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What is claimed is: /

1. A method of arresting cell growth in a mammalian cell culture expressing a recombinant
y
protein comprising }f
establishing a mammalian cell culture in a serum-free culture medium in a l:;-i%reactor;
inducing cell growth-arrest by perfusion with a serum-free perfusion m;déum having
an L-asparagine concentration of SmM or less; /
maintaining the mammalian cells in a growth-arresied state by [ff;CI'ﬁ.ISiOﬁ with a
serum-free perfusion medium having an L-asparagine concentration of Smi\i[ or less.

r

/
2. A method of increasing recombinant protein production in %,f}?nammalian cell culture
expressing a recombinant protein comprising . /
establishing a mammalian celf culture in a serum-free gﬁiture medium in a bioreactor;
inducing cell growth-arrest by perfusion with a sex}}.ﬁ;—free perfusion medium having
an L-asparagine concentration of SmM or less; /
maintaining the mammalian cells in a g'row}ﬁf—arrested state by perfusion with a

serum-free perfusion medium having an L-asparaging concentration of 5mM or less.

£

3. A method of limiting a mammalian cell calture expressing a recombinant protein at a
desired packed cell volume comprising v

establishing a mammalian celi culfpﬁ;e in a serum-free culture medium in a bioreactor,

indueing cell growth-arrest by _p'é;rﬁ,lsion with a serum-free perfusion medium having
an L-asparagine concentration of Snﬂy{or less,

maintaining the mammaifia";l cells in a growth-arrested state by perfusion with a

serum-free perfusion medium having an L-asparagine concentration of SmM or less.

P

4. The method of any of/claims 1-3, wherein the perfusion with a serum-free perfusion
medium having an L-asp’ﬁraginc concentration of SmM or less begins on or before day 3 of

the culture.

f:‘.‘.
5. The method according to any of claims 1-3, whercin induction of cell growth-arrest takes

place prior to 2/ i)rodu.ction phase.

6. The zp“éthoci according to any of claims 1-3, wherein induction of cell growth-arrest takes

place di‘;iring a production phase.
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7. The method according to any of claims 1-3, wherein cell growth-arrest is induced by %

asparagine starvation, f
/
/
£
8. The method according to any of claims 1.3, further comprising a temperature sfg}fifft from
36°C to 31°C. /
/

£
E

9. The method according to any of claims 1-3, further comprising a tcmpeg&%urc shift from
36°C to 33°C.

10. The method according to claims 8 or 9, wherein the tempera"g-ii'e shift occurs at the

transition between a growth phase and a production phase. /
y

11. The method according to claims 8 or 9, wherein the te@fjeramre shift occurs during a

production phase. /

12, A method of culturing mammalian cells expressingﬁ}rﬁcombinant protein comprising;
establishing a mammatian cell culture in a sgf{;m—frce culture medium in a bioreactor;
growing the manmmalian cells during a grow”th phase and supplementing the culture

mediam with bolus feeds of a serum-free feed m‘édium, and
maintaining the mammalian cells durmg a production phase by perfusion with a

serum-free perfusion medium, wherein thc‘;slf;acked cell volume during the production phase is

less than or equal to 35%.

13, The method according to ciaim'“]Z, wherein perfusion begins on or about day 5 to on or

;

about day 9 of the cell culture.  /

14. The method according ’gﬁciaim 12 or 13, wherein perfusion begins on or about day 5 to on

or about day 7 of the celi,gc‘::ﬁiture.

15. The method accerding to claim 12, wherein perfusion begins when the ceils have reached
a production pha@éi

16, The 111(:§th according to claim 12, further comprising inducing cell growth-arrest by L-
asparagin;:"zétarvation followed by perfusion with a serum-free perfusion medium having an

L-asparagine concentration of 5 mM or less.

i
£
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17. The method according to claim 12, further comprising inducing cell growth-arrest by _f
perfusion with a serum-free perfusion medium having an L-asparagine concentration of 5 mM/
or less. j”f

y

/

r""/ﬁ.

18. The method according to any of claims 1-3, 16 and 17, wherein the concentration of L-

asparagine in the serum-free perfusion medium is less than or equal to SmM. i

T/..ff'
19. The method according to any of claims 1-3 and 16-18, wherein the co_p%entration of L-

asparagine in the serum-free perfusion medium is less thar or equal to 4.0“_1ﬁM.
.=/f“
20, The method according to any of claims 1-3 and 16-19, whereiry’%he concentration of L-

asparagine in the serum-free perfusion medium is less than or equal'to 3.0 mM.

21. The method according to any of claims 1-3 and 16-20, wherein the concentration of L~

asparagine in the seram-free perfusion medium is less thansor equal to 2.0 mM.

22. The method according to any of claims -3 anc_i--’"i6-21, wherein the concentration of L-

asparagine in the serum-free perfusion medium is _;éss than or equal to 1.0 mM.

23. The method according to any of claims‘f,;f}—Bo and 16-22, wherein the concentration of L-

asparagine in the serum-free perfusion medium is 0 mM.
7
£

3
. . / - - .
24. The method according to claim/7 or 16, wherein the L-asparagine concentration of the

cell culture medium is monitored pfior to and during L-asparagine starvation.

25. The method according tg’;ny of claims 1-3, further comprising wherein the packed cell
volume during a productiqrifphase is less than or equal to 35%
/j
26. The method according to claim 12 or 25, wherein the packed cell volume is less than or
£
equal to 35%.  /
27. The meﬂ}_é:a according to any of claims 12, 25 and 26, wherein the packed cell volume is

less than Q1”5‘;équal to 30%.
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28. The method according to claim 12 or 25, wherein the viable cell density of the ,sf
mammalian cell culture at a packed cell volume less than or equal to 35% is 10x10° viab}é’y

cells/ml to 80x10° viable cells/ml. &

29. The method according to claim 28, wherein the viable cell density of the mammahan cell

culture is 20x10° viable cells/ml to 30x10° viable cells/ml f

30. The method according to any of claims 1-3 and 12, wherein pegfi;sion conprises

continuous perfusion,

31. The method according to any of claims I-3 and 12, whereh}f{hc rate of perfusion is

constant,

A
S
7

32. The method according to any of claims 1-3 and 12, Wl}egein perfusion is performed at a

. i
rate of less than or equal to 1.0 working volumes per day. /

..:f;
/

33. The method according to any of claims 1-3 and 12 wherein perfusion is performed at a
rate that increases during the production phase from 0.25 working volume per day to 1.0

4'

working volume per day during the cell culture‘}f
34. The method according to claim 12, Whelem perfusion is performed at a rate that reaches
1.0 working volume per day on day 9 to day 11 of the cell culture,

35. The method according to clau‘n 12 or 34, wherem perfusion is performed at a rate that

reaches 1.0 working volhume per day on day 10 of the cell culture.

36, The method according:-"io ctaim 12, wherein the bolus feeds of serum-free feed medium

begin on day 3 or day 4of the cell culture.

37. The method agc‘%rdmg to any of claims 1-3 and 12, wherein the mammaliaa cell culture is
established by :fi_ﬂ{oculaﬁng the bioreactor with at least 0.5 x 10° to0 3.0 x 10° cells/mL in a

setum-free cylture medium.

38, Thc method according to any of claims 1-3, 12 and 37, wherein the mammalian cell
culture is established by inoculating the bioreactor with at least 0.5 x 10°to 1.5 x 10° ceils/mL

ing semm—free culture medium.

ey




39. The method according to claim 12, further comprising a temperature shift from 36°C t
31°C.

40. The method according to claim 12, further comprising a temperature shift frmfry/?f@(l 1o
33°C.

rd
#
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41. The method according to claim 39 or 40, wherein the temperature shift occurs at the

transition between the growth phase and production phase. jf

5

A
42. The method according to claim 39 or 40, wherein the temperauigé} shift occurs during the

production phase. r

/
43. The method according to any of claims 1-3 and 12, wherein the perfusion is accomplished

by alternating tangential flow. , f;“f

f'fj
44, The method according any of claims 1-3 and lzjfﬁfvherein the bioreactor has a capacity of
at least S00L. ,,.eff
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45, The method according to any of clairqsé:}—S, 12 and 44, wherein the bioreactor has a

capacity of at least SO0L to 2000L.

§

46. The method according to any o@fiﬂiaims 1-3, 12, 44 and 45, wherein the bioreactor has a

r
capacity of at least 1000L to 2000L,

7

47. The method according ‘gﬂy of claims 1-3 and 12, wherein the mammalian cells are
Chinese Hamster Ovary ('(;.EiO) cells.

af[

.

48. The method accp?ding any of claims 1-3 and 12, wherein the recombinant protein is
selected from the gﬁrfoup consisting of a hwman antibody, a humanized antibody, a chimeric

antibody, a reco;ﬁbinam fusion protein, or a cytokine,
/

/
49. The rgéthod any of claimg 1-3 and 12, further comprising a step of harvesting the

recombi}lfant protein produced by the cell culture,

Fy
#

7

5(}.;""11 he method any of claims 1-3 and 12, wherein the recombinant protein produced by the

géﬂii culture is purified and formulated in a pharmaccutically acceptable formuiation.
g“'j)j
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51. The method of claim 2, wherein recombinant protein production in the mammalian cell/

rd
culture is increased compared to a culture where the cells are not subjected to L-asparaginé-
induced cell growth-arrest.




What is claimed is:

1. A method of (a} arresting cell growth in a mammalian cell culture expressing a
recombinant protein, (b) increasing recombinant protein production in a mammalian cell
culture expressing a recombinant protein, and/or (¢) limiting a mammalian cell culture
expressing a recombinant protein at a desired packed cell volume, comprising

establishing a mammalian cell culture in a serum-free culture medium in a bioreactor;

inducing cell growth-arrest by perfusion with a serum-free perfusion medium having
an L-asparagine concentration of 5SmM or less;

maintaining the mammalian cells in a growth-arrested state by perfusion with a

serum-~free perfusion medium having an L-asparagine concentration of SmM or less.

2. A method of culturing mammalian cells expressing a recombinant protein comprising;
establishing a mammalian cell culture in a serum-free culture medium in a bioreactor;
growing the mammalian cells during a growth phase and supplementing the culture
medium with bolus feeds of a serum-free feed medium; and
maintaining the mammalian cells in a production phase by perfusion with a serum-
free perfusion medium, wherein the packed cell volume during the production phase is less

than or equal to 35%.

3.. The method of claim 1, wherein the perfusion with a serum-free perfusion medium having

an L-asparagine concentration of SmM or less begins on or before day 3 of the culture.

4. The method according to claim 1, wherein induction of cell growth-arrest takes place prior

to a production phase or during a production phase.

5. The method according to claim 1, wherein cell growth-arrest is induced by L-asparagine

starvation.

6. The method according to claim 1, further comprising a temperature shift from 36°C to
31°C or from 36°C to 33°C.

7. The method according to claimé6, wherein the temperature shift occurs at the transition

between a growth phase and a production phase or during a production phase.
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8. The method according to claim 2, wherein perfusion begins on or about day 5 to on or
about day 9 of the cell culture, preferably perfusion begins on or about day 5 to on or about

day 7 of the cell culture.

9. The method according to claim 2, wherein perfusion begins when the cells have reached a

production phase,

10. The method according to claim 2, further comprising (a) inducing cell growth-arrest by L-
asparagine starvation followed by perfusion with a serum-free perfusion medium having an
L-asparagine concentration of 5 mM or less; or (b) inducing cell growth-arrest by perfusion

with a serum-free perfusion medium having an L-asparagine concentration of 5 mM or less.

11. The method according to any of claims 1-2 and 10, wherein the concentration of L-
asparagine in the serum-free perfusion medium is less than or equal to SmM, less than or
equal to 4.0 mM, less than or equal to 3.0 mM, less than or equal to 2.0 mM, Iess than or
equal to 1.0 mM, or is 0 mM.

12. The method according to claim 5 or 10(a), wherein the L-asparagine concentration of the

cell culture medium is monitored prior to and during L-asparagine starvation.

13. The method according to claim 1, further comprising wherein the packed cell volume

during a production phase is less than or equal to 35%, or less than or equal to 30%.

14, The method according to claim 2 or 13, wherein the packed cell volume is less than or

equal to 35%, or less than or equal to 30%.

15. The method aécording to claim 2 or 13, wherein the viable cell density of the mammalian
cell culture at a packed cell volume less than or equal to 35% is 10x10° viable cells/ml to
80x10° viable cells/ml, preferably the viable cell density of the mammalian cell culture is
20x10° viable cells/ml to 30x10° viable cells/ml.

16. The method according to claim lor 2, wherein perfusion comprises continuous perfusion.

17. The method according to claim lor 2, wherein the rate of perfusion is constant.

18. The method according to claim 1 or 2, wherein perfusion is performed (a) at a rate of less

than or equal to 1.0 working volumes per day or (b) at a rate that increases during the

29



production phase from 0.25 working volume per day to 1.0 working volume per day during
the cell culture.

19. The method according to claim 2, wherein perfusion is performed at a rate that reaches 1.0
working volume per day on day 9 to day 11 of the cell culture, preferably on day 10 of the

cell culture.

20. The method according to claim 2, wherein the bolus feeds of serum-free feed medium

begin on day 3 or day 4 of the cell culture.

21. The method according to claim 1 or 2, wherein the mammalian cell culture is established
by inoculating the bioreactor with at least 0.5 x 10° to 3.0 x 10° cells/mL in a serum-free
culture medium preferably with at least 0.5 x 10° to 1.5 x 10° cells/mL in a serum-free culture

medium.

22. The method according to claim 2, further comprising a temperature shift from 36°C to
31°C or from 36°C to 33°C.

23. The method according to claim 22, wherein the temperature shift occurs at the transition

between the growth phase and production phase, or during the production phase.

24. The method according to claim 1 or 2, wherein the perfusion is accomplished by

alternating tangential flow.

25. The method according to claim lor 2, wherein the bioreactor has a capacity of at least
500L.

26. The method according to claim 1 or 2, wherein the mammalian cells are Chinese Hamster
Ovary (CHO) cells.

27. The method according to claim 1 or 2, wherein the recombinant protein is selected from
the group consisting of a human antibody, a humanized antibody, a chimeric antibody, a

recombinant fusion protein, or a ¢ytokine.

28. The method of claim 1 or 2, further comprising a step of harvesting the recombinant

protein produced by the cell culture.
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29. The method of claim 1 or 2, wherein the recombinant protein produced by the cell culture

is purified and formulated in a pharmaceutically acceptable formulation.
30. The method of claim 1(b), wherein recombinant protein production in the mammalian cell

culture is increased compared to a culture where the cells are not subjected to L-asparagine-

induced cell growth-arrest.
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