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No. Solicitud Internacional: PCT/EP2005/012186
Fecha de Presentacidn Internacional: Noviembre 10 de 2005

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

1. Documentos estudiados

Descripcion: Folios 50 a 132 08/Junio/2007
Reivindicaciones: Folios 133 a 140 08/Junio/2007
Folios 170a 176 08/Juniof2007
Folios 183 a 185 08/Junio/2007
Dibujos: Folios 141 a 151 08/Juniof2007
Secuencias: Foliocs 152 a 154 08/Junio/2007
Prioridad: EP 04090432.8 12/Noviembre/2004

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. Modificaciones (Art 34 D 486 y Art 18, 22 y 34 PCT)

Las modificaciones del capitulo reivindicatorio, folios 183 a 185, no son aceptadés
porque no se encuentran en idioma espafiol.

Se aceptan las modificaciones a las reivindicaciones en los folios 170 a 176, puesto
gue no amplian la materia, y sobre estas se hara el estudio de patentabilidad.

4. Objeto de la invencion
Titulo de |a solicitud: “Virus recombinante de la enfermedad de Newcastle”

El problema planteado en esta solicitud consiste en la necesidad de suministrar virus
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recombinantes Utiles en el tratamiento de cancer.

Para resolver este problema técnico la solicitud en estudio proporciona virus
recombinante de Newcastle, que contiene secuencias de ADR o ARN que codifican
para proteinas de unidn, enzimas covertidora pro-droga o proteasas.

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): AD1KB7/027B; AB1K35/76;, A61K8/34: AG1K8/35; AB1KS8/37;
AB1K8/49F2; A61K8/92C; AG1K8/97; A61K8/99; A61Q19/08; CO7K14/125

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

El objeto de Ia reivindicacion 5 no se considera una invencion, de acuerdo con el Art
citado, ya que se refiere a proteinas de unién de origen animal.

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

E! objeto de las reivindicaciones 17 a 19, 24, 25, 27 y 28 no es patentable de acuerdo
con el Art citado, ya que se refiere a métodos de tratamiento.

7. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)
El capitulo reivindicactorio no es claro porque:

- Las reivindicaciones 1, 20 y 21 que tratan sobre un paramixovirus oncolitico
recombinante que comprende un acido nucleico con al menos un transgen no
son claras, ya que dicho paramixovirus oncolitico y transgen son
caracterizados por el producto que cedifican. Por otra parte, para el caso de la
reivindicacién de virus, se recuerda al solicitante que este debe ser
caracterizado por su cepa debidamente identificada con un Certificado de
Depdsito, y el transgen debe ser caracterizado por su secuencia nucleotida
completa, que debe estar en el listado de secuencias adjunto con su
respectivo SEQ (D NO.

- El objeto de las reivindicaciones 4, 8, 7, 8, 9, 10 que se refieren a un virus
oncolitico recombinante no es claro ya que caracterizan el virus por la proteina
de union que es capaz de expresar, se solicita gue se aclare si se pretende
reivindicar el virus o la proteina que codifica el virus. Silas reivindicaciones se
refieren a las proteinas de unidn, estas deben ser caracterizadas por su
secuencia de aminoacidos completa y deben estar en el listado de secuencias
adjunto con su respectivo SEQ ID NO, y no caracterizadas por su funcion o
por su estructura tridimensional. Si las reivindicaciones se refieren al virus,
este debe ser caracterizado por su cepa debidamente identificada con un
Certificado de Deposito, y el transgen debe ser caracterizado por su secuencia
nucleotida completa, que debe estar en el listado de secuencias adjunto con
su respectivo SEQ ID NO.

- La reivindicaciéon 11 que se refiere al nucleocapside de un paramixovirus de
acuerdo a las reivindicaciones 1 a 10 no es clara ya que no refiere a la
estructura de la misma, que debe ser caracterizada por la secuencia de las
proteinas que lo componen.

- Las rewindicaciones 12, 13 y 14 que se refieren al genoma de paramixovirus
de acuerdo a las reivindicaciones 1 a 10 no son claras ya que no caracterizan
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correctamente el genoma ni la secuencia de control reclamados. Se recuerda
al solicitante que un acido nucleico debe ser caracterizado por su secuencia
completa y debe estar en el listado de secuencias adjunto con su respectivo
SEQ ID NO.

Las reivindicaciones 15 y 16 no son claras, al tener dependencia de las
reivindicaciones 10 a 14, que no se encuentran correctamente caracterizadas,
tal como ya se menciono.

Las reivindicaciones 22 y 23 presentan una falsa dependencia de las
reivindicaciones 1a 10, [as cuales se refieren a virus donde la proteina es una
proteina de union, mientras que la reivindicacién 22 habla de que dicho
transgen codifica para una enzima convertidora de pro-droga.

La reivindicacion 26 presenta una falsa dependencia de las reivindicaciones 1
a 10, las cuales se refieren a virus donde la proteina es una proteina de union,
mientras que la reivindicacion 22 habla de que dicho transgen codifica para
una proteasa.

La reivindicacion 23 no se encuentra sustentada en la descripcién, donde se
menciona el posible uso de virus recombinantes que expresan proteasas
(folios 68 a 70), pero no aporta pruebas que demuestren que dichos virus
fueron obtenidos, o que cumplen con la actividad para la cual fueron
disefiados

8. Unidad de invencion (Art 25 D 486)

La solicitud no cumple con el requisito de unidad de invencién porque se refiere a 3,
grupos inventivos, definidos por las siguientes caracteristicas esenciales:

Grupo 1° Reivindicaciones 1-16, que se refieren a un virus oncologico
recombinante que comprende un acido nucléico con un transgen que codifica
para una proteina de unién con actividad terapéutica cuando es expresada por
la celula tumoral con virus, la nucleocapside, ef genomay el ADN que codifica
el genoma y/o antigenoma del virus, la célula y la composicion farmacéutica
que contienen el virus.

Grupo 2° Reivindicaciones 20, 22 y 23 que se refieren a un virus oncoldgico
recombinante que comprende un dcido nucléico con un transgen que codifica
para una enzima convertidora prodroga con actividad terapéutica cuando es
expresada por la célula tumoral con virus

Grupo 3° Reivindicaciones 21 y 26 que se refieren a un virus oncolégico
recombinante que comprende un acido nucléico con un transgen que codifica
para una proteasa con actividad terapéutica cuando es expresada por la célula
tumoral con virus

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

9. Determinacioén del Estado de la Técnica

El estado de la técnica se determind con base en la fecha de presentacion de la
solicitud de prioridad: Noviembre 12 de 2004, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:
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; . Fecha de
item Documento Titulo Publicacion®
J. Virol. 2004, | A Recombinant Newcastle Disease
78(18):10054- | Virus (NDV) Expressing VP2 Protein of .
D1 (10)063. Infecti(ousVB)ursapl Diseagse Virus (IBDV) Septiembre 2004
Protects against NDV and IBDV
Drug Discovery | Oncolytic viruses for the treatment of
D2 Today, Vol. 9, | cancer: current strategies and clinical | Septiembre 2004
No. 17, 759-768 | trials

D1 difunde el desarrollo de una vacuna alternatica para IBDV que usa un el enfoque de la
genetica reversa, disefiaron un NDV que expresa VP2 una proteina inmunégeno protectora
(p10055 columna izquierda parrafo 4 y pagina 10062, columna derecha, ultimo parrafo)
http://jvi.asm.org/content/78/18/10054.abstract

D2 divulga virus que se replican selectivamente en tumores gue tienen ventajas sobre las
terapias convencionales para cancer, como la expresion de proteinas (tiles en tratamiento de
cancer tales como proteinas anti-angiogénicas o inmunomoduladoras (Pagina 765, columna
izquierda parrafo 4, y pagina 766 columna derecha pérrafo 2).

hitp://iwww . sciencedirect. com/science/article/pii/S1359644604032210

10. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en "Un paramixovirus oncolitico recombinante que
comprende un acido nucleico con al menos un transgen, en donde el dcido nucleico
de este transgen(es) codifica para una proteina de unién que tiene una actividad
terapeutica cuando es expresada por la célula tumoral infectada con virus.”

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

Caracteristicas esenciales D1 D2

Virus de Newcastle, que es un | Virus oncolitico

Paramixovirus oncolitico

virus oncolitico

Acido nucleico de transgen(es)
codifica para una proteina de
unién

NDV (virus de Newcastle)
recombinante gue expresa una
proteina VP2 (proteina de
union) -

Transgen terapeutico

| Proteina de union que tiene
una actividad terapéutica
- cuando es expresada por la

VP2, que es una proteina de
union, y que la vacunacién con
el virus recombinante produce

Proteinas anti-
angiogénicas o]
inmunomoduladoras

celula tumoral infectada con
Virus

una respuesta inmune para
IBDV

Los documentos D1 y D2 se consideran el estado de
invencion definida en la reivindicacion 1.

la técnica cercano a la

D1 describe un NDV (virus de Newcastle) recombinante que expresa una proteina
VP2, que es una proteina de unién, y que la vacunacion con dicho virus produce una
respuesta inmune para IBDV (enfermedad de bursitis infecciosa) (p10055 columna
izquierda parrafo 4). Por otra parte el mismo documento considera el tratamiento de
cancer y la terapia génica usando NDV (pagina 10062, columna derecha, ultimo
parrafo).

D2 describe el uso de virus oncoliticos entre los cuales se encuentra el virus de
Newcastle, que tienen transgenes capaces de expresar proteinas de interés
terapeutico en cancer. Dichas proteinas pueden ser profarmaco como enzimas o
proteinas anti-angiogenicas o inmunomoduladoras (Pagina 765, columna izquierda
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parrafo 4, y pagina 766 columna derecha parrafo 2).

La diferencia entre la invencion, definida en la reivindicacion 1 y D1 consiste en que
la invencidn no identifica la proteina de fusién reclamada.

l.a diferencia entre la invencion, definida en la reivindicacién 1 y D2 consiste en que
la proteina expresada en el caso de la invencién es usada en el tratamiento de
cancer.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: “modificar el virus de Newcastle conocido en D1 para obtener un
virus capaz de expresar proteinas con efecto terapéutico contra el cancer”.

Sin embargo, la utilizacion del virus de Newcastle recombinante para el tratamiento
de enfermedades, ya esta divulgada en D1. En consecuencia, la persona del oficio
normalmente versada en la materia, incluiria un transgen que codifique para una
proteina con actividad terapéutica de D2 en el procedimiento de D1 para llegar asi al
objeto de la reivindicacién 1 de la solicitud. Por lo cual se considera obvia.

Las reivindicaciones dependientes 2, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 20, 21 no
mencionan alguna caracteristica que haga nueva a la reivindicacién 1, por lo cual se
considera que no son nuevas.

11.Conclusién

Los requisitos de patentabilidad de la presente solicitud estén afectados asi:

p—— o

Item Documento Reivindicaciones afectadas | Requisito que afecta
. J. Virol. 2004,
D1 78(18)10054. | 246759 ] °é1”' 12,131 Nivel Inventivo
10063. oY
Drug Discovery
D2 | Today, Vol. 9, No. | 2487 A °é1'”‘ 12,13, Nivel Inventivo
17. 759-768 e

En cumplimiento del articulo 45 de la Decisién 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 notificaciéon 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 {a 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

19 4 in
Elaborado por: Saﬁd’f’a‘;"‘g&aligg@;e{spo Cérdenas %

Revisado Por: Consuelo Leguizamon Leguizamon
Aprobado per: José Luis Salazar Lopez
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Oncolytic viruses for the treatment
of cancer: current strategies and

clinical trials
Stefan ]. Ries and Christian H. Brandts

amor seteclive replicating viruses offer appealing advantages over
~onventional cancer therapy and are a promising new approach for the
treatment of human cancer. The development of viretherapeutics is based
on several strategies that each provides a different foundation for tumor-
selective targeting and replication. Results emerging from dinical trials with
ancolylic viruses demonstrate the safety and feasibility of a virotherapeutic
approach and provide early indications of efficacy. Strategies to overcome
potential obstacles and challenges to virotherapy are currently being
axplored and are discussed here. Importantly, the successful development
of <ystemic administration of oncolytic viruses will extend the range of

turors that can be treated using this novel treatment modality.

¥ The goal in developing new therapies for

Stefan |. Ries : . ;
the treatment of cancer is to design agents

MediGene AG

Lochhamir Sirasse 11
D-82152 Martinsried
Germany

e-mail: s.nes@medigene.com
Christian H. Brandts
Uriversily of Munster
Department of Medicine
Hematclogy and Cncology
Albert-Schweilzgr-Strasse 33
0.48129 Minster

Cermany

e-rmail:
chrandis@uni-muenster.de

that have a large therapeutic index (i.e, high
potency against malignant cells), but only lim-
ited pathogenicity to normal tissue. Naturally
occwrring lytic viruses have evolved to infect,
replicate in and lyse human cells. [t is evident
that the replication cycle of many viruses
exploits the same cellular pathways that are
altered in cancer cells [1,2]. Recent advances
in our undersianding of the molecular biology
of cancer, as well as the availability of technol-
ogies to genetically engineer viruses, have led
to the concept of oncolytic viruses. These bio-
logical agents are thought to hold the toxic
and discriminatory power that is expected
from an efficacious therapy against human
cancer and they have several appealing prop-
erties. Whereas conventional chemeothera-
peutic drugs distribute relatively uniformly
throughout the human body and follow the
rvpical log kinetics of cell killing, the local
replication of administered oncelytic viruses
amplifies the input dose and creates a high
concentration of therapeutic agent at the target

1359-6446/04,5 ~ wea (ront matler ©2004 Elsevier Ltd. All rights reserved.  PIL $1359-6446(01103221-0

site. This accumulation helps to spread the
agent to adjacent tumor ¢ells and limits poten-
tially toxic side effects within normal tissue.
Because direct cell killing caused by viruses is
an active and highly complex process that in-
volves many cellular pathways, the occurrence
of drug resistance appears unlikely. Further.
more, additional mechanisms, such as the
stimulation of the humoral and cellular im-
mune response of the host (3], could poten-
tially enhance virus-induced tumor regression.
Finally, by arming the oncolytic viruses with
therapeutic genes, their antitumor toxicity
could be increased [4].

Strategies to generate tumor-selective
viruses

There are several strategies that achieve
tumor-selectivity of replication-competent
viruses, some of which are discussed here
(Table 1 and Figure 1).

inherent tumor-selectivity

One approach to achieve viral tumor-selectiv-
ity is to use viruses that possess inherent
tumor-selectivity, Several RNA virus species are
tumor-tropic, which is partly the result of their
ability to grow exclusively in cells with defec-
tive antiviral response systems [e.g. Newcastle-
disease virus (NDV) and vesicular stomatitis
virus (VSVY] [5,6]. [n the case of NDV and VSV,
these RNA viruses are sensitive to inhibition by
interferon, and thus normal cells are almost
completely protected from infection and repli-
cation while tumor cells that lack a functional
interferon response are rapidly lysed.
Replication of reovirus, which is another RNA
virus with inherent tumor-selectivity, is re-
stricted by activation of the double-stranded
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Table 1. Strategies to achieve tumor-selectivity

Strategy to
achieve tumor-
selectivity

Advantages Disadvantages

Viral medifications
are not required

No foreign DNA
elements required

Inherent tumor-
selectivity

Specificity can not
easily be modified
Depends on natural

Targeted
modifications are
technically
challenging

Risk of revertants to
wild-type

Attenuation based
on general tumor
biology

Broad mechanism of
selectivity (targets
signaling pathways)

No fareign DNA
elements or genes

Attenuatien by
deletion of viral
genes or gene

I fragments

viral genes

required
Transcriptional Technology well Insertion of foreign
targeting established DNA elements
Targeting based on Tumor escape by
known tumor promoter shut-off
biology
Cellular Specific infection of  Technically
targeting tumor cells challenging
Reduced attenuation Detargeting and
required targeting required
Potentiai reduction  Tumor escape by
in toxicity mutation of receptor
Potential reduction  Insertion of foreign
in dose size DNA elements
required

lytic strength of virus

Multiple functions of

Virus species Stage of Refs or source
development
Reovirus Clinical [7], Oncolytics Biotech®
Newcastle-disease  Clinical [66,67)
virus
Vesicular stomatitis Preclinical [5,6]
virus
Autonomous Preclinical f10]
parvovirus
Adenovirus Clinical [19,29]
Herpes simplex Clinical [11], MediCene AC"
virus
Vaccinia virus Preclinical [13]
Poliovirus Preclinical [14]
Measles virus Preclinical (5]
Adenovirus Clinical [58], Cell Genesys'
Herpes simplex Preclinical [471]
virus
Adenovirus Preclinical [43]
Herpes simplex Preclinical [44)
virus

e waww oncoticsbiatech.com; Thitp /fwwaw.medigene.comm; thitp:/fwaaw, cellgenesys.com.

RNA-activated protein kinase (PKR} by early viral transcripts
[7.. However, increased levels of Ras activity, as is frequently
vbserved i a wide variety of humman tuinoers, counteract this
inhibition by activating a phosphatase that antagonizes the
PR ¢ffects, which consequently enables virus replication
[4]. Autenomously replicating parvoviruses (e.g. B19 or H1)
that efficiently lyse transformed fibroblasts while sparing
normal celis have been reported {9,10f; the mechanism of
this process of differentiation has vet to be clucidated.

Atlenuation of wild-type viruses through the targeted
deletion of viral genes

Another strategy is based on restricting virus replication to
maiignant cells, which involves deletions of viral gene

760 www.drugdiscaveryioday.com

regions or entire genes that are crucial for efficient replica-
tion in normal tissue but that are dispensable in tumor
cells ("attenuation’) (Figure la). Genetically modified,
tumor-selective mutants have been described for a variety
of virus species, including herpes simplex viruses (HSV),
adenoviruses, vaccinia viruses and polioviruses [11-14],
Tumor cells and cells that have been infected by viruses
exhibit significant similarities in their abilitics to interfere
with signal transduction pathways, for example, promeot-
ing the transition from the prereplication (G1) to reptica-
tion (S} stage of the cell cycle [1,2]. In particular, p53- and
retinablastoma protein (Rb)-governed checkpoints must
be passed before cellular proliferation can be initiated.
Several viral gene products that interact with cellular
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components, and thereby influence
the cell cycle and cell survival, have
been identified {1,2].

To target HSV replication to malig-
nant cells, a variety of mutants have
been designed with functional inacti-
valion of the viral genes that encode
tor thvimidine kinase, ribonucleotide
reductase and infected cell protein
3154ICT34.5) (e.g HSVI1T716, dlsptk
and heR3) |11, The cellular forms of
viral ribonucleotide reductase and
thymidine kinase are not expressed in
quiescent cells, but are upregulated
during the G1 and $ phases of the cell
cycle because they generate deoxynu-
cleoside triphosphates (dINTPs), which
are needed for DNA svnthesis. This
limits reptication of HSV that is defec-
tive in such gene functions to rapidly
proliferating cells, such as tumaor cells
15, The neuwrovirulence faclor ICP34.3
has been characterized as an inhibitor
of FKR. Therefare, PKR-induced shut-
off of cellular protein synthesis follow-
ing infection with HSV is circum-
vented Ly 1CP34.5 [16]. However, Ras
activity directly inhibits PKR-mediated
effects, and thus the action of ICP34.5
is not required in cell lines thai have a
censtitutively activated Ras signaling
pathway [17]. To reduce the probalil-

Drug Discovary Today

ity of the occurrence of wild-type re-
vertants, and to increase the safety
level, some viruses contain muitiple
mutations within their genomes (e.g.
G207y [18]. In addition to HSV, ather
tumeor-selective adenoviruses gener-
ated using this approach have heen
reported [19].

The adenoviral early gene 1T A (E1A)
proteins are potent transactivators that

Figure 1. Strategies to achieve tumor-seleclivily of oncolytic viruses. (a) Attenuation.
Viral gene regions or entire genes that are crucial for the efficient replication of the virus
in normal tissue are deleted from the viral genome, The genetic setting of tumor cells can
complement those missing functiens. (b) Transcriptional targeting. The expression of
specific viral genes that are essential far viral replication is restricted to tumor cells
through the use of tumor-specific promoters that are incorporated into the viral genome.
{c) Cellular targeting. The natural cell tropism of the virus has been changed through
genetic moedification of the viral attachment proteins in such a way that only tumor.
specific surface proteins are recognized as viral binding receptors. This strategy limits the
entry of oncolytic viruses to tumor cells. {d) Effect of ancolytic viruses on normal cells.
Although celiular-targeted oncolytic viruses (c) are unabie to enter normal cells, the
infection of normal cells with oncolytic viruses produced using strategies (a) and (b} leads
to abortive infection.

induce the entry of quiescent cells into 1

the cell cycle and direct their progres-

sion to the S-phase; this sequence is predominantly initi-
ated by the binding of the E1A proteins to the Rb protein,
which triggers the release of the E2F trenscription factor
that is important fot regulation of expression of cellular
genes that control cellular DNA synthesis and proliferation
{20]. However, the uncontrolled release of L2F and entry of
quiescent cells into the cell cycle induces the accumulation

of active p53 in the nucleoplasm, which causes growth ar-
rest or apoptosis before the virus can replicate productively
[21]. Therefore, adenoviruses encode another set of pro-
teins, the E1B proteins (E1B55K and E1819K), that coun-
teract the pS3-mediated effects triggered by E1A [22-24].
The E1B55K-deficient adenovirus d152¢ (Onyx-015) was
the first replication-selective adenavirus to undergo rigorous
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clinical trials as a cancer treatment {25]. Although the
exact mechanism of action of Onyx-015 is not completely
understood [26-29], results from animal models and clini-
cal trials indicate that this compound is a promising anti-
vanger agent.

Another mutation approach is based on the deletion of
the FLA conserved region 2; this deletion prevents inter-
action of FLA with the Rb protein. Several deletion mu-
Lanty, including some mutants in combination with cell
wvoie-dependent promoters (e, Onyx-411, A24 and
d1922-947), have been reported {30-32]. Based on thue atten-
aaton approach, several oncolytic versions of vaccinia
viruses thal comprise mutations in the genes encoding
thymidine Kinase and/or vaccinia growth factor (VGH,
which render the viruses highly tumar-selective, have
been described [13]. Although preclinical results with

pricse mutants are promising, the clinical utility could be
..united by premature immunologic clearance of the virus
and inadequate hystander effects. Poliovirus mutants are
also available that selectively replicate in cell lines that
are derived from human glioblastomas; this selectivity is
the result of an altered internal ribosomal entry site
{IRES) [33).

Franscriptional targeting

A third approach to restricting viral replication to malig-
nant cells involves the engineering of tumor- or cell tvpe-
specific promoters and enhancers into viruses to limit the
expression of the genes that are essential for viral replica-
tion iy tumors (‘transcriptional targeting’) (Figure 1b),
Replication-competent adenoviruses that have restricted
expression of Lhe FTA and E1B genes have been produced
for prostate carcinomas using prostate-specific promoters,
such as the prostate-specific antigen (PSA) premoter, the
robasin promoter and combinations of both (e.g. CV706
and CGO787) |34,35]. Selective expression of E1A has been
atrtempted in specific carcinomas, such as hepatocellular
varcinoma {a-fetopratein promaoter) and breast carcinoma
fmucin-1 promoter and estrogen-teceptor promoter)
Gn-40], In addition, the general characteristics of tumor
cells te.g. telomerase promoter and hypoxia-inducible
factor responsive elements) have been used to design on-
colytic adenoviruses [36-40]. As well as adenoviruses, repli-
cation-selective HSVs have been designed and investigated.
The expression of the essential immediate-carly ICP4 gene,
which is under control of the albumin-enhancer-promeoter,
principally restricts replication of HSV to the liver and to
hepatocellular carcinoma [41]. In a similar approach, the
calponin promater has been used to generate HSV mutants
thal replicate selectively in malighant human soft tissue
and bone tumors.
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Cellular targeting

Tumor-selective uptake of replication-competent viruses
can be achieved by modifications of the viral coat in a
process that is known as ‘cellular targeting’ (Figure 1¢). In
theory, this strategy offers the advantage that mare viru-
lent viruses can be used: because these virus mutants
would not infect normal cells, there should be a reduction
in toxicity, Adenovituses have been extensively studied
using the cellular targeting approach, and there have been
several attempts to modify the fiber proteins to redirect the
natural vector tropism away from normal cells towards ma-
lignant cells [42,43}. More recently, HSV vectors with mod-
ified vector tropism have been produced. For example,
engineered H5V-1 vectors have been designed that can only
enter cells that express the interleukin-13 (IL-13) receptor
a2, such as inalignant brain tumors [44]. In these mutants.
the natural binding sites for sulfated proteoglycans in the
viral glycoproteins B and C have been ablated, and 1L.-13
has been inserted [44]. Interestingly, blood-borne Sindbis
vectors that specifically target and kill tumor cells after
systemic administration have been recently reported [45].
Tumor regression could be achieved in a varicty of differ-
ent tumor models, including syngeneic and spontancous
tumors. Although the exact mechanism of tumor-selective
infection has yet to be elucidated, it seems possible that
Sindbis vectors infect tumor cells via interaction with both
heparan sulfate and the 67 kDa high-affinity laminin-
receptor (LAMR}, which is substantially upregulated in
numerous human cancers and is related to increasing inva-
siveness and malignancy {45]. Furthermore, in contrast to
normal cells, the majority of LAMRs on malignant cells are
not occupied by laminin, which appears to render Sindbis
veclors able to infect tumor cells specifically [45].

Escape from the immune system

In a recent study, Yu et al. |46] systemically administered
vaccinia virus mutants to mice and demonstrated that
these mutants selectively enrich and amplify in gliomas, as
well as prostate, bladder and metastatic mammary carcino-
mas. The authors proposed that a small number of system-
ically applied microorganisms could enter tumors through
leaky vasculature. Because the immune svstem is largely
suppressed in turnors, microorganisms that are distributed
to a tumor escape the immunosurveillance system of the
host. By contrast, the imumune system of the host clears the
remaining circulating viral particles shortly after intra-
venous delivery.

Clinical trials with oncolytic viruses
As replication of human viruses is typically restricted to
human cells, issues of tumor specificity, replicative efficacy
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Table 2. Clinical trials with oncolytic viruses

Virus Virus Administration Cancer type Stage of clinical  Status Refs or source
species development
Adenovirus Onyx-015  Intratumoral injection Head and neck cancer Phase li Completed [49]
Intratumoral injection  Pancreatic cancer Phase !l Completed [51]
Mouthwash Oral dysplasia Phase | Completed [52]
Intraperitoneal injection  Ovarian cancer Phase | Completed  {53]
Hepatic intraarterial Liver metastases of Combined Phase | Completed [54,55]
infusion cotorectal and Phase Il
Intravenous Metastatic colorectal  Phase |l Completed [57]
cancer
V706 Intraprostatic injection  Prostate cancer Phase | Completed [58)]
CG7870  Intraprostatic injection  Prostate cancer Combined Phase | Ongoing Cell Genesys’
and Phase ||
Ad5-CD/  Intraprostatic injection  Proslate cancer Phase | Completed [59,60]
TKrep
. Herpes G207 Intratumoral injection  Glioma Phase i Completed [61]
simplex  NV1020 Hepatic intraarterial Liver metastases of Combined Phase | Ongeing [62],
virus infusion colorectal cancer and Phase |l MediGene AC"
HSV1716  Intratumoral injection  Glioma Phase | Compteted [64]
Intratumoral injection  Metastatic melanoma  Pilot study Completed [65]
OncoVEX  Injection into skin Skin metastases of Phase | Ongoing BioVex*
metastases solid cancers
MNewcastle  MTH-68 Intravenous Gliorna Pilot study Completed [686]
disease PV701 Intravenous Advanced solid Phase | Completed [67]
virus cancers
Reovirus Reolysin Intratumoral Skin metastases of Phase | Completed Oncolytics
solid cancers Bictech”
Intratumaorai Prostate cancer Phase | Completed
Intratumorai Glioma Phase | Ongoing
Intravenous Advanced solid Phase | Ongoing
cancers

p. wway cellgenesys com; “httneffensav medigene com; *hitpuiwww bioves.com; “hitp:/iwww.oncolyticshiatech.com,

and viral distribution cannot be fully addressed in animal
meodels of cancer. Therefore, several research groups and
companies have rapidly moved into clinical testing. Initial
testing began with intratumoral injection and proceeded
to intracavitary (such as intraperitoneal) and intravascular
administration (such as hepatic artery infusion}. More
recently, systemic (e, intravenous) applications have been
studied. Several clinical trials on the use of replication-
competent viruses have now been published (Table 2).

Adenavirus

Of all the viruses that are undergoing clinical development,
the adenovirus Onyx-015 (also known as d11520 and CI-
1421 has made the most progress, and has proven to be a

safe single agent in Phase [ and 1l trials for the treatment of
patients with squamous ¢ell carcinoma of the head and
neck (SCCHN) [47,48]). SCCHN patients were chosen for ini-
tial trials because head and neck tumors harbor p33 mu-
tations, the tumors can be injected directly, the clinical
response can be assessed and biopsies can be obtained.
Onyx-015 was injected intratumorally and treatment was
well tolerated, with the main toxicity being mild flu.like
symptoms (in particuiar, fever and chills). Viral replication
was detected in 20% of patients and, although an antitu-
mor response was seen in 149% of patients, a clinical benefit
was not seen in the majority of the patients. However,
when combined with chemotherapy, intratumoral injec-
tion of Onyx-0135 demonstzated an impressive clinical
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response rate in 63% of the evaluated patients, with 27%
teight patients) demonstrating full respense to therapy (i.e.
complete disappearance of all tumor manifestations) and
Jath indicating partial responses (i.e. tuinor shrinkage by
over S0%: of initial tumor volume) {49]. This response rate
is far in excess of the expected response rates of patients
that were heavily pretreated witly chemotherapy alone [49).
Sixmonths after the end of the study, none of the respond-
ing tumors had progressed, whereas all non-injected tumors
that were treated with chemotherapy alone had advanced.
NIumor Biopsvy specimens obtained after treatment showed
tumor-selective viral replication and necrosis induction [49)].
Based on these encouraging results, Onyx Pharmaceuticals
ihttp 'www.onve-pharm.com) initiated a randomized
hase 1T ¢linical trial with Onyx-015 for recurrent SCCHN.
These trials have currently been stalled and their progres-
‘.i.un hias yet to be sanctioned,

Onyx-013 was also administered intratumorally to
patients with unresectabie pancreatic cancer through
computed tomography (CTi-guided injection [30] or endo-
scopic ultrasound injection in combination with intra-
venous gemcitabine {51] in a Phase 1 and a combined Phase |
and Phasc IT clinical trial, respectively. Two patients
incurred duodenal perforations from the rigid endoscope
tip, but the treatment was generally well tolerated. In the
combination trial, two jpartial regressions and two minor
responses were nbserved, but these were not clearly attrib-
utable to Qnyx-015 administration [31]. Another tested
indication of Onyx-015 includes ocal mouthwash therapy
for premalignant otal dvsplasia [52}. lHistological resolu-
Lion was seen in seven {379%) out of 19 patients, but these
effects were transient in the majority of patients, To test
intracavitary applications of Onyx-015, a Phase I trial of
intraperitoneal injection of Onyx-015 was undertaken in
patients with recurrent and/or refractory ovarian cancer
[53]. No significant toxicity was abserved at the maximum
dose of 10V plague-forming units (pfu). However, no clini-
¢ar or radiographic evidence of a tumor response was
observed in any of the patients [33].

Intravascular applications have proved particularly
promising. Hepatic arterial intusion of Onvx-015 in combi-
nation with S-fluorouracil (3-FU) and leukovorin for liver
metastases of gaslrointestinal (G tract tumors was tested
in a combined Phase | and Phase I clinical trial [54,55].
AMthough increased levels of liver enzymes and hyper-
bilirubinemia were transiently observed in a subsct of pa-
tients, the regimen proved to be safe and feasible. Delayed
secondary peaks of viremia at 72 I post-inoculation were
detected and interpreted as an indication of viral replica-
tion. Out of 27 patients, three (119) had a partial response,
while 13 (48%) had a minor response or stable disease.
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However, an antitumoral activity that could be directly
attributed to Onyx-015 was difficult to assess because most
patients were not refractory to 5-FU and leukovorin
chemotherapy [54,55].

To test systemic administration, Onyx-015 was given by
intravepous infusion to patients with metastatic solid
tumors (Phase [) [36], and in a Phase Il clinical trial to pa-
tients with metastatic colorectal cancer [57]. Toxicity was
manageable and consisted primarily of flu-like symptoms
(including chills, rigors and fever); however, one patient
aut of 18 was hospitalized for severe lethargy. No liver tox-
icity was observed and viral DNA was detectable for as long
as 72 h in 36% of the patients, all of which developed neu-
tralizing antibodies. Three out of the 18 treated patients
had miner reductions of carcinoembryonic antigen (CEA)
levels and seven patients were assessed as having stable dis-
case for 11 to 18 weeks. However, a progression in disease
was ultimately observed in all patients [57].

Early clinical trials with adenoviruses that are transcrip-
tionally targeted to replicate in prostate cancer cells have
demonstrated promising results. A Phase 1 clinical trial was
carried out in patients suffering from locally recurrent
prostate cancer with adenovirus CV706 (PSA-restricted
expression of E1A and/or E1B) [58]. Intraprostatic injection
of this virus caused mild flu-like symptoms and hematuria.
However, 13 out of 20} patients (65%) experienced a reduc-
tion in serum PSA of 230% [rom pre-treatment levels [58].
Patients receiving the highest intraprostatic dose of CV706
showed a reduction of PSA 250%, which underlines the
biological activity of this compound, and post-CV706
treatment prostate biopsies revealed viral replication in
individual patients [58].

In two Phase 1 clinical trials, the efficacy of the ‘armed’
adenovirus AdS-CD/TKrep as a treatment for prostate can-
¢er was tested as an intraprostatic injection, cither alone
[59] or in comhination with radiation therapy |60}, Two
days after adenovirus injection, the prodrugs 5-fluorocvto-
sine and valganciclovir were administered and no dose-
limiting toxicity was observed. Seven out of 16 (44%) patients
demonstrated a 225% decrease in PSA levels and 19%
showed a 250% decrease in PSA [54]. As expected, the
response rates were increased when the course of treatment
was supplemented with radiation [60].

Herpes simplex virus

The HSV-1 variant G207 was tested in a Phase | dose-
escalation study that was designed to determine the safety
of stereotactic inoculation for the treatment of recurrent
malignant glioma [61]. I'wenty-one patients received be-
tween 10 and 3 x 107 pfu. There were no serious side effects
and, importantly, no patient developed HSV encephalitis.
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In several individual patients, radiographic imaging suggested
an antitumor response |613.

Farly clinical data suggested a safe toxicity profile for the
virus NV1020, which is in engoing combined Phase [ and
hase 11 trials as a therapy for liver metastases of colorectal
cancer [02]; NVI0Z0 is currently being developed by
MediGene AG (htip://www.medigene.com). Oncovex®
(BioVex; http://www. biovex.com/index.html), which ex-
presses the immunostimulatory granulocyte-macrophage
colony-stimulating factor (GM-CST), is currently in Phase
clinical testing for skin metastases of solid tumars, but no
clinical data has as vet been reported.

HSV1716 was administered by intratumoral injection to
a small group of nine patients suffering from relapsed ma-
lignant glioma {63]. The studv demonstrated the thera-
peutic feasibility of HSV1716 with viral doses up to 105 pfu,
with no signs of encephalitis. These findings were con-
firmed in another trial in which 12 glioma patients under-
went intratumoral injection with 10% pfu, followed by
surgery [64]. The data documented intratumoral replica-
tion within high-grade gliomas withoul causing toxicity in
hoth HSV-seropositive and HSV-scronegative patients [64].
Inaddition, HSV1716 was injected intraiesionally into sub-
cutaneous nodules of metastatic melanoma of five patients
[63]. As an internal control, a second nodule was injected
with sterile saline. A flattening of previpusly palpable
tumor nodules and microscopic evidence of tumor necro-
sis were observed, Although patient numbers are too small
to draw definite conclusions, the observed effects do
warrant further investigation [65].

Newcastle disease virus

MFEH-68 and PV701 are Lwo attenuated, non-recombinant
strains of NDV, which is an avian paramyxovirus that
cavses flu-like svmptoms in humans. Csatary ef al. [66]
examined the oncolvtic potential of NDV by treating four
cases of advanced high-grade glioma with daily intra-
venous injections of live attenuated NDV MTH-68 [66].
Two of the four patients had near complete disappearance
ot their glicmas, while the remaining two patients experi-
enced stabilization of their disease. Although these four
cases were treated with different dosing regimens, these
date are nevertheless encouraging and provide grounds for
further development [66]. Intravenous administration of
PV70T was tested in a large Phase [ clinical trial as a single
agent in 79 patients with advanced cancers [67). Flu-like
symptoms, fever and hvpotension were recorded, but no
serious side effects were observed. Interestingly, with
repeated cycles, the occurrence and intensity of flu-like
symptoms decreased. The majority of patients developed
antibodies to NDV. After intravenous treatment, 14 patients
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had stable disease for four to >30 months, seven demda-
strated minor responses, two had a partial response and
one patient with chemotherapy-refractory tonillar (squa-
mous cell) carcinoma had a complete response but then
relapsed seven months after treatment began [67].

Reavirus and vaccinia virus

No clinical data on the use of reovirus or vaccinia virus (ex-
pressing the immunostimulatory GM-CSF protein) have
been published. As summarized in Table 2, several Phase ]
trials have been completed or are ongoing.

Challenges of oncolytic virotherapy

Oncolytic viruses can rapidly replicate in and spread
through 2D cell cultures that are derived from a variety of
different tumor types. llowever, there are several factors
that could hamper the efficient spread of oncolvtic viruses
within a solid tumor mass [68]. Physical barriers such as
necrotic areas within the infected tumor, normal stroma
cells and extracellular matrix, or the presence of the basal
membrane, could limit the distribution and infection of
the diffuse virus. Mathematical models of viral replication
have underlined the importance of diffuse tumor inocula-
tion for the control of tumor growth and for the initiation
of a self-perpetuating process of intratumoral viral replica-
tion [69,70]. In addition, the physical size of the adminis-
tered virus particles and their interaction with the receptors
that are present on normal cells could be crucial, New de-
livery technologies, such as convection-enhanced delivery
(CED) of drugs to the brain, will need to be explored for
oncelytic viral therapy of brain tumors to achieve an even
virus distribution. CEI} enables potent drugs, which would
otherwise be too toxic to the body, or drugs that are not
capable of passing through the blood-brain barrier, to be
slowly and continuously infused into particular brain tu-
maors through small plastic catheters. After surgery, the
drug is administered via the catheters using an infusion
pump over a period of several days, and then the catheters
are removed. Teols have been developed that facilitate
enhanced virus administration within the tumor using
several simultaneous needle injections. Importantly, the
immune system of the host cauld limit ongoing viral repli-
cationt within the tumor, and rising antibody titers could
neutralize repeatedly administered viruses before the
tumor has been successfully eradicated [12]. Although
these neutralizing antibodics do not appear to be a major
limitation for the intratumoral injection of oncolytic
viruses that spread through direct cell-cell contact (e.g.
HSV and measles virus), they could become a crucial factor
for systemic therapy that uses intravenous administration
{68]. The complement system might be another impediment
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to elfective delivery via the intravenous route |71]. By con-
trast, immune responses could also enhance the efficacy of
oncolytic viral therapy. as suggested by a significant number
ol studies investigating viruses that express immunostimu-
latory proteins [4,72]. Cytotoxic T-cell responses that are
directed against the tumor have been identified as a poten-
tially important therapeutic factor [72]. Therefore, several
metheds that eliminate undesivred 1mmune effects while
preserving beneficial properties have been proposed. The
production of neutralizing antibodies could be transiently
abluted by administration of anti-CID20 antibodies {ritux-
anah) against B-lvmphocytes before oncolytic virotherapy,
Alternatively, the exchange of blood plasma iplasma
pheresis) will enable the elimination of antibodies that are
directed against viruses from the bloodstream [68]. 'lo
prevent inactivation of administered viruses by the com-
ement, the complement could be transiently neutralized
P administration of cobra venom factor or cvclophos-
phamide (CPA) [73]. [n addition, the use of virus mutants
that incorperate complement resistance tactors into the
outer membrane, which therefore conveys resistance to the
complement, has been suggested [68). A major factor that
could potentially lead to the rapid ciearance of viruses
from the bloodsiream could be uptake into Kupffer cells,
which are extremely active phagocytic cells that line the
walls of the sinusoids of the liver [68]. However, preciinical
experiments with several vectars have shawn that svstemic
metastases can be targeted following intravencus adminis-
reation, despite a tevel of clearance by the liver. Finally,
sutficient expression of viral receptors on malignant cells
is required for therapeutic efficacy [68] - a factor that has
hueen identified as a4 potential limitation for oncolytic ade-
noviruses. Expression of the key receptor for adenoviral
uptake (CAR} appears to be downregulated during tumor
progression, preswmably by activation of oncogenic signal-
ing pathways that render highly malignant cells less sus.
ceptible to therapy [74]. However, strategies have been
suggested to overcome these prospective obstacles, such as
the pharmacological inhibition of the Ras-signaling path-
way [e.g. by using inhibiters of the mitogen-activated pro-
tein kinase kinase (MEK)], which increases the expression
of CAR on the cell surface and consequently restores the
permissiveness of these cells to viral uptake [73]. In addi-
tion, retargeied viruses are being explored that comprise
new receplor-binding motils within their coat thal enable
CAR-independent infection [43).

Conclusion and future perspectives

Replication-competent oncolytic viruses, either naturaily
nccurring or geneticatly engineered, represent a promising
new class of agents that are in development for the treatment
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of human cancer. Fotential hurdles have been identified,
and solutions to these problems are currently being
explored in preclinical studies and clinical trials. To date,
clinical experience indicates that these agents are safe. o
increase potency, two key strategies are being pursued.
Combination of oncolytic virotherapy with traditional
chemotherapy and radiotherapy significantly enhances
the efficacy of virotherapy, frequently on a synergistic basis
[76]. In parallel, additional antitumor mechanisms are ap-
plied to oncolytic viruses to arm them with therapeutic
transgenes (e.g. prodrug-converting enzvmes and anti-
angiogenic or immunomodulatory proteins) that induce
bystander effects that are capable of eliminating tumor
cells that are not directly killed through viral encolvsis [4].

Randomized Phase 1 clinical trials are urgently needed
to assess the clinical efficacy of these promising biclogical
agents. The availability of systemic therapy in conjunction
with oncolytic viruses will enhance the potential of en-
colytic viruses to become a viable new therapeutic approach
for the treatment of cancer.
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Infectivus bursal discase vicus (LBDY) causes a highly immunesuppressive disease in chickens. Currently
available, live IBDV vaccines can lead to generation of variant viruses. We have developed an alternative
vacvine that will not create variant IBDYV. By using the reverse penctics appraach, we devised a recombinant
Neweastle disease virns (NDV) vector frem a commonly used vaccine strain LaSota to express the hast-
protective immunogen VP2 of a variant IBDV strain GLS-3, The gene encoding the VP2 protein of the IBDV
was inserted into the most Y-proximal locus of a full-length NDV ¢DNA for high-level expression, We
sueeessfully recovered the recombinant virus, riaSota/VP2. Thie rLaSota/VP2 was genefically stable, at least up
10 12 serial passages in chicken embryos, and was shown to express the VP2 protein. The VP2 protein was naot
incorporated into the virions of recombinant virus. Recombinant rLaSota/VP2 replicated to a titer similor to
that of parental NDV strain LaSota in chicken embryos and cell cultures. To assess protective efficacy of the
rhaSota. VP2, 2-diay -old specific-pathogen-free chickens were vaccinated with the recombinant virus and chat-
lenged with a highly viralent NDY strain Texas GB or IBDY varviant strain GLS-5 at } weeks postyaccination.
Vagcinatinn with rLaSota: VP2 generated antibody responses against both NDV and TRDV and provided 905
profection apgninst NDV and TBDY, Booster immunization induced higher levels of antibody responses against
Both NDV and IBDY and cooferred complete protection against hoth viruses, These results indicate that the

recombinant NDV can be used as a vaccine vector for ather avian pathogens.

booremate brrse Jsese virus  [BIDY) s o pathogen of ma-
Lo importence i the poulin industry worldwide
iBbv o pacates speatfically in developig B-vmphond cells,
cosahing o the destruction of the precursors of antibody-pro-
deane B3 eelis T tae bursa of Fabricius, and consequently. the
amnunsuppression. which leads o vavemarion faitures and
S et Tl To cthe infections and diseases (23). Vaccinaton
< b principal method used for the control o infectious bursal
ewo a0 in chickens, Although TBDY stiians of different anti-
_ebie pes have been meorperated inle vaccines, TBDV re-
e mapor pracBiem for the poultey industry. The efficacy of
o e TRV viecmes devreases in the presence of ma-
. oo ontbadies, whick are essential lor rhe prorection of
sowdkers for che eritical Arst few weeks of lile. Live
TN reaanes adse cause various degrees of bursal atrophy
dul iay wemirbute to the emorgence of antigenic variang vi-
cos s ITR The fust antigemis vartant strain of IBDY was iso-
dod tram vaecinated flocks on the Delmarva Peninsula in
cins A Other s atfant strams were subsequently ssolated in
te Uuned States uad other countries (17, 3%, 41 42, 40), The
Merie variant strains were serelogically different from the
s et classic dsolates most typically isolated before 1983
TR 4 46y These variant strains lack the epitope(s) defined
- roewtaizime menoclonal antibodies {MADs) BoY and RB3,
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SN Cteraneny Muedicme, Frnersit of Marviind, S075

" R P AR 20T Phene (30 340 Py
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which were prepared with classical isolates (40, 41} The vari-
ant viruses infect chickens. ¢ven those with relatvedy high
levels of maternal antibodics. and cause areat economic losses
{17. 3542, 46). The apparent inability (o control IBDV infec-
tion through current vaccination warrants a necessity to de-
velop alternate IBDY vaccine strategics that would not result
in variant viruscs.

IBDV is a member of the genus Avibinmavivng in the Lumily
Birnaviridae. and i1s genome is composed ot tvo segments of
double-stranded RNA (25). The smalier segment B encodes
VP1. a 9niid-malecular-weight RNA-dependent RNA poly-
merase. The larger segment A contains two partially overlap-
ping open reading frames (ORFs) The first, smailer ORF
encodes o nonstruciural protein VP3: whereas the second
ORF uncodes a precursor polyprotein, which is subsequently
cleaved info VP2, VP, and VI3, VP2 and VP3 are the muyjor
capsid proteins of [BDV. constituting 51 and 0¢+ ot the viral
proteins, respectively (25). The VP2 protein has been identi-
fied as the major host-protective immunogen of IBDV and
cONLAING major epitopes responsible for eliciting neutralizing
antibodies (3, 4. 16). Passive antibodies 10 VP2 were found to
protect chickens (120 25, 44} Many attempts have been made
to express the structural proteins of IBDV ax subunit vuccines
tor the control of this disease. It has been demonsiraled that
the recombinant VP2 protein expressed in difflerent expression
systems provided ssgnificant protectian apainst the discase (5,
37,039, 3345 Howgver, those effarts have not been translated
for practical use. due 1o Hmitauons of the delivery systems (11
21, AR

The recently developed reverse genetics system to engmeer
negative-strand RNA viruses {NSV) has provided a new imethod
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“ e Tipid

CxOress forerpn genes (90305 Owing i the modular nature
ol e genomes, it is casy o engineer additional genes into
e genomes of N3V A number of recombinant NSV contam-
aue ddstional foreign genes hine been enpineered (b, 14 15,
PTOXLAOT LN has also been shown that WSV can senve as
Dby effecinve v e vectors [or protection agawnst other
ot e {50 D30 T4 ARy, barlior stuches have shown that

scemthipant Neweastle disease virue (NDV), an NSV, can be
sed o eepress heterolopous genes (19 220 249y,

SV s g member of the genus dvdkivinn o the famsly

s trndee 1240 201 The genome of NDV Is a nonseg-
g reratve straded RNA 0f 1SRG nucleotides (nt)
S sivaenes e The order of 3NPLORMOTHINGTSS (10,
Tao Eaproession lovets o the proteins are altenuated inoa se-
Qlcttan inannet from the 3 end o the 5° end of the viral
renome 1240 32, NDV causes an economically important dis-
—emut b species of birds worldwide (7). Newcastle disease
oovary trom clmically mmapparent to highly virulent forms
dupending on the virus straing and host species {2). Currently,
.:uruz ally occurring avirulent NDV strains are routinely used as

e vacvines throughout the world.

Several chuaracteristies of NDV suggest that recombinant
NDVa expressing o protective antigen ot another avian patho-
v st ae e orv eood multvalent vaecdne for pouttry, Live
NI vacaines are widely used in o commerciad chickens with
oo ek records of efficacy and satew . NDV grows to very
cof ke s i A lines and embryonated eges and elicits

oo amorab s celtubar imumune responses in vivo, NDW
i lugdi dleets the chiehen via the UppeT sespiratony truct and

Tubecs stveng see ctory mmunestobulm A (TeA) which s

Tocmpangnt 1 the immuoological repertoie o prevant
eesintections 0 1S) Therefore, we explored the poten-
b acombinant XDV s aovaecine vector for pouliy,

Lihus paper, we deseribe a recombinant NDV strain LaSoma
<Apressig the host protecnve mmupogen VP2 of a variant
IBDA wtrain Gi1S S The recambinunt rlaSota/ VP2 grew 1o a
wvel comparabie W the parental virus. The VP2 gene was
aitbiy maintained «nd expressed even afier serial passages in
mbryonated cgas, Vacaaation with the reconibinant rlaSota:
VP2 induced strony humoral inmune responses against both

DV and IBDY and vonferred complele protection dgainst

Foovaruses witer seeondary aimmunization, These results
caearly supgest that i is possible to develop a commercial
el secombinant NDVIBDV vaccine that would provide
JecRectiop anainst both of these ceonomically important dis-

TR
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MATERIALS AND METHODS

Cells and varwses. LIFE L chicken embrvo tihroblaat celd fine s cells were grown
Pnipc vamenBod boag'c nesium (DMEM) contaimng 1075 tetal bovine
<ot Yoroand HEpeZ wells sevy groswn in Bagle s imaimiem essentil medium
nomn YL ten ] sonone <erume Recombinact and wild-tvpe NNV strans
oo peerae st puthogen-lree (SPEy embzvonated chicken eggs.
ook amafent NOA ctran Fexas GBoused for dialleser studies woas orier

Ve eetves B Namwe ] Viateniany Senviees Datweatars, Amnes, Towa, The
el clmre cdapred TRIVY Lqianr TR S strama were kindh

P Vagran VokE s Umseesns o Aandoad Briotechnology Tnsuitute,
creod T storer Ankera expressing the 17 RNA polimierase (a
e calt ol Bonsand Mueess Natonal Inshietes of Healthy v gtown i
ropre chogwen eming hivte st celis
Pignend constroctian and recovery of recombinane virus. A ¢DNA tragment
. oot e NP s of W PYOREL DA nt GenBank aveess number,

RECOMBINANT NDV-VECTORFD VACCINE TOR 1BDV llifl_‘_‘i" !

MYTIIAY af the cell culture-udapted GLS-5 strain was ubtained by everse rran-
seription (RTY-PCR. Briefly. the IBDV sirain (LS5 was grown in Vero cells.
Virus was puriticd tom clarificd supermatant by c:.-nlr'nu!:.alion ab 7000 - ¢ lor
Thon a 26 sacrose eushion, The partially purifed virus pellet was restspended
i phusphate-hufiered saling (PBSY and treated with sodium dodeay! sultate
ISDEHU e g and provewase K 010G pgaml) tor 20 IBDVY geponne KNAwoie
erlracted with TRIss reagent {hnvnegen, Carlsbad. Calilr aveerdimg 10 1he
matlactuzer’s msttuction The VT gene wis amplificd by RT-PCR using
IBDY specitic primers The amplified product was sequenced in canfirm he
idencity o the VI2 gene.

Construction o} phasnid pladota carrving the full-lensth cDNA ot the NDV
vaceme s1ain LaSota s been described previously (19), Tu faolitate inseriion
ol the VP2 peae of IBDY into the most X -proximal locus of NDV anligtneme.
the Asel aid SacTl fragment trom pllaSata was subcloned into pGEM-TZ (~)
{Promega, Madisnn Wis) usimg Nhal and [Tindll] overhang primers. An gt
insent (S-GGOCOGGOCTOTGOCAACT-3Y wilh an Feel site was mtroduced
Just hefore the NP gene ORE as desenibed elsewhere (1. The VP2 gene 11
IBDV wus umplified by PCR with Fsel-agged forward primer 5" -aclggeeggeea
TGACAAACCTGCAAGATCAAACCCAACAG- and reverse primer 3-uct
gpeepgectictacccatciutisctaatpectcaC CTTATGGCCCGGATTATOTOTTT Y
{the Tsel sile s in hold: the NDV gene starl and pene ond sequences are
underlined: sequence specific te the IBDY VP2 gene sx in uppercuse). dhgested
with Fsel, and choned into the pGLEM-TZ (=1 subelone. A erminution codim
(TGA) was placed immediuels after the VP2 gene, Four adiditional suecteohides
(GGOAL antigenome sense ) were added afrer the ermination cadog 1o mamntain
the “rule of six™ (8. 32 33), The resulong Ascl and SucHl fragment in the
subelone was exvised and used to replace the conresprnding past in pLaSota The
Asclund Sacll region was sequenced o confinm the presence of the VP2 pene.

The recisery of miectives LaSot v eotirely fons doned cDNA ing o
miature al three exprossion plasmids encolding NP P, and L proteina of NDV
strain L.aSota and a fourth plasmid encoding the NIV plus IBDV VP 2 pene was
carnied vul fellowme the procedures described previously (194, Virus recevered
in the supermatynl was plaque punficd pnor o amplibeation and charactenza-
tun. The recavered vecombinant virus wiy designared 1 laSol VP:

ldentifivation s recombinant virus by R-POR Recombimant vitus was prowan
in 10-dav-oid embryonated SPF chicken epus. The virus was punified as deseribed
previousdy (20,0 12 Genamic RWNA was oxtracted from partially puritied virgs
using TRIzol teagent (hvitrogen). Lhe genomic RNA was reverse transtribed
usmg ThenmaScrpt reverse Lansunplase (lvitrogen) ang an anhgenonic-sense
pumer 3 CGANGUAGCAATTGAAGTOGCACGS -, Twa sty of T'CR
were pariormed using the above reverse-franseribed cDNA as templatzs The
first set of PCR wag performed with the same anhigenomicssense primer used for
RT anel a genonue-sense aligonucientide, 8- TCTGCTOGTTTACCCTGGGCT
GT-3 which is at position 1959 tp 1981 in the NDY genome. Fhe second PUR
wan performed using the sane antigenomiv-sense primer akd @ aegative-sense
internal TBDV VP aepe-specific primer, 3-TAGUCAANCCTGONTOTGOT A
GA-3at postion 1371 to 1392 in the IBDY gepeme. Alguots ol the POR
producis were analyzed on o 197 agarose gel. The PCR products were purzhied
using the PCR purifiestion kit (QTAGEN, Hilden, Giermanyy amd sequerniced o
entirely o cunfirm the presence of the VP2 gene of IBDV inthe recoscred virus,

Expression of IRDV VP2 protein by recomblnant virus. The expression of VP2
protein was demonstrated in DF1 cells intected with virus stock by imimunofiu-
urescence assay. Briefly. ennfluent DF1 cells on six-well plates wete infected with
virus #t a souluphcity of infection {MOTY of 01 After 24 ar 28 k. the colls were
washed with PES and fixed with 3% pardformaldehyde in PHS for 200 min s moom
emperature. The cells were washed three times and permeabilized with PRS
contaming 005% Tween 20 (PBS-T) for 30 min. Atier further washing with PRS,
the cells were meubiited with 1700 dilurion of & tabbin anti-1B1Y antiserum 1a
gift from Vikeam Valharia) lor T h. The colis were rinserl with PES and incu-
hated with Quaresecin isothiocvanate (FITCY-conjugated ynat anti-zabbil immu-
noglohulin G antibody (Kakegaard & Perry Lakoratones |[KPL] Gathershuig.
M) Lor 45 min. The cells were washed agan with PBS and visualized wing a
Nikon Lzelipse TH (Nikon, Tokvo. Japan) fuorescent microscope

To further confirm the exprossion of the VP2 proacin by the recombinant vius,
Western blot analvsis was performed using intected ecll besate and putificd
recombinant virus, Cell lysate was prepated rrom DFE cells intected with the
recombinant virus (AMOD 3 a1 20 b postinfection Cells were woshed sk MRS,
seriped, eollearad by Jow speed centntagation, and lsed witn bvsis batter (o2
mM Tris [plE a8 17 SDS. 107F gheaisl 6 M urea, 001 bromopheoul blie.
OL": phenol ted) tor 3G min on ice The bysates were clanfied by contrfugation
at 7000 % g ior 10 min and used for Wesiern blot analysis. The recombinant
virus was purified trom mfective allantoic fluid and subjected 10 Western bl
anaglysis. To examme whether the VP2 protein s incorporated intw the vivion,
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TABLFE 1. Fxperimental design Z' ¥

srekaysd ol vaceination

[ Nt ’ i Age at e g
w Chiirn -"”mm - E——— Vuccine chalfenge (davs Challenge virus
fu 2 — Cowtmercial NDV vaccine 23 Tuenis GB
Al 2 . Cammercial IBDYV vaceing 23 GLS-S
3 NE 2 e rLaSota/VP2 23 Texas GB
HE tz — rhaSora: VP2 23 GLS-3
N [tk — — Nong 23 Texas GB
: ¥ - Nane 23 GES.3
i — —_ Nong — Nonc
- i 2 23 Commercial NDV vaccine 47 Texas GB
J It ? 23 Commercial [TRDV vaceine a7 Cidh-3
. 14 2 23 rLaSota’ VP2 17 Texas GIB
| 2 A rlaSola VP2 17 GLS-5
- i) — None 47 Texas GR
0 None 47 G S-3
. bl - e None — None

oo ot v enen v evedrop ansiidlaion with coammercial vacones imanulacturer’s recommended dose-chicken) or rlaSata VP2 (1~ 10° T, chicken)
whoraweie chodorged with viadent SOV st Texas GB o]~ 107 EIR chicken) intramuseularly o virelent TBDY sitain GLS-5 (1~ 10° EiDe, chickent

. vecwatata s v ghallenge

B ol s ed e paned vieiis were mised wath Lemimli Esaluation of the immunogenicity and protectise efficacy af {he recombinant
o b oo 1 erdes Uogatn vl e S 3 omm belosg gicdinos virus dn chickens, We esaluated 1he immunogeniony and protecrine eificuey ot
v Fomial i oot soptatod B SDS-poluacvamde gef elee- rlaSotaVPZ in cluckens at our U8, Depariment of Agricelturc-appraved bio-
- (. LW L e ns i tramsgerred 16 peha- satety fevel 3 ammal tacihty, {ne-day-old SPF white leghorn chickens - SPAFAS,
I oo e e e M, Bedie o Muss s The membranes Norwich, Cann.ywere randoml assimed 10 12 freatment graups of 10 birds cach
Fod b e e b e JBONY tiserom, washied with PES-LL and and 2 groups vt 3 tirds each as shownom Table §. Chickens m sroups | e ? were
B e renaded e omugaecd guat antienabiha used {01 primary vacemanog and vlillenge. whereds groups & 1o 14 sere kept for

s RPET Posent were visgatizes ctter ncuboiion woth 3.3 450 )

secondary inmumeation and ¢hudlenge later. All clichens were howsed i sepi-
rate pouliry ssalation chambers with ad libitum access to teed and water. Al 2
days of age. cluckens were vucanited vin the oeular route with either 11aSata?
VP2 (1 v 1 307, embrve lethal doses {BELD.,) pev ird) or commercial NDV
Lakota vacome and ¢ommercial live 1BV vecome ot the manufacturges rec-
ommended dose. Chickens [rom cach group were bled at 2 weeks pusimimuni-

[

w o~ IMBy veromdase substroe -KPL)
oot Al e VPL motrin expressea oy the recombinant virus
[ Ll o el R spitopes, antigen capiure wnaaeslinked
c st asa c AT A wes performed asing a commereia! kit (Svn-
wton S Piegee Cabin The assay uiilized a panet of MAbs raised against

1sanB Ag 710z ‘¢ |udy uo /Bio wsealy:dyy woly papeojumoq

CEe et tees st BV 10 exanine the reactiaty profile of the expressed ! : " ; e
2 enchotly col) fesess ansl gupernaiant of sirus-intected cells. Bricfly. ccll ;'.f!tm‘n tar ah‘.SL‘\‘:-_l‘ng‘ ‘?\'DY or [RDYV _“_”Ulmd!es “f"f‘f'r cf:m'm'lerc:.’!l]_v avatlaile
PEIE I S ~upernnt:|rlll from virns-infected DFL vells was diluted (1:50% with ELISA kits {Synbiotics), \'lms-ncmrahzmgannbmdymm.snr! bload samples were
s vt butter 09 ebiahies and added Lo the wells of MAb-coated plates, also aswessed by microtiter vires neutzalization (VN aesl with the comstant-viru
Fosprcin s wers inenhated ot = to 8 C overnight and then washed three times diluting-serum techmgue using homolngous virwses. The VM titers were e
THAT At L aitoram i THOV s added 10 e pratss., pressed] as the seaiprocal of the Jastserum delution That was Cipable of neutral
LY T T I tr v rgure, the plates were washed three times and Fing 100 mean 375 tissue culture infegtions doses (TCIND ) A geometiic imean
R Y1) T PPN | e 2gf angs arteghicken Tads tor 30 mn. Following titer wits caleulated tor each group Birds in groups e 7 were chullenged witny
S o RN e it e U Larmiabiy tethy Thenztng. situlent NDV wirinm Teans GB al 1w HY FLI,, per bird itiamas sl s
. ot G ABTS P e e, Cal e des clonmest was stopped dfier 18 virblent TBEYV GLS-5 sram 1+ 10" embryo sntections duse (8101 pec berd
e e Y ves weate read onoan BTISA oulirly, at 23 ey m gz asomchicated moYoble 1 The birds i groops S 10 12
Pt e e e rsiies ol each neonosonel werenlened jrom the wery Poosted with comaereld NV o TRV vaccines op ecombinant rlaSots”
co s e e preehang o e manefseiner’s mshue VPZoat I3 days ' age. Two weeks alter the secondarny vacomation. all the

Sl ).

chivkeny were Bled for immunelegivsl asessient of NDY ar 1BDY antibusdivs

virps growth o el adtares wnd enshrvenated SIF chicken cggs. The prowth e ELISA ard then challensed as described ahove

v e s mgleearp gronth ssav i DF ] cells
oo e en MO O and mwalated o0 270 m DMIELM
Caorewen semumoangd oy el aces -t ml Soperaatants

The birds chalienged with 1BDV were examined tor chineal signs and muortality
{for 22 h postehallenge. Three days alier challenge. the chichens wore cuthanized
and weighed, Bursa samples from all chickens were weighed fur contparean of
hursatosbody weight rann (BBWR). The gross tesions of the bura were 2xam-

[ N L crencdds ang btrated oslague sssinoin DF cells, To

reotRepnew toae b recombiant woses s SEE chicken cinbrvonated

. . - ined. The obtamed burss was divided 1mtu tva paris, One part was used tor virad
PP ot s L vete g g cobamee o MR ey moculated inue the

antigen detection by AC-ELISA, and the other part was fived in I0°7 neuiral
huffeeed furmiling cmbedided an parafiing sectioned, and sined with hemoeshn
and eosin for histopathiological exammanon Indicators of protechion from IRV
challenge were based on the following criteriae (i fack of morbidite or mortalits.

Cotene etk sy i oty et ke egrs Infechive altintoe Quads
ceve o vested Bl estinocalation for virgs Divginen by phague assay

Characterization of recombinane vlras in vive, The mean death time (MDT)
wooadbaeeiined foossess the pathogemeny of the recombinant viruses i em-

t PR dienen e o dearibed pravicush o) Boefh resh inlective (i) lack of histalogica lesions i the bursa. Gii) undeiediable 1BDV aisugen in
27 e wes diuted e PRS Ao gae o H-Inid didution series. For gach the bursa, and vy the individual vatue ot BBWR withie I standard deviation
Ll Gt e tdtgud into the allantore cavity of each of hve 9-dav-nid units of the meun of the cotresponding contral grong, which mducates buesal

G SPE ket e The el were I'It'_'llhd-[('\i ut 35 O and paamined integrity. To evaluate whether the expression of VP2 pioiein I 1ecombinans
vhe oo ter Talavss pb s that cach embrvg wains finst absersed del rlaSor VP interreres with protective mmunity against NV, bids Chalienged
tov T s ey aton tht keled ali embeyos was considered the with NDV striun Texas GEB were observed daily for 2 penad of HI days Ton

oo s @ e Thae MIDYT was caleuuned as the mean e in howrs lor the martality and clinical signs of neurniropic Newceastle discase. Birds were consigl-

o teth v o sl e embruons, ered protected if they showed no cemtral nerveus system signs und sursived,
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Cogaaction o the recomhipunt NIV expressog IBDV VP2 protem. (A) The VP2 gene of IBDY was amplificd by RT-PUR with o

win st Fsel-tueeed pomers dicested wath Fsell and introduced int the Feek site in the noncoding region of the NP gene. A iermination codun
chLoarwes pliced mmmedatel atter the VB2 gene, tolloneed v four 2dditional nucleotides (GGCAY ty maintain the rule of six. The VP2 gene
casthmned hy NDA vene end (GFL intergenic sequence, anid gene start (GS) signals, (B The fragment containing the VP gene v s exciced with

B T TS A
S mutiple o six.

RESULTS
Revenery of recombinant NDY expressing 1IBDV VP2 pro-
tein. We have previously constructed pLaSota, which encodes
Wopn gty D3N Theat antigenome of NDV sirain LaSorta. and
sSboytit CAT containing the chiloramphenicol acetylirans-
nosise e as an addaittional transeriptional upit (19), Here, we
usen Hhe same approach (o constract a plasmid pLaSotasVP2,
weowhaen e IBDY VP2 gene was inserted into the NDV
Sutigennme upstteam af the NP gene ORF (Fig. 1), 1BDV
aononue RNA extructed from the porfied virus was subjecied
o REPOR e wnplity the VP2 gene fragment as deseribed
nresiousy B9 A terminanea codon and four additional nu-
wondes were aserted slter the VP2 gene ORF o maintain
Wi ot a8 30 The resulung plasmid. designated as
s AP cemtined au additional transeripnional wmr and
neonfiecamne of 10390 g (Fig ) Recombinunt
oS NVPIares wus recovered entirely {rom this cDNA by
st establsoed veverse genctios procedures (19),

el it

R1-PUR aunahsis of recombinant virus, To confirm the pres-
SNoe ot the TRV VP2 gene in the genome of the recovered
IoSote VP2 virad RNA was extracted from purified virus and
avalvzed by RPCROICY was parformued with an antigenomic-

e proimer that annealed to the leader sequence at NDV
zeiubie positivny 33 10 38, Two sets of PCR were perfurmed
with the same antigenomic-sense primer along with fwo other
nedative-sense primers. as detailed in Materials and Methods.
Aveypected. rLadora viekded a PCR product of 1.9 kb, which
would sepresent the segmient wilthout the foreign gene. In
ontrast i aSota A P2 pracduced a sinele, longer PCR product
Crresnondine o the predicied 3 3-kb fragment containing the

S AP ransaupoonal uml. Noo PCR product was
srescal when POIR was perfirmied on extracted virad RNA
cathoit R fdata not shown)s When asing the VP2 gene in-

Siepnany the oo ttesponding ttagment i plaSet. The resubting plaSota VP2 encodes an antigenomic RINA of [6.396

ternal primer for PCR, only rLaSoa/VPL vielded a PCR prod-
uct of the predicted size of (1.5 kb and no product was observed
with rLaSuta virus (data not shown). The RT-PCR products
were sequenced o confirm the wWentity of the 1BDV VP2 gene.

To determine the stability of the VP2 gene in recombinant
rLaSotaiVP2 virus, the recovered virus wis passaged 12 tmes
in Yedav-old embryonated SPF chicken cggs. and the presence
of the VP2 gene in the virus from cach passage was cxamined
by RT-PCR. Qur resuls showed that the sequence identity of
the VP2 gene was preserved and stably maintained even after
12 passages in developing chicken embrvos.

Expression of IBDV VP2 protein by recambinant virus, To
examine the expression of VP2 protein by the rLaSota; VPZ,
DF1 cells were infected with rLaSota/VP2 of the 12th passage
at an MOT of L1, Ar 24 e 48 h postinfection. the cells were
tived and iacubaed with a rabbu antiserum dirocied against
BV, followed by immunostaining with FITC-conjugated
goat anti-rabbit TgG. The results indicated that there was ex-
tensive expression of VP2 protein at 24 b postinfection (Fig.
2C), which further increased at 48 h postinfection {data not
shown)., Compared 0 rLaSota/VP2, cell culture-adapted
IBDV stramn GLS-2 displaved low levels of fuorescence at 24 h
pustinfection (Fig. 2), suggesting a ddower replication cycle for
IBDV, However. the fluorescence intensitics and cellular dis-
tribution of VP2 antigen in rLaSoia/VP2- and IBDV GLS-5-
infecied ceils were similur at 48 h postinfection (data not
shown). Western blot analysis of infected DFL cell lysates
further confirmed the expression of VP2 protein by the rla-
SotafVPZ virus (data not shown), We were also able to dem-
anstrate the VP2 protein from the sapernatant of rhaSotas
VPZ-infected cells by FELISA. Western blotting of punfied
rhafSot VP2 viras showed no deteciable ainount of the VP2
pratein (data not shown). Faken together. these results sug-
gested that the recombinant rLaSota/ VP2 stably expressed the
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Fior 0 Tmnnwolluorescence analysis of TBDV VP2 proetein expression. Confluent T3F1 cells were infected with rlaSern (A), cell culrure-
dapled GLS3 (B) of JLaSotad VP2 at 1210 passage {C) at an MOI ol 1.1, The infecied cells were lixed. permeabilized, and probed with rabbiy
mt IBDN antiscium tolfowed by incubation with FITC-conjugated goat anti-rshbit 1p(y antibody. The cells were visuatized under an Eclipse TE
“Neaon) lnorescent microscope, Magnification, X400, Data are shown ai 24 h postinfection.

VD orotain and that the VP2 protein was probubly aut incor-

Coraad mio the virens.

. MAh reactivity profife of rLaSota/ VP2, To assess whether
e A PT protem expressed by rEaSota VP2 virus contains the
seat abzing epitopes. both the coll lysate and the supernatant
o atected oells were anatyzed by AC-ELISA with o panel
e charseterized epitope-specitiv MAbs, Five virus-neu-

acuedr NLAbs (8, 100 537, RoF and B69) corresponding to

Spatopes pestding o the VP2 protein were used o analvze the

tigenmie propertics of 1he expressed protein (40, 41). Samples

were vorlsidered positive if their OD values were equal to or
aredter than Lo, MAD 37 corresponds w0 o unique neutralizing
epitope in the VP2 protein of variant GLS-3 strain: whereas

MAbs % and 10 deline neuiralizing e pitopes present both in the

Shassie and variant GLS-5 strains of 1BDV (40, 41. 42). The

eaprossed VP2 protem reacted with both MADbs 37 and 10, as

did the variant GLS-3 siruin { Table 2}, However. the cell ivsate

s supernatant from rlaSota VP2-infected cells did not bind

e NTA S indicatine that the presence of (this epitope may

e wnd on the peesenee ol wther virus-associated prolens,

e detined by MADy ROZ and B89 are present only in

Goscdl strains bar gbsemt it the GES-3 stran (45, 42). The

recombinant VP2 protein did not bind to R63 and BA% (Table
2). These results suggesied 1hat the VP2 protein expressed by
tLaSotu/ VP2 was specific to the OLS-5 struin and retsined the
neuttralizing epitopes. Since these neutralizing epitopes are

TABLE 2. Antigenic characierization af the VP2 protein expiessed
by rEaSo1a/VP2 with IBDV-ncutralizing MAbs by AC-ELISA”

Antigenie reactivity of IBDVe

Mabs®
Classic? GLS-5 rLaSoa, VP2 rLaSoeta
] + - -
i + - -
57 - +
RA3 + - -
R&G + - -

" Cell Iysates from DFI cells infected with recombinant tlaSota™N P2 rLaSola
and GLS-3. and homogenized bursa of TRV cluwsic strain DT, weie wed tor
AC-ELISA.

* Rewtralizing MADs with known reactnary o epitopes on VP2 protein of
1802,

T Antigenic reacrviny determmed by AC-ELTSA. The presenee (- ) and the
andence { ) ol The epitope 1n siruses ave indicated

LIBDY clissie struin D78,
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S0 3 Aulpsten srowth cunve of rlaSota and rEaSow VP2 in celi
CANCmas ol PR cells in 23-eme Hasks were infected with
ol MOT o1 o 0] and meubated af 37°C in DMEM supple-
o with <00 ferad eolf seram ol 1 opye of acotvl-tepsin‘ml Super-
i oweTe avested b S-hointervads for virus otranon. Values are
A twoadependent experiments. each performed in triplicate. Bars
aliw standand deviations

onlermation Sepenuaent, the expressed ¥P2, therefare, should
M opine cenermationally correct sirnciures {or immune
i cention. Altheugh diveer mcasuroment of the amount of
Coeembimant proteins was ol carmed out the resels from

cramestacing aud AC-ETISA suggested that the expression

VU prodein s at o higher level

Growth characteristics of the recomhinant virus. Tu deter-
s e efeet of VP2 protein on growth of recombinant
FoSars VP we anabvzed the kinetics and final virug vield
amder multistep growth conditiens on DFT eells. Triplicate
nanclavers of DFI cells were infected with either rLaSota?
VP2 oLl Sota vicus ot an MOT of 001, and samples were
cribidted al S0 inlervals o assess (he virus tilers by plague
ey The results showed rhat the kinetics and magnitude of

seplication tor both rhaSota and rhaSota VP2 were very sim-
ilar. though the replication of rlaSota VPI was delayed
shightly (Fig. 3). The final virus yrelds in DF1 cells aond i
embryvaated SPIF chicken cggs 64 b pustinfection were com-
parable for both recombinans viruses. Mareover, there were no
significant differences in the plaque size and morphology be-
weeen the vLaSota/VP2 and the parental rLaSota (data nnt
shown).

MDY in chicken embivos. The virulence of the parental
virus rLaSota and that of the recombinant rLaSota/VP2 were
determined by MDT in 1)-day-old embrvonated $PF chicken
epgs, The MIDT is one of the internaticnally accepted methods
for ussessing the pathogenicity of NDV striins. Strains of NDV
are cateporized into three groups on the basis of their MDTs:
velogenic (fess than 60 h). mesogenic {60 to 90 h). and lento-
genic (greater than 90 h) (1, 2}, The values of MDT for rla-
Soty und rLaSota/VP2 were 98 and 106 h. respectively. These
resulls indicated that the rLaSeta VP2 virus tnok slightly
longer o kall the embryos and that the pathogenicity of the
recombinant viras was not incrcased after insertion ot the
IBDV VP2 uene.

Immunogenicity and protective efficacy against virulent
IBDY challenge. To determine the immunogenicity and pro-
tective efficacy of recombinant rLaSota’ VP2, groups of 2-day-
old chickens were vaccinaled with a commercial IBDV, or
commerciai NDV vaccine, or rLaSota/VP2 (Table 1), Three
weeks after vaccination. blood samples {prechallenge) were
analvzed by ELISA for the presence of antibodies to WDV or
IBDV with a commercially available ELISA kit {Synbintics)
and by VN test for neutralizing antibodies. Our results showed
that antibody liters from the ELISA and VN test were highly
corvelated (Table 3} The ELISA titers and VN titers against
IBDY were at high levels in chickens vaccinated with rLaSota;
VP2 and commercial IBDV vaceineg (Table 3} Both the ELISA
titers and VN titers against NDV were comparable in birds
immunized with rLoSotw/VP2 and commercial NDY vaceine.
Na detectable amounts of NDV or IBDV antibodies were
present in the blood samples from the unvaccinaied control
group (Table 3}, The data suggesied that the VIP2 protein
expressed by rLaSota/VPL induced a very good antibody re-
sponse in chickens and that the expression of the VP2 pratein
did not interfere with the induction of NIV antibodies.

Immunized chickens. along with unvaceinated control birds,

TABLY. 3 lmmune responses (o NDV or IBDV induced by vaccination

Antibody uter”

Aganst NV

Against IBDV

) Sevenuary : sSevondarn:
Pripsar v aecination AR Proimuary vaccinaton
vacinition . e ination
ELIsA VN ELISA A ELISA AN CLISA VN
Commere 3NV vaecine 3720 ERT H.960 Hh83 Ealt =23 <210 =2
Connervial TBDV vacoine 10 =2 <1 =2 7,870 HR7 5,610 1.056
: hakols VP2 A3 204 7,030 024 6,580 570 10 32
3 None < 10} =2 <10 =2 Eall =2 < H) =2

S onentiBod wae given s evedinp instiffation with cominercial viccines (manufueturer’s recommended dose’chicken) or rlaSota/V P2 (1= 105 1 Dgichicken).
Nitmune responses were podfonined 3 weeks afier primary vaceinauon or 2 weeks alfter secondary vaceination,

Y lew was the regiprocal geommetric mean niter from ELISA.

YN e wes eApressed ax geemetnic mexn hier of secum that neutralized 10 507 tivsue cubiure infective doses of the humuolegous virus.
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TARIF 4. Pratechon efffvacy for primary and secondary vacctoation against TBDV challenge®

Prisery vavainanon

Secondary vacemanon

IsBW RS

REWR

\. e AC FLINA (hverall - ACELISA Cheratl
o | rmtecte i pratected: proteciion “ e, OO protocted. protection
Moar - sD e I[i;_ij“‘d 1taly {" Mean = SDD e ]::::ﬁ“mh total) |
tar e IBDV veeie A = 07T () 91y il 9it 4.7 2044 () 1410 110 o
S ora v P2 2 MW (A) ) w1 st 4491 £ 051 {A) Hy1n b1 10
L Lnatest challengee 20Nz 0ET () {710 vzl [ 2E9 = 055 By AN nin n.1n
v teded smtiteneed 33 2 RTULA) 53 55 100 3.20 £ 1L62 (&) 515 35 10k

« oty st D avadrepy instlbagion and challenged acularly with vipulent IBDV stran GLS-5 3 weeks alter pumary ar 2 weeks after aceandary

cocT T

BB I viue represents BEWR « L0 Dura presented i the Mean + 3D column are the group means = standard deviations fullowed by o letier (A o By

St il Stalistcad swtvaaes Group means were assigned o simila greups (A and B) by the Kruskal-Wallis test, Within cach eolumn. greup means wish different

Crbb e sketstivaiiy Siflerent (F - 0.0%) Protection was defined as indnadual value of BBWR within 2 standard deviation units of the mean ol the umacainated
et Deneaed contrel areap. with dats showing the numbers protected and the total in ench group.

7

Aabenecd wira veralenm TBEYV sirain (GLS-5S at 3 weeks
Sracanation. Tovaeamated chickens were fullv susceptible
echadlenue, showag either mortality (107%) o1 clinical

= B i contrasts o stinical signs o mortaling were
Clrerved oy chichens vacomated wilh either rEaSola VP2 ar

caneneel e IRV vavame O vhickens vaccinated wath
Poesetn VPO G commeraiad fve T30V vaceine, 2and 077
A raesad atrophy aiter challenge. respectively. as indicated by
BEWR The droup meun of BEWR was msigned o sinnlar
vire y the Krusaal-Wallis test, showing that both commer-
wh IBDY vaecime snd rLadola! VP2 ollered signilicant pratec-
ey mainst challeage (Table 4, primary vaccination ). Analysis
mOAC-BLISA showed a protective pattern similar to that of
BHWR. with 20 and 1% hursal samples displaying the pres-
<nes of IBDY antigens i Table 4, primary vaccination), His-
tonathelopical examination of representative samples revealed
that «huckens vacanated with commercial live IBDV vaceing or
dSarr VP2 and challenged with GLS-3 virus showed no to
ealy ikl bursal esions, wherens unviceinated  chatlenged
chicsmns showed severe bursal lesions (Fig, 4y Qverall. based
Aroduse Glenia, pramary saccination with rlaSota NP2 and
coameren ] IBDV Ine vaceme conferred M1 asd 9077 protec-
.-vn. cospedtiveds st challenae with virulent IBDV stram
el st priman vaccination, OF chickens vaccinated with
cther commerasal bve XDV vaceroe or rlaSor VP2 | oo of

-oe ok group died atter Tethal challenge with virulent NDV
S PFovas GI AT other birds were nonmal and healthy.
shpesing Y0 proteciion level Tor both live NDV vaccine and

Sotn VD arter piumary vacchation.

Sweeondary immumization at 23 davs of age with commereial
v NDY o 18DV suceines induced higher levels of antibod-
~ o NDY o and IBDYL respectively, than did the primary
Coeattaton (Table 310 Revaccioation with 1LaSota/ VP2 en-
Dned anubody responses 1o both NDV and 1BDV. as re-
Fucton oy the higher antbody tizers (Table 33 Two weeks after
socamdany immunization, chickens were challenged with gither
sasient [BDWV strain GLS5 or NDV strain Texas GB as de-

crhad above s indivated by antigen detection, BBWR, and

astopathology. batly the commercial Ive TBDV vaccine and
“wombinant rlaboeta VP conforred  complete  protection
canst virulent IBDY struin GLS-5 challenge: whereas the
wnecimited contrel chivkens were fully suseeptible {Table 4).

Foreenr s dorenanied by the absence of viral antigen i bursi 2 duvs postchallenge by AC-ELISA

Chickens vaccinated with rLaSola/VP2 and commercial NDV
vaccines were also protected against challenge with virvlent
strain NIDV Texas GB after secondary immunization (Table 5.
Overall, the results showed that the levels of protection against
botly IBDV and NIV challenge were very well correfated with
the antibody liters induced by the vaccination and that expres-
sivn of the IBDV VP2 prowgin by rLaSeta/VP2 would nor
mierfere with immunity against NDV,

DISCUSSION

The use of bintechnology to create recombinant viral-vec-
tored vaccines helds many promises for the future. Tn the
poultry industry. so far, fowl poxvirus, herpesvirus of turkeys,
Marek’s disease virus, adenovirus, and members of the reira.
virus family have been used most extensively as expressinn
vectors {LL, 21, 48). These recombinant viruses hove demon-
strated protective cfficacy against & varicty of avian discascs.
However, their practical use still needs to be evaluated, par-
tcularly with regurd to factors such as safets, route of delivery,
efficacy, and production cost (11, 21, 48).

NDV provides an efficient vector svstem (or the delivery of
protective antigens of other avian pathogens, such as those of
the TBDV or infectious bromchitis virus, Live NDV vaccines,
such as the LaSotn strain. are widely used in poultry industrics
around the world with proven track records in saferv and cifi-
cacy. Immumzauon with LaSota induces not only long-lasting
humoral and ceflular immunity but also a strong mucosad im-
munity. NIV grows {0 very bigh titers in many cell jines and
embryonated eggs, which allows cost-effective and casy manu-
fucture of the vaceine. Unlike other viral vectars, NIDV has a
simple genome envoding only a few proteins. For generation of
specific immune respenses. iU would be advantageous o have
only a limited number of proteing expressed.

IBDV is a pathogen of major cconamic importance to the
poultry industry worldwide, Currenthy. chickens are routimely
vaccinated against [BDV (23). Hewever. infectious bursal dis-
ease still has considerable socioeconomic importance at the
international level. as the disease is present in almost every
country because of the emergence of new antigenic variants or
strains of increascd virulence {25). Variant and hypervirulent
strains probably arise through the accumulation of paint mu-
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PG 1 Hsiopthology ot bursa of Fabricius 3 davs after chailenge. Chickens were vaccinated and bongted with PBS (A and B), commecreial

BN s acame (Oooor sLaSota ¥P2 (D) and chalenged with virulem IBDV strain GLS-3 {B. C. D). Panel A shows an unchallenged conirol,
Sevenbv-twa hours after challenge, the burss was removed and tixed in neutral buffered formalin. Fissues were eubedded in paraflin, sectioned.
st stitded warly hemoaylin and cosin for microscopic examination. Magnifiention, %M. (A) Bursa [rem normal chicken: Tarpe active Lollicles with

atlwrertalvala tissug, {B) Bursa trom unvaceinated challenged chicken: severe mubltiiocal medullary vacuolation and lvmphocytic depletion

foee ey

.l\‘ Hreoslogn sesmns obseryed.

fatte v et the ervror-prone nature of viral RNA polymerase
“nu through reassortment between circulating straing or be-
fon viedingy ane virearetmg Oeld sirains (250 42}, Anotha

tar o that mav e contributing to creation of the antigenie

TABLE 5 Protective efficacy of pomunry and secondary vaccination
Agaimsl NDV chaltenge’

Mrimany vaccination Secanday vaccination

Voendn No, dead’ Protectivg ~No. deadi Profection
JRTH| [$3! Lol 157)
Connnerast NDWV ' a0 /10 100
Slen NI
s WD (1 W 10 163
N NEH! Ul U] H

i wote Gl 3 vadiop fastliation with commereial NDV
St rlh et VP ot eanTlenged msh ammseniaris wath viralens NDV sin

e i S weeke afier spape o D weeks after secondary visccmation.

- ond severe tolicular degeneration rarrowhead), (C) Bursa from chicken vaceinated with commercial IBDV vaccine and challenged: some
segittenal medulbany vacualation and lvmphootic depletion (arrow), (T Bursa from chicken vaccinaled with rLaSotadVP2 and challenged:

variant viruses is the wide vse of live attenuated TBIDWV vaceines

25} It is possible that. over a period of time, these live atten-
uated IBDY vaccines may revert back 1o virulence and may
change antigenicity {17, 41. 42). Further, live TBDV vaccines
cunnot break through the high levels of maternal antibodies
voung chickens (23). Therefore, there is o need 1o develop
alternative IBDV immunizing strategies. which will deter the
developent of variant and/or hypervirulent strains but still
have the capahility to induee local and systemic immunity crit-
ical to controlling the discase, in the presence of maternal
antibodics.

The VP2 protein is the major host-protective immunogen of
IBDV, and mast of the variations among isolales appear in this
parl of the viral gename (4, 12, 16, 40}, Since a major neutral-
izing epitope of the virus is a conformational epitope. delivery
of VP2 prutein in native conformation is critical for correct

antigen processing and presentation (3. 25). Furthermore. in

dny wol) papeojumo]
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oo hogune oopoultsy vaceine. o number of factors must be
kT nto aecount. Sinee the prive of a single bird is relatwely
weare o e most anportant fuctors iy the cost of the vac-
e e evearch conducted here leads o the development of
< abent voeenc vandidate iw NDV and FIRDV and provides
oo approach This novel s aecine candidate has the
llowaine featires. The IBDY VP2 protein was stably and
o th oxpressed and retated the ost-pratective ennforma-
T saptepes, The expressed VP2 protein was not incorpo-
b ek the reenmbinant virus, and the recombinant virus
ed e seeibar res rcative kingues as the parental rlaSoet
RS LIS
Croesml the weeombinant rhaSot VP2 has several advan-
Py ovel the existing IBDY vacciies, First, the recombinant
NDAAPL will be highly economical [or the pouliny industry.
since the cost of current TRV vaccination will be eliminated
Ier the pouling producers. Secoad. the recombinant virus can
oo throteh wnd will oot be neutralized by maternal Tmamu-
niy aveinst TBDV therefore, it can be used 1or vaccination
.n 1 the presence of maternat actibody e enhance prolec-
oo the s tew ontical weeks of chicken bife. Third. the
sannant rLaSora VP2 vaccine wili not result in new [BDV
Vot anee oo ve TBDA wall be used for vaccination. Fi-
natheo i wos reporied tha the Voprotein of NDV is associated
wirtn il pathogenesis and functions as an interferen antago-
Wi 2 e was dlso demensirated that elimination uf the
Vonootein expression im NPV rendered the virus attenuated
sut stel lighly immunogenic and that the attenuated NDV
vacetiy strim owould be admvinstered inoovo in uimifonn dosage
Py automtlion to protect chickens with or without materpal
tthadies 28). Therefore. the recombinant virus can he 1ai-
Tted with ease tor in ove use. Thus. the recomhbinant virus
duseriped here for the protection of both NDV and TBDV will
b hihi beneficas 1o the peoliry industry.
oy rosalts gemonstrated, for o vanaat infectious bursal

-ty

o T B e, ot g NV rccombinant vaccine to
Toabvet SPE chicay s prinmst aomseive challenge dose ot ho-
e sTown v Las sl ans Suecesstul immunization of commes-
it STichels agatnst muny ditferent tield sorins iy tikely o be

s weanphicated Thowever, we i devise strategies o m-
. At reenmbinant vaecines. Sinee addigonal, albeit minor,
nethialocng epitopes iwe also present on VP3 subunit (23), st is
teasonable toassume that the immunogenicity of the recom-
weant vires can be enhanced by inserting the gene encoding
FBIN pulvprotein inio the NDV genome. Mareover, carrect
expression of the polyprotein may result in fermation of virus-
‘ike purticles, which would be more immunogenic and offer
hetter protection ¢33, Currently, in the poultry industry, clas-
Auand varimt strains of live IBDY vaceines are simultaneously
Al 1o obtiny muximal cross-protection. We could make two
teconnbumnt viruses, eavh eapressing the VP2 protems of the
Cleaaio wb variant strains, respectively, and use them as com-
Mated praostuets for vacomation, Allernatively. we could express
wal the VP2 protems simultancously from the same NDV
2en0Me us twe separate transeriplional units. In the case of
LMegence of g onew variant serotvpe tor which current vac-
canes de et provide cnough protection, we could use this
Sotem comveniently o update the antigenic speeificny of vace-
vines 1o best contiol current cirenliting feld straina. The Taet
S NI s cell avioplasm witheut o DNA stage and

I ViRG,

has extremely low frequency of recombination (24) would
make the use of recombinant NV expressing the VP2 protein
of IBDY more appealing.

The present study demonstrated thar recombinant NDV s
an excellent vaccine vector for IBDV, The use of an NDV-
based vaccine that would reduce the number of circulaung
TBDV strains may be highly beneficial to the poultry industry.
Furthermore. our results suggested that NDV could be used as
a vaccine vector for other avian pathogens. Moreover. NDV
replicates preferentially in avian cells but iz replication deti-
clent in most mammatian cells; theretore, NDV could be ex-
plosted as a promusing vacemne delivery vector for human
pthogens. Armed with basic knowledge, the recombinant
NDV could also be used in cancer treatinent and gene therapy.
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