1 Manmmalian Cell Culture Processes for Protein
Production This invention clains priority from
provisional U 'S. application Serial No. 60/436, 101
filed Decenber 23, 2002, which is incorporated herein
by reference in its entirety. FIELD OF THE | NVENTI ON
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glycoproteins affect protein function, as well as the intramolecular interactions
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cl earance fromthe serum as well as its physical and
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structure of a polypeptide product, with sialic acid content commonly used as a
measure of glycoprotein quality.

Run times of cell culture processes, particuiarly non-contmuous processes,
are usually limited by the remaining viability of the cells, which typlcally declines
over the course of the run. The maximum possible extension of high cell viabilities
is therefore desired. Product quality concems also offer a motivation for

minimizing decreases in viable cell density and maintaining high celf viability, as



anot her notivation for mnimzing decreases in viable
cell density and maintaining high cell viability. The
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- Heparin has been supplemented to animal cell culture media in order to

adapt anchorage-dependant cell lines to suspension conditions (e .g. U.S. Patent
No. 5,348,877to McKenna and Granados, 1994). Heparin is also known to bind {o
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time in that given medium. In no case were the benefits of a delayed addition
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With increasing product concentration in the culture, it can be observed in

_ cell culture processes that the product quality decreases, as determined by the



lower Iimt for an acceptable sialic acid content

exi sts as determ ned by drug clearance studies. High
abundance of a protein produced by cells in culture is
opti mal |y acconpani ed by high quality of the protein
that is ultimtely recovered for an intended use.
Reconbi nantly produced protein products that are
properly glycosylated are imntreasingly becom ng
medically and clinically inportant for use as

t herapeutics, treatnments and prophyl actics.
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PHEMABEHIGB dhitEsS&uring the call culturing period sustain a high cell viability of the
cells in the cutture and can provide a high quantity and quality of produced product
throughout an entire culture run. Also, according to one aspect of the invention,
the two or more temperature shifts comprising the culturing processes can
advantageously allow for an extension of the production phase of the culture.
During the extended production phase, the titer of the desired product is
incréased; the product quality, as characterized by sialic acid conterit; is
maintained at a high level; and cell viability is also maintained at a high level. In

addition, the extended production phase associated with the culturing processes



In one aspect of the present invention, nmulti-step
tenperature shifts, preferably, tinmed nulti-step
tenperature shifts conprising two or nore downward
tenperature shifts, are used in the culturing of
manmal i an cells to produce a desired protein product,
particularly, a glycoprotein groduct. Two or nore
(i.e., at least twd) tenperature shifts, which nay be
performed after the growth phase of the culture,
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prowdes in an em odlment of the invention, for an extended production phase
during which the titer of the protein product is increased and product quality, as
characterized by sialic acid content, remains high until the end of the culture run.
A culture run as used herein refers to the culturing period, prefembly. the
entire culture period. For a culture run comprising two or more temperature shifts,
the length of the entire culture run can last from as short as just after the second

temperature shift (for example, about 10-14 days) to as long as about 28 to 30



| ength of the entire run can last fromas short as
just after the third (or the last) tenperature shift
(for exanple, about 14 to 21 days) to as |ong as about
28 to 30 days or nore. Thus, in accordance with the
nmet hods of the present invention, cells can be
cultured for a total run perigod of greater than 10
days, greater than 14 days, or greater than 21 days.
Preferably, the culture run lasts for at |east about
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the present ce turln conpr|5|ng two or
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nmet hods_ of ths i nvention can provi de an |on %
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standard production phasé occurs, in general, at about
d4Par80iG 14). For exanple, by enploying two, three,

o cor s TG SR ERLOTbE ol O iy 80 chtpriing o or

quaerei temppefatprecshdftsindvrhich high quantity and quality of proiein production is
achieved is beneficial not only for culture runs having “shorter”, e.g., standard,
durations (e.g., about 10 to about 14 days), but alse for cuiture runs which can
endure longer than the standard production run. Such longer duration culturing
runs are achieved because the methods of this invention can provide an extension
of the initial or standard production phase of profein production by the cultured
cells (the initial or standard production phase occurs, in general, at about days 6 to
14). For example, by employing two, three, or more temperature shifts in the

cuiture run in accordance with this invention, high quality and quantity of protein



production and cell viability can be naintai ned and
sustained for a total run tinme of about 10-14 days to
a total run tine of about 21 to 28 days or nore,
conpared with protein production and product quality
in cultures enploying no tenperature shift or, at
nost, one tenperature shift. gn another of its
aspects, the present invention provides cell culture
nmet hods conprising greater than two or three
tenperature shifts as descri bed above. In such
multi-step tenperature shift _runs, cells are {ultu
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Calmmat hedRionBEfehdtatuldsisiNe can beiintilded insthe @bl cultering method,
present i nvention prOV|des rocess
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by he use of a two- or nore- ste eratu
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content in the production of product dur |, t he

ctﬁ“i‘l%ﬁfétur% ﬁB'@d%@Ce% s a@ﬂ@aﬂé dbigha ﬁ‘rt%sljﬁ%\?h%l e
TS, o A e

tth‘@ ariiutee rﬂaenebwenab[mg an extended productaon phase during Which the titer
of product, preferably recombinant product, is increased and the product quality,
as characterized by sialic acid content, is maintained at high level. Such a two- or
| more-step temperature shift can minimize the prevailing trade-off between protein
titer and sialic acid content in the production of product during the cell culture
process. Thus, the temperature shifts provide a positive effect on enhancing an

important performance parameter of the culturing process, i.e., the mathematical



9 product of "end (i.e., final) titer" x "end (i.e.,
final) sialic acid" ("end titer x end sialic acid").
Accordingly, in another particular aspect, for a
two-step culturing nethod as newly described herein,
cells are maintained in culture fromday O to on or
about day 6 at a tenperature of 37C, or near 37C;, on
or about day 6, the terrperatu9re of the cell culture
is lowered to 34C, or near 34C, and on or about day
10-14, the tenperature is again |owered to 32C, or
near 32C. In one enbodi nent of such a two-step
t eprpducttai‘end [iief, tinad)tiihatix “drink(ijet, dithalitsialic gelidi{®endsiter x end sialic
ext e%ged beyond about day 14 and continues to the end
culture run, e.g., until about day 21, or to
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allowcells to remain viab [
péter%ﬂs such as beyond the standard production
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i nvention | ncreased cell .vi abi esyl tin
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decreased amount of cell debris and rel eased contents
ofPUlEiNg metheds ag dessribad allaw celisia remaindaklg feingreaspd time

pb@ﬁ&ﬁ@ Sueh as eﬁ%yoﬂﬁt{ﬁé Stan@drd @%dﬁ?ﬁﬁr?%tﬁad’fAéj aéﬁussed herein, a
I's in the cul'ture can negative act on
abﬁneﬂqialtc@nsgquemtce @mreasqdmeilmamlﬁxe of fheauiturechealigiean be that
I
Vlaal_’%%qlgglﬁtlgé P{;ﬁgg?&] (Bylrugﬂ %u%h’&) afd pééﬁﬁé’éd‘gt the én‘?i of the
culturing period, under conditions that are conducive to the maintenance of viable
cells. '

Another aspect of this invention is that increased cell viability resulting from
the practice of the two or more temperature shift cell culturing methods correlates
with a decreased amount of cell debris and released contents of dead or dying
cells over time in the culture. The presence of cell debris and the contents of dead
cells in the culture can negatively impact on the ability to isolate and/or purify the
protein product at the end of the cuituring run. By keeping cells viable for a longer

period of time in culture, there is thus a concomitant reduction in the contamination



period of time in culture, there is thus a concom tant
reduction in the contamnation 10 of the culture
medi um by cell proteins and enzynes, e.g., cellular
prot eases and sialidases, that can cause degradati on
and ultimate reduction in quality of the desired

gl ycoprotei n produced by thejgells. Another aspect of
this invention concerns the del ayed addition of

pol yani oni ¢ conpound to the cell culture. Del ayed

addi tion of polyanionic conpound achieves increased
cell viability, Polyanionic conpound prefera
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begun, 1 &1k SGRIdD of MifirvBnddie %%nfcﬁﬁﬁléﬁﬁpo&ﬁﬂ i%fuﬁdéelrto a culture

aspect of thi's I nvention, polyanionic conpoun
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CTLAA pdfnéresspeao i .HbémdﬁT bOaRishtdonpowalisadded to a
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- gerirp hing ﬂ@wﬁwé gpath phase Jp %OM% with dhis a3pegtof the
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Iments of the present 1nvention ‘enconpass
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! iving tw
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cells genetically engineered t3 ‘express and produce these proteins. (See
Examples 1 through 11). Preferred embodiments of the present invention
encompass the culturing of cells producing CTLA4lg and L104EA29YIg using
multiple temperature shifts during the culturing run to achieve large amounts of
high quality CTLA4lg and L104EA29YIg products, as determined by sialic acid
measurement of the final products. Preferred embodiments of the present

invention encompass the culturing of celis producing CTLA4lg and L104EA29YIg,

using the delayed addition of polyanionic compound.



usi ng the del ayed addition of polyanionic conpound. 11
Further aspects, features and advantages of the
present invention will be appreciated upon a reading
of the detailed description of the invention and a
consi deration of the draw ngs/figures. DESCRI PTI ON OF
THE DRAW NGS/ FI GURES FIG 1 shows the inpact of
di fferent tenperature shift ﬁ?ofiles on cel
viability for cells cultured at a 5 liter (5 L)
reactor scale. These results were obtained fromthe
experinments described in Exanple 3 herein. Conparison
i S NedRIrABP AgpaUIS, tfuatur@ mi‘.l hovimtagusadf dhen gresent invention will be
erature shift
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t%@f&?&foﬁcﬁhﬁéﬂ?awnﬁ Singes. T-shift"). FIG 2 shows
t he i nmpact of dlfferent enperature shift profiles on

cell wviability for ceIIs culture: at 2 (50
L) reactor scalESCRIBIK E DRAWINGS/EIGUR

t he experinments descri bed Exa | e 3, her
Corrpar iFGn 1ishowsdbr imRracheb Hﬂf@{ﬁ"}tg ﬁgﬁgproﬁles on cell
ﬁé gﬁy @gr Jeh& %au@;@mr@'mb? g@)ey Rhtof s§é]bf tThesé édultBlwere

downwar d erature shifts ("double
T _abtained )froanlh@ emeumr@ de%cnhad ireBxarpelesthefeie Cprypayison is

( .
G BB MR PR oo g AorBRUERAG e R B.ahv.
t ye,)laagle amnperaamecsmeamagleeTehtftf)lwmmwmﬂ dempenaglrg shifts
« TS&%& | ng at nethionine at position +1 to
asﬁo Quale T=R0T)- o position +124, or starting at al ani ne

at posirIGeR shéwsttﬁ?e &ﬁmbf difiaferd t@hpmmrelshm pibHles amcell
an 1 g region. ts a nucl eot uence

( SER Hsed caliarosl Gcab Man{ol) FaRriar Sere OB Gyt ore
NQalﬂunQB f@nﬁﬂe@xﬂ@ﬁhﬂaﬁ‘is 8BdeBel h Ekdriplo L Adiedh. Cbﬁ?'aﬁgon is

a signal peptide, a nmutated extracel |l ul ar domain
CTnade wmwl@ﬂng mathedmninvelving thigsidowsivard tefgerature shifts
ﬁ\?ﬂ?ﬂ i trodHif 9
Wd[lnp%n?%e position %Hafﬁgﬁbl; l% y at a%%'?. C aﬂct:,?]d
at posiRiGoA depitls amudleatide gequmrg:edSEQ:lm\IOﬂ )casst @rapded amino

t he.nucl ei ¢ d

c ot Boudeber e RENBERNE A CTEAE iinkgs BRHAGRRE a vid ype
CTarAihor e pédiiench ot trey etehdetiulas ddmaindbftGfleA4 stating at methionine
herein) fused to the oncostatin i gnal .. pept i de i
( FIRORIoR 108 dspatisiacq of coser sl RbSErRE 2. A e 21 gostion 1
5, B4fsplRR)acid at position +124, and an Ig region.

FIG. 4 depicts a nucleotide sequence (SEQ ID NO:3) and encoded amino
acid sequence (SEQ ID NO:4) of a CTLA4 mutant molecule (L104EA29Y1g)
having a signal peptide, a mutated extracellular domain of CTLA4 starting at
methionine at position +1 and ending at aspartic acid at position +124, or starting

at alanine at position —1 and ending at aspartic acid at position +124, and an Ig

region.

FIG. 5 depicts the nucleic acid sequence (SEQ 1D NO:5) and encoded
cbmp!ete amino acid sequence (SEQ ID NO:6) of human CTLA4 receptor
(referred to as “wild type” CTLA4 herein) fused to the oncostatin M signal peptide
(position -26 to -2). (U.S. Patent Nos. 5,434,131 and 5,844,095).



12 FIG 6 shows the inpact of delayed addition of
dextran sulfate on viable cell density, total cel
density, and viability in a culture in which dextran
sulfate was added at the end of the initial growth
phase. These results were obtained fromthe
experinments described in Exadple 6 herein. Conparison
is made between cultures in which dextran sulfate was
added at the end of the initial growth phase, and
cultures in which no dextran sul fate was added.
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. Average val ues are plotted. Error bars
r esrvarshans represaidisthrglavd devialion.FI G 8 shows t he i npact
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density, &t Gt °"ise€‘? |@1&;ﬁ§f§‘t§/&9§é}ﬁ§%ﬁr§%ﬁ %é%t'%ha&lﬁ% bn d?ath
CUlatalr it is & lodfaritHmid eepresentation af thendable gl dansities ag a fyaction of
initial death phase. These, resylts [ t al

| Hime aTpess rrowits Sk ePPaAs T BapafBeR dsifibed iPEkample 6
Congain, SWmparidsRds nirieestvesn caliliigsrie whichwdixdrandaitateawas added
sul fate was added during the injtial deat hdghas and

a aidhe eod of the it aromgh @5§§$,£Q%QHIW$Q%1W iR dextu@i Sulfate was
2 u%@eg %Jné%%éf@a‘g?%s 8{9 ﬂ@g@&eﬁr@g Bhid RBredond standard deviation.

e cell ensity, total cell densjty, .
and vi 43 Btsjows the inpadiroé delay@fiagHition,af dgxtrag spifate on viable cell
wa, d i Jhe ,nitkal . - T ffat
¢ o G SHA Pl o P EGLBAT e KA st was
i nadeicainghiring@hb énitalnicatbopiasd. Jtwese sesulisovare olbained from the

lture i [ ; t :
Tt e ExARe Y bl Forfiidné i Scheen a
dexdifire irswhibh dexikas saittte dvasf ddedlduriigahs initiallestic phase, and a

density, total cell dengi ty, andg,viability in cultures
i ncyliwe i which neextpp su a‘ﬁa‘ga%\aa%%fion day 0 of the

cul t ur epgTaetHRwsaAs irhPadieli Yeldyetiaidentibn sfeiaxirha sulfate on viable cell
experiments desc?ﬁ%edﬁi n Exanmple 9 herein, FIG 11

shdemsity; tetal eett densitye ApH viabilityiin® sultyredy whishdetmnaifate was
i e M, o ettt e
phegmrinients deseibelitis Exampled hereiad Gomparisaa is made between a
exglﬁ{uirg:enn\gvﬁicﬁ %Segc{rgr? gglfeiltg was added during the initial death phase, and a
culture in which no dextran sulfate was added.
FIG. 10 shows viable cell density, total cell density, and viability in cultures
in which dextran sulfate was added on day O of the culiure. These resuits were
. obtained from the experiments described in Example 9 herein. .
FIG. 11 shows viabié cell density and viability in cultures in which dextran
sulfate was added at three different times (day 3, day 4, and day 5) of the initial
growth phase. These results were obtained from the experiments described in

Example 10 herein.



Exanpl e 10 herein. 13 FIG 12 shows the inpact of
different tenperature shift profiles on viable cel
density. These results were obtained fromthe
experinments described in Exanple 11 herein.

Conpari son i s made anong cul turing methods involving

no tenperature shift ("no T-shift"), a single
tenperature shift ("one T-shi¥t") and two downward
tenperature shifts ("two T-shifts"). FIG 13 shows the

i npact of different tenperature shift profiles on
viaability. These results were obtained fromthe
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Corrpar iGN 18 Shawe m@mﬁm 6PHiféFérﬂ eernﬁénﬁaﬁé shﬂi\/;ﬂ’oﬁle@@m viaability.
no tenperature shif &r T-shift"), a sing

t ethnsedesylts %refqbt@meﬂ thei EF’!PSI'W@HEF @%"Bemmnple 11
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reased cell viabjli cultu

R otaned form Berpraerls decthed FEERamote 11
c LHetré'ih' aawrya%@@ &Qﬁaéé ‘éﬂ'[di'igﬂﬁj lthifindg AeShddAMBVSIIAG no temperature
i nvol vi n nperature shifts achi eve

i rﬁh‘fééﬁ@g' -hift), 4 iagle nempeaataret%mﬂ Lionp dveiEt angiTHalaward
f 'tBﬁ'Jge}ét&:%r g%ﬂg.ﬁ%? on of product produced by
ce |

I n cu tur tion, the sialic acid
content of the glycoprotein produced by the cultured
cells can be high, thus indicating a high quality of

the protein DF%%EWBES‘JCHE@ GETHEUNVENFION
cul turing peri W th

this | FHR/HrbOtht ihVUhiBh SUBE ISR pRIHESs PP ﬁro@iuéﬁcﬁ‘ﬂof

the cell turing run maintain ahd sustain hi gh
c girbteinsa prefe:ajolsofecombma@é prdeinprodusts mr&rmefeé@)ly glycoprotein

ﬁf@hgly&s, N B SATaHas SF Anitat Bh biture 2l S PrdtieQ¥d fEcifeve
increased cell viability.
Cell culturing processes involving two or more temperature shifts

The cell culturing processes according to this invention involving two or
more temperature shifts achieve increased cell viability and can achieve an
enhanced final titer or concentration of product produced by cells in culture. In
addition, the sialic acid content of the glycoprotein produced by the cuitured ceils
can be high, thus mdlcatmg a high quality of the protein product that is produced
during the culturing penod

More specifically in accordance with this invention, two or more temperature
shifts during the cell culturing run maintain and sustain a high cell viability of the

cells in the culture, eg. achieve increased cell viability, and can provide a high



14 quantity and quality of produced product

t hroughout the culture run. Also, in accordance wth
the invention, the two or nore tenperature shifts can
advant ageously allow for an extension of the
production phase of the culture. During the extended
production phase, cell viabikdity is naintained; the
titer of the desired product is increased; and the
product quality, as characterized by sialic acid
content, is maintained at a high Ievel. In accordance
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that is extended beyond the production that is yielded by culturing procedures
involving no temperature shifts or, at most, only one femperature shift. .

Celi culturing methods involving multiple temperature shifts

in embodiments of the present invention, timed multi-step temperature -
shifts are used in the culturing of mammalian cells to produce a desired protein
product, particularly, a glycoprotein product. More preferably, the cells in culture
produce a recombinantly produced protein, polypeptide or peptide product.
However, in some cases, the cells may actively produce, or overproduce, an



However, in sone cases, the cells may actively
produce, or overproduce, an li endogenous or natura
product which can be harvested or recovered foll ow ng
the practice of the nethods of the present invention.
As described herein, two or nore tenperature shifts,
preferably controll ed, down d tenperature shifts,
carried out at appropriately tinmed intervals during
the culturing period, can be used in the processes of
this invention to achieve a high protein yield with a
concomtant high sialic acid content. |In accordance
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days, or more. For example, in a culture run of this invention that comprises two
or more temperéture shifts, the length of the entire run can last from as short as
just after the second (or last) temperature shift (for example, about 14 days) to as
long as about 21 to 30 days or more, preferably about 28 days or more.

In an embodiment of the preéent invention, the extended productibn phase
is associated with the multiple temperature shifts that comprise the cell culturing
methods of this invention. According to the new cell cuiture methods of this
invention, the combination of a second, third, or further temperature shift with a



met hods of this invention. According to the new cell
culture nethods of this invention, the conbination of
a second, third, or further tenperature shift with a
16 first tenperature shift not only allows the cel
cultures to produce high quantity and quality of
product throughout the duratign of the culture run,

but also allows the culture to sustain a high cel
viability throughout the run and/or throughout an

ext ended production phase until the end of the culture
run. During the culture run, inc
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initial culturing period of from day 0 to about day 6. Thereafter, from about day 5
to day 7, preferably day 6, to about day 10, the culture temperature is maintained
at a second temperature of about 33°C t0.35°C, preferably, 34°C, or near 34°C.
Followung cell culture at or near 34°C, the temperature is shifted a second time
(secondary T-shift) to a third temperature of about 31°C 1o 33°C, preferably, 32°C
or near 32°C. The secondary T-shift occurs on or about day 6 to about day 14,
preferably from about day 10 to about day 14, more preferably, on or about day
10, which in various embodiments may be during the standard production phase,



or near 32C. The secondary T-shift occurs on or about
day 6 to about day 14, preferably from about day 10
to about day 14, nore preferably, on or about day 10,
whi ch in various enbodi ments may be during the
standard production phase, 17 during the growh
phase, or during the death phase. Preferably there are
approxi mately four day i ncrerdénts between the first
and the second tenperature shifts, nore preferably
four day increnents. The cells are maintained at a
tenperature of 32C, or near 32C until the end of the
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0° cells/mL, 2-4 x 10° celis/mL, 4-6 x 10°% celis/mL, 6-8 x 10° cells/mL, 8-10 x 10°
cells/mL, or 10-12 x 10° cells/mL.

In yet another embodiment embracmg the two-step temperature shift

culturing process, cells are cultured for a 14 day run in which the culture
temperature is maintained at or near 37°C from day 0 fo day 6. From about day 6

to about day 10, the culture temperature is maintained at or near 34°C; and from



In yet anot her enbodi nent enbracing the two-step
tenperature shift culturing process, cells are
cultured for a 14 day run in which the culture
tenperature is maintained at or near 37C fromday O to
day 6. From about day 6 to about day 10, the culture
tenperature i s maintai ned ati1®r near 34C, and fromis
about day 10 to about day 14, the culture tenperature
IS maintained at or near 32C. As another enbodi nent,
cells are cultured for about a 21 day period in mhich
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The fourth downward shift maintains the culture temperature at or near 28°C to
29°C, preferably, about 29°C, and increases the culture run to greater than about
28 days, e.g., to about 28-32 days or mare, at which time product is obtained.

As in the fwo-step temperature shift culturing run procedure according fo
this invention, the first shift in temperature in the multiple temperature shift
processes of the present invention can occur when the cells have essentially
stopped growing and have become stationary or approximately so. lilustratively,

the temperature shift is performed when the viable cell concentration is about 2-12



As in the two-step tenperature shift culturing run
procedure according to this invention, the first
shift in tenperature in the nultiple tenperature shift
processes of the present invention can occur when the
cell s have essentially stopped grow ng and have
becone stationary or apprOX|nater so. Illustratively,
the tenperature shift is perfgrned when the viabl e
cell concentration is about 2-12 19 x 106 cells/nm,
such as 2-9 x 106 cells/n, 3-7 x 106 cells/nm, 4-5 x
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in various embodiments of the present invention, the second temperature
shift to 32°C, or near 32°C allows higher quaniity and quality of protein at the end
of the culture run, and i is also associated with extended protein production durlng a
run that can last for more than about two weeks. The two or more shifts in -
temperature permit the culture fo stabilize a slow decline in cell viability which can
occur during the previous two weeks in culture. Yet another temperature shift from

32°C, or near 32°C, to 30°C, or near 30°C, timed at about two weeks, or



shift to 32C, or near 32C allows higher quantity and
gquality of protein at the end of the culture run, and
is al so associated with extended protein production
during a run that can last for nore than about two
weeks. The two or nore shifts in tenperature perm:t
the culture to stabilize a stfow decline in cel
viability which can occur during the previous two
weeks in culture. Yet another tenperature shift from
32C, or near 32C, to 30C, or near 30C, tined at about
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CH0RR o bALA iy ol vidbilty b e/ ath&iBA of extending protein
produgction, involving two or more temperature shifts, comprising: culturing host
_cells which express a protein of interest at. a temperature at or near 37°C under
‘conditions and for a time petiod that allow for cell growth; lowering the temperature
of the cell culture and culturing the cells at a second temperature at or near 34°C
starting about day 5 to day 7; again lowering the temperature of the cell culture
and culturing the cefls at a third temperature at or near 32°C starting about day 6



(iv) a nethod of enhancing cell viability, or (v) a
nmet hod of extending protein production, involving two
or nore tenperature shifts, conprising: culturing host
cells which express a protein of interest at a
tenperature at or near 37C under conditions and for a
time period that allow for cell growth; |owering the
tenperature of the cell cul tlire and culturing the
cells at a second tenperature at or near 34C starting
about day 5 to day 7; again lowering the tenperature
of the cell culture and culturing the cells at a
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(e.g., two step, three step or more) temperature shift profile, the combination of at
least two, timed temperature shifts allows a total culture run to be carried out for
greater than 10 days, greater than 14 days, greater than 21 days, or greater than
28 or more days, without sacrificing end titer and sialylation of the product In
-accordance with the culturing processes of this invention, the two or more
temperature shifts sustain a high cell viability of the culture and can allow more
high titer and high quality protein to be produced in a culture run compared with a
run that occurs for the same period of time, but does not include two or more

temperature shifts. Also, the two or more temperature shifts can allow the



| east two, tinmed tenperature shifts allows a total
culture run to be carried out for greater than 10
days, greater than 14 days, greater than 21 days, or
greater than 28 or nore days, wthout sacrificing end
titer and sialylation of the product In accordance
wWith the culturing processeszbf this invention, the
two or nore tenperature shifts sustain a high cel
viability of the culture and can allow nore high
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provide an extended protein production phase, which can include a fourth

temperature at or near 30°C, and optionally thereafter, additional lower
temperatures, such as at or near 29°C. In the cases of the two or more-step
temperature shift runs of this invention, extension of protein production is related ...
to the two or more downward shifts in temperature. As described herein, an
extended production phase comprises a successive lowering of the temperature of
the culture at different intervals two or more times following the first temperature

switch from at or near 37°C to at or near 34°C. Relative to no temperature



tenperature at or near 34C and at a third tenperature
at or near 32C so as to provide an extended protein
producti on phase, which can include a fourth
tenperature at or near 30C, and optionally thereafter,
addi tional |ower tenperatures, such as at or near

29C. In the cases of the two or nore-step tenperature
shiftruns of this invention, ®xtension of protein
production is related to the two or more downward
shifts in tenperature. As described herein, an
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about day 21 to day 30 or longer, preferably to about day 21 to day 28 or longer).
As has been described above, other temperature shifts, e.g., a third, fourth, or
more, can be employed during the extended production phase of the culture run.
Cell culturing methods involving delayed addtion of a polyanionic compound

» In accordance with the present invention, a cell culture process involving
the delayed addition of polyanionic compound is provided. The proce::;s -
comprises adding polyanionic compound to a cell culture at a time after
innoculation. The delayed addition of polyanionic compound achieves increased
cell viability as compared to that observed in the absence of addition of



14; thereafter, an extension of the production phase
begi ns (at about day 14 to about day 21 to day 30 or
| onger, preferably to about day 21 to day 28 or
| onger). As has been descri bed above, other
tenperature shifts, e.g., athird, fourth, or nore,
can be enpl oyed during the e#ended production phase
of the culture run. Cell culturing nethods involving
del ayed addti on of a pol yani onic conmpound In
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readily obtainable through means known to one of skill in the art. These
compounds are frequently available in the form of a salt, including but not limited
to sodium salt, but may also be used in non-salt forms. A polyanionic compound
includes all forms thereof, including but not limited to salt forms, such as sodium
salis. . | » ' '

Preferred polyanionic compounds are poysulfated compounds, including
but not limited to: dextran sulfate, heparin, heparan sulfate, mannan sulfate,

chondroitin sulfate, dermatan sulfate, keratan sulfate, poly(vinyl sulfate), kappa-



(avail able from Sigma-Aldrich), poly(vinyl sulfate)
(avail able from Sigma-Al drich), kappa-carrageenan
(avail abl e from Sigma-Aldrich), and suram n (avail abl e
from Sigma-Aldrich). The conpounds are readily
avai |l able fromthe listed sources, or readily

obt ai nabl e t hrough neans known to one of skill in the
art. These conpounds are fr&juently available in the
formof a salt, including but not limted to sodium
salt, but may also be used in non-salt fornms. A
polyanionlc conpound includes all forns thereof,
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In accordance with the invention, polyanionic compound is added to bring
the concentration in the cutture to an appropriate level. As non-limiting examples,
polyanionic compound is added to a conceniration of 1-1000 mg/L, 1-200 mg/L, 1-
100 mg/L, or 25-75 mg/L. Preferably polyaniomc compound is added to a
concentration of 25-200 mg/L or 25-100 mg/L, more preferably about 50-100 mg/L
or 50-100 mg/L, more preferably about 50 mg/L. or about 100 mg/L, most
preferably 50mg/L or 100 mg/L.



the cell culture by any neans. Means of adding

pol yani oni ¢ conpound include, but are not limted to,
di ssolved in water, dissolved in culture nedium

di ssolved in feed nmedium dissolved in a suitable
medium and in the formin which it is obtained.
Preferably, polyanionic conpzund is added di ssolved in
water. I n accordance with the invention, polyanionic
conmpound is added to bring the concentration in the
culture to an appropriate level. As non-limting
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embodiment polyamonlc compound is added at a time after innoculation and

before day 7, In a specific embodiment, polyanionic compound is added after
innoculation and by day 6. In a specific embodiment, polyanionic compound is
added between days 1 and 6. In another specific embodiment, polyanionic
compound is added on day 4, 5 or 6. In other specific embodiments, polyanionic
compound is added on about day 6, or on day 6.

It has been found (see Examples 6 and 10), that when polyanionic
compound is added at a time after innoculation and before the beginning of the
initial death phase, the growth phase may be extended beyond the initial growth
phase. A growth phase that is extended beyond the initial growth phase has a



In a specific enbodinent, in a cell culture in which

the initial growh phase is fromday O to day 6 and

the initial death phase begins on day 7, in a
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at a time after innoculation and before day 7, In a
speci fi c enbodi nent, pol yani oni c conpound is added - -
after innoculation and by d&f 6. In a specific

enbodi nent, pol yani oni c conpound is added between

days 1 and 6. In another specific enbodi nent,
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inyention Is directed to (1)
uration of the initial growth phase. By way of example only, the growth phase
may be extended for 1-10 days, for 2-9 days, for 3-8 days, or for about 5 days.
Preferably, the growth phase is extended for one or more days, more preferably
for two or more days, more preferably for three or more days, most preferab!y for
four or more days. For example, in Example 6 the growth phase is extended to
day 11 where the initial growth phase is until day 6. Thus, in Example 6 the
growth phase has been extended for 5 days beyond the duration of the initial

growth phase. The extended growth phase may be succeeded by a death phase



a cell culturing process, and (2) a process for
extending the growth phase of a cell culture
conprising: culturing host cells which express a
protein of interest; and adding pol yani oni c conpound
to the cell culture on or about the end of the initia
grow h phase; wherein the grzmh phase is extended.
The growt h phase may be extended for any period of
time beyond the duration of the initial growh phase.
By way of exanple only, the growth phase may be
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comprising: culturing host cells which express a protein of interest; and adding
polyanionic compound to the cell culture on or about the end of the initial growth
phase; wherein the onset of the death phase is delayed.

The onset of the death phase may be delayed for any period of time. By
way of example only, the onset of the death phase may be delayed for 1-10 days,
for 2-@ days, for 3-8 days, or for about 5 days. Preferably, the onset of the death
phase is delayed for one or more days, more preferably for two or more days,

more preferably for three or more days, most preferably for four or more days. In



particul ar enbodi ments the invention is directed to
(1) a cell culturing process, and (2) a process for
del ayi ng the death phase of a cell culture conprising:
culturing host cells which express a protein of

i nterest; and addi ng pol yani oni c conpound to the cel
culture durlng the second half of the initial growh
phase; wherein the onset of ¥he initial death phase
is delayed. In other particular enbodi nents the
invention is directed to a process for delaying the
death phase of a cell culture conprising: culturing
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increasing viable cell density.

Run times of cell culture processes, particularly non-continuous processes,
are usually limited by the remaining viable cell density, which decreases during the
death phase. Longer run times may allow higher product titers to be achieved.
Delaying the death phase, including extending the growth phase, as much as
possible, or aneéting the death phase, is therefore desirable. Product >qi1a-1lity
concemns also offer a motivation for delaying or arresting the death phase, as cell
death can release sialidases to the culiure supematant, which may reduce the

sialic acid content of the protein expressed. Protein purification concemns offer yet



phase is re-entered. By way of exanple only, the death
phase nmay be arrested for 1-20 days, for 2-18 days,

for 5-15 days, or for 8-13 days. Preferably, the death
phase is arrested for one or nore days, nore

preferably for n two or nore days, nore preferably

for three or nore days, nost3@referably for four or

nore days. Continuity of the arrest of death is not
necessarily inplied, i.e. there may be "local"

decreases in the viable cell density profile between
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The complex carbohydrate comprising the glycoprotein produced by the
processes of this invention can be routinely analyzed, if desired, by conventienal
techniques of carbohydrate analysis. For example, techniques such as lectin
blotting, well-known in the ar, reveal proportions of terminal mannose, or other
sugars such as galactose. Termination of mono-, bi-, tri-, or tetra-antennary
oligosaccharide by sialic acids can be confirmed by release of sugars from the



In the culturing nethods enconpassed by the present
invention (both the <cell culture nethods involving
two or nore tenperature shifts and the cell culture
met hods i nvol ving del ayed addi ti on of pol yanionic
conmpound), the protein produced by the cells is
typically collected, recovergg, isolated, and/or
purified, or substantially purified, as desired, at
the end of the total cell culture period using

i solation and purification nethods as known and
practiced in the art. Preferably, glycoprotein that
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as further described below.

The complex carbohydrate comprising the glycoprotein produced by the
processes of this invention can be routinely analyzed, if desired, by conventional
techniques of carbohydrate analysis. For example, technigues such as lectin
blotting, well-known in the art, reveal proportions of terminal mannose, or other
sugars such as galactose. Termination of mono-, bi-, tri-, or tetra-antennary

oligosaccharide by sialic acids can be confirmed by release of sugars from the



Techni ques and procedures relating to glycoprotein
purification and analysis In the culturing nethods
enconpassed by the present invention (both the cel

cul ture nethods involving two or nore tenperature
shifts and the cell culture nethods involving del ayed
addi tion of -pol yani onic conpound) the protein
produced by the cells is typldally col | ect ed,
recovered, isolated, and/or purified, or

substantially purified, as desired, at the end of the
total cell culture period using isolation and
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aspar agrme rééu!tmg&ﬁmdlﬁrdraa@éicm baaaglyaed ¥y any method known in the
art. Several methods are known in the art for glycosylation analysis and are useful
in the context of the present invention. These methods provide information
regarding the identity and the composition of the oligosaccharide attached to the
produced peptide, Methods for carbohydrate analyS|s useful in connection with
the present invention include, but are not limited to, lectin chrcmatography,
HPAEC-PAD, which uses high pH anion exchange chromatography to separate
oligosaccharides based on charge; NMR; Mass specirometry; HPLG; GPC;
monosaccharide compositional analysis; and sequential enzymatic digestion.



cysteine, wherein X is any am no acid except proline.
In contrast, O-linked carbohydrates are characterized
by a conmon core structure, which is Gal NAc attached
to the hydroxyl group of a threonine or serine. O
the N-linked and O-linked carbohydrates, the nost

i nportant are the conplex N2 and O-1i nked

car bohydrates. Such conpl ex carbohydrates contain
several antennary structures. The nono-, bi-, tri,-,
and tetra-, outer structures are inportant for the
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Alternatively, immunoblot carbohydrate analysis can be performed. In this
procedure protein-bound carbohydrates are detected using a commercial glycan
detection system (Boehringer), which is based-on the oxidative immunoblot
procedure described by Haselbeck et al. (1993, Glycoconjugate J., 7:63). The
stéining protocol recommended by the manufacturer is followed except that the
protein is transferred to a polyvinylidene difluoride membrane instead of a
nitroceliulose membrane and the blocking buffers contain 5% bovine serum
albumin in 10 mM Tris buffer, pH 7.4, with 0.9% sodium chioride. Detection is



of individual glycoside derivatives by retention tine
fromthe G.C and nass spectroscopy, conpared to known
standards. 8. Quantification of individual

derivatives by FIDw th an internal standard
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lustratively, for glycoprotein recovery, isolation and/or purification, the cell

culture medium or cell lysate is centrifuged to remove particulate cells and cell
debris. The desired polypeptide product is isolated or purified away from
contaminating soluble proteins and polypeptides by suitable purification
“techniques. The following procedures provide exemplary, yet nonlimiting
purification methods for proteins: separation or fractionation on immunoaffinity or
ion-exchange columns; ethanol precipitation; reverse phase HPLC;
chromatography on a resin, such as silica, or cation exchange resin, e.g., DEAE;
chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration



other part is adjusted to about 1 % NP-40 det ergent
followed by the addition of 0.2 units of

pepti de- N-gl ycosi dase F (Boehringer). Both sanples are
warmed at 37C for 2 hours and then anal yzed by

SDS- pol yacryl am de gel el ectrophoresis. In addition,

the sialic acid content of the glycoprotein product is
assessed by conventional methods. For exanple, sialic
acid can be separately determned by a direct

colorinmetric method (Yao et al., 1989, Anal. Bi ochem,
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protelns an
basic amino acuds plus cysteine; wtamms and/or other organic compounds

typically required at low concentrations; lipids or free fatty acids, e.g., linoleic acid;
and trace elements, e.g., inorganic compounds or naturally occurring elements
that are typically required at very low concentrations, usually in the micromolar
range. Cell culture medium can also be supplemented to contain a variety of
optional components, such as hormones and other growth factors, e.g., insulin,
transferrin, epidermal growth factor, serum, and the like; salts, e.g., calcium,
magnesium and phosphate, and buffers, e.g., HEPES; nucleosides and bases,
e.g., adenosine, thymidine, hypoxanthine; and protein and tissue hydrolysates,



In the cell culture processes or nethods of this
invention (both the cell culture nethods involving
two or nore tenperature shifts and the cell culture
met hods i nvol ving del ayed addi ti on of pol yanionic
compound), the cells can be maintained in a variety
of cell culture nedia. he., basal culture nedia, as
conventionally known in the art. For exanple, the

nmet hods are applicable for use wth |arge vol unes of
cells maintained in cell culture nmedium which can be
supplenented wth nutrients and the |ike, Typically,
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(Eﬁl"'%}'rn%n%FFGS) Preferred is a cell nutrition medium
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sygirrenlimiting, e¥ampley)suitable cell cuiurirgimediynsf @frfay fed-batch

processes of the present invention comprises a modified CD-CHO Medium
(Invitrogen, Carisbad, CA), e.g., Example 1. A feeding medium can also be
employed, such as modified eRDF medium (invitrogen, Carlsbad, CA), e.g.,
Example 1 or Example 7. Preferred is a feeding medium also containing D~
gé!actose. ‘

Animal cells, mammalian cells, cultured cells, animal or mammalian host
cells, host cells, recombinant cells, recombinant host cells, and the like, are all
terms for the cells that can be cultured according to the processes of this



Dul becco's Mdified Eagl es Medium (DMEM Sigma);
RPM - 1640 Medium (Sigma); Hyd one cell culture nedi um
(Hyd one, Logan, UT); and chem cally- defined (CD)
medi a, which are fornulated for particular cell types,
e.g., CO-CHO Medium (Invitrogen, Carlsbad, CA). To
the foregoing exenplary nedi #can be added the
above-descri bed suppl enentary conponents or

i ngredi ents, including optional conponents, in
appropriate concentrations or anounts, as necessary or
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Numer ous types of I's can be cul tured accor di ng?__

t W@iﬁmmmptqrs,tgrgwth factors (e.g., EGF, HER-2, FGF-o, FGF-B, TGF-a.,
TGF-B, PDGF. IGF-1, IGF-2, NGF, NGF-B); growth factor receptors, including
fusion or chimeric proteins. Other nonlimiting examples include growth hormones
(e.g., human growth hormone, bovine growth hormoney); insulin (e.g., insulin A
chain and insulin B chain), proinsuiin; erythropoietin (EPO); colony stimulating
factors {e.g., G-CSF, GM-C_SF, M-CSF); interteukins (e.g., IL-1 _through IL-12);
vascular endothelial growth factor (VEGF) and its receptor (VEGF-R); interferons
(e.g., IFN-a, B, ory); tumor necrosis factor (e.g., TNF-o and TNF-8) and their
receptors, TNFR-1 and TNFR-2; thrombopoietin (TPO); thrombin; brain natriuretic

peptide (BNIP); clotting factors (e.g., Factor Vill, Factor IX, von Willebrands factor,



present invention. The cells are typically animal or
mamal i an cells that can express and secrete, or that
can be nol ecul arly engi neered to express and secrete,
| arge quantities of a particular protein, nore
particularly, a glycoprotein of interest, into the
culture nedium It will be understood that the

gl ycoprotein produced by a Host cell can be
endogenous or honol ogous to the host cell

Al ternatively, and preferably, the glycoproteinis
heterol ogous, i.e., foreign, to the host cell, for
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1980, Proc. Natl. Acad. Sci. USA 77:4216), and dp12.CHO celis (U.S. Patent No.
5,721,121); monkey kidney CV1 cells transformed by SV40 (COS cells, COS-7,
ATCC CRL-1651); human embryonic kidney cells (e.g., 293 cells, or 293 cells
subcloned for growth in suspension culture, Graham et al., 1977, J. Gen. Virol.,
36:59); baby hamster kidney cells (BHK, ATCC CCL-10); monkey kidney cells



channel proteins; enzynmes; regulatory proteins;

anti bodi es; i nmmunonodul atory proteins, (e.g., HLA,
IMHC, the B7 family); homing receptors; transport
proteins; superoxide disnutase (SOD); G protein
coupl ed receptor proteins (GPCRs); neuronodul atory
proteins; Al zheiner's D seasé®associ ated proteins and
peptides, (e.g., A-beta), and others as known in the
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proteins and pol ypeptides, as well as fragments or

pféy‘p] Ripg‘%‘éﬁeﬂmg@ an i n‘gﬁg hdﬁ?@l:&@lﬁfﬁe@é AATCC CRL-

aHSB?;! ViERLDd @GO - Sh)e nmuuiseaertoli petis EiM4, Mather, 1980 Biol.

des t t can be
g %ﬁﬁgga?g?r&ﬂ%‘ N PR F?fﬁmomﬂ]??l%(?ﬁ%‘e xarrpl Sl
OEaﬁiﬂbrmdne@rr B NBIGIEMTOSICCIEB R Meiidralahg detls (W138 ATCC CCL-
har bori ng, “expressi ng, and produci ng pr ot ei ns

s db} duiman hepaipEe; oS AHEPo » HBB0655 PR m%nrﬂa@ tumor cells

RO O R Ao A, AT oL 142

VIR celie (athel, 219825 ABBSls MY dcaroSrio la83:44-68); MCR&ugells; FS4

(Pl Erbials GEY s BafBluad GHOEDIBERRIER | T "

Salis btl'hfé 1tl_:ellhﬁ lstiﬁbl? tor dtlﬁ)mrégE I[Ei-iﬁecrhegﬂwds anld@ﬁomses of the present
%&v%\é?gtégpé ﬁg{?@?‘n i 8%&6 (@ﬁ?ﬂ aa§g|n Lrgnﬁ_gion infection, or
W O&éé%hinr prﬂélééton '@Bctcﬁé"%h ﬂs&%ﬁﬁ@sﬁﬂmrﬁ%ﬁﬁﬂmé&m that

Sali sbury, Wltshire,

di h dr LjI_iol at
r @aﬂmr@glwpogemmgpqr@ t) pﬁgtemofor expression

gﬁ Aﬂodu&i%ﬁ% e &S’lt Hﬂgﬂmc&%adsuﬁé ré&“l‘on Véetbrsléontain the
12. CHO cel Pat ent . 721, 121);

manessaw amemiordbe |t@ns¢mtm¢emawat@m@ thedgserted coding

Hq&erzcgﬁllgthff Wﬁe Jve@ %%’. ﬁ?] s ubcl o%ghﬁefélﬁu’ed inthe

g rmelvdam bmusad;nmmsa‘mctemrasslm @eetbmmtalaing secpippceg encoding

%&p@iypﬁgﬁr&ﬁ 5%@; %ﬁﬂ#é{}%gg,‘ % w%%%éﬁb@e&%nscnpﬂonal

Cehd t@nslafibhalcaomtl eRimemsk These detyodsdhtindeVERDOA@cOmMbinant
se . .ser

A 158 TCC CCL-81); . A

A tﬁehomueﬁaﬁmveﬂq@?bmqsﬁa and )ﬂéﬁ*foo%ene%eaa'%b%ﬁ'?“ Such
h Wﬁl(ﬁﬁsvéré%iesﬁﬁé‘d oSS iRbrodk et A1 Q%T%Iﬁﬂdaﬂﬁomng,
cani ne ki dney cel MDCK, ATCC CCL- 34) %
c dberatoy e ATCOBInGH3boR Fiass: RIEIAVENA RO 3l i F.M.
(Y50 )y RISy ey iy & S
ANew ¥Btlc, N.¥42); TRl cells (Mather, 1982, Annal S
NYAcad Con‘t:rol el%ﬁ*:%n%s‘l, o@gggul% ge&%r!c%s &rgthose non-translated

regions of the vector, e.g., enhancers, promoters, 5'and 3 untranslated regions,
that interact with host cellular proteins to carry out transcription and translation.
Such elements can vary in their strength and specificity. Depending on the vector
system and host cell utilized, any number of suitable transcription_-and‘ transjaﬁon
elements, including cénstitutive and inducible promoters, can be used. In

mammalian cell systems, promoters from mammalian genes or from mammalian
viruses are preferred. The constructs for use in protein expression systems are

designed to contain at least one promoter, an enhancer sequence (optional, for



cells. Preferred are CHO cells, particularly,

CHO -DHFR cells. The cells suitable for culturing in
t he net hods and processes of the present invention
can contain introduced, e.g., via transfornmation,
transfection, infection, or injection, expression
vectors (constructs), such as plasmds and the |ike,
.that harbor coding sequenceé? or portions thereof,
encodi ng the proteins for expression and production
in the culturing process. Such expression vectors
contain the necessary elenents for the transcription
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Met hods which are well known to and practiced

skior peaper frapaeiptign andapgwationelgens erassier (e-g- dransdriptional
eXR &ﬁﬁéh 9Rd ¥ :Hétﬁm%@h&é“ Sn ‘Hf ?é‘ﬁlﬁ:%ltl@ﬂ% %}I}/a‘dﬁﬁylatlon

produced proteins an ypept as wel
apgeqences,®.q.; thesBovins Goowth Hmner(Bﬁ?d'ﬂ)aloleaiequence)ol

I
o ¢ e MBS E B e o o Shb it i SRRt the
eamiropnaite weblor, @), rasrrﬁw,cdmm;icmhm for peoper Gradsariptiohpelxpression,

|_ a"[‘flq gp%l@n %gﬁ[pj@ms eggqyc ?q = eqtul rqarqagn in[?f:(lz’lian'?expression

Pl §jsfath&W krldwh arﬂi‘ﬂ:uhﬁel?d&ennﬁ‘iéﬂﬁlﬁi pictiédd by 438, hav:ng skill in

Current Protocols in Mlecular Biology, John WI ey
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vector, . g., ancers, pronD ers,
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such that expression products are subsequently produced in and/or obtained from '
the cells.

In a particular aspect, mammalian expression systems containing
appropriate control and regulatory sequences are preferred for use in proteln )
expressing mammalian celis of the present invention. Commonly used eukaryot[c
control sequences for use in mammalian expression vectors include promoters
and control sequences compatible with mammalian cells such as, for example, the
cytomegalovirus (CMV) promoter (CDM8 vector) and avian sarcoma virus (ASV),



and isolation of proteins produced in eukaryotic
(e.g., manmalian) expression systens is known and
routinely determ ned and practiced by those having
skill in the art. The expression of proteins by the
cells cultured in accordance with the nethods of this
i nvention can placed under tH& control of pronoters
such as viral pronoters, e.g., cytonegal ovirus (CW),
Rous sarcoma virus (RSV), phosphoglycerol kinase
(PG&K), thym dine kinase (TK), or the a-actin pronoter.
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carryi ng DNA sequences for expression.in cells can be
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pfo‘?%]b‘&ﬁﬁ FeBicrs! Béﬁglé%rhtdnl’aiﬂ ﬂaﬁ&? seBuaRsipstidhani 8ed

artlcu ar asp ect, nannallan
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oriedraeeh he e ion ek sakeley Eoabplife Sitgion medium. A
Wﬁ{]ﬂgiggr ﬁﬁt[ﬁu ?ﬁé&#ﬁn@&an b@fuséa,?ﬁblhﬁmgtm not limited to, the Herpes
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used. Anti-metabolite resistance can also be used as the basis of selection for the
following nonlimiting examples of marker genes: dhfr, which confers resistance to
methotrexate (Wigler et al., 1980, Proc. Natl. Acad. Sci. USA, 77:357; and O'Hare
et al., 1981, Proc. Natl. Acad. Sci. USA, 78:1527); gpt, which confers resistance to
mycophenolic acid (Mulligan and Berg, 1981, Proc. Natl. Acad. Sci. USA,
78:2072); neo, which confers resistance to the aminoglycoside G418 (Clinical
Pharmacy, 12:488-505; Wu and Wu, 1991, Biotherapy, 3:87-95; Tolstoshev, 1993,
Ann. Rev. Pharmacol. Toxicol., 32:573-596; Mulligan, 1993, Science, 260:926-
932: Anderson, 1993, Ann. Rev. Biochem., 62:191-21; May, 1993, TIB TECH,



Exanpl es of expression vectors suitable for eukaryotic
host cells include, but are not Iimted to, vectors
for manmal i an host cells (e.g., BPV-1, pHyg, pRSV
pSV2, pTK2 (Maniatis); plRES (O ontech); pRc/CwW2,

pRcl RSV, pSFV1 (Life Technol ogies); pVPakc Vectors,
pCW. vectors, pSG5 vectors (Stratagene), retrovira
vectors (e.g., pFB vectors (éfratagene)), pcDNA- 3
(I'nvitrogen), adenoviral vectors; Adeno-associ ated
virus vectors, baculovirus vectors, yeast vectors
(e.g., pESC vectors (Stratagene)), or nodified forns
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Vectors that express DHFR as the selectable marker include, but are not
limited to, the pSV2-dhir plasmid (Subramani et al., Mo/, Cell. Biol. 1:854 {1981).
Vectors that express glutamine synthase as the selectable marker include, but ars
not limited to, the pEEG expression vector described in Stephens and Cockett,
1989, Nucl. Acids, Res., 17:7110. A glutamine synthase expression system and

components thereof are detailed in PCT publications: W087/04462; W086/05807;



Protocols in Ml ecul ar Biology, John Wley & Sons, NY
(1993); Kriegler, 1990, Gene Transfer and Expression,

A Laboratory Manual, Stockton Press, NY; in Chapters

12 and 13, Dracopoli et al. (eds), Current Protocols

in Human Genetics, John Wley & Sons, NY (1994);

Col berre-Garapin et al., 198382 J. Mdt. Biol., 150:1,

whi ch are incorporated by reference herein in their
entireties. In addition, the expression |levels of an
expressed protein nolecule can be increased by vector
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Swﬁ&lgéﬁs M?ﬁﬁl‘% vectors that can be used in

accordance w he present invention are commerci al | )

avai | alvl atch culture, cells are initially cultured in medium and this medium is
neither removed, replaced, nor supplemented, i.e., the cells are not “fed” with new
medium, during or before the end of the cuituring run. The desired product is
harvested at the end of the culturing run.

For fed-batch cultures, the culturing run time is increased by supplementing -
the culture medium one or more times daily (or continuously) with fresh medium
during the run, i.e., the cells are “fed’ with new medium (“feeding medium”) during
the culturing period. Fed-batch cultures can include various feeding regimens and

times, for example, daily, every other day, evety two days, etc., more than once



fromsuppliers, including, for exanple, Lonza

Bi ol ogics, Inc. (Portsnmouth, NH). In a particular
enbodi ment, a nucleic acid sequence encodi ng a sol uble
CTLA4 nol ecul e or a sol uble CTLA4 nutant nol ecul e can
be inserted into a vector designed for expressing
forei gn sequences in a eukaryotic host. The

regul atory el ements of the véétor can vary according
to the particul ar eukaryotic host. Vectors which
express the sol uble CTLA4 or soluble CTLAA nutant in
eukaryotic host cells can include enhancer sequences
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f eedinnthgafthe ulture run to the day of harvesting the cells. In accordance with
the methods of this invention involving feeding with galactose, the D-galactose
concentration in the feeding medium is preferably provided in an amount which
affords a sustained or maintained level of D-galactose in the culture, or reactor,
during the culturing process. An amount of D-galactose suitable for use in the
feeding medium comprises from about 1 g/L. to about 50 g/L, preferably about 3

. g/L to about 25 g/L, more preferably about 3 g/L to about 20 g/L. As a specific yet
nonlimiﬁng example, 12.5 g/L of D-galactose in the feeding medium“isl éuitable for
use in the culturing method of the invention, particularly for example, for 50 L
reactor scale. Further, it is preferred that the residual galactose concentration in
the feeding medium used for culturing cells {e.g., in a reactor or culturing vessel) is



The desired product is then harvested at the end of
the cul turing/production run. The present invention
preferably enbraces fed-batch cell cultures in which
the two or nore tenperature shifts during the culture
period yield increased and quality protein production
and can extend the protein paeduction phase beyond -
that which occurs when no tenperature shift is used,

or when only one tenperature shift is used. The
present I nvention preferably enbraces fed-batch cel
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C Uddall, i(6.,'500 L, 5080 La@ddnhe ke, dboetariplé - as descnbed in common!y—
assigned patent application U.S. Serial No. 60/436,050, filed December 23, 2002,
and U.S. Serial No. 10/ . filed concomitantly herewith, the contents of
which are incorporated by reference herein in their entirety) procedures including,
but not limited to, a fluidized bed bioreaetor, a hollow fiber bioreacior, rolier bottle
culture, or stirred tank bioreactor systems can be used. Microcarriers may or may
not be used with the roller bottle or stirred tank bioreactor systems. The systems
can be operated in a batch, continuous, or fed-batch mode. In addition, the



10 g/ L, preferably, about 0.1-5 g/L, nore preferably,
about 0.2-5 g/L, nore preferably, about 0.2-2.5 ¢g/L,
even nore preferably, about 0.5-2 g/L, and nost
preferably about 0.5-1.0 g/L. (See, commonly-assigned
patent applications U S. Serial No. 60/436,050, filed
Decenber 23, 2002, and U. S. Serial No. 10/ , filed
conconmtantly herewith, the c®ntents of which are
hereby incorporated by reference herein in their
entirety). In the aspects of the invention involving
two or nore tenperature shifts, the two or nore
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adifliciasid cenjeniupon protein recovery). Feeding can occur on a daily basis, or
according to other schedules to support cell viability and protein production.

- During an extended production phase at temperatures which are shifted to

be successively lower than the temperaturé(s) at the growth and standard (initial)

_ production phases, the cells are fed and remain viable. This results in the -
production of desired protein product for an extended or longer total period of time
than occurs at the initial culturing temperature, or when the temperature is shified
from the initial culturing temperature only one time. The culturing process
according to the present invention may result in more viable cell survival until the



cul ture apparatus or systemmay or nmay not be equi pped
wWth a cell separator wusing filters, gravity,
centrifugal force, and the |ike. Phases of cel

culture and associ ated paraneters The term

"innocul ation" refers to the addition of cells to
starting nediumto begin thaéculture. The growh
phase of a culture is the phase during which the
viable cell density at any tinme point is higher than
at any previous time point. The stationary phase of a
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Eicheverry et al.)

Production of soluble CTLA4 molecules and soluble CTL A4 mutant molecules by
the culturing methods of the present invention

In other embodiments encompassed by the present invention, the cell
culture methods of the invention (both those involving two or more temperature
shifts and involving delayed addition of polyanionic compound) are utilized to
produce a soluble CTLA4 molecule or a soluble CTLA4 mutant molecule, as
described below. A soluble CTLA4 molecute is preferably a CTLA4 fusion protein,
preferably a CTLA4lg. More preferred is CTLA4ig that comprises amino acids -1



46 end of the culturing period. Accordingly, in sone
enbodi nents, the nore cells that survive, the nore
cells that are producing the desired product. This, in
turn, results in a greater accumul ated anount of the
product at the end of the culturing process, wth the
rate of protein production by i ndi vidual cells, i.e.,
cell specific productivity, - Penalnlng t he sane. ( See,
e.g., Exanple 4).Cell specific productivity or cell
specific rate, as known in the art, typically refers
to the specific expression rate of product produced
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onpri ses amno acids -1 to 357 or +1 to 357 as

Shown AligRREIorGTIALE %Bémle@de | é\smmgelnh"agand' refers to a

CAbiéGliethat specifically recognizes and binds another molecule. The interaction
of a molecule and its ligand can be regulated by the products of the culturing
processes of this invention. For example, CTLA4 interaction with its ligand B7 can
be blocked by the administration of CTLA4lg molecules. As other examples, the
interaction of Tumor Necrosis Factor (TNF) with its ligand, TNF receptor (TNFR),
can be blocked by administration of etanercept or other TNF/TNFR blocking
molecules.

. Wild type CTLA4 or “non-mutated CTLA4" has the amino acid sequence of
naturally occurring, full length GTLA4 as shown in FIG. 5 (and also as described in
U.S. Patent Nos. 5,434,131, 5,844,095, and 5,851,795, incorporated herein by
reference in their entirety), or any portion thereof that recognizes and binds a B7
molecule, or interferes with a B7 molecule, so that binding to CD28 and/or CTL.A4



of amno acids -1 to 357 or +1 to 357 as shown in FIG
3. A soluble CTLAA nutant nolecule is preferably
L104EA29YI g that conprises amno acids -1 to 357 or
+1 to 357 as shown in FIG 4, nost preferably that
consists of amno acids -1 to 357 or +1 to 357 as
shown in FIG 4. The two- andsthree-step t enperature
shift cell culture methods invol ving extended
producti on phases for protein product are especially
sui table for generating high quality and | arge anounts
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the extraceliular domain of wild type CTLA4 and binds B7. A CTLA4 mutant
molecule has a sequence that it is similar, but not identical, to the sequence of
wild type CTLA4 molecule, but stifl binds B7. The mutations can include one or
more amino acid residues substituted with an amino acid ha_ving conservative (e.g.,
a leucine substituted for an isoleuciné) ot non-conservative (e.g., a glycine
substituted with a tryptophan) structure or chemical properties, amino acid deletions,

additions, frameshifts, or truncations.



(e.g., endogenous CD28 and/or CTLA4) is blocked. WId
type CTLA4 conprises particular portions, including,
for exanple, the extracellular domain of wild type
CTLA4 begi nning with nethionine at position +1 and
endi ng at aspartic acid at position +124, or the
extracel lular domain of wld type CTLA4 beglnnlng W th
al ani ne at position -1 and eﬁﬁlng at aspartic acid at
position +124 as shown in FIG 5. The naturally
occurring wild type CTLAA is a cell surface protein
having an N-term nal extracellular domain, a
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proceSS|ng udes C eava € and renova
s. ig MO 01823 TA21in LgSn PalabNamBEs'a ,09DOvia 5844; a5 and

f PO 2pBo T b5 AN R, Pl o3l i, o Bl Begt FEG:2040-
ska058e ACTILAM triigartirioletllbs 8aPbE @yﬁmetaééll?torad@bmbmaﬂﬂy produced.

post -trapsl at i onal ocessin
oo e S Bradls 1 R apBlfisRe Pt o iing ap FrkmeRlia dpmain of

gamRY @Pé ¢ TiAS, OF BigdrtiorPRerdof tHdl Birfd5LEY: Jé‘lhéé\fé‘ﬁﬁ immunoglobulin

pr oduc he mature CTLA4 protein nmay ‘start

nedd mrpipﬂéea@r g partiondhereaf. oThQa@ﬁfﬂoﬁ!!U‘af dexpain @fd'ﬁTL/;H or portion
ThRerEBt férﬁllnfeﬂrtg]aﬂfl itSety Coripfis la‘ﬁcd%l 6&1&% ¥fg V\ﬁ |ﬁ‘|ﬁrﬁmoglobulm

extrace n or any portion er eo
bimedecule, BeferablgRliAr anpartion ohan mmuapgiabulusmsrmteregton such as

Y OuPeBPEtY Cacp el g ARl dbe flgpammas)
L gt yhagCqammUA! IgoR, (1Tmap It QoOHALiPIGCa2 fgCamhaz), IgCH

d type CT sequence, preferably in
exthéLeétlal ar mCedtg%ﬂns:ﬂm) windering the tgionamolesdleiohede gThe Ig
4
bl PRGEH €1DUCLASHURGE, HPHe bhr| finge, o2 and

t ;CF.HB %mmsm)f theldfereneritioned lcbnétantegBns offvthendoaistao segions.

< ietegti e 09 Frcviy i€ Rl B MpriE, fnfy S2pietBRs the bipoe, CHz and
( €HB domairise uaostq:réwba:tly MIPdnéléfy coinpriselsahs hirge, GH2 and CH3
non-cQnservat i ve cine substitut ed with a

ﬂ?ﬁl%aﬂ)“@?'ﬂ 'Up er gpn %ﬁf the hingey (el ppd CHRfpgains of
t r t nc it Iggxll O'ﬂ'?‘gn i Aflidty SPETLARRYT R dotrstdMt region or portion
thereof can be mutated, thus resulting in a reduction of its effector functions (see,
e.g., U.S. Patent Nos. 5,637,481, 5,844,095 and 5,434,131). As used herein, the
terms 1g moiety, ig constant region, Ig C(constant) domain, IgCy1 (lgCgammat),
1gCy2 (IgCgamma?2), IgCy3 (IgCgamma3), IgCy4 (lgCgamma4), IgCu (IgCmu),
igCa1 (IgCalphat), igCo2 (igCalpha?), IgC8 (lgCdelta) or IgCe (IgCepsilon),
include both native sequences and sequences that have been mutated, such as,
for example, sequences having mutations in the constant region that reduce
effector function.

A particular embodiment related to CTLA4 comprises the extracellular



CTLA4 nmutant nol ecul es can include a non-CTLA4

nol ecul e therein or attached thereto, i.e., CILA4

nmut ant fusion proteins. The mutant nol ecul es can be
soluble (i.e., circulating) or they can be bound to a
cell surface (menbrane- bound). CTLA4 nutant nol ecul es
i ncl ude L104EA29YI g and thos& described in U.S.

Pat ent Application Serial Nunmbers 09/865, 321,

60/ 214, 065 and 60/287,576; in WO 01/92337 A2; in U S.
Pat ent Nunbers 6, 090, 914, 5, 844,095 and 5, 773, 253;
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i hP8Rd rt'g\[ﬁ;ﬁlqukygn ad'msspgg\{/e, 011052208, un grme provisions of the
P‘Hgdfage?ﬁr%g%hg g %mobrdédgﬁéc(d&@sﬁma}nber ATCC 68629;

4 (1 gCganma4

L;&Ciiund\esg@ealp HaP¥., lmrrgaarb/‘( rg9e40p h%lgH& pglt%\e @r@r@ggng HTLA4lg
o Yas oglf.%é:%ﬁq\héfgg dANAATES uhBr [chéﬁhﬁ&tﬁﬂ rﬁﬁl%& CRL-1 0762.
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domai ns. MNbst Preferab them{d% nDi et¥ corrprl ses t he

hifiglgculesso Ayl nelugle 343 HRAGKE

consi st §09EAPYRIS BBsiohifroRifiiHatik d %Bﬂlbl@}SCvf_Atl luant molecule

I . I'n an g noiety of CTLA4IQ, onst.ant
rggqar/rmﬂsmg qj'baxt?agq;ﬂulgﬁgp@@gn @fawlq)g/ 'gll.@gw% [Rino acid changes

r %iﬂ‘i ﬂgrdsm%@%gﬁlél %I%e élﬁb%ti?lftfr%cfbi?é e Qﬂﬁosmon 29) and

637,481, 5,844,0
5 MMEJ(an)utamc acid cuniine aicid, reswge Sl-@ﬁhwnng fora [guyinq ag posmon

3 éagm%das% é}[]iggtfl}@ Ezé %glhb f;mz‘fq-qm@ggkfﬂgg/#he angsno acid

dep€idarOREN2S Ylg CofnptiSes hlanineg@baminbgCid pbsition) 1 to lysine at

(%@8 %Pﬁ*&asﬁ’tha% AShREL Bliofrdffdly. thg gmino acid

S e@dass&sof INFI4HIDOY 1§ eﬁﬁxpﬁaéﬁhﬁﬂhioﬁmtmmo faeid position +1 to
exanpl e, sequences havi ng nmut at i onsJ_La ﬁg%gﬂ a
réxgﬁl%awatnqmeesm@wé 7 &° shome indi 3;1 g comprises
e : ﬂ‘%‘?’ﬁlp& %Jcﬁ:t %gldu% didtafing aNpP64ifies +4158 and an Ig portion
racel ar -
encompassmg glutamtc acid at position +126 through lysine at position +357.
DNA encoding L104EA29YIg was deposited on June 20, 2000, in the American
Type Culture Collection (ATCC) under the provisions of the Budapest Treaty, and
has been accorded ATCC accession number PTA-2104. 104EA29Y-lg is
described in co-pending U.S. Patent Application Serial Numbers 09/579,927,
60/287,576 and 60/214,065, and in WO/01/923337 A2, which are incorporated by
reference herein in their entireties. The soluble L104EA29Y1g molecules

produced by the culturing methods of this invention may or may not include a




domain of wild type CTLA4 starting at nethionine at
position +1 and ending at aspartic acid at position
+124, or starting at alanine at position -1 to
aspartic acid at position +124; a junction amno acid
resi due glutam ne at position +125; and an

i mmunogl obul in portion enconpaSS|ng glutamc acid at
position +126 through IyS|ne at position +357, as
shown in FIG 3. DNA encoding this CTLA4lg was
deposited on May 31, 1991, in the Anmerican Type
Culture Cbllectlon (ATCC), 10801 University Blvd.
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e
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se:wmin of CFFL@S B3 onD28, réspeictively.aAltednatiealy, nwleoyie such as
i d ence. c the
it ot B8 e bl St (ot ot 4goain
Q\fha sbfubfe dRcRiksProdtiad ddvaiding tethedhweritien do not
CTL 4 mutant nol ecul e corrprl sing an extracellular -

ddnglude arsignal tprieader38WeNGet h ani no aci d changes
A29Y (o LB ICTA MBRAR] fbréra o Hynudshirtaubictani gre.,

an al anine at position 29) L104E (a glutamc a ,|d
arﬁlrnulaeaghnpl@gu@mmmg wuti tmg GYiA4 or agk PREIOROF derivative that

Lg,‘? ch!ﬁﬁi% 4%@%'3@?% ddudhidcTLA ?fﬁ"’smﬂ proteins; ]eoluble

ra’t es he’ am no acl sequence 0
mem@ rotgins suh es eilLAdigiusianipreteinsi (@. MT@C&&GZQ),
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" hepingol. 130 1 190 HEAMTRCH (GORL, 1600t HgoaM1ANgCo2
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Aol sokje ARG Reh o Bt B e Ept desllfar dinain is used

Prénioine@ With Cé)érﬂén Bed disicgicdifemitiye ofblemizally helve protein such as
accor ded AT
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S
SN0 Y Uy o STt o),

r PaieatiNe. 5844085, hereindneorpatated by g@erem.g in e @Bpr@ty, hybrid
L QAR hdIPh ORI SucPLOBYERIC FUALIB s Cdshitidd B U.S. Patent No.

|nven ron may or may” not
5,434,131, herein incorporated by reference in its entirety; CTLA4 molecules with

the transmembrane domain removed to render the protein soluble (See, e.g., M.K.
Oaks et al., 2000, Cellular Immunology, 201:144-153, herein incorporated by
reference in its entirety); the soluble CTLA4 mutant molecule L104EA29Ylg.

A soluble CTLA4 molecule can aiso be a soluble CTLA4 mutant molecule.
The soluble CTLA4 molecules produced according to this invention may or may
not include a signal (leader) peptide sequence. The signal peptide can be any
sequence that will permit secretion of the molecule, including the signal peptide



51 signal (leader) peptide sequence. Typically, the
nol ecul es produced according to the invention do not

i nclude a signal peptide sequence. As used herein, the
termsoluble refers to any nol ecul e, or fragnent

t hereof, not bound or attached to a cell, i.e.,
circulating. For exanple, CTBA4, B7 or CD28 can be
made sol uble by attaching an ig noiety to the

extracel lular domain of CTLA4, B7 or CD28,
respectlvely Al ternatively, a nolecule such as CTLA4
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aC(N)H didtbstel al.Ne988) Weitiiiop B28t346@49), orche étgna! pepyinw from any

{ Prranaiaipotain, Ths solbin T AT molsetle Prdiepn yjthé Sufturing
"‘;&r BEMR R h%r%n%alrﬁn&mes ﬂg bﬁéost@ﬁn Risigid (et tinked at

Ivative that bl nds mcum(gt but not _Iim.ted
t dhe dbiarminal emd Aﬂ,tl'fa@(t@@eﬂylgt domain f G Tk Typigally, i m the invention

iER MR8 L8RP HERAB R SO bR SR s i nor
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(oo exan@éz SRR Ryl b Bielne pRfRigiuiar domain

| odele o1l RS d {cp:m or d SHHI6R bNEn l@@oﬁéﬂéﬂ!t%gﬁﬁl mhﬂales of Ig constant
sol ubl e; soluble CTLA4 fusion proteins In

exdaraaiss ke partiensribpreolithatimay bedused t%@&ﬂ-&ﬂﬂ'?f’"a\de 3 A but are not
p%ﬁ.témo%oﬁe R84 Rg.le%ldow al EYEARFuSHR gr&aménaagd, B8 a CTLA4

rotern suc Iormw rus E7 gene product

(Cﬁﬁum Eﬂ))ecdml anonma- associ ated antigen p97

(CTLA4-p97) or HV env protein (CTLA4-env gpl 20), as

descr i bedused harsin, ‘reaeSRLANMOISlyBrefed9 2 Wéﬁ%ﬂ-‘lﬁ or PO“IO“ thereof

R D 45 8 e SBBRE Ry i g o

dGS“C[AJDaﬂlt:t figdddS. Exzatmeas inude, buridre, rid limitedtej an Ig moiety that is

AR RS of én 6 SIS A oF A HIPUA RGNS o ghemically
r eétﬂli% gtr&t@um.@h%srthé ?Lapiubma&me E7&ehe, pritiict (CDRAE-ET),
[ | ul ar nol 201 14 3753 her ei

" bblapear asposipiod enisaa Ry (GF LAPEAIGr IV RIgie (CTLAd-env
C%ﬁgmg%el%nﬂé& #hb ST% N8 55459580 Kbekin ihcbfidthied by

can al so e a sol uble CTLA4 nut ant
moktaranes in itshentisely ) HExaramieasf ipmeiatiesdngludrialt ega portion of an

<1 g o ophehf s GRb ke fudfis RicHacaRhmalf, WoR °

c aybganamu2), 1gCy3 (igCgammas3), IgCy4 lgCgammad), IgCu (IgCmu), 19Cat
(IgCalphat), 1gCo2 (IgCalpha?2), IgC8 (IgCdelta) or IgCe (IgCepsilon). The Ig
moiety can include the hinge, CH2 and CH3 domains, or the CH1, hinge, CH2 and
CH3 domains of the aforementioned constant regions or other constant regions.
Preferably, the lg moiety is human or raonkey and includes the hinge, CH2 and
CH3 domains. Most preferably the Ig moisty includes the hinge, CH2 and CH3
domains of human IgCy1, or is the hinge, CH2 and GH3 domains of human IgCy1.
In an Ig moiety, the Ig constant region or portion thereof can be mutated so as to



sequence that will permt secretion of the nolecule,

i ncludi ng the signal peptide 52 fromoncostatin M

(Malik et al., 1989, Molec. Cell. Biol., 9:2847-2853),

or CD5 (N H Jones et al., 1986, Nature,

323: 346- 349), or the signal peptide from any

extracel lular protein. The soluble CTLA4 nol ecul e

produced by the culturing processes of the invention

can include the oncostatin M signal peptide |inked at

the N-termnal end of the extracellular domain of

CTLA4. Typically, in the invention the nolecul es do
n%duc,rec;kst@t?eao.smﬁaﬂinsqs@é Iéig SLOUBABAE N6J L)6a7 481 051844,005 and
protein as used herein refefs to a nol ecul e conprising

t Fed3%k8tlacel | ul ar domain of wild type CTLA4, or
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non- CTTha epm‘aeelwlamnal@nﬁ@ﬁw”efe@@anm@@u g wild type CTLA4
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fuston protein can also be a CTLA4 nut

As usedshisediherein thg term mitaligreiejers F%P&?@"Q% "ht?'e “UC[th'de or
”@rﬁﬁb’ la@:d%recﬂ@ﬁéé 8a W8 HAR molddale, ﬂﬂ%&aﬁﬁle Ry ﬂfbr@@aﬂ the DNA

and does not interferé with t bi nding o

cmAéprtmn@ acid spgrancesefiipe adidityes GdbA4 mraa?@lafdiomaln A
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e|n|ncor ted bésl{leferenelnl.ts
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pge eHPf PERIP ENRiyeh, Mutaiions 'ﬁ&?‘f"iﬁ&%ﬁ'ﬁ sgquence
RaLp lthuala 'sﬂlerﬁ%\é?cb.ﬁcﬁﬂ ineBRINfino %uwhs eh@é)ds is well understood
anma

Cgamma?) 3 ,
I gdh@ 34 O@ﬁl‘ﬁ@&? unﬁ@@f@‘-’é ngﬁ'ﬂ)wclfe&%‘éﬂ coé‘q’mﬁ‘%}% ‘;"e same
' %ﬁﬂgo QE|E%ﬁhﬁés inkige rﬁbmaétc@aor?é C@F}CGG CGC and CGA

Cepsi | moi ety can I ncl hin

Crthiginencosis thie seing acidr argrinefi); onp@@cms @H@ and GASwhich
cﬁ@th%f rHFI% &d) EEIQ!ES% ﬁjggonst ant regions or

ot &P const ant reglo fably, the Ig noiety is
h u man Ghusyengeteiacdn beanedded by@nbiangrmreﬂbmeémdcid Omdecules that

|é 0s Eﬂngsz’:? A pr ef e{ aﬁﬂ%?tﬁa&%}&l gﬁfaﬁtll e&&;ﬁe pg?etg in m?ﬁgules

h haglﬂg iddidicalnsbdubRcs MRhe PulintioRcult e&dylhave one, or more than
one, mutation. For guidance, the amino acid coding sequence is as follows:

Amino Acid Symbol One Letter Symbol | Codons

Alanine Ala A GCU, GCC, GCA, GCG
Cysteaine Cys C UGy, UGC

Aspartic Acid Asp 3] GAU, GAC

Glutamic Acid Glu E GAA, GAG
Phenylalaning Phe Fo DU, VUG )
Glycine Gly G GGEU, GGC, GGA, GGG
Histidine His H CAU, CAC

isoleucine fle i AUU, AUC, AUA

Lysine Lys K AAA, AAG

Leucine Leu L UUA, UUG, CUU, CUC, CUA, CUG
Methionine Met M AUG

Asparagine Asn N AAU, AAC




In an Ig noiety, the I g constant region or portion
thereof can be nutated so as to 53 reduce its
effector functions (see, e.g., U S. Patent Nos.
5,637,481, 5,844,095 and 5, 434,131). The

extracel lular domain of CTLA4 refers to any portian of
wldtype CTLAA that recognis#aes and bi nds B7. For
exanpl e, an extracellular domain of CTLA4 conprises
nmet hi oni ne at position +1 to aspartic acid at position
+124 (FIG 5). For exan‘pl e, an extracellular domain
of  GiAAv ASHTPT T PEynbat <] IOHE Lotler 3ymobiL | Bbbons. (O aspartic
aci ' @Ein@0ST U1 Op5124 (PTG 5). AS UIBED, ¢, ©0A, cCaE

t er matb@he ON reGArs t oA change 1 nj Che oaecl eot | de or
am noargicingl sequpArge of [& w | d t ype BGEECUES, CAA GG, AGA, AGG

exa peeri n t H& DNA _and/ of USH: YO, MEAJUCG, AGU, AGC
seq ol 1 d_fiype CTLA4 ex AGH@AQG..JAQLM@_;],___
A on LN 1M L
Cha o Har\*\a o Erprlgrl 3 RO ooy o n-\u Ac—-DNA

3?: osilne'l rl‘;— I\a ruuuu vll I':J avit'u j ydxﬁ l)lm
chan y—hetude—stbst+tuttons—deretions;

insertions, alternative splicing, or truncations. An
am no acid change may include substitutions,
del et i dyssyseidisarein| afmgredior poriion is any patticosegment of a molecule.

GO aPG02f £ BBERTHFBhTat s bisfebO e Rutraseliufgy fomain of
r esnﬂ.m bﬂC@28_L bﬁ@blall‘ﬂdr ﬁbe?agpg thetdusf, thait Revognlzes and bunds B7 or
2 S errundt a6, St bt PPk ubhg trChafanda (. flso. as used

SEHB?’ ?“Boﬁ@ dingnaaw Sfar défl@nBeé fdedily. de codons
ol O(%Slll ng” CGA whi cﬂtﬁncode the ami no aci d,
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am no acid, ?artlc acl protel n can

eﬂ@‘éd@dgb‘wtdﬁé igitedda, eBZde&a)SB) H%!Bamameé@m 989, hla’mmunof
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stl enco protein avi ng 1 dent
sdfreamarset alhd 9801 Soienos|262:009-9h; Hexwip intwporwtedchby eeference in

R ngPOG S B0 NS RO o
L ebterendayintis| eéﬁmtpmawﬁsngnﬁeﬁlaai AirndsLCTEOR %0&31128 CD28
TRl eloR. et (26R0DRE PSR L HESGHREd s Seral No.
UE80,756 and 5,521,288 (herein incorporated by reference in their entlretles) As
used herein, B7-positive cells include any cells with one or more types of B7

molecules expressed on the cell surface.

As used herein, -a "detivative® is a molecule that shares sequence similarity
and activity of its parent molecule. For example, a derivative of CTLA4 includes a
soluble CTLA4 molecule having an amino acid sequence at least 70% similar to the
extracellular domain of wildtype CTLA4, and which recognizes and binds B7 e.g.
CTLAA4Ig or soluble CTLA4 mutant molecule L104EA29Y1g. A derivative means any
change fo the amino acid sequence and/or chemical quality of the amino acid e.g.,
amino acid analogs.

As used herein, to regulate an immune response is to activate, stimulate, up-
regulate, inhibit, block, reduce, attenuate, down-regulate or modify the immune

response. A variety of diseases, e.g., autolmmune diseases, may be treated by



G cine dy G GAU, GGC, GGA, GG Histidine H's H CAU,
CAC isoleucine fie | AUU AUC, AUA Lysine L K AAA
AAG Leucine Leu L UUA UUG CUU, CUC, CUA, CUG

Met hi oni ne Met M AUG As ara ine Asn N AAU, AAC 54

Ami no Acid Synbol One Letter Synbol Codons Proline Pro
P CCU CCC, CCA CCG dutamne Gn a CAA CAG
Arginine Ar R CQU, CGC, CGA, GG AGA AGG Serine Ser
S UCU UCC UCA, UCG AGQJ, AGC Threonine Thr T ACU, ACC,
ACA, ACG Varne '"al V GUU GUC GUA GUG T t han Tr W UGG
T osine Tyr Y UAU, UAC As used herein, a fragnent or
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i pGg porated by reference inits entirety) that
recogni zes and bi nds CTLA4 and/or CD28. CD28 refers

to theé@glsse We?%ﬁ h%iocfkﬁ‘fb"%@ hrﬁs.%cﬁgug Rd}e %o Bledsin i the

descri 56 and 5, 52
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| nc|‘ agé 'B?F‘}éos:t‘% ceﬁﬁt%ﬁgcg{r?gggFx%ﬁé?{’éﬁp@eﬂg{ﬁg}] Block B7

minteractiens includes beichremadt limited|td, rmolebales such as an antibody (or
portion thereof) that recognizes and binds to the any of CTLA4, CD28 or B7
molecules (e.g., B7-1, B7-2); a soluble form {or portion thereof) of the molecules
such as soluble CTLA4; a peptide fragment or other small molecule designed to
interfere with the cell signal through a CTLA4/CD28/B7-mediated interaction. In a
preferred embodiment, the blocking agent is a soluble CTLA4 molecule, such as
CTLAA4Ig (ATCGC 68629) or L104EA29Y1g (ATCC PTA-2104); a soluble CD28
molecule, such as CD28Ig (ATCC 68628); a soluble B7 molecule, such as B7-lg
(ATCC 68627); an anti-B7 monoclonal antibody (e.g., ATCC HB-253, ATCC CRL-
2223, ATCC CRL-2226, ATCC HB-301, ATCC HB-11341 and monoclonal

~ antibodies as described in U.S. Patent No. 6,113,898 or in Yokochi et al., 1982, J.
immunol., 128(2):823-827); an anti-CTLA4 monoclonal antibody (e.g., ATCC HB-
304, and monoclonal antibodies as described in references 82-83); and/or an anti-
CD28 monoclonal antibody (e.g. ATCC HB 11944 and MAb 9.3, as described in
Hansen et al., 1980, Immunogenetics, 10: 247-260, or Martin et al,, 1984, J. Clin.
Immunol., 4(1):18-22). Blocking B7 interactions can be detected by art-recognized
tests such as determining reduction of immune disease (e.g., rheumatic disease)

associated symptoms, by determining a reduction in T-cell/B7-cell inieractions, or
by detemmining a reduction in the interaction of B7 with CTLA4/CD28. Blockage



As used herein, a "derivative" is a nolecule that
shares sequence simlarity and activity of its parent
nol ecul e. For exanple, a derivative of CTLA4 includes
a soluble CTLA4 nol ecul e having an ami no acid
sequence at |least 70%simlar to the extracellular
domain of wldtype CTLA4, an@& which recogni zes and
binds B7 e.g. CTLA41lg or soluble CTLA4 nut ant

nol ecul e L104EA29YIg. A derivative neans any change
to the am no acid sequence and/ or chemcal quality of
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Bfedi@e effector functions such as CDC or ADCC) where the mutatlon modulates
the capability of the Ig to bind its ligand by increasing or decreasing the capability
of the 1g to bind to Fc receptors. For example, mutations in the Ig moiety can
include changes in any or all of its cysteine residues within the hinge domain. For
example, as shown in FIG. 3, the cysteines at positions +130, +136, and +139 are
substituted with serine. The Ig moiety can also inciude the proline at pbs‘ltion»%H 48
substituted with a serine, as shown in FIG. 3. Further, mutations in the Ig moiety
can include having the leucine at position +144 substituted with phenylalanine;
leucine at position +145 substituted with glutamic acid; or glycine at position +147



(ATCC 68627); an anti-B7 nonocl onal antibody (e.g.,
ATCC HB- 253, ATCC CRL- .2223, ATCG CRL-2226, ATCC

HB- 301, ATCC HB-1 1341 and npnocl onal antibodi es as
described in U S. Patent No. 6,113,898 or in Yokoch
et al., 1982, J. Immnol., 128(2):823-827); an
anti - CTLA4 nonocl onal anti body (e.g., ATCC HB- 304,
and nonocl onal anti bodi es as~™escribed in references
82-83); and/or an anti- CD28 nonocl onal antibody (e.g
ATCC HB 11944 and MAb 9.3, as described in Hansen et
al ., 1980, I|mmunogenetics, 10: 247-260, or Martin et
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cytotoxicity (CDC), or antibody-dependent
cell-nediated cytotoxicity (ADCC). The 1Ig noiety can
have one or nore nmutations therein, (e.g., in the CH2
domain to reduce effector functions such as CDC or
ADCC) where the mutation nodul ates the capability of
the g to bind its |igand by ncreasing or decreasing
the capability of the Ig to bind to Fc receptors. For
exanple, nmutations in the Ig noiety can include
changes in any or all of its cysteine residues within
t he hinge domain. For exa s shown in FIG 3,
the cysteines at positi onsn‘ﬁl@jﬂ% and +139 are
substi t ut ed] wi tilodified CB-CHOe | ¢ nDI Coyceastratitins 0
i ncl ude t he| pridédiom GCémpeeriti o +148 sSubstituted W th
a serine, ap sODWHO@25%A&dsB. Kurt her,4omiat i ons ijn
the | g noi e} ¥Yinvitegen, Gatisbad, ©AViNg the | euci ne at
position +144 GDIeHI0 25x AcidsMit h| phenyl adtamline; | eUci ne
at positi on} HhviSogambEadsbatlc@AMW t h gl utam ¢ _acid; dr
gl yci ne at posCOFUHO L84 Ballsl syibstit ut4dmifiit h al arti ne.
EXAMPLES Thédn¥inbdepvnCasbasg ¢s set forth specifilc
aspects of fheCBraHMES0Baltsdl i || ustrat4dmille i nventii on
and provi del fdndegen; GailsbadBAX he present net hods flor
those of skill ilhguiasipgt. The ExanpP&85ghoul d ndt be
construed af_Limifinvittpgen: i nvehtion, _as the Exanl es
merely provj de dpw@ianiiesuliet hodpl ogy arfdl mil
exenplification tH&MAME) usefl in the understanding
and practice—of t VOG8RIt | on_And its various aspdct s.
Exanpl es 1-4 as §@Ehoﬁf§¥@tﬁ bel oy descri Bebxperi nent s
relating to Misplyfien) bsses i nvol vi ng
tenperature U e un—Exanplgs 6-
11 descri be ipg to cet? Yl ture
processes i Hdi ti on of pol yani orn
conpound to =E—1—Thi-s—Exanpte
provi des materials and reagents enpl oyed in the

proce ft res i nvention for ul turin
c3atarerie ca R4S Fekbnibh adesssne Mol fad Badiom, io.,
@M%Eﬂﬁhﬂﬂmﬁfr éﬂ)néorﬁﬁmﬂ@%ﬁbw BRiirid, inbulin and TC
lture di um The basal cell

| es 2-
«'{r%pe i er@&ﬁm Q@&'asmrFrankhrph%!@s Neh was|amplayrd, lagshown in
t {
g. AN 51 e o001 e ioRiipl nodilimiag HifiStedle Y QWRAY AINaOH after
ﬂh@@ddmpbmfla&&omeemaas modi fi ed CD- CHO nedi um

containing glutam ne, sodlci:&g%gar bonate, insulin and
nmet hotrexate (I nvitrogen, d,

Modified eRDF Medium Concentration
Component
eRDF-1 16.8g/L
(Invitrogen, Carisbad, CA)
dextrose 30.94 g/
{(VWR-Mallenkrodt Baker)
L-glutamine 4.1 g/l
(Invitrogen)
r-human insulin 1 milL

(10 mg/mL)
(Invitrogen)

TC Yeastolate 59/l
(Becten Dickinson,
Franklin Lakes, NJ)

c




CA), as exenplified in Table 1. The pH of the nmedi um
was adjusted to 7.0 wwith 1 N HCO. 58 Table 1
Modi fi ed CD-CHO Concentration Medi um Conponent CD- CHO
25x Acids | 40 mvL (Invitrogen, Carlsbad, CA) CD CHO
25x Acids 11 40 nVL Invitro en Carlsbad, CA) CD CHO
25x Salts | 40 mVL Invitro en Carl sbad CA CD- CHO 25x
Salts 11 40 nWL (InV|trogen Carlsbad CA)
L-glutamne 0.585 g/L Invitr en r-human insulin 0.1
m/L (10 ng/nL) Invitrogen Methotrexate 5 pl/L (20
nmM sol ution) (ICN, Costa Mesa, CA) Sodi um bi carbonate

2.22 gProdidlidbh PRIES M BlsYeattorPhi | | i psburg, NJ For
feeding cells in the fed=batch process, a nodified

f eed rrﬂﬁletpmlmctaen ,baorelﬁt&)Er Waﬁﬁﬂﬁaﬂmoblbratéﬁ aggelrgtch reactor, with
contal ni.n ucose g ut n I NSuUl I N an h .
VaSEPBIETE 3@@@9@1 b g dissaiVedkpayaen PF?"E%(P@?;['O" Nigselpgonitored
SRR Hollas ‘Fl’i@%hdlfbn Jﬁﬁé %u@ure% Q%I@ite&'ﬂﬁ rﬁ@@iﬂnﬁg the

medi um was adj ust ed . CH afteér
adiatle eell densd |anddh@@ﬂmﬂn§ratlcnasf @e\@mﬂfﬂwm@@beﬂeﬁ The feeding

N%‘#&é&@s%ciﬁﬁ%fe@ oritl'day after the inoculation. The remainder of the

fermentation was the conducted in fed-batch mode.

Bioreactors of 5 L scale (glass reactor with one marine impeller), and 50 L.
scale (stainless steel reactor with two marine impellers) were used. (see Example
2). A data acquisition system (Intellution Fix 32) recorded temperature, pH, and
dissolved oxygen (DQ) throughout runs. Gas flows were controlled via rotameters.
Air was sparged into the reactor via a submerged frit (5 um pore size) and through
the reactor head space for CO, removal. Molecular oxygen was sparged through
same frit for DO control. CO; was sparged through same frit as used for pH

control

3. Feedmg Strategy

At 24 hours post inoculation, a daily minimum of 1% of culture volume of
modified eRDF-] feed medium was added into the bioreactor if the glucose
concentration was = 3.0 g/L. in cases in which the glucose concentration was
below 3 g/L, the volume of the daily bolus feed was calculated to bring the glucose
concentration back up to 3.0 g/L. The daily feed amount was recorded on batch
sheets.

4. Sampling

Samples of cells were removed from the reactor on a daily basis. A sample
used for cell cdunting was stained with trypan blue (Sigma, St. Louis, MO). Gell
count and cell viability determination were berformed via hemocytometry using a

- microscope. For analysis of metabolites, additional sample was centrifuged for 20
minutes at 2000 rpm (4°C) for cell separation. Supematant was analyzed for the
following parameters: titer, sialic acid, glucose, lactate, glutamine, glutamate, pH,
pOq, pCOz, ammonia, and, optionally, lactate dehydrogenase (LDH). Additicnal



Conmponent eRDF-1 16.8 g/L Invitro en Carlsbad, CA
dextrose 30.94 g/L VWR Mal | enkrodt Baker L-gl utam ne
4.1 g/L Invitr en r-human insulin 1 nvL (10 ng/nL)
Invft en TC Yeastolate 5 g/L (Becton D ckinson,
Franklin Lakes, NJ 59 2. Production Phase in ..

Bi oreactor The production bi@reactor was initially
operated as a batch reactor, with tenperature,
pressure, pH and di ssol ved oxygen concentration
closely nonitored and controlled. The condition of

the cul ture was eval uat nmeasuring the viable
ﬁ‘?"'%ﬁ%’?’?{?sam%reﬁ?éeeﬁ%ecﬁﬁ ation of several key
net abolites. The feeding process was initiated one
day after the inoculation. The remai nder of the

fernmentati on was the conducted. i ed- bat ch node.

Bi oreactors of 5 L scale (QM—%éctor wi th one
marine_inmpeller), and 50 L scale (stajnless steel

r eact ofhiExAMplRdesarbae thepodugtiar otléﬁeﬂﬁ'geah‘% gg-1to 357 or

E—?—“ﬁf@g?? ir?ﬁ:}G.gé ﬁ&dﬁ%ﬁ?ﬁi depBBitswy 86 ATAd BB@iQ)&J’gbﬁfbuttured

FI x 3 recor enp ure, pH, and dissolve
ofklgeeellsDO) t hr oughout runs. Gas flows were controll ed

via rotanmeters. Air was sparged into the reactor via,
a subrEhig&tample alss deseimsa progeys aftinia mveulipn for peoducing both
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serethgesistopriempbratamsestifts andiotalgen tires qfH4, @dner 23-303lays. A
ForIRRIGH Sk S1eHit (o 8736 FABcbPeotEn o1 iy Bppd B lobartamic

;ﬁ?@g‘g@ﬂéw ARFa 28GR T-8hit 1R 3RPOHE B2 O betilirédien day 10. The
run was ended on day 14, day 21, or day 28, and for the two-step shift, the
temperature was controlled at 32°C from the shift on day 10 until the end of the
run. For the three-step shift, the temperature was controlled at 30°C from the day
of the shift until the end of the run The processes described resulted in increased
end titer of protein product, increased end cell viability, and volumetric productivity,
compared with single temperature shift or no temperature shift runs. In
accordance with the invention, the second and third T-shifts extended the run time
of the standard fermentation {culturing) process to two to three weeks (or longer),
while maintaining high cell viabilities. A close to linear increase of the titer of
product was observed throughout the production period.

CHO celis used for CTLA4lg expression were expanded in modified CD-
CHO medium containing glutamine, sodium bicarbonate, insulin, and methotrexate
(see Example 1) using T-75 flasks (Coming, Coming, NY) and 250 and 500 mL
spinners (Bellco, Vinsland, NJ). T-flasks and spinners were incubated at 37°C in

6% CO2. After sufficient inoculum was generated, the culture wasrtrarnsferred into

a either a 5 L (Applikon, Foster City, CA) or a 50 L bioreactor (Feldmeier,
Syracuse, NY) with 3 L or 30 L working volume, respectively, of the above-
described medium. The initial seeding density was about 2 x 10° viable cells/mL.

The 5 L vessel was a glass reactor equipped with one marine impeller



concentration was >_ 3.0 g/L. In cases in which the

gl ucose concentration was below 3 g/L, the vol une of
the daily bolus feed was calculated to bring the

gl ucose concentration back up to 3.0 g/L. The daily
feed ambunt was recorded on batch sheets. 4. Sanpling
Sanpl es of cells were renoved fromthe reactor on a
daily basis. A sanple used ®r cell counting was
stained with trypan blue (Sigma, St. Louis, M) . Cel
count and cell viability determ nation were perforned
via henocytonetry using a mcroscope. For analysis of
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A frdrothes teactcmﬁmaanalyw eﬁmeeminpleyesample used for cell count was stained
with trypan biue (Sigma, St. Louis, MO). Cell count and cell viability determination
was performed using a hemocytometer and counting viable stained cells under a
microscope. For analysis of metabolites, an additional sample aliquot was
centrifuged for 20 minutes at 2000 rpm (4°C) to pellet the cells. The supernatant
was analyzed for protein titer, sialic acid, glucose, lactate, glutamine, giutamate,
pH, pO:, pCO,, ammonia, and LDH, using techniques and protocols

conventionally practiced in the art.



product was observed throughout the production period.
CHO cell s used for CTLA4l g expression were expanded in
nodi fi ed CD- CHO medi um cont ai ni ng gl ut am ne, sodi um
bi carbonate, insulin, and nethotrexate (see Exanple
1) using T-75 flasks (Com ng, Com ng, NY) and 250 and
500 nmL spinners (Bellco, Vieeland, NJ). T-flasks and
spinners were incubated at 37Cin 6% CQ2. After
sufficient inoculumwas generated, the culture was
transferred into a either a 5 L (Applikon, Foster
Cty, CA) or a 50 L biorea Fel,dm ei er, Syracuse,
NY) with 3 L or 30 L morkiggghgﬁéié, respectively, of
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process had a duration of 21 days at 5 L scale and 28
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run at 50 L scale correla‘t%é‘g with the added o
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cell viability determ nation
Experiment i1l tl¥e cell cuiture temperature was controlled at 37°C from day 0 to

day 6; at 34°C from day 6 to day 10; and at 32°C from day 10 to day 21 {iwo-step

temperature shift procedure of the present invention).

Experiments V-A and V-A show the results of product titer, end cell viability
and viable end cell density assessed after a 14-day culture run with an initial
_(stahdard) production phase; Experiments IV-B and V-B show these results
assessed after a 21-day culture run with an extended production phase; and
Experiments IV-C and V-C show the resuits assessed aiter a 28-day culture run

with a second extended production phase. Experiments IV and V were performed



was performed using a henocytoneter and counti ng
vi abl e stained cells under a mcroscope. For.analysis
of netabolites, an additional sanple aliquot was
centrifuged for 20 m nutes at 2000 rpm (4C) to pellet
the cells. The supernatant was anal yzed for protein
titer, sialic acid, glucosg, lactate, glutam ne,
glutamate, pH PQ2, pC®2, ammoni a, and LDH, using.
techni ques and protocols conventionally practiced in
the art. 62 EXAMPLE 3 This Exanpl e descri bes and
presents the results of conparative eval uations
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setto ratio) ' {%) (x‘m
100%) cells/mL)




and viable end cell density assessed after a 14-day
culture run with an initial (standard) production
phase; Experinments |IV-B and V-B show these results
assessed after a 21-day culture run with an extended
producti on phase; and Experinents |IV-C and V-C show
the results assessed afterfa 28-day culture run with
a second extended production phase. Experinents |V and
V were perfornmed 63 in a 50 L bioreactor in which the
culture conditions were controlled as follows: pH at
7.0; dissolved oxygen at 40% agitation at 30 rpm and
initial tenperature at 37C. Experinents IV and V were
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- two step T-shit -

*: “NANA” (N- ammo—N-neurammlc acid) refers to sialic acid (SA). “End NANA"
refers o the NANA of the product at the end of culture.

_ Table 4 presents the resuls of Experiments demonstrating the impact of
different temperature shift profiles on the production of CTLA4lg by cells in culture

at the 50 L reactor scale.



64 Product titer, end cell viability and viable end
cell density assessed after 1l4-day run with initia
(standard) product! n phase 37C (0 -14 |1-A 5 days)
0.73 100 7.3 5.3 56 0.8 - no T-shift 37C (0 - 6
days) 11-A 5 34C (6 -14 1.30 178 8.1 10.5 82 1.5
days) - one sT-shift - 37C (0 - 6 days) 111-A 5 34C
(6- 10 2.30 315 7.6 17.5 81 351 days) 32C (10 -14
days) two ste T-shift Product titer, end cel
viability and viable end cell density assessed after
21-day run with extended producti phase 37C (0 - 21
|-B 5 days) 1.30 178 6.6 8.67aBld43 -no T-shift 37C
(0 - 6 days) 11-13 5 34C(6-2 370.5.3. 14 3 28 0 4

E YFRfr| SYempaaw &a' Gnd ‘éﬁbﬁ
LTI L T LR
I°d)

two step T-shift . (N-amno-N-neur
refers to|sialic aci d SA). "End NANA" cells/mL)

Product titer, end cell viability and viable end cell density
assessed after 14-day run with initial (standard) produetion phase
37°C (0-6 days),
Iv-A 50 |34°C (610 days); 1.4 a5 55
32°C (10-14 days)
- two step T-shift -
37°C (06 days);
V-A 50 {34°C (6—10 days); 14 a1 " 54
32°C (10-14 days);
30°C (14-21 days)
- three step T-shifi -

Product titer, end cell viability and viable end cell density
assessed after 21-day run with extended production phase
37°C (06 days);
v-B 50 {34°C (6—10 days); 25 67 25
32°C (10-21 days)
- two step T-shift -
37°C (0-6 days);
V-8B 50 |34°C (6—=10days); 2.6 82 3.2
32°C (10-14 days);
and

30°C (14-21 days)
- three step T-shift -

Product titer, end cell viability and viable end cell density
assessed after 28-day run with further extension of production
phase

37°C (06 days);
V-G 50 |34°C (610 days); 2.8 47 1.1
and

32°C (1028 days)
- two step T-shift -
37°C (0-6 days);
v-C 50 [34°C (610 days); 3.1 69 1.4
32°C (10-14 days);
30°C (14-28 days)
- three step T-shift -

- -As has been demonstrated by the experiments in this Example, the multi-
step temperature shift profiles were found to maintain a high cell viability
throughout the culture process. Specifically, in Table 3, Experiment 1li-B shows
that the use of the timed two-step temperature shift profile maintained a high cell



refers to the NANA of the product at the end of
culture. Table 4 presents the results of Experinents
denonstrating the inpact of different tenperature
shift profiles on the production of CTLA4lg by cells
in culture at the 50 L reactor scale. 65 Table 4
Experi nent Reactor Tenperatuse End titer End Viable
scar shift (g/L) cell end cell ILI viability density
(%9 (x10s cells/nm Product titer, end cell viability
and viable end cell density assessed after 14-da run

wth initial, s dar odu, a - :

+ Viakity (sprcalsd IS Dhlodbhgiting21B08 Gyt prtoche{iieiiding the

- ekidndell prodlidtion phadéy; dilewihgdthy $iar tyrédach3 34§ @6atigh sialic acid
days); 1.4 91 o 32C_(10-14 da E&; 3ocu314-21 days) |

* cpniane ok & imalanatiol. Fielicest b S-SIERPULLTing procetitfe can also
Visahl J:d | bfidal prodes of tendftiter x end
2@%@%%@&“%‘% i Siafi] fgﬁ%&%ﬁ?\g?%ase 37C (0-6 «
dsiedip;acid- B 50 34C (6-10 days); 2.5 67 2.5 32C (10-21

days) - two step T-sh 37C (0-6 days); V-B 50 34C,

(6-10 Ewoontrast, @ @ftuting praess (nvalving e jempertyre shift (Table 3,

Experiment 1-B) led to an early decline in cell viability. Further, the use of a one-
step temperature shift (Table 3, Experiment I1-B) was found to yield a lower end .
titer, end sialic acid, and (‘end titer x end sialic acid’) - mathematical product
compared with the two-step temperature shift profile and process according to this

invention.

In addition, the results presented in Table 4 involving cell cultures
performed at a 50 L reactor scale demonstrate the advantages of the multi-step
temperature shift culturing technique of this invention. The third temperature shift
to 30°C was timed to take place on day 14. In particular, the benefits of a triple
temperature shift on cell viability and end titer using the triple shift (Table 4,
Experiment V-C; also FIG. 2) can be seen compared to a double temperature
shift. In accordahce with the present methods, the triple temperature shift further
extended cell viability and thus, protein production relative to no shift or one shift
methods. Due o a scale-up effect, which is usual in cell culture, the titer
generation at the 50 L reactor scale was found to be somewhat slower than at the
5 L scale. However, it is readily appreciated that such an effect does not detract
from the advantages of the two or more temperature shift culture runs as provided

by this invention.

As evidenced by the results presented in Exampie 3, for those runs in which
a temperature shift was performed on day 6, i.e., at the end of the logarithmic
growth phase, far better results in end titer and cell viability were obtained,
compared with control runs in the absence of a temperature shift. As observed
from the results, the volumetric productivity was increased two-fold by the use of a
single temperature shift. A second temperature shift on day 10 yielded a higher
cell viability and further increased volumetric preductivity (approximately 3-fold



30C (14-21 days) - three step T-shift Product titer
end cell viability and viable end cell density
assessed after 28-day run with further extension of
producti on phase 37C (0-6 days); |IV-C 50 34C (6-10
days); 2.8 47 1.1 and 32C (10-28 days) - two step
T-shift - 37C (0-6 days); V-C_ 50 34C (6-10 days); 3.1
69 1.4 32C (10-14 days); 30(?(14 28 days) three step
T-shift As has been denonstrated by the experinents
in this Exanple, the nmulti- step tenperature shift
profiles were found to maintain a high cell viability
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t mﬁetgfreweﬂéwbe atadw @c@monteqs ebthe dysaprafeln progugt. hi gh
cell 66 viability (see also FIG 1) throughout the 21
-day culturing process (including the extended
producti on phase), allowing the titer to reach 3.5 g/L
at a high sialic acid contEXAMBLEAS [nolar ratio].
The success of two-step culturing procedure can al so
be evi dEhis Exampla preséantgldatashewiog thatdheraehoultue papcess
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addition results presented In I nvol vin
c elime cmbrasealls are viably producing the des&red proteln at the end of the process.
This, in tum, yields a greater amount of the desired protein product at the end of

the process or culture run.

Table 5 iflustrates the cell specific productivity at various times in the
process encompassed by the present invention. Cell specific productivity is
determined by the formula as presented supra'. The culture process designed for
the production of CTLA4lg, other soluble CTLA4 molecules, and soluble CTLA4
mutant molecules is thus a non-growth associated process in which protein
production begins on or about day 6, i.e., approximately at the start of the
stationary phase, following exponential cell growth. The data presented in Table 5
relate to the experiments conducted in Example 3.

Table 5

Exampie / T-Shift Cell Specific Protein Amount of Cell
Parameter Production Specific Protein

(Time) Production
1-A/ No T-shift After 14 days 44.7 pgleelifday
1-B / No T-shift Aiter 21 days 64.1 polcelliiday
II-A / One T-shift After 14 days 55.5 palcell/day
II-B / One T-shift After 21 days 60.9 pg/celliday
HI-A / Two T-shifts After 14 days 47.5 palcell/day
l-B / Two T-shifts After 21 days 51.9 po/cell/day




performed at a 50 L reactor scale denonstrate the
advantages of the nulti-step tenperature shift
culturing technique of this invention. The third
tenperature shift to 30C was tined to take place on

day 14. In particular, the benefits of a triple
tenperature shift on cell viébility and end titer

using the triple shift (Table 4, Experinent V-C, also
FIG 2) can be seen conpared to a double tenperature
shift. In accordance with the present nmet hods, the

tripl e t tur I ;
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vol unetric productivity (approximately 3-fold 67
conpared with runs with no T-shift), while the product

qual ity remained high, as EXAMPEESed by the sialic

acid content of the glycoprotein product. EXAVPLE 4
TExampleabBl e presents data showi ng that the cell

culture process conprising two downward tenperature
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mclucilng 5 liter (5L.), 10 liter (10L) and 50 liter {(50L) production reactors, was also
the modified CD-CHO medium shown in Table 6, except without methotrexate.
The pH of the medium was adjusted to 7.0 with 1 N HCI.
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Table 7

Modified eRDF Medium Concentration
Component
eRDF-l
(Invitrogen, Carlsbad, CA)
dextrose
{(VWR-Mallenkrodt Baken)
L-glutamine
(Invitrogen)
r-human insulin
{10 mg/mL)

(Invitrogen) -

TC Yeastolate
{Becton Dickinson,
Frankiin Lakes, NJ)

D-galactose
(Ferro-Pfanstieht,
Waukegan, IL)

16.8 g/L
30.94 g/l -

4.1 gl

1 mi/L

5g/L

125 g/l




EXAMPLE 5 Exanpl e 5A This Exanpl e provides materials
and reagents enployed in the processes of the present
invention for the culturing of reconbi nant cells that
produce the exenplified L104EA29YlIg as descri bed
herein in Exanples 5B-16. 1. Cell Culture Medium The
basal cell culture nediumuseal for all phases of cel

i nocul um generati on was nodi fi ed CD- CHO nedi um

contai ning glutam ne, sodium bicarbonate, insulin and
nmet hotrexate (Invitrogen, Carlsbad, CA), as
exenplified in Table 6. The pH of the nedi um was
adjusted to 7.0 with 1 N HCI. The basal cell culture

medi urpdrSBgirise 89 RBNdBdING rMmBlilin Was thatiescrizart above with one

including 5 liter (5L), I0 liter nd 50 liter
(mogdification @R W%“a%'%%?%@cmﬂ%m é’!l)Q%ZZﬂ!Emdi fied

CD- CHO nedium shown in Table 6, except w thout

nmet hotrexate. The pH of the nediumwas adjusted to

720 wiProductiondPhasoin Bidyeacter\bdi fi ed CD- CHO
Concentration Medium Conponent CD-CHO 25x Acids | 40 .
m /L Theptadustiembioadteas inially opewiesi 252 hatply geactor, with

4 ' , .

L e o e

naid contwlied. Se cmditioneal, th€suliurg wasevaleated bggneasuring the

: ﬁébltp[c%"z&nk&] ﬁgt? ﬂé&';(cgc?rg‘!e'g?rpﬁg} o{%\}em(lée& r%{laghiites. The feeding
process was initiated one day after the inoculation. The remainder of the

fermentation was the conducted in fed-batch mode.

Bioreactors of 5 L scale (glass reactor with one marine impeller), 10 L scale
(glass reactor with two marine impellers) and 50 L scale (stainless steel reactor
with two marine impeflers) were used. (see Example 2). A data acquisition
system (Intellution Fix 32) recorded temperature, pH, and dissolved oxygen (DO)
throughout runs. Gas flows were controlled via rotameters. Air was sparged into
the reactor via a submerged frit (5 um pore size) and through the reactor head
spagce for CO; removal. Molecular oxygen was sparged through same frit for DO

control. CO» was sparged through same frit as used for pH control.

3. Feeding Strategy

At 24 hours post inoculation, a daily minimum of 1% of culture volume of
modified eRDF-I feed medium was added into the bioreacior if the glucose
concentration was = 3.0 g/L. In cases in which the giucose concentration was
below 3 g/L, the volume of the daily bolus feed was calculated to bring the glucose
concentration back up to 3.0 g/L. The daily feed amount was recorded on batch
sheets,

4, Sampling

Samples of cells were removed from the reactor on a daily basis. A sample
used for cell counting was stained with trypan blue (Sigma, St. Louis, MO). Cell
count and cell viability determination were performed via hemocytometry using a



(ICN, Costa Mesa, CA) Sodi um bi carbonate 2.22 g/L
(Mal | enkrodt Baker, Phillipsburg, NJ) In all Exanples
except Exanple 8, for feeding cells in the fed-batch
process, a nodified feed nedium i.e., eRDF-1 medi um
(I'nvitrogen), containing glucose, glutamne, insulin
and TC Yeastol ate (Becton-Di ckinson, Franklin Lakes,
NJ) was enpl oyed, as shown in’'Table 7. The pH of the
feeding nmediumwas adjusted to 7.0 with 1 N NaCH
after the addition of all conponents. Table 7 Modified
eRDF Medi um Concentration Conponent eRDF-I 16.8 g/L

l nﬁicPdsc%Pe,%\f\hé brRdex htoffiticic@i Rodfte? finabiatis AG, Bielefeld,
(VWR- Mal | enkr odt Baker) L- gII utamine 4.1 g/L Invit
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erGemmann Foramalysisiofimetabelites. agiditonal sampleyvascentrifdged for 20
Y. a U ’ .
A 2P 56517 boP RIS, SuBEAEKH Bz for e
| folfdwing pardmatepd: etitdr, sidiie atisle diucgserdaddtate, ghsaming; glutamate, pH,
descri above .wi th one dification: eRDF-1 aty @...

c koA PRV 0, Offarany acafl iliicrioease (EBPY“Adlional
BipicRag) SdmpiBs wiiré fhasén aNnobPor eactor was initially

operated as a batch reactor, with

Example 5B

This Example 5B describes the production of L104EA29Ylg, shown as -1 fo
357 or +1 to 357 in FIG. 4, (encoding DNA deposited with the ATCC as PTA-
2104), from cultured CHO cells.

This Example 5B also describes a process of this invention involving
addition of polyanionic compound, more specifically dextran sulfate, to a cell

culture.

CHO cells used for L104EA29YIg expression were expanded in modified
CD-CHQ medium (Invitrogen, CA} containing glutamin'e, sodium bicarbonate,
insulin, and methotrexate using T-75 flasks and shake-flasks. T-flasks and shake-
flasks were incubated at 37°C and 6% CO,. After sufficient inoculum was
generated, the culture was transferred into 5 or 10L bioreactors using modified
CD-CHO medium as described above, except without methotrexate. Initial seeding
density was 200,000 viable cells/mL or 10° cells/mL.

The 5L and 10L vessels were glass reactors equipped with one and two
marine impellers respectively (Applikon, CA). Gas flows were controlled via
rotameters. Air was sparged into the reactor via a submerged frit (5 um pore size)
and through the reactor head space for CO, removal. Molecular oxygen was
sparged through the same frit for DO control. CO; was sparged through same frit

 for high side pH control. Low side pH control was realized via addition of 1 N '
NaOH or NazCOs.

The culture in the bioreactor was given a daily bolus feed using modified

eRDF medium (Invitrogen, CA) with glucose, galactose, glutamine, insulin, and TC



tenperature, pressure, pH and di ssol ved oxygen
concentration closely nonitored and controlled. The
condition of the culture was eval uated by neasuri ng
the viable cell density and the concentration of
several key netabolites. The feeding process was
initiated one day after the mmocul ati on. The renai nder
of the fernentation was the conducted in fed-batch
node. Bioreactors of 5 L scale (glass reactor with one
marine inpeller), 10 L scale (glass reactor with two
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T{oluMeTAsE afeition Eonsituied d xast 2eiret the warkingoaiumerof the reactor
(I nnovatis AG . Biele d, Germany).. For analysis of

n@t scﬂmet@% %W@B&éa@aml e was centrifuged for 20

m nutes at 2000 rpm (4C) for cell separation.

Supernatant was analyzed for the follow ng

paraneters: titer, si allc aci | act at e,

gl ut am ne, gl utanate, Mbé&— amoni a, and

optional | | actate dehydro enase (L ditio

back- uph ﬁ*ﬁ deseibes e ﬁ?e"i%ﬁ@ "%@Qﬁﬁfi@ cggnparatlve study to

assess the effect of addition of polyanionic compound, more specifically dextran

sulfate, at a time after innoculation.

5L and 10L bioreactors were inoculated with 0.2 x 10° cells/mL of
L104EA29Y-producing cells.

Experiments 6-a and 6-b were designed as follows:

Example 6-a: dextran sulfate was not added to the cultures (‘control’ cultures: 4
_ cultures in 5L bioreactors, 4 cultures in 10L bioreactors).

Example 6-b: dextran sulfate was added to a concentration of 50 mg/L to the
cultures on day 6 (‘DS day 6’ cultures: 2 cultures in 5L bioreactors, 1 culture in 10L

bioreactor).



Thi s Exanpl e 5B descri bes the production of
L104EA29Yl g, shown as -1 to 357 or +1 to 357 in FIG
4, (encoding DNA deposited with the ATCC as PTA-
2104), fromcultured CHO cells. This Exanple 5B al so
descri bes a process of this invention involving

addi tion of polyanionic conpound, nore specifically
dextran sulfate, to a cell dél ture. CHO cells used
for L104EA29YI g expression were expanded in nodified
CD- CHO nedi um (I nvitrogen, CA) containing glutam ne,
sodiun1bicarbonate i nsulin, and nethotrexate using
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factor of two.

Despite the beneficial effects of dextran sulfate described above, product
L104EA29YIg titer was similar with or without dextran sulfate addition (Table 8).

Table 8: impact of day 6 dexiran sulfate addition on product L104EA29Ylg titer on
day 14.



AG Bielefeld, Germany). Supernatant was anal yzed for:
LEA29Y titer, glucose, |actate, glutam ne, glutamate,
pH, pQ2, pCO2, ammonia. Dextran sulfate (sodiumsalt,
from dextran of average nol ecul ar wei ght 5000 Da,
Sigma, MO was dissolved into water or into medium
The solution was sterile-fil'ered and was added to
the reactor to a concentration of 50 ng/L. The vol une
of the addition constituted at nost 2% of the working

volunme of the reactor at the tine the addition took

pl ace. EXAMPLE 6 This Exanpl e descri bes and presents
the results of a conparative study to assess the
effect oCoaditioni on of | puimtzeri pnidvetagrpolind, Stasndard
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bl'ﬂ’fee@ﬂbﬁ{f of L4—O4:IBA2WIgSsmeIal|6h fboi diffesentouny.is Fegomed in Table 9.
dextrap sul fate was
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ClbohbiiBfad fotdy |bb%@'ﬁﬂédhtl§laﬁ@b@ﬂ€tiy0th§ raiditibncaf|detranisolfate on day
10L bi oreactor) 3 Theée average viability, viable

cdl.l density, and total cell density profiles, and
their standard deviations for Exanples 6-a and 6-b are
reported in Figure 6. In the control cultures,
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dajadylftiand 7, correspondl ng to the st at| onary phase. A
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indicating cell lysis, and, as a result, the viability

i ndex renmi ned above 90% urEXAMPUET 15.

This example shows the effect of adding dexiran sulfate to a cell culture

that is in the death phase.

A 5L bioreactor of L104EA29YIg -producing cells was inoculated at a
density of 10° cells/mL, and the death phase started on day 5. Dextran sulfate

was added on day 6.

The viability, viable cell density, and total cell density profile is presented in
Figure 8. Addition of dextran sulfate on day 6 of such a culture could pre\(ent the
occurrence of a major decline in viable celi density up to day 17. Thus, when
dextran sulfate is added during the death phase, cell death can be arrested for

several days.

In this run, a titer of 1.9 g/L with a NANA molar ration of 6.6 was obtained



Figure 7 is a logarithmc representation of the viable
cell densities as a function of time for cultures
with dextran sulfate addition and for control runs.
The death rates (given by the slopes of the viable
cell densities in Figure 2) differed depending on the
presence or not of dextran sulfate. In the presence of
dextran sulfate, death rate Tas approxi mately
constant between day 12 and day 19, at a value of
0.0012 h-1. In contrast, death rate in the average of
the controls was, between days 8 and 12 where it was
atn? i mum 0.0024 h"1. Thus, dextran sulfate added
R §§q “sl owed down cell death rate during the death

phase by a factor of two. yie ot he benefi ci al

effects of dextran sulfat egggi?@#%gd above, product
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8 1.60 dextran |fate 3
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c Smtayed ot st 10 Figero)q Riexraa st @teavase% 4&3 i day
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5.5(15) Control process 5 5.5 d 5) Control’ process

6- 3( 16 YhiBaaxatnpleict armihesilldsiation of e arrest of cell death during the

death phase upon dextran sulfate addition to the culture.

" EXAMPLE 9
This example shows the effect of adding dextran sulfate on day 0. The
effect of delayed addition of dexiran sulfate may be seen by comparing the effect
seen in this experiment with the effects seen in other experiments in which

addition of dextran sulfate was delayed.

Two repeat 5L bioreactors were inoculated with 0.2 x 10° celis/mL of .
L104EA29Y1g-producing cells, and dextran sulfate was added to a concentration
of 50 mg/L on the same day as the inoculation (day 0).

The viability, viable cell density, and total cell density profiles are presented
in Figure 10. Neither culture achieved a higher celt density than cultures devoid
- of dextran sulfate (Compare Figures 6 and 10). The cells entered the death phase
on day 7 or 8, as opposed to day 11 when dextran sulfate is added on day &
(Compare Figures 6 and 10). The L104EA29YIg titers obtained on day 14 of these
runs were 0.57 g/L (run #1) and 0.86 g/L (run #2), which are significantly less than
the titers obtained in the control process or in the process with day 6 dextran



JAME' "1 Bf, t "E | Day 6 dextran sulfate 6,906)
EXAMPLE 7 This exanple shows the effect of adding
dextran sulfate to a cell culture that is in the
deat h phase. A 5L bioreactor of L104EA29YIg - producing
cells was inoculated at a density of 106 cells/ni,
and the death phase started os day 5. Dextran sulfate
was added on day 6. The viability, viable cel
density, and total cell density profile is presented
in Figure B. Addition of dextran sulfate on day 6 of
suc a cul.rure cgvld Fr vent the occurrence of a
%

te pelditiondsee cel | densi ty up to day 17.
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D45 oA Al A IS AR I 6 0% RTS8 i e
efpfadiicedsBrwlingofaidxtmn exfiate todhes: iantqm doaés however not greatly
affect cell growth in an adverse manner, possibly because the cells are able to
respond by increasing growth factor production. Later during the growth phase,
production of growth factors ceases, and the cells start producing autocrine faciors
of a different type, whose effect at a high concentration is to signal the end of the
growth phase and the onset of cell death. These factdrs accumuiate from a low
concentration on day 0 to a high concentration at a later time. At that point, these
factors effectively signal the cells to stop growing and to enter the stationary and
the death phases. We pmpose that dextran sulfate preferentially binds to these
death-signaling factors, thus disabling their signaling function and allowing an
extension of the growth phase. Continuous induction by these factors appears to
be needed for cell death to proceed, with the result that cells that have entered the
death phase can be reset into a stationary phase when death-signalling factors are -
disabled by dextran sulfate (Examples 7 and 8), even as late as on day 14 in
culture. Conversely, dexiran sulfate added on day 0, that has bound to growth
factors, is still bound to these factors at the end of the growth phase, making it



addi tion of dextran sulfate was del ayed. Two repeat 5L
bi oreactors were inoculated with 0.2 x 106 cells/nL of
L104EA29YI g- produci ng cells, and dextran sul fate was
added to a concentration of 50 ng/L on the sanme day
as the inoculation (day 0). The viability, viable cel
density, and total cell density profiles are presented
in Figure 10. Neither culturé7achi eved a higher cel
density than cultures devoid of dextran sulfate
(Conpare Figures .6 and 10). The cells entered the
death phase on day 7 or 8, as opposed to day 11 when
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enddcfi}lon sriablllzed the viable cell density for 4 days following the growth phase. At
time points past 250 h, the viable cell density in the day 5 dexiran sulfate addition
culture was always higher or equal (within measuring error) than in the day 4
dextran sulfate addition culture, and the viable cell density in the day 4 dextran
sulfate addition cutture was always higher or equal (within measuring error) than in
-the day 3 dextran sulfate addition culture. Thus, it appears from this example that
the optimal time for dextran sulfate addition is at the end of the initial growth phase
(referring to the growth phase that would have been observed in the absence of

any dextran sulfate addition). Earlier addition can extend the growth phase but will



growm h phase and the onset of cell death. These
factors accunulate froma |l ow concentration on day O
to a high concentration at a later tine. At that
point, these factors effectively signal the cells to
stop growing and to enter the stationary and the
deat h phases. W propose that7dextran sulfate
preferentially binds to these death-signaling
factors, thus disabling their signaling function and
all ow ng an extension of the growh phase. Continuous
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densities (> 10 ceIIs/nL) were achieved in all three
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additions (day 3 or 4) did not prevent a decline in
t Hespectively.

The results show the benefits of applying at least one temperature shift. In
the case where the temperature is maintained at 37°C throughout the run, the
culture enters the death phase on day 10, and the decrease in viable celt density
and viability is steep. As a result, there is a clear decrease in L1 04EA29‘(_lg
volumetric productivity after 12 days in culture. For culture times of 14 days and
longer, it is clear that cultures that have one or two temperature shiits will

outperiorm the constant temperature culture in terms of titer.

In the case where only one temperature shift is implemented (on



viable cell density imediately follow ng the growh
phase. In contrast, day 5 addition stabilized the

vi abl e cell density for 4 days follow ng the growth
phase. At tinme points past 250 h, the viable cell
density in the day 5 dextran sulfate addition culture
was al ways hi gher or equal (W|th| n measuring error)
than in the day 4 dextran sul’fate addition culture,
and the viable cell density in the day 4 dextran

sul fate addition culture was al ways hi gher or equal

(W thin nmeasuring error) than in the day 3 dextran

S Udjéﬁli GoB4ECY, iaitespitiberease visbleickll dpnpsity and manmtyhs sbserved
le that the optimal tinme for dextran stj fate
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observed in the absence of any dextran sulfate
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supstantial increase in viable cell density (see
Ex Ies 7 and 8). Accordingly, on day 14 a titer of
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in the runs nenti'oned above, show ng that higher
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sul fate addition cane with a consi stent |evel
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I WiresRbrobidddilidatitsyi ati ons are shown with bars.
Viable cell density, viability, and titer are reported

in Figures 12, 13, and 14
The contents of all issued and granted patents, patent applications,
published PCT and U.S. applications, articles, books, references, reference and
instruction manuals, and abstracts as referenced or cited herein are hereby
incorporated by reference in their entireties to more fully describe the state of the
art to which the invention pertains. o

As various changes can be made in the above-described subject matter
without departing from the scope and spirit of the present invention, it is intended
that all subject matter contained in the above description, or defined in the



respectively. The results show the benefits of
applying at | east one tenperature shift. In the case
where the tenperature is mai ntained at 37C t hr oughout
the run, the culture enters the death phase on day
10, .and the decrease in viable cell density and
viability is steep. As a res¥t, there is a clear
decrease in L104EA29YIg volunetric productivity after
12 days in culture. For culture tinmes of 14 days and
Ionger it is clear that cultures that have one or two

Q%HLHIQm%hbé iriteiréted 23HeRBAPREBAd RuKtRRIvE T the present
te erature culture in terms of titer. In the case

vingertion | Maoynmodifieptiens and variationsiof thenplesaatipeentianarpgpossible

d p decrease in viable cel
d@?’&ﬂ 9F§ﬁ§%§|%t€a}&'§ I's observed after day 16. The

cul ture where a second tenperature shift (on day 10,
to 32C) is inplenented in addition to the first does
not show as steep a decline in viable cell density
and viability after day 16. At culture tines past 18
days, volunetric productivity in the one T-shift
culture is clearly inferior to that in the two
T-shifts culture. In contrast, volunetric
productivity in the culture with one T-shift is
superior to that in the two T-shifts culture at
culture tinmes between day 11 and day 15. In
conclusion, the first tenperature shift is beneficia
i ndependently of the desired harvest tine, whereas
the benefit of the second tenperature shift depends
on the intended harvest tinme and the viability
requirenents for effective downstream processing. The
absence of a second tenperature shift will allowto
reach at higher product titer until day 20, but for
cultures that are run for |longer than 20 days, the
run with two tenperature shifts will outperformthe
run with one tenperature shift in terns of titer. In
addition, it must be considered harvests past. day 12
will contain higher anount of cell lysis products in
the case of one T-shift than in the case of two
T-shifts, which can conplicate downstream processi ng.
The steep decrease in viable cell density observed
after day 12 in the case of the one T-shift profile
can be a concern for product quality, as the
corresponding cell death may release into the
supernatant a significant |oad of sialidases that can
decrease product sialylation. The contents of al

i ssued and granted patents, patent applications,



publ i shed PCT and U.S. applications, articles, books,
references, reference and instruction nmanuals, and
abstracts as referenced or cited herein are hereby
incorporated by reference in their entireties to nore
fully describe the state of the art to which the

i nvention pertains. As varioé#d changes can be made in
t he above-descri bed subject natter w thout departing

Qqﬁpmﬁﬁﬁcﬁgﬁﬂgﬁggf spirit of the present invention, it
' *al | subject matter contained in the
bove ,description, or defined in the 80 appended
3 ai s caECding Hratess CUmABSB nt i ve and 111 ustrative
of tha)pEgReiNg hodtvedlisl @RichMBfdduBBddliBiat ERBRXRN T -lymphocyte
vari ations of the_present invention are possible 1n
| i ght ofantigensb(CELAGYolegdes 8l a finsitempraturenator rear 37°C

1 A cell rfdartcléﬁlicﬂgy% g&gdﬁt?oﬁsogﬁy@ﬁg@gj%eﬁo% fndt bitdws for cell

host cel T"&SUECH oduce solu
T-1 ynphaggiseh; antigen-4 (CTLA4) nol ecules at a first
terrpebgture at or near 37C under cell culture

condi P} ofenafdtyring the colts pha;j srpondatemparaigerajrorcaear 34°C;

grow h; g then culturing the cells at a second
tenperature at or near 34C;, and c) then culturing the

cel | schthen chituring émpeeks at @ thirdorermperatuBe Gtaodnear 32°C and
wherein the cells aBe cultw he sec

d d ,
{ emper atheTed 49 (AlS apduttuaed 3 the SeEpnd bmperature starting
cul ture,aifl hEBEHD dale7Cel tfe %guré?gé@@rvgrgey@httﬁ(}fe cells are

third tenperatudre starting about day 0

t he cul taultarechatl tie énied termperatunier stattingpabawtuday &t tar day 14 of
no soon than__the sane.d s the day of the culture

2t the Sbesiile. Al SRERL e Anehrsiiule slalfy ' s58hEr than
cl ai m 1,thekehed ay BE t66 Hla? ofite eulturdrReh@betdivd teTRpSture.
tenperature starting about day 6 of the culture, and

wherein the cells are cultured at the third

enpe LNg: : Lt ur
e pr e L gosie ot o, Wefipin the Religer cGurba at the
a]|¢opr gsémmtcbt%mpemturedstﬁrﬁng: agm&ﬂﬂay 6 bfwtiedn dultaresstarid wherein
of 1 ﬁ'lesgglpsnaret gu u%gtalfrtﬁe ?Rird t*ter(;%perr:lture starting about day 10 of

the culture.

3. The process according to claim 1, wherein there are approximately four
day increments between the start of the second temperature and the
start of the third temperature.

4. The process according to claim 1, further comprising, after step ¢), the
step of culturing the cells at a fourth temperature at or near 30°C
starting on or about two weeks from the start of the culture until the end
of the culturing process.

5. The process according to claim 1, wherein the soluble CTLA4 molecule
is a CTLA4 fusion protein.



start of the third tenperature. 4. The process
according to claiml1, further conprising, after step
c), the step of culturing the cells at a fourth
tenperature at or near 30C starting on or about two
weeks fromthe start of the culture until the end of
the culturing process. 5. Th82process according to
claim1l1l, wherein the soluble CTLA4 nolecule is a
CTLA4 fusion protein. 82 6. The process according to
claimb5, wherein the soluble CTLA4 fusion protein is a
6.yt ot Dhé procéssrpbosing tmt:l@mﬁ Awheraim ciyé sloluble CTLA4 fusion
(CTLAAL nol ecul e. 7. e_rﬂlrocess accor di n%to C

LA

6 RO e R oRHBIET Ty TRROGS ARIOENTE | nmunoglobulin
CTLA4 mno acids -1 to 357 or +1 to 357
e ST il '

NGO 2. 8. The process according to
cl aiml wherein the soluble CTLA4 nolecule is a

| CT le.. 9. Th )

ccor KR @TOEES BPaent.i T 6. ndtin 3hE Bibia GTiAk fusion
DI eChiofeinSs Ldﬂ_“ﬁﬂ%%rﬁ ﬁﬁﬂ@rdrﬁihbga@ﬂ% 09 ta@5fsor +1tte 357 as
357 or +1 to as shovvnln SEQ ID NG 4. 10. The

proce@@mﬂbﬁﬁﬂl@i\l@al aim1, wherein the cell
culturing process is a fed-batch process or a
conti nuous process. 11. The process according to claim

4, WEhei grodéys astiording te claimt 1)rvateratn thedoldiblerCTiaA4 tnolecule
to day 10 and are cultured at 32C fromday 10 onward.

12. 'I"Iffea W'HB@S@T%&@WHEW@ @i m 11, wherein the

protein is soluble CTLA4 fusion protel nis CTLA4Llg
conprising amno acids -1 to 357 or +1 to 357 as
8hownThe pBacgdsDadé@rdingoto slalnil, evi@reititheusalnble CTLA4 mutant

o el LSO AREAE o g Sl 1514 B +1 o
pr ocessy QE(‘sﬂb@UnﬁE g?qbqu@,ﬂ wherein the tenperature

of the culture is fted fromat or near 37C to at or
near 34C when the cell

10. The process according to claim 1, wherein the cell culturing process is
a fed-batch process or a continuous process.

11.  The process according to claim 1, wherein the cells are cultured at
34°C from day 6 to day 10 and are cultured at 32°C from day 10

onhward.

12. The process according to claim 11, wherein the protein is soluble
CTLAA4 fusion protein is CTLA4Ilg comprising amino acids -1 to 357 or
+1 to 357 as shown in SEQ ID NO:2, or soluble CTLA4 mutant
molecule L104EA29YIg comprising amino acids -1 to 357 or +1 to 357
as shown in SEQ ID NO: 4. ‘



density in the culture is about 2-12 x 106 cells/niL.
14. The process according to claim1, wherein the
tenperature of the culture is shifted fromat or near
37C to at or near 34C when the <culture is in the
stationary phase. 15. The process according to claim
1, wherein the produced prot@n conprises enhanced
sialylation during cell culturing. 16. The process

00T FhY%rbel AdtblidB! Blfint e kLR, e ISMEBRILAD of the

c€lls ess¥accor ngtocaml
the rmmméllﬁshmbl feorarat orGd@rGF1°Csto ait&:r e P°Acwhen the cell

according to claiml1, wherein gln duction is
[ nor oty ty indhe exiturs:is abeut b 35 ‘aim 1,
wherein cell viability is |ncreased 20 A cell

culturing process conprising: a) culturing CHO cel ls
i chTpe qurocess axsbudihg tGTElaimnd) adereinathe $rGperatere of the

ar o IRES 1t it 4l earc 67 1€ Y, Saahent 3 Gigwhmn the
day 6cmﬂfuréh§|rﬂ%|et§!éﬁma'%¥ haga. then culturing the cells
at 32C starting on da of the culture. 21. Acell -

cul turing process conprising: 84 a) culturing host

I R e R e

Corrpocmﬂph@eé BRha&fddd sidiyidtiop diring delneuliring!
i nnocul ation. 22. The process according to claim 21,

wherein the pol yanionic conpound is selected fromthe

Spar THE e BBt chlns f, Wikel (6876 arg mgrmlin

der ma¢ells. sul fate, keratan sulfate, hyal uronate,
poly(vinyl sulfate), kappa- carrageenan, and suram n.
23. The process according to claim 22, wherein the

PR yarherScesOHRBHIMG ® &alR! 165 Wiereftfl t FaHR@lian cells are
CHO cells.

18. The process according to claim 1, wherein protein production is

increased.
19.  The process according to claim 1, wherein cell viability is increased.

20. A cell culturing process comprising:

a) culturing CHO cells which produce a soluble CTLA4 molecule at
37°C under conditions and for a time period that allow for cell
growth;

b) then culturing the cells at 34°C starting on day 6 of the culture; and

¢) then culturing the cells at 32°C starting on day 10 of the culture.

21. A cell culturing process comprising:



24. The process according to claim 23, wherein the
pol ysul fated conpound is dextran sulfate. 25. The
process according to claim21l, wherein the polyanionic
conmpound is added on day 1 of the culture or later.
26. The process according to claim 21, wherein the
pol yani oni ¢ conpound is addé4 to bring the
concentration in the culture to 1-1000 ng/L. 27. The
proc t r S

| i ﬁj‘?l'hgl Hst %Ilgjsﬁhl%r s gg’g@ g?c%brl%:lﬁté"ﬁkfc Eh?rﬁfhocyte
27, whenahgehhbﬁﬁﬁﬂh@“nabcuEﬁtandre CHO ceIIs
The pr.ocess accp rding to cl ai 1, wherein the bIe
Crv ab)” B PERDidtie eRmpdlind & thé oel elitis a§ timg after
process”ﬂmé{dhg to claim29, wherein the soluble
CTLA4 fusion protein is a CTLA4lg. 31. The process
according to claim 30, wherein the soluble CTLA4

Si rotein is LA4l g .conapri sin i n i -
14" 35ie PR sl 6 a2 ot 118 BGyBhIche cdmpound
pr OCGiQSséléétﬁddeMn ttﬁecbﬂjlm Zzbnsiéﬂﬁ? evf dé@raw Gufate, Ofeparin,
interest is a soluble CILA4 mutant nol ecul e. 33. The

proce'%%oaiéaoﬁbﬂ Alg. tmaﬂnanmsghahamercéion foitin sevifee dermatan

R i R R
The pearesgeerancandisagarhin.cl ai m 21 wherein the

pol yani oni ¢ conpound is added at a tinme after
i nnocul ation that is before the begi nning of the

i tiphed h e JiiRce a Hn 0 ani
AP i e Rording, 10" SRF 22, SRR b pptygnionic
a t i neorapoend isnmpolysalfated aampoursd.during the initi al

grom h phase. 36. The process according to claim 35,
wherei n the pol yani oni ¢ conpound is added during the

2pconthdablodfsst fm:cbm:hgaltogrc%h Phasgherdih Hee polysulfated
process according to clai m 36, wherei n the pol yani ofi c
conpoetpound is dextran sulfate.

25. The process according to claim 21, wherein the polyanionic compound
is added on day 1 of the culture or later.

26. The process according to claim 21, wherein the polyanionic compound
is added to bring the concentration in the culture to 1-1000 mg/L.

27. The process according to claim 21, wherein the cells are mammalian
cells.

28. The process according to claim 27, wherein the mammalian cells are
CHO cells.

29. The process according to claim 21, wherein the soluble CTLA4
molecule is a CTLA4 fusion protein.



I's added on or about the end of the initial growth
phase. 86 38. The process according to claim 21,
wherei n the pol yani oni c conpound is added at a tine
after innoculation that is during the initial death
phase. 39. The process according to claim34, wherein
the growth phase is extende@ 40. The process
according to claim39, wherein the peak viable cel
density achieved during the extended growth phase is
hi gher than the peak viable cell density achieved
3Mur i nHhe Ipeocesst acdordingvibhclaina 28, whereifitbhemadele SCTLA4 fusion
according to claim34, where the onset of the death
phaseProt ”d%?é?@d&hﬂz. The process according to claim
38, wherein the death phase is arrested. 43. The
rocess according to claim2l1, wherein cell viability

3% i nChepsecnss agcordingdtol claim 80r whgreindbesspluble CTLA4 fusion

col P S s TIRbLFARBSHE BngCactiy 1 8008 1 g 357 e
to thenhwahin Eldt3re at a tinme after innoculation. 45.
The process according to claim44, wherein the onset

of the death phase is del ayed.
32. The process according to claim 21, wherein the protein of interest is a

soluble CTLA4 mutant molecule.

33. The process according to claim 32, wherein the soluble CTLA4 mutant
molecule is L104EA29YIlg comprising amino acids -1 to 357 or +1 to
357 as shown in FIG. 4.

34. The process according to claim 21 wherein the polyanionic compound
is added at a time after innoculation that is before the beginning of the
initial death phase.

35. The process according to claim 34 wherein the polyanionic compound
is added at a time after innoculation that is during the initial growth

phase.

36. The process according to claim 35, wherein the polyanionic compound
is added during the second half of the initial growth phase.

37. The process according to claim 36, wherein the polyanionic compound
is added on or about the end of the initial growth phase.



38.

39.

40.

41.

42.

43.

44,

45.

86

The process according to claim 21, wherein the polyanionic compound
is added at a time after innoculation that is during the initial death
phase.

The process according to claim 34, wherein the growth phase is

extended.

The process according to claim 39, wherein the peak viable cell density
achieved during the extended growth phase is higher than the peak
viable cell density achieved during the initial growth phase.

The process according to claim 34, where the onset of the death phase
is delayed.

The process according to claim 38, wherein the death phase is
arrested.

The process according to claim 21, wherein cell viability is increased.
A cell culturing process comprising:
a) culturing CHO cells which produce a soluble CTLA4 molecule; and

b) adding dextran sulfate to the cell culture at a time after innoculation.

The process according to claim 44, wherein the onset of the death
phase is delayed.



