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1. Yo, Emilio FERRERG, abrande como apoderade del solicitante en el asunto antes
. identificado, me refiero al Oficio No. No. 12613 netificado por fijacion en lista del 5 de
Octubre de 2007,

2. Mediante mi memarial de fecha 28 de diciembre de 2007 solicité un plazo de 30 dias
para atender el Dficio No, 126173.

3. Mediante el Oficia No. 12613 se puso en conocimienta del soficitante ef informe que
comtiena las abservacianes hechas por su Despacho sobre Ja presente solicitud de patente,

Atiendo a las observaciones de la manera siguiente:

3.1 CLARIDAD DE LA SOLICITUD ¥ UNIDAD DE INVENCION

. Para subsanar las objeciones que sobre claridad v unidad de invencién hizo su Despacho,
presento nuevo pliego reivindicatorio con & reivindicaciones en el cuai se han hechia s
cambias sugeridos por su Despacho, que permiten apreciar claramente el objeto
relvindicado en la presente solicted de patente. Lo anterior, por cuanto las
reivindicaciones se han limitado a los anticuerpos que tienen las regiones variables
especificas del anticuerpo gL1gH7, ef cual esta debidamente sustentado en la descripcidi.
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Adicionalmente, las reivindicaciones antiquas 2-7 y 9-10 han side eliminadas de este
pifego reivindicatorio.

De esta manera es daro gue con las anteriores modificaciones al pliege refvindicatario
quedan subsanadas fas objeciones que por claridad y unidad de invendon hizo su
Despacho, va Que ahora, dicho pllego trata un (nfco concepto invertiva, & saber,
anticuerpos que tienen las regiones variables del anticuermo gllgH7; parmite determinar
el alcance de Ia proteccion relvindicada y compararia frente at estado del arte, de acuerdo
con fas disposicianes de los articulos 25, 28 v 30 de la Decisidn 486,

3.2. NIVEL INVENTIVG

Sobre este tema el sefior Examinador sestiene gue la invencion solicitada por mi
representada a la luz de D1 a D3 no goza de nivel inventiva, toda vez que el objetn de la
solicitud podita resultar obvio para una persona del oficio normalmente versada en (a
materia v derivarse de manera evidente del estado de fa técnica, Adicionalmente, &l
Despache afirma que no se efectlian ensayos comparativos de la actividad de ios

anticuerpos derivados con respecto 4 los ya existentes.

A este respecto, 5 importante poner de presente que el examen de nivel inventivo estd
dirigido a detarminar si la invencidn revindicada hatia sido sugerida ¢ ensefiada en ¢
estado det arte, de acuerdo con el conodimiento de un técnico medio en la materia. Para
los anteriores efectos, =i método problema-solucidn e indica al Examinador que al realizar
el examen ge nivel inventivo debe verificar las ensefanzas del arte previo sin adoptar 1a
posicidn de un inventor que se preguntaria come solucionar el problema técnico en
cuastion,

Lo anterior, por cuanto si se adopta (a posician del invertor y se fiene conocimiento tanto
del arte previp como de la forma como efectivamente se soluciond & problema técnico, fa

invencién en todes (os casos (e resultard obvia v evidents,
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Adicionalmente, se debe temer en cuenta que el mencionado método problema-solucion
también sefiafa que los documentos del estado del arte fremte a los cudles se debe
efectuar el examen de nivel inventivo son aguellos que dentre del misio campo técnico
estén dirigidos & solucionar el mismo problema. Lo anterior, por cuanto estos son los
documentos que se presume debieron ser de conocimiento del inventor para a partir de
elfas formular sy invencién, Asi los documentos relacionados con otro campo téenico o
dirigidos a solucionar cualquier otro prablema no serfan relevantes para estos efectos en fa
medida que no harfan parte del grupo de documentos de los cuales el inventor hubiera
podido derivar de manera cbvia y evidente su invencion,

De acuerdo con lo apterior, procederemos a indicar las razones por las cuales los
dacumentas citados no afectan el nivel inventive de la presente solicitud de patente.

Yeamos:

A este respecto, respetuosamente ponemas de presente que los anticuerpos humanizados
reivindicados en la presente solicitud muestran un efecto técnico sorprendente sobre los
anticuerpos LL2 de D1 (Lewng, 5 et al, Molecular Immunology, 1993), que Se hace
evidente en su afinidad sorprendentemente mayor para CD22 que la version humanizada
del anticuerpo LL? (“Epratuzumab™). Especificamente, los anticuerpos reivindicados tienan
una afinidad de 235pM para ef CD2Z comparado con la afinidad para CD22 de 0.7nM para
Epratuzumab, Asi, la afinidad de los anticuerpos reivindicados es mds de 3 veces mayor | T )4

que la afinidad del LL2 humnanizado.

La afinidad det Epratuzumab para CD22 se jlustra en Camaban et al. (ver Anexo 4.4., LH
col., “Resultado™). De la misma forma, la afinidad de los anticuerpos relvindicados para
CD22 se ilustra por los resultados para el anticuerpo G5/44 presentado en Didoseph, J. et
al. (ver Anexo 4.5., pagina 1809 LH col bajo "Binding of CMC-544 to C0227}. B anticuerpe
G5/44 de Didoseph tiene 1as mismas secuencias de region variable que el anticuerpo
gligH7. Esto es claro del documento posterior de Diloseph (ver Anexo 4.8.), dque



280

CAVELIER

ABOGADDS

suministra la secuencia del anticuerpo G5/44 de la figura 5 v en |a pagina 19, RH columna,

segundo parrafa, (ltima frase.

De manera sorprendente, las versiones injertadas humanizadas reivindicadas de los
anticuerpos 5/44 tienen una afinidad aun mayor para el CD22 que el anticuerpo 5/44
guimérico del cual ellos se derivan {ver Figura 8 de la presente solicitud, que muestra la
afinidad del 5/44 quimérico para CD22 es de 400 pM; también ver los resultados en [a
figura 12 v en la descripcidn de la presente solicitud, que muestran que el injerto gL1gH7
se desarrallo mas efectivamente que el quimérico 5/44 al competir contra el muring
padre). Esto fue inesperado porque el proceso de humanizacidn generalmente da comao
resultade la reduccién de la afinidad comparada por el quimérico padre, mas no un

incremento.

Adicionalmente, el anticuerpo LL2 descrito en D1 se une al epitopo B en CD22 {ver Anexo I*’Tf:'- PDS!M-
4.6. pagina 22, RH col., ler parrafo completo). En contraste, los anticuerpos de la o

presente invencidn se unen al epitopo A (ver Anexo, pagina 11, RH col.). Por |o tanto, D1

ne suministra ninguna motivacion para ganerar un anticuerpo que se UNa a éste epitapo.

Mas aun, las secuencias del anticuerpo de |as regiones variables el anticuerpo reivindicado
ho se puede considerar como derivables de manera obvia de D1, toda vez gue como se
menciond anteriormente, D1 no describe un anticuerpo que se una al epitopo A sobre el
€022 humane con una afinidad de 235pM ni suministra ninguna guia de cémo producir tal

anticuerpo.

Por su parte, ni D2 ni D3 ensefian las secuencias de los anticuerpos reivindicados v asi
estos documentos no remedian ninguna deficiencia de ©1, Consecuentemente, |a materia

abjeto reivindicada involucra nivel inventivo,

En vista de lo antes expuesto, no es posible objetar la presente invencidn con base en los

documentas D1 a D3, por cuanto las ensefianzas, expresas o tacitas, del estado del arte,
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tal y como lo exige ef método problema-solucidn, ni anticipan la materia de ta presente
invencion, &s decir, los anticuerpos que fienen las regiones variables especificas del
anticuerpo gL1gH7; ni dan sugerencia con respecto al efecto inesperado de tal materia, s
decir, afinidad significativamente mejorada para el €022 humano comparade con la
técnica antarior, Por lo cual no sa puede considerar que dichos documentos afecten de

alglin modo el nive! inventivo de la presente invencién,

4. ANEXOS:

4.1,  Nuevo pliegg reivindicatorio con 8 reivindicaciones;

4.2, Formulario de modificaciones;

4,3. Recibo por valor de $103.000 por concepte de modificaciones en solicitud
pendiente.

4.4.  Carnahan et Al “Epratuzumab, a Humanized Monoclonal Antibody Targeting
CD22: Characterization of In Vitro Properties”. Clinical Cancer Research, Vol 9.
29825-3990s. September 1, 2003.

4,5,  Diloseph et Al “Antihody-targeted Chemotherapy with CMC-544. a CD22-
targeted itmmunoconjugate of calicheamicin for the treatment of B-lymphoid
malignancies”. Blood, Yol. 103(5), 1807-1814, 2004,

4.6, Diloseph et Al, “Antibody-targeted Chemotherapy of B-cell lymphoma using
calicheamicin conjugated to murine or humanized antibody against CD22", Cancer
Irmmunol Immuncther, 54:11-24, 2005,
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Indusiria y Comercio
SUFPERINTENDINC:A

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

ﬂo SOLICITUD BE:

L__| Correccian de Error Matarial Modificacidon a una solicitud

Espacio reservado para &) adhesivo de radicacion

Nombre: CELLTECH R&D LIMITED
Sociedad constituida y existente bajo |as leyes de
SOLICITANTE | Tnglaterra. IDENTIFICACION
Direccidn: 208 Bath Road,
Slough, CL. E:l MIT I:I
Berkshire SL1 3WE
Inglaterra i C.E. [l ow [l
Domicilio: 53ough Numaro:
Berkshire,
Inglaterra
Teléfono: 546 0970 Fax: 245 40 79
E-mail: clientesfBeavelier com
(DENTIFICACION
MNombre: Emilio FERRERD
Direccién: Carrera 47 No, 72-35 cr MIT |:|
REPRESENTANTE |Teléfono: 347 36 11 Fax: 2179211 | o O owe O
O APODERADO E-mail:  cavelier@cavelier.com
Namero: 438,018 TP 31,929

O Namero de expediente; 04,120,665

@ Descripcion de la correccion o modificacidn solicitada:

Fredento nuevo camwwmum
con el fin de superar lam objeciones hechas por su Despache & la presente |
gelicitud de patente ¥ piﬁu que el exfimen de patentabilidad sea realizado

aobre este nuevo cgﬁm]a_mjxmdimnﬁn - —_

Anexos

@ Comprohante de pago No.  GR- 34 115 Fecha: 11 de febrero de 2008

Comprobante de paga de la tasa por $103.000 00

Foderas, si fuere el caso

100 [

Dacumento que acredita |a existencia y representacion leyal de las pantes, cuando sean
personas juridicas,

é’/— 4
NOMEBRE: EMILIO FERRERD FIRMA: A SN

G.C, 438.019 de Usaguen T.P.A. 31,529

NNJ
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REIVINDICACIONES

(D Una molécula de antisuerpo que tiene especificidad para el CD2Z2 humano,
quée comprende la region varniable de cadena ligera 5/M44-gL1 (SEQ iD No: 18} v ia
reqion variable de cadena pesada §/44-gH7 (SEQ ID No: 27).

2. Una moléoula de anticuerpo de acuerdo a Ja reivindicacién 1 que tiene una
cadena ligera que comprende o que consiste de la secuencia dada en la SEQ 1D
Mo. 28 v la cadena peasa que comprende o que consiste de (a secuencia dada an
la SEQID No:30, @

T
—

3. Una secuencia de ADN que codifica upa cadena pesada yjo la cadena
ligera de la molécula de anticuerpo de acuerde a la reivindicacidn 1 o

reivindicacion 2.

4. Un vector de clonacion o de expresion que comprende una secuencia de .

ADN de gocuerdo a la reivindicacion 3.

5. Una célula huésped que comprends un veclor de clonacidn o de expresion P
de acuerdo a la reivindicacion 4.

g. Una composicitn jerapéutica o diagnostica gue comprende la molécula de No PMJLJE
anticuerpo de la reivindicacion 1 o 1a reivindicacién 2 o una secuencia de ADN en

la reivindicacién 3.

7. Una composicién terapéutica o diagnostica de acuerdo a la reivindicacion 6,

que comprende un excipiente, diluyente o portador farmacéuticamente aceptable.

8. Una composicion terapéutica o diagnostica de acuerdo a la reivindicacion 8 .-
o reivindicacion 7, que comprende adicionalmente una célula anti-T, anti-|FNy o

anticuerpos anti-LPS, o xantinas.
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Clinicid Capper Regearch

Epratuzumab, a Humanized Monoclonal Antibody Targeting CD22:
Characterization of in Vitro Properties’

Josette Carnahan,” Panl Wang, Richard Kendall,
Ching Chen, Sylvia Hu, Tom Boone, Todd Juan,
Jane Talvenheima, Silvia Montestruque, Jilin Sun,
Gary Elliott, John Thomas, John Ferbas,

Brent Kern, Robert Briddell, John P. Leonard,
and Alessandra Cesano

Amgen, Ini., Thousand Oaks, Califomia 91320 (IO P W, R K.,
CC SH TB. TLLT, S5 M, L5, GE.LT.1LE B X,

K. B. A C|, and Ceater for Lymphoma and Myeloma and Division
of Hematalogy and Cncology, Weill Medicul College of Comnell

University and Mew Yark Presbyterian Houpital, New ¥ork, New
Yok 10021 |1, P LA

Abstract

Faurpose: Epratuaumab is 2 novel humanized antihu-
man CTE? a1 antlhody thui has recenily shown promis-
ing clinical activity, both as a gingle agent and in combing-
tion  with riluximab, in patients wiih non-Hodgkin’s
ymphomas (INHL). In 20 attempt ko hetter understand the
mode of action of epratuzumab, the antibody was Losted fn
vitre in o varlety of eell-based assays simdler to those used to
evaluate the biclogical activity of ather therapeutic mono-
clonal antibodies, including riuximab. Tn this report, we
present epratozumab activilies as they relate to binding,
signaling, and internalization of the receptor CI¥22,

Methods: Chinese hamster ovary-expressed CDEZ ex-
travellular domain was used th measore epratuzumab affin-
ity on Biacere. CD22 reveptor density and internalization
rate were measured indirectly using s monovalently labeled,
nencompeting (with epratuzumab) anti-CD22 antibody on
Burkitt lymphoma cell lines, primary B cells derived from
fresh tonsils, and B cells separated from periphiral blood
saples ohialtied from patients with cheonic lymphocytic
bealcemila gr healthy  soluoteers.  Epratuzomab-induced
€D22 phasphorylation was measured by immunoprecipita-
don/Western bint and compared with that induced by anti-
IgM stimulation.

Results; Epratuzumab bigds to CD22-exiracellnlar do-
main, with an affinity of £, = 0.7 oy, Binding of epratn-
zumab te B cell lines, or peimary B rcells from healthy
individoals and patients with NHL, resulis In rapld jnter-
nelization of the CD2}antibody complex. Internalization
appears to he faster at early time points in cell lnes than in
primary B cells and NHL patlent-derived B eclls, hue the

! Presented gt 1he “Ninth Conference on Cancer Therapy with Antibod-
fer amd bivtoagomriigares,” Doloher 24 =26, 2002, Feitoendy, N, Sup-
Evnrlcli by Ampen, Ine., Theosand Caks, CA.

To whem requests Eor reprints should he addrossed, at Amgen, Inc.,
Onc Amgen Center Dirive, Thowsand Oaks, ©4 21320, Phone: (505
447-4469 Fox: (805) 375-2368: E-mail: jeacnahadamgen com,

maximom intecnallzation veached is comparable for all B
cell papulations after several hours of treatment and ap-
peats to reach saturation st antibody concentrations of 1-5
pg/ml. Finally, epratuzumab binding resulls in modest but
signifieant CD22 phosphorylation.

Conclusions: Epraluzumab vepresents anm excellent
anti-CD22 ligating agent, highly efficacions in inducing
CD22 internalization, aod can induce phosphorylation. Al-
though we cannot oneguivocally demonstrate here that
epratuzumahb-induced Internalization and signaling of CD22
directly contribute to its therapentic efficacy, these proper-
ties are the fundamentsl characteristles of the target CLIx22
and fts interacton with epratucomab. Similer resalfs were
chzerved when epratuzunmmab was tested i vitee on Burkitt B
cell lines as well us vn primary normal B cells and neoplastic
R cells separated from Fresh peripheral blovd samples from
patients with chronic lymphoeytic leokemia,

Introduction

C22 1% [ 35-k0a irunsmembrane sialoglyedprotein and o
member of the immuonoglobulin superfamily. s cxpression i
restricted 1o Dymphocyies of the B cell linsage and i highly
developmentally regulated: CD22 ia present in the cytoplasm of
pro- and pre-B eells and becomes detectoble on the cell surface
anly at mature stages of B ocel] differentintion. Cell surface
expresyion is lost during terminal differentiation into plasma cell
and after B crl) activation (1-3). CD22 is alse exprossed by the
vast majority of B call NHLs* (4). The CD22 molevube hay
multiple ligands becausc i binds 10 aZ-6-linked sialic cid
residucs present on glycopioteing capressed by activaled T and
B cells, monocytes, neatraphils, crythrocytes, snd activated
endothelial colls (53 Althongh it function is pet wer well
arderitpnd, (D22 appears (@ be involved in the repuluion of B
cell aetivation through BCR signaling, (demonstrating hoth pos.
itive v negative roles i vieed gy well as o cell adhesion (8,
i vive, the important biclegical functions of this receprar harve
been demonstrated by penetic disraption of CD22 CD22-defi-
cient mice have a shoner life span, 2 redoced oumber of matars
B cells in the bone murcow and in circulation. and @ chronic
exaggcrrated ankbody response to antigen and develap elevated
levels of awrgantibeodies, sugeesting a key role for €022 in B
cell developnrant, survivel, sl Fanehion 1], T-3)

Barause the expression of CD272 iy lineage restooted and,
n omost cases, 18 not Jost dunng neoplastic wansformation, it
représents an attractive largen for anti-NHL immuvnplherapeuwric
antibodies. Preclinicsl work with anti-CDE2-"bhocking™ mono-
clonal antibodics £f.e., monoeional antibodies that peevent C022

* The abbreviations used are: NHL. non-Hodgking Ly mphome:, BCR, B
cell secepror: BCD, cxtracellular domo: FE. phycoerychrin: CLL,
chronic Bymphocylis leokemia.
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binding o s natural ligands) sugpests hat modulation of re-
ceptor aclivily has a selective cywotoxic efféct on receptor-
peasicive emoT bl {100, Taterastingly, the same Ngund Mocking
anti-CD22 monuclonal antibody can trigper prirmary B ccll
prediferation, suggesting that the consoquences of engaping
CD22 may ditfer depending on the B cell stage of differentia-
o, [n animal medeis, ani-CL022 monoclonal anlibodies can
meliate antitmor cffects (UL, 12 Unlike the B cell sntigen
CD2d, CI¥22 internalizes rapidly vpon antibudy binding, mak-
g it an ideal turget for delivery of radicisctopes or toxing
tr roabignent cells wvia menoclonul antibody conjugates (11,
13-13).

LLZ 15 a mouse anii-CI22 monoclonal antibody (originally
named EFB/Z) generated againsy the Raji Burkitt's [ymphoma
cell line (16 LL2 i highly szlective for B eeall twmors but Jacks
reactivity with Hodgkin's disease, ather solid tumars, ar non-
lymphoid tssees (17). & homamzed version of the LLZ anti-
body, eprutozamab, was developed to minimize the potential for
Immpnegenicity and enbancing effector interactions dueing its
development us & diagnostic and immunotherapeutic (18], As a
single agenl, spratuzumeb has shown preliminacy cvidence of
antitumer aghvity in patiens with recurrent WHL, producing
respanses, including durable compilete responses {199, Ohicttive
responses were 2een in 9 of 5§ indolent NHL patients (17_6%;
3 complete responses, § partis] responses] with a median dura-
tioh of response of 474+ (range. 11994 weeks and median
time to progression of 103+ (35-107+) weeks by Kaplan-
bleier cstimate, OF 52 uggressive NHL padents, 5 achieved
ohietive responses {10%: 3 complete responscs, 2 partial re-
sponses), with median duraion of mypong: 385+ {13 10 38+)
weeks and median Hme to progression 35+ {23 t0 35 - ) weeks,
Al responses oecurred in the follicular WHL and diffusc large B
celi hiswlogies {19). anti-CD22 agsents are likely 19 have mech-
anismis) of action distinet from thaze of other oytosoxic ugents
as well as from immuanotherapies targeling other B cell antiges
teg., the anti-CD20 monaclonal antibody ritusimab and anti-
CD52 antibody alermtuzomaty). Thus, they are theorstically goud
candidates for combination with other drugs in the jreatment of
E cell malignancies. Bpratuzumab is currently being evaluated
in combination with ritnximab, and early results frum an ongo-
irrg stendy sggest that the combinaon of the two ymifhodies is
well tolerated and may result in jmproved clinicul activity
veryis the single agents alone (20,

This puper reports the reaults of in vicre stadies to Further
charscterize the mechanism of action of epratuzumab by explar-
ing irs interaction with CD22,

Materials and Methods

Cell Lines aad Reagents. The CD22-expressing human
Burkin's lyenpharog cell lines, Dandi, Ramos, Namalwa, and
Raji, were abtwined fram the Adierican Type Culture Collection
{Manussas, ¥A) The cell lines were grown in RPMI 1640
[Imviirogen, Carlshad, ©A) supplemented with 109 hoat-inac-
tvad FES (HyvClone, Logan, UTY 2 mm glitamipe, 100
unitsmt penicillin, and 100 pp/m] streptomycin CInvitragsn),
Lells were culored se 37°C in & humidificd 5% CQ, incubatar.
Flab'); fragments of goat antihurman IgGiFc) were purchascd
froin Rockland Imunuoochemicals, Gilbertsville, PA, Other re-

agents included: Fral'}, fragment of moat antihuman tgbd, Fog,
tTackson ImmunoResearch Laburatories, Ioc., West Grove, PA),
sodin ephovapedate [Sipoa-Aklch, 51 Lopis, MOY com-
plete protease inhibitor miature cablets [Roche, Manaheim, Ger-
many ], rabbit polyelonal anti-C 322 (Sants Cruz Biotechnology,
Inc., 3anta Cruz, CA). horseradish peroxidase-conjugated an-
tphasphotyensing Ab (clone 40510k Upstate Biochemicals, Inc.,
Lake Placid, MY), BITC, snd PE-comjugated antihoman CD22
[clone SHOL-1 (Leuld)) antibodly {BD Bioscicnees, San Dicge,
CA; PEaantibody ratio, 1213, FITC-canjugated antihuman CTHE
{BD Binsciences), and QuantiBRITE PE-conjugated beads (BD
Bioscienoas).

Cloning of Scluble Heman ©D22 ECD, The extraccl-
tufar domrant of homst § CD22 famise schds =887 was
amplified from o homan spleen Quick Clone cDNA librany
(Clomtech, Pale Alto, CA) using standard PCR procedure. The
FPCR primers contwingd the conscosus Kozak sequences
(CCACC) and the specific restiction enzyme wites For subse-
quent cloning lnked to the 5° and 37 encd of the CIRIBCD
seguences. The expression vector wsed, pDSRy, was modified
frome the pSRec vector {21), with ¢ dihydrofulate reductase
cassalte insemed downsinzam to the exprossion casscite driven
by the ¥4 early promoter,

Expression and Purification of CD22 ECD in Mammas
fian Cells, Chinese hamster avary oetls (CHOE-} defective 1t
dikydrofalye reduciase, oniginally abluined from L. Chasin
{Columbia University, Mew York, NY) were grown in complete
medium {high-plocoss DMEM sepplemented with 5% FBS, 1%
nenessential ahino seids, 1% hy poxanchine-thy midine, and 1%
Elutamine-penicillin-strepremyeing,

CHOd— cells were tanstzered with 10 pgidish of finear-
ized DA [pDERe CD22 BCD [containing aming acids 1—6%7
of human CD22)] using the culvivr phosphate methed (Invitro-
gony. CO22 ECD cxpression was anulyzed by Western blot of
serum-tree conditionsd medium harvested from confluent 24-
well cultures. Gels were ron under reducing conditions, andg
blovs wete probed with o rubbit polvelonal snti-CD22 antibody
t5anta Croz Bigtechmelogy, Inc). Clones showing the highest
expression were expanded and seeded in robler bottles for the
production of 122 ECD,

CO22 ECI was purified from CHO cell-conditinned me-
diarn. The concentrated medivan was buffer exchunged to 30
mtd Tris-1C) pH 8.5, and applied w0 a Q-Sepharose calumo
equilibrated in the same buffer, The column was eluted with g
lingar gradient from (o 13 NaClin 30 ma Tris-HCI, pH 8.5,
Fractions cortyining CL22 ECD were poocled and applicd to g
bydvoxyapatite column equilibrated jn 150 mp MaCl-30 mm
Tris-HCL pH 8.5, Bound protein was eloted with a linear goa-
dient from (b to 100 mM sodiom phosphate, pH 7.0 in 150 mm
Mall, The fractions containing CD22 BCD were pooled and
dialyzed i PBS. The final protein concentration was detet.
mimed by LY atworbames of 280 nm, esing @n extioccion goef
ficient of 144,270 M em™. The sample was determined to be
=98% pure by STS-PAGE.

Blacore Measurement of Epratuzumab Binding Affin.
fty. Both kinctic and equilibriom analyses of cpratuzumab
were performed oo y BlAcare 3000 (Biacore, Inc., Piscataway,
W1} with PBS snd 0.005% P20 surfactant (Blacore, Tnc.} as
running buifer.
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SE Fig, ! Epralncumabs  geasured
K, o Biacore.  Affaity of
epratuzEy | lah Tor COEE BO0 wits
determninel by measuring hind-
ing of free epratuzumak wo & Bia-
gore cobllmn after comperitan
with saluble CIO22 ECLT (4] B,
Kinetics uf direcl epratuzundn

1 e mpmme—e = L g

Th=s

-

C

115 e
Qe

Hﬂ“

35 owmy

' . ED@-EGD

binding (L5200 o) gver o
CO2I BCD osurtace, showing a

sy show off ewe, Clamed, Chi-
| nesc hamster ovary -capressed,
and puorified CR2T ECOF {as
shown i panel O oon o the
Elored mmmbrane with rabbit
anli-CI22 was wsed for mioles-
ular chargcterizalion of eprans
zumub binding.

To swugdy the kinctics of epratwznmatwC D22 binding, CT¥22
ECTy was imonobilized 10 a research grade CM35 sensor chin
(Blacore, Ing) via primary amine growps using the Amine
Coupling Kil (Biacore, Tne.) aetording o the mututacturer's
suggested prowcol. Resonance level was ~400 Ru. The analysis
was effected by injection of increasing concentrations {0,785
200 o) of epratuzomab gver the CD22 surface ot a flow rate of
S0 wbirmin For 3 min, and the dissociation resction allowed for 15
riviit, Antibody binding kinetic prrameters inclading &, (assich.
ativn rate constant), &, (dissoclation mie constant), and K,
{dissociation eyuilibrivm constint) were estunated using the
BIA evaluation 3.1 computer program (Blacare, Tne. ),

To analyze the equilibriurm constanis of eprauzarmab-
D22 binding, CD¥2 ECD was immebilized to o CMS5 chip
(Resomance level = 2300 By) according to the mangfacmrer's
sugzested protocel. Epratuzumab gt twa different concentrations
{4 nt and 10 o) was incubated with increasing congentrutions
(104 nw to B0 nmb of U022 in sample butier (PBS - 0,005%
P23+ 0 mgfml BEA) far >3 b i alfow saniples (o mach
equilibrivm. Samyples were then injected over the G322 surface
at 10 plimin for 30 min, In this system, ihe binding signal
oblyingd is pooportional e the free antibody in solobion Ay
equilibeum. The disseciation equilibrivm censiant (5,) way

obtained trom nonlinear regression wnalysis of the competition
curves nsing o dual-curve onc-site humogeneous binding model
{EinExaA softwarc: Sapidvne Instruments, Inc., Boise, 10}
CD:22 lmmunoprecipiation und Western Blot Analysis.
A total of 107 Daudi or Ramos cells (in LSl of REMI 1640
plus 10% FBS) were ireated with cprutuzomab {5 ppefml);
epratuzemal [3 pgimll ploy a cross-linking amtibody {antihu-
man 1gG{Fe)] ar Flab), fragments at 5 wedml] or antibuman
ighd Flab'ly, fupments o 5 pgifb b 375 foe 15 min Colls
without antibody trestoient were used a5 a negative control.
After two washings with cold PBS, vells were centrifuged ut
200 % g ol 4%C for B min and resuspended in 400 u) of lysis
buffer (1% Triton X-100, 8.1% SDS in 1 PBS with I mM
sodium oohovanadate snd protease inhibior misturey, Celis
wer: somicated, kept on ice For 30 min, and centrifuged at
16,000 % g ut 4*C for 10 min, Epratuzumab (3 ped and 20 pl
of protein G¥fprotein A-agarese beads {Oncogen Research
Products, Boston, Mad were added to cach SUpCmatant and
agitatedd aveniigit, Beady were then wasted three tmes with
lysis buffer, The immunoprecipitated proteims wers size frac-
tiotated on ST5-PAGE and 1runsferred @ nitrocellvlose. Mem-
branes were apalyzed by immuaablotting with herseradish per-
nxidase-conjugated antiphospholyrosine amibody, treated with



2349

Climeal Cancer Reseapch 1935,

stripping boffer [Plerce, Rockford, IL), and psprobed with o
rabhic polyclanal ansi-CD23.

Primary B Cells from Fresh Tonsils and CLL Samples.
Tamsds ware eollected acrording to standerd surgica) proce-
dures, ineloding obiaining paticnt informed consent, snd were
shipned overnight in RPMI contsining penicillin and steeptomy-
cinr, Celle were pently mechapically disseciged in colg Hanks'
Palaneed sale solulion (Iovitrezen), ind monopuclear calls wera
purifies vsing Ficoll-Hypagoc [Amemsham Bioseiences) aceord-
rig to speciticntion, Menonuclesr cellt were resuspended in
Hanks™ medimm and washed with BPMI comaining 0% FBS,
Whenever the B ocelliowa] cell ratis fell below 60%. further
prerification was porformed waiag @ T cell depletion kit from
Dynal Biotech [Oulg, Narsay),

Tresh CLL blood samples were collected in heparingeed
lubes from padients whe had provided nformed cowsent sny
were shipped overnight on ice. Ficoll-Hypaque purification of
tnononuclear cells was then performed as previously described,
Celly were then immunostaiped wilh aptiCI3]19, anti-CD20, or
anti-CD2 as described for FACS analysis and recemror guan-
tification,

Conalpcal Microseopy Siudy of Direet Epratoznmab In-
ternalization. FITC-labeled epratuzumab (2 pgfml) was uscd
Yo Tabre] Draudi cells (10° cells/nly in PES plus 0.5% BSA, on ice
For 30 mig, Cells were subsrouently washed rwice in PBS plox
.5% BSA, plated in four-well charber coverslips (Nalpe Nunc
Imecsationalt, and allowed to incabate for an additians| &0 min
at gither 4°C or 37°C. Confocal images were recorded psing an
ACAS Ultima confoeal microscope (Meridian Instruments, Inc.,
Ohiernos, M1y and reprezent 1-um sections through the center of
6 focal plane wsing a 100X oil sromecsion objporive.

CIx2, CD2), and CH1Y% Receptor Deensity Quantifica-
tion. Buckitt's lymphoma cell lines. enriched monpnuclear
cells from freshly dissoviated tonsils, C1LL. o nonmal haalfyy
valuntess peripheral blood samples wers used, One million colls
per samiple were blocked for nonspecific staining with 2% FGS
*+ 1'% human scourn in PBS (0.05% sodinm azide) for 20 min on
ire. One microgrum of ami-CD15-PE (clone 5I125C1), anti-
CDZ0-PE {clone L.27), or snli-CD22-PE (clopne $-HOL-Y (Leu-
147] menoclonal antibady with 1he appropriae isotvpe controls
was added for 30 min at 4°C in the dark. Al antibodies were
frem BI Bioscietnoes, Samplas were washed with 2 ral of HESS
and centrifuged at 500 » g for 8 min a 10PC. The supcrnatents
were distarded, and the cells were resuspended in 0.5 ml of
FACS Lysing Solugon {BD Biosciences) and immediawly an-
alyzed By flow eylometry (BD FACSCalibur). The CDMY,
CLA0 und CD22 receptor pumbers were converied fram the
standard floorescence curvz tet by the QuantiBRITE PE Aoe-
reseenee quantitation kit (BD Bioscicnees).

Results

Epratozumab Binds to CDZ3 ECD vn Biacore with &
Measured Affinity of £, = 0.7 oM, The binding sctivity of
epratuzumab to CIX22 BCD was measnred on Biacore, In 1his
system, in which D22 BCD is jmmobilized, epratozemad
haws o relatively stow off rme (K, < 107 1 Fig 180,
leading taa K, of 0.7 nn (Fag. 14} as determined by equilibriom
analyshs. Although the on rate of) fur epratuzomab s elatively

€022 immuroprecipitation |

LNy

Ant-PhospheTyros nha
kol

And-CD22
o1

Daudi Ramuos

Fip 2 Epeatuzumab iduces phosphotyliotion of CO22. Dawdi or
Ramus cell lings were 1neaied tor 15 min st 37°C with p satorsting dose
of cprminzumap, cpraamab 3nd a cress-binker, or & B cell recepior
actrvulor, anti-[ghd, Cells weare lysed and CDAZ was intnunepreipjawd
v cxaming the signuling patentiol of epratizumab. uging phosphaty-
tesine-specific antibody drepd, To znsucs equal TI222 loading, immu-
nuitors swens sripped ang regrbaed wiith o pradvelaaat nabbd anti-C0a
[Detroen) {50 “Waretials end Methods™ .

slovy, the resulting Ky, is highly comparable with {he reported §
oM for eituximab (riteximab package Nser).

Epratuzomab Binding Resulis in CD22 Phosphoryla-
thon,  CDEZ ligation has Deen reported by others (0 induce
phosphoryTation on its inteacytoplasmic il (100, Tyresine phaos.
pharylation of the CD22 cytoplasmic tail s alse indaced by
BCR cross-lmking. We therefore atiempted {ad to detecl
whather eprifuzumatr could induce CD22 signalmg and (3 to
curpare it with the CD2? tyrosine phosphocylation induced by
B cell aetivation, wdng unti-leht stimulation (Fig, 2.

Dawddi and Ramos Burkitt's lymphowa celb lines wene
treated for |5 min with saturating cuncentrations of epratn-
FiTLah, Immoaoprecipitation- Westem blot showed a significant
inctease in CD22 phosphorylation in both cell lines, Cross-
linking epratuzumab using & sceondury antibody did oo result
in higher leval of phospharylation. As expected, stimulation of
the BOR using an activating snti-188 antioody resulted in the
highest CDE2 phosphorylation level. Epratuzumub binding to
tonxil-derived primary B cells ulso resulted in D22 phospho-
rylation sbove mesting level, However, the CD22 phosphorylu-
tion level in unstimulated tonsil cells was higher than in the
unstimulated cell lines, decreasing the sipnalinoise ratio ¢data
net shown.

Epratuzumal futernalization Visualized by Confocal
Microseopy. In an effort 1o visvally document the rapid, di-
reet internalization of cpratuzumab after binding o C022,
cpratuzumd® was directly Tabeled with FITC, wed its Binding to
Daudi Burkitt 1ymphama cells was monitersl at 37°C during 60
min, As 4 control, Daudt cells were expased to the same eprarg-
Futiab comcentralion fol kept on fee W prevent inemalization
(Eig, 3. lefr). FITC-cpratusumabiCD22 internalization is evident
fromn capping phenomena wnd punciate staining of endocylbic
vesicles (Fig. 3, arraws) visible in cells ineubated at 375G only,
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fig. 3 FITC-gpratuzumab direct in-
wemalisanon,  FITC-fabeled  &pra-
zurmab was wsed to label Daudi tumor
225 on bce for 30 min, Cells were
subsequently wushed and allowsd o
incubdle for an additionsl &0 min w
gither O30 e} oo SI0 (nighey. 032
internalization is evidem from capping
and puncrate staining of endocylic ves-
iecles {erproner) visible in oells incubied
a1 AT

Fig. 4 CD2Y jwecnalizasion s
mensursd by flow cytomerey us-
ing @ noncompeting ant-CDE2
anribedy. Daudi cells were inms-
bated 0 the presence of 3 wpfml
epraentmak: (] for 20 h st
3TC wnd analyzed By Aow cp-
tometry for COI2 jtnernalizaon
(A} a5 ohserved hy an appaneni
fowering, of il swefioe CR2E,
mengured  with  fhe  FITO-S-
HCLl onu-CD22  aosaclong]
anfibody. B, evidence thol adding
MCTeRsing cMAuzumab comen-
Irgions  ogether  with FITC-
laeled S-HOLY did oot et in
lowering the signsl okssrved

[SELTE A SR FLH

e
CO2zZ FITC

with FITCH-ECII alone (rofiy
Blue irace), This confimms thay
these twa enti-CD22 moncslonsl
antibodies recognize disiing ang
noncompeting epiopes cn CD22
(E3CE using the Diaudi cell liney.
FEC-4, Earward seaher; S5C-F,
side staller,

CD2Z FITE

Internalization of Epratuzumab Results io Quantifiatle
CD22 Cell Surface Decrease. Onc paniculary intrigving
propedy of CD22 is its capacity to rapidiy franslocate from the
cytoplasm to the cell surface on B cell stimulation on cell lines,
(223 and 1o rapidly intermalize apon antibody ligation {237, The
result of soch internalization is an apparent reduction in the
namber of colf surface CDEZ binding sites (Fig. 44 ), measurable
using & noncompeting  anti-CDR2  {anti-CD22-PE [clone
S-HCL-i (Lew-141] mpoociooal antibody (243,

We canfirmed that the ani-C022 feione §-HCL-b (Len-
{43] monpeclonal antibudy did not compete with cpratuzumah
for CDZ2 binding and thersfore could be used as a ool o
indzpendently messure cell surface CD22, Az shown in Fig. 48,
incredsing concentration of ¢pruiizumab added together with
S-HCL1-FITC labcled antibady did not result in a displacement
of the signal observed with 5-HCL[-FITC antifody slone,

Te quantify <cll surfuge CD22, the S-HCL1 antibody
monavalently fabeled with PE (ronjugated by B Biosciences)



Quarifcation of CD2E ecaptar density
aftar Epretirumab treatmant
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Epr by malk toateent, [n gmitn * calis
Fig. & Quemilicasion of CO22 pecoptor density afier epramnzumab
teedaiment, Craodi bymphoma cellg |:ll)£I vellsfml) were jncubated with
eneasing concentrinions ol epratuzuritat m REMI suppleremed wfor
L0 FBS for 1 kol 37°C. Cells were then wished with cold PES nnd
immedialedy analyzed by FACS for CD322 receprar quantification as
described. The resulting CD22 density 3t measured with QuaniBRITE
peads and H-SCLL PE lahebed 35 shown ag n perventage ol total COZ2
o wiieeated =ells (10U &t 3 repdiml, celhs Beve reached 1 rnationm
bevel of imernalizaticon, which is 70% W this experimam,

wak Oren wsed after calls wene fnonbuted with epratezark, This
allowed indirect measurement of the CD22 recoptor intemiliza-
o cate smd extent afler @ vurdehy of treatments, withont direer
modification at epratuzunab.

Incubation of Dandi cells for | hoyr with eprmuzinmab
resulied inog dose dependent increuse in CDV22 internalization
Fig. 5). The point of satoration wus reached betwoen 1 to §
pmlL0® colls (315 nmb Ar this dme point, 0% of the
aripinel CU22 density (or 70% internalizaion) was shserved,
Similar results were obtained with olber cell lines, such as
Ramas, R, and Namalwa (data not showa), suggesting that e
luck of okl intemalizstion may reflect more the endogendus
withover ot the receptor (233 rather than pxpression of anolher
C22 isofarm {fe., the o isoform of CD22, lacking domains 3
and 4 and therefore presumably not bound by epratuznmats).

Consistent with & dynamic equilibrivm berween rapid
epratuzumab-indiced TD32 inemalization and trafficking to
the cell surface of new recoptor, prolonged ineubution fime with
epratzurmyb resuited i higher degree of interoalization, reach-
ing ¢lose to B0 after an overnight incubation, in 8otk el fines
(Daudiy and primary tomsil-derived B cells (Fig, 6. Af early
Lme points, the DTaudi cell Voe intermalizes CD22 very mpidly,
consistent with results repocted previously for the Raji cell line
(E3) Tmternalization of the eprgezemabAIDER sormplex on lon-
sil-derived primary B cells appears much slower, However, the
extemt and trend For increasing interaalization over time did pot
differ significantly between the two cel) populations after a
30.min inepbalion. To dersrmine whether these observations
coull be carended 1o “fresh’ lymphoma calls, monomeloar talks
1solated by Fieoll-Hypague from perigheral bloed samples from
palients with CLL were incubated with saturatiog concentra.
tions of eprawzomal for 2 b, and CD?2 expression way quan-
tified at the end of the incubution time vsng the QuamiBRITE
system (Tyble 1) Among the CLL and NHL soroples tested.
CD22 recepror density tends (o be lower than in 2stablished
Iymphorma cel lines, Iowever, even in these samples, cvidence

Climical Cancee Reseacsh
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Fig, i Eprmpzunir-induesd COFT internalization kinktios. Doudi cells
arel Forstl-derived pnomonuclenr vells were incubaled with IncTeasing
incubation Litne in the prezence of 25 pEiml epratuzumphl At the end of
sach tiine point, cells were inmubostainzd with wii-CoZ2 1LSCL1-FE
anly {Daudrj or anti-COHE-FITC wnd wrn-COEZ-PE (resifs} for necep-
tor yuantificaion, us deseribad, A4 eacky time points, the Daudi celb Sine
is g offiuacious in receplar inernalization, Atior profnnged e
menl, however (= L8 L, noinwernalizainon efficieney difference belween
cell lings snd primaey cells could be observed.

of CD22 internalization induced by epratuzuman wias obtained
after 2 2-h incobwtion. For compatison, we tested in the same
cxperiment the B lymphoma cell line Namalwa that expresses
Tow levels of cell surface CD22. MNamalwa cells, like Thaudi
cells, shosw g very Bast and aboost maximum leve] of intema)-
ization within minntes (data not shown), indicating that epratu-
Tumyb-mediated receptor inlernalizmion can oceur very effi-
ciently even with low recepior density, but the kinetics may
differ sigmficantly between cell Yngs and primary samples.

C¥2 Reexpression after Gpralwzumsb Treatment.
Bevanse in the clinics] setting patients will be exposed
cpratuzmuab for days {1, = 22 daysh the effect of longer
ETANLTILTT D B posuce was afvo cxpfired o Daodi and Rammos
cell lings ty grovwing them im the presence of b)) wafm] eprato-
ZUTDuE 601 up to L3 duys, At cach passagefoeding lime, colls
wire ecoubted, and vishility was evaluated with trypsan blue. Mo
stgaificant diffaremce in ool denvity and viabiliy eoul he
detected between epratuzumab-treated] or contral cells (data no
shovwm), Shgpesting \hat rpratuzinmsh dees not have o direet
eyllnsie ur eytostatic effect in vitro. At day 4 or 7 during the
13-fay peripd, some cells wore washed and transfermsd o non-
epratuzuiiab-containing medinm and coblured for an wlditonal
9 or 6 duys, respectively, On the last day, all groups of cells
wers stained with FITC-H-S3CLY ynti-CD2? monoclonal amti-
body and analyzed by flow eytomstey (Fig. 73 As shows in Fiy.
7. prolonged exposure of colls to eprtuzumab far up to 13 days
did not regalt in total wbeogation of CDA2 cell sorfuce staining.
sJurprsingly, both Daedi (Fig. 7, rwop) and Ramos (Fip 7,
bortam] call lines did pat show full recovery of CD27 cxpres-
shon sven afier a prolunged (6 and 9 days) period of recovery
from eprawgwinab weiwmenl when compared with cells geown
in control cundilions without epratyzumag,

Diseussion

CD22 is an appenling target far the development of novel
trestments for B ocell analignuncies becanse of its expression,
which i B ccld reafricted and developmentally regulalad, aned its
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Topler 1 Q02D £020, apd CDIY recepror density, and spramzimab-induced CD2L ingemalization an NHL and toesi] primary B cells-desived
compared to 1o Burkin lymphama cell lines

Recepror density

Patient Saples Dz CoHG COg T internalization

[ CLL 1037 WDt WD S0

M CLL R 4,770 4230 401

3 WHL 1.797 3859 £,75E N

4 Mantle cell 16,207 M b %
Tymphumas

5 CLL 6,17 D ND 48

Y Maoemal wonsils 11,326 1432 15 485 A0-50

7 Marmal tonsils 5,571 3,438 40930 4050

E Marmal nsils 6,574 £.20 15 584 4030

9 Healthy danor 20,047 ML 24312 N
Daudt 22,048 21,787 2% a0 680
Maabnny 58T £330 3534 5

" Primary B cells weke enviched trom freshly dissocimel wmsils {sample fi—F) or blood colleeted from putieols with B-cell malignansizs {sample
£=3) or healthy volunteer (sample 9. Cells were immedialy analyzed for recepior density quantification i described. o reared with sawrating dose
of spratuzumaly, for 2 hours ap 5700

* NI}, nm done,

Fig. 7 Purtwl recvvery of sur
face 1222 after epraluzumub
weatment. Cawdi or Ramas cett
lines were peawn in REM]-10%
EFHS  wath added 30 pghml
cpraluzumaly (or no added anti-
body For negative control)y for up
W 13 dops. Afier 4 o 7 days
Ireatmenl, cells wens washed aml

Talags

allewed 10 rgoveer in pon-anti-
by -crntaining grow il medivm
for -9 days. In all, the expeni-

1p3 1ot

ment [usied for 13 davs, dusing
which cell density was kept at
10" celle'ml, and iabiliy was
=%, Atahe end of 13 days, all
prdupys were analyzed by flow
01 pa cytemenry for CDE2 expression
usitg  H-SCLI-FITC

physiologival funations us an adhesion molecule and a regulator
of B cell recoptor activinion, One of the main functions of CH22
is to regulate B ocell responsss through recrsitment of key
signaling molceules to the anttgen/mteptor complex. Pan of the
BCR activation pathway includss trrosing phosphorylation of
the CD22 intracellulsr tail. However, CDI2 ligamd-mediated

by b labeled

Ay tBLY Binscicnoes), and the pro-
files wers overluid with thar of
wnrreated comirol cells [valid biue
Theaeet,

g -

signaling vun alse be achicved by enguging the CDE2 ligand
binding site (mapped to C122, domaing | and 29 (5),
Epratuzumab is a humanized monoclonal antibody directed
agninst the CD22 molecule; the parental murine antibady (LL2
wiy onginally developed by Goldenborg er af by “classic”
immunization of mice with Raji cells as & wource of B cell

27



2553

Clinizal Concer Research M089g

antigens. This report confirms uheguivocally 1hat eprarnzumab
binds to CD22 BCD. The cpratvzumab Ky vaive measured in
this study on Biacore is consistent with previously published
date on cpratuzumab binding affinity 1o Raji cells waing rodio-
labeled LL2 competed owy with cold LLZ (esiinated &, (o
these experiments would be in the low nM rapgs) (26). This
cpmpares Bavorably with other monoelonal antiboadics wsed in
the treatment of B ocell lvraphomus, for instance, riboximab
attinivy 1 reponed to be ¥ nu (rimximab package inser),

Epratbzumal binding to CO27 doey nol biock the figund-
binding site on CDA2 (173 In fact, ss opposed to the ligand
Blockmg anii-CIEZT monockmul aptibodies (10, epraturamsh
did not show cvidence of mducing apoptosis ur growth aceest an
lymiphoma cell groweh in virre (dats not shown), Becawse CD22
imteracts with a variety of ligands (including 20455 and cellufar
rartners {inchoding T celly) (%, 27), the effect of modulatiog this
recepor showld be sigaificant i pive bur might be difficult 1o
demonstrate in gm jsolated context in wWiiro, For example, others
have shown that blocking CD2F wranslocation by using beads
aaited with anti-CD22 antibodies can alter the B cell threshold
of ativaiion therough BCR (28],

T addition to its signaling regelation of B cell scrivation,
CD22 was shuwn by severs! groups to intemalize rupidly on
antibeddy ligation (28). In the majority of coses intermatization
wat demunsirated using radiclubelad antibody. Tn this teport, we
centfirm the results previously poblished by vsing FITC - fabelad
EprImzuTah b well 48 by itdssarmag naked” epracievaal
Bindingfintemalization indirectly. In particular, im our system
using confocal microscopy the imtemalization of the epratu-
Fuoal/ CIFLT complex coutd be visualized 45 imracytoplustiac
vesicles presumably of endaseme-lysasome origin. The inter.
nalization was dose dependent and fong lastng, withgut reuch-
ing reversibility at clinically meaningful concenteations, More-
ey, eprateamal prolonged incobation resule, ot o given dose,
in a progressive decoease in CD22 surface tevel, presumably
shitting 1he equilibriom between interpalization and eecepror
rurterrer. However, total disappearance of D22 from the cali
surface: way never observed, These resules could be explained by
the keoown cosx prassion of @ shorter spbiced variam of CD32,
anti-CD22. This spliced mRNA minor variant found on hurnan
B cells iz misgsing exens S-8, resulting in C022 ECD that lack
domaing 3 and 4 (300, This iseform therefore would ot boar the
efpitope to which epratuzumab binds, However, using cell lines
ETIOWT 00 express varices catids of the two lsofores, simile
dpparent incomplete depletion of cell sueface C22 idaly not
shown) afley prolonged cprutezumal incubation was observed,
thus making the above hypothesis unlikely. Becausc in the
clinical setting patients will be cxposed to cpramzumab for a
(ong perunl of time, we are now measutng the effect of cprao.-
zumgh tredgtment oo COE2 mBNA expression us well g5 on time
for complete recovery of cell surfuce TD22.* Resxpression of
CTx22 after prolenged speatuzumat treatment appoars o follow
show kineticy, this was determingd on vwo B cell lines geawn for
a different number of days in antibody-free medinm atter being
exposed o cpratuzumab for variouws peciods of tme, To our

* Manuscript in preparation.

surpeise, even after cells were wushed and 2rown for 4 =9 more
days i what should be cssentally epratvzymab-free medium,
the CD32 level did not fally vecover compared with untreatesd
tcls. Ie iy possible tnat the sctoal epratuzumal concenteation in
fresh mediatn iy reodified by the eprafuzumab powd bound o
eyteplasmic CD22 being released during cell division or that
CO2? expression al the RMNA level is down-regulated by the
gntibody {reattnent. This i§ an impartant point be address
future cxpariments. Becavse it may bave implications in eprao-
winhnab whasingsoheduling fa the ol

In conclusion, the CDI2 molccule serves ar least two
impurtant roles, Le., regalation of BCR activation (mostly neg.
alive) dnd involvement in mature B cell homing. Both une key
functions that epratuZumab can maedulsie throwgh induction of
CLZ phosphorylation and COZZ internalization. respoctively.
Although diffigult w demonsirte in virre, these effects could
have vary differentl implications depending on the stage of
maturation of B cells, and their compartment Yocatization. For
cxumple, receat wpors suggest adhesion molecules o be im-
plicated in homing, dissemination, abd survival of NHL cails
€31, 32y,

Cheerzll the resulrz presented hore, although ot dipectly
answering the question of the fr vive mechanism ot action of
spratmzumaly, do kelp to cleanly diffeceatiote this antibody from
vther monockonal wotibodies currently used in the treatment of
MHL. This differentiadon, at lesst theorcticully, forms the basis
tar the clinical evaluation of combination therapies.
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Antibody-targeted chemotherapy with CMC-544: a CD22-targeted
mmunoconjugate of calicheamicin for the treatment of B-lymphoid malignancies

John F, Chlosaph, Douglas ©. Armetling, Erein R, Boghaert, Kiran Khandke, Maursen 1. Dougher, |atha Srdhewan, Athur Kunz, PRl R, Hamann,
Beyis Gortwlls, Chandrasehthar Lidats, Justin K. Boran, Andrew (3. Poppletal, Sua Stephens, Phils Frost, and Mitin . Damig

Antlbody-targeted chemotherapy with
gembuznmah cxegamicln {CMA-BTR, 2
CD33-targeted Immunoconjugata of
M-acety|-y~gallcheamicin dimathy| hydra-
ride [CalichDMH], a potent DNAbinding
cytotoxic antitumrar aatiiiolict s 5 olim-
cally validated therapeutic option for pa-
Hents with acute myaloid laukemia {AML).
Hars, we descrlbe the preclinicsl proflle
of anathar immuneconjugate of Calich-
DOMH, CMC-544, targeted to CD22 px-
prassed by B-lymphoid malignancies.
CMC-544 comprises a humanized QG4
anti-CD22 monoclonal antibody (mAb),

GE/M44, covalently lInked to CallehDMH »la
an peid-lablle 4-f4 -acatyiphenpxy)l bu-
tangle actd {AsBut) linker. Both CMC-544
and unconjugated Q544 bound human
CO22 with subnanomoler affinity. CMC-
54, bt rrat unieejugated G544, axarted
potent cytotoxlclty agalnst GD22+ B-gcell
lymphoma (BEL) eoll lines {Inhibitory con-
cantration of 50%: 6-500 pM CalichDMH).
CME-544 caused a potant Inhipibon of
growth of small but established BOL
xoncgrafia leading to cures (therapautic
index = 10). CMC-544 prevented the es-
tablishment of BCL xanografts and also

caused regrassion of large BCLs (> 1.5
tumor mass). In confrast, unconjugatad
GallehDiH, uneon|ugated G56d4, and an
isotype-matched contro! conjugats, CMA-
676, warg inoffactive agalnst thees BCL
xanoprafts, Thus, CD224argetsd dellvery
of CallchDMH = a potent and affactlve
preclinical tharapautic strategy for BCLSs.
Tha atropg antitumor profile of CMC-544
gupports g cllmlos! avalialion g5 g reat-
ment Gption for B-lymphoid malignan-
cles. (Blocd, 2004;103:18071814)
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Intraduction

Antibedy-terpeted  chemotherapy s 3 thertapentic strategy that
invalves the usc of u cytotoxic agent chemically linked to a
moenoclonal antibody (mAb) that specifically recognizes a mmeor-
asspriated antigen. The mAb specifically delivers the cytotoxic
agent o ounor cells that expreys the tumde-associated dntigen. The
cfficacy of antibody-largsred chemotherapy nelies heavily on the
speaific binding of the wrgeting mAb-diug conjugaes to e tumar
antigen and on the internakization of the antigen-maAb vemplex 1o
ensuee focused delivery of the conjugated oytoloxic agent inside
tuenor cells, Sueh focused delivery of the cylotaxic agent w tumor
cells miximizes its amitumor offect and minimizes its normat
tEsue expasure, resuling in an impreved therapeutic index, The
cancept of amibedy-targeted chemothcrapy is not novel and has
been cxploced extensively with significant preclinical success.
Tlowever, it had not been sucecssfully trapslated into clinical
henefit umil the recehe introduction of gemmzumab ozogamicin
(Mylotarg or CMA-GTE, Wyeth, Philadelphia, PA), the first antibody.
targeted chemotherapentic agent® Presently, prmiuzumab oFo-
gamivio remains the only antibody-targeted chemotherupeutic
agent approved Jor clisical use i the Unied Sunps?

Gemtuzumab o2ogamicin is comprised of 2 humanized TgGd
antj-CD33 antibody covalently linked to N-acetyl-y-calicheamicin
thmethyl hydrazide (hereafter referred to as CalichDMHY, a
deriviative of y-calichcanniein, via an acid-nydrolysable 4-¢4'-
acetylphenoay) batangic acid {AcBut) linksr 3 y-Calicheamicin is

a potenl tytatoxic amjpgumgr antibiotic that hinds DMA ip the minot
greove and wndergecs thiol-dependent struetural changes in its
grediyns moiely 10 generae a di-tadical, which abstracts bydros
gens from the phosphodiester backbone of TANA. This causes
double-strand DNA breaks rosulting i Spoptotic o] deark ™"
Creantuzimab czogamicin binds CD33 on the surfave of orveloid
cells and jz rapidly internalized ipto lyzosomal vesicles whasa
acidic pH facilitates hydrolysis of che bydrazune functionai group
within the AcBul lnker Nberating CalichMHF? Gemtuaumat
pzogamicin is indicated for the treatment of eldarly paticnts (= &0
years of aged with acue myeloid leukemia {AML) in ficst relapse
who are pol candidates for other therapies 312 Tty effectweness in
patients with AML can be attribyted to the preferential delivery of
CalichDMH o CDI3" myeloid leukemic cells tesulting in their
elimination,** CD33, the molecular target of gemtuzumab crogani-
¢in, is & cell-surface antigen whose expression is cunfined to the
myeleid lineage. CL33 is exprezsed by bath ngrmal and malignant
oyeloid eells but is hot expressed by nonhematapoiatic lmeages or
stem cell precursars of the myslsid lineage. * The clinical eftecrive.
reys of geminzumak meoganicin provides » strome rationale for
applying the aniibudy-trpeted calicheamicin Stratgy to other maligoan-
cies LRing tanget antigens with similar lineage-contined expression,
CD24 b5 an attractive targst for antibody-targeted chemotherapy
and has been extedsively saplored a5 4 target for Mmanetaxin-
based therapeutic strategies.''® CD22 is a terminal o2 6-linked

Freme the Depadments of Oncofmgy Discovery, Cremical Stiencas, Orug
Metabalisn, and Bioprocass Developnes, Wyeth Rezearch, Pead Fiver, MY, and
the Depanment of Ressarch and Devolopmern, Celbech, Slough, Unilad Kegdam,

Submitbed June 32, 2003; sccapted Ogioker 1. 2003, Prepublished onling as
o Fier Eiffiion Faper, figuernbar 12, 3005, 0KH 1, (MSSb0 206502468,

JEDL DCA ERB, KK, MME, L3, Ak, BRH. BG, CUL JKM, PF, snd
#L.K.D. are etrgloyed by Wath Fesearch, whose prodhtts (DRMA-ST5 and ChC-544)
were sludied in e gesent work. AGE and 5.5, am employed by Calbech. Both
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sialic acid-binding cellslar lectin and & member of the I8 supertara-
iy *7 CO22 is expressed on the sinface of mature B lymighocyies
and their malighant cobnterparts but not on other non-B lineages
including hematapoictic stem colls,'™2' CD22 is rapidly internals
kzed on binding to anti-CD22 mAb.22* These propertics make
CD22 2 suitable molecular targes For antibody-targeted calicheaimi-
vin therapy for B-lymphoid malignancies. Using a humanized
anti-CT22 mab (G544, we have created 3 CT¥22-tarpeted imtm-
hoconjugate of CalichDMH, designated as CMiZ-544. The present
sty deseribes the fenctians! characterization of CMO-544 and
provides evidence of its strong preclinical antitumor activiey
against human B-cell lyraphoma (BCLY celi lipes, both in vitro and
in vive. This stody supports the cvaluation of CMO-544 a8 an
effcctive therapeutic option fur patients with BCLs, especially
noa-Hodglin lymphoma,

Materials and methods
Antibodjes

Humanized anti-CO2 ((33/44, [p04 isatype) wis detived from the muarins
anti-CC022 mAb w544 by gratting the complementuritysdetermining
regions (CORE) pius kel framevork residues on 1o humnan sceeprar
framewnrks™ ot Colltech (Slough, United Kingdom: 5113 a1 al, VEL LY
in greparation, Januery 2004). Anlibedy (7544 was expressed in Chinese
hamater avary cells and puriticd st Wyeth Biophannu (Andgver, Mad,
G504 was covidently linked i CalichTHIAH +ia an acid-lahile AcBus linker
as deswribed? and the msuling conjugels was destgnated as CMC-S54.
Figuee 1 shows & structural representation of CROC-544, which has an
awverage ioading 0063 w0 80 pg CaliehDMHirag sntibody pratesn (5-7 tioles
CalichDrdHMmel aptbody) and less than |4 of flie sntibody protgin in
CME-344 is wnecnjugared, This conjugate preparation conlais less thun |
pe uneomjugated CaliehTAH Mg cavjugated antibody, CMA-6T4 [pottu-
zumal oxogamiving s a conjugate of humanized 1gG4 antibgman C133
mab, hFaT.h, cavolenily linked to CalichDMH via the AcEut linker ¢

&ll conjugates were derermingd w be endoloxin Free (< 5.0 endotoxn
unitsml [EL/mL} by & Todified linules amebocyte assay (RioWitnaker,
Walkersyille, MDY, Rituximub (Ritzan: Genendech, Souh San Francizeq,
Ca)? a chimerie 1gG1 anti-CO20 mAk, wos obtgined From hed World
Pharmacy (Chestmn Fidge, MY Purified Swman 1204 wnd 1gG 1 were
ubsained from Sigma Chesnucal {51 Louis, MOL. A fusion prosein consisting
of the exwacellular domain of mman CD22 genetically fused 10 the
hinge-CH2-CH Fo region of murne 1gG] (CORIMF) wis expressed in
M cells and purified at Cellech R&AD. Fluaescern-conjunied affini-
putificd palyclenal goae sntibuman [gG (heovy and Light chuin specifie)
antibouly was obtained from Zymed (Souh San Francsca, CAY,

Cell lInas

Burkitt lymphoma cell lines Bames (CRL-1023), Raji [CCL-86), Daudi
{CCL-Z13h o na-Hodphin (ymplama ceil Fine RL {ORL-2T60j, a0 &

Hueregn|zed Iw‘. i W Lo |y of
Ant-CH2E meh st qin dyrtyalive
o Tty s ey,
Do T mndaienol

AcBut Inkap

Flgura 1. Etruclurs of CMO-544, s CO22aargeted Immunoggnjugale of
CallchDMH.
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triyeloid lewkemic cell Tine HE-60 (COL-2400 were all obtained from the
Amgrican Type Culture Collzction  ATCC, Menaszas, Ya) The cell lines
were detefmined W be mycoplasmoe free by a polymetase chaim reaction
Tnycaplisitla detection assay [ATCCh The colb lines Ramos, Ruji, Dandi,
ang RL were maimzmed in RFMI 2EA0 suppiemented with (0% fetal
bavine serum (FB3), 10 mM HEPES (AW 2-Diydroxyelbylpiperazine-5' -2+
ethanesulfonie eeid), 1 mbd sodium pyewvete. §.2% plucoss, penicillin ©
sadiinn 100 LimL, apd sireptomicin 2abfate 100 gaiml, HL-60 se)ls wiene
Tropugated and makntained in lseove Dulbeces modified Eagle medivm
(CHAEMD pbus 20% FBS, 0.402% ghtase, penicillin G sodium 100 UsmL.,
chided porsptom veip aolfre 10 paml,

Mize

Female, athyrme DA LR nufmu (nude) mice (15-23 2) wera oblained from
Charles River {Wiltmngton, MAL Al mice were provided with food and
walgr ad lipitum throught the stodies, AR experimentsl provedures
wwplving mice wers cacred out in & luminar flaw hood and weee approved
by the Wyeth Pearl River Animel Care and Use Commities wecoiding o the
ezfablished guideines.

Biozensar analys|s

Bigsensor apalyses were famied wval using a Blacore 2000 (BlAcom,
Uppsala, Swedsn), CD2ZmFc was oovalently immobilized on the M.
hydeoxysuccinimide-aetivated carlborymeth yl dexsrun-coated hiosensor chip
(G435} using a stovdarg amene-cobpling chemisioy at a proein density of
apneoximdlely 2000 resonines unsts, Samples of CMO-5d4 or D544 were
dibuied i the HES bubfer {10 b HEPES, pH 7.4, conteining 150 mhd
MaCil, 3 mhd EDTA [slhylencdiaminstewpasstic acid], and 0.005% polysar-
bate 20 [volvol]) and injected in the concéntration rangs of | to 100 nl
over the D02 imFi-coated hiosensor chip surface at a fow tae of 10
“Limin for 3 minuies to allow binding, After the binding pliase, dwssocia-
tign of the bound amibody was monitored oy washing the chip with the
HUS buffer over a L-minate period. The antipsaic surfuce was mgenerated
by washing the biosensor chip with 15 gL of the regeneration buffer (L0
M NaH and 200 m NaClp for 20 seconds, followed by & stubilization
time of 7 minmes before the neat cycle. Kinelic consants were caleylated
by nonlingar Teast square regression =malysis vsing o bl Lamgmuir binding
el fitking mode| and B1Arvaluation program {version 3.0, BlAgore).

Cytatoxigity assays

Wariowg BOL cells were cultuned in the presence of various concentrations
of wneonjupated CalichDME, unconjupmed annbody (G544, CMC-544,
o CMA-B7G for 96 heurs after which o viability was measuced by
propidium iodide exclusion and analyzed by flow eytomelry wEiN gt Heton
Packinson FACSoM [Becton Dickingan, Franklin Lakes, MU} Bad Busores.
cent intensily {emission ut 17 nm in the FL2 channel) af d cells cxcmed ut
4 & non was mensured, The rogaons for viable cells were 3lso ser using bolh
the forwird light scamer and right-angle light scatter properties of the cells,
The loss F vighility wis determined by the loss of cells Team within the
Eated reginn defuiing viable cells, The averuge mamber of wiable cells per 6
eeplicate Sulferes waz colcilited. The peecemt survival of BUL cells in these
cultures was  caleulated using the following equatton:  percent
shrvival = 100 > {no. of viable cells in freated culturewne. of viable cells
i enteel cultureg), The inhibilory concentration of L%, {1 s weith 339,
confidence fmerval [C1]) was calculaed by logistic nonlinear FeRIESSiOn
thd i3 feppried a8 the amoond of CaliehOMH equivalents from 2ach
freatment group that cawses 50% Loss uf cell vighility.

Subcutahecus Xepografts

Femmale, athymic nude mice were exosed o wtal body fradiation (4 Gy
(400 rad]¥ 1o Ferther suppress hewr residual unwne systeen amd faciliteie
e catablishraemt of BCL xenografts. Thrae diys later, the iradiated mice
wgre injected subculomously with | #1497 Ramos or BL eells in Matrigel
[Cullaboraive Biomedieal Products, Bevford, Ma, dilated 101 m BPM]
1% medinm) in The doesal, 1eft Gank. When the e reached tha mass
eE Y 10 0.4 g, the wumars were stsged 10 ensuee eniformity of the tomg
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mass Dehween various tregtment Broups [ = 79 micegraup) prier te the
administegtion of Lherapy, Conjugated CalichDMH (OMOC-544 or CMA-
&76), unconjugased CalichDBH, or uheonjugated antibody (G344 was
administered intraperiteneally in sterile saline §0.2 mLimonse) oh day 1 and
the sume trearment wis repeated twice 4 days apan. Doses of CAC-544 und
ChA-E76 were based o the quantity of CalichDMH. [n additignal studies,
The effeet of CRIC-544 or 0544 on the development of the BCLs was #lsa
wamntd. M thess swdics, resmicnts Wore administored 7 days after e
BCLs were injested subsvcancansiy. Tumars were messured at least anos 2
week and their mass was defined s Lmor mass () = 05 x [turnoT
widthilumor Sengi, Mean rumor mass (= SEM) for pach treatmaent
gronp was caleulated end compared to the wehicle-trested group for
statiskical significance using a onc-sided £ test, with the crvar serm for the ¢
test ased oo the pooled variwnce across all teeutment groupe, Tumor mass
vilues [or gach esalment group were mecorded up 1o |00 days after the
anitiatiat of treattnent of unt sither tumae-bearing muce died or the wmoms
Wt | 5% of the hody weight at wheeh time these mice were bumanely
%i¥ed accard ing te institunanal cepslations, The nwmber of typor-Ree mice
o the ehd of each swdy For cach freatment growp was alee reeorded. The
rointtum efficecions dose (MED) of CMO-544 wus the lowest dose af
CMC-594 bt cansed o sranstically sizniflcan inhibition of timnor prowh
CF L B atany given lite paint camnpared 10 the vehicle-treated RGP,

Ta determine the maxsmum nomlethal dose (MDY af ChAC-544,
nunimidiated, nontumorbearng mice in = |07 were adminisiered ikeppeti-
oacaily increasing Joses of CAKC-S0 @y T doscs, eviry 4 davs, 2wl
monitured for 50 days. The MM wag the highest dose of CMC.544 af
which I100% ot the frearcd smce survived dhe observation pericd. Fhe
therapeuric index [TL) vouy culewlated a5 the rutio of the MNTVMED. The
minimurn curstive dose (MO wis the luwest Joge of CHC-54d 31 which
hea restdal e mass eantd b detested apd dae mice remaied twmor-tree
for alledsy |00 days afler iniliaien of 1he regtment, The uraive idax was
catculated as che ratio of MMNIY MO By s the dose of OMEO-548 3
duses, 1 every 4 days) a0 which 90% i hivition of average tamar prowth s
observed relutive 10 the vehicle-treated sverage tumer growth (with 95%
Clepind was estimated uging inverse prediction ofler Gltng a Logistic mods|
10 relative mmor growthh dete Fromn 3 iedependent experiments itsimg AL
BCL xenpgrafs,

Fharmacokinetizs of SMC-544 inty frar-hearing and
nontumar-bearing mice

HL BCE-peering nuds Mice [subcuiineous twnors) and nemumor-besring
nude mise (n = S2groupd were given A single inlmperilcneal dose of
CMIC-544 (160 wg confogated CalichDMH/kg) at time 0. Blocd satrples
were ¢0llected weerninally by sardiac punciees ynder COk anesthesia (o
these mite (0 = 4 miceftine point} usiag & pongerist bleeding design ar (1.
0.5, 1, d, B, 24, 68,72, 06, |20, | 68, 240, and 336 hours afler tlirging, Serum
frum these blood samples was collecied and storsd frozen at — 702 C. Sernm
cencentraniong of ChC-549 were quantified using a modification af a1
enzymie=linked immunosorban assay (CLISA) originilly developed for the
pharmacckinetic measurements of CiA-6 7677 & snlulle fopm of the CD22
pratein, COLImFe, wus immokilized on microtiter plates 1o capture the
GH4 antibody portich wihin CMC-546. The Calich DI gttt of e
molegule was then recogmized with & rabbit anticalich=amicin antibody, A
goat antieablil antbody conjugated to horseradish peroxidase was used fo
detect the buound rubbil antibody using 3% 55 Leteamethyl benzidine
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{TRAR) a5 4 substrate for colorimetric readoul, CMC-54d diluted ja nude
meuse serum was used as 3 glandard in Mese determimabons, The
pharmacokinctic parameters for each dose group were estimated using the
pharmacakinelic and sarstical analysis softeure, 1BLS {version 1507 thal
runs under SAS (version 6.12} Calculadons were performed using a
model-independen approach as described Sy Gibaldi and Ferrier.® Brichly,
Cmes a0 by velues wrere tuken directly finm the observed meen data, The
ded windet (e serumr comcomtarion varsus e cueve (AT avar e
gamnpling Period of 336 hours snd its 3E were calculated wsing & method
described by French amd Powers™ that i hased on o cewmangemen of the
linedr trapezoidal role.

Results
Binding of CMC-54d to GD22

The binding of CWC-344 to hunan (D22 was cvaluated by surface
plusmen resonance anaiygis uaing CO22mEe covalontly mmobi-
lized oo o biosensor chip. The results of kinetic analvscs of the
binding of CMC-544 and G5/44 to C022mFe are shown in Figure
2. The data were fitted globally wa 111 Langmmir binding model
with compensation for mass transfer. Both ChC-544 and UFLC L
gared G544 bauned €022 wich a similar affinity (M-S0 T2
Kp =200 pld; GH440022 Kp =235 pM). Conjugation o
CalichDMH did not bave an impact on the ability of G544 1 bind
CD2ImFe effectively. The binding of CMC-544 and G344 to
CDI2 expressed on the surface of humas B.lymphoma cells was
forther confinmed by Raw evtometry, CMC-544 specifically recag.
nizes CD22 on buman B cells but nut on mouring, rat, canine,
poteine, o primate (cynomolgus and thesos) Bocelly {data
not showng,

It vitro sfects of SMC-544 agalnst human B-lymphoma cgils

The effect of CWC-544 on the in vitre growlh af varicus C0E2

B-lymphoma cell lines was determined. CO33-wrgsted CMA-6TS
was uted 28 an isotype-matched nonbinding control coTjtigate to
explore antigen-nonspecific effocts of the conjugates. CalichDMH
wes alse inclided for comparison in theve sladies, The yse of
uncenjngated CalichDMH indicaled sensitivity of each eell line w
this drug. Table | shows results of the cytoluxic effect $1C5, based
on the CalichDMH equivalents defined a3 the concenteation af
conjugated CalichDMH thar causes 50% reduction in tha cell
numbgr compared o anireated conirels) of CMO-544 and
CMA-G76. CMC-543 was mare potent {1.5- 1w 39-fold} againat
CD22* B-lymphema cclls (Ramos. Raji, and RLY than uneanju-
gated CalichDMH. The oytptaxic eftect of the isalype-matehed
wamiesl eanjugate (CMA-6T6) agains CO22% B-lymphama cells
was less then that of uncomjngated CalichDMH. Lineonjpgated
G5/44 maAb up o | pdd (enlibody prowind had no sffect on the in
vitto growth of any of the B-lymphoma eell lines studied, Against
the CEZ27C033% teukemic cell line HL-6¢ the relative potencies

RS Ant
_ GEM4A nM 20m ] CMC-544 nW
T e n 2 an 4
el L] =1
hl. ] = R 180 :
Flgure 2. Sensograms fram blossnsar analysis of the 104 - " g m .
Interaction batwaen G5 or SME-544 and irnmahl- P - H - a
llzed CDRE2mFe, G544 llok) oo CMG-544 [ighty at 5 . : . 5
indicatad proteis Concenifations was injtSted over ’
COEFe immoblllzed onto e bipsensor ehip surface. w T T T T ' ! it T " T r iy " '
I W0 WG 0 10 TH0 e 0 E00 S EDD BOG 1000 LRoR 1M00

SGures whre itlad ko a 11 Langmy r hinding meydal with
Ellea hr2E for rhass banstar BHacls.

Tima {sacands)

Titne (saconds)
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Table 1, Cytotoxle activity of calicheamicin Immunocenjugates
againet humar Sdymohena sall \nes in vitre

I€4q = pM {Calich DMH equivaknls)

Conjugated GallchOMH Ubéan ugatad

Human tumar LD22-targatad CO3targutad uritargetad

calt CHC-544 ChWA-ETE CallchDMH
ch22t Rl . g B27 234
GO Caudi n 1886 0
<022 Rall 300 2804 . 480
GO Ramos 20 111G 0
Ch33* HL-E0 2500 = 200 TED

Human B-ymphomad callg werd cyibsred 1ar 85 houta in the cresance af various
concantralicns of CMS-5dd, CMARTE, ar unconpgated CalichDH atier which he
viakle eall aumbar in each culture was snumerraled by e edeleslon of propldium
iodide and delecled by flow elomsiry, Uncemugatad ant-C02 2 mab Ghad up to 1
wM had ne affect on tha grawth of these B-cell ings Resulis gre 15 valyas
anlraesed in ohd Calich QM &quivalers.,

of CD22-targeted CMC-544 and CDA3-targeted CMAGTE wore
reversed, UMA-6TE was at least 12-fold more potent than CWMC-
544 apainst HL-9 cells. The antigen-nonspecific effects of CMC-
244 and CMA-6T6 can be cxplained by the bydrolytie release of
CalichDMH from its conjugaked state by the acidificativn of the
vultare mediom of actively cycling cells. These rosnits demonsirate
that CWAC-544 axerts CD22.specific cytotoxic effect with subnane-
mular potency against CDZ2+ B-lymphoma cetls. Furthermare, the
observed greater eytotonie patency of CMC-544 over unconju-
gated CalichDMH is indicative of the efficlency of CD22-mediated
mtracellular delivery of CalichDMH over iis untargeted transport
through the cell membrane.

Antitumor efficacy of CMC-544 agalnst establlshad
EB-lymphoma xencgrafts

CMC-344 was evaluated for its antitum activity against estab-
lished BC xenografts of CD322' Bamos or RL buman BCLs. The
lumar-bearing mice were staged to an average toihar mass of 300
mg [established, small subemansous tomorsh CMC-544 was
administered ot 10 W 320 pg conjugaed CalichDMITkg body
weight (0.15-5 mgskg of canjugated antibody peotein intraperitos
ncally oo days |, 5, and 9 (3 doges, 1 every 4 days), CMA-GT6 was
sitnilarty adminislered 85 2 negative cantrod conjugate. This dosing
sehedule hag been shown to be effective for immuncconjugates of
CalichDMH in & mumber of preclinical mmer modals ™53 CMO-
i44 iphibited the subcutanecus growth of Ramos BCL in a
dose-dependent manner (Figure 3. The lowest duse of CHC-544
cavsing signifteant {P <7 .08) growth inhibition (MEDY of Ramos
BCL xenografis was 10 wg conjugated CalichDMHikg, CMC-544,
administered intraperitonsally as 3 doses, 1 every 4 days at 160 pg
conjugated CalichDMH/kg, caused complete regression of Ramos
BCL xenografiz and 6 of 7 mice in this treatment group remained
tmeop-free up to 10 days and were considered cured, In & scparats
experment {data not shown), CMC-544 at the dose of 120 pg
conjugated CalichUMHkg (MCD} alse cured Ramos xenoprafiod
rice, In contrast, CMA-676 (isotype-matched nunbinding contral
comjugateh, ab A0 pa'ke (administered intraperitonzally a5 3 dases,
Uevery 4 davst bad me sfgtifean: sifect o the growth of Bamtos
BCL xenografis,

The abilivy of CMC-544 ta inbibit the eswablishraent of develap-
ing Ramos BCL xenogralis was cxamioed. Ramos cells were
imjected subcutancons|y and 3 duays later Intruperitoneal treatment
13 doses, | every 4 davs) with CMC-544 was initiated, CMEC-534
completely suppressed the sstablishment of the developing Ramos
BCL (Figure 4A). The effect of CMO-544 was alsn studied with

268

BLoOD, 1 MARGH 2004 - VOLUME 103, NUMBER 5

farge (almost 10% of the body weight) Bamos BCL xenografts.
Ramos xenografts wens staped w0 2 g tooar mass atter witicl
treatment witlt CHC-344 was initiated. CMA-676 was again used
as & nogative contrel conjugate. In the CMA-ET6 treatment group,
the tumors grew eapidly and within less thap 2 weeks after
inftiation of therapy, these mice had to he homanely killed. In
contrast, similar treatment with CMC-344 caused almost complote
regression af lymphoma xenografts (Figure 4B8). Monitoring these
bamor-fragd mice for wp to 50 days did not demonstrace any
regrowth of the Ramos BCL. Thus, CMC-5344 nea only inhibited
the zswablishment of BCL xenagrafts but also tapsed precipitoos
regression of large BCL xenografis.

A sitilar evaluation of the antiturmor effect off CMC-544 was
carricd out using the RL BCL senograft madel, CMC-344, in a
disg-dependent manuer, caused RL wenegrafts to regress wirin 3
wetks, In contrast, neither unconjugated CalichDMH nor a mixmre
of wpgemingated CalichDMH and upconjupated {35044 had any
effect an the growth of RL BCL xenogratts. The MED of CMO-544
in the RL lymphoma model was 20 o conjugated CalichDMH g
(Figure 5). Regression analysis of the dose respanse of CMC-544
from this and additicnat studics not shown in Figuee 5 indicated the
EDg to be §3 g confugated CalichDNdH by {$5% CT, 19.6-137 6.
The MCTr of CMC-344 in the RL BCL model was 180 gk
CMC-344 administered a5 3 doses, | every 4 days via cither the
Intraperitoneal o nirvenpug route, ad afmeost igentical anctumor
activigy repardless of the dose of the conjugate rdata not shown).
Taken together, these results obtained with 2 distinet BCOL xeno-
graft raodels clearly demonstrate the ability of CMC-344 to cavse
regrassion of developing as well as estaltished BOL tumors.

A‘{

= Vahich
—alr— GR44 1.5 mgig
==l OG-S 10 pglig
gt ~-EFCCMCS44 40 pgikg
4 A CMC-S544 180 ppeig

Tistieor mass (gl

= nep. e tumgr bgn mica { gl no. of mice

= Ynhicls
w~Ees CHAETE 160 pgleg

Tumor mazy (g}

ﬂ ' Fl & L " 'l M L L L i ]

r W 2 I an s 5

Tumeor growth patad {Dys)

Figyre 3. Effact of CMC.5dd or TMA-GTS on amsell Ramon BOL xenografta.
18] ERect of CMC-544 on the growih of smail but established Ramos BCL xanografts
18 shown Yha effect of ar sobype-maiched coatrol Conjupate, CMABTE, wis A0
evalyates in tha same tumar modal {B), G544 dose 1§ shawn in anlibedy padain
equvalents ard CME-5dd dase is shoven in GalichDMH equialerts. The dose of
T.5 mglkg GH44 iE eouivalent bo the dose of antibady Aralen in 160 pokg o
CMC.844. Rasults ara preseniad 38 rrd e mass = SEM.
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Flgura 4, Effect of CMC-64 on davalaplag or lafge Ramos BCL xanagrafis,
Effect of ChC- 544 on develting {A) or 1arge exlablishad REmes BOL xencgratts [B),
CMA-ETE wag usad &= 3 nonblnding vognirol conjugate. Doses Bre ghown in
GalichDMH equivalants. Fasults are srosented e mesn lumae: maes + SEM .

The offect of unconjugated anti-CIE mAb GiMd4 on the
grrwth of developing or estahlished RL BCL was also mvestigated.
Administration of G544 at a dase as high as 20 mekg intmperite-
neally dig net inftuence the growth of developing (Figure 6A) or
cetablished (Figure 68) RL BCL xenografis. The dase of 2{ mg/kg
of (3544 was selected based on the ability of anti-CD20 Hiuximab

bt 111
= CME-As  d0ppMD
~=Carad L0 ppkg
L —iusna X uphg
- - Gullohna W ppy
=W Okl H T pptp v DR R ey

Tumor maes (g}

o 19 20 30 40 50 &)
Turror growih period (Dnye)
Tragtment; [P C40x3

Flgure 5 Etfect of CMC.544, unconjugaled CallehOMH, or an stwisture
uneanjugated ant-C022Z mAb G5/ds and GallchDMH an the growth af small but
estaklished AL BCL xenograty, ChC-944 dase 5 shown -+ Gal.ohDhH aguiva-
lerits. Lncoasgated G dose ia In arlibody srolain equivalants. ~Mymber of
rreor-fres medrumbar of Watal mice,
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Figure 8. Effact of uncon|ugated ani-CD22 mADb GEM4 and CME.544 on RL BEL
xenogratte. ERect of unconjugaled anfi-C022 més SSedd gn developing (A) or small
karl gstaclahed (B) RL BCL kenagratta. In addilign, CRC-544 was also adminidared
85 3 doses, 1 avery d days ireatmanta stering day 23 to estabdishad RL BOL
wenopralt-bearing mice thal nad begn orefreated wilh pnoomugatlad G5dd oar s
poriod of 21 days (B}, ShS-544 was afso adrinistered on d8y 1. then sgain on ays
S and 9, as a posibve ¢onifol, G544 coza 18 shown in antibody @rotein equivareats
and GMG.344 dose |5 ghowd &1 SalichDMH aquivabenls, Emor beis skow slandard
devisaban (S0,

to inhikit the cstablishment of RL BCL ar this dose [(data not
showid. In contrast, CWOC-344, administered mtraperiianeakly ar a
suboptimal dose of B¢ ug conjugated CalichDMITky as 3 doses, |
every 4 days, suppressed the growth af small RL xenografts. Large
RL HCL xcnografts, which had grown despite the high-doge
treatment with uneenjogated G544, were funther treated with CMC-
344 and regressed in responss to the ChC-544 treatment (Fipure B9,
Thus in the absencs of CalichiMEL the unconpugated anti-CD22 mAb
(35/34 had ng impact @ the growth of BCL wenografts and these
(G54 treated BCL s were still susceprible to CWC 544

Pharmacokinetics of CME-544 In nude mice

To determine he seram levels of CMO-544 rhal were assaciated
with the antitumor effects, tumoe-Bearing (subcutancous RI, B
bymphoma) or nontumet-bearing nude mice receivad a single
intrapetitoneal dose of CMC-%544 ar 160 pg conjugated
CalichD®H kg und senom samples from these mice were pyzaved
for the presence of CMC-344 using an enzyme-linked immmuncas-
say. The immunoassay was specifically designed and validated tg
detet antibody conjogmes of CalichDH. 2 Az shown in Figurs 7,
the mean (= SE} Cyye values for nontumor-bearing and RL
HCL-bearing node mice, respectively, were 2.6 = G land 2.4 = 4.2
pgmL (CalichDiH equivalants of Ch{C-544), the t), were 342
and 35 hours, and the cottespondine mean AL Co., values were 145
and #3 pah/ml in nonmmar-bearing and RL BCL-beating mice,
respectively. The differshce between the AUC, . values for noon-
toar-bearing mice and RL BCL-bearing mice was statistically
significant (& = .045). The sinple dese of ChIC-544 administeced in
thiz stwly prevented the growth of the existing RL BCL mass for 9
days afier which tomor mensurcments were not taken, The lower
systemic exposure (ALCy.-) of CMC-544 in tomor-bearing mice



1812 DIJZSEPH at sl

__ 10000 CMC-544 (160 uotkg) 2dm Inlatered IF

-

.5‘ —&— Turnor-bearing nude mice

£ - === hjen-tumar-bearing nide mica

2 1000fF N

LT r
1

E [y

E 100¥

2

5

g (13

2

o 1 M | I T Lt P T |
L] 50 mHd 950 200 2S00 300 350

Tirna (hy

Figure T. Pharmacekinelice of CMG.544 in nuds mice, GMG-544 was adrinis-
tarad intraparitonsally 81 160 woikg to lrnor-besring (RL BCL) and nanlumar-besring
nucta micd. Sarum was collaciad frerm |-e5a Mice BE Aiaren tma Manais (n = 3
micetime pointy and aziessed for ha pedsdnce af CME-544 a5 descriced in
"Materials and mehads,” CHC-544 1= axpressed B2 CalehOMM souivalanta.

than that in nonumor-bearing imice is consistent wilh the uptake of
CWC-544 by the nomoer,

Determination of MNE of CMG-544 In BALB/¢ nuda mice

To determine the MND of CMC-544, nontmorbearing nude mice
(11 animalsfgroup) were administered CMC-544 (806490 pg
conjugaed EalichTMHAg intraperitoneally as 3 doses, 1 every 4
claysh and their survival was menitored daily for up to 50 days. All
migs receiving CMO-544 at doses of 2440 g or less of conjugated
CaltehDMH/Xke survived the entire period of evalyation {Table 2).
Hewever, at the next higher dose of 124 ngfkg of CMC- 544, anly 4
of L0 eice were alive by day 30, Thus, the dose af 240 ke of
CHWIC-344 weug regarded as the MND of CMO-544. Ttis mbercsting,
to nete thal the dese of 320 pp'kg, which was the LDy in
napiumor-bearing mice, was curalive and nonlethal in RL B-
lymphoma—bearing mice, This observation is consistent with the
reduced systemic exposire of mmaor-BEARNE Tiee versys nontmmar-
bearing mice a3 noted, CMC-344 Jemonstrates strong antieumer
activity against BCL acnografts with therapentic indices (MNDY
MED} of 24 and 12 in Ramos and RL xenograft models,
respectively, and curative indices (MNDWVMCDY of T and 1.5 in
Famos and RL medels, respectively.

Calisetively, these results suggest that CMOC-344 nol only
prevents the astablisunent of subcotangaus BCL xenografts but
#lso cavses regression of established BCL xenografis st doses
lower than its MINTD dase,

Discussion

Antibady-targeted chemotherapy is an emerging therapeutic strat-
egy that preferentially delivers the eytotaxic agent to tumer cells
and minimizes the exposure of norteal tissues cesuhing in an
impraved therapentic index, ' CMC-544 represents a new therapen-
tic apporioity for CD22-targeted delivery of calicheamicin 1o
varions B-cell malignancies. CD22 was chosen as a target for
conjugate delivery for several veasoms, CD22 s preferentially
expressed on both normal and malignant cells of the toatre
B-hymphocyie lineage 22! Tt is nat expressed en non-B-Tymphoid
cells, myeloid cells, hematopoietic stem ceils, hematopaietic
precarsers of B Iymphecytes, or any other nonhematopeictic
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lingage. CT22-targeted chemotherapy s not expected ty affect
specifically any tssue nor expressing CD22 and it should not
inhibil the generation of new B cells from thele hematopoictic
progenttors. Maoregver, CD22 is one of the better internalizing
mulecules cxpressed on the surface of matre and malignant B
cells?H and is not routinely shed into the extracellular enviren-
ment. The preclinica]l antitomor activiy of a number af CT22-
targeted immmunotoxing prepared with varigus xenotoxing has been
revicwed.!*'" OF iterest in this context is 3 recent clinical study by
Kreitman et al in which a recombinant inumunotaxin (BLZ2
wrgered 1o CD2R) was shirvn 1o caust complete remission m 68%
of patients with chemarctractary hatry cell leukermin?? thus Baechar
validating the choice of CD22 15 a targeling antigen.

ChIC-544 bound CDE2 with subnanomolar affinine and exhib-
ited w putent, dose-dependent cyeotoxicity against CD22 B-
lymphoma cells. The CD22-mediated intracedlular delivery of
CalichDMH was more effective in sacrting eytotoxic actiity than
the unargetesd uprake of CalichDMH, This enhaned potency cun
b atteibuted ro the efficient inkernalizstion and subsequent intracel-
lutar delivery of the CD22-bound CMC-544. In contrase, unconju-
gated G544 antibady had no effect on the growth of varions BCLs,
both in vitro and in vive. OMC-544 caused 8 dose-dependent
regression of BEE xenografis grown as subcutaneous solid nimors
inathyenic nude mice. It prevented the developrent of BCL growth
and was alse cffective in cousing regression of proexisting small
and fatge eslgblished BCLs. The growth of established BOLs was
inhibited by CMC-344 at a dose [ehs than one tenlh the MND (240
petki) and cured mmor-bearing mice of the tumer at half the
WMD), The anrifumat effect of CMO-544 requires al bath the
targeting antibody and CalichDMH are chemically finked w cach
other. Meither unconjugatad G544, unconjugated CalichBMH, nor
their admixture had any effect on the BCL growth in viva, Not
surpeisiogly, in the absence of the targeting maicty, unconjugated
CalichDMTT lacked antitamaor activity at the dose evaluated, firther
ithustraring the advantage of timer-targeted therapy, Consequently,
we conghude that the effectivencss of CMO-544 observed in viva in
this study was a divect result of the specitic and targeted delivery of
CalichDMH to tumar cells,

Uneonjugated G544, an 1g04 isotype anti-CD22 antibody, did
not inhibit the establishment of BOL xenoprafs nor their subge-
quent growth. This lack of effect of G5/d4 invivo is consistert with
its 1mability to inhibit the growah of BCL in vitro, Homan TgGd
antibodies fix complement poarly, are poor binders to Fo receptars,
argl, thus, canmat support comoplement-dependent cykoraxicily
{CDC) and antibody-dependent cellular eytataxicity (ADCC). The
lack of antitumor effect of G5/44 in the BCL xenograft models was
Bal due (o the inability of mrine FeR o mediate ARCC ar imurine

Table 2. Max|mum tolergted nonlathal doge of CMG-544 in nuda mica

Deie of GMCE4, SBurvival of

pg senjugated Callsh DMHikg nede milss, %
n 16}
1] L]
L4 100
240 el
320 40
400 o
ABD i}

CWC-544 wias administered intraperitoagally as 3 doses, 1 every 4 daye &1
various doses ke nonlumarboaring aude mics (10 micegroupt aker whoh thaic
survival was monitceed far oo 0 60 davs, Maxirem nonlethal dase (MM o
THIC-B4%4 waB Tha tighes dose atwhich all mico iragted with CMO-544 survived after
S0 days
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complement to mediate CDC with human{ized) 155G antibodies nor
was the lack of activity by G344 due to the resistance of the
B-lymphoma cells toward ADCC or CDE because ruximab, an
anti-CD20 chimeric mAb, st & dose of 20 mgkg inhibited the
catablishment of RL BCL xcnografis in nude mice (data not
shownh Rimzimab is a chimeric mAb with heman IzGl constant
regicn that can mediate both ADCC apd CDC and the antumer
activity of rtuximab is consistens with thess capabilitigg, 3334
Another CD22-targeted humanizad TgG | antibody, epratuzumab,
has alse been shown to mediste both ADCC and CRCY The
chinical activity of both dwximab and eprarzumab i= consistent
with their abilicy 1o mediate both these activities.™2* Because the
targeting entibody in ChC-344 lacks these effector capabilities,
CMC-544 should not be regarded as an immunothecapeutic agent
but rather a CT122-tarpeted chemnothe rupeutic agent.

When serum CMC-544 levels were analyzed, the €., of
CMC-544 was approsimately 2.5 pg CalichDMBimL serum (.67
pbd) in both wmoer- and nontmor-dearing mice. The 1C., values
calculated in vitro for CMC-344%s cytotoxic activity against a
series of B-lymphoma cells moged from 0.0(8 w09 ng CalichDMH
equivalentsmL (8-600 phd). Therefore, the maximum serum |ove]
of CMC-344 (afier a single inraperitoneal dose) was sahstantialty
higher than that needed to produce cytaloxic effocts in vitrg, Given
the systemic t)2 of 35 hours for CMC-544, the deosing regimen of 3
dozez, 1 every 4 days ensures that o constant and chcacions
systemnic exposure of CMO-544 is maintatmed over & 2-week peciod
reznlting in tumeot regression. The AUC,.. values of CMC-544 in
tumorbearing mice were 374 lower (P < 05} than in nontmor
bearing mice suggesting that the cunfugatc can be targeted to and
absorbed by the turnor, therely decregsing sermn levels of CHWIC-
544 in tumet-bearing mice. The ¢,; of CMC.344 in mor-besring
and noohmtor-bearing nudc mice was similar,

A number of B cell—targeted immunotoxing have beeo evalu-
ated as ¢ therapy for BCL, both preclinically and clinically's-1ni204
and, althowgh objective clinical responses were observed, dose-
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limiting toxicities of these agents such as vascular leak syndrome
have prechided their broader ¢linical vse.'™'™ An additional lmit-
ing featurs of the immunotoxing is their imeunogenicity in man,
Patients {reated with these agents developed antibodics that nega-
tively affected the pharmacokinetics of thess agents and may have
hewtralized their antitumor activity. ™" Clinical experience with
geratlzumab vzegamicin has demonstrated thac i fs colatively
npmimmunegenic in hamans. Mo antibady respense was detected to
eithet the targeting anlibody nov the CalichDMH-linker component
of gemtuzumab ozogamicin in phase 2 clinical trials invelving
mpre than 300 patients.® Based on the clinical caperience with
gemuzumab ozogamicin, CWMC-544 is likely fo be poothy immung-
2enic in man.

In surnmary, CMC-544, as a potent antibody-tacgeted chemao-
therapeuric agent, shaws promising activity in preglinical madels
of BCL and may provide 4 strong antitumor thempsutic advantage
L biang, CMC-544 shovld be regarded as a targeted chemothera-
peutic agent snd not an imimunatherapeutic agent, and its safety
profile should be compared wieh that of chemutherapoutic agents
currently used in the treatment of B-cell malignancies. Although
soune Wity may be observed with CRC-544 due to the potency
of CalichDMH, its targeted delivery iz expected to result in less
severe towicity than the noalargeted systemic delivery of currently
used cytotoric combination chemotherapy. How extensively this
wgent can be nsed in a clinical setting will be guided largely by its
clinical safery and efficacy profile, CRIC-544 i3 currently being
eviluated as a targeted chemotherapewtic for patients with pog-
Hodgkin B-cell [yraphoma in @ multicenter phase | clinical teial,
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Abstract Antibody-targeted chemotherapy with immu-
nocorjugates of calicheamicin is a clinically validated
strategy in cancer therapy. This study describes the
selection of & murine anti-CD22 mAb, mS5/44, as a tar-
geting agent, its conjugation o a4 derivative of caliche-
avicin (CalichDM) viz either acid-labile or acid-stable
{inkers, the antitumor aciivity of CalichDM conjugated
tr m5/44, and its subsequent humanization by CDR
prafting. Murine 1gGl mAb m5/44 was selected bused
on its subnanomolar affinity for CD22 and ability to be
internalized inte B cells. CalichDM conjugated to m5/44
caused potent growth ighibition of CD22% human
B-cell lymphomas (BCLs) in vitro. The conjugate of m5/
44 with an acid-lubile linker was more potent than an
acid-glable conjugate, 2 nonbinding conjugate with a
similar acid-labite linker, or unconjugated CalichDMH
in inhibiting BCL growth. CalichDM conjuguated to m3;
44 caused regression of established BCL xenografts in
nude mice. In cantrast, both unconjugated m5/44 and a
nonbinding conjugate were ineflective ngainst thase xe-
nagrafts. Based on the potent antituror activity ol mif
43-CalichDM conjugates, m5/44 wes humamized by
CDR gralting to create g$/44, an 1gG4 ant-CD22
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untibody. Bath m3/44 and g5/44 bound CD?22 with
subnanomelar affmity. Competitive blocking with pre-
viously characterized murine anti-CD22 mAbs sug-
gesied that £5/44 recognizes epitope A logated within the
first N-termijnal Ig-hike damain of human CD22. Anti-
tumor efficacy of CalichDM conjugated to g5/44 against
BCL xenografts was more potent than ies murine
coumerpart. Based on these results, a calicheamicin
conjugate of p3/d4, CMC-544, was selected for further
development as & targeted chemotherapentic agent for
the treatment of B-cell malignancies.

Keywords B-lymphoid malignancies - CD22 - Cell
surface molscules - Cytotoxic immuneconjugates -
Humanized antibody - Targeted chemotherapy

Abbreviations

AcBut 4(4"- Acetylphenoxy) butanosic acid

AcPAC (3-Acetviphanyl) acetic acid

ATC Antibody-targeted chemeotherapy

BCL B-cell lymphona

CalichDM M-Acetyl-y-calicheamicin dimethyl
disulfide derivative(s}

CalichDMA  CalichDM acid

CalichDMH  CalichDM hydrazide

CDR Complementarity determining region

NHL Non-Hodgkin's lymphosma

PEMC Peripheral blood mononuclear cel

TAA Tumor-associated antigen

Introduction

Muonoclonal antibodies (mAbs) targeted to tumor-asso-
ciated antigens (TAAs) have been widsly used in various
experimental therapeutie approaches that incluge the
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specific delivery of radisactive isotopes in the (orm of
radgioimnmyunotherapeatics, or of cytotoxic agents in the
form of antibody-drug conjugates [1]. Antibodies or
their fragments have been either chémically linked or
genetically fused (o xepotoxins to produce immunotox-
ins. In addition, art-TAA mAb(s}, chemically conju-
pated or genetically fosed to enzymes, have been used to
evaluate antibody-directed enzyme prodrug therapy [21.
Antibody-targsted chemotherapy (ATC) is now an ac-
cepted therapsutic sirategy in which 2 cyrotodic agent is
conjugated to an anti-TAA mAlb that specifically binds
1o the TAA an the surface of tumo? cells and is inter-
nalized, resulting in it intracellular delivery [3]. This
sirategy facilitates preferential delivery of the cylotoxic
agenl into the tumor cells apd reduces nonspecific tox-
ieity in normal tissues.

The ATC strategy was validated with the upproval of
gemtuzumab orogamicin (Mylotarg or CMAGT6} by
the US FDA in May 2000 [4]. Gemtuzumab ozogamicin
is a CD33-turgeted Immunocconjugate in which a
humanized anti-CD33 mAb, hP&7.6, is conjugated via
an acid-labile AcBut hybrid linker to M-acetyl y-cali-
cheamicin dimethyl hydrazide {CalichDMH), a deriva-
tive of & potent cytotoXic agent, y-calcheamicin [3-#].
Calicheamisin-y binds DNA in the riinor grogve and
undergoes thiol-dependent structural changes in s
enediyne moiety to gentrate a di-radical that abstracts
hydrogens from the phosphodiester backbone of DNA
causing double-strand DNA breaks leading to cell death
[10-12]. Gemtuzumab czopamicin 18 approved for the
treatment of acute myeloid leukemia (AML) in slderly
{260 years of ape) patients in first relapse who are not
candidates for other therapies [13].

The ATC strategy couid be similarly applied (o
B-lymphold malignancies using an immuneconijvgate of
N-zeety] prcalicheamem dimeth ¥l d tsulfides (CalichDM)
targeted 1o B-cell linesge-speafic differentiation anti-
gens. CD22 [s g 136-kDa type | wransmembrane glyco-
protein that is selectively displayed on the surface of
most mature B lymphocytes and their malignant coun-
terparts [14]. Tt is not expressed on the surface of non-8
fineages including hemalppoietic stem cells and pre-B
cells [15]. Simiter to CD33, CD22 is a sialic acid-binding
lectin (Siglec-2) and a member of the Tg superfamily [16,
17]. Ms Me-tertninal Ig¥-like domain recognizes a-2,6-
linked terminal sialic acid residues on glycoproteins on
the surface of cells that interact with B cells and regu-
lates activation of B cells [15-17]. Antibodies bound 1o
CD27 are rapidly internalized [18, i9] making CD3?
ideally suited for targeted delivery of cytotoxic agents
[20-22] Using a murine anti-CD22 mAb, m5/44, as a
CD22-targeting agent, the present stogy demonsirates
poleni antilumaor activity of m5/44 conjugated to Cal-
ichDM. I¢ further deseribes humanization of m5/44 by
CDR. grafting to generate £5/44, a humanized TgG4 anti-
CD22 mAb used to create a CD22-targeted conjugate of
CalichDMH. This conjugate of CalichDMH, Iike its
murine countevparl, causes repression of established
BCL xenoprafts in nude mice.
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Materials and methods
Cell lines

B-ceil lymphoma (BCL) lines Daudi {CCL-213), Raiji
(CCL-86), Ramos (CRL-1923), and RL (CRL-2261),
and myeloid leukemia cell line HL-60 (CCL-240) were
all obtained from the American Type Culture Collection
{ATCC, Manassas, Va,, USA) The cell lines were
determined o be mycoplasme [Tes as determined by a
polymerase chain rgaction mycoplasma detection assay
{ATCC). The cell lines were maintained in REMI 1640
medivm supplemented with 10% fetal bovine sernm
(FBS), 10 mM HEFES, | mM sodium pyruvare, .24
glucose, penicillin G sodivm 100 Ufmi, and streptomy-
cin sulfate 100 pgiml.

Miice

Female, BALB{¢ nu/nu (nude) mice (18- 23 g) were ob-
tained from Charles River Laboratones, Wilmington,
Mass., US4 and BALR/c mice from Harlan Laborate-
res, LK, Al mice were provided with Foed and watcr ad
libitum throughout the studies. All experimental proce-
dures involving mice were approved by the Celltech
Ethical Review Committes and Wysth Animal Care and
Use Committet aceording 1o established guidelines.

Monoclonul untibedies and CI22 antigen

A mumber of purified muorine anti-CD22 mAbs were
obtained from their respective vendors: HIDZ39,
MYG13, RFEB-4, SF10. [ {Santa Cruz Biotech,. Santa
Cruz, Calil, USA) S-HCLlfant-Lew 14 {Becton
Dickinson, Franklin Lakes, N.J., TISA), 4KB128 and
Tels (Drako Corp, Carpintera, Calif.,, USA}Y In addi-
tton, a panet of munine mabs to human CD22 was
developed wsing conventional hybridome technelogy
[23] and screened for isotype, cell hinding, internaliza-
tion en Daudi cells and on peripheral blood B cells, and
binding afinity to human CD22-mBe antipen. A human
CD22-mFc construgt encoding the entire extracellular
domain of human CD22 genetically fused to the Fe
portion of murine IgG] was prepared and expressed in
NSO eclis. The humanized 1pG4 anti-CD33 mAb,
hP67.6, and its conjupate of CulichDMH, gemiuzumab
czogamicin (Mylotarg or CMA-676), have besn de-
stribed previouwsly 15, 9]

Cloning of m5/44 V-region genes

Total RNA was prepared from m5/44 hybridoma celis
using the RNeasy kit {Qiagen, Valencia, Calif, USA)
RNA was reverse transcribed to ¢DNA using the
Clantech {Palo Alta, Celif., USA) cDNA Advantage
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veverse transeriptase for polymerase chain  reaction
(PCR) kiL. This cDMNA was then ysed as the tempiate for
PCR using a set of “forward” degenerate primers de-
signed to annenl to DNA encoding the conserved signal
sequence, and & reverse primer annealing to DNA
encading the framework 4/constant region junction.
PLCR was performed using AmpliTag enzyme and buffer
(Applied Biosystems, Foster City, Calif., USA). The
resultant PCR products were cloned into sequencing
vectors {(InVitrogen TOPG-TA cioniap kil; InVitrogen,
Carlsbad, Calif., USA}, and the DNA ssquence was
determined. N-Terminal protein sequencing of the
purified antibody {from hybridoma) was used 1aconfirm
that the trunslated sequences corresponded to the ob-
served protein sequence {data not shown).

Plasmid construction and expression of chimeric
comslructs

The murine V-ragion sequences were eloned into the
expresyion vectors pMRI0.1 and pMR 14 [24]. Thase ars
veetors designed for the expression of light and heavy
chain, respectively, containing DNA encoding constant
regions of human x light ¢hain and human -4 heavy
chuin, The VL [DNA was subtloned into the Hght chain
expression veéctor, creating plasmid pMRID (544 cL)
The VH DNA was subcloned into the heuvy chain
eXpression vector, creuting plasmid pMRI4 (544 ¢H).
Transient cotransfeclion of both expression vectors into
CHO-L761 cells penerated chimeric ¢5/44 antibody.
Transfections were carried out using Lipofectamine re-
ageir acoording to muanuiscturer’s instructions (Vi
tregen, Carlsbad, Califl, USAY Mutations to CDR-H?2
wire earried out by a PCR approach, using oligonucle-
otides with specific mismatched bases ta introduce de-
sired coden changes.

Maodulation of anti-CD22 mAb bound to B cells

Peripheral blood menonuclear cells {PBMCs; isolated
from human blood) or BCL and anti-CD22 mAb were
mixed (0.5 pg of mAbI5x10° cells/ml) and incubated om
ice for 60 rmin after which cells were wushed. The anti-
bady-treated cell suspensions were then transferred to a
37%C water bath for timed intervals between 0 and 24 h.
At the defined times, tubes with cells were nnmediately
returned to iced (4°C) water. Tubey were centrifuged and
the supernsiani removed to quantify the presence of
muring Igl by ELISA in order to confirm that the
antibody bound to the cel]l surface was not shed in e
surrounding  medium.  R-Phycoerythrin-conjugated
donkey antimowse 1gG {H+ L chains) antibody (Jack-
son Immunoresearch Laboratorics, West Grove, Pa.,
USA}Y was added to the cell peliet, und samples were
maintuined in joed water for 1 h then washed as above,
LCells were then resuspended in wash baffer and analvzed
by flow cytometry to detect the antibody bound Lo the
cellg.
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Conjugation of anti-CD22 mAb with ealichearnicin

The murine anti-CD22 mAb m3/44 was covalently
conugated on the e-NH; groups of lysines to sither
CalichDMH with the acid-lubile AcPAc ((3-acetylphe-
nydacetic acid) linker or to W-acetyl wcalicheamicin
dimethyl acid {CalichDMA) with the acid-stable Amide
linker [25]. The humanized version of m5/44, g5/44, was
conjupated to CalichDMH with the acid-labile AcBut
(4-{4"-acetylphenoxy) butanoic acid) linker [9]. Attermnpts
to conjugate m5/44 with CalichDMH using the AcBut
linker resulted in aggregated conjugates and thus were
not evaluated. After the conjugation reaction, conju-
gated monomeric [8G aniibody was separated from the
aggrepgated conjogated antibody by gel permeation
chromatography. Qnly the monameric 1gG conjugates
as defined by the size-exclusion profile of the antibody
conjugates were used in various investigationms. The
AcPAc-linked conjugates of m5/44 had an average cal-
icheamicin loading of 18 pg of CalichDMH per miili-
gram of the antibody protein (1.6 M/M). The average
drug loading of the Amide-tinked tulicheamicin conju-
utes was 20 g of CalichDMA per milligram of anti-
body (1.8 M/M). CMA-676 is comprised of humanized
Ig54 anti-CD33 mAb, hP57.6, which is linked to Cal-
ichDMH via the AcBut linker with an average drag
loading of 35 pg of CalichDMH per milligram of hP&7.6
protein (3.2 M/M). All conjugates were confirmed as
having Jow endotoxin { < 5.0 EU/ml} as determined by
the Limulus amchocyte lysale test (BioWhittaker,
Walkersville, Md., USA).

Cyiotoxicity assays

Ramos and Ruji BCL and HL-60 myeloid leukemic cell
lnes wers cultored in the presence of various concen-
traticns of uncenjugated calicheamicin (CalichDMH),
unconjugated anti-CD22 mAb mifdd, NAc—-caliche-
amicin derivatives conjugated to m5/d4, or CMA-676.
Calicheamicin conjugate concentrations were based on
the content of calicheamicin equivalents. Concenirations
of unconjugated mAb were based on protein content.
Ninety-six-hour celf viability was measured by propidi-
um iodide (P1} exclusion and analyzed by flow cytometry
(FACSori, Becton Dickinson Immunocytometry Sys-
tem; Becton Dickinson, San Jose, Calil, USA). The
region for viable cells was set using both the forward
light scatter and red fluorescence properties of the cells.
Nonviable cells lose their membrang itegrity, shrink in
size, und altow diffusion of PTin the nuciens to bind
cellular DNA resulting in lower forward light scatter
and increased red fluorescence. The loss of wiability was
determined by the loss of celis from within the galed
region defining vieble cells [26]. The average number of
viahle cells per six replicate cultures was cakulated. The
percentage survival of BCL cells in these cultures was
calewdated using the following equation: percentage
survival = 100x(number of viable cells in treated cul-
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tures) | (number of viable cells in contral cultures), [Cags
{(with 95% confidence intervals) were calculated by lo-
gistic nonlibear regression and are teported as the call-
cheamicin concentration from each treatment group thet
causes 50% loss of cell viability,

Humanization of m3/44 into p5/44

The methodology described by Adair er al. [27] was used
to design CDR-grafted variants wsing selected human
acceptor frameworks, Genes were gesigned to encode
the prafted sequences gHa and glu, and a series of
overlypping oligonuclectides were designed and con-
structed. A PCR assembly technique was employed to
construet the CDR prafted Vregion genes from these
oligonucleotides [28], The grafted variants gLb and
gHb-d were constructed from the parcental grafts gla
and gHa by PCR mutagencsis, wsing oligonucleotides
with specific mismatched bases to introduce desired co-
don changes (sec below).

Competjtion of CD¥22 binding ameng murine
and humanized mAb

Murine anttbody m35/44 {final concentration of 600 ng/
ml) was added (o humanized, grafied antibodies (in the
range of 001 5-1.5 pg/mi) in a $6-well plate. Ruamos ced!s
{1.5x10°) were added to the wells, and the plute was
incubated oa jee for | h. Contre] wells contained 1.5 pg/f
ml of either humanized grafted antibpdy or m5/44. The
cells wers washed twice with wash buffer (PBS + 5%
FBE) afler which secondary aatibody, either RPE-con-
Jugated donkey antimouse 12G (H + L ¢hains) (Jackson
Immungresearch Laboratories, West Grove, Pa., USA)
or FITC-conjugated goat-antimouse IgG (H + L ¢hains)
(£ymed, South San Franciseo, Calif,, USA), was added
and incubated on ice for 1 k. Cells were then washed
with wash buffer and analyzed by flow cyrometry.

Bicsensor analysis

Biosensor angiysis was carried out using & BIAcore 2000
(BlAcore AR, Uppsala, Sweden). CD22-mFc wus
covalently Immmobilized on the M-hydroxysuccinimide—
activated carboxymethyl dextran-coated biosensor chip
(CM35) using a standard amine-coupling chemistry at a
protein density of approximately 2,000 resonance units.
Samples of antibodies or their calichesmicin confugates
were diluted in the HBS buffer {10 mM HEPES, pH 7.4,
coptaiming L5 md NaCl 3 mM EDTA, and 0.005%
polysorbate 20 [w/v]} and injected in ke conceniration
range of 1-100 M over the CD22-mF c-coated biosen-
sor chip surface at a flow rate of 30 ulimin for 3 min w
allow for binding. Dissaciation of the bound antibody
way monitored after washing the biosensor chip with the
HBS buffer for 15 min. The antigenic surface was

regenerated by washing the biosensor chip with 15 W of
the regeperation buffer (10 mM NaOH and 200 mM
MaCl) for 30 s, followed by 4 stabllzation time of 2 min
before the next cycle. Kinetic constants were caloylated
by nonlinear least-square regression analysis using a 1:1
Langmuir binding curve filling mode] and BlAevalya-
tisn program (version 3.0, BlAcore),

Subeutaneous BCL xepografis

Female, athymic nude mice were expesed to total body
itradiation (400 rad) to furiher suppress their residyal
immune system and facilitate the esiablishment of BCL
xeaografts, Three dayvs later, irradigted mice were jn-
Jeered s.c. with 1%10° Rames or Raji cells suspended in
Muatrigel (Collaborative Biomedicu]l Products, Belford,
Mugs,, USA) diluted 111 in BRPMT 1840 medivm, in the
dorsal, right flank. When the tumors reached & mass of
(L3106 g, Lhey were staped 1o ensure uniformity of the
tumor mass {(r="7 to ? mice/group) prior to the admjg-
istration of therapy. Conjugated CalichDM derivatives,
unconjugated antibody (m35i44), or CMA-675 were
administered 1.p. in sterile salme (0.2 ml/mouse} on day
I und the same treaunent was repeated twice, 4 days
apart (Q4Dx3). Doses of conjugated CalichDM were
bazed on the quantity of calicheamicin eguivalents.
Length and widih {in cm) o the tumors were measured
at least once & week and theie mass was calculated as
temor mass (g) = O.5x{tumor width®)(tumor lengeh).
Mean (+ SEM) tomer mass for each treatment group
wis caloulated and compared (o the vehicle-ireated
group for statistical significance using a one-sided r-test
anaiysis of variance and subsequent pairwise compari-
sons to vehicle with the error term for the ~test based on
the pooled variance across all treatment growps. Tumor
mags values for each treatment group were recorded up
to 50 days after the initiation of treatment or until aither
tamor-hearing mice died ot the tunors grew to 15% af
the body weight, al which time these mice were huma-
nely euthanized according to institutional regulations.
The number of tumor-free mice at the end of each study
for each freatment group was alse recorded.

Results

Modulation of anti-CD22 mAb bound
to B lymphoma cells

A pane] of 17 murine mAbs was made against human
CD22. Three antibodies from this pane! {m5/44, mig
13, and m38) were selecled for Auther evaluvation
based on their sebnanomolar affinity far CD22.mEe
{(Kp=560--500 pM}, and their ability to bind and
moduplate CD22 on the surface of Daudi BCL and
PBMC cells (Fig. la, b). The modulation of surface-
bound mAb as defined by the loss of surface display of
the bound mAb was evaluated by flow evtomelry,
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Fig. 1o Moduiation of mALs bound 16 £D27 expressed on the
surface of normal peripheral blood-detived B cells and BCLs,
ANt-CINE mAbs were allowed to bind at 4°C te ejther Daud;
BELs (u) or narma) peripheral blood B cells (b}, and washed o
rerneve unhound mAb. The B cebls were further maintsined a) 37°C
for varying lengths of timi¢ up to 30 min afier which the surface
rgtention of the and.CD22 mAb was assessed by indirect
immunefugrescence snalvsis, & similar fvaluation was conducted
using three distinct BCLs {e), exoept thar the modulalion period
was extended 10 24 h

Shedding of mAbs from the cell surface as assessed by
ELISA was shown to he below the limit of detsction,
consistent with their high-affinity kinding to CD22.
While each of the three mAbs hound simtlarly to
CD22 on B cells {daia not shown}, mAb m5/44 dem-
onsiraled the maximum modulation, with 0% of the
initial surface-bound m5/44 no longer detectable alter
30 min. In comirast, mAb mé/13 bound to, but failed
to modulate from, the Daudi BCL surface (Fig. la).
Similar  rank  order of modulation  (m3
44 > m3k > m6/13) wus observed usimg PBMC
(Fig. 1%, The modulation of the cell surface—hoynd
m3/44 was ferther confirmed using CD22% Ramos,
Raji, and RL BCLs (Fig. Ic). Esck of these BCLs
showed >90% modulation of the bound m5/44 over
the 4-h period. Examination of these cells after 24 h
failed to demonstrate any membrane reapgegrance aof

93%

15

m5{44, These observalions suggest that mS/dd, bound
to the surface CD22, iz rapidly and almost completely
{=5%0%) modulated without recyeling over the 24-h
period. The lack of any detectable antibody in the
culture supernatants, combined with the rapid modu-
lation of the bound mAb, 13 indicative of the inter-
nalization of the mAb bound to the cell surface CD22.
Based on its ability te bind human CD22 with high
affinity (Kp=200 pM} and internulize ({modulation
without shedding) in BCLs, m$/44 was selected for
further investigations,

Calicheamicin confugation of m5)ég

Three linkers were used to covulently conjugaie Calic-
hDM denivatives to mAbs and the chemical structures of
these are shown in Fig 2. CalichDMH can be conju-
gated to mAb using the AcBut or AcPAc linker. The
AcBut linker is the preferred linker based on our expe-
rience with the currently marketed agent, gemtuzumab
czogamicin (Mylatarg, CMA-678). Barh the AcBut- and
the AcPAc-linked conjugates include un acid-labile hy-
drazone functionul group that undergoes hydrolysis at
similar raree under acidic conditions, releasing Calic-
hDMH from its covalently conjugated state [9]. Unlike
the conjugation of humanized mAb to CalichDMH via
the AcBut linker, similar conjugation of murine mAb
resulted in significant aggregation, rendering the muorine
mAb conjugates unusable. This problem was uveided by
the use of the AcPAc linker that allowed the generation
of conjugates Irom which CalichDMH can be released
under acidic conditions. Thus, m5/44 was conjugated 10
CalichDDMH using the acid-labile AcPAg linker and to
CalichDMA using the acid-stable Amide linker. CMA-
676, an AcBut-linked conmjugate of humanized ami-
€033 mAb, was used as a nonbinding negative control
comjugate in experiments using CD227 CD13~ BCLs.

In vitro eytotoxic activity of calicheamnicin conjupated
to anti-CD22 mAb

The eflect of m5/44, conjopated tg CalichDM with the
AcPAc and the Amide lmkers, on the growth of
CD22*CD33 Rayi and Rurmos BCLs was examined in
vitro, CalichDDMH, unconjugated w5744, and CMA-670
wire used 85 controls. As shown in Table 1, both con-
Jjugates of m5/44 inhibiled the growth of Ramos and
Raji BCILs. The AcPAclinked conjugate of mS/dd4 was
4-fold to 8-fold more potent than the Amide-linked
conjugate of the same mAb. The cytotoxic potency of
the armide-linked conjugate of m5/4d and unconjugated
CalichDMH was similar. Unconjugated m5/44 had no
effect on the growth of either BCL ai eomcentrations up
to 140 ugimi, demonstrating that the potent growth-
inhibltory effect of CD22-rargeted conjugates was due to
the eyiotorie activity of CalichDM, CD33-targeted
CMA-676, in spite of the presence of the ncid-labiie
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Fig. 2 Stcuclural repregermacion

of the linkers used 1o conjugaie  LTKEr
CalichDM derivalives 1o the
l,ﬂrge!ing mak. Both the
AcBat- ynd AcPAC-linged AcBut
COTjugates inelude an seid-
12bile hydrazeme funclionality.
The amide-linked conjugate
[acks syeh an acid-labils group
AcPAc
Amida

AcBut linker, was 20- ro 260-Jold lass potent in inhib-
iting BCL growth than Lhe CD22-1argeted AcPAc-linked
conjugate of m5/44. In contrast, CMA-676 was 166-fold
more potent than the CD22-turgeted conjugate with
acid-labile linker in  inhibiting the prowth of
CD22°CD33" HL-80 myeloid leukemic cells. These
resulis demonstrate that CD22-tarpeted delivery of
CalichDM can produce a potent and specific cytotovic
aclivity against CD22" BCLs.

Antitumor efficacy of CD22-targeted calicheamicin
immuncconjugate against B-Iymphoma xenografts

CalichDM conjugates of m3/44 were examined for their
antitumor efficacy apainst s.o. Ramos or Raji BOL xe-
nografts established in nude mice. Canjugates of Calic-
hDM derivatives were administered ip, as three doses
injectsd 4 days apart (Q4Dx3) 23] in BCL xenografi-
bearing mice. The antitumor activity of CalichDM
conjugates against Rumos BCL xenografts nand Raji
BCL xenografts are shown in Figs. 3 and 4, respectively.
CalichDM conjugated to m3/44 vin either the AcPAc or

Tabke | Cylotoxic activity of calicheamitin conjugates againgt
Jicremény BOLs in vitro. Human B fymphoma cells were coltured for
S0 L in the presesce of warious coorentrations of CealichDM
derivatives conjugited 1o m3/ad with sither the Amnide Linker or the
AcPAc linker, CD33targeted CMA-6™, or CalichDMWH, after

T

n, avarage loading of callzhearmicinn darbvative
arr gnbkedy, 15 1 45§ malesimole
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Nag-calicheamiecin
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CH; 5,\
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™~ Nac-caiicheamicin

Nac-calicheamlcin

the Antide linker atl a dose of 160 pgfkg of conjugated
CalichDM inhibited BCL growth in both models, This
dose of conjugated CalichDM has been shown to be
jower than its meximumn norlethal dosc and optimal for
its antitumaor activity [25). In contrast, the nonbinding
conjugate, CMA-676, and ms5/44 {administered at a dose
of ¥ mg/kg equivalent to the antbody guaniity in its
calicheamicin conjugates) were ineffective against the
BCL xenografts. After confirming the abilily of m$5/44 ta
target and deliver CalichDM 1o BCLs and cause potent
anti-BCL activity, m5/44 wus humanized 1o create g5/44
for further evaluntion as a CD22-targeted drug-delivery
agent.

Cloning and expression of chimeric 5/44 untibodies

A PCR approach was used to clone the V-region penes
from hybridoma m5/44, und the DNA sequence was
deterinined and translated o yeveal the protell sequence
{Fig. 3). Vectors expressing a chimeric version of this
antibody, with the mouse V.regions and human con-
stant regions (x light chain, w4 heavy chain) were

whigh the viable ogll punber i choh cllire Was Ettion fed by
their exclusion of PI and detecled by flow cytometry. Copeentra-
ticns of ihe comugates of CallchDM derivatives were Yused on the
calicheamicin equivalents (nM} 2nd the unconjugated mAk m5/44
was bsed based on ity protein cencegrration

Treatment

I thM of eaficheamivin cquivalents)

CD22* CDEl Raji

CD227CD3Y Ramps CD2CD33' HlLse

Anti-CO22 mAb m3/44 unconjugated = 100 hgfral = 100 pg/ml Not determined
CalichDhint ¢4l 0.05% Qi

ANL-C0E2 mS4d-amide-Calich DA n34 f.041 =57 &
Anti-CD22 m5dd-AcPAc-CalichDMH .08 (.S LE

Ant-CD33 hP67.6-AcBul-CylichDMH (CMA-G76) 1.43 1285 0,043

B
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Fig. 3A=C Effect of CalichDM
coniugaied o msfdd on the
grawth of Ramos BCL
aencgrafts. Suboulaneous
tumars were established priar
1z the administration of
CalichDM conjugates at o fined 4t
dose of E60 g of conjugated
CalichDM kg Thrss such
doves were adniinistered 4 duys
epart (QADL CDA3-lurgeted
comjugate of CulichTahH
{CMLA-678) was used a5 3
nonsperific tonjugate,
Unconjugated mi5/44 at & mp/
kg was used #s o control, Three
seprarale studies are presented in
pareis A, B, and €. Rasuits are
prestrted a5 MEan tLmor mass
t SEM
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assembled. The m5/44 VH sequence (Fig. 5a) revenled a
potentizl N-linked glycosylation site in CDR-H2 (resi-
due N35). In addition, a tysine residue within CDR-H2
(K603, a potential site for calicheamicin conjugaiicon,
was of concern, since calicheamicin conjugation close to
the antigen-binding site might be expected to interfere
with its binding ta £D22. The following constructs were
made to assess the effect of removal of these residnes:
cH-MN353, cH-T57A, and cH-E60R. The N330Q and
T37A chunges ablate the glycosylalion site by changing
the amino acid sequence away from the consensus N-X-
T/8; the KoOR mutation replacss the potentiaily reactive

1.5 [ Treatment: IP Q4Px3
—3—Vehlcle
% - - M54
rd —o— mE/d4-ASPAL-Callch,
1r . - - mEf44-Amide-Galich,

= =W CMAETE

Tumar maas [g)

0.5

D 10 20

30
Tumat growth pariad |Days)

Fig. 4 Effect of CalichDM canjugated to m5/44 on the growth of
Raji BCL xennprafts. Subcutaneows lumors were established to an
averajpe mass of 300 mg afer which CalichDM conjugates of m4/
44 were administered al 180 15 of conjugated CrlichDM g, Three
such doses were sdministered 4 days apart (Q4T3). The CD33.

" dargeted conjugate of CalichDMH {CMA-676) was used ag 3

tenspecific conjugate. Unconjugared 544 at § me/kg wey used
as g eontrol. Resolts are presetted as mean tumor mass + SEM

0 51015202530 3540 0 5 1015 20 26 30 35 40
Tumer growth perfod {Daya)

lysine with the similarly posilively charped residue
arginine. The resultunt cH variant plasmids were co-
trangfected with the cL plasmid to generate expressed
chimeric antibody variants. They were then analvzed for
Binding affinity to CD22-mFc protein using a BlAcore
assay (Table 2). Removal of the glycosylation site in
construct TS7A resulted in a 2- to 3-fold faster on-rate
and a significantly slower off-rate compared with the
chimeric, giving an overall improvement in atfinity of
approximately 3- to 5-foid. The N335Q mutation hud no
effect on affinity. This result was unexpecied since
removal of any carbohydrate alene {the NS5Q change)
apparently had no effect on its binding to CD22,
therefore the improved affinity requires the specific
T57A change, One possible explanation is that regard-
less of the presence of carbohydrate, the threcnine at
positton 57 exerls @ negalive effect on binding that is
removed on conversion 1o alanine. Replacement of by-
sine at position 60 with arginine (K60R) had no effect on
allinity of the antibody, and this change removed a po-
tential reactive site that might have negatively impacted
the affinity of the antibody after its comjugation with
calicheamicin. Both thess mutations (TS7A and K60R)
were therefore retained in the CDR-HZ sequence of the
humanized heavy chains,

Humanization strategy

Germline acceptor frameworks were selected from hu-
man ¥H subgrovp I {VH1-3/DP-7) [29] and human VE
subgronp [ (O12/DPKY) [30}. For the heavy chain, the
framework 4 acceptor sequence was derived from hu-
man J-region seguence JH-4; the human TK-1 sequence
was used for the light chain framework 4. Figure 5
shows the protein sequences of the m5/44 heavy and
light chains compared with the human acceptor framae-
works, and also the designed grafied sequences. The
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Fig. Sa,b The seguences of the
m5fdd yarisble heavy region

A) 5/44 Heavy Chain Sequence Allgnmeant

El"ir"T-T, ¥L) ure aligned with the 10 24 a0 a0 o
uman germline stquence {DF- gy EVQLOQSFTYLARE MSCKAS GYRFTNYWIH WVRQRPGOGLEW

7, DPK-9), Asterisks indicale BVQLYQSFTVLARPGASYRHICKA RGRPGQGLERTG GINF
dillerences berwesn mouse OE-7 AVOLVOSGAEVEE PEASVEVS e

* o

{demnr) and hornan (acceptar)

residies, CDRs are indicated i gpra-g EVQLVOSGATVIEPGASVEVSCKAS GYRFTNYWIE WVRQADGUGLEWIG GINP
biue (mot shown Far aceeptor

framewnrks), mouse framework

residues are colured rag, and 50 78 an 50 100
human residues are shown in - vy GNNYTTYFRNLKG KaTLTAVTSASTAYMDLESLTSEDSAVYYCTR ROYONYS
blael, The grafted pH and gL ok WR Rk om * * -

sequences are shown below the  pp-7y KFQG RVINTRDTETETVYMELSELREEDTAVYYCAR

hurnan germline ey uEnee, * w * ] *

Sequences wnderlined anil gHa GHNYATYRANLEG BATLTADTETSTVYMELSSLREEDTAVYY(CTR EGYENYQ
celored red indicate donar gHb CMTYATYRRNLEG RYIMTALTSTSTYVYMELSSLREEDTAVYYOUT ERYSHNYS
residucs that have been retained  gHe ANNTATYRREFQE RATLTADTETSTVYMELESSLESEDTAVYYOYR EOYGNYS
tn the grafi, The wederdined gH QNFYATYRERFRE RVTMTADTETSTVINELEALRSEDTAVIYOTR TOYGNYG

residuss in CTR-H2Z show

potential sites For glycesylalion

amd calicheamein conjuglion, 114

Reidue numbering i$ according vy AWEAY WIQETLYTVSE
to Rahat [31]. The variable

domain sequences of the light JH4
and heavy chains of the murne

anlitedy mS/44 and its gHa-4
humanived ¢ounierparis have
been deposited n the Genbank
with the followeindg sccession
number: m5idd kappa light

WEQETLYTVgs
AWFAY WEQETLVTVAED

B) Light Chain Sequence Alignment

chaine ¥] region, AY 531629 15 24 a0
{protein D number L DV QTPLSLPVER 18 RSEQBELANSYGNTFLI WYLHw B
AAB45201), 5544 kappa light an e e ERAVIE GELANSYGIITLS WYLARPGQSPALLIY

chain V] regior gLa, AYS31630  ppyo
{prowein IT oumber

AARAS2Y, p5144 kapaa light gLa
chain V) region gLb, AYS3163] o1

DIQNTUSF3BLEASVEDRYTITE WYQOKPOURAPELLTY
w A 'R *

DVOVTREPRALIASVEDHVTITC RASCSLANSYGNTFLE WYLHEPGRAPOLLIY
DVyvTQePFSLEASVADRVTITS REBCSLANEYENTFLE WYL HXDPEREAPQLLIY

[protein 1D npmber

AASASHIE), m5/44 heavy chain

VI region, AY53 1632 (protein

ID AASA5204), g544 hemvy g
¢hain VI region gHa,

AYS53163I (protein ID number  ppga
AASQS0E), g5/44 heavy chain

VT region gHb, AYS$31634 gLa-b
{protein T nomber
AASIE206), g5/dd beavy chiin
VDI regian gHe, AYS3L635 100
(protein [ number VL FAGATHLEIER
AAS4FNT), p5dd heovy chain * *
VIH region gHd, AY 531636 Jr1 FADETKVEIKR
(protein ID number AAS45208)
gLa-b PAQATHVEIER

CDRs are shown aceording 1o a combination of the
sequence hypervariability definition [31] und the strue-
tural definition [32]. In practice, this means that the
Lirger sequence-based limits wpply to all CDRs except
CDR-HI, which comprises resdues H26-H33. The
aligninent shows thal there are 22 framework differences
between the donor and accepior heavy chain frame-
works, The light chain alignment shows that there are 27
framework differences between the donor and acceptor
sequences. At each position of sequence difference, an
unalysis was made of the polentiyl of the murine residne
to conlribcie 10 antigen binding, either directly or
indirectly through effects o packing or at the VH/VL

EQ P! an 24
GIANRFS IVPDREFTE2cgcTDPTLAISTIKNPEDLEMYYC LOSTHORYT
L

L Ll ] "R

VPERFO2G33TUFILTISSLOPEDFATY YD
.

GIENRFI GVFDRFEQOGEGTOFTLTISSLOPEDPATYYD LOGTHOEYT

Table 2 Binding of chimevic 5/44 and its mulants to CH?2, Human
CDZ2-mFPe fusion prolein was caplured on  anlimousse 55
Fe-specific anlibody-coated biogensor chip. The binding of chi-
meric 544 ond s (hree mutants o captared CD22.nFe was
sludicd using BlAcete, The above mutetions werg Jocaliced in the
CDR2 of the variable domain of the heavy chain of chimeric 5/44

Mutation K, 0%, K, Ky ~Kp, i
in CORHZ2  L/Ms (107, ifs (=107, M

Muring YH L0 1.1 ER) 0.4

M5 38 Ly 3.3 0.3

TiTA 7R 0.5 0.7 07
K&OR 5.0 Lo 20 0.2
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Fig. bab Competitive inhibition of the binding of murioe anti-
CD22 mAb, m3fd4, 1o Ramos BCL by s hamanized versions
assembled by combinations of four distinel grafs of heavy chain
{eHe-d} and two distinet grells of ligw chain (gla. aLk).
Increasing concenizalions of the humanized mAb were mized with
the fixed concentration of mS/44 and then allowsd to bind w
Remas BCL. Biading of the murine mAb, m5/4d, was monitored
by indirect inmunoflnorescence unnlysis using ow cytometry. The
chimerie version of mifdd el oMy was alsa used i1 1us &vallgHon
A5 @ positive conirg)

mterface. It a murine residue was considered important
and sufficiently gdifferent from the human in terms of
size, polarity or charge, then that murine residue was
back-mutated into the heman acceptor sequence. In this
way, four VH grafts and two VK grafts were designed,
a5 shown m the Fig 5. Grafts gHe and gHd contain
three additional human residues at the C-terminul end of
CDR.-H2. This portion of the CDR is not at the antigen-
binding surface, and so intreduction of human residues
can be tolerated.

Charactenization of humanized varianig of antj-CD?2
mAb

The veciors encading grafied variants were cotransfect-
ed into CHO cells in 2 variety of combinations, and the

expressed bumanized mAbs were compared with the

- chimeric 5/44 antibody, Binding activity was assessed in

a competition sssay, competing with the binding of the
otiginal m3fdd anlibody to Ramos BCL (Fig. ). The
binding of each of the eight grafted vanaets to cell
surface CD22 was indistinguishable from that of the
others. This suggests (hat heavy chain residues AG7 und
L&9, and Hght chain residue V3 are not important for
antigen binding and can be replaced by the human res-
idues. Each graft was found te perform more effectively
than the chimeric antibody at competing against m3/44.
Henee CD22-hinding activity was not diminished by the
CDR-grafting process, and was slightly improved. This
modest improvement is most likely due to the T57A
change present i each heavy chuin graf{. The intrg-
duction of the three additional human residues at the
end of CDR-H2Z (gHc and gHd} did not affect CD22
binding ol the gratted mAkL,

Stnce ali the grafted vanunts were fully active, the
graft corabination of glu-gHd with the least number of
murine residues was selected for further studies. The
light chain graft gla has six donor framework residues.
Residues V2, V4, L37, and (M5 are potentially impor-
tant packing residues. Residus M3% is at the YH/VL
interface. Residue D0 is a surface residus close to the
CDR-LY and may directly contribute 1o the antigen
hinding. The heavy chuin grall gHd has four domor
framework restdues. Residues B1 and A7} are surface
restdues close to the CDRs. Residue 148 is 4 poiential
packing residue. Residue T93 i3 present al the VH/VL
interface, O these residues, E] and AT] are found in
other germline genes of uman subgroup 1. The selected
humanized 1gG4 mAb with V-regions gla and gHd is
referred toooas gSidd. -

Identification of CDX22 epitope recognized by g544

The ability of humanized anti-CL22 mAb, g5/44, to in-
hibit the binding of vanous murine anti-CEH22 mAbs to
CD22 was evaluated hy biosensor analysis using u B1A-
core (Fig. 7). Many of these murine mAbs have been
Characterized with respect to their binding to defined
¢pitopes on the extrace(/ular domain of human CD22 [33

36]. As expected, g5/44 binding to CD22-mFe blocked
subsequent binding of m5/44. In additien, binding of two
other anti-CD22 mAbs—HD23% and S-HCLI/anti-
Leuld (recopnizing epitope A located in the first 1g-like
domain of CD22) {34, 35]—was also inhibited by z5/44
bound to CD22-mFe. In contrast, three ather anti-CD22
miA bs—RFB4 (recoghizing epitope B located on the tird
lg-like domain of CD22), 4KB128 (recognizing the sec-
ond Tg-like domain of CD22), and Tol$ (recognizing
epitope C on the fourth Ig-like domain of CD22) [34,
5] were stilt able to hind to CD22-mFc in the presence
of p5/4d. Prior binding of g5/44 to CDX2-mFe alsa
inhibited the subsequent binding of anti-CD22 mAbs,
SJI0.1H1E, MYG13, and mé/13. These results suggest
that g3/44 and ils murine sounterpart, m3M44, both reo-




20 40

%82

%% Inhiblion

o
T=

80 100 128

20
Anti-CoZ2 Cchaz
mab Epitope Ig domain 9
HODzag A i
SHCL1 A 1
RFE4 B 3
Tels c 4
4K512a 7 F)
mSi44 K4 7
miri3 7 v
&J10 7 ?
WMYE13 7 7

Flg. 7 Effecl of hunsnized anti-CD22 mADL 3544 o the binding
of various murine anti-C1922 mAbs 19 human CD22-mFe detevied
by biosensor analysis, Various murine anti-CD22 mabs were
individuslly (57 pg!ml) ultowed to hind CP22.mFe immobilized on
blasensor ¢hip that had bren pretreated ¢L00 wg/ml] with cither
anti-CD22 mAb g5/44 or anti-C1333 mAb hP&T.6 {control mal),
Perventage Inhibition of murine mAb birding was calenlaled us
100<[1 - (RN wirh gi/44 pretreatment) / (RU with hP&7.6 pretreat-
ment)]

ognize epitope A located in the first N-terminal domain of
CD22. The CDI2 domains) reactive with anti-CD22
mAbs MYGI3 and SI0.IHI 1 was unknown. However,
their blocking by g5/44 suggests that these mAbs also
recognize the first Jg-like domaia of CD22.

Antitumor activity ol culicheamicin conjugated
to humanized anti-CD22 mAb g5/44

Humanized anti-CD22 mAb g3/44 was conjugated to
CalichDDM using either the Amide or the AcBurt linker.

Fig- 8 Effecr of colicheamicin
conjvgates of Muring amt
humanized anli-CD22 mabs.
Subcutanzpus BCLs were
established prior o the ip.
administration of CalichDM
coljugates at ejther 10 gr

160 pg of conjugated
CalichDM{k g Thrse such
doses were adminislersd 4 days
apart [Q4T03). Unconjugated
humanized anti-CD22 mab,
344, was administered ip- al
Forlkg QiDxd as 3 comrod.
Resnds [rom a represenstive
experiment are presented uy

Tumngr mass g}

Incubation of Ramos BCLs in vitro with CalichDM
conjugated 1o g3/44 via either acid-lable or acid-stable
Jinkers inhibited thewr growth in vitre wilk potency
similar to that observed with its murine coymterparts
fdata not shown) The ability of CalichDM derivatives
gonjugated to either m5/44 or g5/44 to iphikit the
growth of Ramos BCL xenografts was examined using
both the avid-labile {AcPAc for m3/dd and acBut for
g3/44) and the acid-stable {Amide) linker-bearing con-
jugates. When administered i.p., Q4Dx3 at a dose of
1ol pg of conjugaled CaiichDM/kg, each of the above
conjngates cansed significant inhibition (g < 0.05) of the
growth of Ramos BCL xenografts (Fig. 8), At this dose,
CalichDMH conjugated to 55/44 via the AcBut linker
caused preater and jonger lasting inhibition of Ramos
BCL growth (85% of mice being tumor-free after
50 days) than the conjugate of m$/44 prepared with Lhe
AcPAC linker {28% of tumor-bearing mice being (umor-
free zlter 50t days) (p <0.05 on day 50). In experiments
not shown here, the AcBut-linked conjugate of g5/44
often caused long-term regresmion of established BCL

2.5 T

2/8 tumaortee

67 tumor-rea

| I T T T PR o

mesn wmor mass (g} + SEM. § ==
The aumber of tumor-free mice 0 10 20
is indivalzd whetever
appropriale

——Vahigla

~-iF- phidd uneonjugated {3 mgikg)
=W pEAd-AcBut-Calich. (10 upika}
*=¥=-gSfad-Amide-Cylich. {10 pgkgl

30 40 50 Bd 4 10 20 30 40 B gy
Tumor growth period (Days)

——Vahicle

—¥—pBl44-AcBul-Calish, P10 uarkg)
=-¥-- @834 Amlda-Callgh, H1ED na/k)
= mSiddAcPAc-Callgh, (TEQ ikl

= maidd-AcPAc-Calleh, (10 ngfka)




LU =

LU L ]

)

L i

renograflts without any evidance of re-growth of lhe
tumors for up te 123 days. Among mice treated wath a
Tower dose of conjuguted CalichDM (10 pg/kg Q4Dux3),
onty mice treated with the AcBut-linked conjugate of g5/
44 demonstrated significantly smaller tomor masses
compared with those in the vehicle-treated mice
fr = 0.05) The degree of inhibition of BCL growih with
the acid-labile AcBut conjugate of g5/44 was greater
than that with its acid-slable Amide conjupate (p<0.05
on day 25). The treatment with unconjugated g5/44
(8 mg/kg) had no effect on the growth of Ramos BCL.
Together, these results provide convincing evidence of
antitumer activily of CD22-targeted conjupates of Cul-
ichDM derivatives against hwman BCL xenografts.

Discussion

Tumor-targeted delivery of calichegmicin, as & conjugate
of & mAb reactive against an inlernaiizable TAA, /s now
a clinically validuted therapeutic strategy exemplified by
gemtozumab czogamicin [5-7] CD33, the target of
gemtuzumab ozogamicin, is a myeloid lincage-specific
antigen and is expressed on the vast majority of myeleid
malignancies. ln order to apply similar antibody-tur-
geted calicheamivin therapy to B-lyvmphoid malignan-
cies, we focused on the CD22 molegule. D22 i
expressed on the surface of mature B lymphocytes and
their malignunt counterparts but not their precursors
and is known to be jniernalized opon binding 1o anti-
CT322 maAb [18, 19]. Based on its efficient internaliza-
tion, CD22 has been the focus of intense investigations
for the targeied delivery of immunotoxing and radio-
immunotherapy [20-22, 37].

Consistent with the ability of CD22 o facilitate tar-
geted delivery of cytotoxic agents, we have recently de-
scribed the preclinical antiturnor activity of a CD22-
targeled immunoconjugate of calichesmicin, CMC-544
{38). This immunoconjugate comprises a humanized
anti-Ch22 antibady, g5/44, conjugated to CalickDMHM
via the AcBut finker {38). The present study serves us a
prelude to the above study describing CMC-544 and
represents the evolution of varicus studies bepinning
whh the selection of murine antibody against human
€222, its ability o modulate cell-surface CD27, its
conjugation with calicheamicig, and evidence of the
antitumeor activity of its calicheamicin conjugates. In
addition, the present study also described the human-
izytion of the murine anti-CD22 mAb, epitope mapping
of the humanized antibody, g5/44, and, lastly, the evi-
dence of antitumor efficacy of calicheamicin-conjugated
humanized anti-CD22 antibody.

To apply a CD22-targeted chemotherapy strategy, a
panel of murine anti-hvman CD22 mA bs were made and
evaluated for their affinity of binding to husnan CD22 on
B cells and their ability to canse its internalization. Based
on its high-affinity binding to CD22 and also itz ability 1o
modulate CD22, mAb m3/44 (murine IzG1) was selected
for Turiher studies. CalichDM was conjugated to m5/44
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using either the acid-labile AcPAc or atid-stable Amide
linker as shown in Fig. 2. The presence of acid-labile hy-
druzone [unctionality in the AcBui- or AcPAc-hnked
conjugates allows, under acidic conditions (pH range of
4,5-6) such as those in the lysosomes, rapid release of
CalichDMH from its conjugated state. Binding of the
immmoconjvgate to the readily inernalizable target
antgen makes possible efficient intracellular presentation
of the conjugated cytotoxic drug.

Some cells may internalize the immunoconjugate by
antigen-nonspecific pinocytosis even in the absence of
the target antigen. In addition, the immunoconjngates
with acid-labile linkage of the drug may releass the drug,
even in the absence of their intemalization, vpon acidi-
fication of the extracellular environmeént of metaboli-
cally active growing cells, The antibody conjugates with
acid-labile linkers that do not bind to the target cells
may, thersfore, exert some cyloloxic activity in an
antigen-nonspecific manner. In contrast, the Amide-
linked conjupates may require more extensive “intra-
cellular processing” of the immunoconjapgate in order to
release the drug Therefore, in arder to be effective, the
Amide-linked conjugates of calicheamicin nre required
e be internalized via specific or nonspecific mechanisms
by the target cells. This may explain why the cytotoxic
activity of the amide-linked conjupates s often lower
than thal of AcBut- or AcPAc-linked conjugales as
shown tn this study.

Both acid-labile and acid-stable conjugates of m3/44
were effective ugainst CD22™ BCLs. The AcPAc-con-
jugated m3/d4 was 4- to B-fold more potent than Lhe
Amide-conjugated m5/44 whose cytotoxie activity was
stmilar to that of unconjugaied CalichDMH, Imrespec-
tive of the Hnker used, the CD22-targeted conjugates of
culicheamicin were §- to 30-fold more potent than the
nontargeted (antigen-nonspecific) conjugate, CMA-876
bearing the acid-lubile AcBut linker. The potent cyto-
toxig activity of the Amide-linked conjugate of m5/d4 is
consislent with its efficient internalization by CD22”
BCLs. These results further indicste that the intracellu-
lar delivery of CalichDMH resulting from the CD22.
mediated internalization of s antibody conjugate fol-
lowed by the hydrolytic release of CalichDMH is more
efficient in inhibiting BCL growth than nontargeted
mechanisms of delivery of CalichDMH such as passive
diflusion,

Calichcamicin conjugates of m5/44 were also evalu-
ated for their antitumor activity against human Raji and
Ramaos BCL xenografts in nude mice. Both AcPAc-
lintked and Amidelinked conjugates of m5/dd were
equally effective ip inhibiting the tumor growth. In can-
trast, both unconjugaled m5/44 and the CD33-targeted
conjugate, CMA-676 (used as a nonbinding control}, had
no effect on the growth of BCL xenogrufts. The uncon-
Jjugated m3/44 was administered at a dose of § mgfkg
equivalent to the antibody quantity in its calicheamicin
conjugates. The antitmor activity of the m5/dd calip-
hDMH conjugates is, therefore, not due to the antibody
component of the conjugate. Doses higher than 8 me/kg
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of the enconjugated m3/94 were not administered, so it is
rot absolutely dear that the naked anthody &5 com-
pletely deveid ol antitumer activity. Howerever, the anti-
CD27 mAb m5rad s & murine T3] isotype mAb, and
lhe murine 1gCFl jsowvpe is unsbls to fix complement and
binds paorly 1o Fe receptors. Thus, m5/44 would not be
expected Lo mediate ATNIT or CDC,

Unconjugated CalichDMH at nonlethal doses had
teen conzistently ipsffective in the human tumor xenc-
graft models evalnated o far [39] (E. Boghaert, J, Di-
Josaph, and C. Diseafani, unpubiished observations) . In
the absence of its tumer-targeting, the poor antitomor
activity of CalichDMH is not surprising, and further
vaderseores the therapeutic advantage conferred by the
tumar-targeted delivery of cytotode agents such as cal-
icheamicit. 344 was also cvaluated for binding to
cryopreserved B-NHL tumor bropsy samples, Al of the
B-cell NHL samples tested (n = 503, including high-grade
diffused. mantle cell and follicular MHL, reacted posi-
tively with m5/44 (). Crocker, Birmingham Heurtlands
Hospital, Birmingham, UK, unpublished observalions).
This demonstration of m3/44 binding to B-NHL biopsy
samples supporis its use as a vehicle for targeted debivery
of cytotoxic agents such as calichewmicin to CD227
tumor cells. Based on its binding to B-NHL hiopsy
samples and potent anti-BCL activity of its conjugate of
calicheanicin, mSM4 way sefected for preciinical devel-
opment.

To reduce or eliminaie its imMmunogenicity in humans,

. the murine m5/44 amlibody was kumanized by CDR
. grafling [40). Variable region heavy and light chain se-
Gueness of murine mAb m5/44 exhibited highest
homology to human subpreup [ of Vg and subgroups 7
und [T of Vi Herea, the germline frameworks of hurman
Vi subgroup I (DP7) and humsan Vi subgroup | {DPK9)
were selected, and murine CDRs were grafted on the
human frameworks. For both heavy and light chain,
framewark 4 acceptor sequences were derived from hu-
man J-region sequences JTH-4 and JK-1, respectively. Six
distinet grafts were expressed and shown 1o e equivalent
to the ovginal anti-CD22 mAb m3#44 in terma of affinity
dnd competition fer binding to CD22 on B celis. 1n
' addition, a patental W-liinked alycosyfation site and a
lysine residue in the Vi CDR2 {a potential targst {or
. calicheamicin conjugation) were removed to avoid po-
i : tential interference during binding to CD22.
Cme such graft, pLb-gHd, was selected to assemble a
Fuli antibody with the human IgG4 constant region. This
— humanized anti-CD22 mAb was referred to a5 g5/44
Theheavy chain amino acid sequences of g5/44 are 91%
-identical to that of hP67.6, the humanized TgG4 anti-
CDE}Iargeting agent M gemmuzumab ozopamicin, BEven
if the targeting mAb is hurpanized, the presence of drug-
linker in the mAb conjugate mey induce Ab response in
patients against the CalichDMH AcBut linker portion
! of the mofecule. However, it is reassuring that no anti-
iy badies targeted to either CalichDMH, AcBut linker, or
i the entive immunoconjugate were detected in 142 pa-
Hents wha received pemtuzumab ozogaricin in a phase

%4

{1 study [S. The choice of the human [pG4 constant
region i £344 was also based on ils poor effector
capabilities (ADCC and CTXC) [41, 42], and hence, the
therapeutie effsct observed with its conjugate of cali-
cheamicin can be attributed entirely to the targeted
delivery to, and subseduent cytatoxicity of, calicheami-
CiTl AgAIRst tumor celly.

Various muting anti-CD22 mAbs have been used o
define Gistinct epitopes located on the Ig-like damains
within the extraceflular region of human D22 {34, 35].
Blocking studies using verfous murine mAbs revealed
that humanizsd ant-CD22 mab g5/d4d inhibits the
kinding of only those murine anti-CD22 mAbs that had
previously been mapped {o bind fo the first MNoterminal
Ig-like {ig¥} domain of homan D22 [34, 35 This
suggests that g5/44 and its murine counterpart, ms/44,
both recognize spitape A looated in the N-terminal [V
domain of CD22. Epratuzumab, a humanized 1gGl
anti-CD23 mAb (hLL2), is presently being evaluated as
a nzked aptibody therapentic [43] and alse 25 & CD22-
targeted radicimmunotherapeutic ageat for the treat-
ment of B-NHL (37]. This mAb has been shown to bind
epitope B on human CD22, originally identified by the
hinding of a4 murine antl-CD22 mAb, R¥FB4 [36], Thus,
25/44 and epratuzumeb appear to recognize distinct
epitopes on CTD22,

Qur primary objective with g5/44 is to use it as &
CD22-targeted calicheamicin-delivery agent in the
treatrnent of B-lymphoid malignancies, and wg have
ghown fhiere 4 potent aniltumor astivivy of CalichDMH
conjugated 1o g5/4d apainsl ACL xenoprafis. We have
no evidénce 10 $upport other potential mechanisms of
action, s g5/ kas & htmman IgGy isatype atd does not
demonstrate any ADCC or CDC activily in vitro using a
human sour¢e of complement and peripheral blopd
monenuglear Cells as effector cells (L. Kulyandrag,
unpublished observation) or antitumor effect in vive
{(38] and this study). Some anti-CD22 antibodies have,
however, been shown to mediate apoptosis and growth
inhibition of BCLs. The N-terminal IgV domajn of
CD22 is knowt to bind the natural gand of €22, &=
3,6-linked sialic acid termini on glycosylated cell-surface
structures, Some but not all mAbg reactive with the M-
terminal 1gV of CD22 have been shown to block the
ligand binding by CD22 [34]. One such mAb, HI22.7,
cgused apoptosis and inhibited the growth of BCL xe-
nografts in nude mice [44) Whether g5/44 {or m5)44}
can inhibit ligand binding by CI222 has not beep
deterinined, However, if the ability of an anti-CD22
raAb 1o cause BOL apoptosis [44] Is closely ied with its
ability 10 bleck ligand binding by CD22 [34], then g5/44
is not expected to be 5 blocking antibody capable of
neutralizing Lhe CT22/Migand interpctian.

Our antihody tarpeied chematherapy sirategy derives
Its advantages from the cytotoxic potency of calichDM,
high-affinity binding of the targeting antibody conjugate
tn the targeted TAA, and the antibody-conferred long
hall-life of the conjugated drug iy circulation. Antitu-
mor activity of the mAb-CalichDMH conjugate |s
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independent of the effector functional capabilities of the
targeling sntibody. The demonstration of the potent
gntitumor aetivity of the calichesmicin conjugates of g5/
44 supports its evaluation as a CD¥2-targeted caliche-
amicin therapeutic agent in the treatment of B-NH[, and
ather Blympheld malignancies. Based on s superior
antitumor efficacy, an AcBul-linked conjugate of g5/44
and CalichDMH, designaied as CMC-544 [38), has been
selected for further development, CMC-544, also known
as Inotuzumab ozegamicin, is curremly being evaluated
in phase T ¢linica) trials in B-NHL.
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DIVISION DE NUEVAS CREACGIONES
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ASUNTC Radicacion 034-120665
Tramite no2
Evento 001
Actuacion 430
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Patente de Invencion ]  Patente de Modelo de Utilidad 7
Via Nacional ]
Via PCT {fagse raciopaly  {T7]  Capl [7] Cap.ll 7

Como resultado del exarnen de fondo, realizado con fundaments en el articulo 45 de
la Decisian 486 da ta Comisidn de 'a Comumidad Andina, se le comunica:

1. Documentos estudiados
1.1,  Descripcidn: Faliog: 1 a 132 como se radict imcialments

1.2, Rewindicaciones: 1a 45, Folios 133 a 139 como se radicod
niGiaimente
1ad§, Folios 156 a 163 modificadas
1a 16, Folios 178 a 178 modificadas
T a 8, Folio 255 modificadas

1.3, Prioridad: GB 0210121 de Mayo 2 de 2002

Se acepto divisional de esia soliciiud y se e asignd el niumero de radicacion 04-
1206654, Por tanto, la solicitud 04-1206685, sohre la cusl se emite aste concepto
tecnico, corresponde a la solicitud madre.

2. Ohjeto de la invencion:

Titile de la invencion: “Anticuerpos especificos para CD22 humano y sus usos
{erapéuticos y diagnosticos”

El objeto de la presente solicitud ge refiere a un anticuerpo especifico para CD22 que
comprende un dominio variable de cadena ligera 5/44-gL1 (SEQ D N° 19) y ia regidn
variable de cadena pesada 5/44-gH7 (SEQ 1D N* 27). Esta moigcula tiene una
cadena ligera que comprende la secuencia dada ap [a SEQ 10 N°28 y la cadena
pesada gque consiste de |a secuencia de la SEQ 1D N°30.

También se reclaman los vectores y las células huesped gue comprende ta
secuencia de lamolécula antes descrita, asf como la composicion farmacéutica que
la confiene,



