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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C.,
Abogado
EMILIO FERRERO
ASUNTO Radicacién 07-96538
Tramite 011
Evento 378
Actuacion 519 9
Oficio [E 1 0 2 19
Folios 004
Patente de Invencién 1 Patente de Modelo de Utilidad [ ]
Via Nacional
Via PCT (fase nacional) ' Cap. | Cap. Il ]

No. Solicitud Internacional PCT/US2006/005853
Fecha de Presentacion Internacional 17 de Febrero 2006

Como resultado del examen de fondo realizado, ¢on fundamento en el Articulo 45 de
la Decisién 486 de {a Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 153 a 329 18/Septiembre/2007

Reivindicaciones: Folios 330 a 342 18/Septiembre/2007
Folios 407 a 413 18/Septiembre/2007
Folios 415 a 425 18/Septiembre/2007

Secuencias: Folios 365 a 393 18/Septiembre/2007

Dibujos: Folios 343 a 364 18/Septiembre/2007

Prioridad: US 60/654,266 18/Febrero/2005
US 60/660,431 9/Marzo/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 4886), y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Modificaciones (Art 34 D 486 y Art 19, 22 y 34 PCT)

Se aceptan las modificaciones a las reivindicaciones en los folios 415 a 425, puesto
que no amplian material, y sobre estas se realizaré el examen de patentabilidad.

Las modificaciones de las reivindicaciones, folios 407 a 413, no son aceptadas
porque se encuentran en un idioma exiranjero (inglés), se sugiere presentar la
traduccion al esparniol.

4. Objeto de la invencidn

Titulo de la solicitud: “"Anticuerpos monoclonales que carecen de residuos fucosilo
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contra antigeno membranal especificc de prostata (PMSA)”

El problema planteado en esta solicitud consiste en la necesidad de suministrar
anticuerpos Utiles para tratar células tumorales e inhibir el crecimiento de PMSA.

Para resolver este problema técnico la sclicitud en estudio proporciona un anticuerpo
anti-PMSA gue carece de residuos fucosil. Los anticuerpos de la invencion exhiben
aumento una actividad celular citotoxica anticuerpo-dependiente (ADCC por sus
siglas en inglés), en comparacién con la forma fucosilada. La invencién también
proporciona células huésped que expresan los anticuerpos anti-PSMA que carecen

de los residuos fucosilo, y los métodos de uso de los anticuerpos para inhibir el
crecimiento de PSMA.

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): AG1P35/00; CO7K16/30; CO7K16/30P

5. No es una invencion (Art 15 D 486 literal (b))

El objeto de las reivindicaciones 6 a 33 no se considera una invencién, de acuerdo
con el Art citado, ya que corresponde a anticuerpos humanos (ver descripcién folio
158 Linea 4 a folio 165 linea 24)

6. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 34 a 40 no es patentable de acuerdo con el Art
citado, ya que corresponde a métodos de tratamiento

7. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

- Las Reivindicaciones 1 a 5, no son claras porque definen el anticuerpo
reclamado por su ECsp, su citotoxicidad, el hecho de ser monoclonal o su
fuente de preparacion y no por sus caracteristicas estructurales. Es importante
mencionar que un anticuerpo debe caracterizarlo a partir de su estructura
completa, mencionando las secuencias que lo conforman en la cadenaligera y
cadena pesada, o las secuencias variables de las cadenas ligera y pesada o
las secuencias de los 6 CDR’s que conforman ambas cadenas.

A pesar que lo reclamado corresponde a materia no patentable, en el estado de Ia
técnica se encuentran divulgados los siguientes documentos que relacionan
anticuerpos PSMA, ademas de las composiciones y moléculas que contienen dichos
anticuerpos.

Fecha de

item Documento Titulo e
Publicacion

Human monoclonal

D1 WOU03064606 | antibodies to prostate specific 7/Agosto/2003

membrane antigen (PSMA)
Human monoclonal

D2 WQ00109192 antibodies to prostate specific 8/Febrero/2001

membrane antigen
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item Documento Titulo Fecha de
Publicacién
The Absence of Fucose but
Not the Presence of Galactose
The journal of | or Bisecting N-
biolagical Acetylglucosamine of Human
D3 chemistry, vol. | IgG1 Complex-type Enero 31 de 2003
278, no.5, pp. | Oligosaccharides Shows the
3466-3473 Critical Role of Enhancing
Antibody-dependent Cellular
Cytotoxicity
Human monoclonal .
D2 | woo3059282 antibodies against CD30 Julio 24 de 2003

D1 divulga anticuerpos humanos aislados los cuales se unen a PSMA, las
composiciones y moleculas que contienen dichos anticuerpos. Estos anticuerpos son
producidos por un animal no humano transgénico (por ejemplo un ratén), incluye
ademas los métodos terapéuticos y de diagndstico en los cuales se pueden utilizar
estos anticuerpos (ver Resumen Pagina 1).
http://worldwide.espacenet.com/searchResults ?NUM=WQ03064606&DB=EPODOC&!
ocale=en EP&ST=number&compact=faise

D2 divulga anticuerpos monoclonales humanos y pociones de estos que se unen a
antigeno, que reconocen especificamente PSMA. Estos anticuerpos pueden ser
producidos por un animal transgénico no humano (por ejemplo un ratén). También
divulga las composiciones que contienen dichos anticuerpos, los hibridomas para
producirlos, y los metodos de diagndstico y tratamientos relacionados (ver resumen
Pagina 1).

http://worldwide espacenet.com/searchResults?NUM=WO00109192&DB=EPODQC&lo
cale=en_EP&ST=number&compact=false

D3 describe la correlacién entre la glicosilacion de IgG1 humano y ADCC
(citotoxicidad celular dependiente de anticuerpos), y demuestra que la fucosa
muestra un papel critico en el aumento de ADCC a parte de otros residuos de aztcar
reportados previamente.

http://www.ncbi.nim.nih.gov/pubmed/12427744

D4 describe anticuerpos monoclonales anti-CD30 humanos aislados, la produccién
de los mismos en animales ftransgénicos, anticuerpos biespecificos,
inmunoconjugados, composiciones farmacéuticas, y métodos de tratamiento y
diagnostico.
http.//worldwide.espacenet.com/publicationDetails/biblio?CC=WO&NR=03059282A2&
KC=A2&FT=D&ND=38date=20030724&DB=EPODQOC&locale=en EP
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacidn de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faitante y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001,

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior. requerimiento fue notificado por fijacion en lista, de fecha

JUN. 2012

"Elaborado por: Sandra Carolina Crespo Céardenas
Revisado Por: Consuelo Leguizamon Leguizamon \‘;/g
Aprobado por: José Luis Salazar Lopez
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The Absence of Fucose but Not the Presence of Galactose or
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Vol 278, No. 5. Issue of January 31, pp. 34063473, 2003
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Bisecting N-Acetylglucosamine of Human IgG1 Complex-type
Oligosaccharides Shows the Critical Role of Enhancing
Antibody-dependent Cellular Cytotoxicity*

Received for publication, October 18, 2002, and in revised form, November 8, 2002
Published, JBC Papers tn Press, November 8. 2002, DOI 10.1074/fhe M210665200

Toyohide Shinkawa#, Kazuyasu Nakamurai, Naoko Yamane, Emi Shoji-Hosaka, Yutaka Kanda,
Mikiko Sakurada, Kazuhisa Uchida, Hideharu Anazawa, Mitsue Satoh, Motoo Yamasaki,

Nobuo Hanai, and Kenya Shitara$

Frowc tee Tolvo Researele Laboratories, Kyowe Hokbo Kogyo Co., Ltd., 3-6-6 Asaii-mechi, Machida-shi,

Tolvn 194.8333, Japan

An antfi-human interleukin 5 receptor (hIL-3R) hu-
manized immunoglobulin G1 (IgG1) and an anti-CD20
chimeric TgGl produced by rat hvbridoma YB2/0 cell
lines showed more than 50-fold higher antibody-depend-
ent ccllular cytotoxicity (ADCC) using purified human
peripheral blood mononucloar cells as effector than
those produced by Chinese hamster ovary (CHOQ) cell
lines. Monosuccharide composition and oligosaccharide
profiling analysis showed that low fucose (Fue) conteni
of complex-type olignsaccharides was characteristic in
1B2/0-produced TgGls compared with high Fue content
of UHO-produced Tg(iis. YB2/0-produced anti-hIL-3R
Ig(z]1 was subjected to Lens culfnaris aggulutin affinity
column and fractionated bhased on the contents of Fue.
The lower Fue lgGl had higher ADGC than the IgGl
hefore separation. In contrast, the content of bisecting
GleNAe of the gl affected ADCC much less than that of
Fuc. In addition, the correlation between Gal and ADCC
was not observed. When the combined effect of Fuc and
hisecting GleNAe was exumined in anti-CD20 IgG1, only
a severalfold increase of ADCC was observed by the
addition of GleNAc to highly fucosylated IgGl. Quanti-
tatrve PUR analysis indicated that YB32/0 cells had lower
expression level of FUT8 mRNA, which codes al,6-fuco-
svltransferase, than CHO cells, Overexpressian of FUTS
mRNA in YB2/0 cells led to an increase of fucosylated
oligosaccharides and decrease of ADCC of the IgGl.
These results indicate that the lack of fucosylation of
Igtil has the most eritical vole in enhancement of ADCC,
although several reports have suggested the importance
of Gial or bisecting GleNAc und provide important infor-
mation to produce the effective therapeutic antibody.

Amady -dependent cellular cytotoxicity (ADCC,Y a Ivtie at-
“wkown antibody-largeted cells. is trigpered upon binding of

The wost of pubhication of this article were defrayed in part by the
pavmient of page eliarces. Tlus article must thercfore be hereby inarkoed
ey rtieetent” in accordance with 18 US.CL Seetion 1734 solely to
inediare this fact.

7 Tre e authors eoatriatad equally 16 this work.

#To whom eoveespondence should be addressed. Tel.: 81-42-795.
2355, Fa. 21-42-725-0689, E-mait kshitara@hyowse.cojp.

" Phe ablrviatons used are. ADCO, pntibody-dependent cellular
crretevicite WL AR haman intezleakin 5 recoptor; Fue. fuense; Man,
teinaac . CHO Cfinese hamster ovarv: Fe, the constant region af the
sotibacdv, PBMC . peripheral blood mononuelear cell: LCA, L. eulingris
Av st FHAE Py adgares B HPLCD high performance Lguid
A sobaerapny, LIR dong ternuna repeat: Gl A-acetviglu-

ol ansl e T
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lymphecyte receptors (FevRs) to the constant region (Foi of the
antibodics. ADCC i3 considered to be a major function of some
of the therapeutic antibodies, although antibodies have multi-
ple therapeutic functions fe.g. antigen binding. inductien of
apoptosis, and complement-dependent cellular eytotaxicity)
{1, 2.

One IgG moleculs containg two N-linked cligosaccharide
sites in its Fe region (3). The general structure of Nlinked
oligosaccharide on TgG is coraplex-type, characterized by a
mannosyl-chitobiose core 1 Man3GleNAr2-Asn! with or without
bisecting GleNAc/-fucose (Fuc) and other chain variants in-
cluding the presence or absence of Gal and stalic acid, [n
addition. oligosaccharides mmay contain zevo ((i)). ene 1G1i, or
two 1G2) Gal.

Regent studies have shown that enginesring the oligosaceha-
rides of IgGs may vield optinlized ADCC, ATICC requires the
presence of olignzaccharides covalently attached at the con-
served Asn™ in the Fe region and is sensitive Lo change 1n the
nligusaccharide structure. In the olignzaccharide. sialic acd of
lgts has no effect on ADCC (4}, The relationship between the
Gal residue and ADCC is controversial. Bovd of al. t4; have
shown thut obviows change was not found in ADCC after re-
moval of the majority of the Gal residues. However. several
reports have shown that Gal residues enhanes ADCC (5. 6),

Several groups have fucused on hisecting GleNAc. whick is a
B1,4-GleNAc residue transferred to a core B-mannose (Man)
residue. and it has been implicated in biological activity of
therapeutic antibodies (7). N-Acetviglucosaminvitransferase
[ (G, which catalvzes the addition of the bisecting Gle-
NAe residne to the N-linked oligosaccharide (31, has heen ex-
pressed in a Chinese hamster ovary (CHO eel] Bine with an
anti-neuroblustoma IgGl and resulted in greater ADCC (90,
Moreover, expression of GnTI in a recombinani CHO el line
has led to the increase in ADCC of the anti-CD20 antibody ¢ 10,

Recently, Shields et of. have revealed the effect of fucosvlated
olignsaccharide en antibody effector functions, including bing-
ing to human FeyR, human Clg, human FeRn., and ADCC {110,
The Fuc-deficient 1gG1s have shown 50-fold increased binding
to FeyRIlla and enhanced ADCC. Nevertheless. there are no
data on comparism of the effect of Fue. Gal, and GleNAc ar the
combined effect of Fue and hisecting GleNAc,

Here, we describe the correlation hetween glycosylation of
human IgG1 and ADCC and demnnstrate thai Fue showed the
erilical role for enhancing ADCC out of several sugar residues
reported previously, We vnexpectedly found that humen IeGG1
produced by rat hybridoma YB2/0 cells showed extremely high
ADCC at more than 50-foid lower concentration of those pro-

This paper is available on fine at hitp:/fwww.jhe.org
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Ahsence of Fue of IgG1l Enhances ADCC

itecesd by CHO cells YB2/0-produced 1gG1 had lower Fuc con-

car roen CHO-produced 1g(31. 1gG1 containing lower fucosy-
wted  aligosaccharides. which was  fractionated by Lens
winars aggulutin (LOAY lectan affinity  chromatography.
Spwed higher ADCC before separation. In contrast, the addi-
nan of hisecting GleNAc te [gG1 enhanced ADCC much iess
#eetively than defucosvlation. The elfect of bisecting GleNAc
sy ohwerved in lghly fucosylated 1gGl YB2/0 cells ex-
pressed o lower tevel of FUTS (al.B-fucosyliransferase gene)
MENA than CHU cells. and overexpression of FLIT8 in YB2/0
Sedthe merease of fucosyvlation of IgG1 and the decrease of
Al

FNPERIMENTAL PROCEDURES

v Loens Ryt hvlindoma YB2/ cells were purchased from the
Vo desn Ty Cultare Collection (ATOC: CRL-1662), CHO eell line
Wieed 12, for wile tvpe TgG1 production, was kindly provided by Dr.
Towenes R Un Corumibna Dmiversiteis LECI0. a vanant CHO cel}
e verevpre-sig GaTHI 0130 was kindly provided by D Pamela
=ones Atheer Binerean College of Medicine).
Eoovisson or 1pf3s =For vhe generation of human 1gG1 of human-
St g b gk ned reeeptor Chil-3R vechmin and chimerice
el te ape aptode hunesmzed o murie VL and VH eDNAs
1 gl e thy peeviowsiy dosecthed pKANTEXY voctor (14),
o ONA nodiyg for rin VL and VH region of each antibedv was
satietea by e URebased method (1400 In the case of chimeric
et D0 antibody tiie cDNA sequence of each V oregion was dertgned
vt ome with that of Ritusan=* (V] GeaBank™ aceossion number
ARCT390 2 VHL GenBank ™ accession number ARQO0013s. Establish-
cne G ane-htD R namanseed TgG1 will he deseribed olsewhere?
wldwady expression vectors were introduend into YB2A celis or D044
vens via electfoporation and eclected for gene amplification in methe-
trexaTe-containing medium 14
Praduction of fg(is—The anui-hiL-5R IgG L producing YB2/ cell line
wo~ suspended e GET medium (Wako, Osaka, Japan) containing 0.5
o 18 and 200 M methatrexate to give a density of 3 ¢ 10%
celis st and dispenzed in suspension culture flasks iGreiner. Fricken-
lausen, Crermany. The anti-hIL-5R TgGl-producing CHO celi line was
coendoel i the EX-CELL302 medivm (JRH. Kansas City, M) con-
o Been -0, U540 chemically defined lipid concentrate (Invitro-
s a0 PLURONIC Fo65 (Invitrogent to give a density nf 3 = 10
oot s enitured ng spinner flasks iAsale Techno Glags. Tokve,
Han upaer agitatng atoa rate of 100 rpm. The auti-CD20 1gGl-
Caennr YBLG entl Line was suapenided in the hvbridoma-SFM me-
atarn anvitresen  cogtainng O Daige’s GF21 1Wakor and 200 nu
actotresate to give A density of 1 v 1F cellerm] and dispensed in
cternon tastuee sk o Fhe flasks were incubated under conditiuns
Con o we sentaoming 307 GO, After S or 10 days of incuba-
foow e ltare apernrtnnts wers reeatered.
Hoebran p ffi ] —The enllure suparnatants containing ants-
S SR G rem YR cells and CHO wellv and anti D20 o) from
Yy R0 & were elentfiea by cenwrifigmntion and passerd through a
-2 fiter The 136G bound to a PROSEP-A «Millipare) culumn was
chated with (W1 v citrgte buber tpH 3 50 Then the antibody wie sub-
vt g Sephaa 1S 300 (Amersham Biosaences) column. The bufler
campesitan of the YB2A- produced ann-CD20 1gG1 wax changesd tu that
tro Rituxan ™ 000 we/ml sodium chloride. 7.35 mz/ml sodium citrate
cabeediaee 07 mghind polvsorbate 80). The purity of [gG1 wes confirmed
v,ORDSFAGE. YB2a- and CHO-produced humanized snui-hlL-5H
at were dasignuted as KMA39Y and KMS8404, respectively. YB24)-
poaueed chimene anti-CD20 Gl was designated as KM3063. Ritux-
s cchimeric monsefhuman ant-C 020 monoclonal antibody derived
ey vhe 1 el Linet was purchased from Genentech (Seuth Son
Fraveisco, CACDEC Phormaceutieal cSan Diggo. CAL
ADCC Assey g e Apii-AIL-GR IpGI—An ADCC assay was per-
Tty MY resenise as=ay ad Tepurted previovely {(15). Briefly. target
1 inurine ' oeed) line CPLL-2 (hOR) expressing hlL-5R
e and B-chain (G, wery Izbeled with 3.7 MBq of Na,M'Cr(), at
v U LS e Human effectar cells were peripheral blond monenuelear
f o PBAMC puntlied from healthy donurs using Polyvinorphprep [Ny-
i Plarme A8, Roshalde, Norway), Aliguole of the P'Ur-labeled
torget cells were ginpensed into $6-well U-bottomed plates (1 w 10750

i

T '

"ML Keike, 120 Shaigi-Hesaka, K. Nakamura, A, Furaya, K. Shitara.
mad N, Hanal, manuseript in preparation.

)
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#ll and ingubated with serial dilutions of antibodies (50 wlt in the
presence of human effector vells (100 ub) at-an E/T ratio of 90/1. After
4 h of incubution at 37 *C. the plates were centrfuged. and the radio-
activity in the supernatants was measured using a v counter, The
pereentage of specific ¢ytolyzis was caleulated from the counts of sam-
ples according to the formula,

T specifie lysis = 100 ¥ (B - 8¥IM - 5 thg. 11
where i represents the experimental release tepm in the supernatant
from target cells incubated with antibudy and effector cells), S is the
spontanccus rolease (epm in the supernatant from target. colls incu-
bated with medium alone), and M iz the maximum release icpm re-
leased from turget cells lvsed with 1 molfliter HCO

ADCC Assuy for ihe AnH-CD20 Jg€Gi—An ADCC assay was por-
formed by a lactate dehwdrogenase release assay. Aliquots of target
cells, a human B lymphoma rell line Raji mumber 8012, purchased fram
FORB, Tokyo, Japun?, were distributed inte 26.well U-hottomed plates
1 < 10750 pels and incubated with serial ditutions of antibodies 130wl
in the presence of human effector colls 1100 ulr at an E/T rato of 25:1
or 20:1. Human effecior cells were PBMC purified from healthy donors
using Lymphoprep  Axiz Shield, Dundee. UK). After a 4- incubation at
37 °C, the plate was centrifuged, and the Jactate dehvdrogenase activity
in the superratants was measured using a nonradinactive evtotnxiciy
assay kit (Promega. Madison, WL The percentage of specific eytolvsis
was catealated from the aclivities of samples aecording to the formula,

% specific tvsle = 100 ~ (F — 8 — S-mAf - S iEq. 3

where £ represents the experimental release tactaivity in the superna-
tant from target celle incubated with antibody and effector vells), S i3
the spuntanasous release in the presence of effecior cells tactivity in the
supernatant from effoclor cellsr Sqis the sponianeous release of targel
cells (activity in the supernatant from target cells incubated with me-
divim alone), and M ¢ the maximum release of target cells {activity
released from target cells lysed with 9% Triten X-100).

Frofiling Analyvsiz of N-Linked Oligosaccharides—Qligosaccharides
ware prepared from 100 pg of 1gG1 by hydrazinolvss and N-acetylation
by the methods reported previeusly 1174 Oligosaccharides were pyri-
dylaminated (17) and analvzed hy reverse-phase HPLC asiag o Shim-
pack CLC-OLS evlumn (60 % 150 mm; Shimadzu. Kyoto. Japani (18)
with slight modifications. Elution was performed at a flow rate of 1.0
mlmin at 55 °C using two solvents, A and B. Scivent A was 10 mx
sodinm phosphave huffer ipld 3.81, and solvent B was 10 my sodium
phoesphate buffer (pH 3.8) containing .59 1-butanel (Sigma). The col-
umn was equilibrated with solvent A. After injectivn of sample, the
ratin of solvent B tn A was increased with a linear gradient tu §0:40 i
30 min. The elution profile wis menilored by (luorescence deieclion
with excitation at 320 nm and emission at 40¢ nm. The elizosaccharide
peak assisninentls were made according to reiention fame comparison
with PA-labeled oligosuccharide standards (Tal{aRa Bio, Otsu. Japant,
The peak area was veed o culeuute the percentage of cach olignsuc-
charide. zince the relative fluorescence was the same ob o molar basis
for each compunent '17' To identifv the siructure. each olignsarcharide
fraction that <eparsted as & peak was collecled and evaporated to
dryness under vacuum privr to motris-uzsivted loser desorptiondioniza-
t1en time-of-flight mass spectrometry,

Monosaerharide Composition of Ig€ils—Mmmosucchandes were re-
leused from an aliqguoted guantity of 1pG1 by heating with 4 M trifiu-
araacelic acid at 100 °C for 2 h, Monosaccharides were dricd under
vacuum nad reconstituted in water prior to high performance anjen
exchange chromatography analysis. Monosaccharides wore analyzed
using o wavefurmn and DE300 system (DIONEX, Sannyvale, CA) de-
seribed proviousty 1193, A CarboPar PA-1 enlumn (MTONEX) was used
10 reselve monnzaccharides with a flow rate of 0.8 mPmin at 35 °C. After
injeetion of samples, the manesacrharides woere resolved with 18 ms
NalHH for 30 inin, and the column wus regenerated by elution with 306
my NaOH fior 10 min. The ealamn was hold 18 my NaOH for 30 min
prior io the next injectinn.

Lectin Affinity HELC—LCA or Phaseolux vidgoris B (PHAR 1 were
used ax ligands of lectin affinity HPLC for separation of [gG hased an
the eontent of Fue ar bisecting GleNAe, respectively. An LA-LCA (4.6 %
150 mm; HONEN, Tokyo, Japan: entumn wag installed in the LC-GA
HPLC system (Shimadzu). Purified antibodies dissalved in 10 m»
KH, PO, were applied to the column previously equilibrated with 50 mu
Trisz-H,80, (pH 7.3} The column was cluted with a linear gradient of
the buffer containing 0.2 3 c-prethvl-p-mannaside 1Nacslai Tesque.
Kyoto, Japan} in 60 min. An LA-PHA-E, (4.6 ~ 150 mm: HONEN)
enlumn was installed in the LC-BA HPLC svstem (Shimadzu), Puritind
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anithe Ates were mppliea o the column, previeusly equilihrated wath 50
Tl S cpH o Hah A huffery The ealumn was cluted with the
eadter contuning 1oy B0, (B batfer- Elution was followed by
e adhents From O lo 38 ¢ B hufier in 35 min and then 1005 B
et youn. Phe column was equilibrated with 1009 A buffer for 20
o tre the next jection Bach chromatography was performed at
s deeperatare nd a flow rate of 0.5 mlnyvin,

ool Jloodd of ol 6-Fucosvliven sferase-ouerevpressing  YB2M
Co To- A mammalion expression vector, pAGE249, which was derived
e oo ot 0 2 T-sboxpn T-Sph 1 traggment cantaining the dihydrofolate
PCaatl e gene espre-sion cassette [rom pAGE249120). was emmploved.
T puaamid eontarned a hygromyein-resistant gene driven by the
S simpler tens thymidine kinase gere promoter. The murine
ETT O TINA 1720 bp. o250 wia inserted into pAGE248 unider the

e res af the Mogeiey murine leukenna vous 3 -LTR prometer to form
o d e agnated e pAGEMIFUTE. Two Fepl resiricuon sies lo-
ool within the plismid backbone enabled iinearization of the expres.
weler ciletried prioe to transfecnion of celle, FUTS expression
eetay o AGEEEU T h, was inteoduved into anti CD20 I8l producing
YR ol wn wieetporation, and FUTS-overexpressing YB2O cells,
dEpE-T2 wpre selected in 05 meg/mil hygromyein-B o Sigmat-contain-
TEHOOtnib ol

Ureewe stove B PUR Analyses of FUTE Total RNA wae wsulated

0 YRE TV eells, FUTS-overe xpressing YR2/0 cella, ar CHOY
e usmzine RNessy mamkat cQuagen, Tokya, Japani and incu-

o Uhwith M0 umiis of RNase-free DNaswe (RQ1. Pro-

. . S amde e ONA Alber DNA digestivn, the tota] KNA
wonttind o s the ENea-y minikit, The single-strand ¢DNA

W brhes1zen o 3 p of einch total RNA using the Superseript ficst

Gond vnthece svetem for RTPOR flovitrogend. The 50-fold diluted

e EnTuEe woee st il as a template for the fullowing competitive

WI-PUE tuannficanion of FUTE transeripts was cnrried oul using
Smewenitn RT-POR nowhieh a 979-bp parnial fragment, of rat FUTS

“DNA v ased ws u standard DNA aed a T72-hp fraginent deleting a

Do | bland Hadt]) chhur Trogiment rom standard DNA was

rotn 1

oaoasoa competitor standard TINA was amplified from single-
srmdeds (ONAs of YB2A) ceils by PCR using primers 3'-ACTCATCT-
TCRUAATUTCAGAATTOGG-3" and 5 -UTTGACCGTTTUTATCTTCTCT-
(-2 PO loe detechon of FUTS were carvied vul by healing a1 94 °C
3w and suhsegnent 32 orvles of 94 °C for 1 min, 64 °C for 1 min,
md 72 ¢ Jor 1min in 20 ] of reaclion maxture enntaining 5 ul of the
SCOEL druted single-stvanded cDNAL 10 fi of linearized cowspetitons,

Weoancs ol FUTBwpecilic primers, 4 nmol of ANTP mixture. 5% di-
bl solfoxide. and ExTay polymerase iTakara Bio. The sense
et LT CATHGTEATCCTECAGTGTGE-37 and antizsense
woaner T CAUCAATGATATOPCCASGTTCO-R were cmployed to am-
cela U s e ut Aliquots of POR pradiet= (7 pdy were subgested
i b s 1T o gel and samed with SYBR Green [

A e stan o Moscealor Probes, lne Fesene. OR The amaont of
arc - s quandfied by messuring limines ence intensity using a
wofiger ST Aper-ham Biosewness), ealeulated from standard

w b onvertod inte noalor numbers Ta norwalize the sviathess
new b tesrst o TN AR, the amount of goactin itranseripls was

Al prtifiea by caveetitive RT-PCR e which a 1128-bp partial

oot ral asbir STINA was gsod ug o standied DNA und & 948-bp
et deletmg o 1s0-hp D DT iblunu-Pea 1T thiuet fragment from
et DN s aompetiter were omipioved  Standard DNA was
aupabiee from single-stranded eNNAS of YB2/0 cells by PUR using
prmens 3 -ATTTAAGGTACCGAAGCATTTCC GO TOGCACGATOOAG-

At and G-AAGTATAAGCTTACATGOATGACGATATCGOTGOG-

CTe 3 PORe fue detertion f g-actin were carried out by heating at

A1 tor 3 minoand <ubeeguent 17 eveles of 94 °C for 30 5. 65 28 lor 1

e e T2 dor 2 man in 20 pk of reaction mixture containing § ul of

he eld single-atranded eNNAs. 1 pg of linearized computitars. 10

pral of Goactin-spee-fic primers, 4 ninal of ANTP mixture, 5% dimethyl

whosde, und ExTay potymerase 1TakaRa Bis, The gense primer 3'-

CAT ATV TOOTOCCC TCATOCTUGAC-3 and antisense primer 5 -CA-

CEAAGEANGGOTGOAAGAGAGC-S were designed wn amplify an

i vagneny Ahguots of POR praducts 7 pb were subjected to

Coanteresis e 1T TR agarose gel for analvais

RESULTS
ADCC of YE210- and CHO-produced g 1-=The purified
numanzed anti-hlL-3R 1gG1 antihodies, KM8398 (YB2/0-pro-
duced v and KM8404 . CHO-produced). were compared for their
alihty Lo induce ADCC against a murine T cell line CTLL-2
hARY expressing WL-3R w-chain and B-chain. Human periph-

Absence of Fuc of IgG1 Enhances ADCC

1]
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1927
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a
=3

—§- KMRIY
O KM8404

Cytooxicity (%)

a.001 0.01 [ 1

Concentration { & g£/ml.)

w
2

b

agl

—@- KM3063
wfJ Rituxan™

Cytataxicity (%)

o 0.0001 0.0%1 [ReH (| 1 10
Concentration { it g/mi)

Fis. 1. Evaluation of ADCC of anti-hIL-5R 1¢G1 (A) and anti-
CD20 kgGl (B). Lysis 147 of target colls by human PRMC as offectar
cells (£/7 ratio ot 90:1 {A) or 25:1 (B) in the presence of antibody at the
indivated concentrations was measured via release of “1Cr ) or lactate
dehydrogenase (80, The percentage of cvtotosiaty was caleulamed as
deacribed under “Experimenial Procedures.” A, filled circfes. I{MA399:
open squares, KMB404. B, filled circles, KM3NO65; open sgquares,
Rituxan™,

eral hlood mononuclear cells were uvsed as affector cells for
ADCC. Both humanized KMS8399 and KMS8404 showed high
affinity to the soluble hil-3R o-chain antigen and had no
differences in antigen binding in enzvme-linked immunaoszor-
bent assay tdata not shown). In contrast, the ADCC of KM3399
was ~H0-fold higher than that of KM8404 at the concentration
of antibody of 25% cytotoxicity that was the maximum activity
of KM8404 (Fig. LAy indicating that YB2/40-produced Ig(Gl
promoted kithing of IL-5R-positive cells at an ~50-fold lower
voncentration than the CHO-produced IgGl.

To confirm the reproducibility of this resul, we assesszed the
ADCC of another antibody, chimeric anti-CD20 1gG1. Ritux-
an"™' was CHO-produced chimerie anti-CD20 1gG1 approved
as a therapeutic agent in non-Hodgkin's Jvmphema, We ongi-
nally established YB2/0-produced chimeric anti-CN20 1g(1,
KM3065, that bad the same V region amine ucid sequences as
Rituxan™" Both chimeric Rituxan™ and KM3065 exhibited
ihe same antigen birling activity in flow cytometric analvsis
using CD20-positive cell lines tdala noi shown). On the other
hand, the ADCC of IXM3065 was at least 100-fold higher than
that of Rituxan™ at the concentration of antibody of 20 cvto-
toxicity Lthat was the maxinum activity of Rituxan™™ (Fig. 1R).
Moreover, the maximum cylotoxicity of YB2/0-produced KM8399
and KM306R was 2-3-fold higher than that of CHO-produced
KM8404 and Rituxan™, respectively (Fig. 1. and 3.

Oligoseceharide Analysis—To olucidate the malecular hasis
of the difference ol ADCC between YB2/0- and CHO-produced
lgG 1. we analyzed the protein portion and oligosaccharide por-
tion of KM8399 and KMS404. There was no significant differ-
ence in SDS-PAGE, peptide mapping, and CD {data not
shown), suggesting the importance of oligosaccharides for con-
trolling ADCC,
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Yoz Oligoasaecharide profiles of anti-hHL.5R FgG1, (yrosac-

. W aales derived from [gG s praduced by YB2/0 1Ay und CHO (8Bt ceil
¥

iz wore pyrids uninated and apphed to reverse-phase HPLL as
teseribed Lnder “Exporimental Procedures.™ The alphabelical peak
fole s perresponid to these of ahgosacchande sirocture in . A conserved
coeomde e linged to the Asn. w composed of thres Man and

LA e s ety cestdies . Additional CleNAcs are normally
L1 zebiaked vosf s Man and od Man teb and o3 arms, respectivelys,
cae e the monasaedbaride rosedues anobeddfoce fvpe, Gall Fue, and
oo et o T SN e e g an e present or absent. Peaks indicated
S e e ot s of peedvirnupe dertvatives (33 The per-

: A ot oo ted bgosaccharndes was ealewlated by the fol-
e e T peak drea of a0 boeod Land patotal peak oreas -

Hyutazinolysi=-denved oligozacchardes were lubeled with
2-aminovpyrizine and <eparvated by IIPLC 1Fip, 2, A and B, As
vt i Fig, 204 wnd B, peak patterns and content of oligo-
saceharule hetween YR2/0-produced KMB8399 and CHO-pro-
daven KMSHI4 were quite different. KME399 contained nine
major ohgesacchardes {(peaks a, b.c, e, 1, g, h. k and 13 in
contrast. KM5404 contains five major oligosaccharides (peaks
4.+ g, and hy, The oligosaccharide structure of each peak is
snow in Fig, 2C. and all structures have been found in human
Lt Nohinked oligosaccharides pe natural structures 1220 230

Torien the difference of oliposaccharides found in Fig. 2

aecntnhve monosaecharide compositians of TglGls were de-

“aeaed able T The contents of Fue, Gal, and GleNAc wore
Grtecent nerween YRZ-produced 1g0 12 and CHO-produced
ol BEMAG0s anad TMS06H - YB2/0-produced) contained 0.8-

rbtald dewer content of Fue than KMB2404 aud Ruitux-
i Y CHD-wmdueed
~owndueed Julsls showed o higher rontent of GleNAc than the

CHOprodued TpGls. The ditlerence in the content of Gal
w1 veen YB2O praduced TgGls and CTIO-produced Tglils was
act ermistent These veaults suggest the difference of ADCC
hetween YB2/0-produced 1eGle and CHO-produced Ig(ils is
vaused by that of aligosaccharide structure, especialty Fue-
antd/or GleNAe-containing oligosaccharides.

LHigosaccharide profiling analyvsis also showed that content
uf noulucesyvlated oligozaccharides of KM3399 (344, Table 1D
and KMI065 1517,
LAIS404 1950 dala ot shown! and Rituxan™ (6%, data not
hnwnt Fae composition of four lgGls (KMB399, 1{MS8404,
L33063 and Rituxan™, which was caleulated from oligosac-
vharide profiling analvaiz (671, 0.01. 0.09, and 0.94, respec-
ine v eaincided well with the result of monnsaccharide anal-
vl 10076, 0081 0,08, and 0.94, respectivelyYiTable 1) Based on

respectively, In vontrast. the two YB2/

Table TVY were higher than those of

TasLe 1
‘sfflnrm(r(chczrzdr' corposition of fgCils
1pt3l el line Fue () GliNAc \1.¢n
KM3309 YE20 072 1ol 451 3
KMs404 CHO 0.91 0.27 380 3
HAIG5 YRR/ 0.05 031 441 3
Rituxan™ CHO 0.94 0.54 3.98 3

7 Molar ratios caleulated versus 3 mannoses.

these results. we selected the oligosaccharide profiling analysis
for further study.

Lectin Affinity Chromatographv—To analyze the effect of
Fuc-containing and bisecting GleNAc-containing pligosaceha-
rides on ADCC, YB2/0-praduced anti-hIL-5R 1gG1 KMB399
was fractionated based on the content of Fue or hisccting Gle-
NAc by twe lectin affinity chromatographies, LCA 1Fig. 3} or
PHA-E, (Fig. 4). KM8399 was fractionated by LCA lectin af-
finity chromatography to the fraction T with lower Fuc content
ang the fraction IT with higher Fue conlent before separation
tFig. 34 and Table I The contents of nonfucesylated 1gGl of
the {raction 1, I1, and unseparated fraction were 100, 15, and
349, revpectively, Ag gshown in Tig, 38, ADCC of the fraction T
was enhanced 10-fold befare separation: nevertheless, that of
the fraction Tl was decreased 10-fold. These results mdicated
that Fuc content 1s inversely correlated to ADCC of anta-hIL-53R
Tg(31.

Several groups have focused on the relationship between
ADCC and biseciing GleNAc, although KMA399 had few con-
tents of hizecting GleNAc-binding oligosaceharides (4% . Table
1) To examine the relationship, KMB8399 was soparated to
fractions [TT and 1V based on the content of bigecting GleNAe by
PHA-E, column (Fig. 44) followad hy sequential separatinn of
fraction HI" and IV’ by LCA chromatoegraphy 1Fig. 4, B and C:
to reduce the offeet of nonfucosylated oligosaccharides. As
shown in Table II1, fraction I11" contained no bisecting GleNAg-
binding oligusaccharide (0%, and fraction IV’ had more con-
tent of bisecting GleNAc-binding oligosaccharides (307%) than
before separation (49%), On the other hand. the content of Fuc of
each fraction was consistent (fraction ITI', 88%: fraction TV,
90%.). As shawn in Fig. 40, fractions 117 and 1V' showed no
significant difference in ADCC, suggesting bisccting GleNAc at
least undar 30% contentin the oligosaccharides has little offect
in ADCC of anti-h1L-5R 1gG1,

YB2/0-preduced KM30DGS contained bigecting GloNAc-bind-
ing nonfucosylated oligusaccharides with a relatively high per-
centage of 164 . Althongh oligosacchnrides of such structure are
quite small in quantity fless than 1%, those oligosaccharides
are detectable in servm IgG derived from normal human (22,
24). To analyze the combined effect of Fue and hisecting Gle-
NAc, KM3065 was separated to four fractions, V., V1, V1L, and
VHIL based on the content of bigecting GleNAc by PHA-E,
tectin alfinity chromatography (Fig, 540 As shown in Table IV,
each fraction had a different cuntent of bisecting GleNAc-bind-
g oligosaecharides (from O to 45% % however, the content of
nonfucosylated oligosaccharides was not significantly different.
All four fractions showed almost the same ADCC to unsepa-
rated KM3065 (Fig. 5B), indicating that the content of bisecting
GleNAc at least under 45% did not affect the ADCC of anti-
CD20 chimeric IgGl, which contained around 90% content of
the nonfucosylated olignsaccharides,

To verify the combined effect of bisecting GleNAc with Fue,
LECIO eells, o variant CHO cell line averexpressing GnTT1l
(12). were uscd to produce chimeric anti-CD20 monoclonal
TeG1l. In oligosaccharide analysis. bisecting GleNAc-hinding
fucosylated oligosaccharides were the majority on LEC10-pro-
duced anti-CD20 IgG1 (74% of hisecting GlcNAc and 100%. of
Fue: data not shown), whereas hisecting GleNAc-nonbinding
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 LCA leetin offinity chromatography and ADCC assay of = 20
KM&399. A, puriicd KMe4% was applied on an LA-LCA column. The =
Sencnn was eluted with a linear gradient of 0.5 M a-mretin?--manno- Z 60 g
e e wribed under “hxperimental Procedures.” Fractions | and 11 3 - Em.‘ )
veeeadvzed in Table 11 B, Ivsis (75 of Larget cells by human PBMC 2 4 Frac IV
e ector cells B/ rann of 90:1) in the presence of antibody at the b3
toteer o ceneentrations wae measured via release of “Cr. Fifled o 020
v WMSEH99 hefore «eparation, filived dicmnds, fraction 1o filled o
PR T L 4 N
qieeer = traction | 0.0001 6.601 001 01 )

“u winted oligesaccharides were the majority of Rituxan ™t
«ab hiseeting GuaeNAe and D15 of Fue: data not shown, In
“HOADCC az=av LECI0-produced 1261 showed only gever.
S enheneement of ADCC eompared with Kituxan™ «Fig.
i T wddition. YB2A-produced KMB3065 wath low Fue con-
oty of mveecting fleNAe and 90 of Fuep Table [V)
cwoahiles 100-fold higher ADRDCC than LEC10-produced
Tat Tl These resuil- suggest that a relatively high coatent of
GLXNAC TP improves ADCUC when IpGl has a
. vesfent ol feesy s ted ohigesaecharides, although the
ot t ol the content of oveecting GleNAc in ADCC is much
les < Lvdn that of Fue.
Fxpression Levels of ol 6-Frcasvitransferase in YB2{0 Cells
s UHO Cell«+—FUTE 15 consnidered to be the only gene coding
Jdeefacosvltransforase, which catalvzes the transfer of Tue
fom GDP-Fue to GleNA¢ in al.6-linkage of complex-type oli-
sospecharides, heeause no hambnlegous gene has been found
25 Toctucidate the mechanism of lower Fue content of YB2/
A urnduced Lglil than that of CHO-produced g3l we exam-
awed expression levels of FUTS in each cell line.
Guantification of FUTE trunscripts wag performed using
sstnpetinve RT-POR. To normalize the svnthesis efficiency of
Gret-strand ¢DNAx, the amounts af f-actin transcripts were

P TIET R

Concentration ( & g'mL}

Fia. 4. Serial leetin affinity chromatography and ADCC assay
of KMB8399. A. purified KMA399 wax applied ont an LA-PHA-E, column.
The enlumn was eluted with a hinear gradient of 0.1 M B0, as
described under "Experimantal Procedures” Fractiong 11 (BY and IV
1) were then apphied to the LA-LCA column. The column was eluted
with linenr gradient of 0.2 M g-methyl-p-mannuside as de~cribied under
“Experimentai Procedures.” Fraction 111" and IV were analvezed in
Tahle HT B, {vsis (%1 of target cellz by human PRMC as effector ¢ells
(21T rativ of 90:14 in the presence of antibody at the indicatvd coneens
trations was measured via release of *'Cr Open squares, traction 1117
filled syunres. fraction TV .

also quantified by competitive RT-PCR. These PCR analvses.
which wore performed independently three times. revealed
that an expected FUT8 fragment from YB2/0 cells has poor
intensity compared with CHO cells (Tig. 6A4) The expression
level of FUTA transceripis in YB2/0 cells was shown to be 0.17%
relative to B-actin transeripts, whereas CHO celis have 2.0
FUTR transeripts to B-actin transeripis. There was no signifi-
eant difference ohserved when we pertformed PCR analysis
using primers and competitor DNAs specific for Chinese ham-
ster FUTS and p-actin. These rerults suggest that lower ox-
pression of FUTS mRNA is the cause for lower content of Fuc of
IgG1l praduced by YB2/0 cells.
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TapLe 11
Qligosaccharide composition of PHA-LCA-separated fractions
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co PHA-E, lectin aflinity chromatography and ADCC as-
sy of KMBOBG, 4 porafied KM3085 was applied on an LA-PHA-E,
cotutn - The golumin wiy eluied with a Hnear gradient of .1 » KRB0,
oo were aredveea i Table IV B lvsiz %) of target cells by
wmat PEMC as offoctor <ells 1RF7 ratio of 20011 in the presence of
wioarndy ai the judieated coneentrations wis measured vin relense of
S etvvdrogennos: Fiflod - irctes. KM3065 before separation, cpen
. Lt N open froargies fraction V9D open divcerends, facuaon
b s dS D mraction YT fGIN S deinngdes, anti-OClr2y 1gGl

v LEC IO epon squenres. Rituxan™.

(4 orovpresater af ol 6-Fucosvitransperase in YB2/D Cellg—
T confirm the eects of FUTS expression on the ADCC of TgG1
ponluead by YB2A) cells, FUTS-overexpressing YB2/0 cells
e w<tablshod by transfection of murine FUTS ¢DNA to
ant Dy dgGloproducing YB2/0 cellz. The most highly FUTS-
cxpressing clone that showed 145.5% FUTS transcripts relative
to p-actin Lranscripls was  selected and  designated  as
APEARR-T Fig 840 The ADCC of anti-CD20 IgGi1 produced by
3enTitd -T2 cells was 100-fold lower than that produced from
the nriginal YB2/0 cells and equivalent to the commercially
echable anti-CD20 [2G1 Rituxan™ peoduced by normal CHO
<ol Fig, 65D Monosaccharide analy=is of each IgG1 showed

A there was o aigmiicant ddlerence between the 1gGl from
FUTS averexnressing cells and the orviginal YB2/0 cells except
ther & higher amoeunt of Fue (315 data noi shown) was de-
eotedl 1 the Tgls1 from FUTS-overexpressing eells. These find-
vz tropgly saggest thut FUTS acts as a key gene in YB2/0
cells 1o affect the Tae conteni ax well as ADCC of Ia(1

DI=CUSRI0N
1o tms stady, we analyzed the molecular basis of extremely
tosrh ADCEC of recnmbinant 1gG L produced by rat hybridoma
VB2 celts, which produced 1eG1 with at least 50-fold higher
ADUC than that produced by CHO celis, one ol ihe mosl widely

“ % “ % “ % o A

ND ND 100 12 XD &8 12 ND
4] 20 101 10 30 3B 42 3

used host cell Hines {or production of recombinant antibodies
(Fig. 11 Our conclusion of the present study is that nanfucosy-
fated olignsaccharide of YB2/-produced 1g(G1 has a more cnit-
ical role 1 enhancing ADCC than Gal-hinding ar hisecting
GleNAc-binding oligosaccharides according o the following ev-
idence. First, monosaccharide composition and oligosaccharide
arofiling anaiysis showed that high content of nonfucosylated
complex-type oligosaccharides were characteristic in YR2/0-
produced anti-h]L-6R IgG1 (34%, Table 11) and anti-CD20 [pG1
(91%.. Table IVY compared with low contont of those in CHO-
produced anti-hIL-5R IgGl (99, data not shown) and anti-
CD20 TgG1 (67, data not shown), Second. ADCC assay of the
anti-hIL-3K 1gG1 scparated by LCA affinity chromatography
demonstrated that Fuc content of IgGl wasg inversely corrve-
lated with ADCC (Fig. 3. A and B). Third, quantitative PCR
analvsis indicated that YB2/0 cells had a 14-fold lower expres-
sion level of FUTS mRENA than CHO cells (Fig. 84). Fourth,
overexpression of FUTE in YB2/0 cells increased the content of
fucosylated oligusaccharides and also decreased ADCC of anti-
CD20 IgGL (Fig. 68!,

L-Fuc residues in an «ol,6-linkage to the GleNAc of the re.
ducing end "core Fuc™ are relatively commen in mammalian
N-linked oligozaccharide. FUTS. considered to be the only gene
that codes ol B-fucosvitransferase. catalvzes the transfer of
Fue from GDP-Fue to GleNAe of the reducing end. Therefore,
we focused on FUT8 as a key gene controlling the low Fuc
content of IgG1 produced by YB2/0 and indicate that the celi=
produce low Fue content IgG1 simply due to the low expression
level of FUTS. Since biosynthesis of N-linked oligosacchandes
iz enmtralled by a number of glyeasyltransferases. their aceep-
tors and subsirates, ote., it remains to be deternvined whether
there s possible involvement of the other factor in hinsynthesis
of nonfucosylated IgQl in YB2/0 cells,

The importance of nonfucnsylated olignsaccharide on ADCC
kas been reported very recently hy Shields et «f. 111). They
have shown that nonfucosylated anti-Her? humanized TgGl
and anti-[gE humanized 1gGi produced by a variant of CHO
cells, Leeld, had enhanced ADCC relative to fucasylated IgGls
produced by normal CHO cells. However, they have only fo-
cused onn Fuc, because no appreciable differences in the content
of the other sugar residues have been found in Lec13-produced
IgG1 and noermul CHO-produced lgG 1. Until now. the effects of
Fue. Gal. or hisecting GleNAc on ADCC have been analyzed
independently 14-7, 9~t1); therefore. comparisnn of the gffact
of each sugar rezidue or the combined effect of each sugar
residue has not yet heen reported.

In this report. we could not find any correlation hetween the
content of Gal and ADCC, A difference in the conlent of Gal
between YB2/0-produced Igiiis and CHO-produced 1gGls was
not ¢correlated tn ADCC (Table 1). As & result of the separation
of KM8398 using LCA lectin affinity chromatography. the comn-
positions of GO, G1, and G2 of fraction IT were very similur Lo
that of XM8394% {Table 11); nevertheless, ADCC of fraction I
and KMS399 was quite different (Fig. 3B Our resulis show g
good evincidence with the report of Bovd ef al. 43, in which
obvious change was not found in ADCC after removal of the
majority of the Gal resitlues of anti-CDwb2 IgG1 produced by

AZS

Z10z ‘¢ kew uo "1senb Ag Bio agl mmm wolp papeojumo]



Absence of Fue of TgGI Enhances ADCC

TanLe IV
Oligosaecharide composition of PHA-E qseparated fractions
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N not detedted, Fue

1 total percentage of nmlucosylated oligosacchurides. Bisc+ ) total percentage of hisecting GleNAc-binding nligesae-

Baorde s GO0 and G2 ointal pereentage of nongalactosylated, monngalactosylated, and digalactosylated oligosaccharides, respectively
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+ Compoetitive PCR analysis and ADCC assay of FUTS
wpression in YB2/At cells and CHOMGA4 cells. 4, sinple-a*randed
DA et irar esen cell e or standard FUTS DNAs 0.1, 1. 10,

co e fae were sulgected to POR with 10 £y of competitor DNA
e r o innder “Fape nimentst Procedurces ™ Arreres, the amplified
cith o xneredd azel Bl lvsie of Haj: human B by human
doa terguuetoctar ratio of 1:20 in presence of differcut concen-
quantified by detecting lactate dehvdrogen-
. 70 T seteennaige of crtotoxicity ix caleulnted relative to a
rot vk control, after subbvaction of the signal in the absence of
T d b e s KAIGA apen squeres. Rituxan ™ Alled squoares,

e D S O denved from FUTS-overexpressid YR240 cells.

LR 1

v oty hede wel

I eels Ineontrast. Kumpel ef al. 15, 6 reported that highly
actwtoaviated anb-D-antigen IglGl: have higher ADCC. al-
*Iougk that elfect was enly 2-53-fold.

[vu zroups independently reportad that increasing the level
et ing GeN Ac of anti-neuroblasioma Igfil and anti-C D20
POl oo enhanee ADCC 19, 10 GaTIT-transfected CHOQ
e produesd andi-CTX20 1gG1 with a hegh conient of bisectling
VHICNAC S 1% whieh showed a 10-20-[old enhancement of
AU campared with that with no content of bisecting GleNAe
8 - Tn the present study, we carefully examined the effect of
hiwectine GleNAc n ADCC 1 comparison with that of Fue, We
prepared anti-hlL-0R 1gG1 with different content of bisecting
G5 NAe ¢ 300 Ty avoid the effect of fucozvlation, nonfuce-
svhted TgGls werr depieterd by T.CA Tecdin affinily chromatog-
ceanhiy, Ta aur surprise, we could not detect any correlation
artween ADCU and ennlent of bisecting GleNAc. One possible
~xpeanation of the diserepaney with the results of Umana ef of.
o and Davies ef al 1101 might he that 307 content of bisecling
(GuNAe 1= not enough to enhance ADCC, We next produced
at-CD20 Tzl by LEC IO cells. a variant CHO cell thal over-

expreszed GnTHI. The resuliant IgG1l (74% bisecting GleNAc
and 100% Fue) had shown only severalfold higher ADRCC than
nermal CHO-produced IgGl (0% bisecting GleNAc and 94%
Fue); i contrast, YB2/0-produced 1gG1 (194 bisecting GleNAe
and 914 non-Fuer had 100-fuld higher ADCC than LEC10-
nroduced 1gGl (Fig. 5381, These results suggest that an ex-
tremely high content of biseeling GleNAe 174% s has a relatively
weak effert for enhancing ADCC. Move impartantly. nonfuco-
sylated olignsaccharide was shown to have a prominent effect
i enhaneement of ADCC of IglGl vompared with bisecting
GleNAc-containig oligeaccharide. We further evaluated the
combined effect of bizecting GleNAc with nonfucosvlated oligo-
savcharides. YB2/0-produced anti-CD20 IgGl was separaied
hased vn the eomtent of bisecting GleNAe-binding oligneaccha-
rides (0, 8, 33, and 45%, which contained the same content of
nonfucosylated oligozaccharides (around 90%). These four frac-
tions did net show any significant difference in ADCC, indicat-
ing that the presence of bisecting GleNAc-hinding oligesaccha-
rides, at least under 45%, does not have anyv additional effect in
ADCC of highly nonfucnsylated 1g(i1 (3047, To nur knowledge,
this is the first report that shows the effect of Fuc, Gal, and
hisecting (ileNAc simultanecusly and alzo shows the combined
effect of Fuc and bisecting GleNAe,

The ADCC have been believed to be a result of speeific killing
of antigen-pusitive ceils by natural kiiler celis through binding
af the 1gG Fe domain to FevR1la. Recently. Shields w2 of. (111
have revealed that binding of the Fuc-deficient IgG1 tproduced
by Lecl3 cells: to FeyRITIa was enhanced up to 50-fald. They
have shown that improved hinding to FeyRITIa has translated
inte improved ADCC in ¢itro. using PBMC or natural killer
cells. These results suggest that Fue-delicient 1gGG1 mayv re-
quire a lower concentratinn of antihody on the surface of the
target cell to activate an effector cel!, There are a few possihle
explanations of why the aniibodies with nonfucesylated oligo-
saccharides give rigse to stronger binding to FeyRIila than those
in which the giyeoforms are alizent. A core Fuc has been shown
to influence the conformational flexibility of biantennary oligo-
saccharides 126, 271, The olignsaccharides of Igls appear to be
largely sequestered batween the CH2 domains and may help to
stabilize the CHZ2 domain (231 In the ¢o-ervstal siructure af
lgG1 Fe:FeyRIIL, Fue iz orlentated away from the interface
and making no specific contacts with the receptor (29): never-
theless, Harvis el af. 130, 31) have supposed that Fuc could have
intluence on the hinding by the receptor. We speculated that
the absence of Fuc provided a more suitable conformation for
the binding of 1gG1 to FeyRII than the presence of bisecting
GleNAc or Gal, although structural analysces of a series of 1gG1
with or without Fue. bisecting GleNAc, or Gal are needed for
further discussion.

Severul recombinant moncclonal intibodies are being used
as human therapeutics. Some of these are blocking monoclonal
antibodies to receptors or soluble ligands and therefore mnay
function without utilizing antibody effector functions. How-
ever, ADCC is still considered ta be one of the most important
anti-tumor mechanisms of clinically effective anti-Her2 hu-
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vt ed WG amd - D29 chimerie 1gGl at least in ammal
+owpns, ance they are supposed to have multiple anti-tumor
Loaniams 20 More Impertantly, Cartron ef of. 132y have
v e en reventhe that therapeutic activity of anu-CD20 cha-
senn gG 1o patient= with non-Hodgkin's lymphema has been
sorelated with polyimorphism in the FeyREa gene. They have
Jwwat Ahat FCGRIA-T153V patients showed a better responge
qooant-C D20 shumerie TgGl because they have higher ATMOC
et vinphoma cells. These reports have suggested that
rhecapritic wntibndias with enhanced ADCC including the
acnfuensylated 1gGl would result in the improvement of chin-
wit] response. Moreover, these findings may allow for use of the
moagneesvlated gl at lower doses with no reduction in effi-
e L Antihoedy Laerapeutics effective in lewer doges might re-
dure the eost ol antibndy therapy.
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