Ala Cys Ile Thr Leu Gly Ala Tyr Leu
180 185

ser Met Arg Pro Leu
160
Leu Ser Leu Ala Leu
175
Ser His Lys
190

<210> 9
<211> 1476
<212> DNA
<213> Homo

<400> 9

atgtgcaata
gcttcggaac
gttggtgcac
attatgacta
cttctaggag
accatgatct
tCctgtgagtg
gagcttcagg
agaaggagag
agaaaacgcc
gtaataaggg
aatccggatc
gtttcagatc
cttagtgaag
tatcaggcag
gactattgga
agatgttggg
atctctgaga
gattgtaaaa
aaaattacac
agtagcatta
gacaaagaag
tgtcaaggtc
tgctttacat
Cccaattcaaa

10
491
PRT

<210>
<211>
<212>
<213>

<400> 2

sapiens

ccaacatgtc
dagagaccct
aaaaagacac
aacgattata
atttgtttgg
acaggaactt
agaacaggtg
aagagaaacc
caatrtagtga
acaaatctga
agatatgttg
ttgatgctgg
agtttagtgt
aaggacaaga
gggagagtga
aatgcacttc
cccttegtga
aagccaaact
aaactatagt
aagcttcaca
tttatagcag
agagtgtgga
gacctaaaaa
gtgcaaagaa
tgattgtgct

Mus musculus

tgtacctact
ggttagacca
ttatactatg
tgatgagaag
cgtgccaagc
ggtagtagtc
tcaccttgaa
ttcatcttca
gacagaagaa
tagtatttcc
tgaaagaagc
tgtaagtgaa
agaatttgaa
actctcagat
tacagattca
atgcaatgaa
gaattggctt
ggaaaactca
gaatgattecc
atcacaagaa
ccaagaagat
atctagtttg
tggttgcatt
gctaaagaaa
aacttatitc

gatggtgctg
aagccattgc
aaagaggttc
caacaacata
ttctctgtga
aatcagcagg
ggtgggagtg
catttggttt
aattcagatg
ctttcctttyg
agtagcagtg
cattcaggty
gttgaatctc
gaagatgatg
tttgaagaag
atgaatcccc
cctgaagata
acacaagctg
agagagtcat
agtgaagact
gtgaaagagt
ccccttaatg
gtccatggca
aggaataagc
ccctag

taaccacctc
ttttgaagtt
ttttttatct
ttgtatattg
aagagcacag
aatcatcgga
atcaaaagga
ctagaccatc
aattatctgg
atgaaagcct
aatctacagg
attggttgga
tcgactcaga
aggtatatca
atcctgaaat
cccttccatc
aagggaaaga
aagagggctt
gtgttgagga
attctcagcc
ttgaaaggga
ccattgaacc
aaacaggaca
cctgcccagt

acagattcca
attaaagtct
tggccagtat
ttcaaatgat
gaaaatatat
ctcaggtaca
ccttgtacaa
tacctcatct
tgaacgacaa
ggctctgtogt
gacgccatcg
tcaggattca
agattatagc
agttactgtg
ttccttagct
acattgcaac
taaaggggaa
tgatgttect
aaatgatgat
atcaacttct
agaaacccaa
ttgtgtgatt
tcttatggcc
atgtagacaa

Met Cys Asn Thr Asn Met Ser val Pro Thr Asp Gly Ala val Thr Thr
1 10

5

15

ser Gln Ile Pro Ala Ser Glu GIn Glu Thr Leu val Arg ;50 Lys Pro

Page 5

60
120
180
240
300
360
420
480
540
600
660
720
780
340
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1476



Val Asn Ay Ala Thr Ay H's Ser Ser Ser Leu Asp Ala Arg Qu Val 65 70
75 80 Ile Pro Mt Ala Ala Val Lys Gn Ala Leu Arg Qu Ala Ay Asp Gu
859095 Phe G u Leu Arg Tyr Arg Arg Ala 'he Ser Asp Leu Thr Ser G n

Leu 100105110 His Ile Thr Pro Ay Thr Ala Tyr G n Ser Phe Au dn Val

i GLB SRNR Bkt 8 DYNT N SeEh TP B &9 f )

Lys 'CErUMMatLy@I Gl ul 451 50l 5560y Valeu Lcelly vah 18er1llr yet [TerAlyva Ala Trp Met

AR e W o TR I ot B Pl M

Al a (duuL&ercT plysu @lhy Aynval tprawoaﬁ@&eAr\guPhyzs A30 ;Arsg Trp Phe Leu
Thr GI met Thr V& Al a Gly val Va0 210215220 Leu eu Gly Ser Leu Phe

L 1 hr Met Il€ Tyr Arg Asn Leu val val Asn
Ser ‘)ﬂ\"rgg Yyd 22’{%%3@5 102 130

GIn Glu Ser ser Asp Ser Gly Thr Ser val Ser Glu Asn Arg Cys His
115 120 125
Leu Glu Gly Gly Ser Asp Gln Lys Asp Leu val GIn Glu Leu Gln Glu
130 135 140
Glu Lys Pro Ser Ser Ser His Leu val ser Arg Pro Ser Thr Ser Ser
145 150 155 160
Arg Arg Arg Ala Ile Ser Glu Thr Glu Glu Asn Ser Asp Glu Leu Ser
165 170 175
Gly Glu Arg GIn Arg Lys Arg His Lys Ser Asp Ser Ile Ser Leu Ser
180 185 190
Phe Asp Glu Ser Leu Ala Leu Cys val Ile Arg Glu Ile Cys Cys Glu
195 200 205
Arg Ser Ser Ser Ser Glu Ser Thr Gly Thr Pro Ser Asn Pro Asp Leu
210 215 220
Asp Ala Gly val Ser Glu His Ser Gly Asp Trp Leu Asp GIn Asp Ser
225 230 235 240
val Ser Asp Gln Phe Ser val Glu Phe Glu val Glu Ser Leu Asp Ser
245 250 255
Glu Asp Tyr Ser Leu Ser GIu Glu Gly GIn Glu Leu Ser Asp Glu Asp
260 265 270
Asp Glu val Tyr Gln val Thr val Tyr Gln Ala Gly Glu Ser Asp Thr
275 280 285
Asp Ser Phe Glu Glu Asp Pro Glu Ile Ser Leu Ala Asp Tyr Trp Lys
290 295 300
Cys Thr Ser Cys Asn Glu Met Asn Pro Pro Leu Pro Ser His Cys Asn
305 310 315 320
Arg Cys Trp Ala Leu Arg Glu Asn Trp Leu Pro Glu Asp Lys Gly Lys
325 330 335
Asp Lys Gly Glu Ile Ser Glu Lys Ala Lys Leu Glu Asn Ser Thr Gln
340 345 350
Ala Glu Glu Gly Phe Asp val Pro Asp Cys Lys Lys Thr Ile val Asn
355 360 365
Asp Ser Arg Glu Ser Cys val Glu Glu Asn Asp Asp Lys Ile Thr Gln
370 375 380
Ala ser Gln Ser GIn Glu Ser Glu Asp Tyr Ser Gln Pro Ser Thr Ser
385 390 395 400
Ser Ser Ile Ile Tyr Ser Ser GIn Glu Asp val Lys Glu Phe Glu Arg
405 410 415
Glu GTu Thr G1In Asp Lys Glu Glu Ser val Glu Ser Ser Leu Pro Leu
420 425 430
Asn Ala Ile Glu Pro Cys val Ile Cys GIn Gly Arg Pro Lys Asn Gly
435 440 445
Cys Ile val His Gly Lys Thr Gly His Leu Met Ala Cys Phe Thr Cys
450 455 460
Ala Lys Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro val Cys Arg Gln
465 470 475 480
Pro Ile Gln Met Ile val Leu Thr Tyr Phe Pro
485 490

<210> 11
<211> 513
<212> DNA
<213> Homo sapiens

<400> 11

atgtctcaga gcaaccggga gctggtggtt gactttctct cctacaagcet ttcccagaaa 60

ggatacagct ggagtcagtt tagtgatgtg gaagagaaca ggactgaggc cccagaaggg 120

actgaatcgg agatggagac ccccagtgcc atcaatggca acccatcctg gcacctggea 180
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gacagccccg
atccccatgg
taccggcggg
cagagctttg
cgaaagggcc
gttctgctgg

<210> 12
<211> 233
<212> PRT
<213> Homo

<400> 12
Met Ser

1
Leu

GlIn

ser Gln

Thr
35
Ile

Ash Arg
Ala
50
AsSn

Ser

val
65
Ile

Gly

Pro Met

Phe Glu Leu
Thr
115

Phe

His Ile

Glu Leu
130
ser Phe
145
val

Gly

Leu val

His Leu Glu
Glu Leu Tyr
195
Phe Asn
210

Leu

Arg

Leu Gly

225

cggtgaatgg
cagcagtaaa
cattcagtga
aacaggatac
aggaacgctt
gctcactctt

sapiens

Asnh
5
Gly

Ser

LyS
20
Glu Ala

Asn Gly

Ala Thr
Ala
85
Arg Tyr
100

Pro

Ala

Gly
Arg Asp

Gly Ala

Arg
Tyr
Pro
Asn
Gly
val
Arg
Thr
Gly

Leu

agccactggc
gcaagcgcty
cctgacatcc
trttgtggaa
caaccgctgg
cagtcggaaa

Glu Leu

Ser Trp

Glu Gly
40
Pro Ser
55
His Ser

Lys GIn

Arg Ala

Ala Tyr
120
val Asn
135

Cys val

150

Ser Arg
165
Pro Trp
180
Gly Asn

Arg Trp

Ser Leu

Ile
Ile
Asn
Phe

Phe

Ala Ala

Gln Glu

Ala
200
Thr

Ala

Leu
215

ser Arg

230

tga

val
Ser
25

Thr
Trp
Ser
Ala
Phe
105
GIn
Trp
Glu
Trp
Ash
185
Ala
Gly

Lys

SEQLIST
cacagcagca
agggaggcag
cagctccaca
ctctatggga
ttcctgacgg

val
10

GlIn
Glu
His
Ser
Leu
90

ser
ser
Gly
Ser
Met
170
Gly
Glu

Met
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Asp
Phe
ser
Leu
Leu
75

Arg
Asp
Phe
Arg
val
155
Ala
Gly

Ser

Thr

gtttggatgc
gcgacgagtt
tcaccccagg
acaatgcagc
gcatgactgt

Phe
ser
Glu
Ala
60

Asp
Glu
Leu
Glu
Ile
140
Asp
Thr
Trp
Arg

val
220

Leu
Asp
Met
45

Asp
Ala
Ala
Thr
GIn
125
val
Lys
Tyr
Asp
Lys
205
Ala

Ser
val
Glu
ser
Arg
Gly
Ser
110
val
Ala
Glu
Leu
Thr
190
Gly

Gly

CCgggaggtg
tgaactgcgg
gacagcatat
agccgagagc
ggccggcgtg

Tyr
15

Glu
Thr
Pro
Glu
Asp
95

Gln
val
Phe
Met
Asn
175
Phe
Gln

val

Lys
Glu
Pro
Ala
val
Glu
Leu
Asn
Phe
G1n
160
Asp
val
Glu

val

240
300
360
420
480
513



