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hat is claimed is: 

1. • .erfusion method for manufacturing etanercept comprising the following steps: 

(a) prepar ig a mixture comprising cells capable of expressing a protein comprising 

etanercept a d 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 a. dng fresh culture medium to, the reaction vessel. 

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

feed medium selected from SF ,i4CHO®  medium and BalanCDTm/Hycell®  medium. 

3. The perfusion method of claim 	wherein the culture medium comprises at least 

one supplement selected from the grow• consisting of dexamethasone, ManNAc and 

galactose. 

4. The 	perfusion 	method 	of 	claim 	3 	wh rein 	the 	base 	feed 	medium 	is 

BalanCDTm/Hycell®  medium, 	and the culture me. um 	comprises dexamethasone, 

galactose and ManNAc. 

5. The perfusion method of claim 4 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 fr. 	; (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 	carrie. 	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 	°C to 
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. •• ut 36°C; (vi) the range of about 35°C to about 36°C; (vii) 32.5°C; (viii) 33.5°C; (ix) 

34. ,°C; and (x) 35.5°C. 

6. Th: perfusion method of claim 5 wherein the production temperature is in the 

range of 33° 	to about 36°C. 

7. The perfusi. 	method of claim 6 wherein the protein comprising etanercept 

comprises at least 4►  wt.%, 50 wt.%, or 60 wt.% of correctly folded etanercept, and 

wherein the total amou t 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. 

8. The composition of claim 7 wh= ein the production temperature is 33.5°C. 

9. The composition of claim 7 wherein he culture medium further comprises at least 

one feed supplement selected from the . oup consisting of CHOZN and cottonseed 

hydrolysate. 

10. The perfusion method of claim 3 where in the •ase feed medium is SFM4CHO©  

medium, and the culture medium comprises dexameth 	one, galactose and ManNAc. 

11. The perfusion method of claim 10 wherein 

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

etanercept are grown in a growth phase at a temperature selected 	om; (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 	care: d 	out 	at 	a 

temperature selected from (i) greater than about 32°C; (ii) greater than abo 	33°C; (iii) 

greater than about 34°C; (iv) greater than about 35°C; (v) the range of abou 33°C to 
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a'.ut 36°C; (vi) the range of about 35°C to about 36°C; (vii) 32.5°C; (viii) 33.5°C; (ix) 

34.^ °C; and (x) 35.5°C. 

12. The c• 	position of claim 11 wherein the production temperature is in the range of 

33°C to 36°C. 

13. The perfusio 	method of claim 12 wherein the protein comprising etanercept 

comprises at least 40 1.%,   50 wt.%, or 60 wt.% of correctly folded etanercept, and 

wherein the total amoun 	of correctly folded and incorrectly folded protein produced 

during the production phase . produced in titers of about 0.2 to about 1 g/L. 

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

15. The composition of claim 13 wher: n the culture medium further comprises at 

least one supplement selected from the gro p consisting of CHOZN and cottonseed 

hydrolysate. 

16. A perfusion method for manufacturing correctly c ded etanercept comprising the 

following steps: (a) preparing a mixture comprising cells c: sable of expressing a protein 

comprising etanercept and a culture medium suitable for cs ducting such expression; 

(b) in a suitable vessel containing the mixture, causing the ce 	to produce the protein 

comprising etanercept; and (c) periodically or continuously re 	oving spent culture 

medium from, and adding fresh culture medium to, the reaction vess- 

and wherein: 

(1) 	the culture medium comprises BalanCDTm/Hycell®  medium, 

dexamethasone, galactose and ManNAc; 
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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 

a. a temperature of 33°C to 36°C; 

(4) the 	c otein comprising etanercept comprises at least 40 

wt.%, 5c wt.%, or 60 wt.% of correctly folded etanercept, and 

wherein the total amount of correctly folded and incorrectly 

folded 	protei 	produced during the 	production phase is 

produced in tite • of 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 fol. -d etanercept is at least 60 wt.%. 

18. The perfusion method of claim 16 in 	1 ch an alternating tangential flow cell 

retention device is used to recirculate medium 	ontaining waste products and the 

protein comprising etanercept past a hollow fiber filte whereby the waste products and 

the protein comprising etanercept are removed from the -action vessel. 

19. The perfusion method of claim 16 wherein the culture m-. um  further comprises 

at least one feed supplement selected from CHOZN, Feed 1, Fe-. 2, Efficient Feed A, 

glutamine and cottonseed hydrolysate. 

20. The perfusion method of claim 19 wherein the culture medium 	omprises 

CHOZN and cottonseed hydrolysate. 

21. Correctly folded etanercept produced by a perfusion method comprising. th- 

following steps: (a) preparing a mixture comprising cells capable of expressing a protein 
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Imprising etanercept and a culture medium suitable for conducting such expression; 

(b) 	a suitable vessel containing the mixture, causing the cells to produce the protein 

comp -ing etanercept; and (c) periodically or continuously removing spent culture 

medium 	om, and adding fresh culture medium to, the reaction vessel; and wherein: 

(1) the 	culture 	medium 	comprises 	BalanCD/Hycell© 	medium, 

d 	amethasone, galactose and ManNAc; 

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

compris g 	etanercept 	are 	grown 	in 	a 	growth 	phase 	at 	a 

temperatu - of 28 °C to 37 °C; 

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

temperature of 3' °C to 36°C; 

(4) the 	protein 	comp 	ing 	etanercept 	produced 	in 	the 	method 

comprises at least 40 	t.%, 50 wt.%, or 60 wt.% of correctly folded 

etanercept, and wherein 	e total amount of correctly folded and 

incorrectly folded protein produced during the production phase is 

produced in titers of about 0.2 	. about 1 g/L. 

22. The correctly folded etanercept of claim 21, 	herein the production temperature 

is 33-34°C and wherein the protein comprising etan- cept comprises at least 60 wt.% 

correctly folded etanercept. 

23. Correctly folded etanercept of claim 21, wherein the 	ulture medium further 

comprises at least one of CHOZN and cottonseed hydrolysate. 

24. Correctly folded etanercept of claim 22, wherein the culture 	dium further 

comprises CHOZN and cottonseed hydrolysate. 
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5. 	Correctly folded etanercept of claim 24, wherein the culture medium further 

co' prises a feed supplement selected from (a) at least one of feed 1, Feed 2 and 

Effici= t Feed A; and (b) all three of the foregoing supplements in combination. 

26. 	A 	p4 usion 	method 	for 	producing 	correctly 	folded 	etanercept 	having 	a 

glycosylation • ofile substantially similar to that of commercially available etanercept 

sold under the tr. •ename Enbrel®, said method comprising the steps of: (a) preparing 

a mixture comprisine cells capable of expressing a protein comprising etanercept and a 

culture medium suita w e 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 con 	uously removing spent culture medium from, and adding 

fresh culture medium to, the 	-action vessel; wherein dexamethasone, galactose and 

ManNAc are present in the cu ure medium to achieve said substantially matching 

glycosylation profile. 

27. 	The perfusion method of claim 26 	•erein 

(1) prior to step (a), the cells capa• - of expressing the protein comprising 

etanercept are grown in a growth phase at a to 	•erature selected from; (i) about 28 °C 

to about 37 °C; and (ii) about 35 °C to about 36 °C; Ind 

(2) production 	of the 	protein 	comprising 	- .nercept 	is 	carried 	out 	at 	a 

temperature selected from (i) greater than about 32°C; (i 	greater than about 33°C; (iii) 

greater than about 34°C; (iv) greater than about 35°C; (v) 	e range of about 33°C to 

about 36°C; (vi) the range of about 35°C to about 36°C; (vii) 	2.5°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 least 40 wt.%, 50 wt.%, or 60 wt.% of co ectly folded 

etanercept, and wherein the culture medium comprises BalanCDTm/Hy -ii® base 

medium, EX-Cell CHOZN Platform Feed, glutamine and cotton hydrolysate to a. ieve a 

-36- 



WO 2014/160790 
	

PCT/US2014/031883 

. oduction titer of correctly folded and incorrectly folded protein produced during the 

pre duction phase of about 0.2 to about 1 g/L. 

29. Th- method of claim 28 where the culture medium comprises one or more feed 

supplement selected from (a) at least one of feed 1, Feed 2 and Efficient Feed A; and 

(b) all three of 	e foregoing supplements in combination. 

30. A 	perfusion 	, ethod 	for 	producing 	correctly 	folded 	etanercept 	having 	a 

glycosylation profile sue tantially similar to that of commercially available etanercept 

sold under the tradename . nbrel®, said method comprising the steps of: (a) preparing 

a mixture comprising cells caeable of expressing a protein comprising etanercept and a 

culture medium suitable for ca ducting such expression; 	(b) in a suitable vessel 

containing the mixture, causing the cells to produce the protein comprising etanercept; 

and (c) periodically or continuously 	-moving spent culture medium from, and adding 

fresh culture medium to, the reaction ve 	el; wherein: 

(i) dexamethasone, 	galactose 	. d 	ManNAc are 	present in 	the 	culture 

medium in amounts sufficient to achieve said substantially matching glycosylation 

profile and 

(ii) the culture medium comprises feed meoia comprising BalanCDTM/Hycell®, 

CHOZN, glutamine and cottonseed hydrolysate in . 	ounts sufficient to achieve a 

production titer of correctly folded and incorrectly foldeo orotein produced during the 

production phase of about 0.2 to about 1 g/L; and 

(Hi) 	production 	of the 	protein 	comprising etanerce• 	is 	carried 	out at a 

temperature selected from (i) greater than about 32°C; (ii) greater 	an about 33°C; (Hi) 

greater than about 34°C; (iv) greater than about 35°C; (v) the rang- of about 33°C to 

about 36°C; (vi) the range of about 35°C to about 36°C; (vii) 32.5°C; ( 	ii) 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 

is 	arried out at a temperature of 33°C to 36°C, and the protein comprising etanercept 

comb ises at least 60% correctly folded etanercept. 

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

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

33. 	The method o claim 31 wherein the culture medium further comprises one or 

more feed supplements 	elected from (a) at least one of feed 1, Feed 2 and Efficient 

Feed A; and (b) all three o 	he foregoing supplements in combination. 

34. 	A perfusion method for ma , ufacturing etanercept comprising the following steps: 

(a) preparing a mixture comprising 	ells capable of expressing a protein comprising 

etanercept and a culture medium su ..ble for conducting such expression; (b) in a 

suitable vessel 	containing 	the 	mixture, 	causing the cells to produce the 	protein 

comprising etanercept; and (c) periodicall 	or continuously removing spent culture 

medium from, and adding fresh culture mediu 	to, the reaction vessel; wherein (i) step 

(b) is carried out at or above 33°C; (ii) the cultu - medium comprises at least one of 

dexamethasone, 	galactose 	and 	ManNAc; 	(iii) t - 	protein 	comprising 	etanercept 

comprises at least 60 wt% correctly folded etanerc‘ it; (iv) the protein comprising 

etanercept is produced in titers of 0.2 to about 1 g/L; . d (v) the etanercept has a 

glycosylation profile substantially similar to that of comme 	ially 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 

characterized by a degree of sialylation substantially similar to that of etanercept 

corn iercially available under the tradename Enbrel®. 

37. 	The p= usion method of claim 35 wherein the culture medium comprises a 1:1 

mixture of Bal. CDTM CHO Growth A and HyCloneTM Hycell CHO. 
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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 (c) 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 SFM4CHO®  medium and BaIanCDTM/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; (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 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. 

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 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. 
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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 claim 1 in which an alternating tangential flow cell retention 

device is used to recirculate medium containing waste products and the protein comprising 

etanercept 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 

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

(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 wL%, 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 cottonseed 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 I, 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 (c) 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 method 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; (viii) 33.5°C; (ix) 34.5°C; and (x) 35.5°C. 
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