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hat is claimed is:

1. erfusion method for manufacturing etanercept comprising the following steps:
(a) preparlyg a mixture comprising cells capable of expressing a protein comprising
etanercept akd a culture medium suitable for conducting such expression; (b) in a
suitable vessel\containing the mixture, causing the cells to produce the protein
comprising etanersgpt; and (c) periodically or continuously removing spent cuiture
medium from, and ad¥jng fresh culture medium to, the reaction vessel.

2, The perfusion method\of claim 1, wherein the culture medium comprises a base
feed medium selected from SFM4CHO® medium and BalanCD™/Hycell® medium.

3. The perfusion method of claim wherein the culture medium comprises at least
one supplement selected from the group consisting of dexamethasone, ManNAc¢ and

galactose.

4, The perfusion method of claim 3 whgrein the base feed medium is
BalanCD™/Hycell® medium, and the culture med{um comprises dexamethasone,

galactose and ManNAc.

b. The perfusion method of claim 4 wherein:

(1) prior to step (a), the cells capable of expressing th® protein comprising
etanercept are grown in a growth phase at a temperature selected fro; (i) about 28 °C
to about 37 °C; and (ii) about 35 °C to about 36 °C; and

(2) production of the protein comprising etanercept is carrieth out at a
temperature selected from (i) greater than about 32°C; (ii) greater than about §3°C; (iii)
greater than about 34°C; (iv) greater than about 35°C; (v) the range of about

-31-




WO 2014/160790 PCT/US2014/031883

ut 36°C; (vi) the range of about 35°C to about 36°C; {vii) 32.5°C; (viii) 33.5°C; (ix)
£°C; and (x) 35.5°C.

comprises at least 40\, wt.%, 50 wt.%, or 60 wt.% of correctly folded etanercept, and
wherein the total amoulkt of correctly folded and incorrectly folded protein produced
during the production phasa,is produced in titers of about 0.2 to about 1 g/L.

8. The composition of claim 7 wharein the production temperature is 33.5°C.

9. The composition of claim 7 whereinNhe culture medium further comprises at least
one feed supplement selected from the grxoup consisting of CHOZN and cottonseed

hydrolysate.

10. The perfusion method of claim 3 where in the\base feed medium is SFM4CHQ®
medium, and the culture medium comprises dexamethagone, galactose and ManNAc.

11.  The perfusion method of claim 10 wherein

(1) prior to step (a), the cells capable of expressing the protein comprising
etanercept are grown in a growth phase at a temperature selected fxom,; (i) about 28 °C
to about 37 °C; and (ii) about 35 °C to about 36 °C; and

(2) production of the protein comprising etanercept is carried out at a
temperature selected from (i) greater than about 32°C; (ii) greater than aboty} 33°C; (iii)
greater than about 34°C; (iv) greater than about 35°C; (v) the range of abouth33°C to
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agout 36°C; (vi) the range of about 35°C to about 36°C; (vii) 32.5°C; (viii} 33.5°C; (ix)
34.5C; and (x) 35.5°C.

12. The composition of claim 11 wherein the production temperature is in the range of

13.  The perfusiot\ method of claim 12 wherein the protein comprising etanercept
comprises at least 40 Wt.%, 50 wt.%, or 60 wt.% of correctly folded etanercept, and
wherein the total amount\of correctly folded and incorrectly folded protein produced
during the production phase 1§ produced in titers of about 0.2 to about 1 g/L.

14.  The composition of claim 13 Wherein the production temperature is 33.5°C.

15.  The composition of claim 13 wherajn the culture medium further comprises at
least one supplement selected from the groyp consisting of CHOZN and cottonseed

hydrolysate.

16. A perfusion method for manufacturing correctly fajded etanercept comprising the
following steps: (a) preparing a mixture comprising cells capable of expressing a protein
comprising etanercept and a culture medium suitable for cdpducting such expression;
(b) in a suitable vessel containing the mixture, causing the cellg to produce the protein
comprising etanercept; and (c¢) periodically or continuously reloving spent culture
medium from, and adding fresh culture medium to, the reaction vesse\;

and wherein;

(1)  the culture medium comprises BalanCD™/Hycel!® medium,
dexamethasone, galactose and ManNAg;
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(2) prior to step (a), the cells capable of expressing the protein
comprising etanercept are grown in a growth phase at a
temperature of 28 °C to 37 °C;

(3) \ production of the protein comprising etanercept is carried out
aka temperature of 33°C to 36°C;

folded proteiN, produced during the production phase is
produced in titerdof about 0.2 to about 1 g/L.

17.  The perfusion method of claim\16 wherein the production phase is conducted at
33-34°C, and the amount of correctly folded etanercept is at least 60 wt.%.

18.  The perfusion method of claim 16 in ich an alternating tangential flow cell
retention device is used to recirculate medium “¢ontaining waste products and the
protein comprising etanercept past a hollow fiber filtehwhereby the waste products and
the protein comprising etanercept are removed from the i¢action vessel.

19.  The perfusion method of claim 16 wherein the culture medium further comprises
at least one feed supplement selected from CHOZN, Feed 1, Feed\2, Efficient Feed A,
glutamine and cottonseed hydrolysate.

20. The perfusion method of claim 19 wherein the culture medium \comprises
CHOZN and cottonseed hydrolysate.

21. Correctly folded etanercept produced by a perfusion method comprising. th
following steps: (a) prepering a mixture comprising cells capable of expressing a protein
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mprising etanercept and a culture medium suitable for conducting such expression;

(1) \the culture medium comprises BalanCD/Hycell® medium,

daxamethasone, galactose and ManNAc;

(2) prior\to step (a), the cells capable of expressing the protein
comprisigg etanercept are grown in a growth phase at a
temperatube of 28 °C to 37 °C;

(3) production of Yhe protein comprising etanercept is carried out at a
temperature of 3%°C to 36°C;

(4) the profein compniging etanercept produced in the method
comprises at least 40 Wt.%, 50 wt.%, or 60 wt.% of correctly folded
etanercept, and wherein\he total amount of correctly folded and
incorrectly folded protein prgduced during the production phase is
produced in titers of about 0.2 % about 1 g/L.

22. The correctly folded etanercept of claim 21,\wherein the production temperature
is 33-34°C and wherein the protein comprising etanevcept comprises at least 60 wt.%
correctly folded etanercept.

23. Correctly folded etanercept of claim 21, wherein the ‘gulture medium further
comprises at least one of CHOZN and cottonseed hydrolysate.

24.  Correctly folded etanercept of claim 22, wherein the culture medium further
comprises CHOZN and cottonseed hydrolysate.
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5. Correctly folded etanercept of claim 24, wherein the culture medium further
corpprises a feed supplement selected from (a) at least one of feed 1, Feed 2 and
Efficiant Feed A; and (b) all three of the foregoing supplements in combination,

26. A peffusion method for producing correctly folded etanercept having a
glycosylation profile substantially similar to that of commercially available etanercept
sold under the tragename Enbrel®, said method comprising the steps of: (a) preparing
a mixture comprising_cells capable of expressing a protein comprising etanercept and a
culture medium suitahle for conducting such expression; (b) in a suitable vessel
containing the mixture, cgusing the cells to produce the protein comprising etanercept;
and (c) periodically or contiQuousily removing spent culture medium from, and adding
fresh culture medium to, the keaction vessel; wherein dexamethasone, galactose and
ManNAc are present in the cuNure medium to achieve said substantially matching

glycosylation profile.

27. The perfusion method of claim 26 wRerein

(1) prior to step (a), the cells capablg of expressing the protein comprising
etanercept are grown in a growth phase at a temperature selected from; (i) about 28 °C
to about 37 °C; and (ii) about 35 °C to about 36 °C;\and

(2) production of the protein comprising nercept is carried out at a
temperature selected from (i} greater than about 32°C; (IN, greater than about 33°C; (iii)
greater than about 34°C; (iv) greater than about 35°C; (v)the range of about 33°C to
about 36°C; (vi) the range of about 35°C to about 36°C; (vii)\32.5°C; (viii) 33.5°C; (ix)
34.5°C; and (x) 35.5°C.

28. The method of claim 27 wherein the the protein comprising etan: cept produced
in the method comprises at ieast 40 wt.%, 50 wt.%, or 60 wt.% of conectly folded
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roduction titer of correctly folded and incorrectly folded protein produced during the
praduction phase of about 0.2 to about 1 g/L.

29.  The method of claim 28 where the culture medium comprises one or more feed
supplementy selected from (a) at least one of feed 1, Feed 2 and Efficient Feed A; and
(b} all three of the foregoing supplements in combination.

30. A periusion Rethod for producing correctly folded etanercept having a
glycosylation profile substantially similar io that of commercially available etanercept
sold under the tradename Knbrel®, said method comprising the steps of: (a) preparing
a mixture comprising cells calgble of expressing a protein comprising etanercept and a
culture medium suitable for copducting such expression; (b) in a suitable vessel
containing the mixture, causing the, cells to produce the protein comprising etanercept;
and (c) periodically or continuously removing spent cuiture medium from, and adding
fresh culture medium to, the reaction vessel; wherein:

(i) dexamethasone, galactose apd ManNAc are present in the culture
medium in amounts sufficient to achieve sgid substantially matching glycosylation

profile and

(i) the culture medium comprises feed medjia comprising BalanCD ™/Hycell®,
CHOZN, glutamine and cotftonseed hydrolysate in ounts sufficient to achieve a
production titer of correctly folded and incorrectly folded\protein produced during the
production phase of about 0.2 to about 1 g/L; and

{(ii)  production of the protein comprising etanercept is carried out at a
temperature selected from (i) greater than about 32°C,; (ii) greaterthan about 33°C; {iil)
greater than about 34°C; (iv) greater than about 35°C; (v) the range\of about 33°C to
about 36°C; (vi) the range of about 35°C to about 36°C; (vii) 32.5°C; (Wji) 33.5°C; (ix)
34.5°C; and (x) 35.5°C.
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1. The method of claim 30 wherein production of the protein comprising etanercept
iscarried out at a temperature of 33°C to 36°C, and the protein comprising etanercept
compyises at least 60% correctly folded etanercept.

32. The ixethod of claim 31 wherein production of the protein comprising etanercept

is carried out & a temperature of 33-34°C.

33. The method of claim 31 wherein the culture medium further comprises one or
more feed supplements\selected from (a) at least one of feed 1, Feed 2 and Efficient
Feed A; and (b} all three oiNhe foregoing supplements in combination.

34. A perfusion method for maRufacturing etanercept comprising the following steps:
(a) preparing a mixture comprising’\gells capable of expressing a protein comprising
etanercept and a culture medium suitable for conducting such expression; (b) in a
suitable vessel containing the mixture,\causing the cells to produce the protein
comprising etanercept; and (c) periodicalli\ or continuously removing spent culture
medium from, and adding fresh culture medium\to, the reaction vessel; wherein (i) step
(b) is carried out at or above 33°C; (ii) the culturg medium comprises at least one of
dexamethasone, galactose and ManNAc; (i) the protein comprising etanercept
comprises at least 60 wt% correctly folded etanercapt; (iv) the protein comprising
etanercept is produced in titers of 0.2 to about 1 g/L; apd (v) the etanercept has a
glycosylation profile substantially similar to that of commelgially available etanercept
sold under the tradename Enbrel®.

35. The perfusion method of claim 34 wherein the culture m&dium comprises

dexamethasone, galactose and ManNAc.
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6. The perfusion method of Claim 35 where the glycosylation profile is
chgracterized by a degree of sialylation substantially similar to that of etanercept
comrrercially available under the tradename Enbrel®.

37. The pagfusion method of claim 35 wherein the culture medium comprises a 1:1
mixture of BalapCD™ CHO Growth A and HyClone™ Hycell CHO.




What is claimed is:

1. A perfusion method for manufacturing etanercept comprising the following steps: (a)
preparing a mixture comprising cells capable of expressing a protein comprising etanercept and a
culture medium suitable for conducting such expression; (b) in a suitable vessel containing the
mixture, causing the cells to produce the protein comprising etanercept; and (¢) periodically or
continuously removing spent culture medium from, and adding fresh culture medium to, the

reaction vessel.

2. The perfusion method of claim 1, wherein the culture medium comprises a base feed

medium selected from SEM4CHO® medium and BalanCD ™/Hycell® medium.

3. The perfusion method of claim 1 wherein the culture medium comprises at least one
supplement selected from the group consisting of dexamethasone, N-acetylmannosamine

(ManNAc) and galactose.

4. The perfusion method of claim 1, wherein the culture medium comprises at least one feed
supplement selected from the group consisting of CHOZN, Feed 1, Feed 2, Efficient Feed A,

glutamine and cottonseed hydrolysate.
5. The perfusion method of claim 3 wherein:

(1) prior to step (a), the cells capable of expressing the protein comprising etanercept are
grown in a growth phase at a temperature selected from; (1} about 28 °C to about 37 °C; and (ii)
about 35 °C to about 36 °C; and

(2) production of the protein comprising etanercept is carried out at a temperature
selected from (i) greater than about 32°C; (ii) greater than about 33°C; (iii) greater than about
34°C; (iv) greater than about 35°C; (v) the range of about 33°C to about 36°C; (vi) the range of
about 35°C to about 36°C; (vi1) 32.5°C; (viii) 33.5°C; (ix) 34.5°C; and (x) 35.5°C.

6. The perfusion method of claim 5 wherein the production temperature is in the range of
33°C to about 36°C.
7. The perfusion method of claim 6 wherein the protein comprising etanercept comprises at

least 40 wt.%, 50 wt.%, or 60 wt.% of correctly folded ctanercept, and wherein the total amount
of correctly folded and incorrectly folded protein produced during the production phase is
produced in titers of about 0.2 to about 1 g/L.
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8. The composition of claim 7 wherein the production temperature is 33.5°C.

9. The composition of claim 7 wherein the culture medium further comprises at least one feed
supplement selected from the group consisting of CHOZN, Feed 1, Feed 2, Efficient Feed A,

glutamine and cottonseed hydrolysate.

10.  The perfusion method of ciaim ! in which an alternating tangential flow cell retention
device is used to recirculate medium containing waste products and the protein comprising
ctanercept past a hollow fiber filter whereby the waste products and the protein comprising

etanercept are removed from the reaction vessel.

11. Correctly folded etanercept produced by a perfusion method comprising. the following
steps: (a) preparing a mixture comprising cells capable of expressing a protein comprising
etanercept and a culture medium suitable for conducting such expression; (b) in a suitable vessel
containing the mixture, causing the cells to produce the protein comprising etanercept; and (c)
periodically or continuously removing spent culture medium from, and adding fresh culture

medium to, the reaction vessel; and wherein:
(1) the culture medium comprises glutamine;

(2) prior to step (a), the cells capable of expressing the protein comprising

etanercept are grown in a growth phase at a temperature of 28 °C to 37 °C;

(3) production of the protein comprising etanercept is carried out at a

temperature of 33°C to 36°C;

(4) the protein comprising etanercept produced in the method comprises at
least 40 wt.%, 50 wt.%, or 60 wt.% of correctly folded etanercept, and
wherein the total amount of correctly folded and incorrectly folded protein
produced during the production phase is produced in titers of about 0.2 to

about 1 g/L.

12. The correctly folded etanercept of claim 11, wherein the production temperature is 33-
34°C and wherein the protein comprising etanercept comprises at least 60 wt.% correctly folded

etanercept.
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13.  Correctly folded etanercept of claim 11, wherein the culture medium further comprises at

least one of dexamethasone, galactose, ManNAc, CHOZN, and cottonsced hydrolysate.

14.  Correctly folded etanercept of claim 12, wherein the culture medium further comprises

galactose and cottonseed hydrolysate,

15.  Correctly folded etanercept of claim 14, wherein the culture medium further comprises a
feed supplement selected from (a) at least one of feed 1, Feed 2 and Efficient Feed A; and (b) all

three of the foregoing supplements in combination.

16. A perfusion method for producing correctly folded etanercept having a glycosylation
profile substantially similar to that of commercially available etanercept sold under the
tradename Enbrel®, said method comprising the steps of: (a) preparing a mixture comprising
cells capable of expressing a protein comprising etanercept and a culture medium suitable for
conducting such expression; (b) in a suitable vessel containing the mixture, causing the cells to
produce the protein comprising etanercept; and (¢) periodically or continuously removing spent
culture medium from, and adding fresh culture medium to, the reaction vessel; wherein is present

in the culture medium to achieve said substantially matching glycosylation profile.
17.  The perfusion method of claim 16 wherein

prior to step (a), the cells capable of expressing the protein comprising etanercept are
grown in a growth phase at a temperature selected from; (i) about 28 °C to about 37 °C; and (ii}

about 35 °C to about 36 °C.

18.  The method of claim 17 wherein the the protein comprising etanercept produced in the
method comprises at least 40 wt.%, 50 wt.%, or 60 wt.% of correctly folded etanercept, and
wherein the culture medium comprises and cottonseed hydrolysate to achieve a production titer
of correctly folded and incorrectly folded protein produced during the production phase of about

0.2 to about 1 g/L.

19.  The method of claim 18 where the culture medium further comprises at least one of: feed

I, Feed 2, Efficient Feed A, dexamethasone, galactose, and ManNAc;.

20. A perfusion method for manufacturing etanercept comprising the following steps: (a)
preparing a mixture comprising cells capable of expressing a protein comprising etanercept and a

culture medium suitable for conducting such expression; (b) in a suitable vessel containing the
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mixture, causing the cells to produce the protein comprising etanercept; and (c) periodically or
continuously removing spent culture medium from, and adding fresh culture medium to, the
reaction vessel; wherein (i) step (b) is carried out at or above 33°C; (ii) the culture medium
comprises at least one of glutamine, galactose and cottonseed; (iii) the protein comprising
etanercept comprises at least 60 wt% correctly folded etanercept; (iv) the protein comprising
etanercept is produced in titers of 0.2 to about 1 g/L; and (v) the etanercept has a glycosylation
profile substantially similar to that of commercially available etanercept sold under the

tradename Enbrel®.

21.  The perfusion methed of claim 20 wherein the culture medium comprises glutamine and
cottonseed hydrolysate.

22.  The perfusion method of Claim 21 where the glycosylation profile is characterized by a
degree of sialylation substantially similar to that of etanercept commercially available under the

tradename Enbrel®.
23.  The perfusion method of claim 16 wherein

production of the protein comprising etanercept is carried out at a temperature selected
from (i) greater than about 32°C; (ii) greater than about 33°C; (iii) greater than about 34°C; (iv)
greater than about 35°C; (v) the range of about 33°C to about 36°C; (vi) the range of about 35°C
to about 36°C; (vii) 32.5°C; (vii1) 33.5°C; (ix) 34.5°C; and (x) 35.5°C.
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