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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de la
Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion:
Reivindicaciones: 1 a 10
Dibujos:

Secuencias:

Oposicion Procaps:
Oposicion Lafrancol:
Prioridad:

2. Analisis de la Prioridad

Folios
Folios
Folios
Folios
Folios
Folios

155 a 269
297 a 300
306 a 340
270 a 296
1432 a 473
:474 a 488

US 60/934,341

12/01/2010
12/01/2010
12/01/2010
12/01/2010
17/05/2011
19/05/2011
12/06/2007

Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la

prioridad reivindicada.

3. Objeto de la invencién

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10
de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la
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tasa pagada por el solicitante al momento de comenzar el examen para las
reivindicaciones adicionales; esto es que cuando la solicitud contenga mas de diez (10)
reivindicaciones y no se haya pagado la tasa complementaria, sélo se estudiaran las
cubiertas por la tasa pagada.

Titulo de la solicitud: “Una molécula de unién CD20 humanizada que comprende
un dominio variable de cadena pesada de inmunoglobulina (VH) y un dominio
variable de cadena liviana de inmunoglobulina (VL) y métodos de uso de la
misma”.

El problema planteado en esta solicitud consiste en suministrar anticuerpos alternativos
gue se unan al CD20 humano y no produzcan respuesta inmune tipo anticuerpos anti-
guimera humanos (HACA).

Para resolver este problema técnico la solicitud en estudio proporciona anticuerpos que
se une especificamente al CD20 humano y no producen reaccion HACA, asi como
composiciones y métodos alternativos a los anticuerpos para tratar enfermedades
asociadas con las células B.

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61K 39/395; CO7K 16/28.

4. De la solicitud de patente
Descripcidén (Art. 28 D486)

El capitulo descriptivo no presenta informacion suficiente para que la persona del oficio
pueda reproducir la invencién, especificamente no presenta informacién sobre la
estructura completa del anticuerpo ensayado, ni la relacion entre las diferentes
secuencias reclamadas y que podrian formar el anticuerpo (de acuerdo con las
reivindicaciones) y la actividad probada en el mismo. De esta manera el capitulo
descriptivo presentado incumple el articulo 28 de la D486.

Reivindicaciones (Art. 30 D 486, Art. 22 PCT)

Las reivindicaciones 1-10 carecen de claridad y sustento porque:

1- El anticuerpo de la reivindicacion 1 es definido por el antigeno al cual se une y por la
secuencia de solo un fragmento CDR del anticuerpo. Esta molécula debe ser
definida por su estructura completa (no solo por la CDR3), indicando las secuencias
completas que conforman las regiones variables de las cadenas ligera y pesada
del anticuerpo. Lo mismo aplica para las reivindicaciones 2-4;

2- La reivindicacion 2 define el anticuerpo a partir de las regiones variables de cadena
ligera o cadena pesada, indicando porcentajes de identidad de las mismas. Dado
gue un anticuerpo tiene una secuencia especifica que esta intimamente unida a su
actividad, la definicibn por porcentajes que da lugar a multiples alternativas de
secuencias no ensayadas que carecen de concision y sustento. Lo mismo aplica
para la reivindicacion 3.

3- Dado que la estructura completa del anticuerpo reclamado no es definida, las
reclamaciones dadas por la funcién o actividad se consideran un resultado a
alcanzar con la molécula (reivindicaciones 5 a 8);

5. Andlisis de la Oposicién
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Argumentaciones de Procaps S.A.

1. Dice el opositor que esta solicitud pretende obtener patente para el uso de la
composicion, no solo a la composicién como tal o a un método de fabricaciéon
mediante la cual se obtenga un producto tangible. Igualmente, que el articulo 20
de la Decision Andina 486 incluye en la materia no patentable los métodos de
tratamiento aplicados a los seres humanos o a animales (FIs. 436 y 437).

2. Dice el opositor que esta solicitud pretende obtener patente para un anticuerpo
anti-CD20 que carece de novedad frente al documento WO 2007/014238
publicado el 1 de febrero de 2007 (FIs.437 y 438).

Argumentaciones de Lafrancol S.A.

1. Dice el opositor que esta solicitud pretende obtener patente para el método de
tratamiento empleado para aplicar el anticuerpo anti-CD20. Teniendo en cuenta que
el articulo 20 de la Decision Andina 486 incluye en la materia no patentable los
meétodos de tratamiento aplicados a los seres humanos o a animales dicha materia
reclamada no se puede considerar patentable (Fls. 478 altimo parr).

2. Dice el opositor que las composiciones farmacéuticas de las cuales se hace
referencia, donde se involucra una molécula de unién CD20 relacionada con
Rituximab, carece de novedad y nivel inventivo frente a documentos como “The
Merck Index”, que revelan el principio activo Rituximab e indica que corresponde
con los documentos de patente WO 94/11026 y US 5763137 (FIl. 478 parr. 2).

Respuestas del Solicitante

El solicitante no presentd respuesta a las oposiciones presentadas ni modifico el
capitulo reivindicatorio originalmente presentado.

Respuesta del Examinador Técnico

En relacién con los argumentos dados por las oposiciones de Procaps y Lafrancol
sobre materia no patentable reclamada, esta oficina considera que dichos argumentos
tienen sustento puesto que las reivindicaciones 25 a 29 presentadas se refieren a
métodos de diagnostico y métodos de tratamiento (Fls. 303 y 304). Esta oficina desea
aclarar que estas reivindicaciones estdn exceptuadas de patentabilidad, pero para el
presente concepto no seran estudiadas puesto que el solicitante no realiz6 el pago de
la tasa de las reivindicaciones adicionales presentadas. De esta manera, este concepto
se refiere a las primeras 10 reivindicaciones presentadas.

Asi mismo, el documento WO 2007/014238 presentado en la oposicion de Procaps,
desvirtia la novedad del objeto de esta solicitud; por lo cual se considerara dentro del
examen de patentabilidad.

Por su parte, los documentos WO 94/11026 y US 5763137, citados en la oposicién de
Lafrancol, si bien divulgan anticuerpos anti-CD20, estos no coinciden en estructura
completa con el anticuerpo de la solicitud, por lo que no seran tenidos en cuenta como
anterioridad para desvirtuar la novedad de la misma. Respecto al nivel inventivo, hasta
tanto el anticuerpo de la solicitud no sea completamente definido no se planteara
analisis del nivel inventivo.

6. Determinacion del Estado de la Técnica

El estado de la técnica se determiné con base en la fecha de presentacién de la
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solicitud de prioridad: 12/06/2007, y se encontraron los siguientes documentos que
anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de
Publicacién*
“Single dose use of CD20-specific
D1 WO 2007/014238 binding molecules” 01/02/2007
“Characterization of scFv-Ig
D2 |n§r2i23"3td?|ié]2- Constructs Generated from the Jun. 1999
6589.—6595 ' Anti-CD20 mAb 1F5 Using Linker '
Peptides of Varying Lengths”

D1: Divulga materiales y métodos para el tratamiento de enfermedades que involucran
actividad de células B aberrantes, usando una sola dosis de moléculas de union
especifica a CD20 (resumen)™.

D2: Las regiones variables de cadena ligera y pesada del anticuerpo murino anti-CD20
humano 1F5 fueron clonadas, y cuatro moléculas de anticuerpo de cadena sencilla
(scFv) fueron construidas usando péptidos de union de longitud variable para unir los
dominios Vi y Vi (resumen)?.

7. Examen de Patentabilidad (Art 14 D486)
Novedad (Art. 16 D486)

La reivindicacién 1 reclama una molécula de unién CD20 humanizada que comprende

un dominio variable de cadena pesada de inmunoglobulina (VH) y un dominio variable

de cadena liviana de inmunoglobulina (VL) que comprende regiones de estructura y

regiones CDR1, CDR2 y CDR3, en donde dichas regiones de estructura son regiones

de estructura de inmunoglobulina humana y en donde:

a) La secuencia de aminoacido de dominio VH comprende la secuencia de aminoacido
de un CDR3 de cadena pesada encontrado en una cualquiera de la SEQ N° 1-59; o

b) La secuencia de amino&cido de dominio VL comprende la secuencia de amino&cido
de un CDR3 de cadena liviana encontrado en una cualquiera de la SEQ N° 1-59; o

c) La molécula de union del CD20 humanizado comprende una secuencia de
aminoacido VH de (a) y una secuencia de aminoacido VL de (b); o

d) La molécula de union del CD20 humanizado comprende una secuencia de
aminoacido VH de (a) y una secuencia de aminoacido VL de (b) y en donde dichos
VH y VL se encuentran en la misma secuencia de referencia, o un fragmento de
union CD20 de dicha molécula de union.

La tabla siguiente presenta las comparaciones de las caracteristicas esenciales de la
molécula de union de la solicitud con las del documento D1:

Tabla 1

Caracteristicas esenciales D1

Molécula de unibn CD20 humanizada que | Moléculas de unién especifica a CD20, tipo
comprende un dominio variable de cadena | SMIP
pesada de inmunoglobulina (VH) y un dominio
variable de cadena liviana de inmunoglobulina
(VL) que comprende regiones de estructura y
regiones CDR1, CDR2 y CDR3, en donde
dichas regiones de estructura son regiones de
estructura de inmunoglobulina humana
a) La secuencia de aminoacido de dominio | Secuencia N°2 del documento D1 que divulga

VH comprende la secuencia de | el polipéptido del anticuerpo TRU-015 coincide

1 http://patentscope.wipo.int/search/en/search.jsf ingresar WO2007014238.
2 http://www.jimmunol.org/content/162/11/6589
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aminoacido de un CDR3 de cadena | con la secuencia N°1 de la solicitud.
pesada encontrado en una cualquiera de
la SEQ N° 1-59; o

b) La secuencia de aminoacido de dominio
VL comprende la secuencia de
aminoéacido de un CDR3 de cadena liviana
encontrado en una cualquiera de la SEQ
N° 1-59; o

c) La molécula de union del CD20
humanizado comprende una secuencia de
aminoacido VH de (a) y una secuencia de
aminoacido VL de (b); o

d) La molécula de wunion del CD20
humanizado comprende una secuencia de
aminoacido VH de (a) y una secuencia de
aminoacido VL de (b) y en donde dichos
VH y VL se encuentran en la misma
secuencia de referencia, o un fragmento
de union CD20 de dicha molécula de
union

El documento D1 divulga moléculas de union especifica a CD20, tipo SMIP que permite
aplicacion en unica dosis (péarr. 30). EI SMIP especifico-CD20 incluye SMIP derivado
del anticuerpo monoclonal 2H7, en diferentes conformaciones que tiene un dominio de
region variable de cadena ligera y un dominio de regién variable de cadena pesada que
contiene cada uno CDR1, CDR2 y CDR3, donde la secuencia N°2 del documento D1
que divulga el polipéptido del anticuerpo TRU-015 coincide con la secuencia N°1 de la
solicitud con 100% identidad (parr. 60).

De esta manera el documento D1 contiene todas las caracteristicas del documento de
la solicitud y afecta su novedad.

El documento D2 por su parte, divulga anticuerpos especificos anti-CD20, usando las
regiones variables de cadena ligera y pesada del anticuerpo murino anti-CD20
humano, en el anticuerpo denominado 1F5 que fue clonado. Este documento divulga
las secuencias de dichas regiones (Fig. 3), que coincide con la secuencia mencionada
en la solicitud.

La tabla siguiente presenta las comparaciones de las caracteristicas esenciales de la
molécula de union de la solicitud con las del documento D2:

Tabla 2

Caracteristicas esenciales D2

Molécula de uniébn CD20 humanizada que | Moléculas de unién especifica a CD20, tipo

comprende un dominio variable de cadena | SMIP

pesada de inmunoglobulina (VH) y un dominio

variable de cadena liviana de inmunoglobulina

(VL) que comprende regiones de estructura y

regiones CDR1, CDR2 y CDRS3, en donde

dichas regiones de estructura son regiones de

estructura de inmunoglobulina humana

a) La secuencia de aminoacido de dominio | Secuencias de la figura N°3 del documento D2
VH comprende la secuencia de | que divulga el polipéptido del anticuerpo 1F5
aminoacido de un CDR3 de cadena | coincide con la secuencia N°1 de la solicitud.
pesada encontrado en una cualquiera de
la SEQ N° 1-59; o

b) La secuencia de aminoacido de dominio
VL comprende la secuencia de
aminoacido de un CDR3 de cadena liviana
encontrado en una cualquiera de la SEQ
N° 1-59; o

¢) La molécula de unién del CD20
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humanizado comprende una secuencia de
aminoacido VH de (a) y una secuencia de
aminoacido VL de (b); o

d) La molécula de unién del CD20
humanizado comprende una secuencia de
aminoacido VH de (a) y una secuencia de
aminoacido VL de (b) y en donde dichos
VH y VL se encuentran en la misma
secuencia de referencia, o un fragmento
de union CD20 de dicha molécula de
union

De esta manera el documento D2 contiene todas las caracteristicas del documento de
la solicitud y afecta su novedad.

8. Conclusion

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

. Reivindicaciones -
Item Documento afectadas Requisito que afecta
D1 WO 2007/014238 1-10 Novedad
Shan D., et.al. J Immunol. Vol
b2 162: 6589-6595 1-10 Novedad
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de no
dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

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

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (c)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2012-11-27

Elabord: Natalia Lamprea Bermudez
Reviso: Consuelo Leguizamon Leguizamon
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Characterization of scFv-Ig Constructs Generated from the
Anti-CD20 mAb 1F5 Using Linker Peptides of Varying
Lengths'

Daming Shan?* Oliver W. Press,*'* Theta T. Tsu,*® Martha S. Hayden s and
Jeffrey A. Ledbetter3s

The heavy (V) and light (V) chain variable regions of the murine anti-human CD20 mAb 1F5 were cloned, and four single-chain
Ab (scFv) molecules were constructed using linker peptides of variable lengths to join the,\and V, domains. Three constructs
were engineered using linker peptides of 15, 10, and 5 aa residues consisting of (GGGGHFGGGS),, and (GGGGS), sequences,
respectively, whereas the fourth was prepared by joining the , and V, domains directly. Each construct was fused to a derivative
of human IgG1 (hinge plus CH2 plus CH3) to facilitate purification using staphylococcal protein A. The aggregation and CD20
binding properties of these four 1F5 scFv-lg derivatives produced were investigated. Both size-exclusion HPLC column analysis
and Western blots of proteins subjected to nonreducing SDS-PAGE suggested that all four 1F5 scFv-Ig were monomeric with m.w.
of ~55 kDa. The CD20 binding properties of the four 1F5 scFv-Ig were studied by ELISA and flow cytometry. The 1F5 scFv-Ig
with the 5-aa linker (GS1) demonstrated significantly superior binding to CD20-expressing target cells, compared with the other
scFv-Ig constructs. Scatchard analysis of the radiolabeled monovalent GS1 scFv-Ig revealed a binding avidity of 1.85.08 M ~*
compared with an avidity of 7.56 x 10° M ~* for the native bivalent 1F5 Ab. These findings suggest that the GS1 scFv-Ig with a
short linker peptide of ~5 aa is the best of the engineered constructs for future studies.The Journal of Immunology,1999, 162:
6589—-6595.

unwiwi//:dny wody papeoumoq

the CD20 Ag have recently been shown to induce re-and light (\,) chains (Fig. 1). The variable domains of Fv frag-
missions in 50-95% of patients with relapsed B cell ments are not associated by covalent bonds, and consequently théd.
non-Hodgkin’s lymphomas (1-4). Despite the clinical promise ofdomains tend to dissociate at low protein concentrations (5). One Q
anti-CD20-targeted therapy, it must be acknowledged that curof the approaches to improve the stability of the Fv domain asso- &
rently available Ab constructs are imperfect, and that most patientgiation involves construction of single-chain Abs (scFvs) in which &
who initially respond to anti-CD20 Ab immunotherapy will even- the two variable domains are linked via a short flexible peptide
tually relapse with lymphoma. Many investigators have hypotheFig. 1). Previous studies indicate that the lengths and sequences ofg
sized that anti-CD20 Abs might be significantly improved by ge-the linker peptide can significantly affect the properties of scFvs >
netic engineering approaches aimed at facilitating penetration int%_lg,). Peptide sequences from known protein structures have 2
tumor sites. Our group has recently begun a series of investigationssen used as linkers, the lengths and conformations of which are 3
aimed at developing superior anti-CD20 Abs by cloning and mod-compatible with bridging the variable domains of scFvs without &
ifying the Ag-combining portion of the 1F5 mAb. The smallest Ab gqriq s steric interference. The most widely used linker designs &
fragment that still contains the entire Ag binding site is the Fv o o sequences consisting primarily of stretches of glycine (G) and §
serine (S) residues. These small, polar amino acids are optimal for ™

the linker peptides because hydrophilic amino acids allow hydro-

Departments of *Biological Structure arfitfledicine, University of Washington, Se- gen bonding to the solvent, and glycines provide the necessary

attle, WA 981953Fred Hutchinson Cancer Research Center, Seattle, WA 98104; andlexibility (6). These properties prevent the penetration of the

SBristol-Myers Squibb Pharmaceutical Research Institute, Seattle, WA 98121 linker peptide into the hydrophobic interface formed in the asso-

Received for publication October 9, 1998. Accepted for publication March 10, 1999.ciation of the domains. An example of this type of linker is the

The costs of publication of this article were defrayed in part by the payment of pag( GGGGS), peptide designed by Huston et al. (9).

charges. This article must therefore be hereby maddeertisemenin accordance ; ;

with 18 U.S.C. Section 1734 solely to indicate this fact. Several stu_dles have focused on the effect of different lengths
of linker peptides on the properties of scFvs (7, 8, 10, 12-15).

1 This work was supported by a grant from the National Institutes of Health (RO1 CA . . L .
76287). These studies suggest that direct linking of the domains or use

2 Address correspondence and reprint requests to Dr. Daming Shan, University d?f linker peptides which are too short to allow pairing of the
Washington Medical Center, Division of Medical Oncology, Box 356043, Seattle, domains on the same chain favor pairing between domains in
WA 98195-6043. E-mail address: dmshan@u.washington.edu two adjacent chains. In this way, smaII, dimeric, fuIIy func-
gf(s:lusfzrtem address: Xcyte Therapies, 2203 Airport Way South, Suite 300, Seattle, W‘ilonal Ab fragments (“dlabodles”) have been produced. To as-
4 - I . : , ) sess the relative merits of scFvs compared with intact anti-

Abbreviations used in this paperyYvariable domain of heavy chain; Vvariable . .
domains of light chain: scFvs, single-chain Abs; scFv-Ig, single-chain Abs and IgCD20 Abs, we have constructed four scFv-Ig fusion proteins of
fusion protein; G, glycine; S, serine; GS0,,domain with 0-aa linker peptides; GS1, the anti-CD20 mAb 1F5 using amino acid linkers of 0, 5, 10,
Vy domain with 5-aa linker peptides; GS2,,\domain with 10-aa linker peptides; . . . ~
and GS3, Y, domain with 15-aa linker peptides; GAM, goat anti-mouse 1gG Ab; and 15 res_ldues'_ respectively. The properties of these scFv-Ig
GAH, goat anti-human IgG Ab; PI, propidium iodide. were then investigated.

M onoclonal Abs and radioimmunoconjugates targetingfragment, consisting of the variable domains of the heavy){Vv

Copyright © 1999 by The American Association of Immunologists 0022-1767/99/$02.00
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6590 ANTI-CD20 scFv-Ig

IgG F(ab')z Fab' scFv Dimeric Detection of 1F5 scFv-Ig by Western blotting

scFy 1F5 scFv-Ig fusion proteins were immunoprecipitated from culture super-
” natants, and samples were electrophoresed on linear gradient (6—15%)
. * 0 acrylamide gels at 200 V for 4-5 h. Gels were blotted to nitrocellulose
Pepsin s\\/s mgmbranes using a Western semidry transfer apparatus (Ellard Ins;rumen-
tation, Seattle, WA) at 20 V (3 mA/ctnfor 1 h. Blots were blocked with
blocking buffer (2% nonfat milk plus 0.1% Tween in PBS) and then in-
FIGURE 1. Schematic representation of the structures of intact IgG cuPated with goat anti-human 19G (GAH) conjugated to alkaline phospha-
mAb, F(ab’), Fab’, and scFv. tase (Boehrlnger Mannheim) in blocklng buffer. Blots were washed three
' ’ ’ times in blocking buffer and developed in Western Blue (Promega, Mad-

ison, WI).
Gel filtration analysis of 1F5 scFv-Ig

Materials and Methods The m.w. of 1F5 scFv-Ig before and after purification with protein A were
Amblificati f d V by PCR analyzed by gel filtration chromatography on a Waters X.800 mm
mplification of , and \_ by 300SW HPLC column (Waters, Milford, MA). Samples were chromato-

PCR reactions were conducted in 1@0volumes containing 2umol of ~ graphed at a flow rate of 0.35 ml/min in 10 mM Tris-HCI, pH 7.5, 10 mM
each dNTP, 5075 pmol primers, 1 ng template, dad) polymerase  Potassium phosphate, and 0.15 M NaCl. The protein standards used to
(Stratagene, Torrey Pines, CA) in the polymerase buffer supplied by théletermine the relative molecular masses of 1F5 scFv-Ig were as follows:
manufacturer. PCR was conducted with 33 cycles of 30 s denaturation atlué dextran, 2< 10° Da; ferritin, 440 kDa; catalase, 232 kDa; aldolase,
94°C, 1.5 min annealing at 45°C, and 1.5 min extension at 72°C. AmplifiedL58 kDa; BSA, 67 kDa; OVA, 43 kDa; chymotrypsinogen, 25 kDa; and
DNA was digested with restriction endonucleaBe# andSacl for \j,and ~ RNase, 13.7 kDa.
Sall andSacl for V| (Boehringer Mannheim, Indianapolis, IN). Digested . _ . L
and purified DNA was cloned into the PUC19 plasmid using those sites.B"’]d"’]g activity of 1F5 scFv-lg detected by ELISA
DH5aEscherichia colicells were transformed with the plasmid and DNA. A total of 10° Ramos cells/well were added to U-shaped 96-well microtiter
Miniprep DNA was purified using Geneclean (Bio101, La Jolla, CA). DNA pjates (Falcon 3072, Becton Dickinson, Lincoln Park, NJ). Plates were
from three of four clones of each,and \{_ were sequenced to determine pjlocked with PBS containing 5% BSA, and purified 1F5 scFv-lg fusion
the consensus sequence by automated sequencing’@@itapeled dNTP.  protein or 1F5 was added. Following a 1-h incubation at 4°C and removal
L of unbound material, bound protein was detected with GAH or goat anti-
Three-way ligation mouse IgG Ab (GAM) labeled with HRP (American Qualex, La Miranda,
CA) in blocking buffer for 45 min at 4°C. Unbound conjugates were

V,, gene fragments were digested with a mixtureSat! andSall restric- ~ 'emoved by washing with PBS plus Tween 20, anghenylenediamine

tion enzymes for Y andBcll andSacl for \{,. The digests were incubated (5'9”?6" St. Louis, MO). in citrate buffer was added to the wells. The

for 2 h at37°C (56°C forBcll), and DNA fragments were separated by 'eaction wasstopped with 2 M HCI, and the OD was measured at

electrophoresis on minigels of 0.75% Seakem agarose (FMC Bioproduct4,90 nm with a Titertek multiwell plate reader (Titertek instruments,

Rockland, ME). DNA bands were visualized by staining with ethidium Huntsville, AL).

bromide. DNA bands corresponding t@ ¥nd Vi, fragments were cut from indi i _

gels and purified using Geneclean. DNA fragments encodiggiw Binding activity of 1F5 scFv-g detected by flow cytometry

were cloned into modified PUC19 at the same time. The PUC19 plasmidRamos cells were incubated with COS supernatants/PBS, purified 1F5&

was modified as follows: thelindlll site at the 5 end of the stuffer region  scFv-Ig fusion proteins, or purified intact 1F5 Ab in staining medium «

was used to insert HindllI-Sall fragment containing the anti-L6 Ig light (RPMI 1640 plus 5% FBS plus 0.1% sodium azide) for 45 min on ice. Cells §
o

Aliquots (5 ul) of miniprep DNA from PUC19 plasmids carrying, Vand

/610" jounwiw 1 {/7:dny wouy pspeojumoq

chain leader sequence for secretion of scFv-lg, andthe site at the 3 were washed, and bound scFv-Ig fusion proteins were detected with GAH
end of the stuffer region was used to insert the DNA sequence encoding theonjugated to FITC (Tago, Burlingame, CA) for 30 min on ice. Bound S
hinge-CH2-CH3 portion of human IgG1 in which hinge cysteines had beermurine 1F5 Ab was detected using a FITC-labeled GAM (Tago). The cells £
mutated to serines to favor the production of monomeric scFv-lg. Thewere washed with ice-cold staining medium and fluorescence was analyzed S

(6]

cloned DNA fragment was then cut b§bal andHindlll, purified by Gene-  using a flow cytometer (Becton Dickinson, Mountain View, CA). 3

clean, and inserted into the pCDM8 vector for expression. oL ) o 8’
Radioiodination of Abs and Scatchard analysis of binding o

Transient transfection in COS cells 1F5 and 1F5 scFv-Ig were labeled with ¥ by the lodogen method. Ab ]

COS cells were seeded at a density of &élls per 10-cm diameter culture (100 pug/ml) was incubated with 0.5 mCi of N1 in glass tubes coated Ny

dish 18—24 h before transfection. Plasmid DNA was addetb(ug/dish) with 10 ug of lodogen (Pierce, Rockford, IL) for 5 min at room temper-

in a volume of 5 ml of serum-free DMEM containing 0.1 mM chloroquine ature. Free N&3 was removed by chromatography on a Pharmacia PD-10

and 600ug/ml DEAE dextran, and cells were incubated for 3-3.5 h at column (Pharmacia, Piscataway, NJ). Eluted fractions contaitfifida-

37°C. Transfected cells were then briefly treate@ (nl) with 10% DMSO  beled Ab were pooled and stored at 4°C.

in PBS and incubated at 37°C for 16—24 h in DMEM containing 10% FCS.  Cell binding assays were performed in 1.5 ml microcentrifuge tubes.

The culture medium was removed24 h after transfection and replaced Labeled Abs were serially diluted in tissue culture medium (RPMI 1640

with serum-free DMEM (10 ml/dish). Incubation was continued for 3 days plus 2% BSA plus 0.02% sodium azide) and 10f each concentration

at 37°C, and then the spent medium was collected and fresh serum-freixed with an equal volume of serial cell dilutions in microcentrifuge

medium was added. After an additional 3 days at 37°C, the spent mediuriubes. A 100l aliquot of each Ab dilution was also counted in a Beckman

was again collected and cells were discarded. Culture supernatants wereb500 counter (Beckman Instruments, Palo Alto, CA) to determine the sp.

tested for the presence of scFv-Ig proteins and for specific binding activityact. of the labeled Abs and the total amount of Ab added for each dilution.

of those proteins as described below. The immunoreactive fraction of each Ab preparation was determined by
Lineweaver-Burk analysis using a fixed concentration of Ab (40 ng/ml)

Purification of 1F5 scFv-Ig incubated with varying numbers of target cells {@00°/well) as described

) ) y Lindmo (16). Scatchard analysis was performed by incubating serial
MC106/p3 clones, which contained host pCDM8 vectors and prOduce‘Silutions of Ab (10ug/ml to 10 ng/ml) with a fixed number of cells (2
functional scFv-Ig, were |n|t|aII_y |dent|f|ed by screening supernatants °f105). Tubes were incubated at 37°C for 1 h. The target cells were then
small-scale preparations for binding to Ramos cells using FACS. Theny ashed three times by centrifugation, and bound activity was counted.

large-scale transfections were set up to generate sufficient quantities &q4chard plots were then used to determine binding avidities as described
fusion proteins for purification and experimental testing. Subsequently, 80 y Trucco (17).

ml of serum-free supernatants were collected over a 6-day culture period.

Cellular debris was removed by low-speed centrifugation, and clarifiedFlow cytometric analysis of apoptosis using propidium iodide
supernatants were applied to columns of immobilized protein A at a rate otp|) staining

1 ml/min. The columns were rinsed with PBS and proteins were eluted with

0.1 M glycine/0.15 M NaCl, pH 2.7, neutralized immediately with 1.0 M Flow cytometric analysis of cellular DNA was performed following PI
Tris-HCI, pH 9.0, and then dialyzed against PBS at 4°C. staining according to the method of Fried et al. (18). Briefly; Ramos
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Sense primers for Vy of new 1F5 scFv GTCGAC (SALI)-replaces Q with D as first residue of V,
v,
: 5 G C GGT GGC TCG GGC ¢ I v L $ Q $ P A I L S A S$ P G E K V T
(66GGS)3: 5-GTT GTC GAG CTC AAA COG GGT GG CAAATTGTTCTCTCCCAGTCTCCAGCAATCCTTTCTGCATCTCCAGGGGAGAAGGTCACA
GGT GGT GGG TCG GGT GGC GGC GGA TCT CAG GTG CAA CTG CGG CAG-3’ M T c R AGS S S L SFMHEMWTYOQOTEKTFPG

ATGACTTGCAGGGCCAGCTCAAGTTTAAGTTTCATGCACTGGTACCAGCAGAAGCCAGGA

;5 GAG C GG GGC TCG GGC ]

(GGGGS)2: 5-GTT GTC GAG CTC AAA CGG GGT GGC GGT sk e w ot vamsmLascuoe s

GGT GGT. G T CAG GTG CAA CTG CGG CAG-3 TCCTCCCCCAAACCCTGGATTTATGCCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGC
GGT GGT GGG TCG -3

F S G § 6 $ ¢ T S Y 8L T I S R V E A E

(GGGGS)1: 5'-GTT GTC GAG CTC AAA CGG GGT GGC GGT GGC TCG CAG TTCAGTGGCAGTGEETCTGGGACC TCTTACTCTCTCACAATCAGCAGAGTGGAGGCTGAA
DAATYFCHOWSSNZPILTTFGAG
GTG CAA CTG CGG CAG-3 GATGCTGCCACTTATTTCTGCCATCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGG

SACT GS1 Gs2 GS3
(GGGGS)0: 5°-GTT GTC GAG CTC CAG GTG CAA CTG CGG CAG-3’

TKLELKRGGGG%GGGG&GGG
ACCAAGCTGGAGCTCAAACGG [ GGTGGCGETGECTCGGGCGGTEGTEGEGTCGGGTGGCGGC

V>
5’-TCA GTG CTG ATC AGA GGA GAC TGT GAG AGT GGT GCC TTG GGC-3’ T 5 o K Q L R QP GAETLV VI KTPGAS V
CAGGTGCAACTGCGGCAGCCTGGGGCTGAGCTGGTGAAGCCTGGGGCCTCAGTG

Antisense primer for Vg of 1F5 scFv

Sense primer for V; of 1FS scFv K M S ¢ ¥ A S G Y TF TS Y NNEHWY K

AAGATGTCCTGCAAGGCTTCTGGCTACACATTTACCAGTT. ATATGCACTGGGTARAG

5’-ATC GTC TAG GTC GAC ATT GTT CTC TCC CAG TCT CCA GCA ATC-3’
TP GQGLEWTIGA ATIYZPGNTGD DT
Antisense primer for V. of 1F5 scFv CAGACACCTGGACAGGGCCTGGAATGGATTGGAGCTATTTATCCAGGAAATGGTGATACT
L

S ¥Y N ¢ K F K GG K A TUL TAUDI K S S 8 T

5’-GTT GTC GAG CTC CAG CTT GGT CCC AGC ACC GAA-3 TCCTACAATCAGAAGTTCAAAGGCAAGGCCACATTGACTGCAGACAAATCCTCCAGCACA
FIGURE 2.  Primers for My and Vi of new _1F5 SCFVMCJT—GA SCCzACﬁTGEAGgTCiGCZSAGTgTGZT\CAiCTEAGEACiCTéCGZTCEI{‘AT‘;ACEGTQCAiGA
TCA and GTC GAC:Sacl,Bcll, andSall restriction sites; GGT GGC GGT
GGC TCG GGC GGT GGT GGG TCG GGT GGC GGC GGA TCT, GGT S AR ACO TR TAACHAC YT ACACTAC T TOACTACTIG0GCARAGGCACCACTOTC
GGC GGT GGC TCG GGC GGT GGT GGG TCG and GGT GGC GGT v s s sert
GGC TCG: sequences encoding (GGGGHBEGGGS), and (GGGGS) ACAGTCTCCTCTGATCA

FIGURE 3. Nucleotide and deduced amino acid sequence of 1F5 scFv
cWolecule. PCR madification and amplification of the 1F5d6émain gen-

cells were incubated with 1F5 scFv-Ig in the presence or the absence . . S .
F(ab'), of a GAH (Jackson ImmunoResearch Laboratories, West GroVeerated a single 318-bp fragment with the restriction endonuclease flanking

PA), washed in PBS, and then gently resuspended in 0.5 ml of a hypotonigUt Sites ofSall-Sacl. This fragment was ligated ta-ndlll-Xbal leader
fluorochrome solution (5Qug/ml Pl in 0.1% sodium citrate plus 0.1% Peptide cassette encoding the LE¥ignal peptide. Four versions of the
Triton X-100; all from Sigma). Samples were stored in the dark at 4°C until (linker plus 1F5 ;) domain were generated by PCR using different sense
flow cytometric analysis of individual nuclei using a FACScan flow cy- primers. The primers differed in the number of (gigr), repeats immedi-
tometer (Becton Dickinson, San Jose, CA) could be performed. The perately following theSacl site and just before the, Mcoding region. The
centage of cells that were apoptotic was measured as described by Nicole#fhtisense primer containedBall site for fusion to Ig tails or STOP cas-

etal. (19). Briefly, cellular debris was excluded from analysis by raising theggites. Four scFvs were generated by ligation of theldain to one of

forward scatter threshold, and the DNA content .Of |nta_ct_ nuclei Was T€yha four \i; domains and were designated GS0O, GS1, GS2, and GS3 de-
corded on a logarithmic scale. Apoptotic cell nuclei containing hypodiploid

DNA were enumerated as a percentage of the total population. pending on the number of (glyer) repeats contained in the peptide linker
between Y and V.
Results

Design of primers for f domains of 1F5 scFv-Ig were then transferred to an expression vector (0CDM8) before

Four different sense primers for thg,\omain of the 1F5 scFv-Ig transfecting into COS cells for expression. 1F5 scFv-Ig fusion pro-
were designed to construct four new 1F5 scFv-lg-containing multeins were purified from culture supernatants of transfected COS
timers of the (GGGGS) linker peptide (Fig. 2). These primers con-cells by affinity chromatography on immobilized protein A. Yields
tained sequences encoding (GGGGS)(GGGGS), and  of purified protein were typically about 1.5 mg/L.

(GGGGS) and sequences joining,Vand V,_ directly. In addition, ) ] ]

a Sacl restriction site was added to the amino terminus of all four2€tection of aggregation of 1F5 scFv-lg by Western blotting
primers and to the carboxyl terminus of the antisense primer fopnd HPLC

amplifying the \{_ sequence, which was used later in a three-wayscFvs with short or absent linker peptides have been shown to have
ligation reaction to join the cohesive ends of sequences encoding tendency to aggregate and form dimers or multimers (8). The
Vy and V. aggregation of 1F5 scFv-Ig was examined on Western blots probed
with alkaline phosphatase-conjugated GAH after proteins were
separated by reducing or nonreducing SDS-PAGE gels (Fig. 4).
The newly designed primers were used to amplify DNA fragmentswWhen reduced, all four 1F5 scFv-lg migrated at molecular masses
encoding the \, and \,_ regions of the new 1F5 scFv-Ig constructs of ~55 kDa, the approximate size expected for a scFv fused to
by PCR, using plasmids containing DNA fragments encoding thehinge-CH2-CH3 of human IgG1. About 10—-30% of 1F5 scFv-Ig
original V, and V| of 1F5 scFv as a template. After being purified appeared at molecular masses~af10 kDa when run on nonre-
and sequenced, isolated,\and V DNA fragments were simul- ducing gels (Fig. 4B). These data indicated that most of the 1F5
taneously inserted into the polylinker region of the modified scFv-lg were monomeric in SDS despite the different lengths of
PUC19 plasmid flanked by a sequence encoding a leader peptidethieir linker peptides. The size of native 1F5 scFv-lg was also ex-
the N terminus and a human IgG1 domain (hinge, CH2, and CH3amined by size-exclusion HPLC analysis before and after protein
at the C terminus in a three-way ligation reaction. A single openA purification (Fig. 5). A single peak corresponding in size to the
reading frame was created encoding, from N to C terminus, leadescFv-lg monomer was observed for all 1F5 scFv-Ig from both cell
peptide, \{, V, with different linker peptides, and a derivative of culture supernatants and purified proteins. Binding assays (see be-
the human 1gG1 Fc domain. Fig. 3 shows the sequence of 1F®Bw) using peak fractions indicated that the monomers were capa-
scFvs with varying lengths of linker peptides. These fragmentsle of binding specifically to CD20-expressing cells (data not
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Construction and expression of 1F5 scFv-Ig
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FIGURE 4. Detection of 1F5 scFv-lg by Western blot analysis. 1F5 Cr — d

scFv-Ig from COS cell supernatants were detected by probing Western 10° 10! 102 10? 104
blots using alkaline phosphatase-conjugated GAH after separating these
proteins on reducingX) and nonreducingd) SDS-PAGE gels. Neg., Su- Fluorescence Intensity

ernatants from cells transfected with pCDM8 vector without inserts. -
P P FIGURE 6. 1F5 scFv-lg binding demonstrated by flow cytometry. A

total of 1 Jurkat or Ramos cells were incubated with PBS onug@ml
shown). These results demonstrated that no significant aggregati(?ﬁ_l? srl;v-llgdfor:g rfnln at4c fo”ZlNed bﬁl washing anld |n§utk))atf||on with
occurred with any of the 1F5 scFv-Ilg when analyzed by HPLC. C-labeled GAH for 30 min at 4°C. Cells were analyzed by flow cy-
. N . tometry. Data are representatlve of three concordant experlments.
The presence of a minor degree of dimer formation on nonreduc-
ing SDS-PAGE gels was presumably due to association of the
CH3 domains of the Ig tail, as has been reported previously (20)pinding assay employing unlabeled 1F5 scFv-Ig to block binding
Detection of binding activity of 1F5 scFv-Ig by flow cytometry of quorescgln-Iabgled intact 1F5 (daFa not showp). The mean flu-
and ELISA orescence intensity of Ramos cells incubated with FITC-1F5 de-
. o o clined from channel 31.02 in the absence of blocking 1F5 scFv-lg €
The relative CD20 binding activities of these new 1F5 scFv-Igto channel 18.64 in the presence of unlabeled 1F5 scFv-Ig. The &

Aq /610" jounwiwi{//:dny wouy papeoumoq

constructs were compared in flow cytometric and ELISA assayselative binding activities of the different 1F5 scFv-lg were con- 8
using CD20-expressing Ramos cells and control Jurkat cells. In th@rmed in an ELISA assay, performed by adding j250f various g
former assay, the binding activity was tested by adding 1F&oncentrations (12.5-10@g/ml) of 1F5 scFv-Ig to 19 Ramos §
scFv-Ig constructs to Ramos cells followed by staining with FITC-cells, followed by the addition of a peroxidase-conjugated GAH &
conjugated GAH as a second step reagent and analyzing by flogecond Ab (Fig. 7). Thus, all of the scFv-lg constructs retained ?;
cytometry. The results indicated that 1F5 scFv-Ig bind specifically ~
to CD20 expressed on Ramos cells because nonspecific binding of =
1F5 scFv-lg was not found with Jurkat cells, which do not express 1.2+ ~
the target CD20 Ag (Fig. 6). The order of binding activity was
(GGGGS) > (GGGGS), > (GGGGS), > (GGGGS), (Fig. 6). 11
The specificity of binding was also confirmed using a competitive
2 st
[}
mAU 8’ 0.6
6 o
>
4] aQ 0.4
2]
0] 0.2
24 0 : | ' |
B0 E— B — 0 12.5 25 50 100 200

5 10 15 20 min
FIGURE 5. The size of 1F5 scFv-Ig constructs as determined by HPLC
analysis. COS cell supernatants containing 1F5 scFv-Ig or purified 1F3-IGURE 7. Binding activity of 1F5 scFv-lg demonstrated by ELISA. A
scFv-lg were eluted through a size-exclusion HPLC column. Results ar¢otal of 1 Ramos cells were incubated with different concentrations of
presented for the 1F5 scFv-Ig constructed with a 5-aa residue linker aftetF5 scFv-lg, followed by incubation with a peroxidase-conjugated GAH
affinity purification using protein A. Similar results were observed for all second Ab. The results are presented as the average OD of duplicate wells,
other 1F5 scFv-Ig before and after purification. mAU, Milli absorbency after subtracting the OD of control wells incubated only with the secondary
unit. Ab. Data are representative of three concordant experiments.

1F5 scFv-lg (ng/ml)
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- N » e FIGURE 9. Apoptotic effect of 1F5 scFv-Ig on Ramos cells as demon-

. strated by PI staining. A total of £@ells/ml were incubated with pg/ml

Ab Concentration (ug/ml) of 1F5 scFv-Ig GS1 in the presence or the absence i@l GAH or
FIGURE 8. Binding activity of 1F5 scFv-lg compared with 1F5. Atotal With 10 pg/ml 1F5 in the presence or the absence ofug@ml GAM for
of 10° Ramos cells were incubated with various concentrations of 1F524 h. Cell nuclei were stained with Pl and analyzed by flow cytometry.
scFv-lg (GS1) or 1F5, followed by incubation with a peroxidase-conju- Hypodiploid DNA peaks corresponding to apoptotic nuclei were quanti-
gated GAH or GAM secondary Ab. The results are presented as the avefied. Cells incubated with PBS or 5@g/ml GAH were used as negative
age OD of duplicate wells, after subtracting the OD of control wells incu- control, and cells incubated with 1@g/ml anti-sigM Ab were used as
bated only with the secondary Ab. Data are representative of threddositive control. Data are representative of three concordant experiments.
concordant experiments.

apoptosis when further cross-linked by a secondary GAH p\k:(

CD20 binding activity, but the binding activities were strongly 0-01), similar to our observations with intact murine 1FS.

influenced by the length of the linker. . )
Discussion

Both unmodified and radiolabeled anti-CD20 mAbs have been
The binding activity of the best 1F5 scFv-lg construct (GS1) wassuccessfully employed in the immunotherapy of B cell lymphomas
further compared with the binding of the intact anti-CD20 mAb (1-3, 23-25). Tumor remissions have been observed in up to 50%
1F5 by ELISA, flow cytometry, and radiolabeled cell binding as- of lymphoma patients treated with unmodified mAbs (1, 26) and in
says. As shown in Fig. 8, the binding activity of the monomeric 72-95% of patients receiving radiolabeled mAbs (2—4). However,
1F5 scFv-lg was comparable, though slightly inferior to that of theslow and heterogeneous penetration of these intact mAbs into tu-
intact bivalent 1F5. Similar results were obtained using flow cy-mor sites remains a limiting factor for optimal immunotherapy.
tometry (data not shown). A more quantitative analysis of com-scFvs are smaller than intact mAbs and have been shown to pen-

Comparison of binding activity of 1F5 scFv-Ig with intact 1F5

WSAON uo mnﬁ /(q /B10° ounwiwfj/:dny wo.y papeoumoq

parative binding was obtained by radiolabeling both the GS1 1F%trate tumors faster, more deeply, and more homogeneously ing

scFv-Ig construct and the intact 1F5 Ab and performing a standargivo (27-30). In addition, their small size renders them less im-

o

Scatchard binding analysis. Because soluble CD20 was not avaimunogenic than intact mAbs. Despite these advantages, it must beI\)

able, the binding of*3-labeled 1F5 scFv-lg and intact 1F5 were acknowledged that scFvs often achieve lower intratumoral con-
measured using CD20-bearing Ramos cells, and data were angentrations and exhibit shorter tumor retention than intact mAbs
lyzed by Scatchard analysis by the method of Trucco (17). Usinghecause of their lower binding affinities (27, 31, 32). One of the
this approach, the binding avidity of the 1F5 scFv-Ig was estimatedpproaches to improve the scFv affinity has been to employ opti-
to be 1.35x 10° M, whereas the binding avidity of the bivalent mal linker peptides, which increase affinity by affecting the struc-
1F5 Ab was 7.56x 10° M™% ture and assembly of scFvs (6, 8, 9). In this study, we have con-
structed four 1F5 scFv-Ig with different lengths of linker peptides
to explore whether the binding of 1F5 scFv-Ig will be affected as
reported in other Ab systems (33). Our results indicate that 1F5
The functional activities of 1F5 scFv-lIg were subsequently asscFv-Ig with shorter linker peptides (5 aa) have higher binding
sessed by measuring the capability of these constructs to induativities than 1F5 scFv-Ig with longer linker peptides. However,
apoptosis of Ramos cells after cross-linking CD20 with 1F51F5 scFv-Ig with \ and Vj; domains connected together directly
scFv-1g plus GAH. Our group (21) and others (22) have previouslywithout a linker peptide do not show a further improvement of
demonstrated that intact anti-CD20 mAbs reproducibly inducebinding activity. Our results also demonstrate that the binding ac-
apoptosis of malignant human B cells if the CD20 molecule ontivity of the monovalent 1F5 scFv-lg is comparable, though
mAb-coated cells is cross-linked using GAM or FcR-bearing ac-slightly inferior, to that of the parental intact bivalent 1F5 Ab. This
cessory cells. To investigate whether 1F5 scFv can induce apoptorodest decrement in binding avidity of the scFv-lIg compared with
sis in a similar fashion, we treated Ramos cells with 1F5 scFv-Igthe intact Ab is expected based on the difference in valency of
in the presence and absence of GAH and then stained cells with Binding, and is consistent with observations by many other work-
followed by flow cytometry analysis. As depicted in Fig. 9, 1F5 ers comparing other types of scFv with their parental Abs (11, 33).
scFv-1g could induce a small amount of apoptosis in Ramos cells 1F5 is one of a panel of mAbs that have been produced recog-
when used alonep < 0.05), but was more effective at inducing nizing the CD20 pan B cell Ag (34), and it was the first anti-CD20

Induction of apoptosis in human malignant B cell lines by 1F5
scFv-Ig

H
N
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mADb tested in lymphoma patients (26). Anti-CD20 mAbs are at-ble loss of anti-tumor effect or functions including complement
tractive for immunotherapy of B cell lymphomas because 1) anti-fixation, Ab-dependent cellular cytotoxicity, and induction of apo-
CD20 Abs do not internalize after cell surface binding, 2) anti- ptosis. Although the first two of these functions are dependent on
CD20 Abs are not shed from the cell surface, 3) CD20 is expressethe physical presence of the Fc portion of the Ig molecule, apo-
at a high density on>95% of all B cell lymphomas, and 4) the ptosis induction is triggered by binding to the target Ag and might
antigenic density of CD20 is relatively homogenous from one tu-be preserved with scFv constructs. Our results indicate that this
mor cell to another (35). To further improve the promising thera-may be the case with the 1F5 scFv described in this manuscript,
peutic effects of anti-CD20 mAbs by enhancing penetration intothough optimal induction of apoptosis required amplification by
tumor sites, smaller fragments of these mAbs have been suggestetbss-linking the scFv with a GAH secondary reagent. Because the
to replace intact mAbs (27, 36, 37). However, preliminary effortshuman 1gG1 tail used in our scFv-lg constructs can bind Fc re-
to generate 1F5 F(aly')enzymatically have been laborious and ceptors, this apoptotic effect may be augmented in vivo by cross-
yields have been disappointing (our unpublished observations)inking mediated by FcR-bearing accessory cells. We conclude
Fab of these mAbs have been produced but their monovalent bindhat the 5-aa GS1 1F5 scFv construct merits further investigation
ing and lower avidities have impeded clinical applications (27, 36,for targeted therapy of CD20-expressing B cell malignancies in-
37). These disadvantages have induced us to pursue genetituding applications involving radionuclide conjugates and pretar-
approaches to synthesize new Ab derivatives. Ultimately, thesgeting strategies using scFv-streptavidin conjugates in combina-
efforts are focused on making these special Abs smaller, whilgion with biotin°>°Y secondary reagents. In addition, further
retaining bivalent binding properties to make their affinities com-structural modifications are underway to generate dimeric scFv,

parable to intact mAbs.
Recombinant fragments with two binding sites have been made

which may prove superior to the present constructs.

in several ways, for example, by chemical cross-linking of theReferences

hinge cysteine residues (38) or by including a C-terminal peptide
that promotes dimerization (39, 40). More recently, single-chain
Abs have been reported by many research groups to have the ten-
dency to form dimers and higher molecular multimers when the
linker peptides are short, especially shorter than 15 aa residues (7,
15, 33). The explanation for this phenomenon is that short linkers
presumably constrain the folding and appropriate association of
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