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ABSTRACT

The contribution of biopharmaceutical industries to general healthcare is rapidly increasing
with over 165 products having been approved globally since 1982. Within the therapeutic
applications of biopharmaceuticals, monoclonal antibodies (MAbs) are of growing interest.
Recently, more than twenty therapeutic MADbs and related proteins have been launched in the
market. This situation is a double-edged sword because it leads to pressure on pharmaceutical
economy. Minimizing the cost of goods (COGS) and maximizing antibody activity are therefore

active areas of research in the development of MAbs for therapeutic use.

We have screened several enhancers of specific MADb production rate (SPR) using the rat
hybridoma YB2/0 cell line and found that coenzyme-Q;, (CoQ1¢) is a promising enhancer
candidate. CoQ) is well known as a strong antioxidant in the respiratory chain and is used for
healthcare and other applications. Because CoQ is negligibly water soluble, most studies are
limited by low concentrations. We added CoQ to a culture media using dispersion of
nano-particles (Q-Media) at several concentrations and conducted a fed-batch culture. Although
the Q-Media had no effect on cumulative viable cell density, it enhanced the SPR by 66%. In
addition, the Q-Media had no effect on the binding or cytotoxic activity of MAbs. Q-Media also
enhanced SPR with CHO and NSO cell lines by 30%. On the other hand, the Q-Media did not
alter the concentration of the oxidative stress marker 8-hydroxy-2'-deoxyguanosine in the culture
supernatant. Furthermore, Q-Media decreased the ratio of lactate production to glucose
consumption only slightly, and CoQ;o (232 uM) elevated intracellular Ca®" concentration, as did
ATP (10 uM). These observations suggest that CoQ, serves as a powerful aid in the production
of MAbs by enhancing SPR without changing the character of cell growth, or adversely affecting

quality or biological activity of MAbs.

Antibody-dependent cellular cytotoxicity (ADCC) is dependent on the fucose content of
oligosaccharides bound to MAbs. As MAbs with a low fucose content exhibit high ADCC
activity, it is important to control the defucosylation levels (deFuc%) of MAbs and to analyze the

factors that affect deFuc%. In this study, we observed that the deFuc% was inversely related to

i



culture medium osmolality for the MADbs produced in the YB2/0 cell line, with the #* value as
high as 0.92. Moreover, deFuc% exhibited the same correlation irrespective of the type of
compound used for regulating osmolality (NaCl, KCIl, fucose, fructose, creatine, or mannitol) or
culture scale (1-400 L). We succeeded in controlling MAb deFuc% by maintaining a constant
medium osmolality constant in both perfusion and fed-batch cultures. The regulation of medium
osmolality with glucose is, however, sufficient for designing the deFuc% desired for efficacious
ADCC in YB2/0 cell culture. In agreement with these observations, real-time PCR analyses
revealed decreased transcription of genes involved in the glycolysis, GDP-fucose supply, and

fucose transfer.

In this sutudy, both methods to enhance the efficiency of the production are achieved as an
extension to existing processes. The present method to control deFuc% with medium osmolality
will open the way to use those mammalian cells, for glycoprotein production, that could not be
employed because of unwantedly high and/or uncontrollable fucose content in the
oligosaccharides attached to the protein. These findings will enable the use of the defucosylated

IgG1 at lower doses with no reduction in efficacy without restart such as chainging the cell bank.
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B FE &

MAb PLE /7 v —F gk
SPR PURL AR, Specific antibody Production Rate (mab-—pg/cell/d), Q..
ADCC flfE=E ) Antibody dependent cellular cytotoxicity

deFuc% PUABEHT 7 2 — ARG, %

CCD PRI E,  Cumulative cell density, (cellsXd/mL)
CoQy ax YA 5Q,, Coenzyme—Q,,

80HdG S—b ReXx 54X 77 /3, 8hydroxy-2’ —deoxyguanosine
dco, RAEIREE T A, dissolved carbon dioxide

DOE FEREEVE, design of experiment

S —CD B->r7 a5 XA MY, B-Cycrodextrin,

CLC Chemically defined Lipid Concentrate, Lifetechnologies#l
HDLC High Density Lipid Concentrate, Lifetechnologiesth

Gle 7 )La—A, Glucose

IMDM Iscove Modified Dulbecco’s Medium,

DMEM Dulbecco’s Modified Eagle’s Medium

o —MEM a— Modified Eagle’s Medium

Q.. v a— R IHEEE, (glemg/cell/d)

Qe FLEELLAEPEEE, (lac-mg/cell/d)

L/G TV a— R HER L & FLR AR PE IR DL, Q1,./ Qg

T, F)a—R¥%y A o=, 3,3, 5-triiodo-L-Thyronine(-). 3
MTX A KN BFF¥EL—K, Methotrexate

FUT8 alpha-1, 6-fucosyltransferase gene

GMD GDP-mannose 4, 6-dehydratase gene

QbD Quality by design
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1.1. INA AR O R

A FEFESLOHFE DO RINTIA  ERE~OE#RA R72 L TE 2. ZOMIIE 1982 12
PR SNTeA VRV VIR ERICHA ML LR ED X R ANCRF SN HHE AR
NA FEHE 1990 FRE L0 D2 R~ T HURER L L& LB RIS TS 2 8
MTE D (Walsh, 2006). FH _MMROALEN THLHHUKIT, ~ 7 RAFUED B E b ~DHUR
PR~ 2 e MR X ZHUK, B Medb D0 iEe MR & HUR TR X
ZEIWEH OB EAr OERIZE Y 29 MEBZEX 283 L LTEIRT 2 Lok o7-.
2008 FFITIE, FEICSMENZ v — VL5 EE 40 @ NV AR D B 16 M BEIZAD, &
FHSAVDEFEESOEROKRE I Z R L TWND. I HIT, 400 i 2 5 Al KRR
HEATH & SNERE R~ OIS £ 51300 TH D (Beck et al., 2008; Molowa, 2001).
AN X 5 B AL 1962 4RO Capstic HIZ X 5 baby hamster kidney iz H»
72U F BRI S HDIFE Y (Capstick et al., 1965), BAEMCEERE e P £ Tl
HERLCE TR e MIZESEL L 7o A s B — D pE¥E SR L L THWL R TE
7o, B X BEIROTERIC LV BIRAEEMIID 7 F b, BER, A MIA
REDRES XY, Pk~ E 2L L3R L C X 7= (Arathoon, Birch, 1986). &h#)T.%;
R L2 BEER OB b EA MR REA THL T v F bur By Eilisnsg
B SN 528 (Yann Echelard, 2006), 7235 & EMWIMINLIC X 2 W B A pE IR DUIREE 3K /e
(OIS 5. EhpiiiaessE TR, 22 TiLifiE<° Bovine Serum Albumin,
Transferrin 72 CEIHRFEIN G A S ATV, BB RIEE O HERIC X 5% B 7 o
TADOHEICL T, IV ZEMEOEWAELRICL TE T

1.2. FEPEICRB T DR EFE O GRE

BRSNS A EISIIRE L, B RO, A EIRETH D PURERK N IX, —&RIZ
YA FIA R TERINDEGENZ N G, IFO XS RiENAE L Tn
5.



o BB R AR AR & BRSO R —

- BURAEBORERL

- G o X MERE O LB

- [EERE EB O

—RIT, EE OB EITEERFER D Phase LA L 72 5. —5C, APEZRE O
IR F O EBB E T3~ 5 FEMEET D & Sh, BEEO TR Phasel
DEME TR DOETF (KE) Hlr 2155 Z L2725 (Steinmeyer, McCormick, 2008).
BRZE T HUADEIGIEIZ S U238 RIA B S TRIFHEE &2 2459, BEREFRBISH L
TR @D L 72 B3ROV 27 BHRKEETWD. £z, SHERPURERL DR
DNTAEPEERBED TR & RS OREES 2R L TW5. Enbrel®iI# 0B k&2~ 2
LN T X)o7~ (Farid et al., 2007). Actemura®|Z B EOEI KD 7 )V — T2kt~
DORFEREZMED -, o X 7 EEGOSEEMEICH L T, JUREEKTZ UMD
OREHRA DO~ NVTF 77 v MEDORIERRKRELT]Y EASNTE72. L, FE0E
BEODOFERIT 20 kg 775 1, 200 kg & JRHEPHIZDT->THY, 50 FL0L EIcE L SAFELE
EOFEIWEL /2RI, RFOICHEEEA 22X 11T T D (Kelley, 2009).

7 a—F AR E TSR R T, &Rk e 28Ik 5T O0ENRH LD T
ERBEDOHIIDOTZDIZREL 2O00RLNBZ2ENT VD, —2IFEGEEREZ KT 5720
W EmDL L, b —DIFEENOURICHD. AEMEON EIE, ERANyFHK
OIEBUZ L D2 A FNEHCTOERIZL DL AA, FEAKBIC L DAEERHEEEET LY A7
ORI, i B EROARBUC L D& ) A7 OB Ehkx el COERBBHIFTE 5.
N DOMEEZEET A FEL L THRATEY, NI AV 2=y 7 ¥F, U, ZN
a, hvEwmay, KRGWE, BER ERTRERERORPEAICE S (Yinet al.,
2007), SHBOEEPHFFESNTND.

PURESEOHZNIL, WHPURRF R ATENE L =7 = 7 % — 15 L MHEh 25Uk O
AEMIEIEIC L > TRESL TS (Mori et al., 2007). PUREIKIL Fe & MIEN 5 HiIK
TEH A T LT, FURMRAFIERIIEG ETENE (antibody—dependent cellular
cytotoxicity; ADCC) LA AL AFMEMI S FIEME (complement—dependent cytotoxicity;

CDC) HHWET AR =V AOEHEFHEE WS 7 = 7 X {2 RIET 5 LN TE



5. BUE, PUREIROEN L D LML LT = 7 ¥ —I5M% 0 LS8 20050036
AATATOITN D, ADCC IEME &1, HERUMIIIZAS & L2 HuADs NKfifao~ 7 = 7 7 —
DVREDTT =7 Z—flild LD Fe /R LFERT DI LT, PUMKFRICHEEINDIR
HII G ETEME CTH 5. PUREIRDIEGNFEBIDO A =X 5 & LT, ADCC {EMERS CDC &
HOHWVET R b=V AOBEHEFEL Vol T = 7 X —iEEOBEEMENE < SRS
NTNDD, BRREEDA N =X LN EEZRONIF LN E > TWRhoTz. IE
RUFR Y UREROHIEDERE S D Fe ZRERSART T, VY X o~T7 kD)
KT AY X2 TWFHRUCBNT Y, ZOEDPUER A =X LD—21F ADCC IEMETH
LZEPHLMNIEINTETND. FUKREFED ADCCIEM AR EE 5 FRE L TE2 D
DT Ta—FRMLNTND., ZO—21%, PO Fe 8RO T X/ BESZSET 5
DTHY (Shields et al., 2002), & H—>DT 7 —FTHUAD Fe FEEITHEAS LTV
DIEB OIS Z 95 B DO TH 5 (Shinkawa et al., 2003). HUAHEE{ OB 721 173
ADCC {EPEIZ MIETHEIC OWITR WS D - 728, EEOFRT 2 24 LT

Genentech #:D 7 /L —7"7, Fe SIS T 25 M2 U 2 ¥ FEEGEGREHIE TR NGO
N-TEBFNT N ah I ~DT7 a— 2O INER Z & 235uR D ADCCIEMEIZ i b K& 725
BaG 252 2P HT Lic. HUK Fe SEIBRICHR G T 5 V27U 2 FEGHEGIURESE
TRIGD -T2 F NI ahI b7 a—AEREERET D & Fe ZREKMa 315
BAPEDS B3 D ADCC V& MEDS 100 £5 24 1 & BIRYIZ M) £ % (Shinkawa et al., 2003). Z
DEE, HURKEEIETERS CDCIFMEIZITZIFBIR SRy, 7 3 — ZFREMRURIER VA
BECHWE Y =7 4G22 R HAZALTEY, BHIEZEN L L TLIREEL
TWZRWEEAIZ 3 LT mWEAIIEE 2 R L, BB CTH 2 ORI R SR TV
% (Satoh, 2006). 7ads, BEH > /37 OFEEMIEL, LZESNDEEIKFT L END.

PLE, BEEORmENS, SVIELEE AT 280K S, BiWiilalig IcB i 2 HuUkD A E
PEIZFEEICER ST 5.

1.3. BEA7 D #H &

INFETIC ENENTPURERZRE T 515 £, CHO MM, NSO #fd, SP2/0 Hifa
WCIRE SN A, wEI2E, YB2/0 fifaAS CAMPATH-THR O BAZ AN FHIWV BV TN, #
D% CHO FfR~Y) 0 B 2 Hiviz. YB2/0 Mfu DB HiEICBE 9 28451, Lonza tLoH
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Jii72 EICH BB 78 (Kenten, Boss, 1986), D% T A 7 —/ /W 2 IEA LN
TR FBIZ E D@ WIEMEZ A7 2 HFUARPEARE ) 28 i H S 2 RIS CHO AlfiE 23 5
FLEOFHEFIEL o Tz, CHO MR A & L&, e — UL To ki 29 &
B 14 5B 22 HIZE->TEY Michel Chartrain, Chu, 2008), k&9 2 iy, %
BMEFERENS Z O ITETR B HND.

YB2/0 #faiX, LOVAIN (LOU) 7 v R L A0 7 v MDA NA 7V v RI =z —
~ HIE O FEPUIARE PERK YB2/3HL. P2. G11. 16Ag. 20 T& 5 (Kilmartin et al., 1982;
Millistein, 1981). ATCC(American Type Culture Collection) Tl CRL-1662 & L T*
BREN TV, FEICHFRE LT, YB2/3.0Ag30 2% YO il & L C ECACC (Europian
culture Collection){Z No.85110501 & L THEELS TV D (Keen, 1995). L L, 2D
R O BMEMEHT OFEBITIR 5N TV D (Gao et al., 1992). F£7z, #HXEADORKIHS
& LCIE 1986 40 Kenten © O (Kenten, Boss, 1986), %D D7 X —RHVA
HIVTH Y (Shitara et al., 1994), BARLE L L Ciddeakod CAMPATH-IH® 2351 H 415

(Lifely et al., 1995).

1. 4. RKEFFED BB ENE

AWFFETIL, AHWEZ/EET 28MuE EE LT, EAPKREEYD 7 2—25
BMEWNZ L, TR0 5 ADCCIEMER B WURE BEA T D Z L2355 - 72 YB2/0 Ml &= €7

IV — VTN 3R 72 7 v ABHFE O vl Hett &2 Mt L 7.

ASCOMEL, LFO@mY 2 ®E b5, H2ETIE, Middiz o4 Zm L
TLOWBEOREININ Z R Lc. #3 E T, ZE LZERLHEOT-OIZMHA L 7
DAGFMELZEVED TS, miEMEICF 5T 2 PuAEEH T O 7 = — 2 G B O HIEIK £ fh
L, ffNEOMEZHE Lz, 72, ZORKEICHONTELRE L.



H2E AEMEHEMENFOREK

il

2. 1. b

kDA z & R AN LT, SRR EERIIF LI ZETHD. £, &
Sk L TR RS o X M D, 29 6 H 22 DPURESE O IIE Beck et al.,
2008), RIRFICEFERFE~OAMBELZ S EEH I L TWD. T OMBEDHHFIEE LT,
OEEMEDOHTR, QPURDEL ORI AALLNTND. RO ELZL-HEFETHD
B HIILRE R BT D AEPEMITIER IR S Tnb.

INHOMBEEMRET 5 FEL LTHATEY, FF AV ==y 7 P¥ (Adiguzel et
al., 2009), v, #a, huEtoay, KGE(Simmons et al., 2002), FERE/RE
B IR EPER ORI A FER S, SBOBRPEFIN TS, — 5T, Thb
DFEATIIARTE Lridn B RE S TR Y Bl S22 EOm CTRIEARN L 253, Lavl,
CHEMNT D X5 2508 2003 48 5 AIZFE S N7z (Varma, 2003). 5 g/L OAEN
TR R T — & A GS/NSO A D % T MedImmune #1:12 L » TS S iz, a7 —
%726 SPR 1% 70 mab—pg/cell/d EHEF S 417z, 2000 44 IFIZIX EEE Ml Ch -7 g/L
b, BUECII /L NEHBE L /o> TWd. #ilZ, Genentech LD E. coli TOHUKA
PEDOWEN g/L LV ThDHZLaFEZ DL (Simmons et al., 2002), HllLCRER DX
{72 CEFERRBLED D IZBWHIIE RO TRE 7T v a7 v 745 5t oA fEs
IMMMBAD.

EEEOWEIXZINETELMVMENTE ., 2OHIEICE, BEHERZE, 7a—
VEBIRTE, o RGiE b, BEEM L7 7 a —F 35 £ 41 (Takenouchi, Sugahara,
2003), AFEMHEMREAFOBRINIEDO—2>THDH. —F, EHRLOBFIZHBNT, AlFE)
O EfiETIIN 12005 LS, 5lEkERRBRIHORIMEPREL 2> TN D
(Steinmeyer, McCormick, 2008). FfiDHESHNIL LV SA A EEF ORI TREY
Mzl C—EB L TR UHENZEHRT D &, TSR L TH LW &2 B Az
BROAEFEM ORIEFEMLE T D2 L OHEEMEREE > TV 5. BAFEHIM 48 Uz
BRI D Y 27 bR T D 7o DI —BEARREE L 7o\ 7 OZE R IIAR Sk 28 M2 &

5



5. ZO& ) BRIt Rro% G, AEMRAF ORMAREIC T 217 OEFE & L
bLRDTHEO T = — G CTEELZ M LT 2R RN ET 5. AEMEERA TS
RO K9 R BERITH 1= BN D 5.

(a) 1F2EY, BEIAZETHDL L,
(b) AEREOMBEICHELRN L,
(¢) aARMTHRES Z &,
(d) B EHZTHLHZ L,
(e) TENSEETHDZ L.

o>

(Y

INET, BB MY A Mimura et al., 2001), % v A X—EFHZEH| (Arden et al.
2007), #ZW%(Carvalhal et al., 2003), UARAYH v 74 FMartin-Lopez et al.,
2007), U J LA »EButler et al., 1999), Dimethyl sulfoxide (Ling et al., 2003;
Tsao et al., 2001), A~L 3 > (Miyazaki et al., 1998), &V > (Terada et al., 2002),
UF ) A VB (Inoue et al., 2000), ##JE (Coroadinha et al., 2006a), /N7 i@
(Backliwal et al., 2008)72& (Table 1) W< Db DAEFEMRITRA 123 #d ST
L. TORNRIIHURLERD ¢/L & FTRID X 5 RRAEEE —ZX T2 X b (ven/g) ~

DFEE N E (Sommerfeld, Strube, 2005).



Table 1. Reported enhancers of protein production in animal cell lines

Enhancer Range/ Product Effect Cell line Reference
Optimal
AMP 1 mM Human placental alkaline 3-fold in SPR CHO-K1 (Carvalhal et al., 2003)

phosphatase enzyme (SEAP)
/ nucleotides, nucleosides, and bases

I mM Factor VII 2-fold in SPR CHO-K1

0.3 mM Factor VII 2.5-fold in SPR BHK
Carnosine 20 mM Telomerized cells 2.5-fold in total number cells Telomerized cells (Yegorov et al., 2007)
Chemical caspase inhibitors 5-50 uM / 5 uM MADb IgG 1.2-fold in MADb titer CHO-K1, HEK-293 (Arden et al., 2007)
Dimethyl sulfoxide (DMSO) 0-1.5%/0.2% (v/v) MAb 2-fold in SPR Hybridoma clone 19 (Ling et al., 2003)
Dimethyl sulfoxide (DMSO) 0-5mM /1 mM Adenoviral vector 3-fold in Virus production HEK293 (Tsao et al., 2001)
Sodium butyrate, 0-5mM /0.5 mM 1.5-fold
Ethyl alcohol, 0-200 mM / 100 mM 1.8-fold
N-acetyl-L-cysteine 0-5mM /2.5 mM 1.8-fold
Glycerol 0-2.0% / 1% Macrophage-colony stimulating 1.4-fold in titer CHO (Liu, Chen, 2007)

factor (M-CSF)

Lactate dehydrogenase (LDH) 320 ug/mL IgM 12.4-fold Human—human hybridoma HB4C5 (Takenouchi, Sugahara, 2003)

Linoleic acid 25,50 uM / 25 uM MAD (IgG1) - Hybridoma (CC9C10) (Butler et al., 1999)

Long™R3 IGF-1 - MAb 1.2-fold in titer CHO (Kim et al., 2005)

Triiodothyronine (T3) - 1.2-fold in titer

Lipopolysaccharide (LPS) 60 pg cell! IgG2a to human 3-fold in SPR Mouse-mouse B cell hybridoma line (Martin-Lopez et al., 2007)
Immunodeficiency virus (HIV) (CD40 and CD19-deficient

glycoprotein 120 (gp120). expression)




Pyruvate 0.02M Anti-ribonuclease A Ab 1.4-fold in SPR Hybridoma 3A21 (Omasa et al., 2010)
Malate 0.005 M 1.1-fold in SPR
Citrate 0.05M 1.1-fold in SPR
Rapamycin 100 nM MAb 0.25 t0 0.56 g/L,1.24-fold Hybridomas CRL 1606 (Balcarcel, Stephanopoulos, 2001)
Retinoic acid 107'M 1gG 8-fold Human-human hybridoma BD9 (Inoue et al., 2000)
Sericin 0.01%-0.3%/0.1% - - Hybridoma (Terada et al., 2002)
Small molecule enhancers 0.5 mM MAb 1.6-fold CHO (Allen et al., 2008)
Sodium butyrate (NaBu) + N-acetylcystein (NAC) 1 mM NaBu and 8 mM NAC IFN-beta 2-fold CHO (Oh et al., 2005)
Sodium butyrate 0-5 mM Mouse/human chimeric IgG3 2-4-fold CHO-K1 (Mimura et al., 2001)
/2 mM
Sodium butyrate 5 mM Humanized 1gG 1-4-fold CHO, 9 clones (Jiang, Sharfstein, 2008)
Spermine 7.3 mM 1gM, 1gG 6-fold Human-human hybridoma, HB4C5 (Miyazaki et al., 1998)
Sugar source Glc 25-140 mM MoMLV-derived recombinant 14-fold Retroviral producer cell line (Coroadinha et al., 2006a)
retroviral vectors
glucose, galactose, sorbitol, and fructose Frc 83-140 mM
Valproic Acid 100 uM-20 mM / 500 uM MAb 4-fold CHO-DG44 (Backliwal et al., 2008)
1.5-fold
Valproic Acid 100 uM MAb 3-fold CHO (Konno et al., 2006)
Vitamin A acetate 1 ug/L Human MAb AE6F4 0.9-2.9-fold Hybridoma (Inoue et al., 1999)




A WA A QITEERE, HEME L CEMM LIRS FFET HEGKT /o ThHhY, EvF
BAAFIET D22 b X ) CEMEND. AMEZE T @S TITMIEE 10 D1 Y
TV A Rafbaxz g b Q, LTS (Hathcock, Shao, 2006). &5 Md= b
J v CoQy & MERIL, RERERICEN E DA PEW)IZFE I T D (Kitano et al., 2004; Ochiai
et al., 2007). CoQ,l&I h=y FU THNIEIAF(ET DIRETEME T, 58772 fiie bl
ELTHONE T REHO —EELZH LATP OERRICKAETHDL Z &, Fhk L bk
PN ENLYTY XA M E LTHWSND (Turunen et al., 2004). flifao =z /L
F—RF OV R — b &R 28 BMBA & L Ta B D Mancuso M, 2010). BEHRIE
(Hodgson et al., 2002), DlfH%E (Singh et al., 1998; Soja, Mortensen, 1997), /%
—F Y 2 (Shults et al., 2004), Ffi’dA (Portakal et al., 2000) 72 & DI aER
PITObIT\5. £z, i OMBhAl (Chello et al., 1996; Hathcock, Shao, 2006) &
LTHBHINATND.

Mz T H WL SOOI S, HeLa M IO E ZHEL 7R F—3
AZiHE LTz (Gorelick et al., 2004). £D—J5T, b haMEYD > WEEMEHIIE Tl
Caspase=3 DIEFMZHE LT RN b= 22w T 52 L nF b5 (Navas et al., 2002).
ZDEIITRECQy DT R b= ANDEITENTRNS DD, ~ 7 AHHEHF M,
MRS 2% 2 & TefiE CRBIRIERI & L CTa b s (Stojkovie et al., 1999; Sun et
al., 1992; 1995). L2 L, ZAVE CHURAFEN & BT 2@ EIXENZ LD,

CoQ,, @ YB2/0 i, CHO FMfE, NSO FHAE~D I &2 57,



2. 2. B & J7 A

2.2.1. K

CoQye & Tween80 ZHEILF 1 : 2 T ¥/ — L& AWVTREEEME, =%/ — /L &i#
FSE. ZOR, =X ) —LOKYLEIT X VIREME 2 5 & CoQ,y DFFHTHH O ATREM:
WD TN LN b ) — VARSI, HohREMIEKEZRML, 5
Te BB Z 0.2 um D7 4 L —THEE AR L T CoQ,;-Tween80 MDA b » 7 IFIK
& L7=. SANOMIT® Q,, (MSE, Hamburg, Germany) & AEpEVEHETRY 7'V A k& LTREIRL,
SANOMIT® Qo ZRFHUCHSIN L7z, CoQiold, SRWEEKIAENEIC X 0 KR TOfANHIR S
T A, SANOMIT® Q) 1E CoQ,o LAIAMZ T L a—, ZUta—iL, LFr, KEa,
=y RXEFLCIREINAEFERMNTH S, ORI ) =~ vy g Az
£ > T 50 nm BLF ORI HZELS TN D Z E D HAD CoQ LA & v & #efEdk
[TV D, SANOMIT® Qo 2 0% 72 B & ARG STl Q- Media &KL L7z, Do
AEEMER EREME LT, JAETFAY, a—bhaTdzo—, TAILEUEE, 2-
ANHT b2 ) —)p-b FuFk o ZBFM (Signa Chemical. Co., St. Louis, MO) 7

Exl Lo, FEI3RE I 2RO L.

2.2.92. M e

ARFHIIFLL FoMlazft L7z, YB2/0 (T > k-7 v b7 U K—=, ATCC
CRL-1662) i3k, <7 & /b k& £ ZA 1gG1 FUAAFEK. Columbia University, NY @
Dr. Lawrence Chasin, & ¥ ##7= CHO/ DG44 # (Urlaub G, 1985) 3k, ~ T A/t h¥ X
Z R 1gG1 HLiREFERR. NSO (BE#fE/L 3> 2 @ RCBO213) HIK, v~ U A b b2 T8
IgG1 HUARAPERR.

2.2.3. b

PEAFMED NSO #RIT T-225 em® 7 7 A = (JBAE, K, AA) I THELL. HiF
e CHO il & YB2/0 AT 250 mL 28D =44 7 5 A = (Corning, NY, USA), % CO,A

¥ aN—H— (AT ANy 7)) NICRELERE S8 (X147 v 7, B,
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HA) , F721% 1-L Bioreactors (ABLE, HH, HA)ZHWTHE L. QMedia
ExCel1™302 (SAFC-bioscience, St Louis, MO, USA) & RPMI-1640 Medium & Hybridoma—SFM,
% LT CD-Hybridoma (Lifetechnologies, Carlsbad, CA, USA) Z AV C#HHL L 7=, H-SFM,
CD-Hybridoma 5 #134# HIZFE L Clix High Density Lipid Concentrate (HDLC,
Lifetechnologies #f:) % 0.4% (v/v) ¥ L7z, #fEIL 2X10° cells/mL LA EDOFEET
TV, STCTCTHNE B E CREBAFEM L2 ) 7T 7 X —EBOBRITpH 7. 112 CO, T A,
F70E 1 mM D NayCOy 7V U IS CHIE L7z, RIERICEFREEFRE (D0) 1%, MEEXT
50%(Z fill il L 72

2.2. 4. SR 71k

AR L L OVERIE, 0.4% K U v 7 v —%& H - sz HERRIE & IV 72 CEDEX™
(Tnnovatis AG, Bielefeld, Germany)!Z - CHlE L7z, HUfREEEIX, HPLC ProteinA
LR, Zva—=x, Wl BEERE R EML YS12700 SELECT  (Yelloe Springs
Inc., OH, USA) ZHWTAHTIA L otiaiTole. 8N A RRF U TAX T ) v
v (8-0HdG ) JEEEI%, ELISA (8-0HAG check, Japan Institute for the control of aging,

Shizuoka, Japan)# AW THIE L 7.

2.2.5. SN LS ™ AR

MY Ca® JBEE ([Ca¥]i) 1%, fura—2 ZAWEOEHIEEIC K 0 RIE L. Mk
W% fura—2/acetoxymethyl ester (3 uM) ZETeiFEEAEI T 40 43, 37°C #@#E L7
NHREE L7z, Locke’ s solution TifidZ Yiyd LI TPR(F L 7=. Sulfinpyrazone (250
uM) ZROSfE R E LCHm U7z, JEE, 340, 380 nm & 500 nm @ 2 i E b 1
FAOE CRIE L7z (Park et al., 2001).

2.2.6. ADCC 75

Mg ErEEYE (ADCC) 1%, °'Cr Z AW TCHIE L7= (Shinkawa et al., 2003).
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2.2.7. K atE

AT AR/ e E g < 100 (%)

CCD : cumulative cell density : EfEMIAZE  (cells/mLXd)

CCD= Z[viable cells® + viable cells' (cells/mL)] X [time? — time' (d)]/2

W E OBMfES TH DD, —H B0V 7Y o7& Ei LT 5 72O X1
H OfFI TS L7-.

SPR : Specific Monoclonal antibody Production Rate, EbBTiA:pEREE,

SPR =HL{KIEEE / CCD  (mab—pg/cell/d)
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2.3. TR e

2.3. 1. A== T RDER

AEPEVER EE DA 7 ) — = I, RBRBUEHE ] A B < T DML O HE(E 72 E
WNEL7296 KT L— bR ERBED/NS T ZNEE L I TH D, LnL, HaiTld
TOBEENL =77 AE®EZRA Lz, OFWVRGHIE CREER 7 — 1L TH kS
WZAESRE PR SELRFOREGALETHLZ L, QP LTHLUENROH LN+ %
o L7e< Nz & FHELETHD 96 X7 L— b X0 bBRMEEEEI3 & W 7ok &
EThD=M7 7 AR BERRBIBEMAT 22 LI Lo TRABMBAEE RGOS,
RS BAFICHEET % & CCD (cells/mLXd) D¥IRAZRL, CCD (cells/mLXd) &
SPR  (mab—pg/cell/d) DR HAF LD HURRE (mg/L) DAENBENMT D Lhb,
AEREEVED X0 MR B LA RIS A Z N TE D, £, BHRHBMEIC LV EYIEL
EFH AR T 5 2 L TR A IR TX 5. SROGOLNWEICE L TL, R
FEERE LTS BICRERBERBEZ R 1-LAS AV T 72— - %528 T
Rp A7) —= T FEL L.

2.3.2. A ) — = 7R A o3

EIRGMOFERELEE S D L, BHA~OTRIMMITITZ 2 Michiels et al., 2011),
2R b, REN, ZEME, MER M AE, BRTEA~ORE, Rrrikin, Bl (Hesse,
Wagner, 2000) 72 EEkx 2N TFET H. 2O XK ) ey mdin, ST A — 27—
LOFEHMELZ S LI (1) RENRMIE, (2) Pl bigE~DEH, (B) B ImEROW
7, (4) FEGEmE], MiaE I, (6) X L RISEERB, (6) MKZEM: E ORI
O TERE & HLEEIR L EBRIC 2.

2.3.2.1. g E AL RAL:IT]

Zvyy (0, 30, 50, 100, 500, 1,000, 5,000 umol/L), 7 U-tw— (0%,

0.5% 1% 2%, 5% 10% 20% (v/v)), H§E, Intralipid® (10™%, 10°%, 107%,
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107%%, 107°%, 1072%, 107'%) , Lipid mixture 1, Lipid mixture 2, Lipid medium
supplement, Fatty acid supplement, VUt > K3I ¥ ZX, Fatty acid solution, VU
VIFATy FUUEE, aLvATa—), VLU, avVig, PR=v, ST

A, ¥

2.3.2.2. i b RE ~D % B

IR FA (0, 50, 100, 500, 1,000uM) , a—hra7xzw—L (0, 2,
50, 500, 5,000 uM), 77 k¥ 7=r-2 (0, 50, 100, 500, 1,000 M),
JREE (0, 50, 100, 500, 1,000 puM) , 7A=)LE Mg (0, 50, 100, 500,
1,000 uM) , pb FuFZEEM (CoQy? precursor : 0, 100, 500, 1,000,
5,000 uM) , ANHF +=% /—n (0, 100, 500, 1,000, 5,000 uM) , &V E

R 2 U EKHER,

2.3.2.3. B IRERDKE

CoQ,y, IN7 1z, CoQ, : 2, 3-Dimethoxy-5-methyl-1, 4-benzoquinone (0, 50, 100,

500, 1,000, 5,000 pM)

2.3.2. 4. HE B A, K A A B A
737l R yN
2.3.2.5. A ML RAISEEA

RERIE (e—hya vy 7 42CHR#: 0, 1, 3, 5 hr, 0/N)

2.3.2.6. |

A AWk, Mk, AU —7

2.3.2.7. RILE

TXYRAEY v TuF AT

2.3.2.8. Wy BRI T AR GE A
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7' Ytw—/, Ficol 70, Ficol 400, 7F A M7 T40, PEG3000, KRV =17

oLy, AFLELO—R, HIRFUIAATF LT —R

2.3.2.9. HE

Ficol +B5#eik &+ MaiffEs% fE, CLC + B-CD

CLC: Cholesterol Lipid Concentrate(Lifetechnologies, CA, USA) DB&FR

2.3.3. CoQ,, Tt DI ET

CoQyo 1 EFIEFIZHRWRIEIE A FFDZ &6, CoQ I TORN R 2 s+ % B THEi 4
DERRIE AR LTz,

2.3.3.1. URY— A

CoQ,o IR D U 7R Y — 2k &7k 7= (Sunamoto, Iwamoto, 1988). {ERIEN 7=V K Y — L4
DRAER I3 A R THoT=Z D, 0.2 um 7 4 NVH—IZ X DEE S E2 R T,
LL, ABIIEEETHY, ABEHEOTEMENKONTLE D ZENOARFHIITEE
LWHIETIE RN T2

2.3.3.2. MmEx=~<1ya A

HEVPED B 2 INE, BV T CIRfR S 2 FiEn b s, Emulsi Flex®C-5
(www. avestin.com) 2KV, WS ONDIREMEMEIZ L D=~y a » OVERKR &2l

7= CoQuo (2B L TIabds DM AL A il T & FHERR T X 2o 7e.

2.3. 4. CoQ,, AR Zh D IR FIE

R T H A7 CoQye @ Tween80 (1 : 2) + EtOH I K D VEFRIEFR K 2 T FiE
PNy FEEFRAEEMLTZ. 50 pMBHZHEMELE LT25.8 L 2WINL72. ZOMLpl
FHECMA=. 0, 50, 500, 1,000 uMIZTHE (CoQ MEFRMIL Tween80 D[R] &R
Iz g2h) . ZofER, EFICHETOUHESRETRL, CCD T Tween80 #MX T 3.0

cells/mLXday, 50 uM @ CoQ;u#mIMX T 4.3 cells/mLXday L THo7=. —7,
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SPR @ F&H1%, 1 FN 8. 8 mab—pg/cell/d, 11.1mab—pg/cell/d TH-7-. LLELY,
CoQuo IZIL SPR D EHZ RN H D Z L 2R L. 500, 1,000 pM CIEHEFEAENEL
7o, 25 < Tween80 DIHEIC LD b D EHELZ S LT,

S HIZ, HEFEATREMRIE D 50 u M THIR DWHFREHT & > THUS S #v7z SPR DA L % fifg
BT DO 1-L Y 7 7 Z—EBIC L D2 A T2, X RUZIE CoQ, o i oD S i 14 A
[ZHVN = Tween80 Z ¥R L7-.  Tween80 ¥R & WsIN L 7=t FRES 2R 1% L C,

CoQ,o/ Tween80 ¥R & VRN L 72 B5 28 1 X B MR 2 FE A3 5 < CCD 23 3. 0 cells/mL X day (Z%f
L C4.3cells/mLXday {Z k23572, SPRIZ, Tween80 Z S L 7= %t MRS A MIRIN 8. 5
mab—pg/cell/d £ IZIEF U 8.8 mab—pg/cell/d TH-o7=DIZxf LT, CoQ,,/Tween80 XK
ZUWIN U7=8528 1% 11. 1 mab—pg/cell/d Z 7~ L SPRIX 1. 26 fi5 & 72 0 B R FFHL & iz
(Fig. 1, B) . 1IgGl % A ZHUIAPEEEIT Tween80 Z N L 7256 FRES#E 260 mg/L 125t LT

CoQ,o/Tween80 VARUE 2 VAN L 7= 552813 478 mg/L (1.84 %) Z =L 7-.

1.0.E+07 "
—
5 10
3 =
< S 3
2 3
g 1.0.E+06 St B B
ﬁ N’
E 2 4
° [ = wn
% ; —0— Control (Tween-80) 5
£ e Q) (Qy/Tween-80)

1.0.E+05 L L L 1 1 i 7 0

0 2 4 6 8 10 12 14 16 Qio/Tween-80  Tween-80

Culture periods (day)

Figure 1.  Effects of CoQ,, on SPR. The YB2/0 cell line was cultured with Q,,~Tween—80
(closed circle) and Tween—80 (control; open circle) ina 1-L reactor (ABLE, Tokyo, Japan).
A) Comparison of cell growth, B) comparison of SPR. Similar results were obtained with

cultures in 250-mL Erlenmyer flasks.

2.3.5. SANOMIT® Q,,

CoQ ol TAMARWETH DN, ROEKIAMEIC L VKR TOMANHREN TS, i
FERMIZBW T O A OMBARENTEY, CoQyH 7Y A2 k& LT SANOMIT® Q,
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NEHEN TS, SANOMIT® Q,01F, CoQ Mz 7 /a—L, Z)twa—L, LI F o,
KZE2ETe. SANOMIT® Q, DEEEA~DISHICIE, T/ a—/LOMERENREZ HND. T
3 — VORI Ko TR, RN X 2H~ORBRBREIN. —F
T, WREICET D 2R UREF£5 50 nm LA IS - MRYEB S Hui= SANOMIT® Q,, %
FWFUTTER D BE IR SN W EIRE CORIRINN AR L 725 2 L IR S L.

2.3.5. 1. W R RS £

WIIRR R & LT SF B2~ SANOMIT® Q,, DHINEE#E A T-225 7 7 A 2 T A T-.
SANOMIT® Q0 50 £ L 1D CoQ,y & ElL 2.5 mg THHMNDH 50 ug/ul EHEEINS. CoQy
D4y 863 LV SANOMIT® Q, 10D CoQ,o 13 58 mmol/L LHHE S 5. SANOMIT® Q1
CoQ, DRI 72 TH DA L o Ptz LTZIRIRTH D, 0.2um DIEE T 4L
H— (P ETHRI=) TR AL LLE S 30 mL ORFHICIRE L T-226 7 7 A
I TORRICHRA L. CoQ#EFEIX 10, 30, 100, 500 pmol/L THMiL7-. 50
225 1 H BIZHT T CoQ,y DIRMNICER T 5 &3 2 b SR E D R S fv7z. [HEDR
A USRI 2B R L7z, ZOREE, CCDITWdiuh 2 X107 cells/mL X day
TRELEDL R oT2. Tg6l F A THURERREE T CoQ, RN @EmUME D 725 220, 186,
181, 138, 155 mg/L Z/rL, —i, WHsILH Db DO OUIR KRN m 1g6G1
A THUKIRE Z R LTz, £ ORER, SPRITKIIHEEFHE D 8.5 mab—pg/cell/d IZXf LT 14.5
mab—pg/cell/d FTHR L7z, T TITHE S NI BN 7 D=, SPR OUGEIXIREES
EBZ LTV, LAMFICEEEL, 1ERIED 140%DHUIE Il 2 1572

2.3.5.2. VTR —EAE

CoQ,o HAITOEPEMERISRZN AR Sz 2 & 226 SANOMIT® CoQpi2 kB 1-L V) 77 X4
—¥EE A I LTz, CCD IO AEIZEADL LT RESED L7, SPRITXH6.9
mab-pg/cell/d (2%t L T SANOMIT® Q, ¥iRANFER Tl 8. 9 mab—pg/cell/d IZHI K L7z, 2D
R, TGl % A T HUARIEEEIZ 330 mg/L 725 430 mg/L F THIK L7-.

2.3.5.3. COQ10 %@%g@%ﬁﬂiﬁﬁﬂl

SANOMIT® Q,, T/R SIVTAAEHAS, MRIRMEAME CoQ, TR SNAVUZHH WA E S THA
BTHDHZ EMBIMEEELZRRT. LL, WIFoRMNEE (0, 50, 100, 500,
1,000, 5,000 uM) CTHIFELEI R INEE 2 B BIZIZSERE L7=. CoQ,, ®D precursor

17



Lielp-b Fex 2 @&k (0, 100, 500, 1,000, 5,000 pM) THHHFIIRS

Nighote (F—H#IHFERTR) .

2.3.5.4. P b Al

PREA & LTHBND CoQ,y THRPREINTZ &6, flix OHEEANCEAL T
Bt L7z, PUBBEANIZEET, RIS U TAI N Dy — L LTOERA LS TH
B REMNITIE, 7 A2 E R EKREEMEOHTER LA O K EE M AT THEEE L
ka7 = m—Lig EIREMEO ST LA TN O IREMEAL CHRE L, MEtEOR Y 7
=/ —/VEITMRO L, MlaoWsClEZ =T, ibAlo—2>THhL 7 e T |k
T =VUBIESTFRESIST, FaZzu— L0 RO LIER 2o & Shbk
EHEME CTh 5. BE LM~ OFRRIEMEIL 30 M Th Y AFEMER BRI,
LoL, ZAB2FA2(0-1,000 mM), a-h=a7=m—/1(0-5,000 mM), 727 k7T
=Y B2 (0-1,000 mM), JR3&(0-1,000 mM), 7 A =/LEE2(0-1,000 mM), 2-A/L7
T AL = (0-5,000 mM), B R & o T2 HUEREA] TR A~ ORI X
D LWAEEMER EORIT R EN o7, WTHOFEBILA THREOERTH Y,
CoQyo (2 & % SPR & LEFITZ DFEALIEMITER L Z EAVRR Sz,

2. 3. 6. EMEREREEEE L S 8-t X T Ax 77 v

S

TEPERE R IR OB RAT D 2 ENIR<S MBI TER Y, 1HMHERERILDNA BICEEL
P LR A RERZERT D L 0bi TV D R, 2001). FEMEEEZHE O 90%LL 113 3
Fay RUTCRAETLHOZINA LY I ha RY T DNA THEDNKE W L35
5N TV (Richter et al., 1988). 8-t FuF L F 4% 77 /v (8-0HIG) IZ
HRAN CISMERBREEN S R Z &2 =2 KU 7 DNA 8% DNA OIS FEHRE T 7eb
LT XX TT ) DRBERER D EERL, PR TRETHS. LIen->T
EFEEAUVNE8-O0HIG ZETHZ & TRIETE S L FbNTEY, DNEE~Y—T—X
REESE(LO~Y— I —L LTHERSR TS, —FT, MilagE 7y vt 22800
726 LSRRI DNE, PR TEVERINTELATHY, EEPET 28T
b7 Ry FEREHICDNA 7 ¥ — MR SN TS (F—2HRR) . —fRMIC
BRI OB DO ERNIT R E— ATHLZ RO TEY, TR M— AFHEHE
RD—> L SN HIEMRBELE L BRI OERFER DO —> L LTHIRITE 5. B
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Jalc kAR EWE S LTCUI® U S U OMENALNTWDER, B Y AT KE
FERE O K FEIN G £ D & B 2 LD K OFBBIHIS R ST Y, 8-0HdG D
WD N K TUNVA (Sigin Zhaorigetu et al., 2001). JEMBAREEDIEL 725

8-0HdG DZEE) ARG EE DB T b BBRIRAS, U 7 7 Z — 55 ORRRFNE RS 1T 8.

2.3.7. CoQ,, TRMBFIZE 1T D8 — & KXV TAXT I T ) U BENE

PURALAITd 5 CoQyo IRNMNIKFIZ FLPUIAEFERE O KSR STz Z &2, Hili{bAl
DUWMOA MELZ I % DNA DFRAARE D1E % ek O 8-0HdG I E RIZ K D158 LiFOWE
L > THEfL7. Fig.2A), B), C) (XHGEehER, 8-0HdG OFRFEZEAL, LT g6l
LA L CCD OFEZ R LI DO TH S, TOREE, Bz LI, SANOMIT® Q, FIno
AIECBR7: < BEEENRERFICERB L TV Z ERH LN E o7,

_ 10 A) °
) 3 9 500
g 9
? 6 ~ hd
~ =
e /{ = 400
= 4 g y = 8.9E-06x °
2= y o
S 5 . Z 2 300 R2=9.9E-01 -
2 Kol
0 1 1 1 p—~1 R
§ 200 S
1.0E+08 % y = 6.9E-06x
B) O With regular media 100 R?=9.9E-01
g ® With Q-Media
B LOE+07 0 :
5 0.0E+00 2.0E+07 4.0E+07 6.0E+07
=}
g
2 Cumulative cell density (cells/mL X day)
T L.OE+06
Q
2
|
>

0 3 6 9 12

1.0E+05

Culture periods (day)

Figure 2. Effects of Q-Media (500 puM CoQ,, using dispersion of nano-particles in
Hybridoma—SFM) on SPR. The YB2/0 cell line was cultured with (closed circle) or without
(open circle) Q-Media in a 1-L bioreactor (ABLE, Tokyo, Japan), which expressed

recombinant mouse/human chimeric IgGl antibody. A) Time course of 8-OHdG concentration,
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B) comparison of cell growth, and C) amount of MAb vs. cumulative cell density (slope

corresponds to SPR).

8-OHdG IXIEMMER G H D~ — I — & L TELAFTEZR IV BT D (Richter et
al., 1988). 8-0HAG DENIMINIIZ K W E A PER T DORERFZALDOMIE BN, AFIDES
<HIHTELAD. Fed-batch BB ISR TH D Z &M OIEEERRRT HIZ LIRS T,
TUEST, LB, C0,72 LITRE SN DL EFEY), BIFEMOEELLZNICE b2 REBE
D LS, VEERBROARRZREIZLY, HBERIT R = AL TR TTDHEEND
Sk D@, EHNHIET H 2T Fed-batch B3 & H11Z DNA OB (b &2 fEs8 L T
%. 8-O0HdG Di5#% FiE T OWE A ME LI-fE R, BRI EF 522 RHL,
Fed-batch £5#& H1 D DNA DB{LIREOEREE I 5N Lz, CoQye 2 WIN LAEFEMEM 23
R BT R FIE D 8-0HdG IR EE DMIE ATy, 1ZE A ERROBImZ R LTz,
CoQyo @ SPR _EFBN RS ENZAA~DBRALAEIIZ R D HLBALENIC A 2 O THIITT S
MOZEMEAN DD L 2R LI, PMEITRRLMERL o7, BiIfFL TR -
RERTH Y, PIBLIERALSI OB X 5 T CoQy DENRED /R ST B ATEEME & R
L.

5-L Jar COMFHII W THEEBIARE L DM 720 D ATP ZEMET 5 2 L3R
HENTND (F—HIERR) . CoQ I TEFREROEEME TH Y, HEMILICE -
TIEHE STV D ATP FEAEZNRD, YB2/0 & AW AR R I W T B [AERICIER 7
B2 Ik o TEEENHERMIN TN D O THIUZERGEV. —J5 T, ATP FEANEYE
SNTWVLDOTHIVUE, 78, MIEHHUED R SN2V ONERES, 5% O %
EIHLTAHATHS.

2.3.8. HR LR~ D R

CoQyo DIRNMNT & 0 ARFHNTIT 7V 22— AR & LA e Dk (L/G b)) iR
ERRBDHND Z Lonb, TCAEBIKORFERREREPHERZR I ND. B E VLI
~OREH, HDUVNE TCA B A 7 L DOFRANTHOWTITIETER & FERTEE TORHT 7 + )
W STV 5 (Sengupta et al., 2011), AFERTIIAEFICENENZ Lb L
F—ROEAOF BT RKERBRE. F72, BB X 2852 TlE CoQy DRI
F 0RO, D WEEISRSERRABTRRZ "R L. (F—XIEFR) .
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REEFIE ¥ X~ D CoQyo B HRRFITIL, IKEEFRREIC X o THEKAC MR R A T UL
BRINERE S T2 R~ CoQy 24515 2 L2 X » THMAHHEZ A L T Y (Bguchi,
1984 ), [RAEDVEM A3 EEEE R~ SANOMIT® Q) DIRANIT K - CTHEv, FLEEEREN B L
ATP AGHNEME L SN 2 E R MR SN D . S 61T, ABIZIE CoQy B 512 & D i H ATP
GEROERNHE SN TEY Kajivara, 1984), CoQ XBEFEEHOEEME THD 2
EMBATP ODAFERENHELRIND L ZATHD. MAT, LT CoQ DIRENE T L
oI = R L X —AEFEVEDME T U ATP DMK T L72BRITIE, CoQ DR EIZ L » T=x
VX —EFERSREIND ZEBNMBN TV (Kishi et al., 1993). —J T, FEARTX
=D ATP SR LTV D LARE LTZEBIS,  CoQ, DIRMOAIEIZ A7 53, CCD
DFELWINEIA LN TE LT, TOMRBEEEDOHTET G LT 5 mide EIXBRE

VARTH L. [FERRICHTEMATH 5 CoQy, AT BROBWIRE 2720y, K& 2 A RIZ
VEHEBEFH 3R 40 SPR D] ERNIRITERD b o Tz,

600 0.60

B
Ay Z82B-06x )
3 500 RZ=9.9E-01 _&° ~
£ S g
= 400 2 ||
5 g 040
2 300 2o g
2 s
= ‘Vg E
5200 y = 6.8E-06x = 020 [
§ 2= 9 9E-01 [J With regular-Media
100 & With Q-Media 80 uM
W With Q-Media 160 uM
0 L 'l
0.00
0.0E+00 2.0E+07 4.0E+07 6.0E+07  8.0E+07 Control Q-Media Q-Media

80 uM 160 uM
Cumulative cell density (cells/mL X day)

Figure 3. Effects of Q-Media (80 or 160 pM CoQ,, using dispersion of nano-—particles
in CD Hybridoma) on SPR. The YB2/0 cell line was cultured in a 1 L bioreactor with 0
(open symbol), 80 (hatched symbol), or 160 pM CoQ,, (closed symbol), which expressed
recombinant mouse/human chimeric IgGl antibody. A) Amount of MAb vs. cumulative cell

denSity and B) Ql,actate / Q(}Iucose ratio.
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2.3.9. CoQ,, M LB o ADEIE

AR Ca*' 1%, SEIERMIICE T2 FAyE Uy —& LTEEREEZ
L TWD. ZHFRFICIE, Mgl Ca® JRE ([Ca™]i) I, 100 nM (10 7 M) ATEOEK
REIZRIZNTOT, MRANSMLNOREZ 5 T5Z LIk, SISk &
WPETF v o F L EE LT, IBEARICE ST 10 M OEREICH DRSS D Ca> D
MABFBZY, —#tEo[Ca® i O ARG I ESND. TORR, MIAPHERIcERE
iz il L C S F S F R MIuMRE & HilfE L T\ % (Harada, 2008).

ATP (10 p M) DEINFS LT CoQ, DI THMIN I Lo 7 APRE BF- L= (Figure
4) . —J5T, ApENEm EME L L THIGID GMP 38 L UNDMSO TIHIRE ERITEEO b
77, 10%DMSO THF AN EFANRD LTI E R -T2 (T —Z I ERR) . LIRS T,
D OEFEMEN BB L CoQyp LITMEMA I = X LRRR D Z ERRESND.

g30
g ---a--- ATP 10 uM
® 25 F —o— Control
@ A —e—Q, 0.4%
g N
o
<t H
on
Il
.8
=
©
&
<
<

00 L L L

0 50 100 150 200

Time (sec)

Figure 4. Effects of CoQ, on [Ca®*]i of CHO cells. [Ca®*]i was analyzed using the
fluorescent Ca* indicator fura—2. Effects of CoQ,, (232 uM, closed circle) and ATP
(positive control, 10 uM, closed triangle). Negative control data (buffer) are also

shown (open circle).

2. 3. 10. CoQ,, ISHIEGEE T X DAY O ADCC IE 4

EE L ORLE TRAFICB WL, ZHATHOAEED ORI S EZFEAT 2 NERD S,
AEFEMENEER U C O AEMOIEMICRENH UL, Fi-RiRRRE2EREIND. AW
FHYRTEVE S U CITMREEYE (ADCC) JEMENEZE L S TW5.  ADCC IEMEIT B
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o7 a—20E & (deFuch) ITHEIND Z LNHE I TEHY (Shinkawa et al.,
2003). K5#E LFEE U CIZAEDUAD deFuchz —ERIZIND 5 Z ENFERIND. 22T
1X, 5L Jar (T31F % SANOMIT® Q, iINKG2 T/ 1gGl ¥ 2 T HUARIZ L - T ADCC T
OWE Z xR #Z L L=, Fig. 5 A), B) 13S0z bAOREETENE & ADCC 151
OPEFREREZTRLTEHDTHD.

RPFRREEE L SANOMIT® Q, WSINEE 28 & I3k A& M, ADCCIERME & HIZEITRD b ho
7o QuiRINOA I TAFEGUR 1g61 F A T HURD ADCCIEMEICEBE L o722 &b,
RIS OAEFENER EWE L L CHETH D.

14 [y 80 B)
R 70 F
12
g 6 |
S 1o0f _
E; S 50 F
z 08 [ z
3 .a 40 |
g 06T £
= 2 30 I
g ©]
|04 T 20 k
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0.2 10 F —o— With regular-media
0 | | 0 L L L
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Figure 5. Comparison of MAbs produced in Q-Media and regular media. MAbs expressed
by YB2/0 cells cultured in Q-Media and regular media were separately purified and their
activities to bind to their antigen (panel A) and kill their target cells (ADCC, panel

B) were analyzed by ELISA and °'Cr-release assays, respectively.

2.3.11. kB AE (NSO, CHO #HAE) ~D 3

SANOMIT® Q,, DIRAINC L 5 SPR [ BB A Mg EChMat Lz, gt e LTk, %
A FHUK 1g6 HUR B &2 A PET 5 T EHAHL CHO fHIARK, & A THUAR 1g6 ik B 2 4EPE+ %
S AT AR NSO k&2 PV 7=, CHO D& Tid 7 4 — K2 SANOMIT® Q,, 2 ¥ L,
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BEEISHENO 74— FERINT A2 &1k - TRENIEEE 121 5 393 u M £ TR RIS
RS NSO IO R TIREEEA H 2> 5 SANOMIT® Q0 #EEE 100 uM & 725 K 9 ITH
MUTz. ZORER, CCD 230 L, SPRITxFHREZER K LT 30%H R L7=.

2.4, /NFE

DL b, A2 CIL YB2/0 Al TRILS N D PURDAEFENE A PR3 2W'E - THEOBHR
e AT

AEpENER BB DR A E L. ERCHITERTHHEEEEL, AT T
AATORZRE L. Tween80 ZMBIANICIAME L7z CoQyy, 36 KTV CoQy 2 EH T 2 fE
FER 5 SANOMIT® Qo DIRINC LV SPR OB KA 8 L7z, CoQy D HAMVEMRIZ K 2 W1
AN L7-. 8-0HAG JIEIZ LV, BEmfRERICILA FLAREBLTWDH I LER
HL72. SANOMIT® Q,, DUSHITIL DNA DER{LIRE~ — 1 — T % 8-0HdG #EE 1Tl S
T, BAEA B L RTER L TR EHEER ST, CoQo i KD EEM AR LTS, 4
FEM) D SVEIZRB L2 L B ARIE TR LT,

728,YB2/0 D7 = RNy F154 (W0/01/29246 ) , CoQ, DAEFEMERETRIEN (WO
03/046174) . FHLISNOWE 2 AEEMRIRKF L LTE & (W0/2007/049567) , %+
NENZEHFE L CHELE.
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%3 E  BES{H M

3. 1. =y

JR S Je LT HURESETIL, FRIC Te6 ROFANRZ S AN b TV, Ig6 AHTARIT,
VANT 4 PG CRA LT 2 RDOEB L 2RKOBEFINS R H~T n 48K THS. 161
FURIZ 2 A0 NEIES XA 7 75 U — (biantennary) B8 % Fc fElkiC & % Asn 297 IC
A LTWD. Fe fHID 27 ) 2 2 B 1g6 DA FAHNENE, FriTA I BT S 7 5
favafig (CDC) , 36 K OHURKAAPEDHMIAEE (ADCC) I2& > TRHTH L. ITFEDOHUE
EIEABAFE ORI LV, HFUEEGZYROHMITR R OFUAEIL L L THERAANT
Wb, arYal— M EIRESNDEWEEEZFF S T2HURDOBRIE & & BIZ, mu
fafgErE (ADCC) TEMERUAHAN b ZD— D LN EMITH Z N TE 5.

ADCC ¥EMENE, BEIZ BT STV A HURD O CTHEE RN D> TV DH WL D00 HL
EOEFEEETH Y, BEIZ VT ADCCIEHDO R E LI FEE A G T 2 0 ERH 5.
BUEE CICKET Bl S AURII B MiaRE S I L TGS b0 ThH 5
2, Efipiko—ok LTSS CAMPATH-TH®IE S 4] YO Mifs 215 1 & L CRAR AT
S, APEVEAFRMICAEPE TR TIX CHO M TRERE SN TWD EHRIND. 7R
—/ VLTRGBS NV HURES S 29 f A D 5 BRIEE L 720D 5 14 i B A3 CHO AifE 4 16 £
ELTNDEINTEY Beck et al., 2008), f&5EMIBHEKOEADHIITF v Me Xl
REEINDY =AML OBERPAELT0D. ETETZOEMETHEELI O LEE X
b, L7zii-> T, @il ADCCETETTAR Z /R 2 £l 73 CHO il 25 & L TRE L
THLNNE, EEASOFHIIRE V. EZFREHT 524 TH @ ADCC IEPEFIA % £
PET % CHO M@ AS, HUAKESH~D 7 2 — A INZBIE-3 2B FUT8 DL F/ v 7/ T U
I CHO Miflk & L CTHfF STV % (Yamane—Ohnuki et al., 2004).

BARETNOZOL ) REEMIAZ VD Z ENEE LTEBEOBLL, WE 2RI
WoTEBL TV BLANDBLEE LW, Lo, BAROEIUBEMIZHT 0 1T,
FAAE — REE LT ZERHBEZEDLT-ODHWE LT, N IEREOY AT %
HFRELRNT—A b +ICBETE L. O & T UMEEE X 4172 Working Cell Bank (WCB)
VT, ADCCIEMEDKT-Tdh 2 BRSO 7 2 — 2 & BOHIE LD A A G S
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NBER, ZHETICHEES T O 7 a2 — 2 RERY% (LLF deFuck) % HIH4 2 BARRG 72
FEIIMESL SN TR0,

YB2/0 HfE CHAPE S D HURD ADCCIETERE W Z & IXH 5TV A M (Kanda et al.,
2006), YB2/0 Mz 1g & LiZERAHUAD Efi&n=pR7Z8 <, SEEFLOBLS
TOi&m, WHRICETAERIIE®ETHS.

— 5T, BN E CAE SN ARAZICHE LIEHICEL L, TryE=T O
T VRTINS DR ERER BB OPES A~ DD F 54TV S (Chen, Harcum,
2006; Yang, Butler, 2000). FEMRAIIZHESH D BFERAL 2 Hl48) L 72558841 & LCi%, U
TOABFFFR ST 5 5. Genentech fHIZ L 0 HFES NVZIRE, Beih oS &, K
RN LKL T VB G RORIEA HRYE LA Ry11, 2003), KK
¥, ZEVz NI A FICK Y HBESNTEHEREAZFIREICL TENE A ST D D
LT LV BESHME S A 2L S E D ABRFFFT (Takeshi Omasa et al., 2003), FHIFLHEIZ X
o> THFE SN 7R P OB D 2 WIFHFREAEE$ 5 Z LI X o THEES N L HEH
DD DI FREAEWET D Z &2 AL L2 ABFRHFF Hirofumi Tachibana et al.,
1994), HAEFEIE X 0 B SN CTO DI 7 v 3 I U ETiE N v 3t X 2RI
THILICRVH T b= RBEEEFH OSSR THL 2B E TR
BARFEF 72 ¥ Cd 5 (Kazuo Shimada et al., 1999). Wb, TREE &8 A4 L JapE b4
BOBIEIEE %2 EIF T /20, Fed-batch HITHax 348 b U S8 560 IR S 70 o o ok
ZHAEE I BT T2, HUREEB T OFERLRL 2 T35 L1 T E I3 5 Bdfr &
L CITEN R S D .

ARFETIL YB2/0 il CTHAEPE S D HURKESH D deFuch H538 T DIREEIKAFT H 2 &
AR L, TEEMZREINFIH OBLE D B HUARES T O Fue & &2 il 4 58 FIE L MK
L7z, F, HTAEMFNROIMAIC O W T LERT 5. RELITHREEEOEE
WNRIA=ZD—DTHY, ZNETITHHEL DRFANRENTNDITE2ND LT
(Table 2.) , deFuc%HlEIFIX G720,
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L2

Table 2. Reported effects of medium osmolality in animal cell culture

Range (mOsm/kg) Product Cell line reference
Productivity enhancer of mouse 350 or 400 antibody (Ab) hybridoma (Oh et al., 1993)
hybridoma

285-455 IgG2b anti-idiotype anti Ab hybridoma (S3HS5/y2bA2) (Park, Lee, 1995)
Productivity enhancer of CHO 310 tissue plasminogen activator (tPA) rCHO (MT2-1-8) (Kimura, Miller, 1997)

300, 250, 200, or 150

chimeric Ab

rCHO (CS13*-1.0)

(Lee, Lee, 2001)

392, 469, 542, or 620

chimeric Ab

rCHO with different cloned gene dosage

(Ryu et al., 2001)

300-500 tPA rCHO [1-15500 (ATCC CRL-9606)] (Takagi et al., 2001)

294-522 humanized Ab against the S surface antigen of hepatitis B virus rCHO (SH2-0.32) (Kim et al., 2002)

490 anti-Rhesus D IgG rCHO DG44 (Zhang et al., 2010)
Improvement of Culture Longevity =~ 223-540 IgG2b anti-idiotype anti Ab hybridoma (S3H5/g2bA2, DB9GS) (Ryu, Lee, 1999)
Hypo-/Hyper-osmotic stress 168-329 IgG2b anti-idiotype Ab hybridoma (S3H5/g2bA2, DB9GS) (Soo Ryu, Min Lee, 1997)

285-425 chimeric Ab transfectoma (KR12H-2) (Lee, Lee, 2000)
Increased cell size 290, 338, 386, 435, or 580 1gG1 mouse hybridoma (167.465.3) (Ozturk, Palsson, 1991)

300-520 1gG1 mouse hybridoma (6H11) (QDyaas et al., 1994)
Intraceller level in osmolyte 273 or 600 - mouse L-929 cells (Libioulle et al., 2001)
-omics analysis 300 or 450 chimeric antibody directed against hepatitis B virus rCHO DG44 (CS13*-1.00) (Lee et al., 2003)

100 above vs. control IgG2a directed against CD3 mouse hybridoma OKT3 (Shen, Sharfstein, 2006)

350-650 anti-Rhesus D IgG rCHO (B0) (Shen et al., 2010)

206 or 498 - ES cell (CGR8) (Mao et al., 2008)

290 or 450 Chimeric B72.3 1gG4 rGS-NSO (Wu et al., 2004)




8¢

Metabolism 280-370 MADb NSO (Zhao et al., 2009)
Apoptosis 315-610 with 90 mM-NaCl EPO, MAb rCHO (Han et al., 2010)
Aggregation 300, 340, 367, or 395 Anti PSA MAb hybridoma (Franco et al., 1999)
360, 390, 430, 470, or 510 IFN-B rCHO (Han et al., 2009)
Cell cycle From 290 up to 400 IgG1 directed against phosphorylcholine hybridoma (McNeeley et al., 2005)
From 290 up to 400 1gG1 directed against phosphorylcholine hybridoma (Sun et al., 2004)
Osmolyte 335-500 Moloney mouse leukaemia virus derived retroviral vectors Fly A7, HCT-116 (ATCC CCL-247) (Coroadinha et al., 2006b)
Osmoprotective compounds 300-520 Ab mouse hybridoma (6H11) (Qyaas et al., 1994)
(Osmopurotectant)
292, 467, or 561 hTPO rCHO (dhfr-B22-4, CS13-0.02*, and (Ryu et al., 2000)
CS13-1.00%)
305, 458, or 537
335, 350, 400, 480, or 570 tPA rCHO (MT2-1-8) (Schmelzer, Miller, 2002a)
Glycosylation and pCO, 310-376 tPA rCHO (MT2-1-8) (Kimura, Miller, 1996),
(Kimura, Miller, 1997)
337-469 1gG2a MAD against benzene-arsonate hybridoma (deZengotita et al., 1998)
105, 76.8, or 52.6 mM NaCl tPA rCHO (MT2-1-8) (Zanghi et al., 1999)
controlled at 320+ 5
320, 375, 435, or 476 1gG2a MADb hybridoma AB2-143.2 (deZengotita et al., 2002)
320, 375, 435, or 475 1gG2a MADb hybridoma AB2-143.2, (Schmelzer, Miller, 2002b)

303,313,347, or 336

recombinant fusion glycoprotein B1

rCHO DG44

(Borys et al., 2010)

Optimized cell growth

40-250 mM-NaCl

HeLa

(Elton Stubblefield,
Mueller, 1960)




3. 2. W

3.2. 1. 15 PR AR AR

5 EHIfRIZIX, 7> bonA 7 U R—~< YB2/0 (ATCC CRL-1662, VA, USA) ZHu 7z
(Shitara et al., 1994). v U Akt FF A TH IgGl HLRA B LB ZZNENHIT D
YB2/0 #H % Hybridoma—SFM, CD-Hybridoma £%Hfi(Lifetechnologies, CA, USA) IZHAZEIT
Jis U THINF 2L 250 mL 5 &D =~ Z A= (Corning, NY, USA), F7=id/ A A4V
T X —THi#E L7z, F7z,SP2/0 Al (ATCC, CRL-1581) & NSO #fif@ ( Riken, RCB0213,
Japan) Z A7z, SP2/0 & NSO MHfidiL~ 7 At b A T8 1gG1 Hifl A ZFBL L 7=

3.2.2. 155 F JEURE

CD-Hybridoma AGT £5 13 R FERI A Z N =, £ 72, B L Cid High Density Lipid

Concentrate (HDLC, Invitrogen #t) % 0.4%(v/v) AN L 7=.

3. 3. DRI

3.3. 1. BraR A

=TT AAERICE, BRSO (XA T v 7)) MWz, SAF VT 72—,
77w b2 Rv® 1-L (ABLE, Tokyo, Jacan) , T A AZ X —E D 30-L
(Bioengineering AG, Wald, Switzerland), B°vF K7 L — RK®D 5, 400-L (GLZENA A
T ¥, Tokyo, Japan) #HEZM\W\o. 1-LAEIZIENMEMRTH LS. #EMEOMILIT cell
culture bag (Medtronic, MN, USA) £7-1X T-225 cm2 7 A= ( IWAKI, Tokyo, Japan)

i LAY

3.3.2. AL IDARES

e E R X OVEERIX CEDEX B v o ¥ — (Inovatis AG, Bielefeld, Germany) %z >

TO0.4% b U R T N—Z AW ORzRECCH L, 77914007 va—2R, F,
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FETE B O EIL, FEE(LEESEEMIE YSI12700 SELECT ( Yellow Springs Inc., OH, USA)
THIE L7z, 552 BiET o Ig61 % A T HUAIRE X, ProteinA %1 7 A% HIvT HPLC TH
TE L7z, B o323 1T, BEE SR FIEIZ L 5 Vogel OsmometerOM802-D (Vogel, Giessen,
Germany ) THIE L7z, HUEBES O 7 2 2 AR & D FEICHES T, TNENOREHR
Ui & BUBEHA Y 54T L 72 (Shinkawa et al., 2003). »—% /L RNA OB iEITH 5
DIFIEZNE -T2, FUTS, GMD 0> RT-PCR JIE (T4 & O F5VEIZHE - 72 (Kanda et al., 2006).

GDP-7 21— A ORI T AT O RT-PCR 1L EH K & O FIEIZHE - 7= (Yoshisue et al., 2002).

R U787 7 T 4 ~—% Table 3 TR L. T UAIH L7288V 0 7 VI E

6, 9, 11, 12 HEIZEEL Trizol R, AR FE LR L7,

Table 3. Oligonucleotide primers for RT-PCR analysis

Gene Gene name Forward primer(5’ to 3”) Reverse primer (5’ to 3”)
symble

ACTB™ actin, beta ACAGCTGAGAAGGGAAATCGTG TCCACACAGAGTACTTGCGCTC
HMBS™ hydroxymethylbilane synthase TGGAGTCTAGATGGCTCAGATAGC CCACAAACTACTGAGGGAAAGG
Gek glucokinase CAGAAAATGGCGGAAAATACTC GAGATGATTCCTGCTTGAATAGTG
Hk1 hexokinase 1 TCTAAACTCTGGGAAACAAAGG AAGTTTGTAGAGCGTCCCATC
Hk2 hexokinase 2 GGACTCTGTATAAGCTTCATCCTC GTACAGGAAGTAGAGTGGGGG
Hk3 hexokinase 3 AAGTTAAAGTATCTGGCCTTCTCC GCAGATTTTCTTCTCCACATTC
Fpgt fucose-1-phosphate guanylyltransferase TCAAGAGCTAGGCTTACAGTCC GCTCAGGTTCCTCTTACTTCC
Fuca fucosidase, alpha-L- 1, tissue AGTCTGGGAGGCAACTATCTTC TGTCAGCTTTAGAGTCCAGGC
Fuk similar to L-fucose kinase CTCTGGTCTTGGCACTAGC GCTTCAGCACACTTCTCAGTC
Mpi mannose phosphate isomerase AATTCATTGATGTGTCAACCC AGATTGCACAATAGGGACAGG
GMD similar to GDP-mannose 4,6-dehydratase TTTGTCATAGCTACTGGGGAAG TAGATGCAGGGACAACACAG
Pmm1 phosphomannomutase 1 AATGACTTTGAGATCTATGCGG CTCCAGAGTATAAGTCCCATGC
Pmm2 phosphomannomutase 2 GGAGTGGTAGGTGGGTCAG CCTATGGAGAACGTGAGGC

Futl

Fut8

fucosyltransferase 1

fucosyltransferase 8

CCCCAGAGAAACTTCAAAGAC

TTTAGACCTGTAAGTGAGACATGC

TATACCTGATGTCAGCCAAATG

GTGCGAGAAGCTGAAAATG

*1: The B-actin and hydroxymethylbilane synthase as reference genes were selected for calculating normalization factor with

geNorm normalization (Vandesompele et al., 2002) from ten-genes.

30



3.3.3. Beag 5k

FEREA LT 2X10° cells /mLUA &2 X OICREREL, 37TCTHFEL, LEIILUT
IMDM B i D7 2 e X 2 VYR E Feed LTz, NAF VT 7 X —TOE#ETIE, kil
RO CO,, F/IE 1 mM NayCo, 2 VT pH 7. 1ICHIE L7z, IAL/FERSRIRFE Y 50%(2 72
LEDTBBOAN=V T XTI L7z, /N—7 22— 3 UE#& 113 Sorvall
Centritech™ Lab IT (Thermo, MA, USA) Z MVMEEDORGEERMIC, #4 HEIZBRE
FNZHIB U7z, BRI 1 ovwd & L7z, ZHUSH L CRESEPEDMBE T®H - 7= SP2/0 Hifa
L NSO #HfiX cell culture bag (Medtronic, MN, USA) £7-1%T-225 c® T 7T R =

( IWAKI, Tokyo, Japan) % FHu 7=.

3.3. 4. K EtE

AAFER L A R/ MM 2K < 100%

CCD : cumulative cell density : BRFEMNUERE  (cellsXd/mL)

SPR : Specific Monoclonal antibody Production Rate, EbHTIRApEREE,

SPR =Hi{KJEEE~ CCD  (mab—pg/cell Xd)

Tl TgGl & A T HURIBEE « LePUREREEE R —F (8 mab—pg/cell Xd) THHZ &%
E U B FEA ML (cells/mL) 25 U CHURIRE ZHER L7-.

3.3.5. PEGHHIE 7 = NNy FHHE

Z5)E 350 mOsm/kg AT I ARAT & MR S AL WK HA K IZ X0 240 mOsm/kg 1A AR
L7z, 518, Zva—RA% 15 g/L AN U #éaiHEiR & % 33010, 320 ~ 340 mOsm/kg
E L7 RGBEFVEIITREEFEAL & LT a—R 5008k E Wz, 2 2 Tlid—p)
R LT, NaCl & 70 a— AR O I X VALEICREITE LR O 7L a— AR
ENARETH 5. HEHIFHREEC 72— 2% 15 g/L WAL 72FE 240 725 340 mOsm/kg |2
RGEN EFAT 2 2 bR OBT CREEL 1 n0sn/kg EF-SEL5720121%, 0.15
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gLOITNA—=AZFMTIUTIWEFEIND. BEOH THLEEE2 HAMND, b
DUVNIRHEEIE A T Lz (975) K& 6 HH, 8 HHMND, REEOFELBA LT,
JED BAEfEIE, 12FEIEE deFuckDIMEDT —% 71 v kB LIV RERAY 72 B
Tho Y=-0.295X + 152.4 ZH\>, YIZHEE TS deFuckhs0%, 70% £ L T80 %%
RALTH LNz 245, 347, 414 mOsm/kg Z HIRRGEL Lz, Z v a—ZiRINMAIC
IR B OMATICA DT CTHEKX TH 1L AR TOTREMREZHE, Zva—XRINA £
TIBELNTWORGEDOFERIE L & i, BB 2 CCD 7RI K HAHEFFITHV.
AN A DARRI, WINY B OFEE T IS A2 A Uiz (EBRICIEZ 0y 2 — A0 EH SR
BEPEBT O THRENEL D). CODMIERGEZAWTEEEL 220 5 HiREEL
TN — b ETEE LB Gle IREARET L. 41 LT EREM 390 mOsm/kg — Bl
FEfE 285 mOsm/kg) X 0.15 g/L/mOsm/kg = 15.75 g/L L7210, #&JREE 15.75 g/L O
VA —ZAPMPBE L 72D, 73— R S00RIRZIRINT 5 & X1, ReiREEZ{k
R DHIfRG 28T T, NYREZT 4y IR T 2 TR L7z,

3. 4. AR L E R

3.4.1.  HIEEHORBEIC L DHUAEH Y 2 — 2GR (deFuch) ~DE

YB2/0 RS2 O FIFEEE O MK A HUTIER U T, BEBHH deFuchix ik L7~ (Fig. 6) .
ZOMMTIEEA~IL HEZB LU CEDL RS (T —#FER) . LM AUT
2 8 —IZ K % Fed-batch 58 D72I2, HIIEIR AL 2 7K THAAIR L 285, 300, 325,
345 mOsm/kg (ZFA%E L7=. 5538 11 B BIZIE deFuchi iz B E MR IIEIZK 70%, 58%, 46%,
40% & WAHRE 2R U7z, BEIZ YB2/0 Ml CTHEBL S 7= Hifkod ADCCIEMEA @V 2 & iTF b
THY (Kanda et al., 2006), FEEHF D deFuch2 w2 & & EEFI7Z2 (Shinkawa et al.,
2003), YB2/0 MRS FEHL 2 FLABES T O deFuchizLd L b —kRICEm Wb Tk el
BEFMICIVESTHAZEZHONILEDIZINDBD T THS. £, BEE LR
IR D AEFENE RS2 HE ST D28 (0h et al., 1993; Park, Lee, 1995; Ryu et
al., 2001; Zhang et al., 2010), ARG CTIIEBNA LI oT.
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A DS HIEE 2 Ff > DIk L CBM MR TR CRERL S T 0, BRI 22 BRBEIK
T OEBEZITROT VI LD LB T < L0 BERIEAICE L TRiEtah T
7. BEEEFEO—2SOEERRK T THY, AROREEN 320 mOsm/kg AL TH D Z
B OTPHRHIT Z ORIEORGEICTHE S L TE 2. FlxiE, IMDM;282,
Serum;290 , RPMI-1640;305, o -MEM;305, DMEM;329 mOsm/kg T 5. F7-, —MKI
Hybr i doma #HfiE <> CHO AHAE T, =5 £ 03 B O REIZ Jb A PEE [ specific production rate:
SPR (pg/ cell/d) IMW@mWZ LRI B TI Y HillkEFHIO F11Z1% 350 mOsm/kg F2HE D&
VR R RS S du7- CD-Hybridoma H5#i7e & AFET 5. FAOEDH & Z A TIE, HEHS
K — 2 ORI EE DS E D - BN, EEIZ, Kimura & Miller (%, 8% 0iR%E
JEAS CHO MR CHBLEINTZT 4 v a—T T A ) —F U OHEBERICEE L 2o 72 2
EERHE LTV (Kimura, Miller, 1997). 724, BBEDEBEOENBLZE SN D Db
SRV, HROFEL L LR OFEWVAFRE NS LIV,

100
80

60 |-
40 |
N B
0
285 300 325 345

Initial medium osmolality (mOsm/kg)

Defucosylated MAbs (%)

Figure 6. Dependence of MAb defucosylation levels (deFuc%) produced by YB2/0 cells
on initial medium osmolality. The medium was diluted with distilled water to attain the
indicated osmolality at the beginning of the culture. Fed-batch method was used in a
5-L bioreactor. Independent experiments under similar conditions exhibited similar

results in 1-L bioreactors.

3.4.2. 7= RAYFRPTOMRND deFuch~DFHE

B R E & deFuchDFABE L,  YB2/0 Ml Fed-batch O MIAKAR T HEH I
2. RBEX, pHFABOIZOOT NIV OERM, 7 /R, Jra—RpE%ET Feed
DU, BIFEDCAFEY) DOERE IR Ekx REER R I END. JeOMFHI LY deFuck
DEIFENNTIZBIERN B 2K T THH 9 Z ERN> TEID, BEEO T = RNy FHET
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FCTEHAT2720IITN ONOENRE X biLd. 22T, 137 = Ry FHEED
W ETIRBELEMZD 2 & TEBIC deFuchlZ BB = 25 O WIHIRE 2 i L7-.
5-L V7 7 #—"T® Fed-batch ®7=1Z, KiHi% 290 & 340 mOsm/kg IZHMIKFHHEE L=, =
FEEDOEBIIIENITIAKT 5 Z LIC LV ERR ECIRBEL T AR IEEZERA L,
B-LAAA YT 7 —TikAlz., T2 TORFHIBRTHIRIREEIZ L DB 2 HE LT
HLDOTH Y, BFHEEEACIT K 2D S P D B~ OIS AN T AU AR L o il 3 PR
LD, WL 340 mOsm/kg THEE A B L2, 53 6 H H THIIARAR LG LS
290 mOsm/kg |[ZFHHE L7z, ZORERE, RFEEHIEIC X > T deFuchn® 20% EA-Hl#H S iz
Z OEIFHIFIR B 290 mOsm/kg TEEE 2 BRAR L 7ot GRBR X L ZITFEEOfE & 72 o 7.
TN D DOFERN G deFuchld, FIIETHIORBLED LR LT HEEFE->TNDH T ==X T
HIUTV DO THRBEDOHIEIC L > TRERBE CE e A R LTz, £/, 7—2 130
W OB O WIS hd 5, BB ORI #2 2k T& 5 2 LA RL TS,
7V a— 2 3B ES R I AV SN 2 FEELE OO T, B EIC IR Z &R
TERVWEERR TH L. FIRFZ, RO RINRTEY, Zva—ATRGEL LA SE
LEBERFO—DTHD. 7221, FRICREEL LA S5 FERFTHD NaCl & 2
720, FebRER R RBES BRI —EBIL CO, &g o TRAMCHEN EN D Z 0D
(CeHp05 + 60, = 6H,0 + 6C0,) , MIAFAE F CTOMWE 7 /L7 — 2 L HERGED EFIT
—IMEORBIE EH E B2 bND. —ROBMINE S TR ERIICHLBST V=T
7p CESRBIEY DL UIRBIEN BRI 5. @B R % # T 5 Fed-batch H5#8 TlX =
O BE T W EFTTO—DTh DM, R 7L 2 — A2 K 5 EEEREIC L - Tigid
JEDIRN - HERFA IR STz, ZOBRPBREEOHIENEDBRICEZ K RE L TZH L
P AICB LTIk 5.

ZIE T deFuchDHENIE FMIEO = V=T U ZIC L Db ONRETH -7, Tk
X, /v 7y N FEEZAWTT a—REBEEF FUTS (Yamane—Ohnuki et al., 2004),
GMD D fit#ATE2SE GUD (Kanda et al., 2007) ~DSABIAM B 5. siRNAZ & 5 FHE TIX
[ U< FUTS (Mori et al., 2004), 7 2—R®D )L IIR~DOUHEIKTH S GDP-7 =1 — &
D kT v AR—H—GFT(Omasa et al., 2008) DI SEND. £-, FVavZ—+F
PLEA S A STV 5 (Zhou et al., 2008). LNLZARNRD, HWEIOEAIBIT5%E
M7 7 —F TR,
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3.4.3. flAAE (NSO, SP2/0 i) T deFuclh~0D 528

BE MR E & deFuchDWAHBIE,  YB2/0 Mildlcinz CHioMid CHBEI SN, ki
SN TV DHURESLRIEIZIZCHOML, &~V A I = m—<ifllld Tdh 5 NSO Mifld, SP2/0
RS R STV 5. ADCC OSBRI D 72 D12 deFuchDHIHNEE TH D Z L b,
YB2/0 TR SN IREEDRE MO TEEF ML T E D K 5 B E 2R~ T 0m D 2 LI
MOTEETHD. T Z, NSO L SP2/0 Ml ~DIREED B2~ (Fig. 7).
3 T OB TEDBIE & deFuchDEBEDELSWN 2 ZF R 5 b OO, HHiEEE & deFuckh

DWFHRS I NSO #fiw,  SP2/0 i & L C YB2/0 e CTxiiZ I &[m CAE A 27~ L7z,

ADCC IEPEN EIB OHUARZ FI% T 2 B121E, B B2 EEISRT 208N D 5.
7272 B, ADCC {EMEI deFuchil K& <IKMFT 206 Th 5. Rxo7-mEMiaE, 2
780 T RESHAEPERE, FRIC7 a— AfHINRRICBI L TR o7 AR LT Y, i Lo Mifig
ZIIRT & TH % (Kanda et al., 2006; Shields et al., 2002; Shinkawa et al., 2003;
Wurm, 2004). QbD OFEHIIR > TH AR, LER TRAHO I DIZITBRFRZE S
7275 TR ORIRN SHAY CTdH D (Yamane-Ohnuki et al., 2004). LvL, Z X H 7k
B NO B LT TE 2017 TIER W, FES OSA FEIRLOBTITAIFED D B E T
12FICHB LT, LOBbE—OSHTHRET 27 —ANBI L, XoFyr—L M7 n
— VLR PEBOBRERDNDD Z L DIF ) BNt LA X T 5 (Steinmeyer,
McCormick, 2008; Werner, 2004). ZiLwpz, BAFEE L ToOfE EMIAO) Y 2 0T
BIND EFRS 2. FHTHRT — 2 3% < ERSNEHAERBIC 2T "7 o

EHEIIREEEBIZBW T —EDY A7 2HA 5 272 % . NA FEHETEHMIZE T X

141

7 —-= NSO, SP2/0, /~AAX— CHO, BHK, - X MDCK, & k HEK293, MRC-5, and
HT-1080 ™ X 9 7246 < DIE M E &, B23851EIC X B deFuch D #liE L2 FnFho
A CHA L TR Z IO THEHTH 5.
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Figure 7. Dependence of defucosylation levels (deFuc%) of IgGl MAbs produced from
NSO (A) and SP2/0 (B) cells on the initial medium osmolality. SP2/0 and NSO cells were,
respectively cultured in 1,000 mL cell culture bags (Medtronic, MN, USA) or 225 cm2
T-flasks (AGC, Tokyo, Japan) in RPMI1640 medium (Lifetechnologies, CA, USA) supplemented
with 10% Daigo’ s GF21 (Nihon-seiyaku, Osaka, Japan).

3. 4. 4. BEFR (Perfusion) BE#&% A= HIEEFE OME

IN=T 2=V a UEERIZBWT, 74— FE#ORZEEZ 260 — 330 mOsm/kg (2RI
AL EEDHZ LT, deFuckh% 45%7> 5 85% CIEEICHIME L 33 HfKE&E L7z (Fig. 8) .
R T LD IS ORGBIEZ o TR EE (@) 12310, 270, 260, 240, 300,
330, 300 mOsm/kg DNET LF/ FIFHI#HT 52 & T, deFuch (W) & EFHB T H
FUCAERICE LT 5 Z ER AT, 20X 5 ICEMIIREEIC X o T deFuchiHil# AT 6E
THHIZH b LT, KIKIERFET 240 mOsm/kg ([ZYI W Bz 72 & 2 AT, ZiLE T 9I0%
w82 DEAECRAFICHER L COW A ROK TR SN (Fig 3.3B, C REIEAT) .
Z DX AKX D APIREEHEN L, B RY OEB) &, 72l X0 A RS
BRI HIR” DD L EBETRIZR LR,

MEA O PSS ELEICI\V T, Bayer £k, Centocor #1782 £ 7042 CT XL ¥ Perfusion H5# %

P LTI - BBREYICHRA L T D DBtz R, 3LA LI TFT—va vl
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DBLEDD Batch, Fed-batch ® TREAZFA L T 5 L& X Hiusd (Michel Chartrain,
Chu, 2008). Z Z CiX, EBROHAIZE Y ERFH CHREZELT-DDOY — L& LT
Perfusion ¥ 2 M L7, FUMESHUREEIIMKRATUZ K- TRRFE L7=. B:Hib) v & x
7=, Centritech Lab 1T % FHWVESTAE 1L OMNIZHHHEETH 250 mL A3 6 hr fEIZHEA
T2 E (Perfusion rate 1 vov.d.) , T720OHHK 1 H CRGENPHREMICE T D5
fECHERs L72. 21 H HTviability 28 90%% FEl>72D T, E&EHEE LT H I~
300 mOsm/kg ([ZHI W B Z 7=, 240 mOsm/kg HIFENIYI W B 2 7-# O FEHME Tl 280 mOsm/kg
WRINT O AV RISEIC L DM EOPERIC & b2 5 REE ERBHERIS
D.

_ 340 , , 40 8
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Figure 8. Defucosylation levels (deFuc%) of MAbs produced by YB2/0 cells cultured in
varied osmolalities. Cells were cultured by a perfusion method using a 1-L bioreactor
with Centritech™ Labll system (Thermo, MA, USA) which enabled arbitrary changes in the
medium osmolality. (A) Open circles, observed medium osmolality; closed diamonds,
osmolality of feeding medium; closed squares, observed deFuc%. (B) Reactor cell

viability (open triangle). (C) Reactor viable cell density (closed circles).
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Reproducibility is ensured because several conditions were adopted, although

reproducibility is just one aspect of perfusion culture

3.4.5. fii 2 OFHEFNZ L %5 deFuch~D 5%

BHEFRBEANTFHEROMWE (4> vs A Ao, HEEHAERIEE vs IEFEE) 12
L O FRIHIRBIE & deFuchDWAHBIITMERF S 7z (Fig. 9) . RIBEZ DB DA deFuckh
B L TWD I EE2MNPODHTDIT, A4 O (KC1 & NaCl) , HE (7a2—2
TN h=R, ZVTFr), FEEE (= =) (2K 5T 320 705 250 mOsm/ k g
CHAKRAR L7 B5ic 2 e n s, L -C37'CT1l, 12 AfMREER L. B R&Z
LT, BEHUREE L deFuch® WRBIILAMIC & S FMHBMERK : 7 =0.92 LV 5 E
FBZ R L7z, E 61T, MIaAEBOIE#SRTH A 5 Na' /K OEOEI G B L o T,
Flo, 7a—ARMOWE LR CHREFOZ L3 —RAERED, BiHiiaREE Tl
BI~D T a3 — AR TH D GDP-7 2 —ZD 90%L 7 YV —D 7 a— 2 TiEAe<, GDP-<
V)= AMBEREND Z L BHE STV S (Becker, Lowe, 2003). 7o, ZEEMNL
H N EPEREICRE L, TORGEFEIMENT 2bEMC L > TRENRR D Z &
WA STV S A3 (Coroadinha et al., 2006a), (2% EiHHEME OFEIZEE S L2
AWFFED deFuch & IR TH 5.

QD DT T —FDa v MIFFIZAR THDLIT bbb, Fox MifasiiEiy
FHINFEATICB T DITE S TRV, MR 0 /7 A — 2 3R MK ATV D NG
Thod. Tz, BFITUBHICERE L O TERGEEDT 7a—F B3 o5t
(Abu-Absi et al., 2010; Horvath et al., 2010). Z X 972k FC, AL HE~E
By WM XT A —H L 72 B AREMEN B 5 deFuchZ BEHLOIZ L &\ 5 ELEEIZHH
BCXDNRT AL THITE D Z LRI L2 &1L, Z0F LS FEB o A % i

a5 BEEZRT DI THETHY, FIRTHS.
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Figure 9. Relationship between defucosylation levels (deFuc%) of MAbs produced and
medium osmolalities attained by supplementing with different compounds: closed squares,
NaCl; closed triangles, KCIl; closed circles, fucose; open squares, mannitol; open
triangles, fructose; open circles, creatine. Cells were cultured in 250-mL Erlenmyer

flasks (Corning, NY, USA) for 11 days.

3. 4. 6. FHBEVEORE L

VL EORESN S, YB2/0 MUK DIEEL T 2 HUANE 4 o HUBERE R iR FEAK AF RO L 28 B)
THZENRENT. el E COEREEOT — Z NI AW T & RB LML, BEN
IR DR BELR B R HORBERE 11 BIZbB I SHEO —HE 7y ML
ZbDTHY, HEERETORBEL(ZMEKL TV,

ARFHTHAWZ 1gG1 3 A 7 HUROAFE YB2/0 MRk OF5# L LT, CCD (10° cells
Xd/mL) EEESND Ig61 FATHUE (mg/L) & ORICEMAIRMEN & 0 A EMEN
HIHIC R <HHBIT 2 2 L B EDOHRN B H] o TV 5. A E ORI S T2 b
% SATEMIIRE B I 16l ¥ A THURDAFEREE L s T 2 LN TE 5. —IT,
Fed-batch B3 |Z 36\ C, IRFBEIFHEEYIH ) S BRI H > TRIFEM 72 EDEEIZ LY

ER DM D 5. HURHEHDFEB UM% (2 H R BiE T TIMEM 25200, SRS
39



INENDEEY = —ADRBEICLVEEBRSNTERAIWSN TV D ERET D L, &
B AR AL T L7 HUAKESH O BEAE, B EER 7 = — X DRGIE L £ DX THRE S
NOPUERDORIMTRIASND LIRETE 5.

LLEDBE £ 0, DIgGl F A 7 HrikAE YB2/0 MO LFFRITIZIE 24 R CTH B 2 &,
B EORES 7, pH ¥ 7 MAFNCE W THBMIBE O, BBEDISEITITN 2
AZZE L7 &b A 2 ARTOREEIC X DH1E, @4 AREOREED AT OFH,
@F X MAEETAE (T 7254 COD 13T % CCD D53 %) Z NNk L 72 iR%E £ CHE
7y bEEB L. ZORR, @Y, @F KHAEIKREMIEC X 2REEHEE AW
BACHBIREIT 2 = 0.81 05 2 = 0.95 1211 L L7z, @O RN R E R LT
DIZBMIRRIGIEEI D E N ST Z LICHRT D B2 5. BROIIREELHIHT 50
THIUIBDFENAN TH DL LER, UBEOT 0y MUIAFEZHNWL Z &ITLE

3.4.7. HfgfE&R T — 2O 71y bk

A F U IRIFR IR ZBE E OIS E IR TH 523, B 21X TRPV4  (Transient receptor
potential vanilloid 4) 1%, MMEIMERELE TEALL LIEMLTHZ ERMOND T v
YRIVTH D ERAR, 2005). RREEUSMT S, ESRWMALZ X D shear stress (TG
T 5. LENRAEFEICBNT, A7 —7 v 734 O ABRE) 72 W BLE) 7o 254 2 5RO
L. T ZTRORS gL, MOV A X, BOZAT, HAAN=Ux—OHLERE.
ZOIEMTS, WEOHEKRITH U CRIEARE N T 5 2 Linh, WFERIRT A
(dCO,) DERENATF—NT v 720 AETDZ LN, L<M5NTWAD (Matsunaga et
al., 2009). ZOFER, dC0,725 EA-L, MNOZEIZ K > THREEENMETT5 2
EW, WL ODPOHIETH G TS (deZengotita et al., 1998; Goudar et al., 2007;
Zhu et al., 2005). & Z CTHEILHI dCO, DE{LAZZE LT, 1, 5, 30, 400-L &
A AT TR L, MM, SRR, IR EMEDRR T4 5DV T 7 2 —OE;
RBIE & deFuchDFIBEZ 71 v b L7z (Fig. 10) . BEHURIBE & deFuchdwifH B I% B
TFICHERF STVHBIERET - 7 = 0.79 Th otz LU EXY deFuchiZfin 1 XM B

REREICEAAE L THRBERITEDREBIZ T RN LRl
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Mifars s 7 v & ABRRIC BT A BEF O M T, BEHAINEL, i, o7 VER AN
BV TN (NTE2T AV ATIVEE vs. NV UL/ AT IR 1220
MENTETEY, Ak deo, iEH Y T2 < (Kimura, Miller, 1997; Oliveira et al.,
2008; Zanghi et al., 1999), 7 E=7, pH, &FEE:H, BE, HEHEELYAIVT
DR R STV S (Butler, 2006; Goochee et al., 1991; Hossler et al., 2009).
L L Z DX D 2RKF D deFuch~DZBIZ OV THE LBl AKREHT
2% & deFuch D WA BT B A 7 — /T b B SN R VB MO H D FREHI 2 D
bOLHRFSED.

100
S
~ 80
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S 60
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= 40 .
S y=-0.37x + 173.83
g 20 | 2
o =0.79 78 runs

0 1 1 1 1 1 1 1 1 1 1 1 1 1
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Initial medium osmolality (mOsm/kg)

® 1-L Bioreactor, L/D=1.5, flat paddle impeller

¢ 5-L Bioreactor, L/D=1.8, pitched paddle impeller

A 30-L Bioreactor, L/D=2.8, disc turbine impeller

m  400-L Bioreactor, L/D=1.8, pitched paddle impeller

Figure 10. Relationship between the defucosylation levels (deFuc%) and the initial
medium osmolalities analyzed under four culture scale conditions. MAbs were produced
under 78 different physical conditions: four reactor size (1, 5, 30, and 400 L) each
with different blades and aspect ratios (L/D), as well as different osmolalities, for

11 to 12 days in fed-batch cultures.

3.4.8. YB2/0 fifil 7 = K 3w F553 D RT-PCR 04T

HEREAYZR RT-PCR 2 WT 7 a— A IOAF & 725 FUT8 & GMD @ mRNA OIS ERfEAT A

11 Af# 400-L f# Fed-batch ¥5#% CFEMi L7= (Fig. 11) . "NUAF—E L VBB T
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D=L T IF o THIBIL LT & 25, K536 B HLUABSREIE A 300 5> 5 450 mOsm/kg
AR L7 Z SIS, FUTS I35 AN THI 8 L H LS B R L7-. Tl
Xt LT, GUD DERIZEEE TIXRn-oTz. ZORRLY, BHEETE & deFuchoiHH

L7 a—REBBERIEEOHBIC L 2D TH D Z ENRI N KERND S HITIAT
T, 73— R LR ORI & & RIREE O i 7V A VDT ERE LT,

Pre-culture Main-culture
(80 L) (400 L)
012 3 012 3 456 8 9 10 11

(days)

B -actin » |,

FUTS ™

GMD/B-actin 1.0 1.0 09 1.1 1.2 1.2 2.1 09 09 1.0 1.0 1.1 1.7 25 1.7

w 10 500 &
2 W FUTS =
E 8 OGMD 450 £
< &
é 6 x/'/ 400 E
= 4 350 %‘

—_ —
2 2 b - 300 g
‘a 7
3 0 250 ©

0o 1 2 3 0 1 2 3 4 5 6 8 9 10 11

Culture period (days)

Figure 11. RT-PCR analysis of cultured YB2/0 cells in 80-L pre—culture and 400-L main
fed-batch culture in bioreactors. FUT8 and GMD transcript amounts relative to f-actin,
calculated from the fluorescence intensity of each band measured by Fluorolmager SI,
are shown below the RT-PCR panels. Two independent experiments under similar conditions

exhibited similar results.
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3.4.9. FEHIIR F 73 B AT 9™ GDP— 7 =1 — A AR I 0D JE AR AT

RIBERME T LT, RWRFEESRMTIE, FUIS DFEIUXTF, GDP —7 =—
AR AR BB OB T ORBURT, © L CHEREE T RORBK T MR S h.
mMERIRIEE  (410/250 mOsm/kg ) DRMETHEFE LIV TN Zi~ A 7 v 7 LA f#fT
L, EH LB FREIZ DUV T RT-PCR 250 L7z, cDNA 1%, KiRZEE 250 mOsm/kg , 1
2% E 410 mOsm/kg DA FT, vV AE hF% 2T g6l Hifk B 25 B17 2 YB2/0 Mfu o
I-L 7= Ry FREFHG6, 9, 11, 12HEOH U FANLHE L. ~A 2707 LA
BT IR B ESAFICIN T, MRFERICBEE S 2 8 A FREICAR PR A R S a1, FRo7 v
K7 —8, ererigsr—EBLO0HBT e ke —E8Rn KT LTWe (5F—#IkE
R) . ZOFERNE, BAFORBIEF BT D 7 1 T A — A, 55 K R & SR 5 (Shen,
Sharfstein, 2006; Shen et al., 2010). RIZIEHR L72BIsFHEIZ DU T RT-PCR Z W
THRBEN 2D, SRGEICKT DIREEEDOFBLL % Table 313 L1z, 3 DD7ELR
PR ESN. BL, BRSBETIE, BIEROBTHLIMEHDO S DL, ZVvax)i—E8
ANX Y XF—F T ORNIHINR SN, Fig. 6 O —R LTI, Bl 2@ U
TIRBEDORRZEDBRICELN A Clehrolz 2 L2 h, MfilfEITEEYMEZ® L ChE
DAL IR o T, v A — ADTEEIRE & FLER O A2 R B I HRIRBE T TIRWT b2
LT, MROABTLEFRIITIRE 2B Dotz (FT—2IFmR) . 2D ORERE
5, 7 — A LFBRO IR & A ER KRB LR T TR - T D LoRig
Shd. BT, P — 7 a—2ADMHGIRR B FREOFEH IR T L. Biiiaizsn

)ﬂm

D ot

TGP — 7 22— A DMARREKE 1L, GDP —~ >/ — AIZH KT D de novo D3R & ikt~ =1 —
AN DY IR—VIREED 2 O3 5. Hela #ilfi 2 AV 72 A RS O & BB ©li

GDP — 7 =1— 2 D 90%% de novo DR THRL E A5 (Becker, Lowe, 2003). & 512, de novo
RO GMD & (Table 4.) , PANR—UREOT7a—2AFF—ED (Table 4.) PR
BIETHA LTV, 25T 6DP — 7 a— 2D MERBIE TIEHIR EN TS Z &
ZRLTWD. I, DP — 7 a— X2 FEIZHURICHESHE 2 N9 % FUTS Db DD
RBIMRIRIBIE ST CHEEFICIMH S, Th D ORI, YRR EEIC LS
deFuchDHilfEIAY ADCC {EVE DL E R PUADIIEIZB NV THHATH DL Z L ER LTS, &
FIEIROFEHL & FEEH G A~ DI B E D FBIZ DWW I B AL TV S 2 (Borys et al.,

2010; del Val et al., 2010), 7= — A |ZEH% AT,
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Table 4. Gene expression ratio (hypoosmotic vs. hyperosmotic conditions) during

fed-batch culture as analyzed by RT-PCR

Gene Culture periods (days) 6 9 11 12
Symbol
Gene name

Gck Glucokinase 0.14 0.11 0.15 0.13
Hkl Hexokinasel 0.37 0.23 0.27 0.26
Hk2 Hexokinase2 0.88 0.72 0.94 0.44
Hk3 Hexokinase3 0.61 0.59 0.72 0.63
Fpgt Fucose-1-phosphate guanylyltransferase 1.16 0.68 0.92 1.04
Fuca Fucosidase, alpha-L-1 0.94 0.59 0.50 0.74
Fuk L-fucose kinase 0.51 0.33 0.32 0.44
Mpi Mannose phosphate isomerase 0.74 0.56 0.55 1.01
Pmml Phosphomannonutase 1 0.83 0.45 0.77 0.33
GMD GDP-mannose 4,6-dehydratase 1.05 0.74 0.78 0.89
Futl Fucosyltransferase 1 0.46 0.18 0.36 0.27
Fut§ Fucosyltransferase 8 0.29 0.04 0.18 0.12

3. 4. 10. PESHHIHE Fed-batch B2 ¢ F st

LIEDFERIZESNT, & deFuchitikOfbiE 2 TR r— NV THEEAT LV T
FiEERF L, FURO THEMBIZRB N T T = RNy Fi3k b EERN 2 UETETH 5.
LovL, Bl A CRBEAHIET 2 2 L1E, Z2<ORFICEBESNME CIZR.
pHFEEDT= 0 D7 VI3 U DM,  dCO , DEF (Z AT DNy 7 7 —HRICH BT D),
KRS OIEE, EPEM ERIEMOERNET NG, IbIT, ¥ 7 A RZL-T
Feed IRMMEDHIRAAE L2 DT, LTHEAT—/L TR HITPHIREIZERNTIE RV, X
ST, HiflE L b RDOBRVREFR N HFERNLETHS. £ T, NaCl EAKJH L7 FF
EM AR A R Lz, Fox 37 03— ZREZ T2 2 &2 & 2205 il 2 37
7o NS EIRE CIINS Lz 7 v a— 2 3E il E CEE L EE L L THE SN D

(FERELTREEN TN D) . WIHIO@ERE 7V a— 2%, BERRL & blg, 7o
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—ADHEEIZE bR TRIREEZFEIT S (Fig. 12 A, XE%) . EFHROHIE
X7V a—2 &R 6 HRICIRINT 22 & CHEBLEZ (Fig. 12, AKERLS) . B
JE—E DHIENL 7V 3 — RN EREMZ RN 5 2 & TER SN (BYO5LEE) .
11 H BIZEM S =HUARD deFuchiZHifHm v ot R s/ (Fig. 12 B, C) .
RREIE T, KD deFuchz 572, 2D OFERIE, BiEEOHIEIC X - T deFuckh% i
L7 i E TEL LD T = Ry FREETHHETE L 2R L.

TR T ONAL FEIERLO D D T3 FEEH Th D & X b (Sethuraman,
Stadheim, 2006). —fRIZHEBHDO/NT =7 113, BEHOMNINE (w27 i o&) LK
DoyIH e EEFEOMNIEE (27 nidb o) ITKBIE 5 Butler, 2006). FESHIE
EHRLTWaHEY Y EELOFIME AL D D critical 272 ERMETH D
(Hossler et al., 2009). Bz (X7 »F hr o B BMAOANY SREGIEMEICT 23— 2D
EENFES L Z NN TS (Louise Garone et al., 1996). HLEEBETIX, BESHA
FRARIEE D — O T X CTOBERZHIHT 2 Z LIIARARETH L. LnL, Za— 2RI
R D REHIR ZIEOHIENL,  YB2/0 Alifa TAPES D HUARD A %h7e ADCC TEMEA IRA T 512
72 deFuchz 7Y A DI+ Th 2. A deFuckhfil il % FEROMEE £ K> fifakkic
IRER D Z &nh, ZER deFuchDIEZ NS KT H 2 L2 FBL, TNETLE
FIHZ & = b T oAk Ok IEZ B < 20 LvZR .
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Figure 12. Defucosylation levels (deFuc%) of MAbs produced with different methods to
regulate medium osmolality. Open symbols, hyperosmotic; cross symbols, hypoosmotic;
closed symbols, constant osmotic conditions. Cells were cultured in a 5-L fed-batch
bioreactor with custom—made medium containing low NaCl. Osmolality was adjusted by
supplementing with NaCl. (A) glucose concentration in the medium, (B) medium osmolality,
(C) deFuc% MAbs harvested on day 11, and (D) viable cell density. Independent experiments

under similar conditions exhibited similar initial results in 1-L bioreactors
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3. 5. /NEE

PLE, YB2/0 HIl CHRELINAPUED ADCC {EMHEICIEL BET5 & SN AP T O
deFuc%? it 2 3 7 7=

PUAKESH P D deFuchld, RETEEREBICEILSES Z L TEBEAEETHD Z L 24
Bofakk (NSO, SP2/0) ZFAWTR L. HUIAKEET O deFuckh & 125 2374 4H
BIX, REEZHET 2MEICK SN &, MBI RIS OEITK BN & &R L
To. RBEOEARIT, FEARRRE, FEHERREOFEB L S UCEBEL TS Z L E2P 6
T LTz, 2B DOFEFITIEDS W TRGEDOHIENT X 0 JrikEES OfEgEREE L 7> T
V% Fed-batch 554874 T deFuchz BEAICHIFI TE 5 Z & A AWIFE TR LIZ.

d, AWIEORRE I,

(W0/2006/109781 ) .

il

BRI X D ESHTEE & U TR 2 R L 72
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BAE BT

W HIREIZ K D EAPER, PUREIRS ORI Z X 2 D EERIT & o> T\, WA
fE LT, AEAR MIPROEFRRFEZENTHMEL o TRY, AEEDOEK, L)
DOHRPFEETH D, RERBRMOFELERH &, AR OEITIZ X 2 LEAHE &
HeERHI D I 2~ v FIE, A FEEDILHRBHO T L —FD—>Th 5. HUKEREL
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