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Production of Recombinant Human Hyperglycosylated Erythropoietin Using Cell Culture Technology
by Improving Sialylation. Park, Se-Cheol*, Seoung Oh Lee, Man Sik Park, Seung Hoon Kim, Jun Hwan
Kim, Moo-Young Song, Byung-Kyu Lee, In-Young Ko', Heu-Il Kang. Biotech Laboratory, Yuhan Research
Institute, Yuhan Corporation, Gunpo 435-715, Korea, 'Chuncheon Bioindustry Foundation, Gangwon-do 200-
161, Korea — Erythropoietin is a main regulator of human erythropoiesis. Recombinant human erythropoictin
(thEPO) is one of the glycoproteins produced in animal cells, and it has oligosaccharides chains which comprise
about 40% of its molecular mass. Because the content of sialic acid can extend circulatory lifetime, the high degree
of sialylation is often a desirable feature of therapeutic glycoproteins. In this study, the sialylation of rhEPO pro-
duced by chinese hamster ovary cell culture was maximized by supplementing the culture medium with N-acetylm-
annosamine (ManNAc), a direct intracellular precursor for sialic acid synthesis and 2-deoxy-2,3-dehydro-N-
acetylneuraminic acid (NeuAc2en), a sialidase inhibitor. Feeding of 20 mM ManNAc/0.5 mM NeuAc2en into cul-
ture medium increased the sialic acid content by nearly tenfold compared with unsupplemented medium. This effect
was achieved without affecting the cell growth or product yield. Six erythropoietin fractions differing in sialic acid
content, ranging from 11~15% of EPO, were identified from chinese hamster ovary cell-derived thEPO by mono Q
column chromatography. It was found that, at 20 mM ManNAc/0.5 mM NeuAc2en feeding, productivity of hyper-
glycosylated EPO increased up to 50%, compared with the unsupplemented medium.
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b o] AjdAl ARA vl DAY AFEAQ N-
acetylmannosamine(ManNAc)S vioF & ¢l19|H o2 AH7|5t
735l B HEZAA W8] A FEE FTHAA B
A9 sialylatione] F7FR= Ao d8|A 912w, Gu 52
A A Chinese Hamster Ovary(CHO) M| Ewl| oFA] 2 713t
ManNAcell 2|3te] ZA|A| ol A At 527} F7lste]
IFN-7 | A 9] AjebAt gheko] F7lele BaE M usiglct
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AARS- gehiale] A A EREHEE sialidase, B-
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Fde] FRAEe] FalEE AR delA gt} Michael 5
< CHO Al ZAA 3 F e Q) fetuin T A-TollA
sialidase *3]A]<¢]  2-deoxy-2,3-dehydro-N-acetylneuraminic
acid(NeuAc2en)S A 7}3le] vjokd o2 A fein®] A LAk
25 S 5 UaS Easlsdvile, 17].

E A7l A thEPO A HEFE AHE3]e] A|dAE AT
£ ¢l ManNAc$} sialidase # 3} 41 &1 2-deoxy-2,3-dehydro-
N-acetylneuraminic acid(NeuAc2en)E HijA] Foll 713t
24 Al ekl T2 hEPOS] AAHE A|ESIIcY,
3}, AlAL gheko] -2 thEPORRS AWA o2 AAksl7] 9
Z+ mono Q column chromatography 271-8- #3slgiv}.
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Dihydrofolate reductase(DHFR) Z < Chinese Hamster
Ovary Al ¥ (DHFR- CHO Cell)®] hEPO F-AAS AMIAIA
TAdEEoR A, A FEHAE AA HF 2
¥ CHO A%l EPO-2-AS-162 AHS-315le}. §- go} &3
(Fetal bovine serum, dialyzed)> Gibco-BRLAH(cat #26300-
061114 T43led ARE3kiem, 71 2ui=]]l DMEM/F12%
JRHAH(cat # 56498)ol A -3} S5l A-8-8F methotrexate
(MTX)$} N-acetylmannosamine(ManNAc), 2-deoxy-2, 3-
hydro-N-acetylneuraminic acid(NeuAc2en) 5 7|8} &4
k52 Sigma % Gibco-BRLAFS] cell culture grade A] <F
< A8kt
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A EF] Aok A Ew ks FeAH(T-75em?,
CostarAh)E o]-8-3ted wiz] 10 miol] 1x10° cell/ml®] ME
B2 HET F CO, v (5% CO,, 37°CPIA 3% vl
okt o SEMEEL trypsin-EDTAZE 22|38 F,
1,300 rpme2 587k 9423t slesliet. s A
E= iAE 179 ¥R st Mgt F AE2E
gkl F74 Awikslsdsh MESE 0.4% trypan blue
gl o g I ¥ hematocytometerE ANE-3le] &3]
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thEPO A AF M| E5-0] wlj oF-2 A EwfoF-§ E2p2=(T-
225 cm?, CostarA}) 2 roller bottle(1,700 cm?, CorningA})
< °]83199.2™ roller bottle system- Bellco AFe] S A}
Sepsint. i A= A2 2} thEPO ATHA |2
Balg om MEAA M= A EXETEE 1.0x10° cells/
mlZ HF3le] 5% FBS7} &2 DMEM/F12(1:1) vix| 2
39 B3t wieksle] M EAA ] HAr)l HEF sl Al
Bt Fell el e W AdAIRIE AlA3KL phosphate
buffered saline(PBS)22 13| A3 ¥ DMEM/F12(1:1)
A2 westsiet. ojdf, A FA ] ute} 0.2~20mM
ManNAc®} 0.5 mM NeuAc2enE H7}3le] 2 wick § il
F AeAL 353lal MEL iR E Bl wheR &
gk woFe] A5 6459t vieFsls] o roller bottle v
ool A+ A 1045t viaksldct. vl o] residual
glucose 5=+ Automatic Clinical Chemistry Analyzer
(550 Express, CIBA-Coming, USAYE o]83led 243191
™ ammonia 5=+ Sigma AFY] FEu o} A Kit(cat
#171-C)5 A3}

rhEPQO2| AX|

vl Z+ 115 3 psle] 0.2 ym7bA] Al o A3t F,
PBSZE. w]2| %3] 313t blue sepharose column(Bio-Rad, 3x
30 cm)ell A 2E- loadingdt 20 mM2] sodium phosphate
2H-8-l5} 0.15 M) NaCle] ¥+ Al3-44 (pH 7.0)°.2
M)A 81533 20 mM sodium phosphate $F5-8-<43} .75 M2]
NaCle] &9 43489 (pH 7.0)2 AM83le] thEPOZ 45
sioict. 82908 20 mM2] sodium phosphate 1802
H3 3% C, column(Bio-Rad, 1.5x30 cm)el] F-3A|7) ¥,
20 mM2] sodium phosphate $+&-§-Y el 60%2] o gh-2-0]
5l £549%(pH 7.0)2.% thEPOS 3]5etant. 59
buffer= 33 A]Z] Macroprep Q column(Bio-Rad, 1.5x30
cm)e]l 2% rhEPOS F#A7]12 20mMe] sodium
phosphate €+5-2-93} 100 mM2] NaCle] &% 438
(pH 7.0)2.2 8-Z31dc}.

Cie rhEPO 22|

A" thEPOE Pharmacia FPLC system(P-900)yS- ©]-%
3led b8 thEPOE 23133}, 50 mM tris-HCI(pH 7.2)
2 33315 09)lE= Mono Q 5/5 29]-& 23} column(0.5x5
cm; Pharmacia, Sweden)el| A ¥ rhEPO loadingdt ¥
0.3 M NaClZ B} 59%% Z7}X|7)%= linear gradienty2]S
2 og4] thEPOE &3+t F2ld =4 hEPOE
SDS-PAGEE 4=3%t 3{11], human erythropoietin (hEPO)
off tigt @ FE FAZ o83l AR EFE EAEe
™ [21], IEF(isoelectric focusing)¥ Novex A}F2| IEF £4
kitg AH8-319det.
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hydrolysis ¥} & AF8-3}91 20 cysteine-> formic acid,
tryptophan> 4 M methylsulfonic acidS- ARE-d}ed 110°Cei|
A 24X7Fg2t K28 ¥ Pico-Tag(3.9x300 mm) HPLCE-
Ay ez Fejsioict.

thEPO2| jn vitro BM&EH

thEPO2] in vitro 8432 R&D system k2] EPO ELISA
kit(cat. DEPO0)S A}-8-3}e] A gFslelvl. A| 25 2.5~200
mIU/ml W12 3] 8led 96 well platesl] 0.1 mP¥ 2 o}
5 25°C 3270 2217HEst WRIEeh. 2 wells PBS
= 3314 A3 3 F peroxidase substrate &3+l (Bio-rad
172-1064Y8 2+ wellel]l 0.2 m¥ A7}ste] 2087 vhgA|71
o 0.05mle] 1 M sulfuric acidE 7}abe] ¥H-3-& F74
7131 ELISA reader(Danatech, 5000)2 450 nmoll A &-4%
£ 343k thEPOY] 84S Akt

Alghdt B

Ak George 59| WP [415 Bidste] Aot A
B} FFEA6 27 0.1 mlY 0.04 M periodic acidZ 7}
3led, 4°Col| A 3587 ¥HE-AlZ] o5 1.25 ml®| resorcinol
|AS Yol d3olr 587 WABlar 100°CHA 1583 7}
Azt F 52l T3l AA7A] AN Y F
1.25 mie] F-eh&S 7lsled 2 412 F 37°CellA 392k b
A G 7R A7 630 nmel| A FEEE &
Aste] Al TS A o)d, AR AldAr &
S thEPO H7HIU/Mm)E vhro] WiE-8(%)2 FAISKI.

a3 ¥ 0

A & XMatix &H7toll 2|8k st

thEPO®| A|dAb kS F7HR717] $18ke] AldAE A
A oA A9 A FEA ¢l N-acetylmannosamine
(ManNAcys ¥leF % AH7isten, A€ thEPOS] A%
Ake] CHO M Fof| A FE8]=E= sialidaseol] &]3}e] F-s)j=)=
A& 2719151 sialidase A34#12) 2-deoxy-2,3-dehydro-N-
acetylneuraminic acid(NeuAc2en)s Z7}sle] wjoksigict.

A Ef s Eetna s ARE3te] Table 10|49} 7o) 7]
Eul) 29l DMEM/F12 ¥} A ¢l ManNAcE Z+2} 0, 0.2, 2,
20 mM AH7kste] 6dF<t wiFet Aot DA EF B
7F= ManNAc A7led5-¢ F3sHA 10°~11° 1U/10° cells2-
frAkelod=t. eolell vlsled AlekAl #eE thEPO 47HIU/ml)
2 v EPO 97} din] Al #Ee A2 20%1 A
o ¥]3led 20 mM ManNAcE #H7}F AlollE 70%2 o &7
off ujsle] AJekAl ghago] 2o 3.5u oA} Fr1sIgic). ofuf,

Table 1. Effect of supplemental ManNAc/NeuAc2en on the sia-
Iylation of rhEPO.

Supplemental Residual ~ Specific  Sjalic

additives (mM) ona glucose  activity  acid Culture
— " (mmole/)) O method
NeuAc2eu ManNAc &) (UN10° cells) (%)
0 1.7 0.04 116 20
0.2 1.7 0.04 115 24
2 1.8 0.03 103 g5 Flask
20 18 004 114 70
0 0 1.7 0.04 140 15
0 20 1.8 0.03 152 73 Roller
0.5 0 1.8 0.04 137 100 bottle
0.5 20 1.8 0.03 222 180

Values are means of duplicate culture
aSpecific activity = EPO unit measured by ELISA/10P cells

Z+ i oFA| Zhel] whE M| EAIAA == ManNAc®} NeuAc2en
A7H5-ob TRl wioF 59l 5x10° celymlZ FARSH
Sich(Fig. 1A). Roller bottled ©]8-3F djgfuljofol = 7|2
ulx]19] DMEM/F12 wiA|o} 20 mM ManNAc# 0.5 mM
NeuAc2ens A7135be] 10454t viokst 75 di27 n]s}
o] 20 mM ManNAc# 0.5 mM NeuAc2enZ EAlel 378}
of wjekst A-¢7F 106 M E2F A7 2 FAI8F specific
activity= 140 TU/10° celloll A 222 TU/10° cell2 1.54), A]
At FeFg thEPO H7HIUMDE YHe EPO 97} ww] A
DA RS 15%A 180%= 10M) o)A} F7}3}ade}(Table
). =3k, 7 ullefAb5-ol-S- 3l IEF(isoelectric focusing)
Z 5% F, da8ER A2 thEPOYRS A-xoZ
elst A7 AE 20 mM ManNAc®} 0.5 mM NeuAc2en
£ FAlol Aisled wiekst 7397} STl vlsl pRlel 3
o| A 5A}olel| EE3H= thEPOS] v]Eo] Fohe A&
3}9cH(Fig. 1B).

o w3l rhEPOS] AletAl gke] ¥ole 718 s}
= AoZ wiFaA oA Arbe AFA 9} sialidase A Al
o 2J3le] EPO %419] N-glycan Tt AJAl gheko] Z7)
gt A2 A9 Gu 5ol &3hd AT Hrl s
wioF Fol] FAE AldAR MERR FAde] vl o
7] wfFoll vkl shelsl AJebake] EPOel ZAghsl 3He)
QA EPOe i€l HelZ EASH= free formQ]A] of o]
gt F7Pel gale] Hasirt(6]. |& 913l EPO°l H
29 Y= EAs AlYARS AlAT] $lske] wiekd A
FS 3] A7 sled Aldate] A EPO T 471913
AL A=3}Hct.

CI=2] rhEPOS| ZX|

Roller bottleS AF8-3le] DMEM/F12 ¥R Z wjoF3l vl
oIS 20 mM ManNAc®2} 0.5 mM NeuAcZenZs %
Alel] A7sle] wioFet wi AN S ZH7} 348te] 0.2 um
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Fig. 1. Comparision of cell growth profiles in DMEM/F12 medium with or without supplements (A). IEF-Western blot analysis of

CHO-derived rhEPO (B).

Control means culturing in DMEM/F12 medium without supplements. I+P means culturing with inhibitor (I) and sialic acid precursor (P).
Western blot analysis was carried out using mouse anti-human EPO monoclonal antibody. Lane 1, control medium; Lane 2, [+P medium

7hA Al g3k F HAA 2 gleol AAel &3t
Hydrophobicdt S48 2k= resin o)A group Eo]Hgl A
25 71 blue sepharose resind ARg3l] Fxxo] £7}
ol 2J3F 828 A|=313}. Blue sepharose chromatography
Aol o]e] C4 column chromatography2} Macroprep
high Q column chromatographyE 483}e] 98%0| A &=
9] thEPOE A 2 25, 20 mM ManNAcs} 0.5
mM NeuAc2enZ Al 3713le] wiekst 7-9-2] rhEPO A
A gko] 5824 mg/lZ DMEM/F12 v A%t H 718 7 $-2)
thEPO AAE 3478 mg/l¥e} oF 70% A% Hde}. =3t
Fig. 2014¢} #ZFe] AA|%l rhEPOZ FPLCE 22]sle Aot

A

G4
== Control

——l P

Absorbance at 280nm

Fraction number

Ak ghgko] 11~15%¢2] ©hds] thEPO -8 (fraction #7~12)%
pooling®}s3 o™ ofuf, AJebAl kS rhEPO 97HIU/MmI)E
vRE EPO %37} oin] AJedAl -2 12% o] dolslvt. =3t
Fig. 39|42} ZF] mono Q columnd: ARME-3}e] FPLCE
23t 7t FE oA e] At s gelgt Ao 7Bl
ZATFA) ¢} sialidase inhibitorS- A 7Fste] wjeksl 7397} wiA|
gt Arlsled wioFst $ AAst 7ol vlsle] EPOel| At
= AJRAE FaFol 20%01 4 A EEFS Fstdd
FPLCZ 8 3le] -2 A|GAE o] 12%0]44] g4
thEPO oF& Y| &2 239 mg/l°ﬂ vlsled 20 mM
ManNAc®} 0.5 mM NevAc2enE FAlell A7} Al 3.593

Fig. 2. FPLC profiles (A) and IEF gel banding patterns (B) of the isoforms of rhEPO purified by Mono Q column chromatography.
Dashed line is the linear gradient of 00.3 M NaCl. Lane C is control rhEPO and lanes 7-10 are each of fraction number. I+P means cul-
turing with inhibitor(I) and sialic acid precursor (P).
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Fig. 3. Sialic acid content of the isoforms of rhEPO purified by
Mono Q column chromatography.

Values of sialic acid contents are measured by resorcinol method
[4]. Control means culturing in DMEM/F12 medium without sup-
plement. I+P means culturing with inhibitor (I) and sialic acid pre-
cursor (P).

mg/le 2 o 50% 7H7te] F71ek AAE Bole. 53], B4
& oj] A= anion exchange FPLC column chromatographyZ-
ARg-3ted w1 thEPOREe] A€iH oz folsH Relrls
315Ht. ol Morimoto 5l #J3te] Al= wHI[18]
ALz} Atz ] FA ¢} sialidase inhibitors A7}lsked wjoks)
= oS 283l in vitrool M EAe] AJUAL ol
o o S 18 &2 A5 4 ik

Ciet rhEPOS| M

Anion exchange FPLC column chromatography 732
2 o]Al B-29] [EF(isoelectric focusing) ¥*7Z3} Fig. 2
M2} Zro] NaCld] sxrt 37185 A9 BAS 72
+ vl thEPOS] FHeFo] FolAl= s g 4= sl
o #7128 28(60~150 mM NaCl& 25 12% o|Ak]
of33) thEPOE 313l ST 12% o)) Aldake:
8 #8& poolingdte] Ndwte] 21718 #klst A3} Ala-
Pro-Pro-Arg-Leu®. WJeht 3] hEPOS} ojw] At d o]
dA)slde}. w3}, o) eAkEA] S H)18 ZHuol A= Table
20|49} zto] DMEM/F12 WiZ|RF A 7)3hed wlj k3t 799}
20 mM ManNAc%} 0.5 mM NeuAc2ens 3-A|¢) AH7)s)e]
wioFst ¢ BFeA AA3 hEPO o] At AT} UX]
slodet. hEPOE 3709 NAF 24 E 7HA 3L 9lom o &
el AH3 hEPO2 Asn?t Aspe] N4 12.00]t}. oo
H]3le] DMEM/F12 " #] 9} 20 mM ManNAc®} 0.5 mM
NeuAc2en &7}l 2]8led olelzl o}4) thEPO2] Asnd}
Asp?) M= ZH2 1329} 12.801¢0E}. o] olm| Ak Y
o] wgjgle] wioF F vk AFA <l 20 mM ManNAc}
sialidase ]3A 2] 0.5 mM NeuAc2en®] 7)ol &]dfted A

Table 2. Comparison of amine acid composition of hyperglyco-
sylated rhEPO in DMEM/F12 medium with or without supple-
ments

Amino  Theoretical No. Calculated No. Calculated No.

acids (natural EPO) (Control) (I+P)
Cys ) 438 5.0
Asp + Asn 12 13.2 12.8
Gln + Glu 19 20.0 199
Ser 10 8.4 8.3
Gly 9 10.2 10.3
His 2 2.1 2.0
Arg 12 11.5 11.5
Thr 11 10.4 10.1
Ala 19 19.3 18.5
Pro 8 8.9 9.4
Tyr 4 24 3.0
Val 11 10.8 10.8
Met 1 0.7 0.5
Ile 5 4.9 4.9
Leu 23 23.2 23.3
Phe 4 39 3.9
Trp 3) (2.4) (2.6)
Lys 8 8.0 8.2

Control means culturing without supplements.
I+P means culturing with inhibitor (I) and sialic acid precursor (P).
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£ A9 VHoM N == HE ST Wb
717} 2777 A 42817} 654708 k7t Fotsldo
[1]. thEPO f-d=}e} ) opm):=At Ml My F3le] A
Gake] Gk S7A71EE AT obm Al Ade] W
go2x] EPO 2H9] F249 Wi} Yehis wh3o] A
71=5 . olef] Blgted 2 AFollA] AlEl A|PAE A TH]
A7}l o3t 2] g Ajekal gk S} wjobye EelFst
A F37} 293 EPOs} fAlshaiM AledA) dekaks 2
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Fig. 4. In vitro bioactivity for the isoforms of rhEPO purified
by Mono Q column chromatography.

Values of in vitro bioactivity are measured by ELISA. EPO units
divided by protein concentration equal specific activity (%). Con-
trol means culturing in DMEM/F12 medium without supplements.
I+Pmeans culturing with inhibitor (I) and sialic acid precursor (P).

AlZ] g4 thEPOE 45 = o ARIASE R w9
431 77 & 5 gloh w3t wioFlu]e] AJUARS N-
glycanel] A2¢= geo} AgHR & F 714 e &
AN7F 7hsgkd S5 AldAl 23 el Y N-glycan®)
microheterogeneitys -A13F0 2 tjo}ks)] rhEPO w4139
A3t olall7} 7hsalelet AR EH2). =3, 7 ) 2
2} rhEPOS] AESHH A 7ke] AAAA QA+4-5 B3l A
T2 A7l 93l AR 4] thEPOS] BA el 7}
F3lelel gdsich

kO

OF
=

dlg|ag Eolol”l 2 Izt HEFERe] 2AHIAR 2Hg-
gt At Az Izt B A2 E el (thEPO)S %
A EAAM AAE DL 9l A2d iAo shielw o
S FRo] AA Ak 40%E xR g} A|LQAL ekl
A FE Fo AL7I1 03 AR A Ao lef AldAt
g2 oJoRg Hnhmale] Fogt A 4AZIH E o
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