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Hybridoma#iz & 277 A€/ 7 0—F MHifE
(monoclonal antibody ; mAb) fEEREASFFE S 1
TH#304E, mADbIC & 5 NEWEEEOGEITE
AERIE S N THBENTB/ L. 7 AmAbE
HIziE, 2R (human anti-murine antibody ;
HAMA) g &%, HisaiEs v 7Y vidiotypebifk
FRIER OGN ERIZL S B Y v/ EBE
Midiotypic change!Z & % escape’z & DFE 4 D
BEAEREL. Lo L, #rbvitechnology AL
s, OF 2Tk - e MR, OFF
2H A AK % H4E L -immunotoxin, chemoim-
munoconjugate, @EMERIAMITTE © &k L 72
radioimmunoconjugate® 3 D NEH O DOEF R
DSk o 7z,

AETE, BROFAESHEESINLF XS
FILCD 208 Krituximab? O & B0 B #ifz )
vHAEOMARRE E LTEEEED T A
4 L TE EAZ SHLCD 20 LA D EIAA D BRIR B 5
DHRIREBNT 5.

MAEEDRINIE
Bl >/ SHE AT BB OBHHUR

LLTINETIRET I N CELDEMIERE
g » 1 7) vidiotype, CD19, CD20, CD21,
CD22, CD37, CD52, HLA-DR% & Té 5. CDI9
& CD221 3B IET % & MfaRE DHUR
PE AR HIARIC I ) AEN A HEZFT A
72, immunotoxin® L < {Zchemoimmunoconj-
ugateDIEMHE & L THMIFRDOWHR ESNTE
AR

Radioimmunotherapy ®IEEHE & LCiX, L
1R &G L 7B i modulate-¥ 37, MIAZMAICELD
AREFRBWHENER EEND, Bilfa) >3
JlE 1233 2 radioimmunotherapy IZBIHUR & L
CTHE ST & 72Mi3CD20, CD22, HLA-DR%
ETH AL, b ok bIFEIRICRRRERD R
BTV A NIEHCD20 radicimmunoconjugate T
H5b.

CD20HUESIER B Mifa L k¥ B /38
BICRIBL, MORMAIICERL Ty, F
BHEOEXHLOTEHCANSFMBURETH 5. K1
IZCD20UE DER B & R T

Radioimmunotherapy £ A R 38

T o SIE OB A VAR SR B RGBS
BEMELE . FERE AL immunotoxin,
chemoimmunoconjugate & &7 V), radioimmuno-
conjugatelIAERMBE A FH L TV WEHELZ
JEEMIaIs b B Mz REREL, NERKO
Z L BRI 3T 2 5h 53 (bystander effect
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551 Ytrium-90 &iodine-131DE R EE D LB

1 CD20#/R DEXE

or cross fire effect) WA C& 5.,

B e v /3fE 123§ Aradioimmunotherapy
WS N R TENP T o L bi§
TEIHRE SN T E 2D LY ThHbH, &1
2B LY M LB U TR Y. Radio-
immunotherapy DYUEBMROER L L > T A
DI BHTHY, WIHADOYIFB#RE LTOT
A E—BIKE L, FRAZFERE (path length) 2°
BVl Xy BERMRESEW I LTS
5. L7 REHE R TR O E oA,
By HSELRIE L B CTH B DI LT ETH S,
DY FBEA AN A BRI 'S
Vv, B ASBE yREEIIET 2D L, Y

BOAERET 5720, HEBWAHTI RV
R EHH B b O Dradiation exposure® 2 THF
Thb.

22, Bl v oslECx L CRRRBYIREY
AIERIAT PN T & 72 2 HEHOMCD20 radio-
immunoconjugate T & 5 ibritumomab tiuxetan
(Zevalin®) & tositumomab (Bexxar®) O F 7z el &
WL TRT.

B Al /N EICX T B RE B DOHCD20
radicimmunoconjugates O & R i Bx

1. 1] 4Z%~ vy AENACD20% K (*1-tositumo-

mab, -Bexxar®)

Tositumomabid . FCD20HUEIZH T 5~ A
FlmAbTH Y, tositumomablZ®l 2 E# L
radioimmunoconjugate 7% -tositumomab TdH 5.
Preclearing unlabeled antibody (cold antibody) &
L Tid~ 7 ARIHICD204 4 tositumomab (anti-B1)

Properties Yttrium-90 Iodine-131

Energy B emitter  y(0.36MeV)/
(2.3MeV) B(0.6MeV)emitter
Path length 5 mm 1 mm for f component
Administration outpatient inpatient or outpatient
with restrictions

Half-life 64 hours 192 hours
HHWLND,

(1) Michigan K 3 BRI 81) 5 FRIR BUER

(b2 pEia I BS B L/ B »/3E
5960123t L, E KM E AL %4 (autologous
hematopoietic stem cell transplantation ; AHSCT )
WEATH), FHATHID 2 2 DeohortZH LT 1 EHx
5. dose-escalation study»$47 1, total-body
radiation dose (TBD) & L T DHRAM & (maximum
tolerated dose ; MTD) i&, AHSCTHE4THI T
45¢Gy, KHEATHITT5cGy T o 72, 591 4241
(T1%) Hsesh U7e. IREVERE B MR Y ~ 3 ED
L M R 2 R Lo 42Bl DR ADEI 583
9% (35/42) 123 L, EMEREE B fiREY v OEOE
WENE341% (T/17) TH o 1. T2 Dk
T A 17 RS (progression-free survival ; PFS) D
HfElZ 122 A CH Y, 7 BlidseEER) (complete
response ; CR) % 3~5.74EMHER L7z, JRIRIEE
1% 1231 tositumomab D F4% 5- % 51F 72166 9
BIRBUEML, )b SFNCRIGELL. HE
R4 (dose-limiting toxicity ; DLT) 13 ML #
HTHY, HAMAS L1060 (17%) 12k s iz,
EAIEBEEOE, 5 FICFIRIpEeR V€ > (TSH)
LR, EREREAAEREEE (myelodysplastic syndr-
ome ; MDS)&4tA5 5 61z, BERHBAEHEA3 B
INELE SY2% (AR

(2) Fi5% - B B MR~ ST A SRR

Fe & T AHEUERY

Preclearing antibody & L C DI E&EIHICD20
$4k (anti-B1) 450mg Al #% 5% 1235mg (5 mCi) M
B ositumomabA¥#x 5 S, BEME A4 OLER
FEEEH 7= Odosimetric study 255HT S 7.
20 7T~14A%ICTBD & L T75¢Gy D ¥ -tosi-
tumomab (/MR EH107T ~ 1577 /ul D B3E Tid
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Ibritumomab :
fiuxetan T(()El glx‘}?g;gﬁb
(Zevalin®

Preclearing Rituximab, Tositumomab
unlabeled chimeric Ab (Anti-B1),
antibody: mouse IgG2a
Radiolabeled Ibritumomab Tositumomab
antibody: (mouse) (mouse)
Radiolabel for In-111 [-131
dosimetry:
Radiolabel for Y-90 1131
therapy:

ibritumomab

N

Tiuxetan

65cGy) 2S¥ G- s iz, ATHIH276) (57%) 2525
L, 9 H15%1(32%)A°CRIZGEL 72, BEMLEB
W) o SR DERNEIEIE57% (21/37), TR
PERE B 2 ) v SEAO BB ERFIOER
| 41360% (6/10) TH o 72, EREWEERIG
(adverse drug reaction ; ADR) i MiE#M T, #
SR, EL IR, Bk, BRYUE, BER, ®
B COFEMBHELIIEED LIREETDH
HDHAMAMHE X 1 BIoATH o 729,

(3) b2 ERETE B M) v SBEIY 5%

e 2R 3t R 4 TAH BAUBRY

2 L YA VP EOCERIERRREY S ), ER
DALEFFESER L v, b L 6»AUA
\CHAEE %R L 7260060 (KB B #ifa )~/ 3fE36
B, MEFRER236), ~ > P viiia) v o8E
1B 1ok LT S e, ERT bk 02 AE
A28% 12 ks, B-tositumomab D FEXNEI 51365
% (39/60) & & < ($<<0.001), CRA%1261(20%) 12
B, BRI R REI652 AT, E
B (340 H) & D B o 72 (9<0.001).
HAMA®S5 Bi(8 %)12, TSH ERAT1HI@ %)1,
MDS3SE DT 4 FHZFR®O H iz,

2. OViZEE Y vy X B CD204 1% (britumomab

tiuxetan, 0Y-Zevalin®)

IbritumomabidrituximabfEE IV SNz
A EIHLCD208LAK T H 1, 2V tiuxetan (MX-
DTPA) & v» 3 linker chelatoriZ & - Tibritumomab
R AN TV (F2). "Yid B #HDHZIT
§ 5728, B2 dosimetry studylZ i vif
% BT B n % iR L /2 W n-ibritumomab

2 OY{ER T CD20 radioimmunoconjugate T & 3
ibritumomab tiuxetan (°Y-Zevalin®) D#ELE

tiuxetan 2SIV S, EEEE L TIYYRIR#L
729 ibritumomab tiuxetan VSV 6N 5.

5 - BB M) VoSBT A4 1/ 04
=hESS OFE R 2T & day 1 Dpreclearing unla-
beled antibody & L T ®rituximab$% 5-1% (2In-
ibritumomab tiuxetanA™% 5 1, day 8 Drituxi-
mab# 5 120.4mCi/kg ®*Y-ibritumomab
tiuxetanDS¥E G- SN A, WHRITBRR ) v EM
H325% ki, M/AMRELST /uh Lo BE ZRE
B, M/ EL07 ~ 157 /ulo B8 Tdoy-
ibritumomab tiuxetan D% 5-&%0.3mCi/kg 2
E3NnTwWa, [F3 iZibritumomab tiuxetan D%
B2V a—VERTD

(1) Stanford K FHEFH T O 1/ THARY

W BT CD20HL A DA A0 12350 C IR
HHCD20URRIR 5 % 41, AHSCTIEGEAT
DOOYIEFLCD20HAOMTD, 8 L UBH - B
B IR v oSEERE T ARt FiE
o R Bz, 1E#%5 CTdose-escalation study
HHAT S 7=, Preclearing antibody & LT D FE
T L CD20HAA DRI 512 & ) OYEEECD20
WHROBEERENOEBEIB T 5 2 &R
SRtz FEMEEIEIRERE Ch ) DLTI IS
WTH 7. 1865 6 BIOCRE 7 BIDERTZER)
(partial response ; PR) 258 6, FRIEI G172
% (13/18) Td - 7z. 40mCilh T OOYIZEREHICD20
B D3 51 IZAHSCTIC & Drescue W EE L
rdro 7z,

(2) % Haek 3@ IZ X Aphasel /1 study®

(L2 pEkIc B - B LA BRY &
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Dosimetric Dose Therapeutic Dose
Dosimetric dose : Rituximab 250 mg/m2; '!'in-lbritumomab tiuxetan
Therapeutic dose : Rituximab 250 mg/m?; Y-lbritumomab tiuxetan 0.4 mCitkg for patients
with platelet count > 150,000/ or 0.3 mGi/kg for 100,000 50,000/ud
3 Ibritumomab tiuxetan (Zevalin® OI% & R4 ¥ 2~V (X" & D 51H)
TR time to progression (TTP) A 4-{#1412.9
ituxima
L g AT BRUETH o7,
S48 LMk (875 mg/m2 weekly x4) o ) i
Bt (3) Rituximab RS O ) ¥ SBBICHT 5

[Ibritumomab tiuxetan|
Day 1:
Rituximab (250 mg/m?)
111n-|britumomab (5 mCi)
Day 8:
Rituximab (250 mg/m?2)
90Y-lpritumomab (0.4 mCi/kg)

4 Ibritumomab tiuxetan & rituximab @ LEEHLER D
FHAL (cHkn X Y 31H)

B R id5Ic, day 1 &day 8 Writuximab AR
5xh, 1EES5 Cdose-escalation study2SHEiAT
X7, OY-ibritumomab tiuxetan D DLTH M
HFEUTH Y, HERERTOFRPRY) v EME
BEORE & IGEEET /MRS R F S BRI
AL, HAMAZRHE SN0 1 HlDATH -
F2. MR 21575 /Bl b T 0%Y-ibritumomab
tiuxetan ®MTDI30.4mCi/kg Td 1), I/MRE1L0
7 ~1575 /Wl Ti30.3mCi/kg Tdh o 72, #5145
HI13HIOCR E 21FIDPRAE S, BRIEIE1367
% (34/51) Td - 72. BEMRE B gy > /sED
Z=RhEIE1382% (28/34) T, HEME B Mg ¥
IFETI343% (6/14) Th ol BHHIDOWES

5 AR

(bERRER IS - B Lot >/ iEs4
Bt LTRT S e, — B Dgrade 4 DFFH
kiR %35% 12, grade 4 DM/MTHA = 9 %12
2, ARiGEE BT ABYERHE 7 % 1D
7z BT — 2 Y3y TR L HEMEIEE
74% T, REEMEE (%BCR)IFIEBTH o7,

(4) (LB TS - R L7 EEAERE B Ml

1) 2 2SHE V3T B rituximab & O FETE BRI

EEME B LY /S, M) v osIED
L iHig et B OB 2 R IZIEIT S R
7o, B 4 IR LEESERO 7 A v &Y. Rituxi-
mab!3375mg/m? T 1 [, 4 @\FEEG SN
Tbritumomab tiuxetan® (25850 b 7z £ FiEIL
MEEHETHLD, Wb —BETH o7,
Ibritumomab tiuxetanZE M 32% iZgrade 4 DUFH
B %, 5 %iZgrade 4 DI/ = B0 7z
BEHE SR X 20 LR R ERE RN
EgT — 7 v ay THRECHE > THE L2ER)
DfER 3 IRT. EXE S ibritumomab
tiuxetanBE80%, rituximab#56% (p=0.002) T,
CREEH) £ 41 dibritumomab tiuxetan#E30%,
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=3 B EMREEME B MY /N EBICHET Bibritumomab tiuxetan &
rituximab @ LtLEERERIC B 1T A WBOFDE

Ibritumomab tiuxetan

Rituximab

Response p-value
n=73 95% Cl1 n="70 95% CI
ORR 80% 68~88 56% 43~67 0.002
CR 30% 16% 0.040
CRu 4% 4%
PR 45% 36%

Cl : confidence interval, ORR : overall response rate, CR . complete response,
CRu : complete response unconfirmed, PR : partial response (SCHK!Y & 9 51/)
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40

% Progression-free

% p=0173

20

e Rituximab

4 [britumomab tiuxetan

Months

L 0 T T
8 10 12 14 16 18 20 22 24 26 28 30 32 34

5 Ibritumomab tiuxetan & rituximab® FEERRLER (< 5 1F % MIRE Dtime to progres-

sion

rituximab®E16% (p=0.04) TH o 7. BRHIR
& L - =5 R R (duration of response) H 3
i 1Zibritumomab tiuxetanF T14.24° H, rituxi-
mab#ETI210H (p=0.6)TH h, BixeFoTTP
i L {E 1 Zibritumomab tiuxetan® T11.22°H,
rituximabET10.12°8 (p=0.173) Tdh - 7= (& 5).
Ibritumomab tiuxetanf% G-I B5 - TR L Tk
BEINEAT SN B T CORIB O REibritumo-
mab tiuxetanBET11.52° B, rituximab® T7.8%°
ATHo7z. B BRBMY 3 EIIHL
T, ibritumomab tiuxetan i3I ZE& N D HF R % IGHE
FRTHY, TOAEFMidrituximab% EH5 &
e R (WA
(5) M/MEER1075 ~ 1575/l D EE 2 31T Bibri-
tumomab tiuxetan D% hsR 3L [E45 T AHE R
LRk ICHR - BR L ERERE B filz
1) > oSBE30H & A2 12, 0.3mCi/kg (11MBa/kg)

(iR & b 5D

(B A5 B32mCi(1.2GBq) ) »*Y-ibritumomab
tiuxetan A G- &Nz, BES 2306 OEdRT
HAEII615, BERFOIRRIAHNI0%HT / VI,
83% A5 VB TCET% TEEE o
TEY, HEEL YA VEOFREIF2 THo
7o, FEBSEOBRERIBEZLEIIBV TR
KEBHEUT ThHol. BBET—7 v av T
HE L 2 EWEA1183% T, CREREFNII?% T
B, BEFEI0HOTTP FREIFIAPATH-
72, EADRIZMAEHEETH Y, grade 4 DIFH
A & M/MRIR A ORI, ZhENn33% &
13%TdH o 1z, BEM/TESEIT T 5 HE
L 7-9Y-ibritumomab tiuxetan D% 513 % &40
Hih & fm I e,
(6) Ibritumomab tiuxetan ®dosimetry study &
HEMWICET L8 bk HRE
612, 4 DOBREREIC BV Tibritumomab
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2,000¢Gy (Normal Organ)
2000
—~ 18007
=
g 1600, 1480
P 1400
[o]
2 1200
3
£ 10001
(o]
8 800
<C
S 600
};E 400 .11  300cGy (Red Marrow
€ 200
Spleen Liver Lungs Bladde; Red Kidneys Thyroid Total Tumor
Wall Marrow Body
6 Ibritumomab tiuxetan #3353 N =B - B B MY »/fE17040(12
1+ 3 BRIBBOWIEEE R LE
2,000cGy i3 T X T DOIEE IR FRIURE LIRME, 300cGy iR iin LIRE.
' (k™ & Y 51H)
) halflife, blood area under the curve[AUC], etc.)
Median Blood Counts (N = 349) e N =
e 450 EORENRE SNz, B MHEIEERD
?J Hemoglobin 400 Lt oz,
E 12 "‘\//\ . 7 12, ®Y-ibritumomab tiuxetan% % 5- 8 1L
g w €| 7:349B DMIEDPRIEOHR 2 7RS40, Y-
F e P'ie'\ets =g ibritumomab tiuxetan% 5% DO UF KA & M/
and 200 2
& N\ =] sy & RIS EE OV AFNEE L D ERICHEEL
E & e et o
g 2%\ e T 5~7 R IRIAE & RY 75, HPIRB ORI
g T e e T ® i S BRI AE RS & ) D3
T T T o e ENAEMDSH B, 0.4mCi/kgik5HICBT B
Study Week grade 4 DYFFRERIAD & /MRS DEBHEE R

7 lbritumomab tiuxetan %5 & h /=340liC B B
MR REOHTE (R X Y 51H)

tiuxetan & %5 SN A-FBH - B B M) >3 E
1798112333 % dosimetry study iZ & o TI& S L7z
ZEFRBORINBEOHRELRTY, Ibri-
tumomab tiuxetan DEEHREER 12 B W CIIIEEE
BOFERIGE _EREA2,000cGyic, HREE
OB ARIEE LREDB00cGy I EE SN T
Wi, b0 RREE RE - TRERIER
JBEA~DORFEE R LR b ho iz,

Z Ddosimetry study Tidibritumomab tiuxetan®
FEHEJEETH DMEEE L FEEFHORIVRE,

TBD, 3 ¥ 8l 24 i parameter (blood effective

FNEN30% L10%TH Y, 0.3mCi/kgdx 56012
BB EBHHE (35% L 14%) D WD T HICHE
VW, Tb b, EERBEEE O M/MIE1075 ~15
7/l BT iE0Y-ibritumomab tiuxetan % 3/442
WELTH L YVEFEOMEKEADZ R T L
WEEZETLLESEN DL, MESEEEHOR
B L EERBEOBMEE O IZAEE L.

BIHEAHF OO ARER T LEL LI-BHE
127 %, grade3 LA bW 2 %DHBEIZEY
HHNTz, EHERT 8~340 A%z, 5811 %)
HMDSH L F 2 F R m & 5AE L7z,

BT O v EMEA25% KT, MM
105/wbk, FohERE1,500/pl B E & 50 B
BEEE YRR SN TV AT - B MR &
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78JE BT BV THOY-ibritumomab tiuxetan® 1
ST EReTHs LERSNTW,
Ibritumomab tiuxetani& 7 124 ) SEREZE O
Ffeldgrade 1 & L {idgrade2 TH Y, rituximab
BEIZXLADREFE L b/,
Radioimmunotherapy T3 {4 EMDS/ H i
ROFENEZ BREIBE SN TV, 40
DFEFR R 12 B4% S N Tibritumomab tiuxetan%
5 & 722115 DEGHE R A 20044 O 2K [E bk
&5 4 (American Society of Clinical Oncology ;
ASCO) IZHE S L7219, RBEDORIEEL Y
A VEOHIELL 2(1~9) THh o 7. Ibritumomab
tiuxetanty 5% OB FF JLE38 2 B (1.2~75.5
2 1) B ORETT 7 B1(3.3%) 251A A BIEMDS/
IR % S LT\ /e, JAERLEMDS/ B %
ZEIE L7z 7 B2 B Bibritumomab tiuxetanty 5-
Th HIEEBERIRRE F COMM O hRE
F18F (8~50% )T, W Y SEOBWiA 5
MR5EE £ TOHM O el 8 48 (4.3~ 144F)
Thotz, ) VSBEE BT BIRERER 2~
1012 B BIGEBERMBRORAEY A 71k 1~
15%/FELENTWHI L #EET B, ibritumo-
mab tiuxetan$¥ S-F12 B 1T 2 A ERDE B % 0O 5
AR EEICERE I LRI S 1
b, REDHEFEBEEAMBEE BV TSESL
LT BLREBERORERBINTBY, TN
FMALR R EHEE L2RNEE L OBEATRE &
N5, biE 4 >ORBRABLUNORE Cibri-
tumomab tiuxetan % x5 & 1L 7-53561 DEILZHAR
H1(0~36.5%> A1) 12 5 B D 14 B F % 0 Fs 4k
VR NIz, 96 2 Flidibritumomab tiuxetan
BERIOBHBEBRREICEEIGED 5T
7z. Ibritumomab tiuxetanf® 561125135 2
TOBEERL2ALPEY, HEEEQLKED
FHREEEIIR LY AEEE2ET 2400
R RICTFHINABEHECART LD
T&HY, ibritumomab tiuxetantZ & 5 radioimmu-
notherapy 2 & o TG E B R OSSR X
BIMLRwI LDRIBENSS,
Radioimmunotherapy T3 1B 1% OB BEHMHIAS
DLT& % %7-®, radioimmunotherapyiT7 (2
TR EDICERERITHIT LT PP RE SN
5. 5 DDERIRFBRIZBT0.4mCi/kg D ®Y-
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ibritumomab tiuxetan # #5- & L 7=585 1B ¥ %
Bk O e R A Mayo Clinick h #igs s h
7210, 58BI4FIAT, ibritumomab tiuxetank 5-7%
VBRI R R 1 o DI RIGE E ZTT e,

[FIBERT |2 [ 4638 12 35V Tibritumomab tiuxetan LA
HOWEEE ST - BE LR E L C R A
fTiiz. Ibritumomab tiuxetan$k 54 D &G
DV YAV HFREL 2(1~7)Th 72, 176128
%)DSEMH A b H 4 v ERESINIHS, BRI
DRBIED 7= D I ACFHER O BE * KifEH &
NZZDR 2FNABE R 72. 8 B Cidibritumo-
mab tiuxetanx 5-7% I JFREUE U728 1§48 % 1
WT B FE MBI AL 1T S 7z, Tbritumo-
mab tiuxetan IS DG % 51T 7 BRI T
R ORREIIIET RO h o /2. Ibritumomab
tiuxetan$% G2 IC BV HILFEEE R B KR M
MBLRHISIEIT R Ch b Z L R s 7z,

AHSCTZ##HE L 7=
radioimmunotherapy

Radioimmunoconjugate®DLTIE MK &M T &
5720, AHSCTHHAIC X Y IEEX TR TH L.
Biffigg Y v/ SfEE RIS, AHSCTH4EH L7191
EARHICD20HUE % KBS ¥ 5 1657 Press
HIZE 5 THIATEN TV 5D, E¥MBROREAH
BHEIZ27GYyTH Y, AHSCTHH THODLTIEA
MiFdHECTH o7z, 29612561 (86% ) DA L,
236 (79%) 7SCRIZE L, 11651(39%) AS 141G
LTSEUERREFLTVD,

HHE T Dibritumomab
tiuxetan DER R BI%

KENZ o H3E Cldradioimmunotherapy ™~
HAADNEN T s, BEREOEMROLER
WO TIZ, 20024 X Y ibritumomab tiuxetan
DE IRV ETL ALY ¥ —hdumkiE & 85
B 2 figk THAT &4, £ ORFFEREEAR0044ED
HABFEXICHE S0, (hEEERICES -
BB LU IREME B v @Egioxd s
ibritumomab tiuxetan(Z & % radioimmunotherapy
DI & FYENRE, dosimetry, BRI DRES
FHBE LCHEfT 7z, Day 1 M n-britumo-
mab tiuxetan % 3.5~5.0mCif% 5 L, vy X S
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T OMp-ibritumomab tiuxetanD 7347 % & 1) *Y-
ibritumomab tiuxetan D% 5- O EZHRT L, day
8 12 9Y-ibritumomab tiuxetan% 0.3mCi/kg&
0.4mCi/kg® 2 FE TS5 L7, WETHOHM
WL 7 pEEREE, 3 BMLL R 525,000/
Wik O MARRA>, 3 BH L. LR 5 grade
4 OIFHRERRA L, grade 3 A EOFEMIEF L
e L7, ALHREETAICEE - Bk L il
W v oSIE 9 Bl &= v bIVEIRRY ~ /o BE 1 BIDE
10511 2%9Y-ibritumomab tiuxetan & % 5- L 7=, FRS
5 120.3mCi/ kg BET 3 iR 061 (1 B3R AR
PI-CHETS), 0.4mCi/kghET 6 R 2 F (ENalfl
e L 1B, B - MRS & 1B
T, %Y-ibritumomab tiuxetan?®recommended
phase 1 dose% 0.4mCi/kg & BT L7z, 1 FRERIR
0% Idgrade 3454 1, grade 4 2°3 BIT,
MR 5B i grade 3453 Pl Cdh o7z, EY
AL YIRS S & dosimetry study DAERILFAT
LCEM S Nk ERRRRBROMR LI L7
106 5 BIASCR, 2 BFIAPRICE L, EHHEIai
70% (7/10) T - 7z. Ibritumomab tiuxetan®
% - FURMETEMERE B AR v SEICH T A RE
W B WA R TE L [, DAEWNO
radioimmunotherapy DAGEES % HIELC, &N
AR L TEIRARRE ZEHTH 5.

b

mAbiZ & % BAEIEE O BRI, £ Ok
=AY CHRRNERESHELIN. &
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Rituximab, a chimeric human/murine monoclonal anti-
body directed against CD20, is an effective therapy for B-cell
type non-Hedgkin’s lymphoma. Most of the adverse
responses are mild to moderate nonhematological toxicities,
which include fever, chill, or skin reactions. Severe respira-
tory adverse events have been infrequent [1,2]. Recently,
Burton et al reported 2 interstitial pneumonia (IP) cases
related to rituximab therapy [3]. IP is rarely induced by rit-
uximab, and its etiological roles are still unclear. Here, we
report an IP case related to rituximab therapy, for which we
investigated its etiology as well as possible.

An 80-year-old man with a diagnosis of diffuse large B-
cell lymphoma was treated with rituximab and cyclophos-
phamide, vincristine, and prednisolone chemotherapy (R-
COP). No severe adverse effects were observed during the
first course, and after 3 weeks, he was given a second course.

With the second rituximab infusion, he had a grade 2 fever

and a systemic skin rash. The infusion reaction was abated
with hydroxycortisone, and COP therapy was scheduled. Ten
days after the second rituximab infusion, the patient com-
plained of ge neral fatigue and had a high fever. A chest x-ray
revealed bilateral ground-glass opacities, and a high-resolu-
tion computed tomography scan of the chest confirmed the
diagnosis of interstitial pneumonia. As respiratory insuffi-
ciency advanced, he needed noninvasive positive-pressure
ventilation. He was treated with methylprednisolone pulse
therapy after a bronchoalveolar lavage (BAL) examination.
He made a dramatic recovery, corticosteroid was tapered,
and he was discharged after 3 weeks.

No pathogens were detected in the patient’s blood, spu-
tum, or BAL fluids, and results for Pneumocystis carini and
Mycobacterizim tuberculosis were also negative. Serum anti-
bodies did not indicate the presence of viruses, chlamydia
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pneumonia, legionella, or mycoplasma pneumonia. Lympho-
cytes were 40.4% and CD4* T-cells comprised 86% of the
lymphocyte in the BAL fluids. Antineutrophil cytoplasmic
factors, rheumatoid factors, and antinuclear antibodies were
not detected. A cytological examination showed no malig-
nant cells in the BAL fluids.

Human antichimeric antibodies (HACA) were reported

.as a cause of acute lung injury in a patient with Crohn’s dis-
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ease who was treated with Infliximab [4], We examined our
patient’s plasma, which was obtained 2 months after his rit-
uximab treatment, for HACA and to determine the ritux-
imab level. Both HACA and rituximab were undetectable. A
drug lymphocyte stimulation test (DLST) was reported to be
positive in a patient who was allergic to a drug that induced
IP in the patient [5]. We conducted DLST for rituximab,
cyclophosphamide, and vincristine in our patient and found
that only rituximab showed as strongly positive. Tumor
necrosis factor a, interferon v, and interleukin 4 were ele-
vated in his serum level, findings that proved to be similar to
the previous report of rituximab-induced IP [3]. Klebsvon-
den Lungen-6 (KL-6) is also known as a marker of drug-
induced IP, especially of the diffuse-alveolar type [6]. In our
case, KI1.-6 was within the normal range.

These results strongly suggested that in this patient, IP
was induced by rituximab and that the T-cells activated by
rituximab took part in IP development. Further evaluation of
Tecell immunity related to rituximab will clarify IP mecha-
nisms in patients treated with rituximab.
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ABSTRACT

Purpose: Recent studies have revealed that fucose
removal from the oligosaccharides of human IgG1 antibodies
results in a significant enhancement of antibody-dependent
cellular cytotoxicity (ADCC) via improved IgG1 binding to
FeyRIIIa. In this report, we investigated the relationship
between enhanced ADCC and antigen density on target cells
using IgG1 antibodies with reduced fucose.

Experimental Design: Using EL4 cell-derived trans-
fectants with differential expression levels of exogenous
human CC chemokine receptor 4 or human CD20 as target
cells, ADCC of fucose variants of chimeric IgG1 antibodies
specific for these antigens were measured. We further
investigated IgG1 binding to natural killer (NK) cells and
NK cell activation during ADCC induction to elucidate the
mechanism by which low-fucose IgG1 induces ADCC upon
target cells with low antigen expression.

Results: Low-fucose IgGls showed potent ADCC at
low antigen densities at which their corresponding high-
fucose counterparts could not induce measurable ADCC.
The quantitative analysis revealed that fucese depletion
could reduce the antigen amount on target cells required
for constant degrees of ADCC induction by 10-fold for CC
chemokine receptor 4 and 3-fold for CD20. IgG1 binding
to NK cells was increased by ligating IgG1 with clustered
antigen, especially for low-fucose IgGl. Up-regulation of
an activation marker, CD69, on NK cells, particularly the
CD56%™ subset, in the presence of both the antibody and
target cells was much greater for the low-fucose anti-
bodies.

Received 11/5/04; revised 12/21/04; accepted 12/29/04.
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to
indicate this fact.
Requests for reprints: Kenya Shitara, Division of Immunology, Tokyo
Research Laboratories, Kyowa Hakko Kogyo, Co., Ltd., 3-6-6 Asahi-
machi, Machida-shi, Tokyo 194-8533, Japan. Phone: 81-42-725-0857,
Fax: 81-42-725-2689; E-mail: kshitara@kyowa.co.jp.

©2005 American Association for Cancer Research.

Conclusions: Our data showed that fucose removal
from IgG1 could reduce the antigen amount required for
ADCC induction via efficient recruitment and activation of
NK cells.

INTRODUCTION

Antibodies of the human IgG1 isotype are commonly used
for therapeutic applications as they can mediate multiple effector
functions including antibody-dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC), and direct
apoptosis induction (1-3). ADCC, a lytic attack on antibody-
targeted cells, is triggered following binding of leukocyte
receptors (FcyR) to the antibody Fc region. Several mouse and
clinical studies indicate that ADCC is an important therapeutic
mechanism of clinically effective antibodies (4—7). FcyRllla is
the predominant FeyR of natural killer (NK) cells responsible for
ADCC activation. The FcyRlIlla gene (FCGR34) displays an
allelic polymorphism that generates receptors containing either a
phenylalanine (F) or a valine (V) at a position critical in
mediating ADCC, amino acid position 158. This variation results
in human IgG1 antibodies binding with higher affinity to the NK
cells of homozygous FCGR3A4-158V donors than those of
homozygous FCGR3A-158F donors, and seems to result in more
effective NK cell activation (8, 9). Importantly, several reports
have recently shown that FCGR34 genotype influences the
clinical efficacy of human IgGl-type anti-CD20 antibody
rituximab (3, 10, 11) with the clinical response of patients
bearing FcyRIIIa-158F being significantly inferior to the patients
with the FeyRIIIa-158V receptors (5—7). These reports under-
score the importance of ADCC in clinical outcomes.

ADCC activity is influenced by the structure of complex-
type oligosaccharides linked to CH2 domain of the antibody Fc
region. The content of palactose (12, 13), bisecting N-
acetylglucosamine (14, 15), and fucose (16, 17) in the antibody
oligosaccharide have each been reported to effect ADCC. In
previous studies, we have shown that fucose is the most critical
antibody oligosaccharide component and that the removal of
fucose from IgG1 oligosaccharides results in a very significant
enhancement of both ADCC in vitro (~ 100 fold) and antitumor
activity i vivo (17, 18). However, many therapeutic antibodies
currently approved or under clinical development are produced
using Chinese hamster ovary cells that express high level of
al,6-fucosyltransferase and consequently produce low amounts
antibody lacking fiucose (17). Therefore, we generated a
fucosyltransferase knockout Chinese hamster ovary cell line
that can stably produce nonfucosylated antibodies with enhanced
ADCC (19) that behaves in other respects indistinguishable from
the parental line.

Although therapeutic antibodies are demonstrating increas-
ing success in the clinic, especially in the field of cancer
treatment (1, 2), the full potential may be limited by the low and
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variable antigen expression on the target cells. This is due to
three factors that can limit the efficacy of therapeutic antibodies.
First, there are often individual patients or clinical subtypes of
the cancer that are unresponsive to the antibody therapy due to
limited or heterogeneous antigen expression (3, 20). Second,
residual tumor cells after antibody therapy may be selected to
express less antigen than pretreated tumor cells (21, 22), become
resistant to additional treatment, and, thus, may lead to poor
prognosis. Third, antigen may be thought unsuitable as antibody
targets due to low antigen expression. Consequently, it is
important to improve antibody efficacy for tumor cells with
lower antigen expression level.

Previous studies have shown that ADCC depends on
antigen expression levels on target cells (23). Hence, we asked if
low-fucose IgGl with enhanced ADCC might overcome the
problem of low antigen density on target cells. In this study, we
quantitatively analyzed the effect of antigen levels on the ability
of low-fucose IgG1 to induce ADCC on target cells to determine
the potential therapeutic advantage of low-fucose IgG1 for future
clinical applications. Additionally, we focused on NK cell
binding to low-fucose IgG1 and the resultant cellular activation
to understand the mechanism of potent ADCC induction,
especially at low antigen density.

MATERIALS AND METHODS

Blood Donors. Blood donors were randomly selected
from healthy volunteers registered at Tokyo Research Labora-
tories, Kyowa Hakko Kogyo, Co., Ltd. All donors gave written
informed consent before analyses.

Cell Lines. Mouse T-cell lymphoma cell line EL4, human
B lymphoma cell line CA46, CCRF-SB (ATCC CCL-120),
ST486, Raji, and Daudi were purchased from the American Type
Culture Collection (Rockville, MD). A human B lymphoma cell
line P32/ISH (JCRB0095) was purchased from Health Science
Research Resources Bank (Osaka, Japan).

Preparation of Target Cell Lines. A human CC chemo-
kine receptor 4 (CCR4) expression plasmid CAG-pcDNA-CCR4
bas been previously described (18). An expression plasmid
encoding human CD20, designated pKANTEXCD20, was
constructed by inserting CD20 gene, cloned from a human
leukocyte cDNA library (BD Biosciences Clontech, Palo
Alto, CA) by PCR into mammalian cell expression vector
PKANTEX93 (24). EL4 cells were transfected with CAG-
pcDNA-CCR4 or pKANTEXCD20 by electroporation and
grown in the presence of 0.5 mg/mL G418 sulfate to obtain
GA418-resistant clones. For some clones with higher CD20
expression, gene amplification in the presence of methotorexate
(4-amino-10-methylpteroylglutamic acid, MTX) was done.
Multiple clones with differential protein expression levels were
screened by nonquantative flow cytometry as described below.

Antigen Expression Analysis by Flow Cytometry. A
nonquantitative flow cytometry was done for the screening
of transfected target cell clones. Biotinylated KM2760
was prepared using EZ-Link Sulfo-NHS-LC-Biotin (Pierce,
Rockford, IL) as described by the manufacturer. Approximately
1 x 10% cells were stained for 1 hour on ice with 3 pg/mL of
biotin-labeled KM2760 for CCR4" clones or a 10-fold dilution
of FITC-conjugated anti-CD20 monoclonal antibody (Beckman

Coulter, Tokyo, Japan) for CD20" clones. For CCR4-expressing
clones, cells were washed and then stained with phycoerythrin-
conjugated streptavidin (Becton Dickinson Japan, Tokyo, Japan)
as the secondary reagent. The stained cells were analyzed on an
EPICS XL-MCL flow cytometer (Beckman Coulter).

To determine the absolute number of the antibody binding
sites per cell, a quantitative flow cytometry analysis (25) was
done using DAKO QIFIKIT (DakoCytomation, Kyoto, Japan).
Briefly, 1 x 10° cells were stained for 1 hour on ice with
saturating concentration of KM2160 (60 pg/mL) for CCR4*
clones or mouse anti-CD20 monoclonal antibody (clone 2H7,
BD Biosciences PharMingen, San Diego, CA; 40 ug/mL) for
CD20" clones. Cells were then washed and then stained with
FITC-conjugated anti-mouse IgG (DakoCytomation) for 1 hour
on ice. Standard beads coated with known amount of mouse IgG
molecules were also stained with FITC-conjugated anti-mouse
IgG. The stained samples were analyzed using a flow cytometer,
and the numbers of binding sites per cell were calculated by
comparing the mean fluorescent intensity value of the stained
cells to a standard curve obtained by regression analysis of the
mean fluorescent intensity values of standard beads.

Cytotoxicity Assay. ADCC was measured using a
standard 4-hour >'Cr release assay as previously described
(17). CDC was measured by a nonradioactive method. Target
cells (1 X 10° cells/50 pL medium), varying concentrations of
antibodies (in 50 pl. medium), and human complement serum
(50 pL, x2 diluted with medium; Sigma, St. Louis, MO) were
distributed into 96-well flat-bottomed plates. All cells and
reagents were diluted with RPMI 1640 (Life Technologies, New
York, NY) containing 10% heat-inactivated fetal bovine serum.
After incubation at 37°C for 2 hours, aliquots of the cell
proliferation reagent WST-1 (Roche Diagnostic GmbH, Penz-
berg, Germany) were added to each well (15 pL) and the plates
were incubated for a further 4 hours to allow the formazan dye
production by the metabolically active cells. The percent
cytotoxicity was calculated from the absorbance at 450 nm
minus the reference absorbance at 650 nm (4450 — 4 6s0) of each
well according to the formula:

% cytotoxicity = 100 x (E - 5)/(M - S)

where E is the A4sp — A 450 of experimental well, S is that in the
absence of monoclonal antibody (cells were incubated with
medium and complement alone), and M is that of medium and
complement alone.

Isolation of Natural Killer Cells. Peripheral blood
mononuclear cells (PBMC) were prepared from peripheral blood
by density gradient centrifugation using Lymphoprep (AXIS
SHIELD, Dundee, United Kingdom). PBMC were then
subjected to negative magnetic sorting to obtain NK cell
fraction, by removing CD3, CDI14, CD19, CD36, and IgE-
positive cells using MACS NK cell isolation kit and MidiMACS
(Miltenyi Biotec, Bergisch Gladbach, Germany). The phenotype
of the isolated NK cell fraction was confirmed as >95%
CD56"CD3™ before any experiments.

IgG1 Binding Analysis to Natural Killer Cells. Isolated
NK cells (I x 10° were incubated on ice for 1 hour with 1%
bovine serum albumin (BSA)/PBS containing 10 pg/mL IgGl.
After incubation with IgG1, cells were washed twice with PBS
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and analyzed after staining with phycoerythrin-conjugated anti-
human IgG Fab’, (DakoCytomation) on a flow cytometer. In
some experiments, IgG1 was incubated with 20 pg/mL BSA-
conjugated CCR4 peptide before the incubation with NK cells
for the IgG1 ligation. The BSA-conjugated CCR4 peptide was
prepared by conjugating the partial CCR4 peptide including the
binding site of KM2760 and KM3060 (corresponding to amino
acid residues 2 to 29 of human CCR4; ref. 18) to the amino
groups of BSA using 4-(N-maleimidomethyl)-cyclohexane-1-
carboxylate N-hydroxysuccinimido ester (Sigma) as previously
described (26).

Analysis of Natural Killer Cell Activation. Isolated NK
cells (1 x 10°/100 pL medium/well) and the equal number of
target cells in 100 uL medium were dispensed in round-botton
96-well plate. IgG1 (final concentration, 1 pg/mL) or medium
alone were added to each well and incubated at 37°C. Cells were
harvested periodically (4, 24, and 72 hours) and double-stained
with phycoerythrin-conjugated anti-CD56 monoclonal antibody
(Beckman Couiter) and FITC-conjugated anti-CD69 monoclonal
antibody (BD Biosciences PharMingen) on ice for 1 hour. After
washing, NK cells, which can be gated out by their relative
smaller values of forward scatter and side scatter compared with
target cells, were measured of their CD56/CD69 expression on a
flow cytometer.

RESULTS

Antibody-Dependent Cellular Cytotoxicity of Anti-
CD20 IgGl Fucose Variants against B Lymphoma Cell
Lines with Differential CD20 Expression Levels. KM3065
(17) is a low-fucose variant of anti-CD20 chimeric IgGl
rituximab, which is widely used for the treatment of B-cell
disorders. KM3065 .and rituximab have identical amino acid
sequences and thus show identical CD20 binding activities,
whereas they differ in the percentage of antibody lacking
fucose-containing carbohydrates linked to Asn®’ in CH2
domain of heavy chain (Table 1). Due to its low fucose
contents and consequent strong FeyRIla binding, KM3065 has
been shown to exhibit enhanced ADCC against CD20" Raji
cells and WIL2-S cells (17, 27). However, how the ADCC
enhancement by defucosylation was influenced by the intrinsic
properties of target cells remains to be verified. To investigate
the relationships between the enhancement of ADCC by
defucosylation and the antigen expression level on target cells,
we investigated ADCC of the two anti-CD20 IgGls upon six B
lymphoma cell lines with differential CD20 expression levels
as shown in Fig. 1. CD20 binding sites on each cell lines were
determined by quantitative flow cytometry method (25) with
values ranging within an order of magnitude (7.8 X 10* to 5.9
x 10%). Using human PBMCs with effector cells, KM3065

Table 1 Content of nonfucosylated N-linked oligosaccharide in
each IgG1 compositions
IgGl Specificity Y%Fucose(—) Reference
KM2760 Human CCR4 93 Niwa et al. (18)
KM3060 Human CCR4 9 Niwa et al. (18)
KM3065 Human CD20 91 Shinkawa et al. (17)
Rituximab Human CD20 6 Shinkawa et al. (17)

80 7 —O— KM3065 10 ng/mL
4 --@-- Rituximab 10 ng/mL

0] £ Medium o

. o)

o

40 4 R2=0.2955 ol

7 a
20 - &

1 rR2=0.3913 A o
04 e B g

80 7 —O— KM3065 100 ng/mL
41 --®-- Rituximab 100 ngimL. 5

JAN Medium
60 o
/é/qa/
o 0]

R2=0.2044

40 @

Cytotoxicity (%)

20 A
- R?=0.3899 e g
@.- bA
0 LT FAS %
T T F T TIirf | T 1T 1T Th0It]
10* 105 105
CD20 expression
(binding
sites/cell)

Target cell lines used:

CA46 7.8 % 104/ cell
CCRF-SB 12,0 x 105/ cell
P32/ISH 2.1 %105/ cell
ST486 :3.2 X 10%/ cell
Raji :4.0 x10%/ cell
Daudi 5.9 %X 10%/ cell

Fig. 1 ADCC of anti-CD20 chimeric IgGls against B lymphoma cell
lines with differential CD20 expression. The cytotoxicities in the
presence of 10 ng/mL (top) or 100 ng/mL (bottom) of anti-CD20 IgGls
against six B lymphoma cell lines determined by 4-hour S1Cr release
assays are shown. PBMC from a healthy blood donor were used as
effector cells, with an effector-to target ratio of 25:1. Y-axis, cytotoxicity
(%), mean + SD (n = 3). X-axis, number of CD20 binding sites per cell
on each target cell line. The target cell lines used and the corresponding
numbers of CD20 binding sites were also shown.

showed enhanced ADCC upon all the target cell lines
compared with rituximab. Although the correlation between
the ADCC and the numbers of CD20 binding sites was not
statistically significant, ADCC values mediated by both the two
IgGls tended to be higher for target cell lines with higher
CD20 expression. The result suggests that target cell lines from
different origins are not suitable for the quantitative analysis of
ADCC depending on antigen expression because their own
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cellular backgrounds, other than the antigen amount, deter-
mines their inherent sensitivities against ADCC.

Preparation of Transfectant Target Cells with Varying
Expression Levels of Exogenous Antigen. To establish a
simpler system for the investigation of the influence of the
antigen amount on tumor cells independently from different
cellular backgrounds, we next constructed panels of transfectant
tumor cell lines with wide ranges of antigen expression levels.
We used two antigen-specific systems for this aim, CCR4 and
CD20. In addition to anti-CD20 IgGls described above, two
fucose variants of chimeric anti-CCR4 IgGls have also been
generated: the conventional highly fucosylated anti-CCR4 IgGl,
KM3060, and its low-fucose counterpart, KM2760 (Table 1).
They share identical amino acid sequences and CCR4 binding
activities, whereas KM2760 has shown enhanced ADCC against
CCR4™ T leukemia cells (18). :

Panels of target cells with a range of expression levels of
the chosen antigens were constructed by transfecting CCR4 or
CD20 genes into murine thymoma EL4 cells. EL4 cells were
chosen as the host cell to generate target cells for the
quantitative evaluation of ADCC because of their resistance
to antibody-independent cytotoxic activity of human NK cells
that could obscure antibody-dependent cytotoxicity. Following
single cell cloning, eight CCR4-positive clones (designated
CCR4/EL4-A to CCR4/EL4-H) and seven CD20-positive
clones (CD20/EL4-A to CD20/EL4-G) were screened by
nonquantitative flow cytometry as illustrated in Fig. 2. To
generate high expressing CD20" clones, gene amplification in
the presence of MTX was used: CD20/EL4-D and CD20/EL4-F
were produced using 200 nmol/LL MTX selection and CD20/
ELA4-G was produced using 1,000 nmol/L MTX.

The numbers of antibody binding sites per cell on each
established EL4 clones were then determined using quantitative
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flow cytometry method and ranged from 1.3 x 10% to 5.4 x 10°
for CCR4 and from 1.2 x 10 to 5.8 x 10° for CD20 (Table 2).
All clones were confirmed to have similar cell diameters by flow
cytometry (data not shown), implying that antigen densities on
the surface of each target cell were expected to be proportional to
the numbers of antibody binding sites shown in Table 2.
Although the parent murine EL4 cell would not be expected to
express human antigens and no visible staining were observed in
nonquantitative flow cytometry (Fig. 2), the methodology used
calculated ~ 600 sites per cell for each of the antigens. This was
probably because of the marginal nonspecific or cross-reactive
staining in the quantitative flow cytometry analysis. It should be
noted that the CCR4 expression levels of all the human T-cell
leukemia cell lines that we have previously described (18)
ranged between those of CCR4/EL4 clone A and clone G used in
these studies, as observed in nonquantitative flow cytometry
(data not shown). CD20 expression on clinical B lymphoma cells
has been reported to be ~ 103, although it depends on the clinical
subtype of the lymphoma to some extent (3, 28-30). Taken
together, the expression levels of the target cell clones
established in this study were considered to be representative
of the in vivo expression levels of patient’s tumor cells.
Antibody-Dependent Cellular Cytotoxicity of IgGl
Fucose Variants against Experimental Target Cells with
Various Antigen Expression Levels. We next measured the
ADCC of both IgGl fucose variants upon the experimental
target cell lines described above. As shown in Fig. 3, using
PBMC from peripheral blood of two healthy donors (donor A
and B) as effector cells, the low-fucose KM2760 showed higher
ADCC activity than that of the high-fucose KM3060 against
each of the CCR4-transfected target cells. Analysis of the ADCC
activity of the two IgGls were each found to fit to a sigmoid-
shaped curve with different maximal levels of cytotoxicity for
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Fig. 2 Relative antigen expression levels in the established target cell clones. The parental EL4 cells and the clones with various expression levels of
exogenous human CCR4 (4) or CD20 (B) genes were stained with biotynylated KM2760 or FITC-conjugated anti-CD20 monoclonal antibody,
respectively. For CCR4-expressing clones, cells were washed and then stained with avidin-conjugated FITC as the secondary reagent. The stained cells
(filled histograms) and the reference unstained samples (blank histograms) were then analyzed by flow cytometry. Clone names are indicated in each
panel: A to H in 4, clone CCR4/EL4-A to CCR4/EL4-H; A to G in B, clone CD20/EL4-A to CD20/EL4-G.



Clinical Cancer Research 2331

Table 2 Numbers of binding sites on the established target

cell clones
CCR4-positive clones CD20-positive clones

Clone Binding sites* Clone Binding sitest
CCR4/EL4-A 1.3 x 103 CD20/EL4-A 1.2 x 104
CCR4/EL4-B 1.6 x 103 CD20/EL4-B 1.5 x 104
CCRA4/ELA-C 2.6 x 103 CD20/E1LA-C 2.5 x 104
CCR4/EL4-D 4.6 x 103 CD20/EL4-D 4.1 x 104
CCR4/EL4-E 5.8 x 103 CD20/EL4-E 6.7 x 104
CCRA4/ELA-F 1.5 x 104 CD20/ELA4-F 2.1 x 105
CCR4/ELA-G 1.7 x 104 CD20/EL4-G 5.8 x 105
CCR4/EL4-H 5.4 x 104

ELA 6.6 x 102 ELA 6.1 x 102

*Number of CCR4 binding sites per cell determined by quantitative
flow cytometry.

fNumber of CD20 binding sites per cell determined by quantitative
flow cytometry.

the different IgG1s calculated by the four-parameter regression
equations (Table 3). In addition, the minimum amount of antigen
that was required to induce detectable level of ADCC of
KM2760 was less than that of KM3060. For example, with
donor A effector cells, KM2760 exhibited ADCC against all
CCR4-expressing clones (=13 X 10> CCR4 binding sites),
whereas KM3060 required at least 1.5 X 10* CCR4 binding sites
in the presence of 3 pg/mL 1gGls (Fig. 3, top right). Further, we
calculated the number of CCR4 binding sites required to achieve
the half-maximal cytotoxicitiy of KM3060 for both KM2760 and
KM3060 (Table 3). For example, with PBMC from donor A and
3 pg/mL antibody concentration, KM3060 required 2.1 X 10*
CCR4 binding sites on target cells for its half-maximal
cytotoxicity (14.4%), whereas KM2760 required only 9.6-fold
less antigen to achieve the same level of cytotoxicity, indicating
KM2760 required only approximately one tenth of CCR4
expression than KM3060 in this experimental condition. Similar
quantitative relationships in the ADCC of the two IgGls were
observed in all cases in Fig. 3 except for a little smaller
difference in efficacies of the two IgGls (5.6-fold) with donor A
PBMC and 0.1 pg/mL antibody concentration.

A similar advantage of low-fucose IgG1 in the lysis of low-
antigen-expressing cells and the maximal cytotoxicity was also
observed for CD20 system using PBMC from two other donors
(Fig. 4), indicating that low-fucose IgG1 can reduce the antigen
number required for ADCC in CD20 system in addition to
increasing the maximal ADCC achievable. However, the shifts
in required antigen amount was somewhat less compared with
CCR4 system (the low-fucose KM3065 required ~ 3-fold less
CD20 amount than rituximab in each experimental condition;
Table 4). This may be due to the relatively higher ADCC
mediated by the high-fucose IgGl (rituximab). We also
investigated another important Fc-mediated function of antibody,
CDC, of the two anti-CD20 IgGls on the CD20-transferred
target clones (Fig. 5). In contrast to ADCC, the cytotoxicities of
the two IgGls were not significantly different. The anti-CCR4
IgGls did not exhibit any measurable CDC activity against any
of the CCR4-transfected target cells irrespective of their fucose
contents (data not shown). These differing results between CCR4
and CD20 might be due to many factors including the expression
levels of the antigens, the inherent capacity of the antigens to
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Fig. 3 ADCC of anti-CCR4 IgGl fucose variants using EL4
transfectant clones with differing antigen expression as target cells.
Y-axis, cytotoxicities in the presence of anti-CCR4 IgGls or medium
alone determined by 4-hour *'Cr release assays. X-axis, number of
CCR4 binding sites per cell of each target clone including parent EL4
cells (arrows). PBMC from healthy blood donors were used as effector
cells, with a constant effector-to target ratio of 25:1. Two different
PBMC donors (donor A and donor B) and IgGl concentrations (0.1
and 3 pg/mL) were used as indicated.

mediate CDC, or the antigen-binding affinity of individual
antibody clone.

Natural Killer Cell Binding of IgGl Fucose Var-
jants. The mechanism responsible for ADCC enhancement
by fucose removal from IgGl is an increase of IgG1 binding to
FeyRIIla (16, 27). This enhancement also results in effective
ADCC at a lower antigen density. We have previously shown the
improved FcyRIlla affinity of KM3065 compared with ritux-
imab by ELISA method (31) and determined the kinetic and
thermodynamic parameters of the interaction between FeyRIIla
and the two anti-CD20 IgGls (27). The enhanced FcyRllla
binding by fucose removal was also confirmed for anti-CCR4
IgGls (data not shown).

Table 3 Parameters in ADCC plots of anti-CCR4 antibodies

Concentration Maximal ECso (KM30601;

Donor Antibody (ng/mL) lysis* (%)  binding sites)  Ratio

A KM3060 0.1 13.6 1.98 x 104 x5.6
KM2760 0.1 55.0 0.36 x 104

KM3060 3 28.8 2.13 x 104 Xx9.6
KM2760 3 71.8 0.22 x 104

B KM3060 0.1 5.66 7.67 x 104 x1l
KM2760 0.1 57.3 0.70 x 104

KM3060 3 7.37 1.63 x 104 x9.2
KM2760 3 63.2 0.18 x 104

*Estimated by using the four-parameter regression equations.
fNumber of CCR4 binding sites per cell required to achieve the
half-maximal lysis by KM3060.
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Furthermore, the binding of IgG1 fucose variants to purified
NK cells prepared from blood of one healthy donor was
measured by flow cytometry (Fig. 6). The low-fucose anti-CCR4
and anti-CD20 IgG1s each showed slightly higher binding to NK
cells than their highly fucosylated counterparts, which was
consistent with the result of other analyses (16). Next, we
examined whether IgG1 binding to NK cells was enhanced when
anti-CCR4 IgGl was ligated with clustered antigen (BSA-
conjugated CCR4 peptide) to imitate the physiologic condition
in which FcyRIIIa molecules on NK cells are cross-linked by the
complex of antibody and target cells. Under these conditions,
binding to NK cells was further enhanced for each antibody;
however, the increase was greater for the low-fucose KM2760.

Antigen-Specific Natural Killer Cell Activation. To
investigate whether increased binding of low-fucose IgG1 to
FeyRIHa and NK cells is a key step for NK cell activation during
ADCC, we next investigated expression pattern of the activation
marker CD69 on CD56" NK cells in the presence of both anti-
CD20 IgG1 and four of the target cell clones with differing
CD20 expression levels (EL4, CD20/EL4-C, CD20/EL4-E,
and CD20/EL4-G; the numbers of CD20 binding sites per cell
of each clone were shown in Table 2). The control experiment
was first done by stimulating purified NK cells in the presence of
phorbol 12-myristate 13-acetate and ionomycin for 24 hours to
confirm the up-regulation of CD69 in whole population of NK
cells (Fig. 74).

lgG1 concentration

5 ng/mL 50 ng/mL

80

—O— KM3065
60 | -®-- Rituximab
—— Medium

40
EL4

1 iouo(

20}

100

Cytotoxicity (%)
3 8 &
@ touog

N
o

o

5 H"“IS o 31 I 5 6
10 10 10 10 10 10 10 10 10
CD20 expression (binding sites/cell)

Fig. 4 ADCC of anti-CD20 IgGl fucose variants using EL4
transfectant clones with differing antigen expression as target cells.
Y-axis, cytotoxicities in the presence of anti-CD20 IgGls or medium
alone determined by 4-hour *'Cr release assays. X-axis, number of
CD20 binding sites per cell of each target clones including parent EL4
cells (arrows). PBMC from healthy blood donors were used as effector
cells, with a constant effector-to target ratios of 25:1. Two different
PBMC donors (donor C and donor D) and IgG1 concentrations (5 and
50 ng/mL) were used as indicated.

Table 4 Parameters in ADCC plots of anti-CD20 antibodies

Concentration Maximal ECsq (rituximabt;

Donor Antibody (ng/mL) lysis* (%)  binding sites)  Ratio

C  Rituximab 5 383 5.62 x 104 X3.0
KM3065 5 58.8 1.88 x 104

Rituximab 50 49.2 2.99 x 104 x2.7
KM3065 50 62.7 1.10 x 104

D  Rituximab 5 49.2 6.70 x 104 x3.4
KM3065 5 68.2 1.99 x 104

Rituximab 50 63.3 4.12 x 104 X3.2
KM3065 50 83.2 1.30 x 104

*Estimated by using the four-parameter regression equations.
tNumber of CD20 binding sites per cell required to achieve the half-
maximal lysis by rituximab.

When mixed with the EL4-derived target cells, NK cells
could be clearly identified and removed from the flow
cytometeric analysis due to their relative small diameter reflected
in forward scatter (Fig. 7B); accordingly, CD56/CD69 expres-
sion levels in NK cells mixed with target cells for 4 and 24 hours
were analyzed in the absence or presence of various antibodies
(KM3065, rituximab, or anti-CCR4 KM2760 as an irrelevant
control antibody; Fig. 7C). In the absence of antibody, no CD69
up-regulation was observed either at 4 or 24 hours (Fig. 7C,
medium column), which was consistent with the resistance of the
EL4 clones to antibody-independent cytotoxicity observed in the
ADCC assays (Figs. 3 and 4).

In the presence of CD20-positive target cells at 4 hours, the
two anti-CD20 IgGls each increased the proportion of activated
NK cells in a manner dependent on CD20 expression level. The
low-fucose anti-CD20 antibody, KM3065, consistently induced
higher numbers of activated NK cells than rituximab: 36% to
45% activation of NK cells for KM3065 versus 8% to 22% for
rituximab. At 24 hours, KM3065 activity was increased, but no
longer obviously antigen-density dependent, with activation of
majority of NK cells (64-71%) irrespective of CD20 expression
levels on target cells. With rituximab at 24 hours, the activation
was also significantly increased from 4-hour incubation (24-
48%), although still lower than that with KM3065, and increased
at higher antigen density. NK cell activation by both IgG1s were
considered maximal at this time point because the CD69-positive
NK cell proportions in the presence of anti-CD20 1gGls at 24
hours was unchanged when the incubation time was extended to
48 hours (data not shown). Taken together, these results provide
evidence of a possible mechanism by which low-fucose IgG1
can increase ADCC on target cells with low antigen expression,
namely activation of more NK cells by low fucose antibodies
than conventional high-fucose IgG1.

When mixed with CD20-negative EL4 cells and anti-
CD20 IgGl, or when mixed with CD20-positive cells and
irrelevant IgG1 KM2760, NK cells did not exhibit up-regulated
CD69 expression at any time during the experimental period.
These results indicate the strict dependency of low-fucose 1gG1
in mediating ADCC on the presence of antigen, despite its
antigen-independent binding capacity to NK cells as shown in
Fig. 6.

There are two distinct subsets of human NK cells identified
by cell surface density of CD56: a small population of CD567&"
(<10%) and the remainder CD56%™ (32). To identify which
population was involved in anti-CD20 IgG1-mediated NK cell
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activation, the flow cytometer histograms obtained above were
reanalyzed according to CD56 expression on NK cells. As a
result, no apparent increase in CD69 expression in CD56rieh
subset was observed in all the samples shown in Fig. 7C,
suggesting that the NK cell subset responsible for ADCC
mediated by both the IgGl fucose variants was CD56%™ An
example is shown in Fig. 7D, 24-hour incubation in the presence
of CD20/EL4-E.

DISCUSSION

One of the major obstacles to optimizing the efficacy of
therapeutic antibodies is low and heterogeneous antigen
expression that (a) allows cells to evade the effective treatment,
(b) induces the selection of low antigen cell, and (c) makes some
antigenic targets resistant to antibody therapeutics. For example,
the most successful anticancer antibody, rituximab, shows an
inferior clinical response rate for lymphoma subtypes that have a
relatively lower expression of CD20, such as chronic lympho-
cytic leukemia or small lymphocytic lymphoma, compared with
highly responsive follicular lymphoma with higher CD20
expression, although it should be noted that other factors such
as the differential expression of complement-inhibitory proteins
(CD46, CD55, CD59) among these clinical subtypes might also
affect the rituximab responsiveness (3). It has been shown that
antigen expression is a critical factor of the efficacy of the anti-
HER2 IgG1 trastuzumab (1, 2, 4, 33), for which treatment is
restricted to HER2-overexpressing 20% to 30% breast cancer
patients as determined by immunohistochemistry or fluorescence
in situ hybridization before therapy (34). Trastuzumab-mediated
ADCC, considered a critical therapeutic mechanism of the
antibody, is dependent on the levels of HER2 on target cells: The
antibody can induce ADCC only against tumor cells with >10°
HER2 molecules per cell (35, 36). In addition, residual tumor
cells with lower antigen expression could escape from antibody
therapy, which might lead to relapse and resultant poor
prognosis. As the problem of the low or heterogeneous antigen
expression on target cells is relevant for many other therapeutic
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Fig. 5 CDC of anti CD20 IgG1 fucose variants against clones with
differing CD20 expression as the target cell. IgG1 concentration used
was 1 ug/mL. CDC against parent EL4 cells is also shown (arrow).
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Fig. 6 NK cell binding of IgG1 fucose variants by flow cytometry.
Antibodies used to stain NK cells and mean fluorescence intensity values
are indicated. In some experiments, anti-CCR4 [gG1ls were ligated with
BSA-conjugated CCR4 peptide (20 pg/mL) by the 10-minute preincu-
bation of IgG1s and the conjugate on ice. Data are representative of two
repeat experiments.

antibodies, enhanced ADCC due to the augmentation of low-
fucose IgG1 binding to FeyRIIla is a promising way to address
this problem.

Previous studies have only shown the enhanced ADCC of
low-fucose IgG1 upon target cell lines with a fixed and relatively
high density of antigen (16— 18). How the antigen expression of
target cells modulates the advantage by fucose reduction on
ADCC remained unanswered. To investigate whether low-fucose
1gG1 could exhibit potent ADCC on target cells with less antigen
amount, we constructed panels of target cells with a range of
known antigen expression levels. Because the obtained clones
were uniform in their cell diameters and susceptibilities to
antigen-independent lysis by NK cells, the use of these
experimental target cells enabled the measurement of the
dependence of ADCC activity on antigen amount, and hence
density, per target cell. Interestingly, antigen amount required for
ADCC induction for low-fucose IgG1 was lower than that for
high-fucose IgG1, suggesting that improvement of IgG1 binding
to FcyRIlla on effector cells by fucose depletion can reduce
antigen amount necessary for ADCC induction. Because the
antigen-binding activities do not vary among fucose variant
IgG1s and consequently the IgG1 amount bound on the surface
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ionomycin for 24 hours, 99% of the cells had up-regulated surface CD69 expression. C, analysis of CD69 expression on NK cells in the presence of
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show the percentage of the cell in each analyzed compartment.

of target cells were unaffected by fucose content in IgG1 as
confirmed by flow cytometry (data not shown), the potent ADCC
induction by low-fucose IgG1l might be due to the efficient
activation of effector cells via more effective interactions with
FeyRIlla even in the presence of low IgG1 density on target cells.

Although we did not investigate FCGR34-158 genotype of
the PBMC donors in the current studies, FCGR3A4-158V/F

polymorphism is also likely to affect the antigen density required
for ADCC because our data imply that IgG1-FcyRIlla affinity
affects the antigen density threshold required for ADCC
induction. However, fucose depletion is expected to lower the
required antigen density for any PBMC donors because it
improves IgG1-FeyRIMa binding independently of the FCGR3A4
genotypes (31), although the difference in required antigen
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densities between IgGl fucose variants may vary with the
FCGR3A4 genotype.

Although reduction of fucose showed the benefits of ADCC
induction in low antigen density for both CCR4 and CD20
specificities, the CCR4 system displayed a more marked
difference between ADCC of fucose variants than CD20 system.
Possible explanations for this difference include the following:
The higher amount of CD20 on the experimental target cells
(approximately one order of magnitude higher than CCR4;
Table 2) might be enough for the ADCC induction of high-fucose
IgGl. Alternatively, the inherent structures of each antigen
molecules, especially the mobility and the configuration of the
molecules in lipid bilayer on cell surface, might affect the efficacy
of high-fucose IgG1. In contrast to CCR4, which is a seven-
transmembrane-spanning G-coupled receptor (37) and is pre-
sumed to have poor mobility in lipid bilayer, CD20 is highly
mobile and naturally forms multimer (38—40). In addition, most
of anti-CD20 antibodies including rituximab can redistribute
CD20 into lipid rafts, which determines the capacity to induce
strong CDC (41). Although the relation of ADCC and the
redistribution into lipid rafts has been poorly defined, high
density of IgG1 bound on CD20 multimer or localized CD20 in
lipid rafts may induce ADCC even by high-facose IgG1. The
hypothesis that clustering IgGl could enhance ADCC is
supported by the reports of dimerized antibodies having potent
ADCC (42, 43).

As expected from the identical binding capacities of
fucose variant IgGls to Clq (16), KM3065 and rituximab did
not vary in their CDC activities against the target cell clones
with varying antigen expression. Although the anti-CD20
IgGls exerted CDC even upon low or intermediate CD20"
clones, whose antigen expression levels overlapped with those
of higher CCR4 expressing clones, anti-CCR4 IgGls did not
mediate deteciable CDC activity against all CCR4" clones. This
discrepancy may again support the hypothesis that CCR4 and
CD20 might differ in their inherent properties of the molecule,
such as clustering capacity in lipid bilayer, which is critical for
CDC susceptibility (41) and possibly affect the susceptibility to
high-fucose IgGl-mediated ADCC shown in Fig. 4. Because
the low-fucose anti-CCR4 IgGl greatly augmented the ADCC
of high-fucose anti-CCR4 IgG1, the inability of anti-CCR4
antibody to mediate CDC also implies the therapeutic benefit
of low-fucose 1gG1 that it would be applicable for wider range
of molecular targets where CDC cannot be expected due to
inherent molecular properties of the antigen.

We further investigated the mechanism of enhanced ADCC
by low-fucose IgG1 in terms of NK cell activation. Consistent
with the ADCC analysis, KM3065 induced more CD69-positive
activated NK cells than rituximab even in the presence of lower
antigen density, suggesting that low-fucose 1gG1 can efficiently
recruit and activate effector cells via the increased binding to
FcyRIIla. The activated NK subset was predominantly
CD56%™ a not unexpected finding because CD56™8" NK
cells express low level of FeyRIIla and are presumed to function
as cytokine responder/producer cells rather than cytotoxic killer
cells (30, 44—46). Further, NK cells were shown to be activated
only by IgG1 bound on target cells despite low-fucose IgGl
itself could bind slightly to NK cells in the absence of antigen
(Fig. 6). This is a very important finding as it suggests that

enhanced FcyRIIIa/NK interactions should not induce nonspe-
cific side effects. The mechanism of the tumor-specific
activation of NK cells via low-fucose IgG1 remains unknown;
however, it may be that intracellular signals through FcyRIIla
are not triggered until the density of receptor-bound IgG1 is
elevated above a minimal level by antigen molecules present on
target cells. Enhanced binding of low-fucose IgG1 to FeyRlIlla
might lower the threshold of IgGl density on target cells
necessary for NK cell activation and consequently results in
ADCC induction against targets with fewer antigen molecules.
This hypothesis is supported by the results herein that low-
fucose IgGl binding was greatly enhanced by preligating the
antibody with antigen to mimic cell-surface antigen-antibody
clusters increase NK cell binding at concentration of highly
fucosylated IgG1 did not bind (Fig. 6).

In conclusion, our data showed that low-fucose IgGl
shows potent ADCC upon target cells with lower antigen
density compared with conventional antibodies, through the
effective and antigen-specific activation of NK cells due to
augmented binding to FcyRIla. These features of low-fucose
IgGl could be therapeutically beneficial because clinical
tumors often display the heterogeneity in their antigen
expression levels and in addition the number of effector cells
accessible to in vivo tumor would be fewer compared with
in vitro experimental condition.
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