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Fcy receptors (FeyRs), which bind to the Fc regions of antibodies, play an important role in antibody effector func-
tions. In humans, there are four types of activating FcyRs: FcyRI, FcyRIIa, FcyRIlla, and FcyRIIIb. These are ex-
pressed on various effector cells such as natural killer (NK) cells, neutrophils and macrophages. FcyRIIIa expressed on
NK cells is known to play a pivotal role in antibody-dependent cellular cytotoxicity (ADCC) by therapeutic monoclonal
antibodies (mAbs). To assess the ADCC activity of mAbs, the Kkilling of target cells is often measured using human
peripheral mononuclear blood cells (hWPBMCs) or isolated primary NK cells as effector cells. These assays can directly
assess the cytotoxicity induced by mAbs, but require fresh blood from donors, and are insufficiently reproducible due to
differences in effector cell activity among donors. We developed a cell-based assay using reporter cell lines expressing hu-
man FcyR and a nuclear factor of activated T cells (NFAT) -driven luciferase reporter gene (Jurkat/FcyR/NFAT-Luc),
which can estimate the activation of various FcyRs by antigen-bound mAbs in vifro, with high reproducibility. The
usefulness of this assay was confirmed by comparing mAbs activity with different abilities to activate FcyRs, including
Fc-engineered anti-CD20 mAbs and anti-EGFR mAbs with different IgG subclasses. We also confirmed the application
of this assay for the characterization of mAbs product-related substances. Our FcyR reporter assay is a promising new

tool for the characterization of therapeutic mAbs in various stages of mAbs development.
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PUAREESE S A 2 ORGSR ER E DR
BICEHBAL THD, ROBBENEBIONA FEE
HMD1DTHBESA 5. Pifk (immunoglobulin
G; IgG) 135 2 ADOHEPE K ORHMN SR SN D
DFERKISTTOREY DNV ETHD, ZD51H
#EE, PUEAEEICEE 59 % fragment antibody bind-
ing (Fab) fEiE, HRIBEL T =75 —HEEZDH
J# 7B 5.9 % fragment crystallizable (Fc) fHIEIZ
KIS N5, FUKESEFOEMEIEHDOREITHBNT
1%, Fab fEIEZ /T U 72 BERIHURE N O R B It &0
FHEARREHNEZRZTIEEFEDIETHRND, Fe
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IR Z AT U 7 Ml AR RE K > Fey AR OIS HEALITHE
S, KM% (complement-dependent
cytotoxicity; CDC) {if % % Ji & 4K 77 M Ml Al {5 &
(antibody-dependent cellular cytotoxicity; ADCC)

ORI, ERPERRMEOREZ B E T
2 PUEBTURESREMICHIT 2 HEREKHIER A =
ALD1DTHB., —5T, FefazNLlizin
5 GBI OIEMELIE, BREHRY 1 A kit
HFOREEHREBICORNSEEDEZ 5N 5.

Fec fHI 3% < OPURESRE T E ORERE R A1 >
ThHo—HT, AIECREENDFHIIPURIT
Ko THEBZE, 7= Fe {EI DA REHE A6
FEDORRZ IRRBREMOEEZZTH NI &5,

PUAREE SR 5 O SRR ] 5 E O RFAfi 12 8 W T Fe 18
WOKREMEIZEE THDHEEAD. AETIdbh
DINMBAFE L 2 Foy S BERFEB L R —& —Hllfa ik
Z W17~ cell-based assay ICDW TGS B & &H
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Name FcyRI FcyRlla FcyRllb FcyRllc FeyRllla FcyRlllb
variants 131H/R 2321T 13Q/STOP 158V/IF NA1/NA2/SH
AT, SO 1]
B cell +
T cell
NK cell + +
Monocyte/Me + + +/- + +
Neutrophil (+) + +/- + +
DC + + +
Basophil + + +/-
Mast cell (+) +
Eosinophil +
Platelet +
Fig. 1. Human FcyR Family
Expression profiles of human FcyR family are described on the basis of literature data.? +, expression; (+), inducible expression; +/—, expression in low
percentages subsets; —, no expression.
i, Iz AW HURESE S ORI OFIz DN 07y —2, IFHEREOREMILICSRE L D Fey

THRITT 5.

2. TKEELOFMME, REM(ICE5T 5 Fey
SRET 7 I —

E MZBWTIIRRE ERBIO M DO RRS 6 FEED
Fey ZREMNHFIELTHBO, —HoZEKRIIONT
X RRRE E B ICB 59 2 BB FEINFEEL
TWw3s (Fig. ). ZD5 %, FeyRIZIMMD Fey 5%
BIREIIRIR D, 1gG EWFHEER 2R &l
HZBERTHLHEHMERL TW5, £z, FcyRIlb
Id Fey 281K 7 7 2 U — O THE—, HIHIHE DM
AN 7 FIVGEEZED Foy ZBIKTH 5. Pk
EHEGD ADCCIFHEDOHEEITBNWTIX, FFa 7
JVF 5 — (natural killer; NK) fiffgic ®H 3 %
FeyRIla N EELHREHZRZL TR, fikED
FEEEFNED s 5 FeyRIlla OEE TR (158F/
V) 2V ADCC {EHICERICEAG T 5 Z &Moo n
TW%, ADCCIEMEZEET 2 HIT, HikDKE
PEMEE 2 25T D T & T FeyRIlla f & HAE % &
DIEPUREESLNFFE SN, BN TERALICN
o T, 3 7= NKfifaLishic, BEk, <7
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~
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SZERENFEHL THBO, FURITKES L 72Hiks Fey
SRR LTINS REMMlnz Gt Ld s 2 &
K0, EEAHIRIT k9™ 2 i e (5 0 M o B A i
BEERANEEINDS. MAT, EETIE, BHIRH
fel 7S Fey 84K %& v U CHEBPUR-PTUREE B E S
ReaiaELl TEEMEFFEOPIRERRERZHS Z

T, PiEEAEEER LTS EbMEINTY
%.670 — /T, PURERERDD D WP K OPURE
ERIZR ORI NS REERIRITE D Foy 25K
ROIEMAL, BERERY 1 A1 2 &Ik RE
TLEFEEMAOREIC, PUREERITHT 53y
FiROEEICHEEGTHEEZLEND. ZOLDIZ
Fey 284K 2t U7z il D& Ak, PifkESE
DA NE R O R EMEICERICES L TS 2 &M
5, B ETDHELKOPURER DO (1gG Y
T IR, WAE%E) #¥E A Foy ZB/EMES -
TEMELREDREE N EE TH D EF X 5.
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PURESE D Foy 28K % U 72 HEREFEM L O
1DELT, EbFy=Ahkoya2EF MY >
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Fig. 2. Traditional ADCC Assay Using hPBMCs from Different Donors
Daudi cells and hPBMCs (donor A to F) were co-cultured in the presence of serially diluted rituximab. Percentages of cell lysis were calculated from lactate de-

hydrogenase activities released into the culture supernatant.

INDE Wz in vitro $EGEBRNET 5ND. K
220 7T A 4L (surface plasmon resonance;
SPR) %%, ¥ifK Fc fHlk & Foy 23Kk & OMHALE
FZ DWW THE & 3 B B OB R E BT H D <
RNTNWEETH 0, PR Fe fHEBD 7 2 J B>
PESH WA I K B Fey ARG HEMMEDOE(, Bl
IREZ D 9 TR D Fey 2 K% & HE O 32
12 &, WEMPURDT T A 2o MEEHFIEORK
FIT W2 D T THUREZE BT DA 2 TR BRI H 0
THATh2ENZFIETHDEZAD. —HT,

FeyRI ZFR< T XTOE b Foy ZBERIIHEEARDH]
RIZHHT DS EMEME<, RICHREICHEA L
iR (RBEEEK) OZRIKE L THRETSZ &,

72, N5 Foy ZFEKOEMEAZ, FUEOEE
PRI X AL (T h—7) ICERT 5%
EEERDOIEHMEROBENEICLZHEEZS TS
EMS, PUKERKE O Fey 2/KE N L - HERERT
2B NTIX, ENHTEOFEET % invivo IZXD
IWEREE T T D Fey 22846 ML RE O 37 A & 5 2L
ThdEFASD. Foy SEMRIEMECAEZ MY 2 L
Tl b Fey 2B RZ2RETH5T7 275 —Hfill
MUETH D), FRBHEEMEESESNTHh5
ZEmEMnS, ADCCIEMFEDHIE DX, T
T —HileE L Tk FHFEDORIMP, ZIMh5
BEEL /2 MRMIM B AZER (human peripheral
blood mononuclear cell; hPBMC) Z23H W55
ZENZVONBIRTH S, T 6w EMES

ZRWEZRHMERITIE, B MEERNICKDITWERET
PUREZE S OIEH 23 HEi FTRE T H 2 E WO RN H
%5—H/T, RHHEOHREZSDRERIGORES,
kAR OEM S, REFOMAZE (Foy SBAED
BETFEE) CilREREICER Y 2 B0 FE
DRI 72 E DR A ISHENFEL TV 5, ERRITD
NHONPHIRKOEE K F —H¥kO hPBMC % T
7 x4 —fild & U THWTH CD20 fitfkU 3
X 7 O ADCC i& 1% 2 HIE U 7= 4% R % Fig. 2 1T/R
T, [ —OPURERE T K OENIEO A EDE
TH->TH, PBMC D RF—DEWVIZELS T
ADCCIEENBEFICEBR D I ENHSNTH 5.
hPBMC % OIS S Z WS RITIE, ZoX
ORMERZEZEEAZETY v 1 REMET D40
ENHO, Rz T 5 EE OB KOG
BAEENOHEHAIINETHD EFA 5.

4. Foy RRGBRB|LKR—5 -k AW
Fey 2ARMAEM(LRERHETR DREE

hPBMC %5 O g IS M 2 A W 7206k O FFAT R
DOFFD LRt OMEZ Rk 3 X<, bNbIUuIL O
TN K < Foy 284K O AL 2 57 7] G272
7wt ROBEICIROEATE ., JURICK DK
HIMIA %95 ADCC iR, OPiEIC X 2R
Mifa R O, QOPiRD Fe gz L/zT
T —HllLED Fey ZBE & DS, OFcy %
BARDZNERBI LD T 7 = 7 7 — g DI AL,
DRI E W D RHNT K 2 EERIHIEAE D 755 D
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Fig. 3. FcyR Activation Assay Using Jurkat/FcyR/NFAT-Luc Cells
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(A) Schematic model of FcyR activation assay using Jurkat/FcyR/NFAT-Luc cells. (B) Comparison between traditional ADCC assay using hPBMC and our

reporter assay.

BREEZRTRIEINS. Z05B5bhbiuk, @D
I7 7% —MfaOiEME(L, FRcHilamN s 73 )Us
FEOTTHECES MIlEN AL S  LABEO ERICHH
U, WIEMD Fey 28D FEB % R < Jurkat #fl i
2, AN TATTFIIRELDEER T Th 2
nuclear factor of activated T cells (NFAT) O fillf#
TTNI 72T —E2RETLHLR—F —EIET
(NFAT-Luc) XUt b Fey ZREZFHBT DL HR—
& — i lakk (Jurkat/FcyR/NFAT-Luc) Z#iNL L
7.9 ARHIMEEE TIE, Fey AR OLEMERRIZIED
MR AL AEE D ERO#E, NFAT 12X
BN T I—CBIETFOHRENELD I EMND,
Fey ZRADOIEEALZIN > 7 = 7 —EiEEE LT
T2 ENAGETHD. £9, BLLE
FeyRIlla 8 L R —4& —#flifatk (Jurkat/FeyRIIIa/
NFAT-Luc) (ZBL T, HilKEZESD ADCC 15
HIE R OB EE L TOm@ARTREMEIC D W TG &
7o 7=, PUE J& BLM I f O Jurkat / FeyRIIIa /
NFAT-Luc & 96 /X7 L — ML, PUREZEM
TF1E R C 4 REfERE R L 72 %, V> 7 2 5 —BiEh%

HE UZfER, PURIRINBEICKEFELZILVS 7 o
S —YiEEo ERsRt SNz, £72, Foy 284K
HFIME D F 7z 2 85T CD20 Hifk 2 W = Bat o
FEH, AFE R hPBMC % F W 7= 06k vE & [F B
\Z Fey Z 2R BIRME D B2 % HifAk D ADCC &1 D
ERZIFMUGETH D Z ENREN (Fig. 3).9
KIZ, FeyRIla FH] L R —% —flifdtk (Jurkat/
FcyRIla/NFAT-Luc) ZfWT, IgGHT 7 T AD
75 531 EGFR HUKIC & % Foy 2A/MKEMALICD
WTHHZfTo7. B 1gGl B E2HET 2 VF
X 714 FeyRIlla 2 5 Bl 9 % NK i fd i2 K %
ADCC {EMEZ 5489 % — 4T, FeyRIlla & HH
HEOFWE N 1gG2 Bk EH T2V AR TIZ
NK fifdic &% ADCC G2 T L /a2 EVAl
5NTW5S. ZDO—HT, A=Y A7 NK #Hijl
DI D 2 K58k BiEk % /1 L T EGFR J& 5l 12
THMEGEEEEZRT I ENHRESINTED,?
FcyRIIla LISt @D Fey A/ AR ZEEET S 2 &ITX
OMRG EIE 2RI T 2 2 EAVRBIN TN S,
EGFR Z &S89 % A3 fifzEm s LT, &Y
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Fig. 4. Comparison of EGFR Binding-dependent FcyRs Activation between Cetuximab (human-mouse chimeric IgGl) and

Panitumumab (human IgG2)
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Fig. 5. Effects of --BHP Mediated Forced Oxidation on the Biological Activities of Cetuximab
(A) Non cell-based binding assay (SPR method). (B) Cell-based assay (FcyR reporter assay) .

FIRTKONZY LR T OHEREITKEL 2
Fey ZA5KIE L RE 2 HIE U 7245 R, FcyRlIlla %
BHE IR LS 2y F v T &3 D, X2y
LR 713 FeyRIlla 236 ML L 72y —J5 T FeyRlla
R <IEMHALTHZENHS M ER S = (Fig.
4).9 ZORFIE, /X=X 7 H FeyRlIlla LIS O
Fey 8K 20 L CHlAGEEEZRIET L 0D
BEOMEZIZFHTHIHDOTHD, bbb OREE

U 7= Jurkat/FcyRIla/NFAT-Luc 23 fERi BR-O B ER &
Wo 7z NKfifa iAo L7 = 7 & —fifaz v U 7=
faGEEEOTH] - FHICEHTH S Z L 2RET
5HDTH5.

5. MAEEEROFFERT~DH

FmaTEY NVETHHPRESEMIT, HEHEE
s ORERREE D BT X U Kk 4 Ta o T2bIKk %
PO TEATH S, HiRERERONEE
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Mo ETE, EEBGTFEMRIIDONTIZZ DR
ZHSMMTUZ LT, MEEHEIRZEET DL
MEETHO, FIHEREELOAEINENDEFED
REVWEYNEENDOEEZMRETT 2 EIINHAETDH
HEFAD. TITIR, BNONOREL 723l %
DOYUREEE S OFRHERT N DOISHEI & LT, HifkE
5 D BRI R L AUR O Fey Z 3 KIE ML RED AL
ZHIE LB ZFNT D, AFAZURIEFEOKL
132 < D NI EIZBWTA U B RENFHRE
B TH O, FITHUREEDOEE TRICBWTE
U % FcfHIBD A FF = RADHKIIX, HiiRESE
it O I 2 P A FI NI B8 597 % FeRn & OfE A RE
FZLLETSIELZEMHASNTVNS, 10 £/, —
B OPUAESE M TIE, PR EERAIC BT D
MPIRAGREEE T IS ZLbREINTND
—7 T, W HiREE T OB Fey ZBERNDRER
BOEHALI I T BT DWW TR MIA S %
W, ZZ ThNbONiIH EGFR ikt Y+ <37
ZitBlE LT, tert-butyl hydroperoxide (-BHP)
2 K B L)y, Fey ZBARNDHEE K Fey %
BRIE LRI KX TR B DWW TR 21To /=
(Fig. 5). SPR {£7% W /= binding assay 12 & O,
EGFR, FcRn, FcyRIla, FcyRIlla ®YJ a1 EF > ~
& NI BEITH T D a2 RE U 2RE R, BE
HOED -BHP % H Wz B LALEEIZ X D FeRn 12
KT DHEEMREEER (Kp) 2K UAS &8RN
BHEFEICKFLAZ—HT, fiHTH S EGFR KT
FcyRIla, FcyRIlla iZxd 2512 KIF T HEIIK
Loz, RIZ, IS OEHZ DWW ThNnb
NOREEL /= Fey SHRFEBL R—5 —fliflz A
W 7= cell-based assay 12 & D ML FEIE F TOD
Foy ZHRREMLEEIC DWW TR 27> 8, -
BHP |2 K 5 LALFRIZ FeyRIMla JEME(LAEIC I 5 2
% ME S 72— 5T, FeyRlla i& M LAE 2 BEE 12K
TIEBHIENHENER .Y INHDRER
13, DNONOBELEZTY vEAREHWS I &
T, Ya>Ev+ > h% 2 /)N7'E%ZHW/= binding
assay "C I3 H R 7 A= W03 1 DA 2 SFAf /T RE C
HBZEERTHOTHD, HRERERDHFEL
K DR MERITIZ BT S cell-based assay O 5 E %
WO THEHBIBEL2HDOTHDEEZ 5.

6. &HYIC

AR CIIPURIESE I X 5 e fiaiE b ic kb

% Fey ZREKRICEHL, bbb ORI L 7z Fey
SREFBEH L R —& —Hifdkk Z Wz Fey 2 254K
TEMEALRERE R IC D WTHERL L /2. SCEE TR N 7258
0, Fey 2R DIEVEIT A ZESE 5 O SEEIEH O
A5, FHEICK > TITER TR EMEoE
CICHES B EERRBORB E B EZICEG L TH
0, Fey 224K % 4 L7z ADCC i& % 2 1/E I H 5
ETDPUARERNIHEAADI L, FeEmBz2a
T 5T N TOFURESR T DN THET N EEED
IDTHBHEEAS. bNbUISEFET L 2
D Fey 224K (FcyRlla, FcyRIlla) Z%IT %
LR—& —flifatkichnzZ ¢, ETEARBRTEMES
T O Fey ZAAKOTEMAL 2 W&l fE/R L
R—% — ik ZE WG R 2 HEFTH 5. %
7o, TNHSZEIEMALUT, HUREEEE S O 5B D A
7259, BAFEWIH BRI BT B BRI 3K 5 5 4 7
00— > OFEHIN DS Foy 2Bk 2 U 2 hifk
EHE GO EEMFEBITHRD D AN =X LFETEEIC
BHOMATHBY, WROKRARD IgG 5 EH
THPUREIRMIT S E XD, EEFRICHENTT
DRERGUREIE N E DR KR - RV
RICEEL7ZWEBZTWS, B, bbb ok
NEU 7= MURERRIE, DU 3E 5 B R PRI B U /2
FHERIC#ED 52 < OFEEITIEA L CTHHIT 2 &
5, HFEIMIFREZEDRL N2 TOREZ2{ToTn
5. B ZRF- 72 513 EH £ THERTET UL
FENTHD.

SR ARICBEEH L 2EE S OFE O I3,
EINEWFSE B AN H AR =R TE 6t (AMED)
556 i S HLRIAAD - GEAGAFSE S5 3E, KUY, [ESILE
BFZERT - SRR D BT BT 2 e HEE B ¥ D
XEEZTTRINEZHDTH S,

MR BRI XSRS,
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