DI PEPTI DES TO ENHANCE YI ELD AND VI ABI LI TY FROM CELL CULTURES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit oWoWo1281988p0Vvi si onal Application No. 61/371, 119 pcCriused 1Augsst 5,
2010, which is hereby incorporated by reference. FI ELD OF THE
| NVENTI ON [ 0002] The invention is in the field of protein production in

cul tured reconbi nant cells. BACKGROUND OF THE | NVENTI ON [ 0003] Ther apeuti c
protei ns andyphbeiroraeNe aldy virne nhanty ool YPepRoleerear herpiggduced from
mammal i an cells in culture that have been engi neered to express high |evels
of a particular protein or polypeptide of interest. One advantage of

produci ng such protgj i they can be

desi gned for secretégﬁ,%sflgFﬁF ] NA#S?& g#“‘%@%&ﬁ“&h;ﬂ% fications, such
as glycosylation. In such mammal i an cultures, control and optim zation of
cell cul tloo@lcondi Thipagplicgioorlaimctt bémfit sfiild.ce Ssfvisiongbhpraicatical pr oducti on of
pr ot ei ns . an e unt _an of protein or
pol ypept |I\?eg%)/rggd%®e§fed%ug%8t}-hme }lnglglrsﬂ?l Freg}gwo@?ragd%?/’ r?#ﬁrgxcgel | culture
conditions and reagents. [0004] Suppl enentation of animal cell culture nedia
with serum general |y inproveEIRKED IOKTHE INNYNEHdANal so t he production of
reconbi nant proteins. Over the past decade or two, regulatory and safety
concerns,jpgg2 el | age Hl'if@fpioﬁnésln%éﬁhl&%r%ﬁ%r&tﬁ%%nqg%ﬂlﬁir&d’vee&%ﬁm@&ll\éen an
industry trend toward elimnating serumi n comer ci al production of
proteins. Gillberger et al.. Biotechnol. J. 2009 4, 186-201. However,
animal cells grown in serHKGROUND QFéraIﬁE BEV@M}O%W tive to nutritional
deficiencies which may i nduce apoptosis. Apoptosis adversely affects both
qual ity qo0o3]ter Dﬁerdlﬁﬁtﬂffbbtﬁﬁﬁlhnd)@tbérebmﬁleroﬂl&ﬁmhomdpdﬁz{&@&mggﬁlbe, 2005,

Bi ot echnol ro 21, 96-98. Pro e| n h dr sates or t ones. ge ted
from soy pé‘?f‘é‘ciﬁﬁgoé‘i‘ g?]“ ‘E?lllﬁms 31 %“ gé“?%f%? h‘?h%"?
serum Mpghicehf Iﬁbtemha@otyp@mdlbm&réso @&@awrftager@gpﬁoh@clﬁg)m@pﬁmlﬁ ihn t hese

addi tives, and their optinumconcentration ranges, that are responsible for

these advamiaajapgd! %‘fltfl@éﬂssthat[“@m%l} b3 dgtigedsfor sqcretigh.dpldfngand patt i ons fr om
plant pr qlagiifica¥dhQli@abRssRAds £1983s¢@tid @i kuch mammalian cultures, control and

optimization of cell culture conditions is critical for successful commercial production of

proteins and polypeptides. The ultimate amount and quality of protein or polypeptide produced
can be significantly affected by the cell culture conditions and reagents.

[0004] Supplementation of animal cell culture media with serum generally improves
cell viability and also the production of recombinant proteins. Over the past decade or two,
regulatory and safety concerns, as well as problems with sourcing heterogeneity, have driven an
industry trend toward eliminating serum in commercial production of proteins. Grillberger et
al., Biotechnol. J. 2009, 4, 186-201. However, animal cells grown in serum-free media can be
very sensitive to nutritional deficiencies which may induce apoptosis. Apoptosis adversely
affects both quality and titer of recombinant proteins. Franek and Fussenegger, 2005,
Biotechnol. Prog. 21, 96-98. Protein hydrolysates or peptones generated from soy and wheat
gluten can sometimes help compensate for the lack of serum. Much effort has been given to
identifying the components in these additives, and their optimum concentration ranges, that are
responsible for these advantageous effects.

[0005] Franek et al. prepared fractions from plant protein hydrolysates and tested them
for their ability to support growth and secretion from murine hybridoma cells. Franek et al.,
2000, Biotechnol. Prog. 16, 688-692. As an alternative approach, Franek et al. screened

available synthetic peptides for their effect on production from a mouse monoclonal cell line in
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for their ability to support growh and secretion from nurine hybridonma
cells. Franek et al., 2000, Biotechnol. Prog. 16, 688-692. As an

al ternat iwe 2apppmemweh, Franek et al. screened avail abl e fgmtusediilo443ept i des
for their effect on production froma nouse nonoclonal cell line in
serumfree nedium Franek et al., 2002, Biotechnol. Prog. 18, 155-158. They
reported that while single amno acid or dipeptide did not significantly

al ter theeGHl it Rediah 2PBA& & al, 102, Bl@t@éﬂh@b ﬁ)%dlﬂo%‘i sl MRy RpoAs el | as
tri- and tetra-al ani ne enhanced vi abl e cel ensity and viability. Id.

Certain thile gaglejagao @rﬁrmmﬁtl%%n@tSi&ﬁrﬁC@mtIYnaétﬁb@P éﬁ&lre PAENGeIIT (8T t hi s
mouse. mongel QAL oIGShd aslidhs - tng taaSHRSEQHEREPURE LIRS AR LRS! | S
reconbi nantly engi neer ed produce P, th group reported that

t et r a- gl yéi Qertaimeirpeptiday evhaeilbfrda)r@@mtlom@mprtoylondndtllmatfronﬁélsmqusqaept| de

G y-Lys- SEAP, |

51 o1 cenno AR CaE g R ARHE L e BEADG RO RS SRRy KB ecred,

devel op nepiledds SEHNP, thescgyogi mmnedphabchtm{gl)@meomcrq:ﬁlsﬁt‘eabie call deosyl atdghat def i ned
- media Ghem d d r dr ol can i nprove
survi val 5 FaS P ER R BTG s BB TR Ap KOGt EBS: 27T A
tetra- peﬂhotek&mmattg bee6ogeported to inprove culture pararreters it is

pr ef er abl have_as si a efi.ne culture

Poss: bio LR Eh " mooc v B & aRet nhe e oPSion o B St MR R RERR L o

r ecgmlal n@lﬁbrolm‘mli mrlgﬁlbledﬁy @é}ﬁé@s ﬁiegia ,or ?:hehﬁfa,lly@lleﬁthedgiri:ﬂ\ﬁ BNElﬂHZ{erﬂémCEl |

viabilit an |l ead to higher, pgroduction |eve t here uci ng costs
associ at éagaﬂ)}@ﬁe%%a THRIRUT Y ?ﬁetg‘c‘?f TRt %P HE Hgl?eé B3FFIRG Al%%gfl ?F\gi‘éﬁt on

ful fills hinese-pBReRIShAN bRéO¥pEHed o ﬁﬁpmlee;uuﬁ@waale@rsn@vsqiref&abié%iﬁav@fas
increasing cell gromh and protein production, SUMVARY OF THE | NVENTI ON

[ 0007] Thélmn%wms(slﬁﬁr&ﬂ@\ﬂeﬁé@mée PROFTO B ROPSIRIG MhiphimaY InaiAeSFREOIRIIANEPIOKEY  have
been recqpbi mmrhlyromnm@E&@ngfaaﬁwry%pald@ epgrggsr%hmtaf éurgrmsdhd/o;m met hod
conprising, growmng the CHOcells in"a serumfree medium during a growh
phase, aﬂeﬁbdﬁbvﬂnrigadttﬁélg@@r@fblml@l leyels theeqby igdueiag cores asprsintqdrvathife i on nmedi um
during a nPJnQQHt‘ﬁPé &%rd?é’lﬁ‘ﬁr%rap%i%ﬁ eTl'iE ﬂ%ﬁ'ﬂ@ﬁ fxflﬂ“l‘i’s tREQALGE b9 BrRRARSih e

serumfree mediumis suppl enented east one dipeptide selected from
Tyr- Hi s, c@yranfypgyel methody ef incrgasinggpl] guawsh @idyprotein droiuetiodi s, and wherein the
titer of the protein is inproved in the presence of the di pepti de or

di peptides as conpared to tpRATENOR PHEIRG ENPRPNI de or dipeptides. The
invention also provides further supplenenting the serumfree defined
production nediumw th at | east one dipeptide selecte m Thr - Phe,
Hs-Au, B s, %ffesmseélrwn BiYldR %mégﬂ‘P Oi%ﬁaurmnfm%ﬁe'g%tﬁgﬁw RFhept i des can
further irgRLBUANTY ér%[neer%ﬂlti/ &bre@s’i@pl‘oféﬁf SVfelekteth hdtoli cobpdneh, ¥ioable cel |
density of the resulting production culture. [0008] The | nvention further
provi des the GRPKEY B seymriies mrglivn fyages %a%tpéﬁseowrgyw@w@fcéﬂpé sthat have

been recqnbippftd déﬁﬁ&%rﬂ&%f1§1¢m%&luﬁ>ﬂlﬁf1ﬁé§pl%dﬁkrti‘%h%ha[?se &H&?eﬂ@ﬁrh@%&onp” si ng
growi ng the CHO cel in a serumfree nmediumduring a growth phase, and

gr owi ng tpﬁélu%@éﬂelthe fieﬁlf%rfr@@mﬁﬁwml%@lpﬁ@ﬂieﬁfé@iWﬁh@ﬂlﬁ@% perdipedéidleim during a
producti QRROPREN hﬁgsfe ?Ieas TﬂgAfathrP\Va‘?%gtdl?%n@t&?asﬁmtQﬁxﬁ%‘féﬁmhferee medi um

is supplenented w one di'peptide selected fromHs-Gu, Gu-Hs,
Hi s- Ser, tidrof Geprotay is-ipipevediprthe gresendayof-ting @pep"ﬁylc onxhpeptlléelrssis @lyparah@ Al a-Hi s,
and wher I in the presence
of the d?llbée% Ql ewtﬁpg%rppét}aﬁ%gcel Ebggl&gof%gweh{f{n al gssgﬁ@% of the dipeptide
or di peptsighdsnenfio 00 séomeirati defhad, prodichien mb(hurrrmﬂhcadbasjfom teeptideent i on, cel |

viabilit yélectecﬁl P Tom T?lr—Hle His-Glu, Glu-His, His-Ser, and His-Gln. The addition of such

dipeptides can further improve titer, and/or can improve the viability and viable cell density
of the resulting production culture.

[0008] The invention further provides a method of culturing Chinese hamster ovary
(CHO) cells that have been recombinantly engineered to express a protein, the method
comprising growing the CHO cells in a serum-free medium during a growth phase, and
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density and expression of the protein of interest are inproved relative to
cells grown in chemcally defined nedi umw t hout dipeptides. [0010] The
present iwoentzoameal so provides an ani mal cell cul ture PETarskonamissy
engineered to express a protein, in a serumfree defined production nedi um
suppl emented with at | east one dipeptide selected from Tyr-H's, Tyr-Lys,
Tyr-Ala, Tyr-Val, Hs-dy, and Ala-H's. The invention also provides an

ani mal  celdwihé 4@ dHD 818 ¢ ¥erih8Re q@fiﬂea %Ebdﬁét%liﬁéd'i&ﬁ‘dﬁm%' AP EERR] ement ed
with at l'east one dipeptide selected from Thr-Phe, H s-GQu, du-Hs,

H s- Ser @hehcHYBeran duriferha pPvHetRD RhashEreapyauiisraneduB s snlméemw@mﬂoﬁ t he
di pept i dqeag%gfaﬁpegmesgleagd ﬁoﬁl'mébhp@?&mt Fal $é?ers ik hﬁ'yrZﬁé’ gt £ fee defi ned

production medi um fromabout 0.1 g/'L to about he dip |de can al so
be added TiyrAde, flaed alyHe-Gin ang Alhéﬂw@@whcrﬁmrﬁhqo\hdslety omlséeléﬂd@rﬁplassed Wit hin

the e”bogﬁlﬁx&%c?m‘?ﬁe;%]@s%né ga‘f%td n&% ilSo toﬂ%gﬁ‘&’e@'a& bcﬁ@ga? r‘_ﬁﬁa‘BEenE‘P&%‘:ﬁ@“ pepti des.

One enbodi ist dditio I pept i and r- Phe. The
serum f r elgpegede andpeptideduct i on nedi um can al so cont a| n putresci ne and/ or

Sper m nef{?@% or i ngl'” Irc{‘lrllﬁll}l/ l%%mgtdﬁ:%e G?C%%E:itv%gtl n ce(ll V1ab11]’[3(I \ba[bq)eoj' ]Wt hin the

enbodi ne t he fRve elnof In
ant i body,demsitplandampzmiomnfﬁhbpme,m af mﬂatemmré irnmmeﬁbﬂdwe tacdlB gorvim mant pr ot ei n,

a reconbi pant i.0 tein r vvtiu factor, enzyme, or a cytokine. BRIEF
DESCRI PTIC%\IIn ﬁs—e@ ﬁ%’gﬁﬁ ‘f’@%f%ie?l re 1 shows the effect on titer
(figure 3891@nd culheyresent imdintiod adsc(ﬁrbguéseanhfﬁi)ma\lvbélrbuuth& r&dﬁibﬁﬂaﬁﬂy of various
di pepti des .as |drs1d| cated to a groduct i:ul ture of cell i n?
[0014] Fi G¥8ocs T ST ST F M SO Al BUE 2N e STt abi | ¢y
(figure 28 acadi chbgi Fasimetsémecpﬁoﬂmw BUSTELIRRPTY e, BE-Vadiicatgdnd 0 a
production culture of cell |ine B.

Ala-His. The invention also provides an animal cell line in a serum-free defined production

medium supplemented with at least one dipeptide selected from Thr-Phe, His-Glu, Glu-His,

His-Ser and His-Gln.

[0011] Within the embodiments of the invention, the dipeptide can be added at a

final concentration in the serum-free defined production medium from about 0.1 g/L to about

5 ¢/L. The dipeptide can also be added in a feed medium to the production phase. Also

encompassed within the embodiments of the invention is the addition of two or more

dipeptides. One embodiment is the addition of both dipeptides Tyr-His and Thr-Phe. The

serum-free defined production medium can also contain putrescine and/or spermine and/or

insulin-like growth factor type 1 (IGF-1).

[0012] Within the embodiments of the invention, the protein of interest can be a human

antibody, a humanized antibody, a chimeric antibody, a recombinant protein, a recombinant

fusion protein, growth factor, enzyme, or a cytokine.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 shows the effect on titer (figure 1A) and culture viability (figure 1B)
with the addition of various dipeptides as indicated to a production culture of cell line A.
[0014] Figure 2 shows the effect on titer (figure 2A) and culture viability (figure 2B)
with the addition of various dipeptides as indicated to a production culture of cell line B.
[0015] Figure 3 shows the effect on titer (figure 3A) and culture viability (figure 3B)

with the addition of various dipeptides as indicated to a production culture of cell line C.
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[ 0015] Figure 3 shows the effect on titer (figure 3A) and culture viability
(figure 3B) with the addition of various dipeptides as indicated to a
product i onmocoizuswoof cell line C. WD 2012/ 019160PCT/ UBR0ABLO4 6880

[ 0016] Figure 4 shows the effect on titer (figure 4A) and culture viability
(figure 4B) with the addition of various Hi s-containing dipeptides as

I ndi cated to a production culture of cell line D. [0017] Figure 5 shows the
effect ofjoypg) ous ﬂgﬁa@ntsh@l@ssthél@ffécmaﬁ aRt @ur Adava ddinkd Ligsiidyiagacesl 1ine C
[ 0018] Fi gure 6 shows the increase in cell size over tinme in a production
cul ture ofithdhy pdditionet grique bissqomfainingedipersifiesves indieatqdrip p gradctiontcaiure pf gure 7A)

and cul tyggydgbility (figure 7B) with Ala-H s addition in cell line A
[0017] Figure 5 shows the effect of various dipeptides as indicated on day 11 titer from
cell line C.
[0018] Figure 6 shows the increase in cell size over time in a production culture of cell
line C.
[0019] Figure 7 shows the improved titer (figure 7A) and culture viability (figure 7B)

with Ala-His addition in cell line A.

[0020] Figure 8 is a bioreactor experiment that shows the improved titer (figure 8A) and
culture viability (figure 8B) when either Tyr-Lys or Tyr-His are added at the indicated amounts
to a production culture of cell line C.

[0021] Figure 9 illustrates the resulting lactate profile (figure 9A) and sodium levels

(figure 9B) of the same bioreactor experiment shown in Figure 8.
DETAILED DESCRIPTION

[0022] The goal of these investigations is to develop serum-free, peptone-free media
and/or cell culture formulations where each of the components is defined, and the media
performs as well or exceeds that of serum- or peptone-supplemented media. Defined media
formulations allow greater flexibility for optimization and improvements to cell growth and
recombinant protein production including increasing cell growth rates, growth to high cell
densities, controlling the stage and amount of cell differentiation, increasing protein secretion,
increasing phenotypic and genetic stability and elimination of senescence for many cell types.
[0023] The invention includes a method of culturing Chinese hamster ovary (CHO)
cells that have been recombinantly engineered to express a protein, the method comprising
growing the CHO cells in a serum-free medium during a growth phase, and growing the

CHO cells in a serum-free defined production medium during a production phase, wherein
during the production phase the serum-free medium is supplemented with at least one
dipeptide, and wherein the titer of the protein is improved in the presence of the dipeptide or
dipeptides as compared to the absence of the dipeptide or dipeptides.

[0024] Various dipeptides have been tested for the ability to improve recombinant
protein expression from CHO cells in chemically defined medium. The dipeptides that have
been shown to improve titer include Tyr-His, Tyr-Lys, Tyr-Ala, Tyr-Val, His-Gly, and Ala-His.
In addition, combinations of any of these dipeptides can also improve titer. As shown below by
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[0020] Figure 8 is a bioreactor experinment that shows the inproved titer
(figure 8A) and culture viability (figure 8B) when either Tyr-Lys or

Tyr-H s awe 2atkdadicat t he i ndi cated anounts to a product iPom/useditoeessof cel |
line C. [0021]Figure 9 illustrates the resulting lactate profile (figure
9A) and sodiumlevels (figure 9B) of the sane bioreactor experinment shown
in Figure 8. DETAI LED DESCRI PTI ON [ 0022] The goal of these investigations is

to devel qp %@mmﬁg&@mpw%am@n bt B&e qﬁ)@b@de@n%&rto ﬁﬁ‘ﬁrbv&t‘ﬂ!a tiek r formul ati ons
where each of t he conponents is defined, and the nedia perforns as well or

exceeds trefRMbERNIGEPIGIMPGRICHRIAS FRHEh 8y HH1o@RrerarpTersg? ExanEDé‘PSﬂnéoPnﬁééh a
formul at 'SQl arﬂlrﬂp?(Yerglléﬁtactaﬁ fesilllt ﬁ?‘s'léﬂllflidahtycogt%ﬁvﬁéﬁtlh mcgﬁ&'g&'ibl ﬁﬁ)quétﬂ;ﬁr %@ﬁent s to

cell growth and reconbi nant protein production incl i ncreasi ng cell
gr owt h r dihess, dippptidaslalsp acthip grhproed Viakdltsgn thie @bsen@dﬁmmm%n@’hﬂh aoswiskjeg tnd

anount Ofbe%ﬁlﬂ! f Jn& Eﬁlgﬁlhg%bﬁ%gmsﬂl 3¢ %&igjﬁl ing t}%ru Ghd? Ta&cﬁﬁgne(gfltﬂége dfp?[%t[d%éals' ng

phenot ypi and gen |c st m nat Fon of senescence
cel | typesmyt0QE8]thtmetalmliemtoif e celrlﬂcﬁrcudeél farohfetahion toafell pulduetiviitig TWi nese

harst er ?1\3//% %sgs is SL?pP%I?edn,é/t%h@tt%%rovﬁe&% S IS Rlergant l'y engineered to

express a gr ow the CHO cells in a
serum fr ¢@02®di um uhdtntipaptide- mpplerrmhta&eultmd:xmbmm mqmtsladm@]ﬂ@tycmﬂl sina

f f duct d t i
dur i g ¢ REBRGHURET O BHase o e Capte vl S aRre redisraRERe e a
| east onelagh, pieptihglexterdintl ofihe caltute th® 15 dagy, a@ihobdﬂ@emmh@xmnpls 7i nproved in

t he presence of he di tide or dipept.ides as. conpared to.the absence of
t he di pe&H&H%n s ﬁl‘i‘"ﬁéﬁﬁiag‘é‘? V“f%%&‘]“&é’lﬂ?lgﬁugmél“ﬁ‘é@%% HIHLOEEEN t ested for

the abi | idipspti-dupple@vted QHARD xaRitcdHhigin@il RutBXR eSSt MNink&red Giddverd | s 10
chem cal ly defined nmedium The dipeptides that have been shown to inprove

titer indffte 31’9PH|11P"§MGWPG L s efﬁeﬂwﬁlﬂ%ﬂatﬁm Exgmple§ sAcepidinglyntheal a- Hi s, In
addi ti on,m @R bN@E iRBSiRTalB MRl 8RR HPERhE H85tcedtindla&Btc hBRIRYRIh T t er .

As shown bel ow b
in CHO cells that have been recombinantly engineered to express a protein, the method
comprising growing the CHO cells in a serum-free medium during a growth phase, and
growing the CHO cells in a serum-free defined production medium during a production phase,
wherein during the production phase the serum-free medium is supplemented with at least one
dipeptide selected from Tyr-His and Tyr-Lys.
[0026] Additional dipeptides that can also be used in combination with the above
recited dipeptides including Thr-Phe, as well as any number of other dipeptides. As shown
below by way of working example, when used as a supplement by itself in serum-free, peptone-
free production medium, Thr-Phe had little to no effect on viability and recombinant protein
production. Tyr-His improved titer by approximately 15%. However, when Thr-Phe is added
to a similar culture in combination with Tyr-His, titer was further improved, by as much as
20%.
[0027] Still other dipeptides can be added to the serum-free defined production
medium, which peptides which have been shown to improve viable cell density and/or viability.
These peptides are His-Glu, Glu-His, His-Ser, and His-Gln. As shown in Example 3 below,
using these dipeptides in a cell culture can dramatically improve viability of a serum-free cell
culture. Improving viability can improve product quality. Mixtures of such dipeptides can also
be used in the cell culture to improve viability and/or VCD, as well as mixtures with the above
dipeptides that are shown to increase titer. However, not all dipeptides were advantageous.

For example, although His-Gly was able to improve productivity and culture performance of
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way of working exanples, addition of these dipeptides is able to inprove
the titer of reconbinant protein production as nuch as 10 to 20% or nore
(see Exampbes12m19¥p and 6). Such an inprovenent can res®CT/USR013iogEssd i cant
cost savings in a commercial production process. These dipeptides al so act
to inprove viability in the absence of peptones. Wiile not wishing to be
limted to any particular mechanismof action, it is thought that addition

of these eﬁeténdeaos&ﬁrtﬁesta fetgntgttwtohﬁfférat@&ehlbﬁlamtmtcmeescetylms hipam cel |
proliferation to cell prod UCFIVIt Thi s ¥ pothesis is supported by the
S8

dat a pr ovicgrige péechwl lrlﬁStega%Spth@t SBemﬁgmzst}lrah e of gieglaspiidtanaissinerent ed

cul tures ;axhit Ledr la &ﬁﬁﬂéﬁQmYmﬂﬁﬁ&%EM1ﬁﬂﬁn?@&ﬁ&ﬂkgmﬂégﬁﬂﬁt'V'ty over

control cohditions beyond the cohventiona rocess duration of 11- days,

aI | owi ng [882&Int i onCells antheeld GuttmrcpThmmtJ@lt@sﬁdmmcabr ghlgyun ieiroung q@llExarrpI e
In ad Mhabi d ty, we

aIso desgb£@ﬂnﬂ%§w P%g%ﬂ?ggﬂghpp ené%?g%“%h]e Eg§§giﬁp F@E’ QQESB{%%

nut ri ent ideplietdropsnciicatly ovgtkenelttabgiress arplokybcﬂtels oa¢mintpd$1nimrmtlandmce Thi s

ef f ect |s |IIu ted i.n t he net hod

i nvent i on alesgoé?IL@ tg)lcE)ﬁ%/ %Ved%rogle? Fnea%e ar%l flyogl aé P]Iilrln'f}] CPa rf: tliat can

accunula%emmnﬁmn&kﬁkcbhéﬁnhmammhmMthedmnmﬁmbﬂbummnnhgﬂen@lmgﬁneﬂmxo

express a_prote the .net hod conprj si ow n the

Sorum £ CaS P PGS & Rl wHh 8 MeD Bt R sk & sl

serum f r aad/desthdrethe prt@thgq.p OBy hdalkd]bigous eocbMpinatidarand lgatel d@ﬁvdﬁlbﬂ-sﬁfusm efgin

during the productj on phase the. seru free medi nL plenen th at

| east onéecaﬁﬁeamca V| adOPSEFOPPHRN 7L 9188 t%wser'i} Py se '[gt%%ﬁs,& F‘f‘t onal

di pept i degcohidatanGypaptsR. dctHSRGNH Ret@ihir @@ﬁdtl@aﬂly\/ﬂngﬂﬂeérfﬁg calpame/or egi t ed

drpeptrdes i ncluding Thr-Phe, as well as any nunber af . ot her dlpeptldes As

shown belB§ By*Rigy ad’P IyReptide g mé%t%ﬁ%teéveﬂ\)mewn tPstéeﬁeézé sigll &y pPerenExaBy!e: t sel f

in serumybfigR ,teotaﬁlatartee ltmaate%@euﬁtﬂt@rbtm%@l iH Mol far BRfoRafudubbitet £1.,t 0 no

effect on viabil &ﬁ¥ (5 reconbi nant protein production. Tyr-Hi s inproved

8p,

titer bycdp @W@lﬁy %‘WkHb%%@v@ﬂ Quenealy uppgtesptpad Sambiggle gt - oMalesilp | ar
culture i d as nuch
2s 200 [(QUSEY & THlETh Ml 00 Shfne LA e YD KR FRERE & St Mned
productidhaheﬁwuwﬂmmﬁkﬁﬁ%b@ptHH@SXMM$é% have been shown to inprove viable
cell den and/ ok .:yd.abil

Hi s- Ser, %6%9]Hi S- Gl& ?ﬁﬂaﬁg‘! Hlntgév/\%erg%%ég ﬁ%ﬁf&hg%gesl% %lzqr%g?eﬁgé%dg‘l E)%%ti des
in a cel Imdircelinia apianl. dmartygtei of ahilngl ¢eﬂrtrimowseﬁ wmaratpplidntogll difie. aAsxedaJ\rmf:trye)é cel |
cul ture. vin \ ual s of such
i pept 1 adu L A8 BRI FADLTRERR: B BME, B b X Ghf Ty andl or
VCD, as \Abtllthre&&llmt)otnqmﬁasrsmstﬁathteicabmeem:ilvpmmrs dh:am’pleabf @fldinshawmdndy

increase titer ver r exanpl e,
al t hough “Fi50 &9y F@E gﬁPQGSER?L%%@QEFE (gﬁ€@¥%%ﬁ@§§%%qﬁﬁggui§ ggffornance
of two drnt}feernarﬁellﬁtr@(e.gl INSIO, NS$), SRPO exSI2NW 18 8asel16li ef. €6 emtl Oh@restiiniiant

ant i bodi es, géﬁ-sﬁé had a negative effect. This suggests that specific
struct ur &% EGHM 610t t he di peptide may be an inportant factor, and that
certain qopeeti desTianetBsds bathe nveidnesie HREMiFiVEuiTPAED cellOQEHD Galslage and
Cell Culture: The invention finds particular utility in inmproving cel

growt h, Vidgly pyailgble and wsed prihe eﬁwtlprrferdh%moewtw af %rmereat PEpEeyPbcesses. The

cel | Ilne&o%ﬁﬁnﬂ Ploteil® CAVRRL 88 walc§ aemalt&aart)dﬁcea%ﬂteabest rdc@mBHRAESS a
pol ypepti de of comercial or scientific interest. Cell |ines are typrcally

deri ved MFEeHE ek predees adlotdnsigcrPotdanibedinaBrasel et ¢y d 99 haBlopd A8
mai nt ai neg) 3. K Hthdn: 87, { ks AN B Chlh bES 6340862 GABRIWGRLA Y (RRaH, ']%%1' ng the

cell line involves transfecting, tr rans?ornlng or transducing’the cells with
a reconbibadedringb: 8!311u2:39e8~tq0det6rf0018%0)1 & Imanalok5Se0hEBN 3 e Taticadlyi thgh¢se. g. , by
honol ogo oA I r I i nant

cel l mrtEﬁﬂﬁﬁ%ﬁ%ngg%%%ﬁaﬁﬁﬂ%gﬁﬁﬁh§g$%%ﬂ%ggggﬁéthﬁh%ﬁongggfﬁgggﬁéxpress a
desired meubmbﬁhambmp@mypeﬁtﬂh@dhm@t@@d@mam@cwdwﬂmW§mtGmugewéDﬁEﬁDIy

Spg' \rA‘glel“ ﬁcdglﬁ' 1?1@?‘51%&3@{1(9 teI%ut%uﬁt c%ffﬁ eess(ﬁrlg‘u‘tpeqlazgﬁ%b \?é)rqﬁjactrﬂs,&‘c_aﬁre“

t echni queéssi @8 & 7171 4216 4220)e0XBM 1 Gut DEAY, Ke GEmblle@HOthcwbt:@lduﬂeabecBmIth:agy
Ausubel et al., eds. (Wley & Sons, NEM/Ybrk 1988, and quarterly updates);
and Sanbrook et al., Mol ecular Clonlng A Laboratory Manual (Cold Spring
Laboratory Press, 1989); Kaufman, R J., Large Scale Mammalian Cell Culture,
1990, pp. 15-69. [0029] Ani nal ceII Iines are derived fromcells whose
progenitors were derived froma




mul ti-cellular animal. One type of animal cell line is a manmalian cell

line. A wde variety of mammalian cell lines suitable for growth in culture
are avai habl2e1dmerwnt he American Type Cul ture Col | ecti onP(CvHIsagi3Asessd/a. ) and
commerci al vendors. Exanples of cell lines comonly used in the industry

i nclude VERO, BHK, HeLa, CV1 (including Cos), MDXCK, 293, 3T3, nyeloma cell
lines (e.g., NSO NSl1), 5P20, PC 12, W38 cells, Per.C6, and Chinese
hanst er Qy@ish bﬁﬁ@)seréet%r@ anc[ Q@Oﬂaﬁe%elreéxpe@sso@g‘yseﬁeaubwﬁl@h Qg are

exenplified using CHO cel ls are wi eé/g?avar abl e and used in the

i ndustry rrcernbtrrﬁret rrs@fewépre%ﬁrpndﬂ theemeeHr GranfmepuRAt (1 Y908 Meth EnaapeldBHah
proteins 5685'_@1 9@&1‘310?1 ﬁlre§e d@fllgﬁ"e)éa gst@glafcnﬁﬁlattegg a(ﬂ{e%{r'&lsh%nggn ﬁ.@g%%l ?tl;dodl s

reconbi nant’ proteins, e. i nes tting factors, an
(Brasel ethibit relz(tmglg'@))od ern@@dstdshtzo@mer sOmblacanrierapisterns ait alsg 20@8hle fg. Bi ol

voos o 40 FiBoer0 SAALANSR -Shor i el VY ERIERTL 0P B3 2C0

cells ha\rcharactgrfmaéamcbhatyabk@rapmwdedﬂoauserlgclap@ﬂ opningrcel m@trufaqtlamgfour mation with

a sel ect ablf er . The nost common CHO cell used as a host is the
di hydr of ora f?’e%ﬂ 1tase (DHFR) deficient cell line. The DHFR defi ci ent
mut ant cgb031]i nes Rédohmbinnteftrotains: T]:’iﬁ%i&)lodsl%lfme 1ﬁda:ht1on0¢aacﬂ>e8md tJSATY

4216- 4220% E‘?—'& 11 and DGb re desrCLab e ) é { es because the
ef fi ci ent DR &L Ry L5 %‘H AP T LI CEP GO 8‘&2% gs'8 %eﬁ A EFt ows
?Il ggol) ev I%gotélﬁ((épﬂiby n@prbcéue@trmamlawy els §dcﬁ:(fjbéll ifito &Hk&ﬁlﬁlﬁl@@ﬂlddﬁlnl( fﬁaufwmh iR J.

t nz n _additi these cells are easy to
mani pul at@" 35 W@H%OB9O?@GQ$§H§F1@}HO%Eﬂetﬂﬁ‘?t@s‘&gﬁ fIBqu Of %arr%*llg’vel y good
genetic shahid, iow.subl é’lﬂtﬁlres&lc&ﬁf)@ﬁhﬂe@a&“ﬂéﬁfcuﬁﬂl‘étnﬂﬂﬁmﬁéﬁeﬁ|e§t@ac@syaé1hgab| e for
CHO cells. CHO cells and proteins reconbinantly expr essed in them have been
ext ensi vé<rl9we ARresesaps E@&u%{waﬂ%w% froya Amas i veloro T hg gerifisd Pé?t?lﬁise\, %ﬁn

COMEr Ci ghenRARAGTHET, Hkalito b@ﬁ&le%@hgedag@lﬂ%@m d@a@%igla&%%@
Proteins: The methods 'of thé invention can be used to culture cel s t hat

have beeroradishiichatiitable dorgiutpdienselgr phyrmasgspiécabcqmnepiaipri(isgludsrthosgidescaled  The
expr essedy Rkl R Phaife RIS etk ol [a5eMabk BhlikniE CRREARL EAGMt O the
cul ture nmedi um fOrom ?‘I I't can be recovereéd and/or collected.

addi ti on,PA-he protei n(s) can be purified, or partially purified, from such
culture npon I s) usrng
oul Lure 9RoEBTPONCHlul Bt p (BAMEIAYEAEINND Ol BB LOGLS)

purified npreotum 1n(19§16 [ataing h@nplbelg' a‘lmncrrmmeedén,cesrréamcaigo bufubgantely Bramlged
steriliz K r user.. bl e

For mul at foHL Sl R AR oS0 Yo PAC EARS AeleBliy Arlh B S iM%
Rem ngt or@4r§8wia,ramhe>p0e1malthr8mbm®ems ca]kﬁ}rbmneldt 2 iﬁ)@&pmd‘t@d((h%@lnpshe Bicpl.

Conpany, n, P 2 | e tide at roduced
wrthe e (P Shlengs 2 7ha 2R s SO B sl ratop PP RSNt R &R N Pno act g
S ﬁq u]e nﬂasw Oden6bTR tuinor croSid st @ITNEY- ielafteﬂl affbptadis-indudhd ligihd pH{AILgW ®@ne of
the fo t ei ns nmor necrosi.s.factor and (WD

94/ 28391;%%%8%;‘5 HﬁHB‘BéF?IP%HGYE‘??F‘&PBS‘BB%‘F‘P} ﬁranElﬁF% %%ﬂyrr“mufaﬂzg %1%i opoi etin-2
( Mai sonpiggfuBchb- n@kpopﬁalg%%r)ony Sehanee f201c71((@3/?-@3F R&trBan, Pakdn@ROEROT9)r ecept or
activator of NF-kapp RANKL, WO 01/3 , tunor necrosis factor

( TNF) - rernyrb@ll&mﬁé@r% sreieRdh g b fg%{rrdUé PLNO-0ES 79 D153y mal e ¢

stroma- derdtarerebritmaheg@wﬁr faBror, HeBMAHREY B wHUn@ Ay | @ktb @ AhAGLSOT
gr anul ocyt e- macr ophage col ony stimulating factor CSF, Australian Patent

No. 5888hgman fadpogeisfike i{;p@rvrm(FrG&@ﬁ YEBI agcamiongto] Nk §0aH: Rigmesnd Pyigapat ent
No. 6, 204, ?@)’% Geﬂp'laﬁﬁﬂjafb) gfo%’ﬂtl ﬂor%ﬁ% QﬁsuhKQﬁS%rhhcﬁﬂ)g}ﬁt ﬁlsﬂﬁpﬂﬁergo@%tf%ors .
rregakaryote growt h and devel opnent f'act or human ri nogen-1like 2
protein (pF@_@rOINhBBmoaeelesrsfrreﬁ incjudingv-H0GEReNSRI- lnefg@r@ndldm@p@mw% 1995), Gene
FO0: 257 QRLrGLRAU R PARRITRC b E5H il DS AL ORI rad itk 0T owth
factors, parat yr oi ornone, ‘I nterférons |ncI ding a-1hterferons

7-interf euemmrordmdfactonsmemagmm bkd @poms ($ILBSI P}ahetnotrmgl—3 4]89&n623 and

4, 897471) rajn urotreophic fa r,

synapt ot aﬁtﬁrrl g’kcgk%\mts %Plﬁﬁﬁ {é?_t&r% lygl?hoqg Fﬁb@ W ﬁlﬁl@%lal f%%%rg%%a?

interl eulornmstatm{M oDyscspmrms Ioﬁpnoteglsftlm'cmtse prd)dpﬂﬁtmbmﬁlnlg-t@the ek a
inhibitory factor, and oncostatin-M Descriptions of proteins that can be
produced according to the inventive methods may be found in, for exanple,
Human Cyt oki nes: Handbook for Basic and Cinical Research, all vol unes
(Aggarwal and Gutterman, eds. Bl ackwell Sciences, Canbridge, MA, 1998);
Gowth Factors: A Practical Approach (MKay and Leigh, eds., Oxford
University Press Inc., New York, 1993); and The Cytoki ne Handbook, Vols. 1
and 2 (Thorrpson and Lotze eds Academc Pr ess, San Di ego, CA, 2003).
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[ 0034] O her proteins that can be produced using the invention include
proteins conprising all or part of the am no acid sequences of

di f f er entwat2oiowdi gens (referred to as CD proteins) oPCrhisze1tlosggands or
proteins substantially simlar to either of these. Such antigens are

di scl osed in Leukocyte Typing VI (Proceedings of the VIth International
Wor kshop and Conference, Kishinoto, Kikutani et al., eds., Kobe, Japan,

1996) .  SigEh AL H@bpfﬁh@w %@gﬁnﬁe %ﬁim%t&%& UBSRBME b B\Q%Ed%ﬁ@@i%icalEx anpl es
of such antigens includ Igands thereto

(CD27 ||mrc_hc@3mgeam@gar@ﬁlcanﬁ GuSéVWa‘FdSoBla‘ﬁlW@ll@lea?ﬂsi %ﬁéﬁ%idﬁ? Mprenbers of
the TNF r956PERwih Pl A WALER BhSGadNHNEL S (. 80d AKHQ1 MRk gands are
often ne e%s oTth he Ier_ fam | y,b%gaage C41 3 gand and 0X4dl\ni 11'Jgnd

[ 0035] FﬂminccféquyY@g;%’gl pirdot s n.. aipe | ~.u-, V TalaLalt ﬁhamlsT@nbed pr o?ucfed
usi ng eins conprising all or part o
one of tﬁ“oltzg\é?{o‘%m&ﬁamprot elsﬁg dl%% ﬁei rd%P?gands or a protein substantially
simlar t{60d¥e of Addsenllntidinitindegf thnirevadiometald wprefubiopascdpging fam |y
menbers | EClguquéé:gl o-I;NpEft 0%81@%mc%nav 1 rsa%l?egce 5}2 atrecegtor ?or aousf tEe gbove nie tione

gl ucocer €br s super oxi ase, asm nogen act Vst or

Fact or lekdtemsFan:amagolnXt toaepdiamoqqn@toeamy &, theagbolk ¢- pmmcmbépmteﬁasl andgirobi ns, an
| L-2 ant aggni st ntltr sin nds fo

wbove. meatiBRouee R RIE ST ANl Bl o ABRO Ry FaS Yo et vasguings

[ 0036] Thendhnée Bbth@ornGa th@ ded?esitBedr teOepfirGUNER, @ftiied adis @35 alid oL Usons

th f The t "antjb " includ Itdd
non- g1 ycoSnENEd 1Aty UBErFHL o oihy f Bt petB (LbarabENg P B

anti gen- bi; MIP&&nflﬁgl(ﬂﬂomeﬂjSPﬁteﬁth% 4@@9@@1 aﬁdwstpbteﬁtheo i5Mea.0b4 pmlwbody for
specific bi ndi n unl ess otherw se_s i ncl udi ng human, hunani zed,

chi mer i c feGFRiof fI %%é’éisf@é Patepimie |6éﬁ5992>p81 mteﬁ?alsts Oéﬁalltaﬁorsgyééj@?nw %%fnti gen

bi ndi ng fsrRgmentendces aali sH8 bB0AI S e&plorD B -3NkSHAIEP PhichtNBIDAEGY 9! I N.
Al so included are proteins having an anti gen bi nding fragment or region

such as RaHUSEant NEGSa56)290), By 15 tﬁc%@aﬂé reegplogial; - T resremiers fegecegiongl e
chain amgtéﬁgw tg%a%&ﬂiéfggIcofaﬁﬁairﬁmaﬁfg%dt&%e&ﬁ{o? nﬂ%c{rt%gblgﬁ{y %%)tm%r agnent s,

scFv, dia ies, tria tetrabodi es and ype es that contain at

| east a ﬁmtqurmp@f’, r@mptpmfgmgbscmuner&nﬂ tearkenig lrﬁdflfor)c agit, recoptevdstiestosyeci fi ¢
anti gen t V. | r I Sql sive
of but nac B RARK, OB Bel RIS e X0 1) SR erin B Tl

i sol at ed I‘tw610é5;®3ﬂ)J mepptornahBAlls (mctiucasg ARATbedipeds il,s?oBa@tnéd) fandmceptbrost cel |

L1 anst eople RN BLER RohlIR, BN 00Mr LOBFATATIL B8 Go AR podi es 1 nol ude.

but are noat ni ze any Soneror onbi nati on of
proteins [Dﬁ324]udl ngOthbmrouam‘s tHat mntbeqbrddmcedtdsmgalbnueenmmtnctmdepiromim ei ns and/ or

Che ol ot 00 B0 85 R T Rl S D, 02

| L- 113 Iplzotans)lol;t}ﬁu lilchrd€ or proteths shbstadtiallylsiBilarltd eildr of thes?. Sechetigdns afeL 4
receptor, ceptor, |L- ecept or, recepto buni t FA.2,
PDGF- P aﬁib“fe?ﬁ%i‘l ing I (o pbigs f}l%é’g ’”%e,r?af% & 0%#6”’5”%49 792),
VEGF, TGonffadned Kshitht¥o; K kdsan £k, rea@:em&r JedpB£ @994, Bﬁﬁlﬁlﬂtﬂ\fﬁoteﬁs a5, 883)
VEGF receptor, hepatocyte gr owth factor, osteoprotegerin Iﬁ&?& |nt erferon
gama, desylr?ﬁq?dewéewmﬁmr hgps. (Feqpgles of wigh paiigRs inelugsAEiR22 FALL- 1,

and zTNFED®EEDRy, aﬁ@ﬁgﬁaﬁﬂle}@t@@m@a@% C G%?Kdd“@tc@@é’\ﬁeﬁl Fast QD Rev. 13(1):
19- 25), C5 conpl enent, oﬁﬂg t unor antllg t unor antldg(gn MUC1, PEM
K

anti gen, aDGESNE HRINESHbCE I iseapiRs dmith athichglseipsiules ALBB QX i Bisi on wi t h
| ung_cangghigs offffef mehobd WPl AREORHAY S o) MBBAARCLIL TR {dng! he SK- 1
antigen, tunor-assocl at epitopes that are present in el evated levels in
the seral893Plati enfrzymietidelly attons parieinoer thanlgaadg dan abah@eﬂodu@dm@eg thgssoci at ed
epi topes; otel tate
pancr eat i en i JRaARISF HRLAS RERIRDORDAARE o) G bapACUAPHE, G oS T o)
neur obl aslnman@drs,prqtﬁesm’retanmllycsmldm@o ofe @tltwdlsmuagmgandn al pha 4 beta 7,
the inteqr VLA- 4 21N TRAIL re tar NK,
Rank 11 garsitoniglidise B DRl Aee o PRBAIE Chmipe PR, origlics: on
nol ecul e Mrﬁp&@é@mqocembremdabIsupeaomaejdhaﬁutem mshcepiadrmn@e(l h@ANMOB)EactoeWKi nt egri n
adhesin, the platelet glycoprotein gp IIb/llla, cardiac myosin heavy chain,
parathyroid hormone, rNAPc2 (which is dhr inhibitor of factor Vila-tissue
factor), MHC I, carcinoenbryonic antigen (CEA), al phafetoprotein (AFP),
tunor necrosis factor (TNF), CTLA-4 (which is a cytotoxic T

| ynphocyt e- associ ated antigen), Fc-7-1 receptor, HLA-DR 10 beta, HLA-DR
antigen, L-selectin, Respiratory Syncitial Virus, human i munodeficiency

Vi rus (HI V) hepat| t| S B VI rus (HBV) Strept ococcus mutans, and

~ o o I L T o [T



[ 0039] Medi a and Cul ture: The nethods of the invention entail grow ng ani nal
cells in cell culture nmedium For the purposes of this invention, cell

cul ture meoi2orvaigiea nmedi a suitable for grow h of ani mal PC&IUSE0119wWesR0 as
mammal ian cells, inin vitro cell culture. Cell culture nedia formulations
are well known in the art. Typically, cell culture nmedia are conprised of
buffers, salts, carbohydrates, am no acids, vitamns and trace essenti al

el ements Fa&@ﬁ)@%ﬂadhp@fa%’?eﬂf@ P@@Boﬁéfﬂté@)& pgloﬂﬁy aH(PE 2GAREAA, Aghtione, and/ or
proteins. Various tissue cufture nedia, including serumfree and defined
cul ture HBETDSInahgandRRICITAR poxs BCRtHIREIZYBES, SRAPBIEOUSHHET Shvamey ang

conbi nat iyQn fnddhe following cell culture nedia can be used: RPM -1640
Medi um RPM -1641 Medium Dul becco's Modified Eagl e' s Medi um ( DVEM ,

M ni num E88%&elt i al ThesioyanfroiEesgl adso beugldo Mediesrantibixhdsor partionsttieraehy Thecove' s

Modi fi ed | ' I L-15 Medium and
serum f re‘%;f)rhrrgl (agu Eﬁgésq@%%%ﬁﬁyP@s%@O%g%ﬁiﬂdﬁm& saé? ences, Lenexa,
Kansas), nanmmggl@:tulhexcsf an@isetpe exabhphesr of ansatigm-findeg wgfonmlmdeoédiat medi a can
e £ ound b, EPL AL Ot SRR, RRCABRRAS PR Bl o, 2
with add|hhmama1|urmmzemchnemsedmﬂ@ﬂmrﬁcr mbn@ttslabf)olgzﬂmnmﬁmbhgcsmmdbraﬁugm no
aci ds, Lts Suga hor nones r wthf uff

ot 151 ot iy SRR efeek SNuRunen PTG pi b GINRE: aRSuliar
requir en’@ﬁ‘dt&n@lﬁavlﬂg&naﬁﬂlgeﬁ bﬁrmlnigefraguiehwm@gl@mﬂﬂoas Ea’bﬁFa(ﬂ)eS?(ﬂﬁ}j e liabedidst ur e
par anet ers.  For a . cul. t be suppl enented. with

pol yani néd @‘gt& ﬁ’ &gi r“é‘g h%‘n agtbttp ?Egle%ﬁﬂm ‘@FW htg detF‘Efmfl%rfﬁgB\?e cel |
growt h, ¢ebR) th%@énhd EFw, @lﬁlsﬂdibrs tFgoATER] tBRdbbdipd ﬁtdqaoryp@mgmm @ftainat least
associ at| on wt articular cell. The serumfree cell culture medium can

conpri se 29EORiohan BIPm‘éIB&OH‘r‘lﬁ} that ingufficien e eanfsr spseHis agtizenbindingto adaygeh 0. 1uM

or putresgiypeptRt. @h&@ﬁﬁ%tnb &y MNin®ifisi & off GRSLt BRRUL0 kPR W aRHrpaRlcROSi ne.
(See, for exaggl e, WO 2008/ 154014 and WD 2007/ 050498, both of which are

i ncor por &KRESsEY creefed peelatcR by scampinp gaseostdh aéﬁl“th@ﬁl@s ialgicd figrya st

serumfr%gﬂtrg{s@gm%ld@o%{ ?c%sth%ralﬁ'ﬂ%rd peptone-free nedia. "Serumfree" nedi um
applies to a cell culture ne |umthat does not contain ani nal sera, such as

fetal bouPBE7Iser unkxanplastoé pribbdiesinclude biiase nes liwatell te thoseithet meagnie piee from
exogenously of"a{j% npalg% 6t ute VGR 1A% tfnﬁ’ﬁ%{ lﬁflﬁéd’lo tf?é Qc}o@é thefi MG Broftéi'l‘fst ors

IGF 1, or 1nsu ree med a may or contal n peptones.
" Pept one-ahd/erthe ﬁplptwlwntlgem eCD2,63, b4, 68| (éDI/\Hal Ghlt(ﬁﬂ 1 692@&Mogenous

Bl i ot (g SGP o e 5P I o Tear R Bl B B AR AL e

advant agéLdt II-2d i€l Hg4) 1at5, 1lo-8] kbt 10y &t Qad&:ieﬂ)tlot )YLanebepﬂohah@ra@pmr atdssi ng

Fr om t no AP Aunte B hemPu o SRR s Pe Lt oy PRrutln *

expr essi Gr70pv¥4 bel sjlzm,mz; hEEGFQITGIFeSGFIBDaTGE-}BH | Bl recdorgseys Be&efrlﬂmof ree
and/ or pept -fr | ture nmedi um nmay be hi hly enri.ched for am no
aci ds, trﬁa?éggg?)e‘ﬁt‘gﬁi‘f EFC%EH%F ?PétOFYtRSYO“@ég"tOf S apiTE liggn G Ingierehe  Nos.
5,122, 46 amif, @lﬁﬁﬁw&ﬁ@smﬂl&tb ,aRekeoval & Brer TMedNi@ TTArulal zORB4; t here
is a need to devel op_defined ia formulations that erfarmas well or

pr ef er abl’§¢ Bettdrhanrisiang R8¢% %ﬁk—&?—ﬁf%ﬁgﬁﬁ—@@ﬂs Ahd?lof> sepRlohe.
[ 0041] Serpimfih&@ndehl ML sPrardy st LA MR, pEM SfigkS Lt@ @M@ 4 chRGrmet um

that is fornmulated without serum peptones, or other aninmal and/or plant
hydr ol ysaha#.expigesd iedshaséagior Biith lunglcenaes. HBR P atmesressosiaied ebiseripinam no

aci ds, | Y@ ke S tRign2hRRRYAbALES ¢ dob&'tﬁaﬁ arg rEs%ﬁ'{‘ iRgrevil kRISinapd trace

essential elenments. Opttonally, such defined culture formul ati ons can
cont ai n exegépaligals yWithddod amvoltl@meatws:an@nga@@r @Sﬁ@c@%m@p@forpwnpﬁr otein is

ot PO BB L SHR SRS A PG5 . ol

t he gr owehd/anch pelepagatiione, of naedblastomatcsiid éhe necrotic core of a tumor, 1ntegr1n
alpha 4 beta 7, the integrin VLA-4, B2 integrins, TRAIL receptors 1, 2, 3, and 4, RANK,
RANK ligand, TNF-q, the adhesion molecule VAP-1, epithelial cell adhesion molecule

-9.



of a multicellular organismor tissue. Suitable culture conditions for
mammal i an cells are known in the art. See e.g. Animal cell culture: A
Practi calwoppraadaetsp D. Ri ckwood, ed., Oxford UniversityPPTAS3011Me6850(0r k
(1992). Mammualian cells may be cultured in suspension or while attached to
a solid substrate. Fluidized bed bioreactors, hollow fiber bioreactors,
roller bottles, shake flasks, or stirred tank bioreactors, wth or wthout

M crocar (gt sm) aﬂercamﬁtrahﬁétldnnnae&&tﬁtICAMd) ttakahtegﬁpmhbhhl Qh@platela
sem - contl nuous, or perfusion node are avail for mammal i an cel |

cul ture. ebspprotet gnHRITHeerdiaemuost heswm el P@F@@dmﬂfb}wmﬁwmAWW@@hwded to
the cult %‘?nh%?{&} bf‘fA&Hﬂ/Ma ‘{elEsu@rfac'tolP)t Rirval, %a&lh'lr brﬂﬂryBﬁl@ afttleh %t"h]?A) fa-€xanmple, a
cul ture may once per day, évery ‘other day, every threé days, or may
be fed \Mfethprphel (Mm;élml@ratecr@ﬂs ctoa (BPect TH4-4rfdichns %@ﬁ@eﬂeﬁtlymmcm is

bei ng no L cells, such as
CHO cel | s%sto(rét)%%g%rétﬁ%m ?ﬁ?qc{éée for. 1 gﬁsﬁca eeqagu '?\ulr)ggdgﬂg QE S%éttnbr exarrpl e, in
100 m C(Rmaralttey Syrtcawil Ngualhoman anWiodciﬁcwmdwaus (2BY), itpation Baiime(EBYavi ng

about 80 ai_ner VI N 150 to
about 200" taccfccus "dumns %% Stﬁg ?é\%f a”rezfsheSp%Cd cure: §ecs‘;8n aalfgelegcal e such

as for exdarngl@n b@ﬁl&bdﬁdedmmng &lermmtlsadhafmhagwaﬂmmhnd&ﬁ@ btmarab(m]hmmﬁ(ﬁ@ m  of

nmedi a, 30 ont ai.ner V|n out 50 bout 3000 .m ...of di a,
8000 1 eanimimy RO ARG SBG e e it SoB e orgp. SRSy

15000 m b@ﬁlﬁﬁrﬁh‘tﬂBflﬂ(llhﬁﬂdbnganalhﬂmihabflGﬁﬁ)llﬂﬂmiﬁpe@@ptﬁm)&ﬂﬁﬁﬂQor[ﬁiturﬁlfmdﬁiﬁdI a.

[0044] Large sc ell cultures, such as fqr clinjcal uf acturing of
Heripaerd i grab

protei n tAEPEPE gumah, §e‘t1%}“3%ﬁ A0 SHRICHY 27 HUERaPolbrRpmab Juxelih n weeks,

whi | e t heaelhiSa hid ?agamtlh'@ nfh@ S MES! ORI Sthetalirhdbd miuRinfonhb-0B3t he
culture can_be supplenented with a concentrated feed nmedi um contai ni ng
conponent'@taligifpak, HEoRFIPAR QfdUAIHPRD M EUERP PECSONRIN R PelEUEBASs umed dur i ng
the cour $@niRfmdnk® I%xﬂtﬁrﬁ&ﬁab gattrzeatt Qﬁrﬁﬁzﬁt%drliﬁﬁﬂh%m&ﬁ}&u%b RaseAinfb, | ust
about any cell culture nedi'a formul'ati on. Such a concentrat ‘ed feed medi um
can cont APSHumeEED, dfastizienap oyfirbHuARE, ZglutyniEmabeprd zepelingeabpedi um at, for

exampl e, (ghopt SX. 1My, fifon 8 Phe ulWhy pAfle dAXLAsBRN AR, 50X, 100x,
200X, 400X, 600X, 800X, or even about 1600X of their normal amount.

Concent r avedrifies dorresehple.aang obthe ebovgseantipirdipseicibat i cxarmlareopboeasses.

[ 0045] Th re rrpr ove
t he prodgctl oﬂh‘l S?(g@g{ |g%ﬁt09%l%gt€%vrgns&:aﬁﬁegdﬂ %gg% hlBFeH%ﬁglgegméa{ng%o

phase culstara apwmes'spesr, aboiled cgil.riglFe pphlasef pr oges®globdin, sr aasruestarlt@diul at ed
into a cyl nyi L opmen scare %;@5} during
the singl éltn%lr gr? nge ro&uc%@ anttgdt%e% fh% gfe’tﬁj 136%nt189 Otgeeese ANS éﬁ? g(ﬁg&lﬂe

cul t ur ed Liomejbywex achr(lSPﬁSD eScdneetJSﬂdtztg&mweHarbﬁgfretekam%)e§c1em:| 1262:m4#91-tre cul t ur ed

first in r h_ph S, ynder envir tal canditions that

i i 2o AT Bt e dation 3 BN G dptiiregn S LieO0) Shidhee 733768 a pr odact i on
phase, ursgedificindichido Smbﬂg’ﬁucllﬂﬁ%brﬁi)lﬁﬁlt Wsi&nqirditelm od lpﬁ‘dtélﬁmm whitha po¢tgsier ci al
process f roduct.i o protein b an cel e comonly
mul tiple, ?f‘ BRI HSES toet‘tl Fl%é’aﬁton%%‘ht%ﬁ%ssucﬁas %an%ceptfa Pg]%dsR%{C) i@dogr owt h
phases t hakta0&f LTI AU HE)f f erent culture vessels preceding a final production
phase The ﬂ%omth and productlon phases may be preceded by, or separated

one re t ridgdiaandguiue sThe methodnof the ivantimeogilgropdag apimal ¢efls inet hods

accor di nget eultuheempdlaae Rbr th@F@rB&s‘eQ@ftﬁ@nnwkéﬁu&l”ml%ﬁgre%edh%@fsfa Aldid dadibe
producti on phase, although they may al so be enployed in a precedi ng growt h

phase. A foyrasenidtal snmshesds suehrpsteamsanian sellscingr virgicgl g Cellxuitaicgecdiscal e
process Gam MgiohORdULH ﬁﬁowlﬂm% an Utgsfgolc‘afl %Ell &ﬁéﬁ%& m@cﬁ&’bﬁfe c%&{?mseé%@bufi*e@@o

2000, 3000, 5000, 7000, 80 )é l'iters. A growh phase
may occursalst caetthuyglta@s, atmmq)w@mtﬂenmmd tracqﬁssﬁmueltqlmﬁntsh%ecellﬂmltu@xarrpl e, a
growh p about 38C,
and a produ gltn?%% pﬁ&?nﬁgorﬁalflfg%ﬁ& at Eg%gggdé gset\e%ggrg?ggéultfﬁgﬁcg%out 29C to
about 37@chajnig ssra-frye dndalelindlowttuB @ diaparglbonmeB8Qy eraifablontoabrauiple3@@ t o

about 34 it 1.0n [ r.of i uch as,
for exa %Ine Ora&g%élillahlgn O%t%? %rHOW%Ig Ceﬂ uﬁue(;(%lfcr&el? ﬁg t()aenué (EI sace#)%pnwgi AVBA) , may
be added RPM 1t heed 1 Sédaraiunt, |Drﬂzbeaeqs MemﬁecEEaWedmmf(DMEM) MinjpemaEsseiabhi ft. |f

i nducers are added after a tenperature shift, they can be added from one
hour to five days after the terrperaturé shlft optionally fromone to two
days after the tenperature shift. [0046] Accordl ngly, the methods of the
invention entail growng the CHO cells in a serumfree nediumduring a
growt h phase such that the cells increase in nunber to a desired
concentration. The serumfree nmediumduring the growth phase nmay or nmay not
cont a| n prot e| n hydrol ysat es. The grovvth phase may ent ail rrultl pI e batch
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[0047] During at |east the production phase, the serumfree nediumis
suppl enented with at | east one di peptide selected from Tyr-His, Tyr-Lys,
Tyr- Al a, WworeMal1916bi s-Ad y, Al a-H s,. Wien one or nore ofPCrhiss@1digsepti des
is added to the culture, the titer of reconbinant protein is inproved in
the presence of the dipeptide or dipeptides as conpared to the absence of
t he di peptide or dipeptides. In addition, when the dipeptide Thr-Phe is

al so add@\ﬁlecﬁ’drfPE mﬂal@mdfafn Hbﬁvmgmdidﬂ@%éﬂg M@k PBFbedcbt ®fediugn,f Ur t her
i ncreased. [0048] Gt her dipeptides can al so be added. Sone parti cul, %D
\/

di pept i d&dcGaisch Ma@l@nbb@l?pvstﬁ &l StNdedivipyrad scrymafiteanadid auclu@%n%XﬁEL@
and/ or VvisgBklid Y Bidkisace, Yen&a U dlsSy), aﬂo%g%ﬁl"ers @?ﬁ’er'éﬂcaﬁnp%srbfsé(@ ffe%fers to

the total nunber of cde_%; t'hat are surviving he cell culture mediumin
a parti culctnedeoll media cglebﬁefoand i UsePatert Novy.ad, 481ta}ld MNP é@@ﬁ/(ﬂ?@%ﬂa gothwiber of
cells Vm'vﬁlhchaa{rcel @J)\Jgg ted B &érglgcethgrqu%etll%lﬂ‘&re Q'{l]ay @J ntéﬁ%ﬁl dead and
alive, expresseé1 a pe cen age xtures o uc es can al so be
used i n taddticwll br iporetsad eortcmtranpmsmfeompmnﬂs iseah aala.nh/lr@racid@[saltsasugwl | as

m xt ur es th the aboved etl e wntomcrea ti.ter.

| ncr easi né‘ SIS o G ﬁerﬁ’i %Plo{l%feg?lg s Rt e st s
apopt osi siep?ermdmg@ﬂ niietquu1mmlantg béthe pelmdmbé cuhnaeldl ahy/or the deirdd ngl q;u,ltutehes e

di peptides ca 0 be used, alone or in conbinatio

S i on TR GopeR Rl e LN R Bl BHE R D Rt

(speci f i @atrésgine, Rpérntillige antyspernyisa, toT)ﬁ’fprcNeaell Eonivatl] V1ht1b1ﬁt-yGu§d/or@éo@m|Hlnﬁnt and

H s-d u) 0049].The di tide can be.l inth free defined
product i @ﬁgtwaar%mﬂoaﬁla %ECl?ttoné"é{ﬁ‘ ati@“é?& gg&ﬁé?‘? eeéeﬁﬁ‘ﬂ} PR ER eed
medi um 5@&1br1§e%?éinﬁﬁ%rldﬁérﬁ@dinm a@08lRArdtdn bhe 16441 b, BINIEIr pRRGCRE aDT €
days, and can al so _be added repeatedly during the course of the Productlon

phase. F&PNsREFHIONQT atleast FoBGhPOHM T ﬁﬁa%@ecé%eet 08 exanmpdWO daQR 1 ¥8144d) ong as

8, 9, 10,wdDooAd50433 bo&rof%ldlaay@m@&p&@@g% ref&&%e%ﬂa@re can be suppl enent ed
with the dipeptide(s) i mediately and/or on 4, 5, 6, 7, 8, 9,

10, 11, 1994@nd/ or CeB culimprmedip mpy be prsumpifres) pr@@mfé@ﬁ #nar ppptee-reremetiipept i de
in the culLyferd.s nf'éQfaHltapEﬁé[%%QcQﬂaﬂt‘areJIQecﬁMIﬁtha{T@JeQnB (tht%ﬁ&|athaﬂ19é}ytsu81 05 to 6

g/L, and even nore typi cal about 0. , nmore typically
about 0. 2s fatal Bogng ser@h. chsqtleglefree fAppigs t0|Oplléulmr@@p‘ﬂlﬁﬂe@fram@m@e@luﬂwdéect| ngl e

embod; el apLOfanBhatofl SR AR GARATICRY ATRSAR. BRH A0cha Pl
[ 0050] Thengymot einfriepgptass € P ebtynd-frec” mpplivs dscedlfcuttive niedizeyiti¢horenan nbe
]??lolmeghgﬂX%%*P?‘%%%&P%ndmp Satl! S%Elteglsnan‘frl?aq fag(ﬁ o} p%qlt fp}o?em R}Zdéolg%ﬁ%; %Lng%/ AR It : Iaggs
or bodil yserlhhwnd/)or hﬁiroigsakascfmn q:wﬂl@uheu:rs a&:dm‘ﬁlaethp lad\azsegé pacducadgl 1yt tploti f i ed"

means t hat e ti onati on ures, , have been carri ed
oo bt ST b A b R S e b e B TR M ha R R P
pr ot ei n ipSptphiceae RdmovEY fromulid dellediture Sctiaddtl ghdvah, Vidbdlitpaal/eiploteid essential |y

honmogeneous, i | ess. t % cont ami nating proteins a rese
Fracti on&f‘li’rSW%‘r“&aé’é’(ﬁ’dlﬂ@énsg%\Uﬂorjl?f%It}l?i}@pﬁ‘ﬁ}? #égﬂgf‘”\lﬁnrﬁeﬁé ?rdl%BWEG B’Fe nmor e

steps of cb bdiuad m&ﬁum@@@tti’elhfghgﬁénh@lﬁbd fwaﬁﬁah@a&@st trm,elm@an@&@amt s&n,
affinity purification, i on exch e chromat ogr aphy, size

| tration

excl usi ofOCHPBAEL Bgr %85?13 Wogéd)ﬂ 4R A bpAobl @  AROWIBET B R Stfdttogr aphy
(HIC  usifhghudiehs, iRed i98 nd&I tHRSRYp RERQI medMHoyhulBdiR that PEfRMAR W1 8F her ) ,
HPLC, or sone combi nation of above.

preferably better than those containing animal sera and/or peptones.

[0041] Serum-free defined production medium refers to an enriched medium that is

formulated without serum, peptones, or other animal and/or plant hydrolysates. Such defined

cell culture formulations can contain amino acids, inorganic salts, carbohydrates, lipids,

vitamins, buffers and trace essential elements. Optionally, such defined cell culture

formulations can contain exogenously added protein, as long as the source of the protein is

defined and pure, and preferably recombinantly produced.
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[ 0051] The invention al so optionally enconpasses further fornulating the
protein. By the term"fornulating"” is neant that the protein can be buffer
exchangedvozveriibicaed, bul k- packaged and/ or packaged f orCa/uSeoralosasser. For
pur poses of the invention, the term"sterile bulk fornf neans that a
formulation is free, or essentially free, of mcrobial contamnation (to
such an extent as is acceptable for food and/or drug purposes), and is of

defi ned qomms' ti 0By ibuR@RGS Adi@kd @snmea[nQ@i@%}omﬁaﬁcﬁﬁr%ag%cﬁlrdflc@ﬂs%'tsﬁded05e
form neans formthat is appropriate for the custoner and/or patient

admi ni st o4 mﬁw@}lulwﬁg@rﬁm PransueSyErbiommbbs copghensdarmepmpliangellemc ef f ect i ve
amount  of,LDLiROLE! Sbe e'gnAﬁf?m?bé]%dltﬁfé Wﬁr&ﬂ@&lb&%r&&m@?&&ﬁoﬁ%ﬁh as a

physi ol ogi cal 'y acceptabl e | uent, carrier excl pi ent e term
"physi ol @qf@rélunyveeset&é’msam@'Y%éw% Memmebati Q@llmtazem elllturddan sugpensionot

interfer S Whglg'at[ ggqgl?){)%?gﬁd NGO P‘?Ju#z&?bela' gdrga%lto? Ihol S}%f l}éérnoYOh&fctfo SI Foll%ct ive

i ngredi ent he I nvention having beéen scr OW ng
exanpl es bstley shdke flabisugtstintdtadlebiarchgonf witther withoghmicowarriowst amslroperagt] i nt ended

to limt |t hS LE 1 4] Prel.i m nar.y, results using a
chen1ca||y %eﬂpggﬁdlcgﬁﬁﬁgmhsnnc Ngh?ﬁs9l y@%s?HEd%%Bég“eQ>?o be depl eted

during tmmnpmﬂﬂmcﬂlmmmnwmkﬁ$amhanm&am@ﬁmnmmamnawaﬁmﬁb&dymnﬁhmnwéﬂuotyr05|ne
is a poo e an no

concontr Atg sl or GrBEE ke Rt air EpPaholel BRS¢ e

di pept i desccmntial, Bdigothyr ds] dveryabiet daydeorussghetiad whil hedbeduptiosofe. Sever al

]9 1){ r g;meﬂépe%:hi&erg dilgl’g é%mf%l%ﬁ_tt %ﬁ]ﬁggstt{eg{g n%?nlltgf?lﬂl)tlafly out51deI an(gelsi(%gcf r%ggel. n the
[0043] Animal cells, such as CHO cells, may be cultured in small scale cultures, such as
for example, in 100 ml containers having about 30 ml of media, 250 ml containers having about
80 to about 90 ml of media, 250 ml containers having about 150 to about 200 ml of media.
Alternatively, the cultures can be large scale such as for example 1000 ml containers having
about 300 to about 1000 ml of media, 3000 ml containers having about 500 ml to about 3000
ml of media, 8000 ml containers having about 2000 ml to about 8000 ml of media, and 15000
ml containers having about 4000 ml to about 15000 ml of media.
[0044] Large scale cell cultures, such as for clinical manufacturing of protein
therapeutics, are typically maintained for days, or even weeks, while the cells produce the
desired protein(s). During this time the culture can be supplemented with a concentrated feed
medium containing components, such as nutrients and amino acids, which are consumed during
the course of the culture. Concentrated feed medium may be based on just about any cell
culture media formulation. Such a concentrated feed medium can contain most of the
components of the cell culture medium at, for example, about 5X, 6X, 7X, 8X, 9X, 10X, 12X,
14X, 16X, 20X, 30X, 50X, 100x, 200X, 400X, 600X, 800X, or even about 1000X of their
normal amount. Concentrated feed media are often used in fed batch culture processes.
[0045] The methods according to the present invention may be used to improve the
production of recombinant proteins in both single phase and multiple phase culture processes.
In a single phase process, cells are inoculated into a culture environment and the disclosed
methods are employed during the single production phase. In a multiple stage process, cells are
cultured in two or more distinct phases. For example, cells may be cultured first in one or more
growth phases, under environmental conditions that maximize cell proliferation and viability,

then transferred to a production phase, under conditions that maximize protein production. In a
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pl (#2) Solubility (g/L)- ref.#1 Solubility (g/L)- ref.#2 Tyr content (g/L)
Solubility tested Tyr-Hs 6.45 7.53 100 56 readily soluble
WO 2012/019160 PCT/US2011/046850

commercial process for production of a protein by mammalian cells, there are commonly
multiple, for example, at least about 2, 3, 4, 5, 6, 7, 8, 9, or 10 growth phases that occur in
different culture vessels preceding a final production phase. The growth and production phases
may be preceded by, or separated by, one or more transition phases. In multiple phase
processes, the methods according to the present invention can be employed at least during the
production phase, although they may also be employed in a preceding growth phase. A
production phase can be conducted at large scale. A large scale process can be conducted in a
volume of at least about 100, 500, 1000, 2000, 3000, 5000, 7000, 8000, 10,000, 15,000, 20,000
liters. A growth phase may occur at a higher temperature than a production phase. For
example, a growth phase may occur at a first temperature from about 35°C to about 38°C, and a
production phase may occur at a second temperature from about 29°C to about 37°C, optionally
from about 30°C to about 36°C or from about 30°C to about 34°C. In addition, chemical
inducers of protein production, such as, for example, caffeine, butyrate, and hexamethylene
bisacetamide (HMBA), may be added at the same time as, before, and/or after a temperature
shift. If inducers are added after a temperature shift, they can be added from one hour to five
days after the temperature shift, optionally from one to two days after the temperature shift.
[0046] Accordingly, the methods of the invention entail growing the CHO cells in a
serum-free medium during a growth phase such that the cells increase in number to a desired
concentration. The serum-free medium during the growth phase may or may not contain
protein hydrolysates. The growth phase may entail multiple batch and/or fed batch phases, or
may entail a perfusion phase. After the desired quantity and/or viable cell density of cells is
achieved, the cells are then grown in a production phase. The cells in serum-free medium from
the growth phase are typically seeded into a serum-free defined production medium for the
production phase. As noted above, the serum-free defined production medium is formulated
without peptones or other animal and/or protein hydrolysates. However, since the cells from
the growth phase have been diluted into serum-free defined production medium, there can be
carry-over of some hydrolysates and/or peptones from the growth phase if such components
were used during previous phases. Typical seeding densities into the production phase can be
from 2 x 10° cells/mL to 5 x 10° cells/mL.

[0047] During at least the production phase, the serum-free medium is supplemented
with at least one dipeptide selected from Tyr-His, Tyr-Lys, Tyr-Ala, Tyr-Val, His-Gly, Ala-
His,. When one or more of these dipeptides is added to the culture, the titer of recombinant

protein is improved in the presence of the dipeptide or dipeptides as compared to the absence of

- 13 -



Tyr-Lys 8.16 9.49 81 43 readily soluble Ala-Tyr 4.84 5.86 56 14

WO 2012/019160 PCT/US2011/046850

the dipeptide or dipeptides. In addition, when the dipeptide Thr-Phe is also added along with
one of the above listed dipeptides, titer is further increased.

[0048] Other dipeptides can also be added. Some particular dipeptides which have been
shown to improve viable cell density (VCD) and/or viability are His-Glu, Glu-His, His-Ser, and
His-GIn. VCD refers to the total number of cells that are surviving in the cell culture medium
in a particular volume, generally per ml. Viability refers to the number of cells which are alive
compared to the total number of cells, both dead and alive, expressed as a percentage. Mixtures
of such dipeptides can also be used in the cell culture to improve viability and/or VCD, as well
as mixtures with the above dipeptides that are shown to increase titer. Increasing viability
and/or VCD is highly desirable because it avoids apoptosis and results in higher product
quality. Accordingly, these dipeptides can also be used alone or in combination, even without
the addition of the dipeptides which have been shown to increase titer (specifically, Tyr-His,
Tyr-Lys, Tyr-Ala, Tyr-Val, His-Gly, Ala-His, and His-Glu).

[0049] The dipeptide can be included in the serum-free defined production medium,
and/or it can be added as part of a concentrated feed medium. Such feed medium can be added
to the culture after one or more days, and can also be added repeatedly during the course of the
production phase. For example, the production phase can last from 7 days to as long as 8, 9,

10, 11, 12, 13, or 14 days or longer. The culture can be supplemented with the dipeptide(s)
immediately and/or on days 2, 3,4,5,6,7, 8,9, 10, 11, 12, and/or 13. Typically, the final
concentration of the dipeptide in the culture is about from 0.01 to 10 g/L, more typically about
0.05 to 6 g/L, and even more typically about 0.1 to 4 g/L, and still more typically about 0.2 to 2
g/L. Of course, if multiple dipeptides are used in a single cell culture, the total dipeptide
concentration can be higher. In one embodiment, the range of dipeptide(s) is from about 0.1 to
about 5 g/L.

[0050] The protein expressed by the methods of the invention can be collected. In
addition the protein can be purified, or partially purified, from such culture or component (e.g.,
from culture medium or cell extracts or bodily fluid) using known processes. The phrase
"partially purified" means that some fractionation procedure, or procedures, have been carried
out, but that more polypeptide species (at least 10%) than the desired protein is present. By
"purified" is meant that the protein is essentially homogeneous, i.e., less than 1% contaminating
proteins are present. Fractionation procedures can include but are not limited to one or more
steps of filtration, centrifugation, precipitation, phase separation, affinity purification, gel

filtration, ion exchange chromatography, size exclusion chromatography (SEC), hydrophobic
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40 Difficult to dissolve (takes long tine) Met-Tyr 4.58 5.67 information
not avail able Not soluble (white, mlky ppt) WO

2012/ 019MWORER/WBB011/ 046850 [ 0055] Si nce Tyr-H s and TyPCys2awodssseadi |y
sol ubl e under these testing conditions, cell culture experinents were
designed to test themas an additive in serumfree, peptone-free medi um
EXAMPLE 2

interaction chromatography (HIC; using such resins as phenyl ether, butyl ether, or propyl
cther), HPLC, or some combination of above.

[0051] The invention also optionally encompasses further formulating the protein. By
the term "formulating” is meant that the protein can be buffer exchanged, sterilized, bulk-
packaged and/or packaged for a final user. For purposes of the invention, the term "sterile bulk
form" means that a formulation is free, or essentially free, of microbial contamination (to such
an extent as is acceptable for food and/or drug purposes), and is of defined composition and
concentration.

[0052] The term "sterile unit dose form" means a form that is appropriate for the
customer and/or patient administration or consumption. Such compositions can comprise an
effective amount of the protein, in combination with other components such as a
physiologically acceptable diluent, carrier, or excipient. The term "physiologically acceptable”
means a non-toxic material that does not interfere with the effectiveness of the biological
activity of the active ingredient(s).

[0053] The invention having been described, the following examples serve to illustrate

details of the invention, but are not intended to limit its scope in anyway.

EXAMPLE 1

[0054] Preliminary results using a chemically defined medium indicated that tyrosine
appeared to be depleted during the production process for a recombinant antibody. However,
tyrosine is a poorly soluble amino acid, so it was difficult to increase the concentration of
tyrosine in the medium. Therefore, it was theorized that dipeptides containing tyrosine could
be used to replenish tyrosine. Several different dipeptides were tested for solubility as

indicated in the following Table 1.

Table 1
Dipeptide ([pI (#1) |[pl (#2) [Solubility|Solubility [Tyr Solubility tested
(g/L)- (g/L)- content
ref.#1 ref.#2 (g/L)
Tyr-His 6.45 7.531 100 56  [readily soluble
Tyr-Lys 8.16 9.49 81 43 |readily soluble
Ala-Tyr 4.84 5.86] 56 14 40  [Difficult to dissolve (takes
long time)
Met-Tyr 4.58 5.67| information not available  [Not soluble (white, milky
ppt)
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[ 0056] I ntroduction: In this experinent, Tyr-H s and Tyr-Lys were tested as
an additive to an enriched defined nediumcontaining |G- 1 and putrescine.
[ 0057] Matwoizal21ared Met hods: Di pepti des were purchased PCOGSBEG 06850
(Torrance, CA). Each dipeptide was dissolved in water for preparation of
concentrated stock solution (100ng/nL), followed by sterile filtration
using Spin-X0 filter unit (Corning Inc., Corning, NY). [0058] On Day O,
prior topposul ati gﬁc@fyrmls)MyrﬁL@s GRld re:!td11@%§lubl@919€lé?ﬂ{e's@fe@an\é%bhmﬁ&so‘c
concentrated di peptide stock sol ution were added to serumfree defined
product i ¢All AEEFQEPEHMEHS Were dprdereH fatestdhgpept angd digisn testuntifi ¢ Aepdenedis- 2. 0
g/ L. For cQfksols, the sane volune of water was added. Cells were
inoculated at 5 x 105 cells/nmL. with the final culture volune of 50nmL in
250nL fl asks. The shaker flasks cultures were grown in the incubator at
36C, witHMIEEE 2and agitation rate of 160 rpm [0059] Cultures were fed

wi th bolus defined feed nedia on Days 6, and 8 with the feed vol une of

5- 6% on DRYSE, 9o, Hodystion Laribis @Beaﬁlema%%ﬁw@ml Tyirles Wess sted ey disine

har vest eq, E’rpet%ﬂed]cﬂeﬁnédpl’ﬁ@di%coﬁt&mfn@@GPHlatnﬂ'il)ﬁ’trééhﬁ@' lity on Day 11 was > 70%
culture duration was extended beyond by introducing 4th feed on Day
11 and 5tlA0$Hed onMatgyialy and Meﬁadﬁoé%lﬁ@@ldeﬂ:é@@l pyishaseeireyn Beelenn (Topragiged f r om
S% to 8%cdepg &1§%t19@w5§‘&i el # Sat 55@{1‘%% ofpéﬁé nttddQElk sapgsd from
2.5%to 3 % se was ?ed as nee typlca target concentration
of 7-8 g/(LOOn{gZitDBD}“@@wsébxee:tmll@éilt@mrps udug Brig-Xh &ltprwd(Coinog InauCorgingal |

vol unes cultures were taken out to assess viable cell density and %
viability leng the CEDEX cell counter (Roche Innovatis AG. Titer was al so
deternandO@&lcoII@nﬁeﬂOgamphempamsmmgfmhéxhbghﬂﬂhmaughppﬁthMﬁmanﬁlytica
met hod. [0061 n th serle er ffect. f t wo

di pept i d S?Ce’?‘]‘ate Bep lﬂ%js‘?‘g‘/k SO[‘VS“ “as” F‘%s‘toé on b hreéréédcpr? “cSF%“n "D el |

l i nes. E&@hgdeﬂhmhhp@ndaenmenmn®1n@nilggEnghmeﬁmed,mesmﬁ@mﬂmﬁeakdn&ferent
huran antvxllalgg&j(}éd. Cells were inoculated at 5 x 10° cells/mL with the final culture volume of 50mL in

250mL flasks. The shaker flasks cultures were grown in the incubator at 36°C, with 5% CO2

and agitation rate of 160 rpm.

[0059] Cultures were fed with bolus defined feed media on Days 3, 6, and 8 with the
feed volume of 5-6% on Day 3, 9% on Day 6 and 9% on Day 8. Cultures were stopped and
harvested on Day 11. However, if the culture viability on Day 11 was > 70%, culture duration
was extended beyond day 11 by introducing 4™ feed on Day 11 and 5™ feed on day 13 if
necessary. Feed volume on Day 11 ranged from 5% to 8%, depending on the culture
performance. Day 13 feed ranged from 2.5% to 3.0%. Glucose was fed as needed with typical
target concentration of 7-8 g/L.

[0060] On selective days during the production run, small volumes of cultures were
taken out to assess viable cell density and % viability using the CEDEX cell counter (Roche
Innovatis AG). Titer was also determined on collected samples, using the high-throughput
HPLC analytical method.

[0061] Results: In this series of experiments, the effect of two dipeptides, Tyr-His and
Tyr-Lys, was tested on three different CHO cell lines. Each cell line was recombinantly
engineered to express a different human antibody.

[0062] Figures 1 illustrates the results obtained with cell line A tested with Tyr-His
(labeled as YH) and Tyr-Lys (labeled as YK) at 2 g/L, 1 g/L, and 0.5 g/L final concentration in

the serum-free defined production medium. Significant improvements in both titer and
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[0062] Figures 1 illustrates the results obtained with cell line A tested
with Tyr-H s (labeled as YH and Tyr-Lys (labeled as YK) at 2 g/L, 1 g/L,
and 0.5 gwbD2bizrmbiseoncentration in the serumfree defi nedTarseadnosissn

medi um Significant inprovenents in both titer and viability at day 13 and
day 14 were observed for both of the peptides at all three concentrations
tested. Day 14 titer and viability were not determ ned for "Control" since
D13 vi abidptiy qulﬁy P_@W@Q@&Q@&%ﬂ@ £ b6t 3£ hl Ipbisiide 4@ tﬁﬂe@?crﬁeégﬂ&ﬁ@ns

[

obtai ned for ce i ne is addition of Tyr- H s at

: -, IF . : gre,. S
addi t i on tesfedTyAay |L§ &iteaandivighility veprinoydatemined foneCangrbisige PdA Vsblibov# Tyr - Hi s
and Tyr - kyg, i h each individual dipeptide at a concentration of 0.5 g/L.
Again, titer and viability are significantly increased. [0064] Figure 3
i Ilustratl8863lne relSgnes ilbstratenthd résolts ehedined fpirgsll@ine By (Y HHisqddigion pickired at 0. 5
g/L and 1y col : | : [ | B odiqter and
vi abi | i tgf{ lgéttl;,l %%éﬁ?}lﬁ |%dg}r?@ﬁ§%? C]Fe}gelfgt}ag& ’ ?%fg%ﬁ;gﬁ : ﬁﬁegoggﬁé%rq}@%%r e
subsequenti$ yndtBsiled voth danpinddalual dpaptidCHO coedantritioned 0.5agild  Apay, tadrsiod

i mproved b Vi abilc'!ty inasimlar manner in one cell line, and

Vla%ll:lg trletselfliflacgrgly in(%r 35¢ .
to a | esser extentt i a fifthcel 1 1ine (data not shown). EXAMPLE 3

[ 0066] | n [&06&4]r i es Kifure3-ithouses the pdsoireotitdidclt forosedtlino @, Sypelid wantsed aan.S5at t enpt

was nade to Chlﬁgr cterjze or isolate.the co nents in peptones which

cont or r od ot hgdotis et Sl Sie g § LD Aierel PuREBBRER 't od ¢ hat

casei n- defgnifeantjeipirealeé containing the anino acid H's nmay be of interest,

and a sevgral, f"g;I P and PG WerP SRl iS Ty G B B Sadticna BHE ERBREN fOr
and they also improved both titer and viability in a similar manner in one cell line, and to a

lesser extent in a fifth cell line (data not shown).

EXAMPLE 3

[0066] In a series of in-house peptone fractionation experiments, an attempt was made
to characterize or isolate the components in peptones which conferred advantageous properties
in cell culture. It was speculated that casein-derived peptides containing the amino acid His
may be of interest, and a several different synthetic peptides containing His were chosen for
further investigation.

[0067] Materials and Methods: CHO cell line D, which produces a fully human

recombinant antibody, was used for this experiment. Cells were inoculated at 2 x 10° cells/mL
with a final culture volume of 2.0 mL into serum-free defined production medium.
Experimental samples contained the dipeptides His-Glu, Glu-His, His-Ser, and His-Gln from 1
to 4 g/L. Control wells were set up containing either no added dipeptide as a negative control,
or containing peptone at 10 g/L as a positive control. The cultures were incubated as a batch
culture for 6 days, at which point the cells were harvested and titer and viability determined.
[0068] Results: The dipeptides His-Glu, Glu-His, His-Ser, and His-GIn were tested for
their ability to substitute for peptone in a serum-free defined medium. The effect of each of
these peptides is shown in Figure 4. Although titer was not significantly increased over the
negative control (Figure 4A), viability was significantly improved in the presence of each of
these dipeptides, as well as a combination of the four dipeptides (Figure 4B). However, the
combination of the four dipeptides exhibited only slightly better viability than each on their

own.
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[0067] Materials and Methods: CHO cell line D, which produces a fully human
reconbi nant anti body, was used for this experinment. Cells were inocul ated
at 2 x 1080ceidmpwh with a final culture volunme of 2.0 mCTiust@1dessam free
defined production nmedium Experinental sanples contained the dipeptides
Hs-Gu, Qu-Hs, Hs-Ser, and Hs-@n froml to 4 g/L. Control wells were
set up containing either no added di peptide as a negative control, or
contai ning peptone at 10 g/L as a positive control. The cultures were

i ncubated as a batch culture for 6 days, at which point the cells were

har vest etﬁw PLiFt4r and viability determ ned [0068] Results: The dipepti des
H s-Qu, H' S, ﬂfl"tl%s gﬁ{m léa% elfkecc‘t oga@al‘{\ﬁﬂg &t t%l%%ﬁl@danfd%stlﬁiiﬂg'cBntQinn%' ty to
substltute o etonelnaserum ree detinéd nedium The eff of each
of these dp@ptlde@ o8 testeé hoogll ling i lgadditian, since Rlesug Fhetpracarsoniad ynatdipeptide
signifi C%?‘TLXPﬁe’\%s%‘f’s%‘?&te‘aver t he negative control (Figure 4A), viability
was significantly |nproved |n the presence of each of these dipeptides, as
wel | as 40¢ddibi nat Cdi@egdth@e@wéﬂ@med aAB)ExahtpWeeZIeThe t he

corrblnatlon h four d| bi hi.| y-b ter V|ab|Iity
t han each OHP{ t(taeisgl’dév\%eT R/I%théqﬁl [%6?6’[ Ttﬁ’ ghl s%gsrrg réltrIlS Fly ’fect of a
vari ety (cbmbmatﬁmi ofeyr-aiichnkd i Tht-Phi¢. fTae cdnirapdnion graslil pé@tsml@moh@smlt aest adl on cel |
line C gdltl on nce Phe is the precursor to Tyr, a dipeptide of

Thr - Phe wéaé’ Y 86t a@%fsggi [0070] Material s and Methods: CHO cell |ine C was
cul tured[ee7in Exar@uBs: 2The Toaltdap edvwitia Figuess. eTyriek eTyiyAla s Hid and Phe,

o ARV Bt s oo B S G s e Bl

Vi abi i t Yo WeEfech 96865 s aliRQ %\]Bﬁmhtﬂ&r inHAR ck@&GthdnSardALSIRWAIL life. Fi gure 5.
Tyr-Lys, Tyr-Ala, Tyr-Hs, Tyr-Val all significantly inproved titer.

H s-Ay noderately i rrproved titer, Thr-Phe had little to no effect, and
Ay-H s godveupelrys affected titer in this experinent and with this cell

|l i ne. EXAMPLE 5 ' ' ' '
[0072] In this experiment, an attempt was made to try and determine the mechanism

behind the Tyr-His induced titer and viability improvements. Therefore, additional parameters
of the cell culture grown in the presence of Tyr-His were examined.

[0073] Materials and Methods: CHO cell line C was used for this experiment, and

cultured as in Example 2. Titer, viability, viable cell density, specific productivity, and cell
diameter were determined each day from day 6 to 13 or 14 of cell culture. Tyr-His dipeptide
was tested at 0.5 g/L and 1 g/L, and compared to the addition of no dipeptide.

[0074] Results: As before, Tyr-His significantly improved both culture viability and
recombinant protein titer in this CHO cell line. In addition, growth (measured as both Viable
Cell Density and Integrated Cell Density) was suppressed when Tyr-His was added to the
culture. The suppression was greater at the higher concentration of 1 g/L than it was at 0.5 g/L.
In addition, the specific productivity of the cells was maintained in the cultures containing Tyr-
His from days 10 to 14 in a concentration responsive manner. In contrast, the control cells
without dipeptide exhibited a severe drop-off in productivity during the latter stages of the cell
culture. It was hypothesized that the addition of Tyr-His induced a metabolic switch from
cellular proliferation to productivity. This was supported by the data showing slower growth,
increased specific productivity (Qp) and increased cell size with dipeptide addition. The
increase in cell size results are shown in Figure 6. In addition, the cultures containing Tyr-His
dipeptide additions exhibited better pH control, lactate profile, and ammonium profile than the

control cultures.
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[0072] In this experinent, an attenpt was nmade to try and determ ne the
mechani sm behind the Tyr-H s induced titer and viability inprovenents.

Ther ef or ewoadtitipwnal paraneters of the cell culture gr@emuspoiiioesspe esence
of Tyr-H s were exam ned. [0073] Materials and Methods: CHO cell line C was
used for this experinment, and cultured as in Exanple 2. Titer, viability,
viable cell density, specific productivity, and cell dianeter were

determ ned each day fromday 6 to 13 or 14 of cell culture. Tyr-H's

di peptide was tested at 0.5 g/L and 1 g/L, and conpared to the addition of
no di peptiXMPLEN74] Results: As before, Tyr-His significantly inproved both
culture ypahtlity it (Wa)a M =Ty i b ne. In
addi t i on,“’%‘?%]vw h (%ggié E;réae;lgﬂéég bot %tw\ff?;é%Fd;H%eg}‘lﬁb%%{]@%sﬁ ?ﬁ?ﬁ%ﬁ?‘l ébgl}ag{t ed Cell
Densi ty) prdein sitep prbgislalitywh EHOTSall-lige & was added to the culture. The

suppr essi s gr 1.0 i : aplt was at
0.5 g, P07 i SEhehg MU LCRD SRGE IS bRkl it 2T 1S e
i n the cufftanédipewnite dilaHmgadded-aH g/Lh menwabapassd1@né addbd dipaptale¢omtrehtandit i on
responsi vge .~ ncontrast .. the caontral cell.s wthout dipeptide
exht bi t ed s R TSty BT EDbroh JR P Bl N M d L PRI E e of 1 he
cell cul tasessed.l t was hypot hesi zed that the addition of Tyr-Hi s induced a

met abol i itch fromcellul a roliferation tq. productivity. This was
cuppor ATk he RIS Pttt R S rgh e isRES G kb o

product i \hdny1 066 )compsled osoaasie Al Hlid aliidrontd fited bpat hd@udcddiHid-on.. The
increase |.n _cell size results are shown in Figure 6. In addjtion, the

cul tures Fb%ﬁ?ya‘f"?ﬁ 9?r-"‘|t—|P‘§m&1“ﬁ8%Y‘F‘8§WaEGBF‘il?lb’rig t@%%?ﬁt%géﬂoﬁb‘@t%lp pH
control , chigt.aHewsVedlAlhSlis @0 dx AR abilitynt @ifaiirlten ifdaasddReaba tesfcia i kieur es.
EXAMPLE 6 éOO?S]In this exanple, the effect of an Ala-H s dip eptide was
tested onaHiSLYRHESH ABGMMISPGHEPE celf eg and viability of CHO cell Iine A

[ 0076] Materials and Met hods: CHO cell line A was cultured as in Exanple 2.
The effect of dipeptide Ala-H s (added at 1 g/L) was conpared to no added
di pept i dEXAMRLEC-)VIABILE Y AP HETER IN BIQREMT@BSt ure period was 13 to 14
days, at (yHgN POI ffe tchi i 2ct smpﬁthé&cydiﬁgﬁﬁ@esg%f.?gi@quyi.%gg@w@éeI ts: The

1
results are shown In Figure 7. Hs-=QAy inprove
observed in shake flasks were reproduced in bioreactors using CHO cell line C.

[0079] Materials and Methods: A bioreactor experiment examining the performance of

CHO cell line C with tyrosine-histidine (YH) and tyrosine-lysine (YK) dipeptides was
performed. Six 2-L bioreactors were run under the following conditions: a control condition
was performed in duplicate, while the remaining reactors were fed 0.5g/L YH, 1.0g/L YH,
0.5g/L YK, and 1.0 g/L YK (singlet for each condition). The starting volume was 1500£50ml
with an inoculation density of 5 x 10° cells/ml and a temperature set point of 36.0°C, pH
setpoint of 6.95, DO setpoint of 48mm Hg, agitation rate at 315 rpm, and two-sided pH
control. The process was extended to 15 days with a feed schedule of Day 3 (5%), Day 6 (9%),
Day 8 (9%) plus additional feeds on Day 11 (5%) and Day 13 (2.5%). Daily glucose feeds (up
to 7¢/L on Days 3-11; up to 5Sg/L Days 12-14) and antifoam (as needed; up to 25ppm) were
also introduced.

[0080] Small volumes of cultures were taken daily to assess viable cell density and cell
viability using the Cedex AS20 cell counter (Roche Innovatis, Beilefed, Germany). Metabolic
data were obtained from the Nova Bioprofile 100 Plus (Nova Biomedical, Waltham, MA), and
an Advanced Instrument (Norwood, MA) osmometer model 2020 was used to measure
osmolality. A Chiron Model 248 blood gas analyzer (Siemens Healthcare Diagnostics,

Deerfield, I1.) was used to measure pH, dissolved carbon dioxide, and dissolved oxygen.
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than 10% as conpared to control. Ala-H s also inproved titer, but not as
much as Hs-Ay. Hs-Ay was al so better at maintaining viability,

especi al Iwoiznizthelshat er stages of this cell culture. Howevars201Aoasssh s di d
exhibit the ability to maintain increased viability, especially the earlier
stages of culture with this cell line. EXAMPLE 7- VIABILITY AND TITER I N

Bl OREACTORS [ 0078] The beneficial effects of synthetic dipeptides Tyr-H s

and Tyr- Lkgggihat Wejks afP@éﬁﬁaM%&dbSht&ﬁ%ﬁ‘e fidAagleSmied ﬁsmgewne%ﬁ&ﬂnwh
bi oreactors using CHO c line C. [0079] vaterials and Met hods:

bi or eact d#kee dpary th@modwlanﬁhr@w tGratrfagedspprarriat Bps TN eei20°¢ arrde%t@e% th
tyrosi ne=ghi gt Gbngdedido e@ﬁﬁantabyﬁegs TRE Ja¥Rd O«%re(n}@ééurgd ﬁ%dfﬁlﬁﬁf MB&inRer f or med.

Six 2-L broreactors were run under the follow ng condi'tions control
condi t i odolgaed ha s Crandlybin dnpopiase extinggiinl @eﬁﬁh@ntr\@h@s Wﬁwglpple@d‘pmash were fed

0 508 L Virhold R0 bodlhinOn® Bhdt ¥tS: TROGhnibo doifladrary (S, hthilBfized BE ARAER

condition e starting volune was an 1 nocu atl on densi ty of
5 x 105 (:@Igblg/ktrtiandiﬂdpae -t@wpedatvatiztioethepoitnt  DEr3620i0), hrdnseigpphptandf 6. 95,
DO set poi nt, of iLation and o) ed pH

control. anal?'SlS S’%ﬁs %%pegf me 30rfl mgi%%a 1nsg'ruct10§ Sm)rov ee%%?’ scﬁ%nglof e of Day 3
(59, Dayecﬁn(n%fa)ia,noﬂawael(s@%popdtms, Mdfbird, |1\<Mn}al feeds on Day 11(5% and Day 13

2.5%. i | ucgse feeds. (up to .7qg/ Da -11: up.to. 5g/L Days
1550 anosdh Ot ook hodiaaBty 8 b B s o PisaliemyS™”
50080] Srr&hl(l;lanv@il tli.thE(SelelgLEH BA)Jz[rﬂSspwﬂri]ceprb@kﬁﬁlt}il?iztl(l)eyp}ﬁ@maﬁ)ﬂ%Blotbhﬁgﬂ ehcel |
ensity and ce ia sin e X c count er . (Roche

| nnoya%/l SOVIEQRTeRE ﬁa ag%%%éwﬁ)dme CABGIS ag’ﬁ*cfaﬁ’éte’\’ﬁe“r@“{?tﬂ“{aﬁ“ﬁ%gy f“?‘l?fﬂ’(lfl%e Nova
Bi opr of i lcgltdk® 01a5’|11t55(séel\ﬂ%’lﬁre BBpeslumadic pMabiéthacotilied @hfkréRe Beanasd |
Instrurrent Nor wood osnoneter nodel 2020 was used to neasure

osmol al ity dipepes Yplensfed CBAESH| 0od gas anal yzer (Sienmens Heal t hcare

Di agnostics, Deerfield, IL) was used to neasure pH, dissolved carbon

di oxi de, and di ssol ved oxygen. WD 2012/ 019160PCT/ US2011/ 046850 [0081] Titer
and ani ndetMELEGH BAPR MEIARQLE; RROFEILES INPIREREIPEoned nedi a t aken

during HSSIPWLWENTQE‘)@UL@ . Centrifuged supernatant was frozen at -20C
and stored for later titer and am no acid anal yses. Titer val ues were

measur ed [088Hlg af fMﬂiM@QJMEih@deIﬁ dicl bameag tay pxPEnia merl pdixempladpleoipici at e
extincti | i e C rmne
the fi nalcc)lﬂgt1 ?@@fpflh@h ny ?Oﬂggl ana y%ds%grr%{ ﬁ[ocri\ é&ﬁ){}ggé% H??ﬁdlk %‘
reagent leind a@nldgmhselemiewcmmmmdéfrpmaiay bae dlgnl Saidmicsttug. Deri vat i zat| on,

chr omat o%@gﬂy ’ alnlgesaﬁ% aln%ng’elXt 1§nt t%Qr an\év%laga elfng %év%t? grﬁlglﬁc%lg ngeta{bg{ é he

i nstructi'ons prov e ven rporati
M | f ord, phdles were achieved w1th dipeptide addltlon. In the bioreactor experiment, the control

reactors began accumulating lactate on Day 10 (Figure 9A), while dipeptide-supplemented
bioreactors consumed lactate during the same timeframe. Concomitant with lactate
accumulation, the Na" levels also started to rise in the control reactors (Figure 9B), reflecting
exogenously added buffer, sodium bicarbonate, in response to the drop in pH. However, the
Na'level was well maintained in dipeptide supplemented conditions, most likely due to their
ability to maintain relatively constant pH. These data suggest that supplemental dipeptides can
prevent media acidification occurring in the latter phase of production runs, thereby requiring
less base addition.

[0085] Similar to bioreactor results for this cell line, improved lactate profiles were
observed in shaker conditions (data not shown). However, lactate consumption was observed
only with a higher concentration (1.0 g/L YH) of dipeptide. When a lower amount (0.5 g/L
YH) was added, lactate accumulation could not be prevented, but was delayed. These results

correlate with the pH profile of the culture. At the higher dipeptide concentration (1.0 g/L), pH
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[0082] Results: In 2 liter vessels, both Tyr-H s and Tyr-Lys dipeptides
significantly enhanced titer (see Figure 8A) and specific productivity in

t he pH cowbreidmdiehi or eact or environment. | n addition, poerhusdéipepdssdes were
able to extend culture duration by inproving culture viability (see Figure
8B). Volunetric productivity continued to increase beyond day 11 for

di pepti de suppl enented cul tures. EXAMPLE 8 - | MPROVED METABOLI C PRCFI LES I N

DI PEPTI DEva%HPMﬁ@MTEQl%EQBES%I{t Q,Q&Slﬂi’ﬁta@{h'e%v%r%[yéptﬁ\d%tcbf?ééﬁtratioﬂ (@ Be)

bi or eact or exper.|l ments run I n ITp 6, | actate and anmoni um (
profil es Siler esigpficanpfesaeasq lﬁpﬁdmstqetﬁﬁtedfH@‘éeVPflrﬂé%@X@t ofhis pigirpreway 9§ ne, and

asp ar agi;fes. 1111%3{661'0@61"@15 IOk Ht@Hod éoﬂmtlgﬁ‘lfhaﬁ i} e df’&ﬁtr@ylg’ Bhaifille Gature.

[0084] Results: In correlation wwth tit and vi abi rovenent,
enhanced shakeagsoilitionpdatat havs onsrnalls &ddi @ﬂé@n@mfohff@n fpept c@ér dighei lovels afn t he

0 or eact g SRS TL®, SALE P TRARLAYPHARIAN PRCUILAIINY | actate on

Day 10 ( e dlpeptl de- suppl enent bi oreactors consuned
| act at e dﬁﬂSﬁb thehmmwwdﬁﬁﬁemmﬁkeww@bﬂunﬂm@wmmmmehuwampﬂmema@bunulatlon

the Na+ lcgr\ll t10nsgéa%an Sdldltogl \%‘e:(rss?mlllar tg N 142 nt rr8 lesr %?q'(tero c!o%dl(tl b E 9B),
reflecting exog Hous| y Ac u sodium in response to the
drop in pidre Hovieveto dqtebedd\@hcdnamednsmﬁ bmédctomlrrIEMSrt&‘dedumng Nﬁ)ﬂbtelvde

supplene condi {i ons e to their abili ai n

el Bt el B et ant iR ik SOF e bGet O hatuf fiismal ol mHpBEE | des can
pr event hﬁ&dtboas , Both ayrbdieatTly | Ql’hnd)ﬁ@ufagintAsnl) altemeplgtgﬂ b@SDapIIIF.SE d@fltrégf ,egtudhd on
runs, there re uirin es tio ILmlar_to DIor CtOI’
resul ts fIgPICHp & d’@? ilet?%ﬁqén ’Q%%fw dr Bl?lélliﬁ}t%ﬁfs‘!qng‘élo’(}@er@"%%%re?‘?}

shaker congictd @Hﬁletﬁ&ﬁﬁé})tlﬂ&tcoﬁfd(wﬂaﬁe thlsl@ummrfronh Qe@)ﬁl@gﬁe GEPIGHSAP @)ﬁmmso
observed only with a |gher concentration of dlpeptlde When a
| ower nﬁlaﬁr&/roe@e grodile, Wigh diffese da%lé%Fanﬁba'aﬁtt\g%eél t%%mfall a&ﬁh BiPidseRditens: be

prevent eqpe Rpir g’i@éprgﬁﬂeé‘é&ﬁﬂned-ﬁgﬁﬁé‘elf EothfabablCRdh |dﬁ“?e@en‘f"b61ﬁ1t¥oﬂ§ PHnRkPfi | e of
the culture. At the higher dipeptide concentration ( g(ﬁpH was

mai nt ai nelgplgionspftepgeg relPyy Bowastokprrvdeyid lowpr dieepside bﬁ@s Piepitde
concentr af i@ \éﬁle%u%ﬂeé w1t1§‘h%h& Oﬁebﬁ@é@on%%@&é%l bR e Y{?ﬁﬁ%ﬁﬁk Phkver

However, the extent of this pH | ess severe In e | ower dipeptide
concent r gxpasienesdiyipsinodeptaian dmrmgtth@w' dorruitgie peesh dibes consultShyggest b ke

ﬁionﬂi ti IO ofife 1@?518?ﬂt{§atg&q‘rgﬁl h‘}fdefs%grn? t‘ﬁ@'&&f?&aotfﬁr&ldgt dn’ \7{719{?1 rfont Ir ol ]’c
gher eeso pepl erew to achieve a sim r evel O
benefit @awpmknhmﬂbn@naam(bﬂgﬂ){@@é@#hmpmﬁwéﬁe$hﬂmmpbaﬁnwesmeheSakso
observed ne{rhe(i‘i I1“91e ts' rgo? Ty M ﬁf)slc%rrlr‘[%f}]lg ﬁl% Asn moiety, asparagine levels were not affected.

Interestingly, higher levels of free tyrosine were observed in 1.0 g/L YH condition than the 1.0

g/L YK condition. This may be partially due to repressed cell growth observed in the 1.0 g/L

YH condition (data not shown).

[0088] Higher histidine (His) levels were observed in His-containing dipeptide

conditions only (i.e. Tyr-His), further supporting the idea that these dipeptides are being

dissociated over time into free amino acids. A very distinct difference in the histidine levels

was observed between lower (0.5 g/L) versus higher (1.0 g/L.) YH conditions, even as early as

Day 6. Since amino acid analysis data was only obtained from day 6 onward, it is not possible

at this point to determine exactly when these dipeptides started to decompose into free amino

acids.

[0089] Lysine profiles also displayed a dose-dependent increase in free lysine levels in

YK-supplemented conditions (Figure 7D). However, the difference in lysine levels was less

obvious in the 0.5 g/L YK-fed condition as compared to conditions receiving no YK

supplement. For example, the free lysine levels detected in YH-supplemented conditions (either
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conditions (data not shown). However, simlar to the lactate profiles,
shaker conditions were nore sensitive to di peptide concentrations than
bi or eact owe,20izn19®os of reduci ng NH4+ | evel s. [ 0087] AnmPam/Used1d/0a6386 yses
fromthe bioreactor experinent indicated that in control reactors, both
tyrosine (Tyr) and asparagi ne (Asn) are depleted by Day 11. In contrast,
tyrosine depletion was not detected in Tyr-Lys or Tyr-H s suppl enented

condi ti 0@§YH"@§\§/YF& YHED LN8ls @hildMEaR 1pyRtBRY iGedidin @Rl0. £gs Feud-d rescue
the cultures from asparagi ne depletion. In contrast to the tyrosine

profil e, swnlepengidicpagiven & Pai ¢ rrdahiolop Drevt I Biguie®) c bhis conld hpducdppept i de
condltloqﬁﬁﬁ&ggcgﬁg§$g&1&q¥£mg£;§ﬁt&gﬂyamﬁ%sreIatlvely conpar abl e anong

di fferent conditions vent ual “depl eti on of tér03|ne on Day 15 was observed
with | owdP0¥0Ipept i E@rda@venesllﬁ@u@egﬁmat ofroseictdepletiogHnHOYRYLL lingH{F ¢adls bed & ur es
with hig e f ver
exper | encaefyRRLER BAPAERRI AR ekt lerh bkl LS
results suggés@wKMHmnfMEewmbao&umémnsmbmﬂhgIhwmam&tadmbwawqupeptldes
during th rod er n t|on (1.0
g0 o REEa R Lol s LS b SR MR BRE I e

Tyr - Lys rafctidyal edfrdation rb'emmstyirdsmemm Qpi &ain, obas palrtagiaee Dagy Bl ndwisr e not

affected. ILnterestin veI of free tyros e ed in
0% 5 b SRR b HehPt AT RPN oS Sl SR SRRl 1y
dﬁe tor egﬁc%ﬁﬁz&%nﬁ(i]el 1nngIO(MS hy/lohsiey Heclsl d/n sTﬂjb&nﬂen&d@gﬂdltYdﬂsp dinbiacio (data not
shown) . er e (His) level.s were obs | i s-containin
di pep%i dv[aQ %tﬁ‘f‘?dfl ‘?1@‘”0 Cl]ls témég—' QW%S)HG % mm@?1Y§ﬁ@ '%gg/lﬂrﬁp%%ﬁ‘a t hat °
these di @&mlmqﬁsmécﬁtrmlsnmcwns@o&s SitteRsiaY KeretalvaBibicnh 0. Ofg719@1p@[5ﬂd@0 acids. A
very distinct difference in the histidjne |evels was observed between | ower
(0.5 g/ LFowaraeniayerandhigh Qy vys meip@BRdi tions, even as early as Day 6.

Since amipgopci d af@ prsiest ifRhBoMB 008 IbY hﬁlbt%,@inrg@sbefﬁyqﬂa Qf%ﬁﬁ@eﬁﬂ&ﬁﬁﬁm't is
not possible at this point to deterni ne exactly when these di peptides

started tdescabedbligsdn thaf ge tendedasaynghoillagiagens gf 0018‘9111@ aipaes pirthe Inversion so

di spl aye@n@ﬁﬁ@@&aﬂf@(ﬁ%ﬁﬁ %mg(ﬁseﬁa%oﬁ[l)?orfeﬁﬁgrel\%ﬁhﬁ'ﬁle 5& §|0§th'e lihventlon

YK- suppl enment ed conditions (Figure 7D). However ference I n lysine
| evel s wardecdggrighyalificationstof ércanantgn. invddtied tehng Sﬁlpm alakde@@rhséh@rdmt 0
conditio r | ysi ne | evel s
detectedqﬁg%%ﬁ- B%?gﬁg%&és%%g%%g?@g%%ﬁFﬂuhﬁﬁﬂgﬁhgfﬁ&ﬁgmﬁQﬁﬁo 5 g/L or YH
1.0 g¢/L) ace®nginyihadravogs.thach peiifieatlosy ek idertded toetdll wnthintthe @ope gffthe of
YKsuppIenﬁﬁ 6d; gondition on Day 9 and also on Day 15 (Figure 7D). This
coul d be o 1 netficient consunption of lysine by YHtreated cul tures.

[ 0090] Bi oreactor results suggest that tyrosine depletion in CHO cell line C
cells has a deleterious effect on specific productivity (Q). Tyrosine
depl etion observed on Day 11 in the control reactors correlates with a
sharp decrease in Q. In contrast, an increase in (@ is observed in

di pepti de-suppl enented conditions with higher |evels of tyrosine avail able.
This functional correlation between tyrosine and Q is again observed

bet ween Days 14 and 15, during which a sharp decline in Q is observed in
cul tures supplenmented with | ower dipeptide concentrations (i.e. in YK 0.5
g/L and YH 0.5 g/L supplenented conditions) Amno acid profiles indicate
that during this tinefrane, tyrosine is conpletely depleted in 0.5 g/L

di peptide conditions. In contrast, sufficient |evels of tyrosine were
available in 1.0 g/L di peptide conditions on Day 15, and high Q was

mai nt ai ned). [0091] The present invention is not to be limted in scope by
t he specific enbodi nents
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described herein that are intended as single illustrations of individual
aspects of the invention, and functionally equival ent nethods and
conponentwoane/uptshi n t he scope of the invention. |ndee®CTUBR610036850

nodi fications of the invention, in addition to those shown and descri bed
herein will becone apparent to those skilled in the art fromthe foregoing
description and acconpanyi ng drawi ngs. Such nodifications are intended to
fall within the scope of the appended clainms. CLAIMS What is clainmed is:
1. A nethod of culturing Chinese hangianvevary (CHO cells that have been
recombi nantly engineered to express a protein, the method conprising

grow ng cells in a serumfree nmediumduring a growh phase, and

gr ow ng Qﬁﬁn%ié%nm+Ps |n a serun}free defi ned productlon medi um during a
productiqn phase rodu serumfree medi um
P uppl dnent aarui st e i P UG e BRE b G i 5. Tyr - Lys.
Tyr- Al a, r&y)l’rrbi(ﬁht,ly déﬂgﬁte@e& to EPeksl pt'o’rdhifs the&ii‘@l(ljdtshﬁﬁ@hﬂng @@wfﬁngttﬁef CHD dehe
protein is i ove in the presence of the di [ e es as
conpar ed ' 6° f%é@ﬂ&‘@ ‘E;Fmgﬁér‘a’ft e 8F0“65P%3‘5 F%&“seus 1r‘29[O e?‘ﬁ‘é et hod of
claim1, qaheid ?rdﬁiubm HePERULGE d Srodddedpiake, avhaenadurﬁag AeAsdudliorBhatd) the

serun}free defined pr.oducti on medi um from about Q. /L to about. 5 g/L. 3.
The met hdle srunefras W%ummwelieﬁlewﬁ%wah pptst ene clllgep%ecfé cted figmy badlitredi um t o

the produgti9g T@h@x%e Tyr—’Q’al ﬁlibeGlstédaQQa- is, Sh@ivRrdin IMNREQI hecHrotbBaSt tWo
di pepti des are added. The method of claim4, wherein one dlgeptlde i's

Thr - Phe, iFp®vel lathecnr@ﬁﬁwe@f tlhg dipeptifle @jrdingpydagian comgredip ghepbraneriolidhe cl ai m 5,
wherei n the,ARRJP&Rs cONPri se Tyr-H s and Thr-Phe. 7. The nethod of
claim1l, greln the serun}free defined production nedi um contai ns
putresei ne and/or spermne 8. The nmethod of claim11, wherein the

serum 11 ae _deirh 0B OFbRh! ©00RA HOLFARNEI LR Y i LhG G el act or

serum-free defined production medium from about 0.1 g/L to about 5 g/L.

3. The method of claim 1, wherein the dipeptide is added in a feed medium to the

production phase.
4, The method of claim 1, wherein at least two dipeptides are added.

5. The method of claim 4, wherein one dipeptide is Thr-Phe, His-Glu, Glu-His, His-Ser
or His-Gln.

6. The method of claim 5, wherein the dipeptides comprise Tyr-His and Thr-Phe.

7. The method of claim 1, wherein the serum-free defined production medium contains

putrescine and/or spermine.

8. The method of claim 1, wherein the serum-free defined production medium contains

insulin-like growth factor type 1 (IGF-1).

9. The method of claim 1, wherein the protein is a human antibody, a humanized antibody, a

chimeric antibody, a recombinant fusion protein, or a cytokine.
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9. The nethod of claim1l1, wherein the protein is a human anti body, a

humani zed anti body, a chinmeric anti body, a reconbinant fusion protein, or a
cyt oki ne.woWn2209®0019160PCT/ US2011/ 046850 10. A cell|l eairtuse@ 10068901 si ng a
Chi nese hanster ovary (CHO) cell line reconbinantly engineered to express a
protein, a serumfree defined production nmedi um supplenmented with at | east
one di peptide selected from T Tyr-His, Tyr-Lys, Tyr-Ala, Tyr-Val, Hs-Qy,
and Ala-His. 11. The cell culture of claim 10, wherein the dipeptide
concentration is about 0.1 g/L to about 5 g/L. 12. The cell culture of

cl ai m 10,10wheAgich cullie semriitRRhigRse hwr@wwlﬁ%%ﬁplmﬂ@ﬁmb@aﬂ@r mul at ed

W t hout ﬁ@h@e’?&i to e%essyb?ot&ﬁl al sehhh-FE e[fﬁ’ifed ﬁlloﬁhcrﬁogrgnegﬁlﬁpgubﬁl'eﬁgnt@& wltﬁaSt two

di pepti des. he cel ture o aim 13, wherein one dipeptide is
Thr - Phe, aHesst Glfughp@tlde Mlcsﬁ,tedkﬁroglsévr-ldxs, Hirdys Tyr-Ala,SEyr Mk Hae(ly, end Alar e of
claim 14, .wherein the di peptides conprise Tyr-Hs and Thr-Phe. 16. The
cell culture of claim10, wherein the serumfree defined production nmedi um
cont ai ns putrescine, spernine and/or insulin-like growh factor type 1

(1G--1) 17. fhe, cel tur e of gl ai m 0. wherein the ool i pis a human
anti bo dy,lla hEPr%%ellzcg ure 0?0161m F() where he d1|p cptlde corbcer&ratloré1 1sr 6816[ rfQb ?2 n? fusi on

prot ei n, absutd gely.t oki ne.  18. A nethod of culturing Chinese hanster ovary
(CHO cells that have been reconbi nantly engi neered to express a protein,
the nethod conprising growing the CHO cells in a serumfree mediumduring a
growt h phase, Tanetlighubiuvedgcluine] (CBeeal ths sdrim dres @&t prodactibafmdiadn pr oduct i on
medi um d roducti on phase, wherein during the production phase the
serumfr @“W@ﬁ%d% tHout Rapy fenented with at |east one di pepti de sel ected from
HIS GQu, Qu-H's, His- Ser Hs-@n, Tyr-H's, Tyr-Lys, Tyr-Ala, Tyr-Val,

| s- (Hy, and Ala-H s, and wherein the viability of the cell culture is
|nproved Bn tﬁéeﬁ¥%§3W€@fgﬁm%Hb“ﬂﬂﬁ@ﬁ@@ﬂ@w%Pmﬁ%ﬁﬁﬁﬁﬁﬁes as conpared to the
absence of the dipeptide or dipeptides.

14. The cell culture of claim 13, wherein one dipeptide is Thr-Phe, His-Glu, Glu-His, His-
Ser or His-Gln.

15. The cell culture of claim 14, wherein the dipeptides comprise Tyr-His and Thr-Phe.

16.  The cell culture of claim 10, wherein the serum-free defined production medium

contains putrescine, spermine, and/or insulin-like growth factor type 1 (IGF-1).

17. The cell culture of claim 10, wherein the protein is a human antibody, a humanized

antibody, a chimeric antibody, a recombinant fusion protein, or a cytokine.

18. A method of culturing Chinese hamster ovary (CHO) cells that have been
recombinantly engineered to express a protein, the method comprising growing the CHO cells
in a serum-free medium during a growth phase, and growing the CHO cells in a serum-free
defined production medium during a production phase, wherein during the production phase
the serum-free medium is supplemented with at least one dipeptide selected from His-Glu,
Glu-His, His-Ser, His-GlIn, Tyr-His, Tyr-Lys, Tyr-Ala, Tyr-Val, His-Gly, and Ala-His, and
wherein the viability of the cell culture is improved in the presence of the dipeptide or

dipeptides as compared to the absence of the dipeptide or dipeptides.
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WD 2012/ 019160PCT/ US2011/ 046850 19. The nethod of claim 18, wherein the

di peptide is added at a final concentration in the serumfree defined
product i omorretyuumedr om about 0.2 g/L to about 5 g/L. 2@CTNseoimoidsse of
claim 18, wherein the dipeptide is added in a feed nediumto the production
phase. 21. The nethod of claim 18, wherein at |east two di peptides are
added. 22. The nmethod of claim 18, wherein the serumfree defined

producti qp nMeghiRGONLANILR 1@%5&@1@1&1%@%@ da01s aﬁcﬂ)&lra% RRal cérventtion iRiROd of
claim 18, wherein the serumfree define ro ucti on nedi um cont ai ns

i nsul i n- IspE-reclafipedniedustion pedum fongrhoy) 2g/M0 alié S gdt-hod of cl ai m 18,
wherein the protein is a human anti body, a humani zed anti body, a chineric

anti body, a reconbi nant fusion protein, or a cytokine.
20.  The method of claim 18, wherein the dipeptide is added in a feed medium to the

production phase.
21. The method of claim 18, wherein at least two dipeptides are added.

22. The method of claim 18, wherein the serum-free defined production medium containg

putrescine and/or spermine.

23. The method of claim 18, wherein the serum-free defined production medium contains

insulin-like growth factor type 1 (IGF-1).

24, The method of claim 18, wherein the protein is a human antibody, a humanized antibody,

a chimeric antibody, a recombinant fusion protein, or a cytokine.
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