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

1. Documentos estudiados

Descripcion: Folios 27 a 69 04 .agosto 2009
Reivindicaciones: Folios 70a78 04 ;agosto 2009
- Folios 120 a 124 13:abril 2011
Dibujos: Folios 80 a 85, 99 04 jagosto 2009
Secuencias: Folios 86 a 98 04 agosto 2009

Prioridad: GB 0700133.2 04 fenero 2007
2. Analisis de la Prioridad |

Se acepta la reivindicacion de Prioridad porque esta 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

Titulo de la solicitud: “‘Anticuerpos neutralizantes del citomegalovirus humano y su
USO” "

El problema planteado en esta solicitud consiste en |a nedesidad de anticuerpos
neutralizantes del citomegalovirus humano con aita capacidad neutralizante que
permita una menor administracion. |

Para resolver este problema técnico la solicitud en estudio proporciona un anticuerpo
monoclonal neutralizantes del citomegalovirus humano que comprende una region
variable de cadena pesada que comprende la secuencia SEQIDNO 7, SEQ ID NO
17, 6 SEQ ID NO 39 y una regidn variable de cadena ligera que comprende la
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secuencia SEQ ID NO 8, SEQ ID NO 18 6 SEQ ID NO 7,

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): C12N 15/13; A61K 39/42; A61P 31/22

4. No es unainvencion (Art 15 D 486 literal (b))

El objeto de las reivindicaciones 15 y 16 no se considera una invencion puesto que
hace referencia a un anticuerpo humano, de acuerdo con el Art citado.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de las reivindicaciones 19, 26 a 28 no es patentable, de acuerdo con el Art 14,
6. De la Solicitud de Patente
Titulo

Eltitulo hace referencia a el uso de los anticuerpos reclamados, debido a que lo usos
no son patentables se sugiere al Solicitante hacer la correccion necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones que se refieren a un anticuerpo deben caracterizarlo a partir de
su estructura completa, mencionando las secuencias que lo conforman en la cadena
ligeray cadena pesada, o las secuencias variables de las cadenas ligera y pesada o
las secuencias de los 6 CDR’s que conforman ambas cadenas. La referencia a
estructuras parciales del anticuerpo no son validas puesto que no es una estructura
activa, probada ni definida. Se sugiere establecer la caracterizaciéon del anticuerpo tal
como se aprecia en la reivindicacién 14.

Las reivindicaciones 1 a 5, 17 a 19 hacen referencia a la concentracién necesaria
para neutralizar la infecciéon con hCMV mediante el yso de un anticuerpo, y al hecho
de que este se une a un epitope especifico, lo cual no caracteriza adecuadamente el
anticuerpo reclamado y corresponden a un resultado a alcanzar puesto que la
reivindicacion incluiria no sélo la solucion propuesta por el solicitante, sino todas las
alternativas presentes o futuras que lleguen a ese resultado. Se sugiere reemplazarlo
por las caracteristicas esenciales, estructurales o funcionales, que contribuyen a la
obtencion de ese efecto.

En el capitulo reivindicatorio, especialmente las reivindicaciones 6 a 12 existen
numerosas reivindicaciones que reclaman un anticuerpo definido a partir de diversas
y numerosas opciones de anticuerpo, dependiendo opciones de cadena ligera 6
cadena pesada. Estas reivindicaciones dan lugar cada de la combinacién de
secuencias empleada y pocas de ellas presentan sustento en la descripcion se
sugiere hacer una generalizacion razonable de secuencias de acuerdo a lo divulgado
en la descripcion tales como los anticuerpos con VH SEQ ID NO 7 y VL SEQ ID NO
8.

Las reivindicaciones 6, 11, 12 contienen el termino “al menos” el cual es impreciso,
por lo cual no permite distinguir la invencién del estado de la técnica. Se sugiere
sustituirlo por un término preciso o un rango concreto.
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La reivindicacién 15 se refiere a una denominacion particular que se le dio al
anticuerpo reclamado, sin embargo esta denominacién no hace claro el anticuerpo
que desea reclamarse en la reivindicacidon. Se recuerda al solicitante que las
reivindicaciones deben ser claras por si mismas.

El objeto reclamado en las reivindicaciones 13 y 14 es el mismo se sugiere eliminar
alguna de ellas.

Las reivindicaciones 6, 11, 12, 21 contienen la expresion "que tiene una identidad de
secuencia de al menos un 85%...”, o con otros porcentajes. Dicha expresion debe
eliminarse, puesto que no permite establecer a que secuencia se refiere y en el caso
de las regiones CDR o variables de un anticuerpo es necesaria esta definicion para
obtener actividad en un anticuerpo, puesto que el cambioc de un solo aminoécido
puede alterar la especificidad del mismo. es asi que estas no permiten definir la
invencidn ni permiten que pueda ser reproducida por el experto en fa materia.

Las reivindicaciones 20, 21 y 23 y dependientes se refieren a polipéptidos. Sin
embargo, dado que el problema que resuelve la solicitud es proveer anticuerpos que
se unen a hCMV, los polipéptidos aislados no hacen parte de la invencion. Lo mismo
se aplica para los acidos nucleicos reclamados. De igual manera no se definen
dichos peptidos y acidos nucleicos por su estructura por tal razén no se encuentran
adecuadamente caracterizados.

No se encuentra soporte para composiciones que contengan mas de un anticuerpo
dentro de sus componentes tal como se reclama en la reivindicacion 25, por tal
razdn se sugiere eliminar dicha reivindicacién.

7. Unidad de invencion (Art 25 D 486)

La Solicitud no cumple con el requisito de unidad de invencién porque se refiere a 5
Grupos Inventivos los cuales reclaman un anticuerpo definido a partir de diversas
opciones de anticuerpo, dependiendo opciones de region variable de cadena ligera 6
cadena pesada sin ninguna relacidn estructural entre si.

Los Grupos Inventivos estan definidos por las siguientes caracteristicas esenciales

Grupo 1: Reivindicaciones 7 a 15, las cuales corresponden a anticuerpos
monoclonales humanos que comprenden las regiones variables de cadena pesada
de SEQ ID No. 7 y region variable de cadena ligera SEQ ID No. 8. Designado como
anticuerpo 1F11. '

Grupo 2: Reivindicaciones 7 a 14, las cuales corresponden a anticuerpos
monoclonales humanos que comprenden las regiones variables de cadena pesada
de SEQ ID No. 17 y region variable de cadena ligera SEQ ID No. 18. Designado
como anticuerpo 2F4.

Grupo 3. Reivindicaciones 7 a 14, las cuales corresponden a anticuerpos
monoclonales humanos que comprenden las regiones variables de cadena pesada
de SEQ ID No. 39 y region variable de cadena ligera SEQ ID No. 40. Designado
como anticuerpo 5A2.

Grupo 4. Reivindicaciones 20 y 21 que corresponden a un acido nucleico que
codifica para cualquiera de los anticuerpos reclamados.
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Grupo 5. Reivindicaciones 23 y 24 referente a un péptido inmunogénico aislado o
purificado que comprende un epitopo que se une al anticuerpo

Se sugiere presentar las Solicitudes divisionales que considere necesarias, 6 limitar
la solicitud inicial a una sola invencién, eliminando de ella las otras invenciones.

8. Determinacion del Estado de la Técnica
El Estado de la Técnica se determiné con base en la fecha de presentacién de la

solicitud de prioridad (04 enero 2007) y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

Fecha de 1

item Documento Titulo SRR
Publicacion

: Human monoclonal antibodies
ééGf:S';f',{Zééfms?)’ neutralizing human ! 28 enero 1987
' cytomegalovirus
PNAS. Vol. 102: No. Human cytomegalovirus virion |

. _ | protein complex required fro |
D2 ?g%sgpagl 18153 epithelial and endothelial cell | 21 OCtubre 2005

tropism
Journal of virological | Human monoclonal anti HCMV |
D3 methods 74 (1998) | neutralizing  antibody  from | 28 abril 1998
89-98 phage display libraries |

D1

D1 (folio135) divulga anticuerpos monoclonales humanos anti-HCMV que neutralizan su
capacidad virulenta en una concentracién entre 0.5 y 0.3ug/ml

D2 (folios 136-138) divulga anticuerpos monoclonales anti-hCMV obtenidos a partir de una
libreria genéticas de fagos que expresan proteinas de dicho virus. ‘

D3 (folios 139-140) divulga anticuerpos anti-hCMV los cuales estan dirigidos directamente a
las proteinas UL-130 y UL131A las cuales son importantes para virulencia del virus.

9. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacion 1 consiste en “un anticuerpo o un fragmento de unién a antigeno
del mismo, que neutraliza una infeccion de células endoteliales, células epiteliales,
células retiniana, células mieloides o células dendriticas por citomegalovirus humano
(hCMV), en que la concentracion de anticuerpo necesaria para una neutralizacion del
50% de hCMV es de 0.3ug/m! o menos

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1 02 bs
Un anticuerpe o un fragmento Un anticuerpo o un | Un anticuerpo o un ' Un anticuerpo o un
de unidn a antigeno del mismo, | fragmento de union | fragmento de unién | fragmento de unién

que neutraliza una infeccion de | a antigeno del a antigeno del a antigeno del

. células endoteliales, células mismo, que mismo, que i mismo, que
epiteliales, células retiniana, neutraliza una neutraliza una ' neutraliza una
células mieloides o células infeccién por infeccidn por | infeccion por

. dendriticas por citomegalovirus | citomegalovirus citomegalovirus i citomegalovirus i
: humano (hCMV), humano (hCMV), humano (hCMV), | humano (hCMV) |
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Frente a D1

Las caracteristicas esenciales del anticuerpo de la reivindicacion 1 habian sido
divulgadas previamente en D1, el cual ensefia anticuerpos monoclonales humanos
anti-nCMV (folio ,pagina 1457, resumen) de un peso aproximado de 50y 130KD que
neutralizan una infeccion por citomegalovirus humano (hCMV), dichos anticuerpos
tienen una concentracién de neutralizacidén entre un 0,5 y un 0.3 ug/ml. (folio 135,
pagina 1459) :

En consecuencia, la reivindicacion 1 carece de novedad, segun lo divulgado en el
documento D1.

Las reivindicaciones dependientes 2 a 5, 15 a 19 no mencionan alguna caracteristica
que haga nueva a la composicién de la reivindicacion 1, por lo cual se considera que
no son nuevas.

Frente a D2

Las caracteristicas esenciales anticuerpo de la reivindicacién 1 habian sido
divulgadas previamente en D2, el cual ensefia anticuerpos monoclonaies humanos
obtenidos a partir de una biblioteca de fagos (folio 136, pagina 89, resumen) los
cuales exhiben una actividad neutralizante de 1ug/mi (folio 137, pagina 95, figura 5).
Dichos anticuerpos se unen a las proteinas de superficie gpUL55 y gpUL75 del virus
las cuales son importantes para la actividad virica del virus (folio 136, pagina 90, item
1),

Asimismo se revela la secuencia de aminoacidos de la region variable de cadena
ligeray la region variable de cadena pesada la cual tiene una correspondencia del 95
con las secuencias SEQ ID NO 7 y SEQ ID NO 8 de la presente solicitud (folio 137,
pagina 94, figura 3), y la secuencia de nucleétidos que codifica dicho anticuerpo.

En consecuencia, la reivindicacién 1 carece de novedad, segdn lo divulgado en el
documento D2.

Las reivindicaciones dependientes 2-3, 6, 11, 12, 15 a 22 no mencionan alguna
caracteristica que haga nueva a la composicién de la reivindicacion 9, por lo cual se
considera que no son nuevas.

Frente a D3

Las caracteristicas esenciales anticuerpo de la reivindicacién 1 habian sido
divulgadas previamente en D3, el cual ensefia anticuerpos monoclonales los cuales
exhiben una actividad neutralizante menor de 20ug/mi (folio 139, pagina 18156).
Dichos anticuerpos se unen a las proteinas de superficie UL128 y UL130 del virus las
cuales son importantes para la actividad virica del virus (folio 139, pagina 18153,
resumen, item 1).

En consecuencia, la reivindicacion 1 carece de novedad, segun lo divulgado en el
documento D2.

Las reivindicaciones dependientes 2 a 5§ y 15 a 22 no mencionan alguna

caracteristica que haga nueva a la composicién de la reivindicaciéon 9, por lo cual se
considera que no son nuevas.
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Nivel Inventivo (Art18 D486)

La reivindicacion 14 consiste en un anticuerpo, o fragmento de unién a antigeno del
mismo, en el que el anticuerpo comprende...(folio 122)

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1 D2
Anticuerpo Anticuerpo | Anticuerpo
Regidén variable de cadena pesada Regién variable de
SEQIDNOQ7,6SEQIDNO 17, 0SEQID cadena pesada
NO 39 Anticuerpo de 50 a 130KD +SERIDNO

Region variable de cadena ligera
SEQIDNC 8, 6 SEQIDNO 18, 0SEQID
NO 40

cadena ligera
SEQIDNO 2

' Region variable de
l

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencién definida en la reivindicacion 1 porque:

El documento D1 ensefia anticuerpos monoclonales humanos anti-hCMV (folio
,pagina 1457, resumen) de un peso aproximado de 50 y 130KD que neutralizan una
infeccion por citomegalovirus humano (hCMV), dichos anticuerpos tienen una
concentracion de neutralizacion entre un 0,5y un 0.3 ug/ml. (folio 135, pagina 1459)

La diferencia entre fa invencion, definida en la reivindicacion 1 y el anticuerpo
divulgado en el documento D1 consiste en que se definen las secuencias de las
regiones variables pesada y ligera.

El hecho de especificar las secuencias tanto de [a region variable de cadena pesada
como la region variable de cadena ligera no evidencia un efecto técnico sorprendente
con respecto a los divulgados en D1, puesto que no se presenta neutralizaciéon en la
mayor concentracion (>2ug/ml) para tejidos de tipo fibroblasto con respecto a lo
reportado por D1 (0.3ug/ml).

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “como obtener anticuerpos monoclonales humanos anti hCMV
alternativos a los divulgados en D1 con secuencias de las regiones variables pesada
y ligera especificas?

Por su lado el documento D2 hace referencia a anticuerpos monoclonales humanos
obtenidos a partir de una biblioteca de fagos (folio 136, pagina 89, resumen) los
cuales exhiben una actividad neutralizante de 1ug/ml (folio 137, pagina 95, figura
5).Dichos anticuerpos se obtienen luego de obtener 8 clones correspondientes a
fagos que contienen el virus hCMV. A partir de dichos clones se escogen las
proteinas que influyen en la capacidad virica y dichas proteinas se establecen como
epitopes (folio 138), generandose asi un anticuerpo anti-hnCMV que presenta la
secuencia de aminoacidos de la regién variable de cadena ligera y la region variable
de cadena pesada la cual tiene una correspondencia del 90% con las secuencias
SEQIDNO 7y SEQ ID NO 8 de la presente solicitud (folio 137, pagina 94, figura 3);
y la secuencia de nucledtidos que codifica dicho anticuerpo.

En consecuencia, la persona del oficio normalmente versada en la materia, que
conozca el estado de la técnica en donde se divulga un anticuerpo con actividad
neuitralizante anti hCMV menor a 0.3ug/ml (documento D1) y tenga acceso a la
generacion de librerias de genes o fagos que expresen proteinas especificas del virus
hCMV , estaria motivado a generar clones, acidos nucleicos y anticuerpos con una
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actividad neutralizante optima de secuencia similar a la divulgada en D2 para liegar
asi al objeto de la reivindicacion 1 de la solicitud. Por lo cual se considera que carece
de nivel inventivo.

10.Conclusiodn

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

item | Documento Reivindicaciones afectadas . Requisito que afecta

D1 ' J. Gen. Virol. (1987), 68, 124 ! Novedad /Nivel |
1457-1461 ? inventivo I

D2 PNAS. Vol. 102: No. 50, 124 Novedad /Nivel |
Pag. 18153-18158 | inventivo
Journal of virological !

D3 | [ethods 74 (1998) 89-68 ladSyisazz | Novedad ;

En cumplimiento del articulo 45 de la Decision 486 de la Comisién 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 notificacién 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 y presentarla por escrito

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

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior - r.éqruerlmlento fue notificado por fijacion en lista, de fecha

B L0, 773

Elaborado por: Ana Delia Pinzén Garcia
Revisado por: Consuelo Leguizamén Leguizamén %/
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Key words: CMVhuman monoclonal antibodies|neutratization

Human Monoclenal Antibodies Neutralizing Human Cytomegalovirus

By YASUHIKO MASUHO,'* YOR-ICHI MATSUMOTO,'
TOHRU SUGANO,' SHIGEKI FUJINAGA!® aAnD
YOICHI MINAMISHIMA?
P Teijin Institute for Biomedical Research, Asahigaoka, 4-3-2, Hino-city, Tokyo 191 and
2 Department of Microbiology, Mivazaki Medical College, Miyazaki, Japan

CAccepted 28 January (987)

SUMMARY
Hybridomas producing human monoclonal antibodies (MAbs) against human
lovirus (CMV) werc by fusion of human splecn cells and mouse

Y
myeloma ceils. Two of the six MAbs obtained ncutralized viral infectivity even at
concentrations lower than t ug/ml. One MAb required compiement for neutralization
but the other did not. Both MAbs recognized viral proteins of M, 130060 and 55000.
Furthermore, these neutcalizing MAbs bound to the surface membrane of CMV-
infected cells. These results suggest that human MAbs may provide a new means of
passive immunization against CMV infection in humans.

Cytomegalovirus (CMV) has been associated with significant morbidity and mortality in
immunocompromised hosts such as organ transplant recipients (Meyers er al., 1983) and
patients with acquired immunodeficiency syndrome (Quinean et al.. 1984). Condie & O'Reilley
(1984) showed that high doses of human serum immunaoglobulin with a high antibody titre to
CMYV completely protected bonc marrow transplant recipients from fatal CMV pneumonia.
Their results suggest that if a human monocional antibody {MAb) with an cven higher antibody
titre was available, it would have a potent protective effect against CMV infection. Many
laboratories have attempted to develop human MAbs, but to date there has been onty marginal
success (Cole et al., 1984; Burnctt et l., 1985; Sawada ez al., 1985). The major obstacle is the
difficulty in obtaining human B lymphocytes from individuals highly immunized with a
pertinent antigen. To overcome the resteiction on human i zation, we recently established
a method for cfiicient generation of hybridomas that produce human MAbs apgainst a
predefined antigen (Masitho ef af., 1986; Matsumoto-ef af., 1986). In this study, we describe
human MAbs capable of neutralizing CMV infectivity.

Hybridomas were generated by the fusion of human lymphocytes and mouse mycloma cells as
described previously {Matsumoto er al., 1986). In bricf, human B lymphocytes were obtained
(rom the spleen of a CMV-seropositive patient with idiopathic thcombocytopenic purpura.
‘These were cultured for 6 days with 50 ng protcin/mi of inactivated CMV and 1/10 vol. of B cell
growth factor (Cellular Products Inc., Buffalo, N.Y., U.S.A.) and fused with mouse myeloma
P3-X63-AgUI cclls. The fused cells were grown in selection medium containing hypoxanthine,
aminopterin and thymidine. Four weeks aftec cell fusion, macroscopic hybridoma colonies
appeared in most of the cultare wells and 20 to 50% of them were positive for [gG antibody to
CMYV. We succeeded in cloning six different hybridomas stably producing antibodies by
limiting ditution and obtained human MAbs from their culture fluids. All of these MAbs,
designated C1, C3, C4, €7, C23 and C4t, bound to CMV struins but not to other herpesviruses
such as herpes sitaplex virus and varicella-zoster virus. Their isotypes were found all to be IgG1
C23 had a « chain and the others had 2 chains.

“The ability of esch MAb to veutralize viral infectivity was detecmined by measuring the
reduction in the nember of vical plaques. C23 and C41 neutralized vieal infectivity (Fig. 1) but
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Fig. §. Dose responses in CMV neutralization by {a) C23 and () C41. Reduction of viral plaques (strain
AD169) was assessed in the presence (@) and absence (O) of guinca-pig complement by the method
described previously (Matsumoto ef al., 1986).

¥ig. 2. diographs of CMV antigens by human MAbs. Human embryonic lung (HEL)
cells were infected with the AD169 strain (lanes 1. 4. 7,8, 9, 10and [ L) or the Hi-1 strain (lancs 3and 6),
or were mock-infected (lanes 2 and 5); all HEL cells were labelled with [*SImethionine. Cell Iysates
were immunoprecipitated with C23 (lanes 2 to 4), C41 (lanes S 1o 7). Cl (lane 8), C3 (lane 9), C4 (lane
10), C7 (lane 11) and serum from the donor of the tymphocytes used for the hybridomas (lanc 1). The
precipitated antigens were analysed by SDS-PAGE as described by Lacmmli (1970) and
autoradiographed with u Kodak X-ray-Omat fitm.

the other MAbs did not, even at concentrations higher than 75 pg/mi. Addition of complement
did not affect the neutralization by €23 (Fig. 14) but greatly augmented the ncutralization by
C41 (Fig. i b). The concentrations of C23 and C4! necessary for 507 reduction in the viral
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Abstract

Human cytomegalovicus (HOMV) infi
mortality. Although ganciclovir prophylaxis reduces the incidence of HCMY discase. severe side cffects rauise s
problems. Thus. the development of new stratcgics for prophylaxis are clearly needed, and human monoclonal
antibodies offer a potential alternat We describe the cloning, using the phage display sysiem, of a recombinant
buman Fab fragment apainst HOMV. A phage display fibrary with 4 x 10° clones was panncd three times against
lysates of HCMV-infected cells, and sereened by ELISA. Of six antigen-binding clones, onc monoclonal antibody
reacted strongly o HCMYV. 1n immunostaining analysis, this Fab was able to stain HCM V-infected cells from 24 h
nfected cclls

post-infection {pi) through to 96 h pi, but not at 6 h pi. In the presence of cytosine arabinoside. HEMV
were not stained, even at 24 h pi. These results indicate that an HCMYV protein that was recoguized by the Fab was
synthesized in the late phase of infection. In addition. this Fab cxhibiied neutralizing activity: at | gg/ml it reduced

ins. but it did ot neutralize

The Fab was able to acutralize three ICMV st
sevier Science BV, All rights reserved

FICMYV plaque formation by
HSV-1 or -2 infection. €1 1998 E

Keneords: Human cytoregalovirus: Human monoclonal antibody: Neutralizing antibody: Phage display

1. Introduction

Human cytomegalovirus (HOM V) is w common

¢ Carrespanding author Tel ¢ 81 463 93 1121 fax: - 81
infection and discase in immunocompr
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dividuals, such as allograft recipicnts and AIDS
paticnts. In allogencic bone marrow transplanta-
tion (BMT), reactivation of latent FHICMYV infcection
is a well-documented and a relatively common
phenomenon under the immunocompromised con-
ditions caused by receiving immunosappressive
trcatment, and it results in morbidity and mortality.
In the absence of ganciclovir or acyclovir prophy-
laxis, approximately half of BMT recipieats de-
velop life-threatening HCMYV discase. A mortality
rate of 30% is associated with HCMV pncumonia,
the most common life-threatening HCMV discase
{Reed ot al., 1988) and 25% of patients with AIDS
acquive HCMV  chorioretinitis (Gallant ot al.,
1992). Ganciclovir prophylaxis reduces the inci-
dence of HCMYV discasc dircctly following BMT,
but severc side-cftects, such as neutropemia in 30%
of patients, and an increase in HCMV discasc
occurring more than 100 days after BMT, have
been observed (Li et al., 1994). High-dose intra-
venous acyclovir therapy has reduced the incidence
of HCMYV infection, but more than 25% of BMT
recipients stifl develop HCMV discase (Meyers et
al., 1988; Prentice et al, 1994). Consequently,
research is now concentrating on clinical preven-
tion and treatment of these late side cffects.
Both humoral and cellular responses of the
immunc pathway arc likcly to be involved in

resistance to HCMYV discase. The administration of

haman immunoglobuling  possessing high anti-
HCMYV neutralizing titer has been usced as a pro-
phylactic measurc to protect against HCMV
discase {Snydman et al, 1993), but it has been
reported that only partial protection is atforded by
these antibodies, possibly because neutralizing or
other protective antibodies are present only as
minor components of the natural immunce re-
sponse. The use of human monoclonal antibody
preparations for HCMV prophylaxis may oves-
come many of the problems inherent in the usc of
pooled scra.

The virion surface proteins, gpULSS (gB) and
gpULT75 (gH). contain the major neutralization
cpitopes of HCMV. ¢gB has two ncatralization
cpitopes at its C- and N-terminal portions. By
peptide mapping, the C-terminal cpitope was
shown to consist mainly of amino acids 570 579
and 606 619 (Ohlinctal., 1993). The epitope of the

N-terminal portion of gB is located betwecn amino
acid residues 68 and 84 (Ayata ct al.. 1994). The
neutralization epitope of gH is located between
amino acid residues 34 and 43 (Urban et al., 1992),

Several technologies have been developed to
generate human monoclonal antibodics, such as a
bridoma (James and Bell, 1987), a
chimeric antibody (Boulianne et al., 1984; Mor-
rison ot al., 1984), a humanized antibody (Jones ct
al., 1986), 4 knockout mouse catrying the human
immunoglobulin genes (Green ct al., 1994; Lonberg
etal., 1994; Mendez et al., 1997), and 2 Fab (Barbas
et al., 1992) or single chain Fv (Bird ct al., 198
McCafferty ct al., 1990) tragment displayed on a
filamentous phage. A new technology for the gen-
cration of Fab and singlc chain Fv fragments of
human monoclonal antibodies has been developed
in recent years which provides an easy and efficient
alternative means of selection of diverse human
monoclonal antibodics. The production of antigen-
spectfic human monocloral antibodies generated
by the phage display system has been reported
{Barbas ct al., 1992; Burioni ct al., 1994; Sanna ¢t
al.,, 1995). In this procedure, cDNA librarics arc
constructed from human B cells, derived from
peripheral blood or bone marrow, by RT-PCR
using primers specific for the Fab fragments of
antibodies. DNA fragments are cloned into
phagemid vectors, Fab fragments arc expressed on
the surtace of a filamentous bactcriophage, and
phage antibodies of intcrest are selected by binding
them to specific antigens. The amino acid scquences
ol the antibodics thus generated are human, mak-
ing possible frequent use of these antibodies for
prophytaxis and therapy against diseases.

The construction and isolation of a human
monoclonal  anti-lICMV  neutralizing  antibody
produced by using the phage display system arc
described.

2. Materials and methods
200 RNA preparation and construction of  the
phage display library

A 10 ml volume of blood was withdraws [rom

®



cd Tor PCR asuplification of the hunwn imaiunaglobulin b
a sites are underlined. Desenerate aucieotides wre mdicated as Taflo
W= A or TUK =T or oM = A or Coand H--A or Cor

RNAs were preparcd

S RNA Purifi
Ising an RNA PCR KIT (
total RNA was wsed to synthesize first-
¢DNAs with random nonamers, and DNAs of ¢
antibody Fab portion
ence of corresponding 5 and 3
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Heavy chain 3 primer

VHIa: ANGGCC
VIIIb: AAGGCCCAACCGG(
V1Ra: AAGGCCCAACCGGCC.
VH3a: AAGGCCCAACCGG
VH3b: AAGGCCCAACCGGCC
VHde: AAGG! (;

Heavy chain 3' primer
Not )

FDG1: CCGCGGCCECTGTCTGAGTTTVGTCACAAGATTT

FDG2: CCGCGGCCGCTTTGCGCTCAACTGTCTTGTCCAC

FDG3: CCCCGGCCGCIGTGTGAG ITGTGTCACCAAGTGG

FDG4: CCGCGGCCGCTGGGGGACCATATITGGACTCAAC

L-chain (x chain} 5' primer

Nhe t
VK1 : CCGCTAGCGMCATY CAGWTGACCCAGTCTCC
VYK2a: CCGCYAGCGATRTTGTGATGACY CAGWCTCC
VK3a: CCGCTAGCGAAATTGTGWTGACGCAGTCTCC
VK4 : CCGCTAGCGACATCGWGHTIGACCCAGTCICC

L~chain (x chain) 3 primer

TACACTCTCCCCTGTTGAAGCTCTT

L.<chain (A chain) S’ pdwmer
Nhe |
VL ta: CCGCYAGCCAGTCTGY SCTOGACTCAGCCW

GCYAGCCAGACTGTGGTAACY CAGGAG
TCCTATGWGCTGACTCAGCCA
CTTCTGAGCTGACTCAGGAC

L~chair (A chain) 3' primec
Asc L
3GCGCOCCTGAAMATRCTGTAGSGGH

VLC:

an individuat with a high serum neutealizing titer for the antibody b
against HOMV, and lymphocytes were isolated by {Fig. b). The V-
centrilugation in Ficoll/Paque {Pharmacia). T

rate

vere amplified in the

pre:

fcal Methods 74 (1998) $9 9.&"

“ATGGCCCAGGTGCAGCTGGTGCAGTCTGG
TGC AGRTYCAGCTIGGTGCAGTCTGG
GGCCCAGSTRCAGCTGCAGSAGT
TGGCCSARGTGCAGKTGGTGGAGTCTGG
GGCCOCAGTGTGAGGTGCAGCTGG TGG
PGGCCCAGGTGCAGCTACAGSAGTGGGG

and the & and £ light chains were amplified s
y. PCR was carricd out by the “touchdown’
protocol (Don et all 19911 11 eye
tion at 93°C for T min, annealing at a temperature
, and
Touchdown PCR
les of denaturation al 95°C

and

decreasing from 65 to
ation at 72°C for
¢ Totiowed by 25 ¢
wdific primess  for 1 win annealing al $3°C for

fencs
CHIIL region of the ¢ heavy chain
pa-

of denatura-
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clongation at 72°C for 2 min. Amplified DN
fragments were digesied with the approprigte re-

striction enzymes. and purified by clectrophoresis

in "he relevant DNA bands
were acls and extracted using a

commercial kit () It Get Extraction Kit;
Qiagen). Puriticd DNAs were cloned into the
pRPLS: b vector (Fig. 2p Io this construc-
tion, the heavy chain DNA was tused to the
phage glll gene. Following transformation of
cofi DHI2S cells by clectroporation  (Gibeo/
BRIL) the helper phage, VCS MI13, was infected
and the celis were grown overnight. Antibody
FFab fragme: tused to the coat protein gill
protein, were displayed on the phage surlace.
Phage particles were precipitated by adding PEG
to 4% and NaCl to 3%, and the resulting pellet
ispended 0 PBS containing a cocktail
of protease inhibitors {Complete;  Bochyringer-

e

m). Human embryonic lung {HEL) cells
o with HOMY for 5 days were ha
in buffer © (20 mM phosphute bufter,
10 mM NaCl, 1.5 mM MgCl;, 170 NP-
40, 1% sodium deoxycholate and Complete) on
ice for 20 min, and sonicated. Insoluble debris
was pelleted wpd (he supernatant was used for
panning. to select anti-ICMV phage antibodies.
FLISA plates Costar 3590 were coated with the
of the HOMV-infected cells and atiowed

sted,

“ext

PRPLS/Fab1
4.kt

2. Plasmid map of the phuge display vector, pRPLS,
Althe ¥iel Ascl

tor has (wo cloning sit

spectively These

v cut. in the immunoglobulin genes. Zac-Si>
tie e peensoter Shine - Dalgarno sequence, pur-
from Pharmacia Biolech, Po/B, wnd pe/By, ¢
dertved from the pectate e gene of the £
trains MAFEIY and MAFI0LI0T4, respeetivedy. After

the plasmid DNAs were purified,
W blunt-eoded. wnd the

Wi carionord,

v

sucnce {Pharmacia Biot

transon ernmat
ated

o stand overmght at 4°C. Plates were blocked
with blocking ageat (Block Acer Dai-Nippon
Seiyaku) at 37°C for 1 h. Phage solution wus
poured onto the plate. and allowed 10 react for

2 hoal room temperature. After washing, the
bound phages were cluted with 0.8 N HCL -

glycine (pH 2.3} contuining I mgimd of bovine
serum albumin. These phages were used for rein-
feetion of fresh £ colfi DIHI2S. Alter  thece
rounds ol pan the pla DNAs were
purificd from the bacteria and  digested  with
NotT. The universal translation lerminator se-
quence (Pharmacia Biotech) was inserted up-
strecam of the glll geae by using a DNA
Rlunting kit (Yakara Biochemicals) to gencrate a
soluble Fab form. by removal of a glll protein.

2.2 Seleetion and sereening of anti-HCM Y
newtralizi
combinatorial libvary

iy phage antibodies from the

Ligated DNAs were ntroduced inte clecteo-
competert £ cofi DHI2S, A number of colonics
were selected and Fab antibody fragments were
induced by treateent with 0.1 mM isopropyl
heta-n-thingarvactopyranoside  {(IPTG) as pre
owsty described (Sanna e al., 19935). The cells
were recovered by centrifugation, and  re-sus-
pended in PBS containing Complete. Fab anti-
ents were extracted by osmotic shock
and sonication, and used for testing on ELISA
plates.

2.5 ELISA for Uab

HEL cellx nfected with the Towne strain of
(ICMY were harvested 5 days posi-infection (pi)
and extracted by sonication in bufter P Fifty
microliter aliquots of ) g HCMV-infected
s were wsed o eoat BLISA plates.
ab antibodies were reacted with the

cell exir
Soluble }
cell extracts. whick contained HOUMVY antigeas,
for t h at room temperalure. A goat anti-human
Fab’, conj igma) was
used ws the sccondary antibody YIS

ated (o peroxidas

d 3,375, 8-
tramethylbeazidine base wus used s the sub-
strate. The optical density was determined al 630

nnt.
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2.4 Purification of Fab antibody

Phagemid clones reacted against HCMV anti-
gens were cultured on a large scale in the pres-
ence of 0.1 mM IPTG. E. coli DHI2S cells were
collected by centrifugation and cell peliets were
suspended in PBS containing | mg/mt lysozyme
and Complete. The cells were incubated for 60
min at room temperature and sonicated using a
Branson sorifier. losoluble materials were pel-
leted by centrifugation and the supernatants
were used for further purification. Fab antibody
fragments were affinity-purified using goat anti-
human  F(ab’), antibody (Sigma)-conjugated
protein G Scpharosc 4 I'F (Pharmacia). Eluted
Fab fragmcnts were concentrated using a cen-
-triftugal concentrator (Centricon 30; cut-off, 12
&Da) and were repeatedly washed with PBS in
the concentrator.

2.5 DNA sequencing

The heavy and light chains of Fabl3-3 were
ce-cloned into sequencing vectors CV-1 and CV-
2. respectively. Nucleic acid sequencing was un-
dertaken with an automated DNA  sequencer
(LI-COR  model  1.4000), and a fluorescent
dideoxynucleotide terminator cycle sequence kit
(Thermo Sequnase; Amersham). The DNA se-
quences deseribed in this paper have been de-
posited in the DNA Data Bank of Japan under
the accession numbers AB004303 and AB004304.

2.6. tmmunofluorescence test

HEL cells were cultured on four-chambered
plastic stides (Corning) and infected with HCMV
at a multiplicity of infection (MOT} of 0.3
plagie forming units (PFU) per cell. The -
fected HEL cells were fixed with acctone at 2, 6,
24, 48, 72 and 96 h pi. This was followed by
incubalion with 10% normal goat serum in PBS
for [5 min at room temperature, and then with
cach purilied Fab antibody lor 30 min at 37°C.
After three washes with PBS, the cells were in-
cubated  with 109  goat serum, as described
above, and then with a 110 dilution of fluores-

cein isothiocyanate-conjugated goat anti-human
Flab), antibody (Cappeh for 30 min at 37°C.
After being washed in PBS the cells  were
mounted and examined under a confocal laser
microscope.

Newtralization 1ests

Purified Fab antibodies were tested for neu-
tralizing activity against three strains of HCMV:
the Towne and ADIGY strains, and a clinical
isofate, the Tanaka strain (Takckoshi ct al,
1987). About 300 PFU of the virus wcre incu-
bated with serial dilutions of each purified Fab
fragment tor 1 h at 37°C, and used to infect the
HEL cclis. After adsorption for 1 h at 37°C, the
inoculum was assayed for plagues by counting
as described previously (Takekoshi et al., 1987).

2.8 tmmunoprecipitation of HCMV antigen with
Fab annibody

TIEL cells infected with HCMV at an MOI of
5 were incubated at 37°C in a CO, incubator,
labelled with **S-mcthionine for 2 h on day 4
and chased for 2 h. The cells were sonicated and
then pelicted by centrifugation to remove the
insolubte muaterial. The cell extracts (100 uly
were incubated with 5.0 pg of a purified Fab
antibody for i h at 37°C. Immunc complexes
were purified on an anti-human Fab antibody-
conjugated Sepharose 4B column, separated by
SDS-PAGE and detected by autoradiography.

2.9. Cloning and expression of neutralization
epitope portions of gB and gH

DNA [ragments which included the neutraliza-
tion epitope portions of gB (cncoding amino
acid residues 28 92, and 552-633 of gB geue)
and gH (cacoding amino acid residues 24 94)
were amplified by PCR and cloned into the
pET32 cxpression  veelor
doxin [usion proteins were induced,  denatured
by guanidine hydrogen chloride and i
ording (o the manufacturer’s prolo-

purified 2
col
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Fig. 3. Amino ucid
of the fab | ;

3. Resuits
3.14. Clening of un anti-HCMV Fab gene

The wmixture of PCR-amplificd x//-chain prod-
ucts that had been digested by the appropriate
restriction enzymes were ligated to the pRPLS/
Fabl phagemid vector (Fig. 2) and introduced
into £, cofi DHI12S by clectroporation. Titration
of the ampicillin nt clones indicated that
the light chain library contained 8 x 10° indepen-
dent clones. DNAs were cxtracted (rom the -

rary and ligated to PCR-amplified y chain
products (o generate a phage display Fab library
with 4 < 10 clones. The library was panned to
select for HCMV antigen binding clones. After
three rounds of panning, phagemid DNAs were
prepared and digested with Norl, and the cleaved
fragments were ligated to the universal translation
terminator sequence, which preveats the Fab
molecule (rom fusing with the giIl protein, to
make soluble Fab proteins. Phagemid DNAs thus
obtained were introduced into £. coli DHI2S and
cach clone was tested by ELISA; six clones ex-
pressed materig bound to the HCMV (Towne
strain} late antigens in the ELISA. These six
clones were tested vsing both immunofluorescence
and ncutralization tests. One of the six clones
(IFab13-3) was gave positive results in both assays
and was characterized further as described below.

3.2 Amine acid sequence gnalvsis

The amino acid scquences of the heavy and
light chains, predicted from ithe DNA sequences
of Fabl3-3, showed that the heavy chain had high
homology to the human TgGl subclass VH3, and

that the light chain was a Val chain (Fig. 3).

1] Lttpstnd 4 A i bt Hls ML, S Lt
8 gdADSVKGRFTISﬁDIS%(?TLYLQOMSLR{'{DTAL'Y‘,’(A §YE m‘liVWSS >
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cquences of heavy and light chains of Fabl3-3. Amino acid sequences were derived from the DNA sequences

3.3, Immunoftuorescence analvsis

To detect the HCMYV antigen that was rccog-
nized by the Fabl3-3 products, HEL cells in the
immediate-carly, ecarly and latc phases atier
HCMY infection were prepared and examined by
an imumunofluorescence test. HEL cells infected
with HCMV were fixed with acctone at 2, 6, 24,
48, 72 and 96 h pi. The cells were incubated with
purified Fabl13-3 antibody products and then with
fuorescein-conjugated anti-human Flab’), goat
serum. No fluorcscence was observed in unin-
fected cells (Fig. 4D). In addition, no positive
signal was observed either at 24 h pi in infected
cells that had becu incubated in the presence of
cytosine arabinoside (AraC) or at 2 and 6 b pi in
cells incubated in the absence of AraC (data not
shown). Tt is well known that AraC inhibits the
expression of late genes, but not of immediate
carly and carly genes, of HCMV. By conlrast,
cytoplasmic fluor ce appearcd at 24 h piin
cells without AraC, and strong staining was ob-
sceved in the cytoplasm and nuclear membrane at
96 It pi (Fig. 4B). The strength of staining in-
creased with time up to the end of the observation
period (96 h pi). These data indicated that the
HCMYV antigen recognized by the Fabl3-3 anu-
body was not synthesized in the tmmediate-carly
and earty phases aficr infection, but was synthe-
sized in the late phasc of infection.

3.4. Neutvalizing activity of Fab13-3

The neutralizing activily associated with Fabl3-
3 was estimated by both plaque reduction and
plaque growth assays. Purified Fabl3-3 product
cxhibited marked neutralizing activity (Fig. 5).

»
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Plague reduction by the Fabl3-3 product w
speetlic for HCMV, tor which 50%, inhibition was
attained at 1 pgiml Fab; no reduction was ob-
served when the Fabi

¢ lragment was
This neutratiz-
wy ability was also obsc ith other HICMV
st ab13-3 newralized the AD16Y strain and
a clinical isolate, Tanaka (Takekoshi ot «l., 1987),
with a similar level of activity as Tor the Towne
strain {data not shown}
In the plaque growth assays (Fig. 6). the c
stained at 96 i pi and the size and number
s determined by immunoffuores:

s,

say. L this experiment, Fabl3-3 was added to
the culture medivm of HCMV-infected cells. The

with Fabt3-3. At the time bidicated, uninlected s alecied

FIEL cells were fixad with sectone und the sdides were sub-

tod to indirect mmunailucreseence with Fabl3 3 Tie shdes

lickds
celfs at 96 1 pi GA, B um
91 Tragsoussion mode (A, C1 Flsrescen,

ot ¢

al. Sovrial of Vieological Methi

4 (1998) 89 9,\‘. s
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Fig. §. Neutralizing activity of Fabl3-3. Puriticd 1ab13-3 way
mixed with vicus solution containing approsimately 300 PET
of HOMY, Towne strain, und plague numbers were counted
14 days after plaing. Fabl3-3 ncutealized HCMY infection
(@5 at 1.0 g/l but did not affeci (ISV-1 {A) and -2 ¢ )
infeetion.

number of plaques was lower in the prescnce of
FFabi3-3 than in its abscnce, indicating that re-in-
fection by free vil was inhibited by Fabl3-3
By contrast, plague size continued to culurge duc-
ing incubation by the presence of Fabl3-3 indicat-
ing that Fabl3-3 did not prevent cell-to-celt virus
transmission.

L Newtvalization epitope

of Fabi3-3 de-

es an HIOMY

Judging (rom the spe )
seribed above, this antibody rec

To identify
Fab13-3, Western blot
tion anafyses were performed using 78
HCMV-infecied HEL cells, but no protein that
tive for Fabl3-3 was identificd by (b
<l pro

and immuno-precipit

abeiled

was T
methods. In the next step, we prepar
otic Tuston proteins that included the neutrs
tion epitope portions of gB and gl D
wLion epitope

reulrahiza
cloned into the pET32 expression
purificd  thioredoxin  (usion

fragments
poraon w
veetor.  Affinit
proteins, denatured by guanidine h
ride, were subjected to ELISA assays 1o idenuly

rogen chlo-

I,

96 . M. Takckoshs et ol ! Jowrnal of

the cpilope recognized by Fabl3-3. The resulis
showed thal Fabil-3 did not bind specifically o
individuat fusion proteins, although Fabl3-3 re-
acted with the gH epitope with slightly
atfinity than for the gB epitopes {data not show

reater
)

A new technology for generating human mono-
clonal Fab antibodics has been deveioped re-
cently, based on cloning antibody gene lragments
in filamentous phage libr: . This technique has
been applicd o the isolation of several anti-viral
antibodies: anti-IHV gpl20 (Barbas ct al.. 1992),
anti-HSV gD (Burioni et al.. 1994) and anti-HSV
8B antibodies (Sanna et ak., £995). Williamson et
al. (1993) isolated Fab aatibodics specific for

A

rowth of Fabl3-3 HCMV-infected
for 96 b m the presence (AG o1

Elfecl on virus

velts were cultured
ml of purttied Fubi 33 and stained. ab

-3 was added overy 12§

Virological Methods 74 ¢1998) 30 98

HOMYV ulitizing the phage display system. Of the
clones they examined, some recognized the 63
kDa lower matri phoprotein or the 32 kDa
nuclear DNA binding protein, but none efficicatly
neutralized (he activity of the virus. In this study,
we isotated one clone, Fab13-3, which recognized
the HCMVanfected cells and  neutralized  the
virus. The ncutralizing ability ol Fabl3-3 is
broad; three HCMYV strains were aeutralized at
similac levels. [noaddition, 1 gg/ml Fabl3-3 neu-
tralized the HOCMV(Fig. 5). suggesting that this
Fab antibody is as poienl as human monoclonal
antibodics produced by hybridoma technology
(Masuho et al., 1987, Ohtin ct al,, 1993).

It has been reported that 1gGs of isotypes | and
3 arc the dominant subctasses formed in responsc
to HICMV infection, of which IgGE has been
found at higher titers (Joussin et al., 1989). The
heavy chain of Fabl3-3 belongs 1o 1gGl subchass
VH3 (Fig. 3).

The choice of tissue source is crucial for the
preparation of Hab libraries. Bone marrow is the
hest source of RNA, because it i the richest tissue
source of antibody-producing cells (Barbas ct at.,
£992). Prior boosting ! sv been reporied 1o be
important for isolat antigen-binding  Fabs,
since boosting clevates not only the aumber of
antivody-producing cells in the peripheral blood,
but also the diversity ol the aptibody clones. To
isofute  anti-felanus  human  Fab  antibodies,
1teers were given a booster of anti-
gen, and were subjecte leukapheresis of 51 of
bHiood 310 days alicr boosting (Mullinax ot at.,
1990; Persson ot al., 1991). The amounts of toial
RNA prepared from the tissue sources used in

healthy vol

these studies were refatively farge, and 10 20 g
of purificd mRNA was used to construct the 'ab
fibrarics. By contrast, our choice of tissue source
restricted yet. We cons : a Fab
tibrary usin mall volume ol peripheral blood
(10 mly from a healthy volunicer. [n addition, we
wsed total RNA without further purification to
syathesize the cDNA| because the final yield of
mRNA purificd from 10 wl of blood would have
been oo low For our purpose. When we amplified
the ¢DNA using the standard PCR protocol, we
did not obtain any PCR product in most
those involving the heavy chans.

a
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this reason, we applied the touchdown protocol
(Don ct al., 1991} to cnhance the anncaling offi-
cicney of the primers for the template DNAs. This
resulted routinely in yields sufficient to construct
Fab librarics with reasonably sized phagemid
clongs.

To identify the HCMYV protein that Fubi3-3
recognized, Western blotting and immuno-precipi-
tation ant s using HCM V-iafected cells were
performed. In addition. fusion proteins that in-
cluded the neutralization cpitope portions of gB
and gH were subjected to ELISA assays, however,
none of these procedures identified a protein that
was reactive for the Fab13-3. This result suggests
that Fabl3-3 recognizes a conformational, rather
than a lincar, cpitopc or that it rccognizes an
unknown ncutralization epitope.
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required for epithelial and endothelial cell tropism
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Human cytomegalovirus replicates in many different cell types,
including epithelial celfs, endothelial cells, and fibroblasts. How-
ever, taboratory strains of the virus, many of which were devel-
oped as attenvated vaccine candidates by serial passage in fibro-
blasts, have lost the ability to infect epithetial and endothelial cells.
Their growth is restricted primarily to fibroblasts, due to mutations
in the UL131-UL128 locus. We now demonstrate that two products
of this locus, pUL130 and pUL128, form a complex with gH and gL,
but not gO. The AD169 laboratory strain, which lacks a functicnal
ULI31 protein, produces virions containing only the gh-gL-go
complex. An epithelial and endothelial cell tropic AT169 variant in
Whichthe UL131 ORF has-been repaired; termed- BABFUL3Y,
produces virions that carry both gH-gt-g0 and gH-gL-pUL128-
PUL130 complexes. Antibodies against pUL130 and pUL128 hlcrk
infection of epithefial and endothelial cells by EADI’UL131 and the
fusion-inducing factor X clinical human isolate

proteins interact with gB {27-29), and ti\cw
and acrivate ccliutar signal

ng pathways. The gClL complex col the UL lﬂﬂvcud‘.d
-»M and UL73-coded gN (30,31, And it is the most abundaat
of ihe glyeoprotein comp (32). The complex binds to
heparan sulfate proteoglyc: ng it might contribule
to the anitial inte raction of the virion with the celf surface (33).
[t atso eould periorm a structural rofe during virion assembly/
enveluprcnt. simifar 10 the gM-gN compler found in some
viruses (3 CIIT comples is compriscd of

coded gH, ULiS-coded oded gO (15,
$: Afl kv herpesviruses sncade gH-gk heterodimers
/?‘« which mediate fusion of the viron u\\dnpn with the eIl
mcmlvrnnc Antibodies o HCMV gH do not affect virus
t but block pénetration wnd celt-to-cell spread (40,

ceftular membran

but do not affect the < fficiency with which fi infected.
glycoprotein complex | host range

n numunu;umpmmi»td indiv '\Lhmh‘ huxmm cyltomegalovirus
ng in alt
major el types (1). Although clin replicate in o
varicty of ccll types, laboratory strains, such as ADIAY (2, )m\d
Towne (3). replicate almost exclusive v in fibrebls
The restriction in tropi:
the virus in fibroblasts, is a mwm\r of ateennation {11).
Mutations causing the loss of epithelial cell, endothelial cail,

gH-gL in the absence of dafection was
sufficient to induce synevtin, and inclusion of ¢O in the assay
did not enhance or block the fusion (42). A gO-deficient
nt of AGIGY shows a significant growth defect (18).
eeently, it was reported that gH binds to integrin av3 (43),
We report here that pULL2S and pULII0 form a complex
with gH /gl that is incorporated into vidions. Clinical HOMY
isolates produce virions containing two gH-gL complexes: one
includes gO md the other includes pULI2S- -pUL130. The

: UL130 complex is required to infect cado-
al cells bet not fibroblasts

Materials and Methods

kAT Te i HoTTi T et tropismT T

TCMY Haboraiory strains have been mapped to three ORFs:
ULI28. ULI3Y, and U131 (5, 10, 12). Mutation of any onc of
these ORFs in the PIX clinical isolate of HOMV blocked
endothelind cell tropism (31, and repaic of a single-nuclootide
insertion in the ULI3T ORF restored the ability 6f AD 169 v
infect endothelial and epithelial cells (1th.

Three lines of evidence suggest that the L3
pmrmu are ivelved in membrane fusion. First, the
the transmission of vires from endeo-
(5. and the transfer is carsied out by
nt fusion ol pL. ma membrane patches (13). Second.
ropait of the defocti i
iis abilily o inf

d

polymorphont:

cndothelial and epithelial cefls but also
fo induce syncyatia { 10). Third, pUL130 was
recently r@pl\'lxd 1o be in virions (14)

Because the LLI3L-UL 128 [o not sufficient to induce
membrane fusion (our unpublished data). we hypothesized
that its producls might function in cooper ation with ong
more virus-coded fu
contain thre
are required for HOMVY infectivity (16-18). The oC1 mmp(v
includas two molecules of the U oded gB (15, 19, 20)
Each lo0-kDa monomer s cleaved (21 22} w genene 4
116-kDa surtace unit linked by disutfide bonds o a 3%5-kia
trgnsmembrane companent. Seme aatibodics (o gB inbibie the
attackment of virions to cofls. whereas others hlack the fusion
ol infecied cells (19, 23-26). that the proteia might
execute muftiple functions at i t ot infection. Several

e prs Drg2egi 404 10,1073 10as. 0509201123

Riotpgical taterfats—Hrrmarm MR bryorriet

HLIAT-ULIZE locus, base pairs 174865-176306 (44), with a

e contuining kanamyein resistance and LacZ
linear Acu)ml)u\«uun (48, 49). The BAC-cluned
derivalive of the VRIBI4 clinical isolate of HCMV (56) is
fermed FIX (51}, aod we term virus reconstituted from {h'u
clone BFXiwr. Virus was preparcd by ¢
fibcoblasts, and the first pas:
used i this study. Virions were partiall

5 717 (32), anti-gM IMPS1-3/1 (30), and amii-aHl
+and APSG (54) moneclonal antibodics were gils
iversity of Alubimua, Birmingham), and
abibit pulyelonal ani-g0 antibody (35) was a

Campton {Unive *'o( Wiscons

clanal antibadies specific for pULL3N ( B3 and 3CS) and
PULIZS (4BLAY, a8 well as rabbit amti-pULIZS polyclonal
antivody [R3STA), were generated by using GST £
teins as immunogens.

0
e
from W. Brite (Un

Protein Analysis. For pulsc-chase a MRC-S cclls were

beld for 1 hin mcdvuni facki

x adioactvity was nmov..d and cells were m: )ml.nned fm Wor

120 wein in medium with uninbeled methionine and
eysteine plus 10% PBS. Colls were harvested und lysed in
RIPA buffer (S0 mM Tris /
EDTA/ 1% Nouidet » deos h\)lalc]l, a-
Laining proease inhibitor misture (Rochc Applied Science,
Indianapolis).

Belore immunoprecipitation, lysates were incubated with
preimmune mouse or rabbi
precieared with protein A Scpharose (A i
Binseieuces) ot protein G-agarose (Roche Applied Seienee to
remeve proteins that interact ponsp \H) with the beads.
Antibodies were added Lo the precleared lysates, tncubated
cwmmht at 4°C, and chen protein A Sepharose or pmmu
o was_adld \(nrkih al 4°C, fmmung ¢ SRCS Were

untcd 2-3 weeks fater. Meatralization of FLX virus way
av (59).

were
quantificd by using a micropculridieatinn

Results

PUL128 and pULI3Q Are Present in a Complex with gi. Products uf
the UL131-128 locus are required for HOMY replication in
[ and epithelial ¢ To test the idea that
proteins encoded by this lscu nction in covperation
with one or more Vﬂu\—u.d\_d rumuuyic giveoprotwins, we
searched for UL fon glycop-
rotein complexes. nnbh 1§ were infeete th the cvuu\aw
BADwr. an isolate of the ADL6Y strain of HCMY with &
nunfunctional ULE31 ORE: BADAIUL 31128, a derivative of
BADswr that lacks the ULE31-ULI2S locus: and BADAULI3 L,
a derivative of BADws with o repuired ULI3T ORT (1) Ar
72 h postinfection, cells were tieated [or U b with S-Jubeled
methionitie and cysteine. the lahel was chased for 20 oy 120
min, and then viral glycoprotein compleres were examined by
.nuummme.m.mnm {Fig. 1},

Consistent with ous reports (20, 22, 33), ¢B was sy~
thesized and gl)Lt\:VL\lud 10 produce a 160-kDa protein at 20
min postlabehing-and it was partiaily_cleaved by 120 min_to
erafe the xmmn 2p 1A}, The

as a protein with an apparent

molecular weight of 38 kDa, and it was modificd by 120 min
ul'u;l ts synthesis to migrate as a diffuse 38- 10 46-kDa band
£30) {Fig. JH) The =
oM was previo
or gM-gN were vlhu d

I contrast, gHL immunoprecipitates revealed distinet con-
plexes atter mfu,tlm\ with the differeal vicuses (Fig. 101 As
described (36. and gO voprecipitated with gl from
fibroblasts infected with all three vicuses, In addition, a 16-kDa
protein was coprecipitated from extri of BADwe- and
BADAULL3 L-infected celis but not from cells infected with
BAD&/UL131-128. Alsu, a 33-kDa proteio (20 min) and a 33-
plus 35-kDa doublet (120 min) were detected in the BAD-
FULL3T gIl coprecipitate. Based on their apparent sizes, we

o

and ARPE-I9 retingl pig i epith cells (A
Uype Culture Collection) were cullurs,d in DMEM with 10%
FBS or DMEM/Ham's #-1 edium {1:1} w l‘x HJ‘/.‘\ iBS
eespeciively. wnd both cell typ
Human umbilical vein cndothel
tained by collagenase digestion of umbilical veins grown on
selatin-conted plates in RPMI medium 1640 with 1(1" ﬂ)S
eadethelial ecll growth supplements (30 py m(
Technolagies. Stroughion, MAS and hepatin {73
vsed at passage 3-6. HUVECs were maintained wuhout
endothelial growth supplements or heparin during virus ad-
ption and after infection. Human foreskin (ibroblasts at
e 018 were grown in DMEM with (0% newbaorn eall

ADLIGY 5

rain m HCMV (2) contains a frame-shift
mutation in ULLRT (44, 45). BADw (10, 46} is produced from
a bacterial ar chromosome (BAC) clone of ADI69.
BADAILI3E (10} is a derivative of BADw? in which Ue UL131
mutafion has been repaiced so thar the ORF is idestical to that
in the TR HCMV clinical isolate (47). BADAULI31-128 is
erivative of BADwt that was constracted by replac
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coralf 2%
and profeins

containing polys

% 2-mercaptocthanal). poited for & min.
¢ separated by electrophoresis in SDS-
The gM-gN compl
r urca-containing polvacrylamic

ipitations v c

For analysis of virion proteins. virions were mmnuJ fram
soninfectious particles by contrifugation through gl
tartrate gradients {56-38). The purified viri © bni&cd in
reducing or notceduciag sample buffer, and profeios were
Wastertt blot assay

Neutratization Assay. Anti-pUL130 monoclonal antihadics
parificd hy affinily chromatography on protein G
parity rabbit anti-pU

GST-conjugated Sepharose to depl
rthat resulted (rom the use of a pULI2
fusion pratein as immunogen, followed by aifinity p\)n~
fication on protein A Sephac trdization of BAD-
FULLSE was yuantitied by plague-reduction assay. Purified
‘nlw’mdlu were dituted in DMEM with 5% m’\\p%m..m-
inactivated FBS and mined with an equal volume of v

T hoae room wempecsture 300 1 atiguots (101 pi
upitsy were used 10 infect celt monotaver
the inoculum wis removed. and cells were overaid with
medium containiag arose: foci ol GFP-expressiog cells
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cipitate were o performing Western b
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oot 1O (Fig. 20
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Fig.5.  Meutralization of HCAV infactivity ARPE-19 apitheli , HUVEC

@
with various contentrations of anu-pUL130 3C5 or 3E3 or anti-pULIZE RSS1A antibedy. and residual infactivity was determined on different celi types.

ARPE-19 or HU VEC cells but not MRC-S cells. Fifty perceat
neutralization was achieved ar =20 gg/ml antihody, The 3
antibody. which recognizes 4 dirferent pULLIG epitepe (datn
notshowa). did poublack snfection. Rabbit polyclonal antibody
to pUL 128 also neutealized the abiluy of BADAULI3L toinlect
ARPE:19 and HUVEC cclls but not MRC-5 cells Fhe pat-
terns of inhibition were the same for endothetial and epithelial
cells. suggesting that BADAILIZ! utitizes the same mecha-
nism W infect the two cell types. The antibody o pULELS also
blocked infection of ARPE-1Y and HUVEC cells by the
BEXne clinical stvain of HOMV and again did not aglably
inkibit infection ot MRC-5 cells (Fig. SB).

Discussion

Earlier work demonstrated that e ULI3T-ULIZS foous is @
primary deferminant of HOMV cell fost range (3, #)). Now we
have dotermined that pULIZS and pULI3 are present in a
complexwith gH and gl (Fig. 1-4). Glyeaprotein His avomponent
of the viral membrane fusion machinery that facilitates viral entry
(4L 61, 62). and gl may lunction as « chaperone-ike protein,
turgeling gl to the celf surtace {631 Ry conplexing with gH-gl..
PULIZS and pULI0 Tikely participate in the entey of HOMV into
epithelial and endethelial cehe, Consustent with this interpretation,
antibodics to cither protein neutealized the ahili of FHCMY (o
infect endathelisd or epithelisl eetls, hut nor hbroblasts (Fig. $)

R function of pLUILLAT is st close, We anfivipated that all three
proteins cacoded by the ULE3-ULERS focus wouldd form a com-
plex. because mutatens in any of the three ORFs can abwlish

Stdang an Shenk

il cells, and MRC-S fibroblasts. BADUL131 (4) or BEXwi () were incubated

epithclial and endothelial celf trapism (5, 10). However, we did not
observe a hand potentially corresponding to pULI3T after immu
naprecipitation with antibouics to gH (Fi. 1) ve pULLZS (Fig. 23
ttis conceivable that pULI3] is part of the comples, bul its
association iy aot stable to the sample prepasation conditons that
we used. Alteragtively, pULL31 might not be a component of the
complex but might serve to stabilize pULL30 or defver pUL T30 o
the M-glL-plIL128 complex. hecause pULL30 was not detectably
incorporaicd inta the complex in pULT31-defivicnt BATIwi-
infected fibroblasts (Fig, 1C). 1t abso could play o role in the
incorporation of the comples nfo virions, because the g gl
pULIZS compley accwnulates in BADwt-infected colls (Fig. 10}
but is not incorpagated into vicions (Fig. 3).

“Two distinet gH complexes were found in B ADULIAL vidons:
Hogl-pULL28 p[nl 130 and gh-gl 3w 48). In con-
crast. BADws virions coutain only the gH-gl-g0) comples. The
different complexes likely form the basis for the host ran

ditfer-
snces between the 1wo vituses, We propose that. whereas the
gL-g0 complex is sutficient to mediate infection ol Gibroblasty.
the gl 1-glpULIZS-pUL130 complex is requied to infct epithelial
and endothelial cells.

The HCMY gH complexes resemble the ipstein-Bar virs
3V} and hunw u.lnrpnwr\n(;\(llu‘ -AA) gt complexes. |ike
HOMY, EBY vivons contin twoe gl compleves: ghgl, and
oll-gl gpdd (b 63). BBV wes differcor g gl compleves to
infect B and epithelial cells (66). Fusion with B cells i scdiated by
the gbl-gl-gpd2 complex, wikich brads fr cell sustace HEA class E
(67-6). In. conurast, entry inte an epithelial gell does not requice
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2p42 but docs require interaction of the gH-gl complex with as
unknownt receplar (i, 66, 70). HEIV-6A also produces wa gfl
complexes: gH-gl-20 (71} and gll-ph-gQl-gQ2 (72). The
HHV-6A gflel-401-0Q2 mmpm serves as a vieal ligand Tor he
entry receptor, D46 (73-75). HHV-6A, but ot HHV-G8, medi
ates fusion in & varicty of cells exprossing CD46 (73). The prescnce
of g [-pL-2Q1-5Q2 on the virion eavelope or sequence dive
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