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Monoclonal Antibody Production Using a Large

Scale Animal Cell Culture Technique

——DBasic Study and Applications——

Keiichi MURAYAMA
Takashi SAITO
Masayo SUZUKI

A large scale culture of animal cells for the monoclonal antibody production has been studied. The work

reported in this paper mainly concerns with the optimization of the production of monoclonal antibody. Two

types of the reactor systems were used for the monoclonal antibody production of hybridoma; one was a stir-

red tank reactor equipped with a rotatory filter and the other was a fluidized bed reactor.

The effects of environmental factors on the cell metabolism and antibody production have been examined in

detail. The control of dissolved oxygen performed on the both culture systems revealed that the production

rate of monoclonal antibody was significantly affected by the oxygen uptake rate. Furthermore, the produc-

tion of cancer related monochlonal antibodies has been studied, expecting its potential application to the

medical uses.

. & U &

<z

AF, T/ 7 n—F L HBROERESEFICET 5I0H
HEEZLVW-OLNH B,

MERERL Y ORNBRIOTTFIC LT 2E ) 7/ v—
FABEOFIRIC OV Tk, HhodizEs LS < nHE
T PRSP SR AELTHEER L5,

FETFC, T/ 7 v -+ A PR EERCES L,
WIoRIRICFIR L L 5 L 5 TR HEA CTX T,

ENZEDEE LTiE, 3 VR, A vP YA, 7%
Ty L B O RIMLICHR TR L Hikic L 38R
RERZE~DOBER, B2 LHEER ¥ &bl
ShTEY, —WEEKRKE CYTOGEN #oHifkx L

(79)

ToRNZ W% FDA O] 2% fe, (KIBEOZH)
KGO NZEIZ O\ TiE, BAER T SRR
PThbh TRy, 64y o Hitkic X 300
DERNZEIZ OV THERRABREZZER T Ltz &
TH 5,
RIR~OFRIZOCTiE, KRHRBR ETH B2, B
RVANRIE EDEGIE, BORERBR E~OHIL %
PO BERABEEICZ T 23030 <OonpH 5L 5
TH b, AREMICE T EBEBHERO RN % B
H) & LIcithRENBA I T 5,

DS IIFRICE /Y v —F VRO EBRS T
B2 HEIETETEE LD LBEbNh AN, FOB
R ERRIBIZ - T 2008, PO REDL DR




80

Journal of TOSOH Research Vol. 38 (1994)

A TH B,

feke /7 m—FUPEOEER, AT F—<%&
< ZAERENTHEB S, BRLCHEKIVE/ 70—
FAHGEFREBT A HECE v Thh T&l, Ll
o TEAEFKRE LTRESLMBEORTEN & UKD
BDEEZONE, EEKTIE, BHEEOSIL O
v AEKEIC L AMGAERRET 28 HH LD
ETH B, Loz b, BipililakERERMORE
Bizthond 7)) F—<OREERICK SHAEEICE
HrBSEEbh s,

Fio, MEDEA~DHRE LS 2L 2E 2 25HE,
BB L BEENNBE LSS,
PLERRTELL> R EEERELT, HA3EY
kR X A AEERICET 2 MEET - T &1,
AFRiIc BTk, MfEREEEE L AVioTd 7Y
K — = OEREEIC L 2PEEEOBITRER AN L,
X HICERRENTE /7 v —FANMBORBERICL DEE
LG OERKIGE % s L ABRNER >Vl
B,

2. EEKEERBZEVAFALICEZINITYRK—7

DOEHEE T/ IO—-FIIHTKREEORT

a0 KBEEIC W TEEL DEBESHE I
T&lc, BAEMCHR BREEOE L EVEMMiE
oW Tid, MBESEOWEEE ¥ DFRMIT S il
F. BREOBBHEEEIWIEINL TV 5, RIS
TG X RN WBEAESTIRRE T
H D

Bl o EREFEREBIC OV TREADV R T
LPREINTBY,

N T P~ OREBEREV AT AL LTE, —i
My vy R L d a—T7 7 A4 A-EEEEVAV LR
T\ B, Z v ERIEOHRIIAY —NT v 7OESM
LEBOAXTIICH L TRBBVELEM THDZ L TH
V., HBEOEFEEMCIRArS SO0, BISEEIC
H~3 L10fEa - RBE AR o s BEh R TERR
BEThb, L ULenbRIEEE LT E OS5
PO HERNCRE LTITWE R0 80 5 2 & OF
Hore REE XA HITF B 5,

dr—T7 74 A-FRACARKEERIL, ¥ BE
17 R BEREERIC IR L CIBERE o MREELrEL
NEEBEESREE L L TRIFEFCENCHTETDH 5,

LinLehi s, me—7 74 A-BEERICE-TULR
WIEARH—TH Y MR BREZEORE S A HE LI

(80 )

o THBEEEOATCRIMNFIR S hic b DIt %,
Brit, Aue—77A4 A—BRPs L EELE LY
TINOEEEY AT LOMBARBRRT 2FRENH S
bOLELT, aF—=Frruw by s ZONEIRE#
L AF ATHD Verax System 2R LTHRH %7 -
T3,

AR RO TiE, ERBOMIT & JiELEER Lo
fedORBEEENRHSEOBREFEOBE L EHEL LT
Fote. 4 v oKy AT ARORBIREEY 2 F LI
BN TY K=~ ORRERICOV TN B,

(1) EEBRFZE
At i)

<A IgG LYY A—2TUANATY R==%
HEEEE

OMfaiEA%E HlHrabeicy v 7 BE

5L AESHEAMREEXE (AXELLON)
27 v A8 VF EiE (MEMBREX)
@OMBENKE &
<A 7 a%x )7 —REBKRAMEELE
(VERAX SYSTEM ONE)
AT LAOWERE Fig. 1 2w Lic,
AL TFOL 52D TH D,
WREBARAE # 20 me
RIGAE # 100 mo
i i
OF R
eRDF (BESER) ZHAT 5HK
@FE&H
CTE -+ )

2L ok (eRDF i24-PRIBMIE % 3 %ikmm) #

arc
Integral 4 Recycle Pump
Heater Harvest _Q—"
/6hﬁq
Fluid a5
Gas
ked g;@%; Exchanger
<
Distributor \g wNZ/CO’
A
Fresh medium > 86
Medium pump Base pump
Probes for DO, pH, Temperature

Fig. 1 Schematic diagram of the fluidized bed reac-

tor.



1T

Y -

55384 (1994)

Ad, FFEMIEE N 105 cells/ml 27425 &
SRR RS U, 4 AMEIDEEE 717 - o1,
s E #BA L, (0.5day™?)
(FBNIRESE)
1.5x108 ofifd##EE L. 1 %HBEMEEM
B TREE B L, K5G8 B FICHEM
BRI AR U S OISR AT . M
it. GHBFERES 100torr, pH7.2 2742 5
o wHE L,
BEEGEEREE HBKEE)
FREEEEGIC TEEREERENE L CE. BF
BREED 5\ 2 pH oflfiEzELsElL 32T, &
B, REMOBERUCHAGEERL YITo20THHTL
-2)
YRR
H*OH SAa-2RE, S VRE
Rty AR, 7T T RE
£7 2/ FHEE
HFEY)  PURERE
(2) SRERFER
HE, ROV REE S L EHEERE, 3
WHBCRE 2515 Lic, IRBREERIC >V T ERE D
~OBEBHEEFT=F - L, Zhb0T7—4 %l
R L TR0 BRI OV TR 21T - 7o,
& U BB TOEEBN
W EBIAY, TEREICET 5 TORRELE
Fig. 2~Fig. 5 1z L7z,
BEHROE, SVa— 23 FoBRFELINVI—ADHE
BRE L AL BCEE IREE M TH D, BB = —
AIBERIC L VHBE IR T2 L b b, e

100 140
[ =——O— Coelidensity
"3  —@— Abprnrate 1120 —
= - Ey
) {100 F
] E
>
= 10F 80 2
o - g
S 4160 <
Q
3 <
4] -4
S 40
1 — k - 20
4 6 8§ 10 12 14 18
DAYS
Fig. 2 Growth kinetics and antibody production in

suspesion culture using stirred tank with
VF filter.

(81)

Ala ( mM )

81
3 7
16
= 3 1°
—~— 14
™ ]
© 12
(6] 1r 492
11
O i 1 " L i i ] 0
4 6 8 10 12 14 16
Days
Fig. 3 Time course of glucose and alanine concen-
trations in suspension culture using stirred
tank with VF filter.
6 8
== ger
— 15 —
> >
g E
& )
8 1y =2
] ]
g =
a 13 S
S ] 2
2 a.
s 12 3
o : 3
11
a L L A 1 1 G
4 6 g8 10 12 14 16
DAYS
Fig. 4 Time course of glucose and lactate con-
centrations in suspension culture using
stirred tank with VF filter.
20 20
—— GCR
= i =
« [
psd 3
3 15 115 3
a Q
£ £
E E
a
2 10F 110
« -]
5 2
b a.
= ST T2 =
S <
0 ‘0
4 6 8 10 12 14 18

DAYS

Fig. 5 Amino acids metabolism in suspension
culture using stirred tank with VF
filter.




82 Journal of TOSOH Research Vol. 38 (1994)

BN ER L, BEVEFRBICET 220 Trr=—
ZDEOERBIC A B TORIEI NS L L OEBEIKE
KRYT7I=vrERERD, S va—ZAOHEEERKR
AMEREE R LD X 512/ b, fROT I / BSHTH
FBHRLEETHE, FAVFIVEINVEIIVBRERT
transaminase IC X Y A VEEERIGLTT 9= &
a-keto-glutarate ICEBEINZ LE 2 BN D,
TR RIC BT 2B HBIREEOFEICOVT
R EE Iz OV Tk, 0~250 torr, pH 122\ T
iz, pH6.5~7.5 &3 3EF AR TR EE &
LS TRMOBIE 21T > TEOFBIZ OV THRES
L1,
BREOBAEETNEN I NA— A TAE I U
BHE., BMEBEHEE X UINEOALEREICOWTURL
1-. (Fig. 6, Fig. 7. Fig. 8, Fig. 9)
BEMEBEEOFIHMELSE & 2 AT (20 torr L)
T) a3 —=2ARUTNE IV OBBRER NS . &
TeEOBEEE b/ S\, ORI L SERED

2500 12500

250Torr 490 75

2000
1500

1000

GCR(mg/day)
LPR(mg/day)

500

n i o
25 S0 75 100 125 150 175 200
100Torr l—) serum free

Fig. 6 Time course of glucose consumption and
lactate production in perfusion culture us-
ing fluidized bed reactor.

Days in culture

800
800
400 =

—s— GNCR

200 o
100Torr

75Torr

| PO ST SPTRNS BTN N U S NI

o L=
0 20 40 60 80 100120140160180200

Giutamlne Consumptlon Rate (mg/day)

Days in culture

Fig. 7 Time course of glutamine consumption in perfu-
sion culture using fluidized bed reactor.

EREENBTFREEZEZLTEEEBL6N5, 20D
IO ECEEBREE CERELHET S LTk vl
Ha DWW I & . IR BB & i &
h5, 6ic, EANE L REWERORITOVTH
e, SNa—2OWEBRBELABOERBITIZFEET
Hh., SOz EFINT - ZADRERIZE WV IHBE IR T
WBZEERETELDOTHD, ERbHIVEDODER
REBTHBINE IV OBEEEEICOVTE, Z0%
TN Enbn B,
BEBFEEOHEES 125torr LLoEWEZ A
Th, BEBEBEER S V3 — A HEER I EV,
DI Eid, BEEBRICIAMREEOLLDLNLTHS
EEZND, ZOEMICET AHEEREREITREY
EVWbDTHoTo, SN a—Z2ADMEEEE L, 30~100
torr DOEFE TEEEZR L, 50~100 torr OEFIZ &
WTRINVE I VHBERER VBERDEE bR 2 -
T %, X6, Fba— RONMEEE XFL O & R
BrARE LBl-TRY, £OF 7 BEIC KT 28T
HERLBL LAbLEDE, TOLEMTIR, SVF 2 T,
Fha— A bR LA CBERGELTTY 5=
BER L2 6 TCA MEIZIEV» CEEMtahd &

0.8
— 0.6 |-
<
s
E 04 —a— OTH
4
}—
© 02

250Torr
0.0 i 1 " 1 i L 1 L " . Sty
0 25 50 75 100 125 150 175 200
Days in culture
Fig. 8 Time course of oxygen transfer rate in perfusion
culture using fluidized bed reactor.

12
B [ 2507
< L orr
A 10 125
o
£
=
> —0o—  Productivity
o
3
‘o
[]
=
a

100 "9 25 50 75 100 125 150 175 200
> serum free Days in culture

Fig. 9 Time course of antibody productivity in perfu-
sion culture using fluidized bed reactor.

(82)




.

R Y — B s

5538% (1994) 83

Zz 6hd. ZOBEOMBARIIIRILH TS LE
2 bNB, TOEETIE. HBEOEERESRAL A -
Ty B,

F T, FTRTCOEMIC b > THRIEBERIE & st
EHEEOBMEAEERDTASB L, Fig.10 KRLALIIZ
BIF 2 AHBIBE R & uTe,

12

Produciivity (mg/day)

.0 0.2 0.4 0.6 0.8 1.0
OTR (mmol/hr)

Fig. 10 Effect of oxygen transfer rate on the an-
tibody productivity.

(3) ERFBROEE

LA EDEBRERNGLUTOZ ENBREIND,

OO = 2 L F—REHX. S va—-2 LV HAKE
ERT AT RERY EHRTH HREEL, T
T—ZBEVI NG I v OBMER R R 2B L IRRE
ERHER L, HAEOEEICE > TRT X LF -4
RO B EZOREDE S HEE L EBbhd,

QORERBEORAEHEOB A 61, LR
RERREZ RO DT, BFRIBE 282 e E
BT 2 LELD B,

3. BEEEMNT/I/0—-FIREOERTEICELS
S BRERINAICET 3 £BRE

BERNT /7 a—F VPR EENBETCREE L L
CTERIGAT S 2 L2 AEE LT, Miafi#ic X 294
EEEOBR 217 -1,

ARECECTIE, B h—=7 2% 2 FHE L AREH
PR T 3 HUED A E IOV Tl 5,

3—1, Eb—TIRXATHEOEERICLILEE

FiiEZ L boERIEES LT, BEHRZECEERIHAG
5ol RELEE, v v ARG CIREEORMEL S
%, Bhic=v 2fitkoEKE S Ficow T, HAMA
(b M~y 245k OB RE I TS,

L L7edis, B bDE /7 a—FAHKOAFIH
TEDLEZAELEREZINIHLDTH B,

FAE, PUROBERF TEMIR R ES L, Fa
Oy AP EBEEFRICHET S22 LIk D e Ml
ECHUAERET 2 2 ETRE L 22 2, T OREMR
EDELT, b h—=URF A5 HMEERERLED 5,

hid, <V AMETEEBROBE TR & & MUk
TEFROBIETHR A EREE I REETF AV Cilile
¥MEERL, BohicEG B Mt E b~
v UAFASHPRERB LIS ETDHL0TH B,

M- e i TS FR AT IC BT b & ORI ER T A TS
2T TCEI, FORERELE LT DLOF A FHED
TEBLUZ T LTV %%,

Lo LS, TORBHEEEORFELZ AR L LI
Zei o\, oz LT ThiE 8 &)
[ERAN

SEK & 1E, REEGZELERE L L TORKIGH
MR T X 2HUEEHE Nd2 o X 2 SHkELMR L
IS U MR B ic X 2 MU ESRGORR 21T - 72,

<7 2 Nd2 fifkiz, BOEMAak SW1990 X v Hhi

R L AF UERAE FAER & LT o HUE
THOD. BV TAN=TREF VT TV RARD
Kim #FoWEZRICETERIAY, KMz AFE
S OWE L S X > TREBICRT 2 IRKICHIC oW T
LR EINICLDOTH B0, REABILIHIRE
ORI T L80% I EoE Btk R AR L, 188
EFN7I R A BHERICEVCHEBIINT 55
WEREME 2R LS8, X bz, KBRMILRFESHA
BREC B\ TR BE IR L TR E AR
FEGZEOBRERBERL 2 S, BKEoARE S
T,

BETFHRBR MR X 5 UREERTYSIIFREICE
LD THYHEORBHRIGE V) A TRERMBEL R -
Tute, £ 2T, BRIKIEA % BHE LIcHEO#MB L LT
KPR RREET Bichic Y AEKR LEOREICET LI

AT Y K== OHIE & PLAAEEORRD B\,
MR BT s HEEEROMBRFICOVWTIE, %
OWMEGHH B0, Thbickde, LTLHE
BHIRERE TICIEE - T\, a2 H 5 REN
H 2ok THIRROTLEEEEN B ET D LV S BE
D\, Eho, FIAEEIZG 1 IO RERICH B TT
bhs o MENRE -, (G1EIOKRID 2\ iZ ST
ORI L E VI mE LD D)

ERASERAOSW &5 B, oL Liciliani
RETH D,

Lbtoz bt aEETsE. BobLicliBTHdEIT

(83)




84 Journal of TOSOH Research Vol. 38 (1994)

v — < A R T E R LAz M X s huik4kE
BN &E L s eiid, MRS 2NET 22 &2
BHREDDOTERVLEELZ LN D,

F Z THEOMIRIBTERERIC O 2 HET LR, W
< OmORRFIL D 5 n -FREO TNV PLIRLERED A
LRI BB Lot Eh, 78— ERIT
L DR ERICENICS v — v EBI

UFzhsoERicowvwTiEd 3,

(1) EBAEZE
prEA IR

BEFHAABEL <Y 23T o —-<#ifs HCNdSA

(e == x% 25 NA2 HRFESE)

BRI
OfF A Bz
eRDF (M fSael) 2 A3 2 ic SF-02
BEMAGNE EM b0 EL Lz
@OEET®
oy — VIZHFEMREE S 10° cells/mb 1272 B
Lozl 37°C £ o F 2 R_—F 12T
7= & BAA,
SHEE
#E H Sva-2BEE
LY ; TRRE
Toft; MAEE., 4%
(2) RERBER
ORAFREIC L AEAEERES v— 0 OFEH
REFHEICLVBONI v — 0 2URY ¥ —
THIRRAEIC 2 5 & CTHRP LR EEFONGES
BITE Uiz,
ZTOFER, Fig. 11 @R LA X5 1ICHEkD s v —
COBBEOLEE®RERE TS v - BB,
@ n -EEEOWRMIC X PR EEED R L
n-FBEERECLDISBMLTY v — LG

s
E 5
o
3
= ¢ 7
3 M Anvbod
5 4 niidody
c
< 2 |
. belare claning
Al 11
R 1
12345678 910UL112101415161718192021222324
Clone No.
Fig. 11 Selection of high producing clone.

2.0 10

—— GCA

—o— MoAb

GCR(mg/3days)
MoAb(ug/ml)

0.0. PEERTTIT ST | 4 il sssual )
o .01 1 10 100

n-butyric acid (mM)

Fig. 12 Effect of n-butyric acid concentrations on the
glucose consumption and antibody production.
(GCR; glucose consumption rate)

BEITo 1, B OEREMIC BT 2EEMIEE 3
RS Vva— A EERE L GEEREZRIE LI,
FERE Fig. 12 IKEEHTRLE,

ZOX I n-BEBOBEMEE LRz fgRE T
BBV ABBREDE TR B, ZOZ &
EEREn BRI X Y IEEAHE I h B LR
LT3, Lo Lidis, b 5REGE TR
HEBNEEIC ERTE E0bh o, Blb, n
EBEELRBEC R L 5EMT S ik
> THEEFERE M LIRES ARSI b
TH 5,

IO EOERICE ST, n-BEREE 05
mM RV TY v — LVERZT., EEINTOR
EfE@ LB U, R Fig. 13 (a~d) KR L
ok 9 I EEENEOBMATER S i,

Lhbsfi~_tc & oz, YEis sz Mo E#c X 55
RAEFEEHTEFICECLDOTH - ehs, 7 a— L0 FER
R ORI ESES ORI L Y, EE YA
CRAEZRBZ ENTEL,

100

v\o °\°
2 480 X
o) =
& = —®— Cels
2 440 § —o— viabilly
(&) =z
>
- 20
I 1. 1 L | 1 L 1 .
o 1 2 3 4 5 6 7 8

Days in culture

Fig. 13-a Time course of cell density and viability.
(without n-butyrate)

(84)



/Y — oS

38 (1994) 85

4 12
- 410 &
4 =)
E E
o 3 48 —
E E
e h]
P 46 o —&— Glucose
b o —A— Tolal product
o 2F -4
o g
42 ©
'—
1 il | | —— Lot s L s &t 4 fs]
Q 1 2 3 4 5 6 7 8

Days in culture

Fig. 13-b Time course of glucose concentration and an-
tibody production.
(without n-butyrate)

100
- 80
R
-1 60 E
= —&— Cells
440 a  —o0— Viabilily
=
420
1 [l 1 1 1 | 1 i 0

6 1 2 3 4 5 8 7 8
Days in culture

Fig. 13-¢ Time course of cell density and viability.
(with n-butyrate)
4 25
E F 420 g
o -—
3 o
E - 15 =3
g g ——4A— Glucose
8 419 © —&— Total product
2 2f
€ 3
-5 o
'—-
1 L 1 1 L L 1 0
0 1 2 3 4 5 6 7 8

Days in culture

Fig. 13-d Time course of glucose concentration and an-
tibody production.
(with n-butyrate)

(3) PO
IRENAL S e (S AL o oy

Tk LTELRK, B =Y RFE A FHED
B I R &, AT KRS
— SR RE TR LR R, ARSI RO
HEETFT LY 2 EHVEEEYERICR TEVE
RN EZET S LAURE I,

3—2, ARLFUEREHRER Fle CHTINEOE
#E

MiaoE Lot - ClifaREOREIEL T L

MIELEOND oI, BRENRE/ 7o —F 1
PithoFiciz, BHESUBELRBT IO LR
EIN T3, £ CEBIEIROTEN & b ORigHE
BEHEL, ZhEDRHEBTI2HEOFEULRL LRI,

AR THRET AL T VHEEENR Flo 2Xf4 5
Ptk Flo75 i3, 2ok sk L TR0 THYEE
MBI 512 & » THRE IR TV 51,

Faid, BEECLS Fla7b O&EIZDVCTEEL
oo BonicHAERABIC O ZBKICHBOMEREEZES R
B TR AFEFRE SR FRZ B\ THRER
BALENBRE I fTbhe, TORBR, RGBS
CHEEEOE IR TH B Z Libh > T,

(1) KEBRFZE

G LT UBEBENRR Fla 83 3504 Flo7b
FEhEw AN, TY F—=
biE T s
O R EH
eRDF (RBEd) &HA LT 51K
ORBREE
Verax System ONE
QR TE
FEMRE 1X108 2 L, 1% FCS Zim Licm
B TS 2 G, 1A BIC MBI TR L
2o
SHTEH
#* B SIva-2BE
3 AMRE
Y LR

800 159
o
E
>
a —
g g
E 3
- 400 - 100 &
£ g
]
2
200 | 1%

Days

Fig. 14 Time course of the antibody (F1a75) pro-
duction and medium feed rate in perfu-
sion culture using fluidized bed reactor.
(MFR; medium feed rate)

(8)




86

Journal of TOSOH Research Vol. 38 (1994)

(2) EEBRHER
B DA EE & b — 72 Lo fikEERORAEC
2\ T Fig. 14 TR LTS,
(3) FMADFFMH
PR ORI T 5 Hr R
RRAPUA DRI T DR RN & RS LR A D
FiEIC L VR L,
ZHIZ X Y, AEUESEBEBRRC BRI T 28RN
DEVCHETH D EH8FD -1,
LAFofrgeid. AL Th 5 KR IL KT R
H—ABFEHBII B TThhi b D TH BB,
OFS " ys3-3
ZheEOVTE, BRI ABRMZAFIL AR D
BEH LI L > THREI TV 5,
OF S S
KB K F BRI A RS — AR TR b i,
A=Y CEE, T T4 I EEELL0
B, FREREARLART 30 B A MG IR AR 42011 > & e #EL A8
Bt 24T - 1oFE R, O ORAERNIE LN IER

%
100
o 80
R
5 60
‘@
3 40
g
w99 H ..
Dw
0 .

Colon

Cancerous tissue

Stomach Pancreas

Fig. 15 Expression of Fla in cancerous tissues.
The highest expression rate is seen in
gastric cancer.

X
100
2 80
@
5 60
2
g 4
a
&S 2
0 ;“
moderataly wel | 2 "

Gastric cancer

Fig. 16 Expression of Fla according to degree of
differentiation in gastric cancer. Poorly
differentiated adenocarcinoma cells ex-
hibit strongly positive staining of Fla.

(86 )

2. UTOEETH -7,

B IES0%., BEREMAS2. 4%, KIBHEEMAE3S8. 4%
bz, BROAMIEGISLETEMOVWTELOR
BoE iz oV TR LIS,

Rtz R~ iRz 2T Fig. 15, Fig. 16 2R
L7et®),

4. % & &

B, MRS ERIC X 2 P4 IOV THIRRE
EfioTERA, XOBELT 5 LS ARTEMRIC
L BRER B WEEERMORRETH %,

ABETHE, "M TY K==t X BE/ 7 un—F1H
RAEREIC I\ T, BRIEBHTE L MEIKESE L O " EHOE
HEEROBRICESE, BL OEEREIC KT 2N
REBOLE) & AL EMI RIETEEIC OV T LTS,

ZohT, Beid, MROFSHIKREHCE a2
FoBEEREVNTGEEEEEDR LI onndEn5 Z
EEWEL, SHLEBAHHERCIYLOLHDOEH
rREBFREBHEOFELEYH LT LI,

S, ZORFBRICESEANAMTY F—~itLBE/
7 a—F VPEORNLEERMEBEEL T2
D TH B

/7 0 —FVIAGHEOEESE~DICHESRET £
FTIEA - T EEz2 b5, SEERE Lo, EREN
HROIEARBIC OV T SROERV RSN S,

iz, BB MROEERRZEY, BE
B EREMOBRMINK & KEOTUE 2L ED DR
RN T A VW A ERTE LTCoHE L L om
EERHBLTWLELTH B,

51 B X ™

1) Broise, D., Lemieux, R., et al Biotechnol.
Bioeng., 40 25 (1992).

2) Saito, T., Murayama, K., Proceedings of the 6th
Annual Meetings of the Japanese Association for
Animal Cell Technology, 1993 in printed.
T., Iba, K.,
manuscript in submitted.

Ho, J.J.L., Kim, Y.S., et al, Cancer Res., 51
371 (1991).

Sawada, T., Chung, Y., s., Sowa, M., Kim, Y. S,,
et ANTIBODY IMMUNOCONJUGATES
AND RADIOPHARMACEUTICALS, 4 493

(1991).

3) Kaneko, Y., Yasukawa, et al,

4)

5)
al,



-

HY Bk H38%E (1994) 87

6)

7)
8)

9)

10)

Chung, Y., S., Kim, Y.S., Sowa, M., et al,
Tohoku J. Exp. Med., 168 397 (1992).
Bi7585 &, Oncologia, 25 629 (1992).

Ray, N.G., et al, Biotechnol. Bioeng., 33 724

(1989).

Linardos, T., I., et al, Biotechnol. Bioeng., 40

359 (1992).

Reddy, S., et al, Biotechnology Letters, 14 10

P
£ %
K% ¥ W W —
Keiichi MURAYAMA
At BEFS3FE4A1H
Tl HEIeET
TAMEE

w WA A
Takashi SAITO
AEFI62E 4 A 1 H
IR FERT

I ERER S

(87)

(1992).

1) & JF. B 5856, AARHILENEFE LML
27 431 (1994).

12) JiLE—6, KY —Pri#He. 37 83 (1993).

13) Yamashita, Y., Chung, Y., S., Horie, R., Saito,
T., Murayama, K., Kannagi, R., Sowa, M., et al,
Int. J. Cancer, 58 349 (1994).

x #
K4 8% A ¥ K
Masayo SUZUKI
At PR3 3 A26H
B BRBFIERT
mEA




