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Met hods of Protein Production Using Anti-Senescence
Conpounds CROSS REFERENCE TO RELATED APPLI CATI ONS

WO 0@0F04i s application is copending with, sShRCEESENG/041256
| east one common inventor with, and clains priority to
U on ¥ , l
rom%ggbd??gf Pfoﬂgwgpggggnwnﬁgo%& tdhe com&gnts ofounds
whi ch are hereby incorporated by reference in their
entirety. BACKGROUND OF | NVENTI ON [0002] This

I at e 1y t oducti on of
CRQ%@%@E'EJ&EN%Q%R@E\W P?&'&&t]i@N%rPart icularly this
di scl osure relates to culturing mammalian cells in the
[0009] es etiie applicatiogns icopendisg &vitis saamﬁo@HeaSteorge common inventor
carnosine, to maintain viability and increase
with parod ulaimsipr'wriw tohUsitgeat States poavisioyal gaientappligation Inember
has produced nmany protein products. These products,

60/720BY R Fildty Octohere4ppodscthe contests oh ahicinaidostieby ineporated by
be used for therapeutic, research or other

refel%?lﬁb'lﬁ@ﬁéiP@ﬁtiWi mal cells, notably manmalian cell s,
ten use o produce proteins. Unfortunately,
using animal cells causes the production process to be
time consum ng and costly. [0003] Adding a chem cal
t e medi um can i ncrease cell
BAC@%%@&Q&Q%E%&&W&@N ng cells to produce a product,

t hereby increasing overall yield. The optinmal agent to
{00023 vHiis discirghsn delatesogenera ﬁhecﬁrOfib\@HQﬂgf ProtRIN&H ng
the desired protein product and cell type. Simlar
manmatian selhcatiurast dRartichlaripthis discifsurd eeletesstorculiing mammalian

added and when the agent is added to the cell culture

cellsMcthePreSadEbfsn ahti3eaBESerteccorthpdull, @ godathosine, to maintain
salts, urea derivatives, or dinethyl sul p oxi de (DI\/ISO)

viabfF 3hd %cr??iéc‘%)?od@ﬁwy Fh3o bHB?' ﬁ‘élﬁgatﬁuﬂtuﬁﬁg RAY Ras (E)roduced

I'verse e s on proteln productio The addition

oy PR A RAE PG Bl s

LS g for ke)lralﬂel}{lc, research or other applications. Animal cells,

antib eéles can be us
notably mammalian cells, are often used to produce proteins. Unfortunately, using
animal cells causes the production process to be time consuming and costly.
[0003] Addinga chemicél agent to a cell culture medium can increase cell
productivity by inducing cells to produce a product, thereby increasing overall yield.
The optimal agent to use varies depending on a number of factors, ihcluding the
desired protein product and cell type. Similar factors also affect the amount of the
chosen agent added and when the agent is added to the cell culture medium.
Examples of agents are alkanoic acids or salts, urea derivatives, or
dimethylsulphoxide (DMSO). Chemical agents, such as sodium butyrate, can have

diverse effects on protein production. The addition of an agent can increase the
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[0004] As cells produce a protein, typically, the
protein is secreted into the cell culture nmedium The
W@ p@ciosi4es pr ot ei n, however, is not the only nmaPCEUS1006/041256
t he medi um hi gh nol ecul ar wei ght aggregates, acidic
spedfEft i EYITR AL Radt ByBiafo BHEER Ay bafinnibit cel
V\gBre Iabo.f.' ous and costly. Techni ques and nethods are
growiy) andaiak '{yo i mprove product quality, enabling nore
efficient protein purificatjon; includjng, anong.

[0004d herAs cellstRPAHEE aHuotaihdyPically tae W@F@'rb%cﬁeé’é%t?gr'm&rthe cell
using a different cell line. However, there )
cultureveedibii. eElse spesifia preteing dgwerer, e ndt thiedonly mattestiaithe medium;

production techni ques and nethods that lead to
highi iblceukRe viightf agrtgatespacidrsspetied, @A0 thdheatdriaie are also often
what is needed I1s a chem cal agent that is added to

in theNRedh, vﬂHHﬁ BhR EE tHB $rodbss BNp@ifitanieR e laborious and

expression of a protein of interest while maintaining
cost Arciffyed 414 bidteo Y ol B P ghny. enabing
mor&r&?ft&iéﬁégéyegrg g{.@g&g%% i{&?&&ﬁggg%tggﬁé gmeﬁgt :ﬁl elrﬁ{gu{h%rconditions of

cul ture medium SUMVARY OF THE | NVENT| ON [006?'_8% In )

the higraagter emtsirg Aedifarent pell Ihe s Eieweyps dhera pveritielesssranains a
a process for enhanced production of a protein

neegirothecfield Forr preteimpiredudtiondechzinues ahd anetbods thatHead to improved
present invention provides nethods of culturing host

purificdtion prspessesi.ng a protein of interest in a medium
conprising an anti-senescence conpound such t hat

[oodéﬂef af HeJ@fd?@,%héPi@ rfedelas B HephiBalgent t194t98 added to the cell

hance In certain enbodi nents, such an

cun 8 FFAEREE AR SPERCH e SRRELER G RSl ORIt

iSRS b T, IBE TR R BERSERL R pRaBl Foflgleases e
resent invention provides a cell culture nedium i

pfOCEt%ﬁHﬁhWrﬂj then pEgtein Riedecreanivg the @samind of high Qweight

production of a protein of interest expressed in a
aggiegatesahd acidic species in the cell culture medium.

SUMMARY OF THE INVENTION

[0006] In certain embodiments, the present disclosure relates to a process for
enhanced production of a protein product. For example, in certain embodiments, the
present invention provides methods of culturing host cells expressing a protein of
interest in a medium comprising an anti-senescence compound such that overall
production of the protein of interest is enhanced. In certain embodiments, such an

anti-senescence compound comprises carnosine.
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In certain enbodi nents, such an anti-senescence
conpound conprises carnosine. In certain enbodi nents,
w@eoensaas | y mani pul at ed host cel |l s are conbi nedI/vb1006/041256
an i noculumnmediumto forma cell culture nmedi um
i chyi P¥MboRirAe QEnt iRVEM R BrovfRRUSIPsitions that
[0007], © In'cBrif¥boRifiefis Mresiaent ivEAh B PG

o LA Bl 5 L8 P SRS ocimone

mai ntain vjability. Supplepents include a feed

the RiS3EONPARRIION PSS 3 GBI CULHE TPJLE CHERTSDG 41 afjésenescence
i nstant di scl osure, carnosine and/or other .

competind shalenhances asagusiionsf g potaD ofintatast gxprassed in a host cell.
cells, for exanple, Chinese hanster ovary (CHO cells,

In cerain expeodiments, auch duincantbsenescenabicoiripouneasanmprisasecarnosine.
end of a production run in a bioreactor. It has been

In c&titSiA VB E&Inches, deretiaslfli inbapuiite@hosnedlissrerasoratined with an
agent, such as carnosine and anal ogs thereof, to a

inocgg{nb nfr%&rir%ﬁ‘lrt‘a f icé;f%lh&ht@?e Wétd?ﬁrﬁi Whﬁl’){“ih??@\'ivn‘{ﬁ aiSreactor.

er an Vlabl_ yUhtI pr_otelnl_s‘ )
ourB o} 03 o0t AR i RO o eact

t he growt h phase and/ or during e, production phase of
may bR a SR B SRR S5 SR P LB TR Bl BUIdEE e

resent invention. To give but one exanple, during the
proogm'm@man@/@r onaintain viebility. pSupplementp dyfinekideya feigd medium

anti body for growh differentiation factor-8 (GDF-8),

andidnentanmmo additivessssdhi &¢ edthédnsiaat disclosuhelqarnosihé and/or
and increase the productivity. In certain enbodi nents,

othed@hitildeResebndd compouRgsiescence conpound such as
carnosi ne hel ps increase the productivity of thecell

[00(?083%%ﬁ@&%&é@i&%ﬁggr@ggkﬁﬁw Clﬁﬁbs@‘ﬁ@%ﬁéﬁ%@{‘(@io cells,

: ore, during and/or aft suc
can SxbEHRE< eiuditnb viatilty Msarbe 15 o A Rueton o in
biorEAEPR Al SaStHRE B aHro 5t g 28FTBPA A AT eRconce agent,
suclvD\;; ig;gtgnotsl?r?e ggg %%gtlci»g%nthglteotf,ht% apg:gﬁ gLillPdrehr;\gcl;ium) Il'lgl;gglrr?;intain a
higher viable cell number and cell viability until the protein is harvested.
[0009] In addition, methods for increasing productivity, such as altering the
temperature after the growth phase and/or during the production phase of the
production run may be used in accordance with the present invention. To give but
one example, during the production of a protein product, specifically the antibody for
growth differentiation factor-8 (GDF-8), the temperature was shifted downwards to

help initiate and increase the productivity. In certain embodiments, addition of an

anti-senescence compound such as carnosine helps increase the productivity of the
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aggregates, along with other unwanted species, are in

the cell culture nmedium The addition of canosine
waelewresmes t he anount of high nol ecul ar aggr egeCEESHENE041256

i ncreases product quality. In certain enbodi nents,

cell éﬁmr@ H cgﬁa%rﬁ%aﬁéﬂ@ﬁaﬁgﬁﬁ-séﬁw %ﬂ@ﬁéuﬁd“ﬁ{éy be added

nosi ne decr eases agcu tion o I mol ecdl ar
I
befoe%r&g?wa%ﬁvksﬁﬁﬁ%n%@h R BeBT R Gy T conbi nat i on

wi.th one o nore additio nescence conpounds.
[0010401 1f haha lsodrerd ﬁa@v%ﬁgabafg‘ﬁﬁadg@%%f@%nt&é BeAfdCce

(e.g., canpsine) added to the cell culture medi um can
compatind sygl ASi argnesinedm g dellaubiee mrdiun intreasessthe overall quality of

i ncluding, for exanple, the cell type, the desired
protginqeroduct. drindthecpnodutiiamef thie proteim, kigle acdlecylaaweight

others. Al so, canpsine can be substituted with its

agg@@@késglaﬁﬁwg ARE oherafiVRate8 spBeies; & iRaRE keIl cANERY ineédium. The
3-alanine. In certain enbodi nents, canosine is

addlﬂbﬁ‘ﬁfgﬁﬂwdsﬂwéé?@a’eﬁééé tHe %Bﬁn?&ﬁwlgﬁ nqaéﬁ%@? Bﬁgregates and

I -Ssenescence COITpOUﬂdS I'n certain enbodi

T R o Y e e—

about 100 In certain enbodi nents,. .
compgHR@ gthefithgh CRENOSIRR, eqr@aﬁwpgc%H%tlog@?MMWh molecular

certain enbodi nents, the concentration is about 20 nmM
weighd @ggregatgs endtimprevesprodret gralie dir esrtain embasiments, camosine
medi um may be used to culture the cells in the process
is addedoiinadombinatiadwithi core oiBoble additionalrahtssenescenee corgioainds.
may be used. In addition, culturing nethods nmay be

[oomMyed tHe &Hé&ﬁ@tlbh%f%ﬁklls%%s@m%mébﬁnd s, ﬁt,ftfarnosine) added
speC|f| c cell type and protein product. Suc

o8 S8l i PSSR IRAY Biths ppee

ol FafBRE THECHERR mﬁ}@%%ged S0REh Rathe eBfitens of the
buor%%b%m?% heget Pé'a%q%a’*rb PSR SR e natogues:
acet')\l/rfc?ar%\?)sine, homo-carnosine, anserine, and 3-alanine. In certain embodiments,
carnosine is provided in combination with one or more other anti-senescence
compounds. In certain embodiments, the concentration of anti-senescence agent
(e.g., carnosine) in a cell culture medium is about 5 mM to about 100 mM. In certain
embodiments, the concentration is about 10 mM to about 40 mM. In certain
embodiments, the concentration is about 20 mM.

[0012] Any suitable culture procedures and inoculum medium may be used to

culture the cells in the process of protein production. Both serum and serum free

media may be used. In addition, culturing methods may be used fo culture the cells
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[001 5] Figure 1b. Effect of Carnosine on Hi gh

Mol ecul ar Wei ght Aggregates. [0016] Figure 1c. Effect
w@boozasresi ne Additions on Different Days on AeCTIUS2006/041256

Peaks. [0017] Figure 1d. Effect of Carnosine Additions

as aFB&@éﬁﬂ‘%"SSﬁ%@ﬁéﬁf@?&?!iﬁ%%mcéfﬁ%?i%f‘ﬁ@;%ﬁfb%?‘?ﬁf’@?%%?ies
i : - e :

g g SRR et bORAGhe B BB LS EbRT S " o
00185, PERE GBR ke pne EbaTea o8 455t rom e
Productivity. [0022] Figure 2e. Effect of Carnosine on
fOHOM@‘nde@&'QHaﬁnd/\ﬁpghtheAéglm&gat es. [0023] Figure 3a.

Ef fect of Different Concentrations of Carnosine on

Viable Cell Density. [0024] Figure 3b. Effect of
D fferent Concentrations of Carnosine on Daily Cell

BRIEF GESCRIPTIONTH THEODRAVIINGST f ect of Different
Concentrations of Carnosine on Daily Titer. [0026]

[oo@!lguf e 147 Egsét & cdhb ﬁ%ed%ge@iﬂ%lfﬁok P09,

rnosit ne on Cunul ative Speci

R R PR Y (A T —

regat es I NI TI ONS [.0028] .. Fol | owi.ng | ong- st andj n
[0018 gv Yrgnlc. ¢ Reqt g Garmg '”E@d"‘&-ﬂ‘s PR ef%ﬁtsgavs RBrf“eO'giC
when used in this application, including the clainmns.
Pealgsen t hough the invention has been described with a
certain degree of particularity, it is evident that
[001Fhny Fgurer ttht Effect, ofi@ainbsinatAdditionsaoil Differeat Dags owi High
be apparent to those skilled in the art
Molecular Weight Aggregates.
[0018] Figure 2a. Effect of Carnosine on Daily Viable Cell Density.
[0019] Figure 2b. Effect of Carnosine on Daily Cell Viability.
[0020] Figure 2c. Effect of Carnosine on Daily Titer.
[0021] Figure 2d. Effect of Carnosine on Cumulative Specific Cellular
Productivity.
[0022] Figure 2e. Effect of Carnosine on High Molecular Weight Aggregates.
[0023] Figure 3a. Effect of Different Concentrations of Carnosine on Viable Cell
Density.
[0024] Figure 3b. Effect of Different Concentrations of Carnosine on Daily Cell
Viability.
[0025] Figure 3c. Effect of Different Concentrations of Carnosine on Daily Titer.

[0026] Figure 3d. Effect of Different Concentrations of Carnosine on Cumulative

Specific Cellular Productivity.
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in light of the disclosure. Accordingly, it is

intended that all such alternatives, nodifications,
wae@7osmp@at i ons, which fall within the spirit pemusSmo@pet1256

of the invention, be enbraced by the defined clains.

02%Y: n . " . .
[OOih.’i %an‘%%é.eEFﬂactatSFDlﬁé@ﬁ%ﬁ%ﬁt@ﬁWHﬁﬁg{@mﬁﬁ High

reinrefers to any agent or conpound

ture, pronotes viability, growh,

MOIW&@@@&@%&H cell grown therein. In certain

enbodi nents, use of such an anti senescence conmpound in

cell culture results in increased titer, increased

cell specific productivity, increased cell viability,
DEFiINUH@AS®ed i ntegrated viable cell density, decreased

accumul ati on of high nol ecul ar wei ght aggregates,
[0028}d/ dolldeinglangdstandingwwoatentiom ftha ténisc" &' @ '@n” hiean "one or

woul d be observed under otherw se identical culture
mor&'onHé uesd in tris abphdatione irthiding EHeElIaRNS EE N PRUBE the invention

Non-limting exanples of anti-senescence conpounds

has bB&h dBBYrihd Hﬁtﬁdat ﬁé}té}ﬁ @l%gpe?é‘ AMibianBL rilqgﬁgg!éﬂt that many

conpositions o e presént I nvention- i nc

R0 REATARRRS, 26738 s AL PRy RSB n e ar
i i o RSP R, SLR AT TRl B2l A B0 B SR,
i nvention.[0030] The phrase "host cell" refers to )
modifispliensyanshvariationgpwbick fal withimheggidt anchsegpe of the invention,
mani pul ated and/ or are capable of growth and survi val

be embracexkby theibefined oleitheim Typical ly, the cells can
express a large quantity of an endogenous or

[oozlsﬁt ermpleaeays anti@enbscatcd dormpaRtd’ aRMusRNh&leih fferseloddny agent

e protein or secrete it into the cell culture nedium

t | i " ' el |5 "
or c%ﬁ&&ir]d Rt wheh la3idab %o F%éll%%’lth)’e, ggﬁfpﬁ%é \gi?b@@)', lgﬁ%wth, andlor

I ch conprise the nonlinting e Cebr at
oo oA MR U bRt o S B
sendgbSR4S PG 16 Bl il S LT St sl specii
prod\(xm.ctli\lity,b?nc?c\el\aasre% c?;ll viability, increased integrated viable cell density,
decreased accumulation of high molecular weight aggregates, and/or decreased
accumulation of acidic species than would be observed under otherwise identical
culture conditions that lack the anti-senescence compound. Non-limiting examples
of anti-senescence compounds that may be used in accordance with methods and
compositions of the present invention include carnosine, acetyl-carnosine, homo-
carnosine, anserine, and 3-alanine. In certain embodiments, two or more anti-

senescence compounds may be used in accordance with compositions and methods

of the present invention.
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ot her host cells that nmay be used in accordance with
nmet hods and conpositions of the present invention.

WO 0@32504Te term "cell culture nedium refers POI/ES2006/041256
solution containing nutrients to support cell survival

[OO%Pgd_erTf?é’ Bﬁliatsiepﬂ%sf IMhbfels (REIR WRIRh 38 ¥a lelelj'éniftféi'@br:?& génetically

sired protein. The phrase "i1nocul ation

I j und [ Ut | ar t .
manip R ABF Rl Pt B oyt s B8 &' o pREb RIS Fuedium.

initiated, In certain enbodi nents .a "feed nedi unt
TVP@@W»&E%@L‘? RN &PIRAS %‘i@% qyantity ofianRnogengHs as hielgrologous

but is a solution or substance with which the cells
protgineoffigigrestiand ¢an eithern retpinthe proteinl argesreteit inée the eell culture

enmbodi nents, a feed nedi um contai ns one or nore

medi@mponent s not present in an inoculation nmedium In
certain enbodi ments, a feed medium | acks one or nore

[00$lf]npqm@§ttdé|l§fa¢_§ @Yﬁic_:éll? ‘AfarhRflah 26l N wiksh mPﬁs@ﬁéﬁﬁnlimiting
of ordinary skill inthe cell culture art will know

exartW"ﬁ}!e [ _no‘f:u at %gﬁﬁéin%ﬁ?%uﬂn%&%ﬁp |i caiil @mtq[‘]le_seﬁéJERe hamster

ova IO i ey 250 BB RS RSB B AL o murine
GFRTR G PRI NN SRS bbb Reh SRR TE 3 Kl avare o
medi um or both conprise an anti-senescence conpound.

othgrdosbeetnibat Biay be bsed buagenrdancmwiih feetheds e@ndponpesitions of
herein refers to an observabl e and/ or neasurabl e

the pireseatinwenton.c of a cell culture. Methods and
conpositions of the present invention are

[0032]V art iR ROuS |cE ]l BiRdrd Melh OR8N atfoliMidrEcéftalning nutrients to
culture characteristics. In certain enbodi nents,

suppSREQY SIRAal Bhdér E@Miti@‘é@ Wﬁcﬁ fl%?lé%%ﬁ{qﬁ\é/' dndFOBRLES &esired

I ncreasing the nmagnitude a cel _
oroGRECTHR Bk sk BB B L P TR AR Bt
or sifarianconiayis Bibiests WBEND Gulreict cela setiited [ncertain
embréalmgﬁtstai 't'fgerac’i rr?c-,?cllillJm% %?)(r:rlraflrlwsc sir|[1)1ril21(13rI lrjlﬁriie\gté %é tﬁg Iirloculation medium,
but is a solution or substance with which the cells are fed after initiation of the
culture. In certain embodiments, a feed medium contains one or more components
not present in an inoculation medium. In certain embodiments, a feed medium lacks
one or more components present in an inoculation medium. A person of ordinary
skill in the cell culture art will know without undue experimentation what components
make-up the inoculation and feed mediums. Typically, these solutions provide

essential and non-essential amino acids, vitamins, energy sources, lipids, and trace

elements required by a cell for growth and survival. In certain embodiments, an
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viability, integrated viable cell density,

accunul ati on of high nol ecul ar wei ght aggregates,
wa@na/oso4axcunul ati on of aci dic species. One of POr/UBIV86/§41256

skill in the art will be aware of other cell culture

eand
nocGRRRAThELL epep TR ot TORRARS, & B8 s el
"def i, ned rredl um' as used herein refers to a nediumin
COMPAYRS, t he composition of the mediumis both known and
controlled. Defined nedia do ngt contain conpl ex
(00333 {¥hesiorinnl 841 hAraFteR R sy SRLSTETMS B oA,
unknown and/ or uncontroll ed conmponents. [0035] The

obserwable aratipt measedihiertharactesistic of aaiell quiiiize.sMetheds and
medi um contai ns at | east one conponent whose identity
com?bsﬂdﬁ@bf the preseht inwentiork a\adwintagecusly abbetb inhP@¥EJone or
he phrase "cell line" refers to, generally, primry

mor@ %éﬂ gﬁﬁuﬂescﬁé?ééteﬁéﬁésesﬁl Geridif bRiIddRhehtat ﬁﬁsﬁ)t\/eniéht PP Eell
inents, the cell's have been transfected with

cultﬁé%%@&én%cﬁﬂg ISk m?:Fea%l@eﬂ] r?:ggﬂﬁl%ee?f‘a 2B Biture

contal nt ng con sequence Ctivate expression
uence

charﬁgfeé}sﬁpoé}b Ger alprﬁlgépQIg]qp gﬁ%@g?\{(.j?gﬂ%@to L#S@e??lgcwg.pp\pgaractenstlc

fromsuch genetically nodified cells forma ce
comgriges fecigaginedhermagritide efia cell EU'FPH&QE‘#T&"H&@?T&N /éﬁ aon -limiting
produce the protein product. In certain enbodinents, a
exaroplds, hied audioyer clamciaristianayhios titeretelksperific peodsictivty, cell
been transfected with exogenous DNA and express an

v1abﬁ|ﬂ,ﬂ| Geregrited Madieicell abnsity, eiceainuldtidnofhigh endlgculat Weight
phase" of a cell culture nediumrefers to the period

aggit gibd, BRARSY dc%uﬁﬁﬁat'tﬁ?ﬂ@fr &&ﬂlﬁ%p@é@sd Ohe/ bf bRIInaAYkill in the art

ow ng exponentl al y, oOr close to exponentl al

Y-
o LB My AR SR g
oGS TR AR GaRR oo g?m’
hase and the culture _conditions in the growth phase
[0034]), Vs tesin “defied arrdiam 9sm$§dmetr@maref%ﬁ§%ﬁ rpedium in which the

ordinary skill in the cell culture art. In certain
compobitidnrof tive meaiwral is botl knowen andiconiroied. Defined media do not

contain complex additives such as serum or hydrolysates that contain unknown
and/or uncontrolled components.

[0035] The term “complex medium” as used herein refers to a medium contains at
least one component whose identity or quantity is either unknown or uncontrolled.
[0036] The phrase “cell line” refers to, generally, primary host cells that express a
protein of interest. In some embodiments, the cells have been transfected with
exogenous DNA coding for a desired protein and/or containing control sequences
that activate expression of linked sequences, whether endogenous or heterologous.

In certain embodiments, cells derived from such genetically modified cells form a cell
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a grow h phase is supplenented wth a feed nedi um

[0038] The "transition phase" occurs during the period
wob@nostaes cel | cul ture nediumis being shiftedPET/o82006/041256

conditions consistent with the growth phase to
line @# ' i ,
lne%u?fljé;{‘g ;{?ﬁb;ed:ﬁ’lnﬁ' bl Bfifurd rh@d@ﬂftg?g?n%%&lﬁdl! Eéb({%g%;l@? Rrotein product.

transition phase ors
! re .en _changed. .l n certai
in TR bRt Lo 17 eBiRBRRES prR RSl dnat bave not been
ase i s, suppl emen with a feed nedium [0039] The

ffang%%%wﬁh&aggﬁae@s DA g Capress ane QIRNQYIsRNPkFIR AR Herest.

and the transition phase. The exponential growh of
[0037e cEhe sgmusth phaee’ ofraicell oultira medidocrefens tbdhe period when the

princi pal objective. The cell culture nmedium can be
cellsappledengoid tapid divisiat ang goolingiexponkntialpr, baiclbse to

enbodi ments, a cell culture mediumin a production

expoh@atallys TSipRilIgEsllsestedultliret e diRMsUBtinhiBe @ 4ok 6éllg§}owth for

the tenperature of the cell culture nediumduring the

Chi p | , j
gonBfelt 8 D RERRRYag oo (ens FEYEENE o EREEHIL M about
0P, chi T rodycs i o hase continues, until a
35°G8HeE: SHomsBiReBPEraTic o D8 KRin 6T T, sise aine outture
ell de sitIy" reLers to the total nunber of cells that
condjfigns it (e\gryth Rhase ceBvANE kit Alecianas BknGW o a person of
particular volune, generally per m. The phrase "cell
ordinaykill inythe el ultuteariu i eertain arabodiments,chealt eultureveedium in
conpared to the total nunber of cells, both dead and

a grawilv phasx 3 sopdeinanteal with adetdgwedii®041] "I nt egr at ed
Viable Cell Density", "IVCD': The terns "integrated

[0038]abl Ene qtdnsitRitsphase” chcﬁﬂsv(lﬁﬁ?fng?‘t?)elﬁeﬁ‘%cf\ﬁﬁﬁﬁ thé EélPéulgL?e

the average density of viable cells over the course
medff £ B Ao LS B BN nd AR oo o

i dJonal, to the nunmber of viable.cells.present
condfigh® BRI xistF Bingfe HG IR TS, RAmcinedratslitina, factors
. ensitﬁjis a useful tool for estimating the anount of
like {GrBRRIBHITB BANCREPIRGS: afhalten Gharges. Ip keriain embediments, a cell

[0042] The term "high nol ecul ar wei ght aggregates”
cultyrefraediunvinge transitipy piiase fosdeplemented with a feed medium.
[0039] The “production phase” occurs after both the growth phase and the
transition phase. The exponential growth of the cells has ended and protein
production is the principal objective. The cell culture medium can be supplemented
to initiate production. In certain embodiments, a cell culture medium in a production
phase is supplemented with a feed medium. In addition, the temperature of the cell
culture medium during the production phase may be lower, generally, than during the

growth phase, which typically encourages production. The production phase

continues until a desired endpoint is achieved.
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proteins or an inproper association of at |east two
pol ypepti des. The association nmay arise by any net hod

WO p@bosi4pg), but not linmted to, coval ent, non-PCWEEMNE/(41256
di sul fide, or nonreducible cross linking. In certain

[00461:363?1 rSse TR dﬁ\)@%%n%lé%sg?”ﬂé‘?é%ttb%t&él T S\S@élfs that are

n ar e advant aget)u utilrzed to reduce
I
sun A8l el . Pl T
phrabpicelnaabIE S BEs npaber L s ABidh 3% Bleriast r&é’r%a t6 the total

free radicals. [0044] As used herein, the term

numbenof ¢edidybotihndgadiasd aliye, axpressedrgs @ @leﬁ@?l‘é@gq? east one,
and typically two, VH domains or portions thereof,

[004and/ Oihtegraletp¥iabnCell Duhsityhi'ODY Theteris tmtagra’ted ofable cell
portions thereof. In certain enmbodinents, the antibody

denélt§l” 6{ *l@b@”&r usdd h¥vRi R 10 W%g@ubhﬂt)ﬁ@fahaﬁlems over the

i ght imunogl obulin chains, wherein the heavy and

courgég'ﬂh Hﬁsﬂlﬁ? | deﬁ@ﬁéd”b ﬂ%gﬁloﬁb?% tgﬁérthégﬂﬁ%tl%ﬁh When the

onds’. e antl or a portion

a5 S T R Pl gt v

non- human pri mate anelid, as wel] as rec inantly.
the gaugeriebine uliyre, leeﬂgﬁ%tﬁﬂdﬂam eeHdegsity MP%R&”&(Q ??fr%'yt'ma““g
generated, as described in nore detail herein. [0045]
the afwaumt ca@roﬁelmpmﬂuc:gdfqvmMmc@ureamﬁmggwew thin the
term "anti genbi nding fragnent" of an anti body i ncl ude,

[0042yt ame temh "high melkcutar ieighttadgrbgdtest nefets teagenerally mis-folded
nonoval ent fragment consisting of the VL, VH CL and

protéhs of %W??on%éﬁ dsko&a%ﬁ%ﬂa? Iéds@ﬁlﬂ@ Bblypépbﬁé’@' 'ﬁ’(é association

raglment rising two fragnents | inked by a
o A S Bl A8, o4 g
disu@?iﬁgpre SirryE B e o t'{‘]\('aff\’% AR E PR H\%&sﬁqdai‘and
consists of a VH domain; (vi) a canel ISEX/ C rrel [ é
compgsifians ef denpiesent ipventiep §E%¢\@n§¢ﬂﬁw ﬁ uce the

(viii) a bispecific antibody;
accumulation of high molecular weight aggregates.

[0043] The phrase “antioxidant” refers to a compound that can prevent oxidative
damage to lipids, proteins, DNA and other essential macromolecules by blocking
free radicals.

[0044] As used herein, the term "antibody" includes a protein comprising at least
one, and typically two, VH domains or portions thereof, and/or at least one, and
typically two, VL domains or portions thereof. In certain embodiments, the antibody
is a tetramer of two heavy immunoglobulin chains and two light immunoglobulin
chains, wherein the heavy and light immunoglobulin chains are inter-connected by,

e.g., disulfide bonds. The antibodies, or a portion thereof, can be obtained from any
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and (ix) one or nore fragnents of an i nmunogl obulin
nol ecul e fused to an Fc region. Furthernore, although

wo b@7os9gionai ns of the Fv fragnent, VL and VHCHDS2006/041256
coded for by separate genes, they can be joined, using

orod SEEFUME A RLRRES LB o St 0 pr uman

which the V L d VH regi on air. t a ;
primia o . s SRy e, BELTRRRL hnized
Bird et al. (1988) Science 242: 4 3-%?1; Huston et al.
and/onsgiro meseratre: as dagsciipeddpjmorg aptall NGECIBZ79.83) . Such
singl e chain antibodies are also intended to be .
[0046] c onpaBgamplast d¢fi bindihg fragmantaencompapsed Mg I thedRERt antigen-
of an antibody. These fragnments may be obtai ned using
bindH WASthEAN @ ahemibody frsclide Wut tace hbblreited td,| (§c Fab flagment, a
art, and the fragnments are evaluated for function in

: . o o _ "o
montogﬁltef\ggﬁgﬁ%'ﬁ? EBnQ?tm:’g’ 6f iHah\AC tvianE L kedi G4 doviifs; (The F(ab’)

Inding fragnment” can, optionally, further

i nclude. a ' . T

fragwenk, g gwﬂeﬁgkrgéﬁ}eﬁ %élaﬁ'?@?@ﬁtgtﬁ)l %énl‘?ic’)rr%nféwtﬁnﬂfed Sy €-disulfide
_conpl enent fi xati on,. Far, .exanple, th Nk Lboequbl nej e

bridge abiheRngaeaian; i FHdAuEn: canfiad a5 i VLTS RECRA domains;

al bumn, or a heavy and/or a |ight chain cqnstant
(iv) a Eyiftagmenirorsistnge the Y ans Yhaamaips ofa single arm of an

"bi functional" antibodies, an antibody is understood
antibedy)@viea dAbHragments whichdcongists of e Vld@ﬁlsmajm (vi)m camelid or

“"bi specific" or "bifunctional antibody" is an _
canlitéd Lsiiable MopRaif: @il & leashle BRaINTY (sof vili(filipadigpecific antibody;

heavy/light chain pairs and two,different binding

andji&(? ﬁégyﬁgﬁ&%ﬁ%ﬁeﬁ@tdfw&rﬁﬁuﬁ@@o@@irpm@(é&ﬁéifd@bd&o an Fc

s I ncluding fusion of hybridonmas or

Jinking of Fab',f ) Mhi &)

regipic kHEfiRness el WA hin gpfitinsofine SR Aqigh, VL. dnd VH, are
Kostelny et al., J . Immunol. 148, 1547-1553

codp ORI SRRRIPIRLASHE IR R DRAOIDE0 4UBH g ng e, by o
art are available for obtaining antibodies. ar . ioh th

synthetic fiskenihatipnables deerriodernads g6.a sigplecRigigin ghain in which the
nonocl onal anti bodi es may be produced by generation of

VL SydbVHlegions pairteforcemosovalent otaaules (known as single chain Fv

(scFv); see, e.g., Bird et al. (1988) Science 242:423-26; Huston et al. (1988) Proc.
Natl. Acad. Sci. U.S.A. 85:5879-83). Such single chain antibodies are also intended
to be encompassed within the term “antigen-binding fragment” of an antibody.

These fragments may be obtained using conventional techniques known to those
skilled in the art, and the fragments are evaluated for function in the same manner as
are intact antibodies.

[0046] The “antigen-binding fragment” can, optionally, further include a moiety

that enhances one or more of, e.g., stability, effector cell function or complement
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nmet hods. Hybridomas forned in this manner are

typically screened using standard net hods, such as
we@pye4bs nked | mmunosor bent assay (ELI SA) andPGUUSHO€041256

pl asnmon resonance (Biacore(tm) analysis, to identify

[ t
f'xafs?%&%f SR et SR, bitBlyobl e e Gt Riklyde  mgoviated
ecified anti used. as the inmunogen,
moiglyy albiaB ofe heAyY BHERE GO SDEI AP R EoMG f or ve.
any variants or fragnments thereof, as well as
[004477: | genmhpémndblapﬁz@mopr “qlbmbqnaﬁ’qan%mdm Ay anihathds
of maki ng anti bodi es includes screening protein
undesgtoed & bave eachaof is bindling sitgshidgatical. A tespeuifialics Sbifynctional
l'ibraries. Phage display is described, for exanple, in

antibedytds aatardficial Abrd Attty difféRstit h‘é@vghighﬂ&%h pairs
Sci ence 228:1315-1317; MD 92/1 619; WD 91/172

> JEpsHider SRR o) BB TRcBA e B BYPCeq g varew o
met3e Mol AR ok oBh Adtias AP AR ! Fggg"?gé”ﬁgﬁ’%de b s
Songaiak féﬁpémannegﬂﬁngmﬁﬁ{gn%r?f?'n%¢'34%éjﬁ@?%&' fesglyetal. ).

of a human immunogl obulin gene. For exanple, i

t
lmmtg\r%o% H047t1$33(JPR8kr rouse strains deficient in

nouse anti body production with |arge fragnments of the
[0048]marNumeras metisidsgkndven toythoisd skilleded timo bd@re available for
anti gen-speci fic nonocl onal anti bodi es derived from

obtdihifg $@MtiBedidstdr evlfrfmgelflflﬁlhcﬂlﬁg< irits GhdrsofraFolbéxdrhpieY efshoclonal
and sel ected. See SEt , Geen et al.

ek P o R e o
el O ARFRA s tgﬁi%%ﬁ%a5%%§’%b482n%s@ndafd

met&e.&muz 5 TR SR SHOASPENt ARSPIE LioBugEd gurface
plasl;r;nngqs;aggggg I(gigggre%atngﬁlgigl, 90“%3n§fr'y°c¥“r'?e cI)P mtotrlt.(ee h%ﬁldomas that
prodUce an antibody that specifically binds with a specified antigen. Any form of the
specified antigen may be used as the immunogen, e.g., recombinant antigen,
naturally occurring forms, any variants or fragments thereof, as well as antigenic
peptide thereof.

[0049] One exemplary method of making antibodies includes screening protein
expression libraries, e.g., phage or ribosome display libraries. Phage display is
described, for example, in Ladner et al., U.S. Patent No. 5,223,409; Smith (1985)
Science 228:1315-1317; WO 92/18619; WO 91/17271; WO 92/20791; WO

92/15679; WO 93/01288; WO 92/01047; WO 92/09690; and WO 90/02809.
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approaches for making chineric antibodi es have been
described. See e.g., Murrison et al., Proc. Natl.

waewdiosBes . U . S. A 8 1:6851 , 1985; Takeda et BET/S2006/041256
Nat ure 314: 452, 1985, Cabilly et al., U S. Patent No.

[0050]816in(5:%|¥ditéct§9§ﬂﬁfetﬁ ofdi§b1§¥ liBPArRIA ¢ spé‘ciﬁé’oﬁaﬁﬁ&én can be used

Tanagu opean Patent Publicatio

o G g AR, YR 57 AOREE B . 1

al so be produced, for exanple, usjng transgenic nic
ceriBinsemBRpPRSRS oo Buen SRmR| BRluORR At PR AGRAT L4 human
. are incapable of expressing the endogenous nouse _
immunegtailisaanen fFrexample, it isgprssitlaite egeinesr myuseestrains

descri bes an exenplary CDR-grafting nethod that may be
deficieat in mopse patibodhprdducton neth large HaginestsieftheiHuachn Ig loci.

herein (U S. Patent No. 5,225,539). Al of the CDRs of
Usirfy B fiytsridomia batnmbeloyit ah@%m 8p¥ciRE mMd)cisill amtibbdias derived

| east a portion of a non _ur;an CDR, or only some of
from) R R A 18 ge T SReohy i e Rleieid selecidy See
f b el he h ' i b t
o0 o RENDIRINEY GrRBo{HhlB5%) RRtire Rrsnsis e 1330 US 290s-
00703 8T SoLAB0R cpuihed Gl a1 chnh. ArEHAE T Ampigtion No
directly involved in antigen binding with equival ent
Pcﬂbﬁ%ﬁ@&, fitlgd ApER?, £909%G.ar i abl e donmai ns. Exenpl ary

nmet hods for generating humani zed anti bodi es or
[0051]agntantestdin endodimertspa ovonsriomy! avtibodp oktadfi) from the non-
Sci ence 229:1202-1207; by O et al. (1986)

hunBircdisig i) Siietheh: dadifie@nd gbyhudafizE@ Wi®hurize® $¥ieri€Imay be
- US 5,693, 762: US 5, 859, 305: and US 6, 407,21 '3. Such

rod g LA B G081 ity
aoo B ok PGBl YEHRRESH SHPAER, 522 oron
et af {00 NaRaR it e Ups A8l BaH nddBbal s SaladUmI B tA:452,
198%?&!2%233\}22{);&%;? &nggi,gﬁéi%%ie%ii ot gl.,r S?é).ng;tgﬁ{] It\lo.
4,816,397, Tanaguchi et al., European Patent Publication EP171496; European
Patent Publication 0173494, United Kingdom Patent GB 2177096B. Humanized
antibodies may also be produced, for example, using transgenic mice that express
human heavy and light chain genes, but are incapable of expressing the
endogenous mouse immunoglobulin heavy and light chain genes. Winter describes
an exemplary CDR-grafting method that may be used to prepare the humanized
antibodies described herein (U.S. Patent No. 5,225,539). All of the CDRs of a

particular human antibody may be replaced with at least a portion of a non-human

CDR, or only some of the CDRs may be replaced with non-human CDRs. ltis only
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nol ecul e can then be cloned into an appropriate
expression vector. [0053] In certain enbodinents, a
whewvas@esl anti body is optimzed by the introdeCt/Usw0e641256
conservative substitutions, consensus sequence
[ i :
necBeHT 0 SoniaBE theflIoEr Br B iR B, BAAIRY of the humanized
mad any, of.. sever al technlques known in the
antlgp{fy ?czgpé get?ﬁﬂﬁ' arg|gen Proc. Natl. Acad. Sci.

80: 7308- 2, 1983 Koz t al | mmuno
[00¥ﬂdayHumanyzgﬂgan S @f aghenis t B?r eofgappe WﬁfﬁJ b)%eplac'ng
92: 3-16, 1982), and may be nade acpordlng to the o
seqtiences ﬂfgtheﬁv Viatte domedn that avenet dsedl isrvoleed in antigen binding

0239400). [0054] An antibody or fragnment thereof may
witl'adaqiﬂvﬁenhwhdérmés isons haaidn Ev datisble donwding.u Exemplarglrhethods
epi topes or "dei nmuni zati on" by the nethods discl osed

for ?éhéﬁ@tl@%hﬁ&%ﬁ@ze@%t%d%y SreddmeBis BElebf drd %ré\ﬁé‘é’d’ bMbrrison

I ght ain variable domains of an anti body can

(19@533%;&5% 595 108PL A5 gk ett%q_”@ 9??) M?ﬁe%hﬁﬁ% 5'4.21&‘951% by US

esr epr esent pot epltopes

5 5%@%@?@%#@%/?%3?’ 5%9%695‘253%09’@5%? N A 218 suen

roach ternmed "peptide threadlng can be applied
methiads INIuRiISOIaiRTaMANRUIAING, ANGHRXPIASIREL TG AUEIq a0 sequences
bi ndi ng peptides can be searched for notifs present in
thattensode allmr part ekigirsuceglpbulin Be yeriablediamain®iesn 82 a6t one of a
and WD 00/ 34317. These notifs bind to any of the 18

heaupjoo light-haih.aSsich Inubki@btids ynas be abtaihdd SroeoaHybtiddma
potential T cell epitopes. Potential T-cell epitopes

prodiﬁilﬁ@bﬁ‘én‘ﬁ%d?%ggldsff‘arﬁﬁé@éteh%m%dbt&%étuée B@séﬁf%d above, as well

nbers of amno acid residues in the variab

as f%gﬁ’s?ﬂttﬁ?ru sdtircey. eé%@@rlnplnam/ DNA'8hEo Hg lﬂ'@bﬂllz @antibody

tirons. Typ y, COnsérva Strt
t .not exclusivel an_am no aC|d

molgtfiaan bl beadonsd intd AnARHSP ALY Akt vesday

sequences nmay be used. Human gernline sequences %
[0033]e dﬁnﬁr@é,%emh?%ﬁﬂisngckwm%ilzeq’ anfiherbpis optinyged by the
. Biol. 227:776-798;, Cook, G P. et al. (1995) |munol.
lntromm?nwﬁlcona@veﬂye salstitations, Chosensys seqtetncals.ubetiiyggms,

J. Mol. Biol. 227:799-817; and
germline substitutions and/or backmutations. Such altered immunoglobulin
molecules can be made by any of several techniques known in the art, (e.g., Teng et
al., Proc. Natl. Acad. Sci. U.S.A., 80: 7308-7312, 1983; Kozbor et al., Immundlogy
Today, 4: 7279, 1983; Olsson et al., Meth. Enzymol., 92: 3-16, 1982), and may be
made according to the teachings of PCT Publication W092/06193 or EP 0239400).
[0054] An antibody or fragment thereof may also be modified by specific deletion
of human T cell epitopes or “deimmunization” by the methods disclosed in WO
98/52976 and WO 00/34317. Briefly, the heavy and light chain variable domains of

an antibody can be analyzed for peptides that bind to MHC Class lI; these peptides
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Tom inson et al. (1995) EMBO J. 14:4628-4638. The V

BASE di rectory provi des a conprehensive directory of
whewvatsi4psrunogl obul i n vari abl e regi on sequenceBCT/US2006/041256

(conpiled by Tominson, |I.A et al. MRC Centre for
repPEStipdtdAt@l Tasdll éiﬂtolpgé'(@é befifed HIVO §bﬁ§2@7§%g+bﬁ\?\ff<§§)0/34317).

can be usedi|a§ a source of human sequence, f
For, GABENH Bt SOEh0R"T, 38 olPes, SPENTRIUE rltERg RPN Crmea

«. 6..300 064. [005 In certain enhadi nents, an anpti bo

peBLile dyeding’ 51 Her IS, ARk BHGHAN ArARiBHasaAf RMARITHC class
regi on. For exanple, an antibody produced in

b paplidessambe rearchgdiphgotifeeprsisaniintheiVid and\d- sequences,
strongly or with nore specificity to effector

as des@ibeldds WOCIB/a297d apt &End0/3481 Or These awsifs birel to any of the 18
whi ch can control several imune functions of the

majpriiBotiass it DRI pes,taid Bl corstiiuté pytertibT Tell epitopes.
conpl ement - medi ated activity, antibody cl earance, and

oAU ghinds eckif b FFAEA Bk B Prmocr o

(. NC : re not. Limted. 10 rs.of the Ecqg .
amk;:a’ é@@g«ﬁl{?ﬁ%saﬁw dﬁ'ﬁ e%?lﬁk‘elnﬁé‘rﬁglnéc%Eﬁeﬁ%%%&}gss’méle aming acid

including allelic variants an | ternatively spliced
susffiiNsy TyRiall, canspivtve sebSfiudons os mate. | QRPRH oy

Ravet ch and Kinet, Annu. Rev. |nmmunol 9:457-92, 1991 ;
exciyghealy.can amino agicheesifeendele pesitirain woan garmlinkapiizedy

et al., J. Lab. din. Med. 126:330-41 , 1995). [0056]
seqlieaces megehe' bsed.e blonman' gemhlamessdoquencesss.gl, are diguledediin

cell culture medium can be contained and internal

Tornlmsbnt, ie0 8k (P69, GloICBIdI 2T PTe-708! €HoRUGE PIet BE g/1995) Immunol.
culturing period, e.g., pH and tenperature. [0057] A

Tod;é;Nolb% ¢5): 93'71252? 'lbl'fcﬁlfri%,r Pi' EPaﬁ‘.(f@éij(?ﬁtl\g@. iﬁ}#l.;ﬂf:?%ﬁﬁ; and

Ils in which cells are rst inocul a

TR LA R B BT BT B LAY Fovies o
con e RARR e B B e Tocuences

suppl enent s,
(compiled by Tomlinson, |.A. et al. MRC Centre for Protein Engineering, Cambridge,

UK). These sequences can be used as a source of human sequence, e.g., for
framework regions and CDRs. Consensus human framework regions can also be
used, e.g., as described in US 6,300,064.

[0055] In certain embodiments, an antibody can contain an altered
immunoglobulin co,nstant or Fcregion. For example, an antibody produced in
accordance with the teachings herein may bind more strongly or with more specificity
to effector molecules such as complement and/or Fc receptors, which can control
several immune functions of the antibody such as effector cell activity, lysis,

complement-mediated activity, antibody clearance, and antibody half-life. Typical Fc
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[0058] A "batch culture" refers to a nmethod of

culturing cells in which cells are inoculated in a
whraresabor with all the necessary nutrients apdI/us2006/041256

suppl enents for the entirety of the production run. No

redupitbisehat 6t iadrfec AigforTBlSn bAtib b o :
férﬁtoughout t he durat igg% of the]p%dﬁei i’gngb%@b] ) Welude, but

are AP LHRE o THeCptb R o/ Fian RO e AR A g subciasses,
incfiihg' i EEbalins o Sefunel slesd s AbiPsse rereriprs. oo

i solating and/or, purifying an expressed protein of
reqeRIS &LE TeRIeRrin fiAvete @i Kinati Ahws. e Ivpenol 9:457-92, 1991;
conmponents are periodically or continuously added to
Capgketall, tipmunatoethads Wi B411994capd desdaapebaleib Liab. Clin. Med.
periodically or continuously harvested. The
12@:33pekl, 11985).0f t he added nutrients may be changed
during the course of the cell culture, dependi ng on

[00568 neRfisplrast NBiofEAdtSr” réfees fFIHVESEENh SyHiH a‘b%il ic‘[‘xﬁthre medium
of ot her

protein production, and/or any of a variety

A B8 ' ' & ' ' i e, art.
21 5B Tatar dfitehiad SendioR Bk Which G b chffublids Bling the

e} W0 d . the transl ation that occurs within a
cul %@@Sﬁcéer'q%t e#esﬁei@empe& F%ssion rel ates, generally, -
th nt of profein being produced by the host

[005g] %[%g@%%@!'ﬁﬁ? A rS"tBradm@thd @frcw"iw%gézeﬂs in which cells are
_product” refer to one or more chains of amino acids.
firshinogylated ity 2 bipreatier withran ippoulammeidiumy Ateycalicultvré medium is

"pol ypepti de" and, as is generally understood in the

thearsuppleshentedtal oae drensie poistsahpiuyholt &1 pdaetie rin WaH a feed
via sequential peptide bonds. In certain enbodi nents,

mediunP EOARINING hutrifoRaESdmpbRerts Fét’n@i‘/cﬁj &hﬁf‘ﬁﬂ’@ﬂgm@ﬁté‘n
exogenous nucl eic acid nol ecul e that has 'been

[006BRNS oERG, jf;ﬁlfl.ﬁ?’:ré?é’r%ﬁtofai“ethdd@éﬁﬂfuifhg o‘%@g ?rglv)‘ﬁch’lt Sells are

a "protein o rest a pro
: i . i lecul e that is endogenous tq the host
inoBitFled s Phlofdhinr Eith Bl e hebSs AR LT EnGnabe sulelensats for the
end?{ggﬁous rotein of interest is altered by
entyrety %Pfﬂ?fﬁl ORdun- Ng nutephadditiens gemeasertadheicell culture
acid nol ecul e that may,
medium throughout the duration of the production.
[0059] A “perfusion culture” refers to a method of culturing cells that is different
from a batch or fed-batch culture method, in which the culture is not terminated, or is
not necessarily terminated, prior to isolating and/or purifying an expressed protein of
interest, and in which new nutrients and other components are periodically or
continuously added to the culture, during which the expressed protein is periodically

or continuously har\(ested. The composition of the added nutrients may be changed

during the course of the cell culture, depending on the needs of the cells, the
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for exanple, contain one or nore regul atory sequences
and/ or encode a protein that enhances expression of

wo b@7psm@bei n of interest. Methods and conposi t POIESD6/041256
the present invention may be used to produce any

requirehfints Rfr dptinedl Prdteir PROMELOS, arfibr é‘lf}f of 4 l%Fi@@ dfther factors

protei ns having therapeutic, pharnaceuti cal,

' [ o ; d/or any of a variety of
knﬁ@gﬂﬁsgﬁgrﬁglééwﬁgyfﬁhg eiaJg'ef ul in comercial,
ri-hent.al anpd/ or at her .appli.cations. [n certai X
[o0ghE C THER s T GaPsSon; tridiedn (e MRgSraRRSLE d fith Bansiation that
conpQsitions of the present invention may be processed
OCGYhY f?"%@ioﬁt eRfl. Tiherlexlphsxpression wlales, gengrallyrtodhe @mount of
i n accordance with the present invention may be
proggin bedng progdiced byahe hosktell.speci fic productivity", and
the like, refer to the specific, as in per cell,

[00811pdudheptirasss fproteinit & “pidteincglodusip esfef i€ one or more chains of
productivity is generally nmeasured i nm crograns of

amMioPaGHE REUSBQEreR tHEDRrmChrStepPlis SAYorimdis Rith CF8IFEptide”
TS, SPorimoys Bith ReiRe

of protein produced per 106 cells pe y. o0 t
n H n . t . a u n .
and 7 oA MBS U A 816 5o o9 A b i Bk s
ke M ] BB Lo BB BHARE, Sl S terest s

m crograns of protein per mlliliter of nmedium [0064]

a pigieingincoked by an exegeiausmudleic asisgmiolesulentiat hae been
met hods di scl osed herein may be used to cul ture many
transffonmed inéd B-hasbwall.nimoartain enusddiments,) tai ‘pedteiruskidterast” is a
cultured in the art, i.e., the methods discl osed

protedm ehoodae by atnudleit aelll nolattte thiat s @M()F'g]glrhﬁlsi tB3h&MRbst cell. In
di scl osure. DETAI LED DESCRI PTI ON OF CERTAI N

cen’éwm%hﬁ&@:eiwésgiW%h%.%%e‘nbuQ ‘”ﬁot%ﬁgﬁi;] interest is

di scovered that using an anti-senescence conpound
e BT ARS8 A Bl A R el et mey,
for %gq'r%%', gﬁraf:a?rll l)nc\a/ io?%érgtrggulg?odw ise 68X§§’s glgglglrj (e:%gtlié % p%tein that
enhances expression of the protein of interest. Methods and compositions of the
present invention may be used to produce any protein of interest, including, but not
limited to proteins having therapeutic, pharmaceutical, diagnostic, agricultural, and/or
any of a variety of other properties that are useful in commercial, experimental
and/or other applications. In certain embodiments, proteins produced using methods
and/or compositions of the present invention may be processed and/or modified. For
example, a protein to be produced in accordance with the present invention may be
glycosylated.

[0062] "Cell specific productivity”, and the like, refer to the specific, as in per cell,

product expression rate. The cell specific productivity is generally measured in
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i nproves product quality of the desired protein

product. Carnosine is an antioxidant and an
w@nio7osEmescence conpound that is also a nat uredT/¥S2006/041256

occurring dipeptide present at high levels (up to 20

mic%a%@. dg;)ﬁﬁeﬁcgr%ﬁ udgs g%r Y DS SRS péIdANOIR €0 hofstotein

I OXI rnosine also1s a free ra
cavenges.san | yvcation inhibitor. Generally,

pro %ﬁ%ﬁggﬁg)ﬂ¥§ﬁg@ﬁpﬁ¥‘reactive species into

non-reacti ve _species thereb rotecti rot ei ns, DNA, .
[00BH of hetera b s tseadasaty etrpes heBlafAmolh 6 reEbinbinanty

anti senescence conpound, carnosine can extend the.
expréssedpintain pragusaddya eelicultuednpaagiven ameunt ehmediyrg volume.

lung (primary cell lines) at a concentration of 20 nM
Titet s iypldally exprsdisad i beitp oEaslligranms/enmicngeams eppieis per milliliter

the surprising finding that it is advantageous to use

of nidHigmi | - senescence conpound (i ncludi ng, but not
[iTmted to,carnosine) in cell culture to produce a

[0084P} eDRer kit iR RS brt will rE&S rﬁi@g@i‘@w@ hERbEs di4eio’Bd herein may
such an I'n

ant| - senescence conpoun cell culture to
tei f int .S |
ve SSPHOBURCEHA 1 06 4 EIGE! FEHelen b S R (e and
et e 5 5ot B33 isokBEper B SEE0 el touse winonly

i ncreased integrated viable cell density, decreased
the instambudiaclpswreof hi gh nol ecul ar wei ght aggr egat es,
and/ or decreased accunul ati on of acidic species.
[0066] It has been denonstrated that carnosine is
cytotoxic to human or rodent transfornmed and

DETARERPESCRETION OFVCERTAINEFBODIMENESIOMTHEMVENTION
Sigma), which has | ower glucose |levels, but not in

g
[00%1 beﬁ%s%é@%i%@fér@@%ﬁ' S |g—|’8 :é:?i‘ti(%%elﬁéa&%pound such as

ch contal ns pyr uvat e. i day et al,

Bi achem st.r : X r 4 | dgt 4.
cargpSiie Shodibey e BaF ft and Bl ERvCor L Er ctifuB i himele,
compounds renoved, i.ncreased. the cytotoxic effects o
addifa ot TS INE MAINtaiAS cal Kgolkbh Gt mRToLgasprorigrvy Sf cels, and
~oxal oacetate and 1 nM of a-ketoglutarate had L
imptovasapragluet enalisy of thesdesiiegvriotein Repdus Garngsingtis ap @ntioxidant
conponents of the inoculumor feed nedi unms used with
and &e antirsepssoencaxeompesnd thiat iSalsbiamalyrallyanaguriingdipeptide
is an
present at high levels (up to 20 mM) in muscle and nerve tissues in animals. Being
an antioxidant, carnosine also is a free radical scavenger and glycation inhibitor.
Generally, carnosine transforms reactive species into non-reactive species thereby
protecting proteins, DNA, and other essential macromolecules. As an anti-
senescence compound, carnosine can extend the lifespan of human diploid
fibroblasts and human fetal lung (primary cell lines) at a concentration of 20 mM in

culture media. The present invention encompasses the surprising finding that it is

advantageous to use an anti-senescence compound (including, but not limited to,
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original conponent in the inoculum nmediumat a
concentration of 0.5 nM not for carnosi ne additions

whedo7osiber to better mimc in vivo conditi onSPETIUS2006/041256
bi oreactor systemand as a potential alternate energy

can?t%i'ﬁ%‘%n c-éﬂ%uitﬂ%?tb' PoUOBEL 'aLHFbte‘-Fn af mer@ef. UM ddrifin emboeliments,

hat carnosi ne woul d have cytotoxic

ef f

us'r@aﬁ%g?r.xs‘\ﬁ%%é%é%é et B RIS D o Bkt pidtein of

. totoxjc effects as. seen in

inteFRStTE AP, et TIPS P RUER AL CHEUT e RUSI BRcie. but o
the present invention, such cytotoxicity is reduc ﬁ .

limitetd {o1, iereasestidien anereaped el specifie pm%tCéWﬁy,pw&éét?ﬁ? ggll viability,
are inproved. [0067] In certain enbodi nents, carnosine

increased tegreded niableedll densityy decreagied mcaumallation of high molecular
concentrati on of between about 5 nM and about 100 mM

weight é%irbgafé%n’aﬁdldm&b%as@drammtim oir avididepeciesa cel |
cultlre nediumat a concentration of about 10 mMMto

[002@]0Ut tHasBlerf @EmBH 8 154t GarROSIRE T Bpfotddic &f hadantor rodent

n certaln e I ments, carnosine Is pr ovi ded

Ak U1 R Wb S A0 ) v

has;zjgweg gilu l%\ggﬁs ?}.ﬁ ng% in @gﬁ)egeo s A{\iodlﬂég E@g?e ﬁiﬂedAyou%z(DMEM

4647484950556065707_
Sigwe), whshragntajps Hnﬁ\‘l@fyruva%e c&alligiay %tr?éoﬁmgﬁwf%agqﬁcowh
concentrations of carnosine are achieved in cell
65:8431848c848). &ddddijionadiatyzeddetal calfiseiysh avith Inwsmlﬂcm@g weight
the cell culture process, for exanple, in one or nore

corﬁdﬁ&%d@r@n%vemﬂc@yséé nhé ayictoxio Effeatsruisiancosine | ic eltiwas also
epends on the cell culture nmediumand the cell |ine

detQI‘f?'Pﬁ’\%d U(ﬁ%@ meBi‘é?o é&ﬁfe hagy Qﬁﬁl of' dlﬁéfé)@'ldigrdté‘ Padediiftable

ects being soug on the cell line or product.

al.ogs_of .,carn
efidsts oS euriats r{ge'f?%ﬁgiw'*ﬁcg?arsa%o%@“weéﬁ% %Eﬁ*é%w\um of feed
provided, in cel | culture for aS|mI .

meBiPet s gné BMESS PraEBEEn dfo sodity HyBhiste, napgyer, is an

in acell culture nedium In certain enbodi nen mjch
origimall eagepenent i Bia ipequlium eegiym a¢ al qanceniration #f brﬁam , not for

| acks carnosine. In certain enbodi nents,
carnosine additions but rather to better mimic in vivo conditions in a bioreactor

system and as a potential alternate energy source. The inoculum medium is also
serum free, which would imply that carnosine would have cytotoxic effects.
According to the reference, the addition of carnosine to a cell culture medium would
have similar cytotoxic effects as seen in the MEM medium in Holliday. By utilizing
methods and/or compositions of the present invention, such cytotoxicity is reduced
or eliminated and cell viability and protein production are improved.

[0067] In certain embodiments, carnosine is provided in a cell culture medium at

a concentration of between about 5 mM and about 100 mM. In certain
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such anal ogs are provided in a cell culture nmediumin
conbi nation with carnosine. In certain enbodi nents,

W@ o/ 0smes ogs are provi ded at a concentrati on PET/ERIIOG/041256
5 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

en%tga’dirg%?ts% g%rnsgé%esié?prggi?leg gr?asc;e’qi’c%@reﬁ%dilf@:at gc’:or%ﬁtration of

ot 18t oy 0 iR Sopidar i SPandltz0 . i

coftRRernEBhTnte P gsing ipFivilacting efll Fufivp agewumyst a
transforned wth exogéenous DNA coding for a protein to

corcrypration o aboyt fell 6t 1%, 100Ai ch2.cbhdid 118t 16617, 18,0026, 21, 22,
the desired protein product. In certain enbodinents, a

237241 28,2627 028022630, 81, BLr 33Uk B5, 3603788 c39,1400ddpdR 543, 44,
the protein desired to be expressed according to the

45 p4@,sEnh48, A9e60] 56).60, B5¢ #0f 25 601851 00EDES10B nMChEhi§her. In
acid nol ecule contains a regul atory sequence or

ceRAREIRsodIMBPRE Sth %ﬁbeﬁt’?é‘ﬁoﬂ%ﬁoﬁpﬁ %‘?%‘ gPﬁ i%?/gél ri\’gcell culture

expression of the desired protein by
il A0 1) . s y noduct may be .
by B0 b ke S e S HRERE SO ike BRbetS: Rrisarple, i
roteincof interest. [0069] |ln certain enbodi nents, a
on® o MR g it The coBpenbatanSEaoBS Uilied BRRSAAS on the cell
tably introdyced into the host cell. In certain
CU'@%&% mand theeall lnecbeipg eised agmeng exther faxtarssiscludingf the
a protein is transiently introduced into the host
desjegd effenie beingosalighbon thickll line of peodudt. Winalodicofaddrgodine, e.g.
choose whether to stably or transiently introduce the

acetyledarhosing] HomBidarhb&ing ehhsdimecdn8-SHARD #50 be provided in
commerci al or other needs. [0070] A gene éncdding a

a cBfl eLijir rﬂ%diium ?r%é%g{ﬂgy eftBE{ TR lg?’g%gﬁltoig_ k?esl% é@ﬂggse may be

nmore regul ator I'c CONt rol

proffiih 25 G g Rk B Reliln GrBPaiRentp scgmanalogs are

enbadi ments, a genetic control elenent that provides
proyidgddn i cellsyltues geskiumprthat Igeke caimositien gntasstain etiodinoénts,

i nterest can be used. Use of an inducible genetic
suciaitalegs aleeprionidedanq celbeulture medium in combination with carnosine. In
certain embodiments, such analogs are provided at a concentration of about 5,67,
8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60,
85, 70, 75, 80, 85, 90, 95, 100 mM, or higher.
[0068] In certain embodiments, in order to produce a protein of interest, initially,
host cells are transfected or transformed with exogenous DNA coding for a protein to
supply transformed cells, which constitutively produce the desired protein product.

In certain embodiments, a nucleic acid molecule introduced into the cell encodes the

protein desired to be expressed according to the present invention. In certain
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i nduci bl e pronoter) allows for nodul ati on of the

production of the protein in the cell. Non-limting
we@mobm@es of potentially useful inducible genePCT/US2006/041256

control elenments for use in eukaryotic cells include

emB&!hmé'i‘ﬁs 4 BALIERI ARG RlotE@NE SonBRS & r@%ulaﬂvﬁy'%égu&nc@@xdencodes a
J.H, Proc. Natl. Acad. Sci SA 90: 5603- 5607,

ookl 9 i PG 808 sl gty o
ol LA 3 57 S0 ) BR3P o

Datta, R et al Proc. Natl. Acad, Sci. USA

thaBiocrenses eg@iglongt@)e pratein of iefestel | - specific or
ot her regulatory systenms known in the art may be used

[0068] acbocedainembediments adsucieis ammmreetssem&swrb@ﬂa protein
herei n.[0071] Any host cell susceptible to cell

is seably inteduzed ihto tha oesselhninaderfzimtaiboeliments, Baucleic acid that
utilized in accordance with the present invention. The

dird¥8s bxsieskonadfe Sr%?@h?l’é ’crﬁn@i&ﬁf@idt@@lu@@ﬂ'nﬁo tA®hest cell. One of
particul arly anl mal cells, such as Chi nese hanster

ordmé%*q (5 Re ?ﬁ ﬁ’ﬁegbﬁ@b @%béé Whéthag tc?ét%gg) @rStrQrf\m%ntly

Ian ce at nmm sed 1 n accor

t he esent lnventiopn i ALB/ ¢ pous
intrpglfed fiReey el RERHRI e @H baSasta) SRRl e EiRdgLor other
(PER. C6 (ChCEII, Lei den, The Net herl ands)); nonkey
negdsdney CV1 |ine transfornmed by SV40 (COS-7, ATCC CRL
1651 ) ; human enbryonic kidney line (293 or 293 cells
[0080bc| Angend encagdingiatprotein obinderesbmayiptionslly be dinked & one or
al., J. Gen Virol., 36:59 (1977)); baby hanster ki dney

mo@iégiula(tB%enﬁf@C‘chﬂol é@mentbi e semeaerabedinmris,ya gehétic control
+/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad.

ele|$Fe'nt didSéts c%?tsﬂ@lme ekBRSslon @ﬁHé?r@@' in.0ln sérfklesnihddithents, a
her, Biol. Reprod., 23:243-2 (1980)); nonkey

ged?tﬁﬁ%&t@zkleﬁéf@é&a%ﬁdﬁ%ﬁ@me%%%ﬂ5"35 B ERedjng the
arci.n eII a, AT ;. cani e

profdh o TRk Sonbecd e sy o el GBRHE aphfdlfement .. an
(BRL 3A, ATCC CRL 1442); human |ung cells (W38, ATCC

mdwhlarypmqtamlows\fer rr@éiU|l%IO(\Hzfah@@r0¢|@t@o fhe piptel in the cell.
manmary tunmor (MM

Non-limiting examples of potentially useful inducible genetic control elements for use

in eukaryotic cells include hormone- regulated elements (see e.g., Mader, S. and

White, J.H., Proc. Natl. Acad. Sci. USA 90:5603-5607, 1993), synthetic ligand-

regulated elements (see, e.g. Spencer, D.M. et al., Science 262:1019-1024, 1993)

and ionizing radiation-regulated elements (see e.g., Manome, Y. et al., Biochemistry

32:10607-10613, 1993, Datta, R. et al., Proc. Natl. Acad. Sci. USA 89:10149-10153,

1992). Additional cell-specific or other regulatory systems known in the art may be

used in accordance with methods and compositions described herein.
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060562, ATCC CCL51); TRl cells (Mather et al., Annals

N. Y. Acad. Sci., 383:44-68 (1982)); MRC 5 cells; FS4
wa@edorssodamd a human hepatoma line (Hep ). [ ORPGRPSZw§041256

protein that is expressible in a host cell may be

[00P1pdudag hiost eeltsustaptiblevd tdelineilth sl naind ex@ression bbproteins, may
of the present invention. The protein may be expressed

be Jﬁl&@ﬁ dn gée@rd%\hé‘é with ﬁ@gﬁ@@ﬂﬁqﬁvérﬂloﬁwheﬂ@ﬁé dtcc‘éllg 'aré’ﬁenerally

froma heterol ogous gene I's 1ntroduced Into

marﬂﬂ?&haﬁe&élls %B?e g%ﬁfecrﬁl?g% Ven@?%&{}esggliéa%‘rﬁ@é% h%xfnst ovary
e or s ted b hand of. man. .
<CH?2>9%GE'S @@saaan Taging Exdiles oA IBRss $trraavnbﬁtwd in
that | nd| vidual 'y occur in.nature. Additional )
accafclaé\crsa@lth/meypreﬁﬁ@@ﬁgeml@@ltﬁge&/éLmeyuselmu%@n@m@e (NSO/,
or nore fragnents that are not naturally occurring.
ECAQGC7$d: 85 15033 hureah oelinvirasts (FERMQA{Ceuttell, Leiden, The

conpositions of the present invention are enployed to

Netleariaeds)); anpriasyridesy CyAlling eansformed ey BV40 (GOSVAMRTCC CRL
enzyme, receptor, antibody, hornone, regul atory

165f ?Oﬁd?ﬁan BRbrpSHIe kmdég' e (298 298t cel s'é& '?)‘ﬁehlrféf; @l‘&vth in

exanpl e, the genetic mani pul at e I's produtTe an
susé’%&g%ltﬁ%ﬁwgﬁ?ﬁg’%l dtg‘tefrna ﬁ]t '3§r§)€9 Qﬁm z;raQ? hamster kidney
oo R LB P By 1488 o350 B BB 0, raut ana
i sot opes. The nonlimti ngz)exarrpl es di scl osed use MYQR29

Chasévdirea. M9ﬂ pReachtSek WpA2004246718880nmouse gertoli cells (TM4,
Neutralizing Antibodi es Against GDF- 8 and Uses

MathagBiolf Repnebl.j 2312486251 (1980)) arartkey Kigneyedallsg@dl. ADEE CCL
of ordinary skill in the art will be aware of other

70);Usfeitah gaees atonites ikidtilyecells QVERG-76hAT OB R1e1 @89?1 GfifAgh
i n accordance with methods and conp05|t| ons of t

ceniéATARLInbMY RIS QH?Lé ORTEL EeLl2)! bé‘ﬁiﬁ é?ﬁ‘céiré (MH@ , ATCC

using a variety o techni ques tO pro uce esire

o258 R B cRTSHIL AR CREERS, SR80 a1,

ATCE IdCL %) ufnan \}eurrgeﬂs (ﬁS’S éjg AQ%Oggde#&tjse m%mmary tumor (MMT
060562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci., 383:44-68
(1982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2).

[0072] Any protein that is expressible in a host cell may be produced in
accordance with methods and compositions of the present invention. The protein
may be expressed from a gene that is endogenous to the host cell, or from a
heterologous gene that is introduced into the host cell. The protein may be one that
occurs in nature, or may alternatively have a sequence that was engineered or
selected by the hand of man. A protein to be produced may be assembled from

protein fragments that individually occur in nature. Additionally or alternatively, the
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exanple, cells may be grown in a bioreactor. In
certain enbodi ments, the volune of the bioreactor is
wa@eoozesmbs 1 |iter and may be 10, 100, 250, 500PCPSDO6/041256
2,500, 5,000, 8,000, 10,000, 12,000 liters or nore, or
[
engfiRéreEbttis' fiaf FchRRione Br Al agfnorts SRaAL el
occt ?.Ink bi oreactor, fluidized bed reactor, hollow fiber
W BPeact or, hor roller bottle. The systems can al so
erate either in,a batch, fed-batch, or.
[00 ntil ﬁbr&r?ﬁrb@Fﬁ?gulraﬁntﬁoaﬁthqeﬁ%aﬁw@QE’?B‘P"%R&“}%B esent
~ Wwhich to control and nmonitor the cell culture
invenitibh ape ekmaoyed to exuess ad@?mrmapyutéﬁr@llmormmrnﬁr@fj elevant
culture art. In the instant exanple, the system
enz?aﬂhlel reeghtors antilsody, mnbaekrdgud:a’tea(cfaotoraamgme binchiag pgent, etc.
ed- bat ch node. [ 0075] The bioreactor is generally

In tIRERERM ExaFE the ehktitalyERaHipuiigd gelid preiucean ahiibuey against
or exanple a MYO 29 ceII I|ne whi ch may be

f
gro%fl?t{ﬁﬁfe?eq{ti%ﬂaﬁ ??&BF‘Q r$ms . 6nﬁrﬂﬁ1n@ﬁ%’é&?&hvb@nl§@cﬁh¥e¢ﬁs are

ern pro y aval ["abl e nmedi um such as

I
terr@%qvg@;g%o%g; I T T
the fet GhaUTY %ﬁﬁ?&%eea%utﬁmﬁ%étﬁfﬁéﬁ%aﬁ?%@seca%%ﬁuse MY029
vitam ns, trace el enents, and/ or other conponents t
covprastoy: patené # WL 2004103786 L entitirdiNgHiralideg Pa@bpﬂ@stfr&amst GDF-

production run. In certain enbodi nents, a base nedi um
8 ané Uakt dihegledfpapdrisrhereirobcerpagated by néfemides Oneof ordinary skill in
increase cell viability, to increase cell

the F&'iﬂﬁﬂl@é Avhie oft &hbhGssTaband/or aasirdted proteliscthakilay be expressed
density, and/or to inprove the quality of the produced

in a@[:&fq%he mtm%t R8N @?lﬂke&%ﬁ‘é’%fﬂ%pr%@énﬁh@@iﬁﬂlcﬂw a

um may nted wth pyruvate,

oo CRRTORHE B FoAE AP B o o
oot ARG S SRS S P 4 e

certain enbodi ments, cells are cultured in any

dependiret gn e purposefitie gell culbureraedismenvse Af W@ rarﬁ’duct For
anti - senescence conpound wherei n the conmponents of

example, cells may be grown in a bioreactor. In certain embodiments, the volume of

the bioreactor is at least 1 liter and may be 10, 100, 250, 500, 1,000, 2,500, 5,000,
8,000, 10,000, 12,000 liters or more, or any volume in between. In addition,
bioreactors that may be used include, but are not limited to, a stirred tank bioreactor,
fluidized bed reactor, hollow fiber bioreactor, or roller bottle. The systems can also
operate either in a batch, fed-batch, or continuous/perfusion mode. The bioreactor
and mode in which to control and monitor the cell culture medium will be known to
one of ordinary skill in the cell culture art. In the instant example, the system utilized

is a stirred tank bioreactor and operated in fed-batch mode.
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the nedia are both known and controlled. For exanple,

defined media typically do not contain conplex
W@odw7o504e8 such as serum or hydrol ysates. |n CRCT/EBI906/041256

enbodi ments, cells are cultured in any of a variety of
[oofﬂnpwljﬁe 'Mbéctiéf'iﬁ gériraly SSedet! With @haReemam meaiwu amd a

ich not a conponents of the nedium are known

choggrﬁ'.’c% i "ok %&Eﬁ-@%e m% M?ngté?kéﬁl R QethieR Mdy bé %ngéf?é%d to stably

I -senescence conpri ses carnosi ne.

The conditjons, of, t he biqreact r . ;
eXPIS5S %’é{PSRd%eﬁHetq’?é”%%pé% Fgeflch GaB e bRY Balabigmedium
7.5. The pHis adjusted using.an acid, , rally CO2,
suchias:Misugal Eseenia b (i csicBumiatem g Oiarbel
oxygen is controlled betweenabout 5 and 90% of air
Dulbecer’siMattifiechRagletseMedie (QMEN, Sigma)iraaybewser adhe base
to 42C, during the growth phase. A person of ordinary

medikinl.| Thesd base alddiwus maethentbecsupplentiehied wih amino acids,
conditions of the bioreactor based upon the cell Iine

vitafiifls, TR deOsis nitd) G rRITH Stieflcdripasénte s prégudstethierin@culum or feed

results w thout undue experinentation. [0078]

me@@%oé%édwggﬁniﬂ% @@I‘dpeﬁén fanr. él'ﬁece‘i‘La‘?ﬁ eRibddYieRis @bd¥Ymedium is

use cul met hod or systemthat is

a able to the expressiaon of. proteing., e
altefeq S peph R g7ty GrinfieBas el vifryctgfBisss ee!
batch or fed-batch cultures, wherein the culture is .
proguetivitiatsincEraser intagrated; iahle el deBsite ANSYOR RdMATBY& e quality
after which the expressed protein is harvested and .
of top pradiedyprptein fin te praiseace af cardbginec df arexagnlesaibage anedium
protein of interest may be grown in perfusion

mag betsuppemuhiedaiith pivavate, oxaaicstateantirmi-ketoghiitarate. One of
new nutrients and ot her conponents are periodically or

ord®RIY SKH M B aR R Deldld REakdt 4 Hage nlidiimdorbses Withhaethods and

expressed protein is periodically or continuously

L T S

5 SR RS S BB S kY B premicaty
def}nlge% n%gélila c(::ounlt;i%irneg g\ lallwti—%%ncsagclzeen%teecdongggfndd,%ri\qulrni tlh)é components of
the media are both known and controlled. For example, defined media typically do
not contain complex additives such as serum or hydrolysates. In certain
embodiments, cells are cultured in any of a variety of complex media containing an
anti-senescence compound, in which not all components of the medium are known
and/or controlled. In certain embodiments, such an anti-senescence compound
comprises carnosine.

[0077] The conditions of the bioreactor are controlled typically, with the pH set

between about 6.5 to about 7.5. The pH is adjusted using an acid, generally CO,, or

a base, such as sodium bicarbonate. The dissolved oxygen is controlled between
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on the tenperatures or range of tenperatures at which

the cell culture remains viable, at which a high |Ievel
We@Rooposies n i s produced, at which production oPCT/US2006/041256

accumrul ati on of netabolic waste products is mnimzed,
abeotl ahd B0 of &ivisadiratdon AAnd thesenfperafuiels haab¥tReen 30°C to

deened i nportant by the practitioner. As one8 g
42D e StomiTpRase. A1 f%%‘bkigﬁfaﬁ%“‘xﬁ"@?gﬁ Rl Colt e art can

I Lan lls arow or _can i

mady 3@%30%@%%5@56%2&8%@@? i :ac‘?:hg'ﬁﬁea'&f"}??mﬁs being

250C to 42C, aJ t hough et hods, taught by e presen
e”!ﬁ’?%)@“@@ﬁ '%‘feeéhﬁ eSI%PFﬁ regits withpaldindushpgasimentgtion.

rtain manmalian cells grow well and/or can produce _

[00{i83 1Crapasifens ppd @?@i%ﬁ% bf thet preseahigyenfiombmayt be3Gsed with any

t040C. In certain enbodinents, the cell culture is

celjewdiure anethotiarsystemitimtdd ad@nable toARe eXPresdon 8bprotéins. For
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

exatfipled célls 8%predSing4iprodéin? fntafest eayohe GRGWN § h.or fed-batch
Xdulr.)i ng thez%rov&nﬁ pr?}rasel.n Thosee of o);r)d?gg(?y si??ﬁ [ rl{ ea-bate

culfures Avhedin theP&uIhb & fe‘?maﬁt%(‘}ita{tgpg@i‘g\%febgF?g{e@%&éﬁgﬁ%%rotein,

or tenperature range In

] f |]s _and.the productjon .. .
o RSBV S BT ven.
[ iti rin iC e
Cel@;q%qﬁg%ﬁlgi%emlgfc’eﬁy}{p n%@'@%&b@p gar%,s}\ﬁgilrj]iplpe yséon cultures, wherein the
surroundi ngs, such as a tenperature change. The _
cultura iyeat terbinatedtgndnewt Ryrieals anchathemebmponeots ateeperiodically or
production phase. In the instant exanples, on day 4,

contingotslyeided o dhe ealteras ddrifig amictbinet exprEsdat pleih iS periodically
10C. The tenperature shift, however, can occur nore

or ddmtinuousiy haingbglggs not need to necessarily go in the
downward direction. Mreover, the transition phase and

OOTS, . BRBEIS 5 48 R ol B v
e ST R RS S B B SEo s ase, e

Pt ture of the culture, the
ten’fbg:r[%ttglrgaﬁ hegé{s rg:qggyg%gft e cell culture will be selected based primarily

on the temperatures or range of temperatures at which the cell culture remains
viable, at which a high level of protein is produced, at which production or
accumulation of metabolic waste products is minimized, and/or any combination of
these or other factors deemed important by the practitioner. As one non-limiting
example, CHO cells grow well and produce high levels or protein at approximately
37°C. In general, most mammalian cells grow well and/or can produce high levels or
protein within a range of about 25°C to 42°C, although methods taught by the
present disclosure are not limited to these temperatures. Certain mammalian celis

grow well and/or can produce high levels of protein within the range of about 35°C to
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rel atively gradual. For exanple, it may take several

hours or days to conplete the tenperature change.
w@\dogomabs vel y, the tenperature shift nmay be rPCHUB2006/¢41256

abrupt. The tenperature may be steadily increased or

408@c i asrdindembodinidrts, tHbtoell @uRDRCIB S Fowhl t & t@ﬁ{ﬁéfsim of 20, 21,
the tenperature may be increased or decreased

2209324125 FEpynt i3qug t34TBsy g thar
process. The su%%g%gu\gﬂ B?eﬁ%e? at ur’g(u)él)?’eb??‘?%ﬁp%egrgpugé 42,43,

h h
LT R AU NADR RS il
kil l th t t t hat
o T BT B iAo b o SR RBRE S i

in these enbodi nents. For exanple, the tenperature nay
to W@V‘éﬁ‘?'{%t ggrendiag (s thrareads of the gﬁ&s and ftleveroduction requirements
tenperature or tenperature range), the cells
of ihgipraglitinngrat this tenperature or tenperature range
for a certain period of tine, after which the

[0088jperFatiioningrtne drowsihphbedl i HaRsitidndHRY duﬁgﬁﬁe\hﬁin tRe cells

or tenperature range, which may be either

adatBankthangBs dceliMRbahYhé sBFroBﬁcS‘ﬂgé aéd’crhea§ ?@&%p@?ath RKchange.

previ ous ten‘per ature“or te er at
Thé BIRRGSE Bbuiha BRe Hipt A %&%ff“tﬁf%rﬁﬁﬁﬁ hs Rrﬁﬁhgfipertﬁ #58.n the
'”S{?P&%%ﬁf?ﬁf b%t?e?pﬁefiaa%ﬁ? somReaiue denTaBd HagsahRt 37°G to about

Substantially increase, but rather the cells produce

31 t%heTB%émeéar%lr"@t@'fﬁ hsweies: carorecwfmoredthaargncekand does not need
the art will understand, however, that in certain

to naeesganily gosin the downmeyd dmtilmeme@vawmﬁamsiﬁ@ﬁgﬁése and the
i n nunber during the production phase. During this

templesitire bhifteean dcuurAtargf déWGuM@f&aﬁﬂo@Uc’uén it N%H)L‘?%n most

at conditions in which the cells are nore

meﬂfo@gtb?tdrd@uctﬁ‘ﬁrm&iﬁaér%Lgtlipﬁw'%geﬁ)‘? s%tsu §rno§*n%eﬂ§5 Hdybe utilized

hel d at aterrperature ere

ch is conducive to the production of
magélﬁ hpeln 33"3"’8&% e.g. 3 10C. Throughout the

i on cells may be fed a feed nmedi um
I°°§iﬁ it mﬁm.fbﬁ?@ﬂaﬁ@tg  Breityre, flas damperatasp shift may be
For xanple, in certain cases, it may be
relagg%lgfgrgdlaqal d:rorreé(@gyggrlymea take several hours or days to complete the

temperature change. Alternatively, the temperature shift may be relatively abrupt.
The temperature may be steadily increased or decreased during the culture process.
Alternatively, the temperature may be increased or decreased by discrete amounts
at various times during the culture process. The subsequent temperature(s) or
temperature range(s) may be lower than or higher than the initial or previous
temperature(s) or temperature range(s). One of ordinary skill in the art will
understand that multiple discrete temperature shifts are encompassed in these

embodiments. For example, the temperature may be shifted once (either to a higher
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suppl enent the cell culture during the subsequent
production phase with nutrients or other nmedi um

wa@omposast s t hat have been depl eted or net abol PerUSIIY6/041256
the cells. As non-limting exanples, it may be

or I?Mﬁ/t@ﬁftéhrﬁbé}at&’tre cgﬁ(gﬁ%r%fi‘éﬁ’l 4 fa pﬂh%"%;!% rhdiftdied aFl‘Hl% fgrﬁperature

or nones ctors, part

e U T —

h.ﬁu(g eotides, trace el errentsn$| nor anl ¢ conpound
shitted 2

BR b agWteaPelRINE PLiG F?GHQT-U B SRR WIIERD 6?%\5 be either higher

am ng acids, lipids, or glucose or other energy
or lewer Ean thedempanplyre a6 lerapsratiuayange o thengrexidussiemperature or
added to the cell culture at one tine, or they may be
tempevaiude dange. t Tike terhpeamilirewfehe cubuseaftersearh didcliete siift.may be
In certain enbodi nents, an anti-senescence conpound is

corstanticteay Be an&iRRendtE dithin RbeASiA Ak g8®F GerhpRuidsr i ng
the production phase. [0083] Accordl ng to certain

[OOQQPOdF'I‘F?a’HS/Sthelr' & fhfe dr ﬁﬁé?esﬁIHEFeeth‘éocf@Pl bePd&es not
%e cel t

canosi ne, ure rredl um durl

OVI Ny cul.ati
suBEAHY ‘9%3? ZD?*&%\@%EFH Hlrhrodite s 36%&@?{% product One
d/or s ec fic tein rod ctlon t hus i nproving
of ey s retne o Wi uReetalorh owene!, toan conapLBMpsGImants, osls
protein Productlon process are determ ned by one of
mabﬁ@ﬂ%ﬂﬁy Gs@iiow anh incieassein nwuberndwing the produptiomphase.sDuring
such as seed density, duration of the production
thismhasertbe empeoatrientof thedbibiezmnsords contyolhedt sesdnditionnia which the
ot hers, including those nentioned above are functions

cellofaré hﬁar@QikbM fo'e odiuttire. CEbI exathple! ﬁ]é@hb%ture is generally

Therefore, the parameters can be determ ned with

heldiJ BF‘H Qer%?S@?ét {Bj&?ﬁ;@;érrﬁ rih%’%g%g %?R'Sfé)g;o%hh %@%Eg\% g:;fﬁg% lcbnbﬂcwe to

the?*oélﬁdr@ﬁ BB LI TR oeblipg un, e
oo Ao KBS sELom Phae L e ol sctep beser

whi ch the cell culture remains viable, at which a high
neefe RO exaMNIGL i8i aeriain pasriydaviay be heamefibial or necessary to

supplement the cell culture during the subsequent production phase with nutrients or
other medium components that have been depleted or metabolized by the cells. As
non-limiting examples, it may be beneficial or necessary to supplement the cell
culture with hormones and/or other growth factors, particular ions (such as sodium,
chloride, calcium, magnesium, and phosphate), buffers, vitamins, nucleosides or
nucleotides, trace elements (inorganic compounds usually present at very low final
concentrations), amino acids, lipids, or glucose or other energy source. These
supplementary components may all be added to the cell culture at one time, or they

may be provided to the cell culture in a series of additions. In certain embodiments,
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production or accunul ati on of netabolic waste products
is mnimzed, and/or any conbi nation of these or other

wo a@vos@Itieened i nportant by the practitioner.PCTUS2006/041256
general, nost manmalian cells remain viable and

an BRRSSFBS SR KB s R Tk Rl IR S0 o AR times

| Sl e not limted to these tenperatures. In
durﬂ‘l@{ﬁg&f#@ﬁg@@ ﬂ@?\%es, manmal i an cells remain viabl e and

duce high levels or protein within a range of about

[0083}. " Acssesing to eartaigiam BNk s Ofianeanispenegaange£ompound,

is grown at a tenperature of 20, 2 1, 22, 23, 24, 25,
e.gpearnggine2 8) theogcell3niltuge medan dBing3he edudion Evase3syhether

39, 40, 4 1, 42, 43, 44, or 45C at one or nore tines ‘
prouligiedrig anhisopulatiore rmextiurn asefetdanediom, ancreasey cekviabiliynand/or

the art will be able to sel ect appropriate

specHMsoasin pedSUction, trmmﬁfpawhgtm@w@:@ﬂ)yiém oftbr6dudeRd protein.
grow cells during the production phase, depending on

PAlhhetdl . i .

[00BAF PAEPSEH, Ofa BIREER hbaldlionosss Rl dORmM G030 of ordinary
-nay. be gr for amount of tine, dependi.ng _on.the

skl B8 sfl fflre, At . e, TR SSers seich TRuseiel GoRiD gition of the

ells ttﬂ nsel ves,. &OOSG}_ In certain enbodi ments, batch

Pfoavctf%@ E}{f@h%%rﬁ{'ﬁ &8nditigns duing desesirrisong otherst inckiding
achi eves one or nore relevant culture conditions, as

thogrmantioned abpvelase fierationsfof threcell line and dhe cell colture medium.
certain enbodi ments, batch or fed-batch cultures are

Thetrefare ntheqehrameters lvaneepdetesmihenr witieout urelieh®erimentation by a
sufficiently high titer, once the cell density reaches

pergors bf bidim@idkill iRitHE ckRaltureodiee the expressed protein
reaches a Sufficiently high cell density, and/or to

[ooﬁgfv eAk WibfgRl t"eﬁ?ﬁig@@?@%&g%aﬂfrgg%gywluﬁhbgﬁe Yowth phase,

abol'ic waste e an
' . of _ordi nar illin the art wll be .
the JTEPEtate pitereir Bl e pf i ol sl eitine Hhe Pratfictian phase
. sedtc% termne en a batch or fed-batch culture )
will b Selerted BagpePREaEY OB 2 lPropeiliye: arfemperature range at which
commercial, and/or other considerations. [0087] In
the gell chltwediehingriiable, at whichwe Mighleyebelirrotein is produckd, at which
protein product is
production or accumulation of metabolic waste products is minimized, and/or any
combination of these or other factors deemed important by the practitioner. In
general, most mammalian cells remain viable and produce high levels or protein
within a range of about 25°C to 42°C, although methods taught by the present
disclosure are not limited to these temperatures. In certain embodiments,
mammalian cells remain viable and produce high levels or protein within a range of
about 25°C to 35°C. In certain embodiments, the cell culture is grown at a

temperature of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39, 40, 41, 42, 43, 44, or 45°C at one or more times during the production phase.
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recovered fromthe cell culture nmedium and further

isolated using traditional separation techniques. For
wex@mpb|9s t he protein may initially be separatBCI/bDg2006/041256

centrifugation, retaining the supernatant containing

Thdda® ﬂodraﬁw%irygakiﬁﬁg ’tﬁé la) Wil!)%e %glé‘{oc} %]Igélts Wéé rejattgpgweeratu re(s) or

pro
host ceII mbodi nent s

the nedi a i .
temigia e (S 'B|"Y'§’°§>§%9E‘§’§Fﬁ@s g Rlofliaf 5ﬁ§§%d%%md'"g
afirst step in the purific tlon ocess Si s
on thenpaiticular peeds ebihescellsangdhs ar pipd éﬂﬁbgrh {ﬁﬁj@?@%@nts of the
nmeans known to those of ordlnary skill in the art,
practiionedi Adeptelisinoay beigsowpforoanpgmeuatef tiseddepenting on the
exposure to high pH conditions.[0088] Using
nead3nofihé ippactitionephad thedreq vireasdrit@f te toiidthentdedvgs. ot ei n
may be additionally isolated. Methods by which to

[0083]3I al e candinRimbddinidnes, dRtH 8FfRILIBAIRH uRlASUSE tBFRinated once
known within the cell culture art. Specific nethods

thedC%F Bﬁda@“e{/&e?ﬁgl F Mdrd Felttaht aﬂﬂjrégﬁnﬂftﬁﬂg%s EQfégll?\'ined by the

-senescence co

to t Itu d u
ne%r@%ﬁﬁ% Peadtionse ' Fedtut byt Bodha B P?#@‘*?ﬂ?ﬁk%&es are
exanpl es, the addition of carnosine g¢cgurs after
terrgmmop%w expregsed aratein reachenaissificiently high |t'ﬁert ﬁece the cell
transition phase. During the addition, the cell
derwsity traachemedisufficientiydigh lavgl, tomcetibe remretsewﬂmratam teaches a
resulting fromthe tenperature shift. The transition
suffitiently highgsiliedenlsity, awdor tgsreventusdedicibie produetipn or
initiate the production phase. Carnosi ne, however, nay

ac&ﬁnlﬂgﬁ@ﬁjoﬁhe@ébbhﬁ%ﬁte %%dllﬂﬂs (é‘@ RAGECAh@Br éHﬁnéﬁl@fn) One of

generates optimal resufts, including the growth phase

ordﬂ{éqx%l? iR Qﬁéjgﬁwlﬁpﬁ@;vﬁs of%éﬁ%’l&/ﬁn%ﬁltlﬁjﬁs&nﬁ%@@qggt may be

nati on er conponent's,

certai nt,s ant,i cence
s ARRm e Fhes Path o te THicR SLe RO G PRI aRFaleg, based on
present in the cell culture during the entire cel
exnsanm%ntal ﬁpﬁ‘tf@%@'a'dWOB@W@PF]C@%@@T%WS two or more
anti - senescence conpounds are provided in the cel
[0087] t ulre ceddiniembodinmants, folovang @dpragiiction ruw the prietein product is
ant i senescence

recovered from the cell culture medium and further isolated using traditional

separation techniques. For example, the protein may initially be separated by

| centrifugation, retaining the supernatant containing the protein. Additionally or

alternatively, the protein product may be bound to the surface of the host cell. In
such embodiments, the media is removed and the host cells expressing the protein
are lysed as a first step in the purification process. Lysis of mammalian host cells
can be achieved by any number of means known to those of ordinary skill in the art,

including physical disruption by glass beads and exposure to high pH conditions.
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conmpounds are provided in an inocul ati on nmedi um and
are present in the cell culture during the entire cell
w@doras@Ipr ocess. I n certain enbodi nents, two PCT/IB2086/041256
anti - senescence conpounds are provi ded, wherein one
[0088] i - Yeimgseomvesticoalpaiedn purifisationdedthiodsathe protein anaywhe
medium and is present in the cell culture during the
additivnatle istdhtedc Wéthods by avitisls to Woldte amagdunify the desired protein
anti - senescence conpound is provided after the cell

pro§lidtidie knbam WititH he LR 8Qlureart TS g diicemi it ddedtipand i the cell

concentration of an anti-senescence COﬂpOUﬂd present

oo I ¢ different for varying cell
"netL{/éggg%gﬁfglle rrggld{::t]{gsoiﬁdrqﬁcertai n enbodi nents, the

centrati.on of carnosine present is different for
toogaf's 7T BotironFses i pPout s bamesle: Jiay fradded to the
concentration is enough to enhance the productivity )
cultgrymgdiim & adinae, @ntlmﬁgﬁqréh@ﬁ%@lﬁ@ celtgltyreeproggssnfor the instant
exanpl es, the range includes, but is not limted to, 5
exanmyles; the@daitionl af cairndsine oapsedicdttieel gtdveth phease is substantially
concentration of carnosine used may vary dependi ng on
conpietecarid isdnltiel transitidh piasdh ®uripiy thierdditiors @ne esll talturemedium
of carnosine for a particular cell Iine may need to be

is aggﬁtﬁ{fggid“lﬁé vy ferheratite régﬁlltih? §ioth thSIRRbEARIE Shife U‘l?ﬁe

r exanple, a 2L bioreactor, using conventiona

tran{ggfoﬁ E se{8 geﬂgré?gqgﬁr@égéﬁsldre ié@d??ﬁg?\@i Wittét? I{’fg? ﬁg&rﬁlction

rmné€ an adv ous or op oncentr

oo ATRRER: She i iy AGSRERF S ot BRAEA e o rur
and di agnostic methods that are known in the art. )
thatgene1atesrppting) spsise inchding theygawthddiase and tieqraduction phase.

anti - senescence conpound, rather than chem cal agents,
Carnegsinaenay alsotbeoaddediin ¢armbinatigpindthl dther ceinbogemtst kuch as a feed
ceases and the viable cell nunber decreases with the

medideh. tih@eriain emblodiments, ag enti-sdneseessltormpbuhd ish@vided in an
(Kimet al. Biotechnol Bioeng, 7 1. 184-193, 184).

inodetR A rRedRMh and i@?\’é%‘é%[ in SRNEIIUIRYE dhhﬁ{; tﬁéjghﬁr:egibéféulture

carnosine to a cell culture nediumresulTs In

pro%’éé@rbi th 'cb¥taft emBSdinhdfis wd 8F e ahﬁ%@n%gc@rpc%ec(ﬁ’nqgoﬁRdsaare

provided in the cell culture medium. In certain embodiments, two or more anti-
senescence compounds are provided in an inoculation medium and are present in
the cell culture during the entire cell culture process. In certain embodiments, two or
more anti-senescence compounds are provided, wherein one anti-senescence
compound is provided in an inoculation medium and is present in the cell cuiture
during the entire cell culture process, while another anti-senescence compound is
provided after the cell culture has begun.

[0090] In certain embodiments, the concentration of an anti-senescence

compound present in the cell culture is different for varying cell types and products.
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culture grown in the absence of an anti-senescence
conpound such as carnosine. Furthernore, such
W@ 20010504pe- cont ai ni ng cell cul tures exhi bit anP¢NUSMacet1256
in specific productivity. Wth the positive effects on
In ceRgircembodiragintsi the concespation pt cainodinet preisent istdiderent for
overall yield is higher. [0092] Another advantage is
varyihgtcelityped and proicts)cGenorgilguthd concenéationisieadingh to enhance
decreases the ampbunt of high nol ecul ar wei ght

the g@! (ARt Sndliafify Witko o0 effRltsACF 6t theSREGhEEXamples, the range
creasi ng the anount of high nolecul ar wei ght .

; t: ; [ [ [ [

inolBes, AR B BT IS, P REAS il ol 57 aPbelt e he
[ . ed re efficiently decreases the cost to .

congBBtAE" phRArGeSing, feefbal B depeuing oi tRssH chiHiemedium.
an anti-senescence conpound ot her than carnosine is

The appriophateccanessliafing of Famesings for agrartienlae celhling@aymeed to be
aggregates and/or acidic species. In certain

detenpaed vétht routinesmall-saaie experimentse suemae, torepampls, a2l
used to decrease the anount of high nol ecul ar wei ght

bioraggioegading candémtiorad nbthodneOheof orfiBaB] ski ircthd &t will be able to
enbodi nents, cells are grown in accordance with any of

o S SR A o i g am

i Sl .

sonfs et S e A R BBl oo

reference ip its entirety. F exanple, in certain
a“de‘ﬁ%%fb‘?‘??@d?gﬁ‘qdﬁghég?f skr]'?é‘ff‘ '193[‘8@66“ inaculture

diumin which the cunmul ative am no acid .

[009HhccRneadvantage igradding camesingeianotberanti-saneseansen

enbodi nents, the cells my be grown in a culture
compsgindnrathenthanichemicalbagants, usrtheeffeet arl viahitihneTypically, cell

cumul ative asparagine ratio is | ess than about 2. In

growtr dexisesearibitieneable cell tintisdride cre@as dewitth evdadditian of a chemical
culture nmediumin which the nolar cunul ative gl utam ne

agehp like BabRinh Yetyrated! (kami di@l a8b b dnibl Bidehgl 945180403 184).
about 0.2. In’'certain enbodinments, the Ceils may be

Exaf{fi¥y b'él;&v\f’,‘ HOWVKF SadFRgh4Mts U ddid'6r E8hBine to a cell culture

medium results in higher viability at the time of harvest than is observed in a cell
culture grown in the absence of an anti-senescence compound such as carnosine.
Furthermore, such carnosine-containing cell cultures exhibit an increase in specific
productivity. With the positive effects on the cell viability and specific productivity,
the overall yield is higher.

[0092] Another advantage is that an anti-senescence compound such as
carnosine decreases the amount of high molecular weight aggregates and/or the
number of acidic species. Decreasing the amount of high molecular weight

aggregates and acidic species simplifies purification of the protein product. Enabling
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cumul ative inorganic ion to cunul ative total am no
acid ratio is between about 0.4 to 1. In certain
weredoasest s, the cells may be grown in a cul t B€EUS2006/041256
medi umin whi ch the conbi ned cunul ati ve gl utam ne and
the proteindoi heeisalaped mypre efiicientndecieasses the trstie produseithe protein
16 and 36 M In certain enbodi nents, the cells nmay be
prod@uictwin icertaincathbodienemtsl aﬁrahﬂheénesnﬁmbrwmmnd btheethan
four or all five of the precedi ng nmedi um conditi ons.

cartésn®ls @é&f‘to’ﬂ%ﬁr@a@é ﬂ@"@mauﬁhoﬂ 1Y InSol€¢ulBF Weﬁ_:jHi aggregates

production and | essens accunul ati on of certain

anc S 63 SRR BB 0Eh sgppscence

corfiils 05 Toed M8 Bl ERe g o R B REfodfagats

No. 60/830,658, filed July 13, 2006 and i ncor por at ed
andfpirasiqicispesiefer ence in its enti rety. For exanple, in

sonme enbodi nents, cells are grown in a culture nmedium
[0093]at h:m&rtaailmem’mu@aaase cells arecgrnovaminracicootarsst witk any of the cell

approximately 10 and 600 nM In sone enbodi nents,

cultord Ingthiods desevibedin &nttedtStatesnatentApplidationrSexial Nos.
manganese at a concentration between approxinmately 20

1 1/231”3136@01 14 3 BA7SHHIR1 09 B3ARMHCH: of SRAiLIS walsSilSd AWMyush28, 2005,

tur'e nedi'um t hat cont al ns manganese at a

andcéjd(}‘ﬁe&tv(ﬂ%h ?@h&fen?f?ﬂ)? rro e“‘gré?\ | Htir r?—'or example in

ngrovvlngg rés npro

rot inwth a roved COS tlon
certBin GruPrdfasts, Heghelliday ﬁﬁ%”@wna? a&%\}ﬁ S Aacm e the
sugar reS|dues in one or nore oligosaccharide chains).
cunjuiains] aminacasid soRcentlinnmisrareater thanabouterd M. In certain
protei ns produced according to one or nore nethods of
embddimentss éime célis/mnatyibengnowr inrmoeltyhanediool ingiviichdhée valgr
and will be useful in the preparation of

cumiativeaglatinmnelts .cuRidbiasspradineadtiaiclesditign bboot2. 01 certain
nore met hods of the present invention may be

emt%m?n@'nﬁ# %e?eelié’nﬂéx%éb gRn Pa HﬁlYurE'rﬁédluH?mf\ﬁﬁlEH'tﬁé &sblar

for dellvery by any avail able route i1ncluding, but not

cuﬂdl%ﬂJe o@ uta lﬂgrtg%hﬁ{ﬂétl\;eetogal anHlﬂBra%Yoef%‘?lBS)s’less han,about 0.2. In

subcutaneous, ora nasa al’,

certpE{: L)mdm@wt§,at318de lls ,nazaé éé) %r&ﬁqéﬁ@lwﬁﬂrse%eds ium’in which the molar

cumulative inorganic ion to cumulative total amino acid ratio is between about 0.4 to
1. In certain embodiments, the cells may be grown in a culture medium in which the
combined cumulative glutamine and cumulative asparagine concentration is between
about 16 and 36 mM. In certain embodiments, the cells may be grown in a culture
medium that contains two, three, four or all five of the preceding medium conditions.
Use of such media allows high levels of protein production and lessens accumulation

of certain undesirable factors such as ammonium and/or lactate.
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phar maceutical conpositions typically include a

purified protein expressed froma mamml i an cell |ine,
w@2@elososes y agent (i.e., a cationic polyner, pREI/USE06/041256

nol ecul ar transporter, surfactant, etc., as described
[0098}bvejn sememmbadimeants,the icelis preagraxaeunderaong or more of the

acceptable carrier. As used herein the | anguage
conditivhsrdeseyibed ah United StatealPovisional PatentrAdplidation Serial No.

sol vents, dispersion nedia, coatings, antibacterial

60/83@ 688! flffelelrlﬂjw 1@9@(§G§and ﬁﬂfo%r’étél‘f‘ﬁ’er%ﬁ?@? Péfe%hce in its entirety.

del'ayi ng agents, and the |ike, conpatiblew th

For@%Ir 8%%&% ﬁg%ﬂcﬁgéﬁ{sakeﬁg‘ar ?@r@Wnﬁﬁ‘?{:@[l}’re%&lﬁﬁ that

ds can a |ntorpora
t 009 t I
con%%'p S%zgga%%%s 2 linsarphen Befvern s8proxtBRGEH10 300! In
adm ni stration. Such formul ations will be known_ by

some ggWagimeRis, Felisatengrommt in 3 eulitse ragdiuatihad pﬁeliatrss manganese at
protein produced according to the present invention is

a coneantitadioe datween alpproxirhately 20 endet(Q nikorimsonme embiogiiments, cells
enbodi ments, for ease of adnministration and uniformty

are @frowndr@eculitive metiah thaldéartaine neatgarddsef dtraBosentration of
formul ated as unit dosage form wherein each unit

apﬁ?@ﬁh@té]? 4 mnedsdLoMutddmadaithi grdwiiy é\g&éb’r%t@ﬁﬂ@étms in

cal cul ated to produce the desired therapeutic ef

proHUctﬂJ%S&Cé %&{'cB@? Bmwgn rﬁgl’queadqy{l%&mgfreﬁ%ét@h {e.9- a greater

carr nar

ni t eforrru ati.ons appropriate
o8 & el JoBaT Sanr ina Red e neBl o fdseniaride chains).
£00971 Certai n enbodi ments and aspects are discussed
[0093] delrbeertain @rebodiments efdtbgtinvgniione prateinspreduegrbaccording to
illustrated by the follow ng, non-limting exanples.
oneToimerepmethalisal hegkeséntiinvertionarill havelphamchaicstogitdactivity and
however, that various nodifications to these

will eehedifuren tise prepatatidn of piernsrentcat. FotekmpprstR@ded according to
clains. It is noted that the additi on of carnosine

one@hhBfe MSHSILHL o ﬂheﬁﬁ@%ﬂ@ﬁ%tﬁ;ﬂgﬁﬁy B@Sadrﬁln%é’@g t$ a subject or

appl i cable to other I'1an cul tures an

mafﬂer ggﬁoﬁﬁﬁgi’é&f for deﬁl}/%rg by;%rg}ée\z:# @h@%ﬁtgﬂﬁw&\hsnﬁﬁ not limited to

nvent.ion,
parentera (e g.,in ravenous%, m?radermal, subcutaneous, oral, nasal, bronchial,

opthalmic, transdermal (topical), transmucosal, rectal, and vaginal routes. Inventive
pharmaceutical compositions typically include a purified protein expressed from a
mammalian cell line, a delivery agent (i.e., a cationic polymer, peptide molecular
transporter, surfactant, etc., as described above) in combination with a
pharmaceutically acceptable carrier. As used herein the language “pharmaceutically
acceptable carrier” includes solvents, dispersion media, coatings, antibacterial and

antifungal agents, isotonic and absorption delaying agents, and the like, compatible
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and should not be limted to or by this description of
certain enbodi nents. EXAMPLES [ 0098] Exanple 1 [0099]
woe@h/08z98 e Car nosi ne Experinents[ 00100] A MYCPQRUSHIN6/041256
line was cultured in a serumfree production nediumin
withapharoraesotioal adminisirationwdugplementamyractivedcowpounds can also be
tenperature shifted from37C to 3 10C on day 4. The pH

incarpotdted hitotie@cdomposhionbel d at 7. 00 and the dissol ved
oxygen was at 30%air saturation. Cell culture nmedium

[0096F th?hawéeeuﬁéa@bmb%smow i§3sielilate Bae dompdiie ith its
and day 1 8 m

O and put into culture dishes wth an

. i VGl nl a i . ' -

e et adinB A B S SEn BRI chE AR g SRR Btyose of il in
The cells. wer uppl emented. wth a feed nmedi um on days

the 515 1§ SorSin tBpORTENS, Spiatein tpdhEed ShEerine (kS hiasan

. to the cell cultures and on day 7, 5% v/v) of feed,

invertignusrfotay laigdda oral ansdorranentaiat farmas In ceTtaM embodiments, for
carnosi ne was added on day 4, day 7, and day 10,

easead pelministration aodtunifodnin ef dasape, Isacheral and/ouparenteral forms
medi um was harvested on day 12. [00101] Figure 1la

are $hvowdatcdeashifieddsade fore, aigneinigzehadti ¢draaimsenpiddetermined
amount of acidic peaks in the culture on day 7. Figure

quar?‘rlgfyz&foﬁ’&ivé oFeLr‘f estuiied f&pl‘b@lhﬁ@ﬁﬁé‘ge%’ed ﬂﬁelrﬁb&ﬁic effect in

cul ar I ght aggregates on the day 7 culture.

assRRHbTuiE s A BhaliteThisgearor NE YT ingry s juthe art
aks t he .s i ment's

acidic p .. Figure 1 hows . expet

will BE e 5 s o JRigRBReE SPPRENgHR sk el Boduded
Overall, carnosine had a positive effect by decreasing

accpiling itthedeeaeet ip¥aREOmnd t he hi gh nol ecul ar wei ght
aggregates in cultured dishes. [00102] Exanple 2

[0097)0 1 0Gertainf erobedinierta andsispe cidatetdiscussed Qe ldetailLaliavee The
Medi um [ 00104] Five bioreactors were inoculated with

presbrit disclé¥ure s fusther iMstriated By tiv@fdiibWweng, non-limiting examples.

Those of ordinary skill in the art will understand, however, that various modifications

to these embodiments are within the scope of the appended claims. It is hoted that

the addition of carnosine and/or other anti-senescence compounds is equally

applicable to other mammalian cell cultures and protein products. lt is the claims

and equivalents thereof that define the scope of the present invention, which is not

and should not be limited to or by this description of certain embodiments.
EXAMPLES

[0098] Example 1

[0099] Dish Scale Carnosine Experiments
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vol une of a MYO-29 cell line in a serumfree
i nocul ation nmedium All the bioreactors were fed 5%
w@ worps@hs a feed nmedi um on days 3, 5, 7, and 1PCDUSH06/041256
14-day run. A day 10 feed of 5% (v/v) of the feed
[00/184] upﬁ MXO-28dedl line wam celfured én aseruml frés prasiuction snedidm in a
one contai ning carnosi ne. The conditions of the
bioleawteagitiv a sl workingioluade atdwpsteinpeeatafe Siifed drgpii33fC to 31°C
7.00, and a dissolved oxygen level at 30%air

on 88} ! atHeOPpH ofife BbiréadtoPWak Hehd ¥EP.08%hd e ASSbIVEE oxygen was
sparge gas had a conbination of air and 7A> car bon

STl AR i B
o A7 M A B B8 Wbrappuns

of he bi oreactors on day 4 al sg. The bioreactors wer
andwak%@@ﬂ%te a1 dajpcubatar, vherethedlish calfuregversguhiuead unti day 12.
wer e taken throughout the run to nonitor the progress
Theytelishweresuipplementes wisliialired Thedisonen dags penior méuh day 5, 10
expected. [00106] Figure 2a shows the daily viable

%(we) of fdedshediunfivgsaeddal ts tiesell baturedandair §aCcel 5%(v/v) of feed
viability of the bioreactors with carnosine was higher

medRAN WA 8l b RS el cGﬂﬁﬂé@r ed A bf’\Qarthﬁwéaﬁéé%aﬂed on day 4,
without it. Figure 2c shows the daily titer of

oo L HEEERETS B DR AF SR A v

h harvgst i cul tures vvlth carnosi ne had better
a %ecific cellul ar productivity shovvn in
re 2d. Figure 2e shows the anopunt of hig

IOOE'rB c filoure i a§refingt of thaerronsing aaidﬂméasﬂweoamount of

hi gh nol ecul ar wei ght aggregates in the bioreactors
acigic peakaimths ewtuse enalay, 7. 5o 11 bBhawsl the:ffe@0wd8ie carnosine on
Ef fect of Different Concentration of Carnosine

the Adigh trictesild0N4i8T aggresgale oo ded @4ys 7 weiltard. NBiguléati € diustrates the
wth 0.4 x 106 cells/m with a 1L working vol une of a

efféW @f é8me8lrle dddiforidlorR da§ 4y TefdulRidy P lerdlid 88y TBUNURE acidic

t he bioreactors
peaks. Figure 1d shows the same experiment’s results but for high molecular weight
aggregates. Overall, carnosine had a positive effect by decreasing both the acidic
peaks and the high molecular weight aggregates in cultured dishes. -
[00102] Example 2
[00103] Effects of Carnosine Addition to Cell Culture Medium
[00104] Five bioreactors were inoculated with 0.9 x10° cells/ml with a 1L working
volume of a MYO-29 cell line in a serum free inoculation medium. All the bioreactors
were fed 5% (v/v) of a feed medium on days 3, 5, 7, and 12 of a 14-day run. A day

10 feed of 5% (v/v) of the feed medium was added to two of the control bioreactors

and one containing carnosine. The conditions of the bioreactors were held at a
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were all fed 5% (v/v) of a feed nediumon day 7 of the
14-day run. The conditions of the bioreactor were held
W(aizooa/%(sm)erature of 37C, a pH of 7.00, and a PCEESI00€M1256
oxygen level at 30%air saturation. The agitation rate
tempesatat of pMCaradpliné 7sQRiranel g dissbvedoxygerdileraliab 308 air
air and 7% carbon di oxide.[001 10] Al cells were
saturaltionr gthefagitationraidayas 200 wpincdndothiendprge gasrheer atomdination of
was shifted in all of the bioreactors to 3 10C. Al so

air &M 4%y cdrbondioxihk of canosi ne was added to one
bi oreactor, a second had 40 mM of carnosi ne added, and

00} 1) TS5 B8 Y EURGSHER 28058 orlipose was
e FT AR R bl A o

per f ormed gener al Ig/ as. expected, except one control

ten‘]pgaatg[q @'ﬁﬁl 'ftQﬂ/\t@r LS qnyal fhe biqreastorsan C#?ryé?/?@esl-r)he
seen. [00111] Figure 3a shows the daily viable cell

biorgantors ywere haruistédon aybidookthe tpsoduction fuai rSgmpiesiwane taken
with the exception of the bioreactor with 40 mM of

thratghootstheerun o gnsmitodthe peogreb s af tHeheeldaultuye eeddium. The controls
viability of the bioreactors with carnosine had a

perfor@@8rasédftictdd.y upon being harvested conpared to two
control bioreactors without it. Figure 3c shows the

[00@(}' nygn"r@Qa Iaﬁ/sbthgrﬁ‘gtv%fb? %* Behdf. Cﬁ?ﬂP%?p%thwg that the

S an one O COﬂ S were s

b|o t. th arnosi ne had, a, hi er .
da"w Vi ot bifreatiaR witFmRs e e niner 45y heing harvested
Fi gure 3e shows_ the amount of high nol ecul ar
coriianto o Pissaaciars Wil i e AcsshowRotesaml Ster of e
nmol ecul ar wei ght aggregates with the carnosine
biorgadiors and thafrthartwd hioregitors withrasirsosin@ presetit haidt higheHiter at the
t he some enbodi nents of the disclosure have been

timelothanvbetl Tiey eulturet hatrebameside Jerd ipdtierrcunsulativeespecific cellular
illustrative. Further nodification of the enbodi nents

prod!l%tﬁ'ity‘ sﬂbﬁlﬁ'nﬁ’ raidd. Pflﬁﬁkg 26 3hblRIRe BRI &f 'hight m8lecular
culture art and all” such nodifications are deened

welélﬁ’t %%r %%é%&éﬂ?n&%%fﬁ?_e%e{ﬁs%ﬁof%l 1ol dﬂjlér \ﬁélg‘ﬁ?fabalee%ates in the

bioreactors with carnosine present.

[00107] Example 3

[00108] Effect of Different Concentration of Carnosine Additions

[00109] Four bioreactors were inoculated with 0.4 x 10° cells/m! with a 1L working
volume of a MYO-29 cell line in a serum free inoculation medium. All the bioreactors
were all fed 5% (v/v) of a feed medium on day 7 of the 14-day run. The conditions of
the bioreactor were held at a temperature of 37°C, a pH of 7.00, and a dissolved
oxygen level at 30% air saturation. The agitation rate was 200 rpm and the sparge

gas had a combination of air and 7% carbon dioxide.
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1. A nethod of producing a protein in cell culture
conprising steps of: culturing mammalian cells that
weonwasme gene encodi ng a protein of interestpPCWOBING6/041256
gene is expressed under conditions of cell culture, in
[0041@F| Allnells weare waitiiian foo iquri daysgtavhicm poing dne ereperature was
conpound; and mai ntaining the culture under conditions

shiftedlinf @If ofthiel iBreaigidrs ¢ 8NEC! AIREHAday X ROGRR OMcathosiRe was
protein; wherein the cell culture exhibits an i nproved

added o e Blﬁf@a(ﬁ&a 4 %d%(?}ﬂﬂ\?l of béfn%%ﬁeféﬁcf@t&,‘ and the controls

cor respondi ng ce ture aracteristic _
did *ﬁ[%ﬁgrggmg S\é? %ggrﬁhds‘ﬁi %&ﬁ%&%wﬁﬂﬁlé{%c o'g%)%llgr? ﬁgp\/'ets'teo(y 8n 'd%yaI'} of the

nt L senescence, conpoun erejnt nproved cul ture
progH%tn‘%{b'ELE‘m gmples w "@ltég?'é TPPSLM' eg*PBé%”&Rm@iféh? REpgress of

f: increased titer, increased cell specific
theme!i@u&urevmtegilum n&hezoatrolseperfammasi gensrally asexpeeted, except one
integrated viable cell density, decreased accunul ati on
condifol had Islighiiyeloweadailg vigbilitieg dhaw ptedoushpseeased
accurul ati on of acidic species, and conbi nati ons

[001 he} ePiguré 3alshewEetheathilpfvigdiaicell Hen¥ie e diffdtent bioreactors are
anti - senescence conpound is selected fromthe group

falrlzos’}ﬁilért Wie 1 ei?éér'@ﬁ)'nrkﬁ thé‘%%cfléh%t%?mﬂszid”ﬁ\i\/}] gf camosine. Figure 3b

ono- canosi ne al ani ne
t net.hod laim1 .
s i o od e BB i i e e
. rnosi ne.. 4. The thod of, claim1,

viaiffty YR Belng beBRIaT ¢oBatAALIO Woppai i biorRa bR WERpUL it Figure

cul ture nmedium at a concentration of between about 5
3¢ shaveminesdiailyttitain thervioreactorsawitle the dambsineyadditionst and one of the

claims 1-4, wherein the cell culture is further
controls were similar. The bioreactor with 40 mM of carnosine had a higher
cumulative specific cellular productivity. (Figure 3d). Figure 3e shows the amount of
high molecular weight aggregates; overall there is a decrease in high molecular
weight aggregates with the carnosine additions compared to the controls.
[00112] Although the some embodiments of the disclosure have been described
herein, the above description is merely illustrative. Further modification of the
embodiments herein disclosed will occur to those skilled in the cell culture art and all

such modifications are deemed to be within the scope of the embodiments as

defined by the appended claims.
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provided wi th suppl ementary conponents. 6. The net hod
of claim5, wherein the supplenmentary conponents are
wWee@viosiees in a feed medium 7. The nmethod of clBETUS2006/041256
6, wherein the supplenmentary conponents are sel ected
What [s0¢mihied @r oup consi sting of hornones and/or ot her
grom h factors, particular ions (such as sodi um

1. ChAGRdiHBd &@#&dd&%g HRgORE Wtelladtupd ospiprising steps bEr s,
vitam ns, nucl eosides or nucl eoti des, ce ele
(i cwwbammammwrwsdwmrvalﬁraeg@m eREORER Y PIOYER hinterest
Wthé (r)ggq(}%{}ts rgg(tB'Fecs%%h alwg@r I@lﬁgﬂ§ of l:él? EGlﬁx red |n”% Q&R cAkuretfi8ium

ons t hereof The net hod
compfisiflf Annarfti-séneycerice cohoeind; ahé suppl ement ary

conponents include an ant
AL R e

exprggéwrdfﬁge lLian cells that contain a gene encodi ng
otein Interest in a cell culture nmedium whic

gewheiein ehecels seltlrareddibitsamdinproved cell ssltv fe\:QhﬁfaﬁtéﬂSféﬁ that

et o s RonT NG Sal rbABRTSRAe st EPAE RORY i ok uncer
othehﬁgsé%@ﬁﬁ&a@ cBRditiBAP &I ah eiferivasedidenficdlmeediah thatldcks ¢he anti-

umto a second tenperature or tenperature range
senesmmemmﬁommdprot ei n production; culturing the host

cells i.n,th

£ QHBEFEI? 6*9%%ﬁ%\”&ﬂﬁ@*ﬁ@%‘?’é@%ﬁ’&gb?h $C1ECRARI the proup
condiSisLortbreadadl titeprindreated well Isasexfucﬂnedmtmtnnncreased cell

anti - senescence conpound |f,gad ed to the,cell

viabiifl IRETERSER MeYIRed WRpIe Il SFRSTHAPES e@§eQﬁCFH'6\“gﬂ)'8&‘ Gt high
mol&ﬁllér \%lghg %ﬁa%ﬁ%b@cké&s‘e‘a ddanuaddrebpadifiesprcies, and

corres ulture characteristic that woul d
combmmmerthemoﬂnder ot herwi se identical conditions in an
ot herwi se identical nediumthat | acks the
anti - senescence conpound;

2. The method of claim 1, wherein the anti-senescence compound is selected
from the group consisting of carnosine, acetyl-carnosine, homo-carnosine, anserine,

and, 3-alanine and combinations thereof.

3. The method of claim 1, wherein the anti-senescence compound comprises
carnosine.
4, The method of claim 1, 2 or 3, wherein the anti-senescence compound is

present in the cell culture medium at a concentration of between about 5 mM and
about 100 mM.

5. The method of any one of claims 1-4, wherein the cell culture is further

provided with supplementary components.

6. The method of claim 5, wherein the supplementary components are provided

in a feed medium.
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wherein the inproved cell culture characteristic is
sel ected fromthe group consisting of: increased
WO 2aoe05040$cr eased cel |l specific productivity, PODUSHS€M1256
cell viability, increased integrated viable cel
density, decreased accunul ati on of high nol ecul ar

7. epeliRatiESELRE Bt DI DE PR RE eSSt are
sel&dtali MoPn tw@@r&ipmdnaﬁstmgtdfh%@m@ﬁeg %ﬁ@/di%m&’;g“}‘g%/\)ﬂ? tf}aé&é%@

to the cell culture nmediumat the beginnin
partieylpr wmst(sveh ps sedisis,ichlorides caisidiodmagnesidimmandophasphate),

i 0. i - . i th
bt el R g U B EIe DA orb8nig Bmpounas
usualy peekentt at beiyof, fink) concdrtratigme), edminbheids, lipids, glucose or other
anti - senescence conpound is added to the cell culture

energy SOWiceu ANG gomiinationsdherest. phase. 13. The method of
any one of clainms 9-12, wherein the anti-senescence
conpound is added to the cell culture nmedium during
8. t helhpr odtiuad ohclpinase6 ot 7, wheeeinghésdpplen@ntagnemponents
. claims 9-13, wherein the anti-senescence conpound is
'nC'Qg?@&ﬁ"?‘?rﬁﬁcﬁﬁ‘ée GPBIRSYUEBnsi sting of canosi ne,
acetyl - carnosi ne, hono-canosi ne, anserine, and
3-al ani ne and conbi nations thereof. 15. The net hod of
9. cl & medhodfasrpduging aaproteis spawtisingstepapebund

co ' ine. hod of any,.one of, . . ,

c1 SUHLRES pEdt AR cett et Kok a s RHIRTS sfitein of merest
a cgll egitné naditiime whidh géne Islsepreesid ihddr corpitFRNfodlli@ifture, at a
._of between apout 5 nM and about 100 mM 17. The nethod
firstdempesatyvra er taeeraturetrarge epndugive fareallgrewth dering a growth
phag%ovi ded wi th suppl ementary conponents. 18. The net hod

of 'claim 17, wherein the supplenentary conponents are

pr chiftiegl thenteanperaturewditermperature range of the cell culture medium to a

second temperature or temperature range conducive for protein production:;

culturing the host cells in the cell culture medium at the second temperature
or temperature range through a transition phase and into a production phase;

wherein an anti-senescence compound is added to the cell culture and such
that the cell culture exhibits an improved cell culture characteristic that differs from a
corresponding cell culture characteristic that would be observed under otherwise
identical conditions in an otherwise identical medium that lacks the anti-senescence
compound;

wherein the improved cell culture characteristic is selected from the group
consisting of: increased titer, increased cell specific productivity, increased cell
viability, increased integrated viable cell density, decreased accumulation of high
molecular weight aggregates, decreased accumulation of acidic species, and

combinations thereof.

10.  The method of claim 9, wherein the anti-senescence compound is added to

the cell culture medium at the beginning of the cell culture process.
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19. The nmethod of claim 17 or 18, wherein the

suppl enentary conponents are selected fromthe group
weongiosuphg of hornones and/ or ot her growth farCDUS2006/041256

particul ar ions (such as sodium chloride, calcium

magnesi um and phosphate), buffers, vitam ns,

e T SR 55 G aER e Sl
addé@m@ﬁm e8il bQRFE medTLRP @ﬁiaqjﬁrgndéﬁo%ﬁ? ucose or ot her

energy source, and co t he .20. The net hod
of claim17, 18, or 19 V\herel n the suppl enent ary

Iud nescence co ound. 2
S aRRdRRl R SR Y AEH L BRERH e ReResagios Gotinqund is
add@d @@tlf@delpé@ltt&é mnécﬁuhﬁdlﬁir@ PR iorl Prag@Mal | an
cells. 22. The nethod of any of the precedi ng clains,

wherein the manmmalian cells are CHO cells. 23. A

13, pr%s oMo CHT FRCOF Ghif® 692 MRTBhNNG ARk AMYs énéé“e
oo 2 Whefigh 168 fl-sHhsfen

prece ng clai e pro

compbengriotdded i thencelhtulture ynedlom Jmﬁ\gdhetrﬁbauaiombl@asm
24, wherein the antibody is an anti-GDF-8 anti body
sel ected fromthe group consisting of: My029, M028,

14. W qR, mé@?\@dcd?'éth e ONSaihfiesqaf wh%@eméf?é@frh—%%n%%é%ce

preparing a pro ein according to any ai ns

commundes selentad fsomdhe lgeoup e@nmstmgsof earnoginehaceiybtanosine,
romthe cell cultur dLu ré(% Ihog acc rdi ng

hompf CAlngPResBnseiit: and AENRIG? forbin RS 11 eq

or processed for fornulation. 28. A nethod according

to claim26 or 27, wherein the protein is fornul ated
15. nifbeam@ﬂiadmé@bumQ:arvherenrptbeuantemnmenge centpointi@omprises
cam%ﬁ'\%uc' ng a protein conprising: culturing a manmmal ian

“transfornmed with a gene encoding a protein of

interest in
16.  The method of any one of claims 9-15, wherein the anti-senescence
compound is present in the cell culture medium at a concentration of between about
5 mM and about 100 mM.

17.  The method of claim 16, wherein the cell culture is further provided with

supplementary components.

18.  The method of claim 17, wherein the supplementary components are provided
in a feed medium.

19.  The method of claim 17 or 18, wherein the supplementary components are
selected from the group consisting of hormones and/or other growth factors,
particular ions (such as sodium, chloride, calcium, magnesium, and phosphate),
buffers, vitamins, nucleosides or nucleatides, trace elements (inorganic compounds
usually present at very low final concentrations), amino acids, lipids, glucose or other

energy source, and combinations thereof.
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a cell culture nmedium adding to said cell culture
medi um an effective anmount of an anti-senescence
W@ oooposags mai nt ai ni ng said cell cul ture nedi unPCmUB1006/041256
said protein of interest accunul ates; and isolating
said protein of interest, wherein production of said
protein of interest._is_enhanced, cell viability is
20,7 i heiod BHERIT g7 Far ol aereohe SUpiRmsRtany Somponents
incld@erpasfséfesc@fBacBfhgduntihe production of said
protein of interest in the absence of said

anti - senescence conpound in otherw se identi cal

congi t | hod.,.of cl.aim29. .wherein, said .
21, poofhe ififod SEan  BEETHERuRG el Whgteiliis BisuRa protein is
hetelcdogousto thbenshmadiah¢el@nmal i an cell is a CHO cel |.

32. The nethod of claim?29, wherein said protein of

interest is an anti body. 33. The nethod of claim 32,

29 Wh . . . . " <o Caa T .
e PRaforahL B sesnk 8ol My e miffimaian ot are
CHOeawisbi nant human anti body. 35. The met hod of claim

32, wherein said antibody is specifically reactive

with growh differentiation factor-8 (CGDF-8) or an

23. epiA pReihib8BEed 86cordhfy tBRAE ‘Pﬁ’etﬁég ﬂf?hg}oﬁﬁ\se p@ﬁfgﬁ)‘g[blclaims.

sai d reconbi nant anti body specift
1. 37. The nethod of claim?29, wherein said

ant-h-.S . nd . s, carnosi ne or car nosi ne
24. 2 e SRR R R Qe g S Riarbrafbedl i
carnosine analog is selected fromthe group consisting
| -carnosi ne, honp-carnosi ne, anserine, and

f t H v - . .
25. g |h§§<?f)ét=f~?'n 96 claime4nithesein dhe @ntibadp s amasti-€3F Laantibody

soRe (SHTRGF868 CEAPRRHRT o ESIETHL 2% A A ERons

thereb€rei n said anti-senescence conpound is at a

26. A method for preparing a protein according to any of claims 1-22, further
comprising the step of isolating the protein from the cell culture medium.

27. A method according to claim 26, wherein the protein is further purified or

processed for formulation.

28. A method according to claim 26 or 27, wherein the protein is formulated into a

pharmaceutical composition.

29. A method for producing a protein comprising:
culturing a mammalian cell transformed with a gene encoding a protein of interest in
a cell culture medium;

adding to said cell culture medium an effective amount of an anti-senescence
compound;
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concentrati on between about 10 mMMto about 40 nM 4 1.
The nmet hod of claim?29, wherein said anti-senescence
w@omposmgs i s at a concentration of about 20 mMWCHRS2006141256
nmet hod of claim?29, wherein said anti-senescence
conpaintaining seddiedll colturemhediaim ontilwdidprotéinest infetiéstraccumulates;
43. The method of claim?29, wherein said cell
and;i apj | ty at tinme of harvest is maintained. 44. The

t- . H H . . . . ' . ,
B S 1o IS R LR of 4 o
is ephanesdh cedliviakiltyd$ aintainedy @nd\highy nufleadamweigbt aggregiate is

doqiRAFf s ahipefSy e kg detnls i Prolel op@rdsein the absence o

said antidaBescdNcecHRps GRS B otheflisd idBHIRANEM NIt
aggregate. 47. The nethod of claim 29, wherein quality

of said protein of interest is increased by a decrease

50, R ReERLECUER 28 Py g AR 5z ol
culture nedium at a tenperature conducive for cell

r h dyri r h phase; shifting said
31.¢ e% wethod S alh 86 cunbrein saiskmarmseR o Gl s @SH sl
to a tenperature conducive for protein production;
culturing said host cells in said cell culture nmedi um
32.at The met clain 29 cwhelain saidfrotein of witerest isdarc tintivody .
through a transition phase and into a production
phase; addi ng said anti-senescence conpound to said

33. celThecmbthodeofaaliny B2 Cihérgn Saidchritibad§iid hANgBhaswepat a
concentration wherein production of Said protein of
i nt erest

34.  The method of claim 32, wherein said antibody is a recombinant human

antibody.

35.  The method of claim 32, wherein said antibody is specifically reactive with

growth differentiation factor-8 (GDF-8) or an epitope thereof.

36.  The method of claim 32, wherein said recombinant antibody specifically binds
to BMP-11.

37.  The method of claim 29, wherein said anti-senescence compound is

carnosine or a carnosine analog.

38.  The method of claim 37, wherein said carnosine analog is selected from the

group consisting of acetyl-carnosine, homo-carnosine, anserine, and 3-alanine.

39.  The method of claim 29, wherein said anti-senescence compound is at a
concentration between about 5 mM to about 100 mM.
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I's enhanced, cell viability is maintained, and high
nol ecul ar wei ght aggregate is decreased as conpared to
wo b@7fps@gticti on of said protein of interest inPCHES2006/041256
absence of said anti-senescence conpound in otherw se
40.i deThie nwthaboficihine @9, whereir seidatiheenedcenlcaicorddbund is at a

wherej.n sajd antj enes (o ound is at a
CO“GSHE!@h‘P’PE? 'b%‘?%@ %Eﬂa@) GMibout 100 MM 50.
The nmet hod of claim48, wherein said anti-senescence

compound is at a concentration between about 10 m\/lt_o
41.abolhe a@thod obclaim 28ewhetdin gaisk anti-a¢mest@ncaicengiounsids éit a

Cong%tgh-? eneﬁ%ﬁo&ezocmwound is at a concentration of

42.  The method of claim 29, wherein said anti-senescence compound is added in

combination with a feed medium.

43.  The method of claim 29, wherein said cell viability at time of harvest is

maintained.

44.  The method of claim 29, wherein production of said protein of interest is

increased.

45.  The method of claim 29, wherein cell specific productivity of said protein of

interest is increased.

46.  The method of claim 29, wherein quality of said protein of interest is increased

by a decrease in high molecular weight aggregate.

47.  The method of claim 29, wherein quallty of said protein of interest is increased

by a decrease in acidic species.

48. A method for producing a protein comprising:

culturing a cell line in a cell culture medium at a temperature conducive for
cell growth during a growth phase;

shifting said temperature of said cell culture medium at least once to a
temperature conducive for protein production;

culturing said host cells in said cell culture medium at said temperature
conducive for protein production through a transition phase and into a production
phase;
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adding said anti-senescence compound to said cell culture medium during
said transition phase at a concentration wherein production of said protein of interest
is enhanced, cell viability is maintained, and high molecular weight aggregate is
decreased as compared to the production of said protein of interest in the absence of

said anti-senescence compound in otherwise identical conditions.

49. The method of claim 48, wherein said anti-senescence compound is at a
concentration between about 5 mM to about 100 mM.

50.  The method of claim 48, wherein said anti-senescence compound is at a

concentration between about 10 mM to about 40 mM.

91.  The method of claim 48, wherein said anti-senescence compound is at a

concentration of about 20 mM.

Page 44 of 45



