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escrito muy respetucsamente me permito solicitarie se sirva proceder a efectuar
el EXAMEN DE PATENTABILIDAD de la solicitud aqui contenida.

En consecuencia, acompafio el de pago de la tasa

correspondiente, Recibo No.© /- tg:_,lg,u(c)

De Usted atentamente,




o\

Radicacion

SPERTIRBTRIA Y CONERCID
: DDGGE05 00000003

Fecha (AR); 2003-07-02 19180:36

Traita

A

Felies:

i REGISTRE/ 3538 PETICIOM

NIT t 800174089 Dependoncia: 2020 MIVISION BE NMEWS CREACIGNES

RECIBO OFICIAL DE CAJA 1 03 - 45,340
FECHA t JAID 2 3E 2003

8988 CONSIGNACION 8188

DEPOSITANTE TiPO FAGD BANCD COENTA No. PAGD FECHA PED ¥r. PASD
CAGTILLO GRAU ¥ ASOCIABOSCOMSIGNACION  BAMCO POPULAR  030-00110-6 T2 02/01/2003 1,074,000.00
tist C O NCEPT O St
CANT. RENTISTICO CONCEPTO TOTAL CONCEPTD
1 50003-01-01 GOLICITUDES 83 EXAMEN DE PATENTABILIDAS DE INVEN 333,000.00

TOTAL ¢ ’ 135,000.00

S0N:  TREBCIENTGS TREINTA Y CINCO NIL

v

RECIED DE CAJA APLICADG AL EXPERIENTE No.




&

Industria y Comercic

SUPERINTENDENCI/

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 00-66605

EL EXTRACTO DELA PRESENTE SOLICITUD DE PATENTE DE INVENCION FUE PUBLICADO

EN LA GACETA DE PROPIEDAD INDUSTRIAL No 528, DE FECHA 30 DE MAYO DE 2003, EL

TERMINO HABIL SERALADO POR LA LEY EXPIRA EL 29 DE AGOSTO DE 2003.

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacién en la gaceta de
Propiedad Industrial, debera solicitar y cancelar el examen de patentabilidad so pena de que la solicitud caiga
en abandono, de acuerdo con lo establecido en el Articulo 44 de la Decisién 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
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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 le comunica:

Documentos estudiados:

Los textos estudiados fueron la descripcién (Folios: 4 a 51) y las reivindicaciones 1 a
20(folios: 52 a 55).

La presente solicitud reivindica prioridad GB N° 9921146,8. de 7 de septiembre de
1999 y cumple con lo establecido en los articulos 9, 10 y 11 de la Decisién 486 de la
Comisién de la Comunidad Andina.

Objeto de invencion:

El objeto de la presente solicitud se refiere a una composicion de vacuna que
comprende un antigeno del virus del herpes simple (HSV), antigeno de paplioma
humano (HPV) mas un coadyuvante estimulador Th1 y un vehiculo. En donde el
antigeno HSV es gDt de HSV-2, el antigeno HPV puede serL1, L2, E6, E7, Proteina
D-E6 o L.2-E7, el adyuvante estimulador Tht es 3DMPL y el vehiculo se selecciona
entre Al{OH),, AIPO,, tocoferol o emulsién O/W Las composiciones pueden contener
ademas 1 0 méas antigenos seleccionados entre HBsAg, gp350 de EBV, gpl de VZV,
cepa inactivada HM175 de HAV, gB685™ o pp65 de HCMV y SAG1 o0 TG34 de
Toxoplasma gondii.

El objeto de la solicitud definido anteriormente se clasificd en la IPC A61K 39/00,
39/245, 31/295.

Determinacién del estado de la técnica:

Ei articuio 16 de la Decision 486 de la Comisidn de la Comunidad Antina establece que "El estado de
la técnica comprendera todo lo que haya sido accesible al pablico por una descripeiin escrifa u oral,

utlizacién, comercializacion o cualquier otro medio antes de I fecha de nrassniackindo fa sollcid de

Patente o, en su caso, de la prioridad reconocida. Sade CAN: Tr. 40A No. 38-50 Conmutador: 3820840

Fax: 382 28 95. Linea 5800-010 165
Web: www.sic.gov.co e-mall:
Bogoté D.C. - Colombla
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Séio para el efecto de la determinacién de la novedad, también se considerarddorilrb del dbslabBdtiPid N C 1 A

técnica, el contenido de una solicitud de patente en trémite ante la oficina nacional competente, cuya
fecha de presentacion o de prioridad fuese anlerior a la fecha de preseniacién o de prioridad de la
solicitud de patente que se estuviese examinando, siempre que dicho contenido esté incluido en la
solicitud de fecha anterior cuando ella se publique o hublese transcurrido el plazo previsto en el arliculo
40".

Considerando que la fecha de presentacion de la primera solicitud de patente de la
cual se reivindica prioridad es: 7 de septiembre de 1999, se buscaron documentos
del estado de la técnica relacionados, con fecha de publicacién anterior a esta.

Se hizo la bisqueda de documentos relevantes en el estado de la técnica,
entendiendo como estado de ta técnica la definicidn provista en el articulo 16 de la
Decision 486 de la Comisién de la Comunidad Andina y las excepciones fijadas en el
articulo 17 de la misma.

Se encontré como anterioridades (documentos cuya fecha de publicacién es anterior
a la fecha de presentacidn de la primera solicitud de patente sobre la cual se
relvindica prioridad o de la fecha de presentacion de esta solicitud) que pueden
afectar la patentabilidad del objeto de la presente solicitud:

. Fecha de
Ne Documento Titulo Publicacién
ICHIMERIC PAPILLOMAVIRUS-
US 5855891 LIKE PARTICLES 9 de enero de 1897
2 WQ0985/17209 VACCINES 29 de junio de 1905

Evaluacién de los requisitos de Patentabilidad:

El Articuio 14 de la Decision 486 de la Comisién de la Comunidad Andina el cual esteblece: "Los
Paises Mlembros otorgardn Patentes para las invenciones, sean de produclo o de procedimiento en
fodos los campos de la lecnologla slempre que sean nueves, lengan nivel inventivo y sean
susceptlibles de aplicacion industrial®.

Se procedié a evaluar los requisitos de novedad, nivel inventivo y aplicacion industrial
con el fin de establecer la patentabilidad de la invencién reivindicada en la solicitud
en estudio.

Evaluaclén de Nivel Inventivo:

El artfculo 18 de la Decisidn 486 de la Comisién de la Comunided Andinae establece que "Se
considerard que una Invencién fiene nivel inventivo, si para una persona del oficio normaimente
versada en la maleria técnica corespondiente, esa invencion no hubiesse resulftado obvia ni se hubiese
derivado de manera evidente del estado de la técnica”,

El Nivel Inventivo se evalué por comparacion entre lo solicitado y encontrado en el
estado de la técnica y que se relaciona con el objeto reivindicado y de acuerdo con
la definicién de nivel inventivo del Articulo 18 de {a Decision 486 de la Comisiébndela
Comunidad Andina.

Las reivindicaciones 1 a 8 de la solicitud en estudio reclaman composiciones de
vacunas que comprenden un antigeno de Herpes simplex (HSV), un antigeno de

papiloma humano (HPV) mas un coadyuvante esumhdarc'l'hﬁ yam mhllulm &wo

donde el antigeno HSV es gDt de HSV-2, el antigeritfHF
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proteina D-E6 o L2-E7, y el adyuvante estimulador Th1 se selecciona del grupo
3DMPL <100nm, QS21, QS21+colesterol+CpG.

El documento US 5,855,891 de ahora en adelante D1, divulga particulas quiméricas
de virus en las que se emplean epitopes conformacionales L1 y L2 de papiloma
humano especificamente HPVB, fusionados con otras proteinas para obtener un
mayor espectro de accién. También se menciona el empleo de epitopes E6 y E7 de
HPV en la generaci6n de las particulas virales. Adicionalmente uno de los socios de
fusién sugeridos en D1 es Herpes w

De acuerdo con lo anterior las vacunas de las reivindicaciones 1 a 6 se diferencian
de las divulgadas en D1, en el adyuvante estimulador de la respuesta Th1.

Sin embargo en la practica es comun el empleo de adyuvantes estimuladores de la
respuesta Th1, tales como 3DMPL, saponinas, QS21 para potenciar la respuesta
inmune a un antigeno dado. Esto debido a que la respuesta Th1 a través de
interferon alfa esta asociada con respuestas protectivas frente a patdgenos
intracelulares. De hecho, el Documento W095/17209 divulga el empleo de 3ADMPL
y QS21 en vacunas que contienen antigenos de HSV (gD) en forma de emuisién
O/W con el objeto de obtener respuestas inmunoldgicas mejoradas.

Siendo que en la anterioridad D2 ya habla sido divulgado e! efecto de los adyuvantes
3DMPL y QS21 en vacunas conteniendo el antigeno gD de HSV, resulta obvio para
una persona medianamente versada en el desarrollo de vacunas, adicionar estos
mismos adyvantes a composiciones que contienen el antigeno gD de HSV + el
epitope L1 0 L2 de HPV.

Por otra parte, el documento D1 revela que el producto de fusidon no esta limitado a
un anico socio de fusién por molécula y que se pueden incluir socios adicionales. De
esta forma un técnico en la materia podria de manera evidente crear proteinas
fusionadas a partir de sus epltopes de interés y de antigenos de patégenos
ampliamente conocidos en el estado del arte. De esta forma la materia contenida
en las reivindicaciones 7 a12 y 14 a 20 careceria de nivel inventivo.

Por dltimo los vehiculos de hidréxido y fosfato de aluminio son ampliamente
empleados en vacunas y en formulaciones de emulsiones tipo O/W y por ende la
reivindicacion 13 no seria considerada como inventiva.

La respuesta al problema técnico que se pretendia resolver, que era proveer
vacunas combinadas para la prevencion frente a infecciones por virus de papiloma
humano (HPV) resulta derivado de la combinacién da las anterioridades D1 y D2.

Como se observa, el objeto de esta solicitud podria resultar obvio para una persona
del oficio normalmente versada en la materia y derivarse de manera evidente del
estado de la técnica.

En conclusién los requisitos de patentabilidad de la presente solicitud se encuentran
afectados asi:

° Reivindicaciones
N Documento afectadas Requisito que afecta

1 US 5855891 1-12, 14-20 Nivel Inventivo
2 WO95/17209 3-4 Nivel Inventivo
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En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de la notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

capitulo quinto del tftulo prirfiéro de la Circular Unica N° 10 de 2001.

Notifiquese el presente oﬁci%onforme a lo dispuesto en el numeral 6.2, literal ), del

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de la Divigion de Nuevas Creaciones

requerimiento fue notificado por fijacibn en lista, de

fecha g_@_sg_ 205

CONCEPTO TECNICO EXAMINADOR TECNICO EXAMINADOR JURIDICO
N*: 1274 Cédigo N°: 202063 Cédigo N*: N.A
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571 ABSTRACT

The present invention provides a papillomavirus-like par-
ticle _having conformational epitopes comprising a papillo-
mavirus L1 [usion product and, optionally, a papillomavirus
L2 product; and related DNA molecules, host cells, and
methods.

10 Claims, No Drawings
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I v 1 ) ORICINAL SOURCE:
{ = i ) SEQUENCE DESCRIFTION: SEQ ID NO:11:

GCTCEGLOO0O OTACCTGCAG GATCAQGCC

What is claimed is:

5. The papillomavirus-like particle of claim 4 wherein

L. A papitlomavirus-like particle having conformational 10 said fusion pariner is a papillomavirus E6 or E7 product.

cpilopes comprising a papillomavirus L1 fusion produci.

2. The papillomavirus-like particle of claim 1 whercin
said papillomavirus L1 fusion product is 2 human papillo-
mavirus L1 fusion product or a bovine papillomavirus L1
fusion product.

3. The papillomavirus-like particle of claim 2 wherein
said human papillomavirus L1 fusion product is a HPV16
L1 fusion praduct and said bovine papillomavirus L} fusion
product is a BPV1 L1 fusion product.

4. 'The papillomavirus-like particle of claim 1 whercin
said papillomavirus L1 fusion product comprises a fusion
partner that is a peptide or a full-length protein, or comprines

fusion partners that include peptides or full-longth proteins

or combinations thereof linked in tanlem.

15

6. The papillomavirus-like particle of claim 1 whercin
said papillomavirus L1 fusion product is fused at its
N-terminus or C-terminus to a fusion partner.

7. The papillomavirus-like panicle of claim 1 wherein
said papillomavirus L1 fusion product has a fusion partner
inserted between L1 amino acids.

8. The papillomavirus-like particle of claim 1 further
comprising a papillomavirus L2 product.

9. The papillomavirus-like panicle of claim 8 wherein
said papillomavirus L2 product is a HPV16 L2 product or a
BPVI L2 product.

10. A compasilion comprising the papillomaviros-like
pariicle of claim 1.



5,855,891

1

ICHIMERIC PAPILLOMAYVIRUS-LIKE
PARTICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a division of U.S. patent application
Ser. No. 08/319,467, liled Oct. 6, 1994, U.S. Pai. No.
5,618,536, which was a continuation-in-part of U.S. patent
application Ser. No. 08/032,869, filed Mar. 16, 1993, now
U.S. Pat. No. 5,437,951, which was a continuation-in-part of
U.S. patent application Ser. No. 07/941,371, filed Sep. 3,
1992. ‘These applications and all patent applications, patents
and publications ciled hereunder arc incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to chimeric papillomavirus-
like particles and relsied synthelic DNA molecules, host
cells, methods and vaccines.

BACKGROUND OF THE INVENTION

Papillomaviruses infect the epithelia of bumans and a
wide variety of animals, where they generally induce benign
proliferation a1 the site of infection. However, in some cases
the lesions induced by certain papillomaviruses undergo
malignant progression. There is a sirong association
between malignant progression of human genital lesions and
certain human papillomavirus (HPV) types, such as HPV16.
[nfection by one of these types is considercd the most
significant risk factor in the development of cervical cancer,
one of the most common cancers of women worldwide (zur
Hausen, H., Science 254:1167 (1991); Schiffman, M. H., J.
Nail. Cancer [nst. 84:394 (1992)). 'The majority of cervical
carcinomas contain and express HPV carly genes, such as
EG and E7, and these gencs have been shawn to have potent
transforming and immortaliring activity in cultured cells
(Wemess, B. A, Munger, K. & Howlky, P M. (1991)
Advances in Oncology, eds, DeVita V. T., Hellman, 8. &
Rosenberg, S. A. (Lipponcoti, Philadolphia) pp. 3~18).

Papillomaviruses are¢ non-enveloped double-stranded
DNA viruses about 55 nom in diameter with an approxi-
mately 8 kb genome in the nucleohistone core (Baker, et al.,
Biophys J 60:1445 (1991)). The capsids are composcd of
two virally-sncoded proteins, L1 and L2, that migratc on
SDS-PAGE gels at approximately 55 kDa and 75 kDa,
respectively (Mosc Larson et al,, J. Virol. 61:3596 (1987)).
L1, which is the major capsid protein, is arranged in 72
pentameters which associale with Ta7 icosahedral symme-
try. The function and position within the virion of L2 are
unclear (Baker, et al.,, Biophys J 60:1445 (1991)).

The L1 protein has the capacily 1o self-assemble so that
large amounts of virus-like particles (VLPs) may be gener-
ated by cxpression of the L1 prokcin from a number of
species of papillomavirus in a variety of recombinant
expression systems (Hagensce ct al., J Virol 67:315 (1993);
Kimbauer et al., Proc Natl Acad Sci USA 89:12180 (1992);
Kimbauer ct al., J Virol 67:6929 {1993); Rose e1 al., J Virol
67:1936 (1993)). Alhough not required for assembly, L2 is
incorporaled into VLPs when co-exprossed with L1 (L1712
VLPs) in cells.

Immunization of rabbits with native virions or L1 VLPs,
but not with non-assembled L1 expressed in E. coli, induces
high titers of neutralizing serum antibodies (Christensen, N.
D. and Kreider, J. W., J Virol 64:3151 {1990); Kirnbauer et
al., Proc Naitl Acad Sci USA 89:12180 (1992); Pilacinski et
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al., Bio/Technology 2:356 (1984); Segre et al., Am. J. Vet.
Res. 16:517 (1955)). The polyclonal and monoclonal anti-
bodies gencraled against native particles recognize confor-
mationally dependent epitopes (Chrisiensen, N. D. and
Kreider, J. W., Virus Res 28:195 (1993); Christcnsen ct al.,
J Viro;)64:5678 (1990); Christensen et al., Virology 181:572
(1991)).

Neutralizing antibodics generated against VLPs also rec-
ognize conformationally dependent epitopes. Using infec-
tious BPV|, which can be readily obtained from bovine
lesions, and a quantitative in vitro BPV1 infectivity assay
(Dvoretzky et al, Virology 103:369 (1980)), workers
showed VLPs from bovine papillomavirus induced high
levels of neutralizing antibodies (Kirnbauer et al., Proc Nail
Acad Sci USAr89:12180 (1992)). The neutralizing antibod-
ies were directed against conformationally dependent
epitopes, in that denaturation of the particles prior to immu-
nization abolished the ability of the preparation to induce
neutralizing activity (id.)-

When the L1 gene of a HPV16 isolate derived from a
nonprogressed lesion was used to cxpress the L1 major
capsid protein in insect cells via recombinant baculoviruses,
Lt sclf-assembled into VLPs at a yield 3 orders of magni-
tude higher than what had been obiained using L1 derived
from the prototype HPV16 (originally isolated from a can-
cerous lesion), and formed VLPs that were morphologically
similar to native virions {(Kirnbauer ¢t al., J Virol 67:6929
(1993)). DNA sequence comparison identified a single non-
conserved amino acid change to be responsible for the
ineflicient self-assembly of ihe prototype L1 (id.). The L1 of
the sssembly-competent clone is thus considered to be the
wild-type genc, and the prototype L1 of the assembly-
defective c!ono_a mutant. . C e 1

Using HPV16 VLPs of the: wild-type L1 proiein as
antigens, an ELISA was developed (hat detected serum
antibodies in paticnts infecled with HPV16 (Kirbauer et al.,
J. Natl. Cancer Inst. 86:494 (1994)). In coniras!, neither
denatured HPV 16 particles nor preparations of the prototype
L1 protein could detect these antibodies (id.) . These results
demonstrate that the prototype L1 protein does not present
conformational epitopes,

Rabbit serum ruised against sclf-assembled wild-type
HPV16 L1/1.2 virus-like particles was discovered to prevent
HPV16 VLP binding to cell surface molecules (Roden et al.,
. Virol., in press, (November, 1994)). In contrast, serum
raised against the prototype strain of HPV16 L1/L2 did not
prevent such binding (id.) . The data show that the prototypc
HPV16 sirain lacks conformational epitopes.

Rabhits immunized with intact cottoniail rabbit papillo-
mavirus (CRPV) virus-like particles composed of L1 or
L1/L2 were protected from subsequeni experimental chal-
lenge by infectious CRPV (Breitburd et al, 12th Interna-
tional Papillomavirus Workshop in Amsterdam, in press,
(October 1994)). In contrast, those immunized with dena-
tured particles were not protected (id.). These findings are
consistent with the conclusion that VILPs presenting confor-
mational epitopes ar¢ able to induce protective immunity.

VLPs composed of capsid proteins are atiractive candi-
dates for prophylactic vaccines to prevent papillomavirus
infection. However, it is unlikely that these VLP vaccines
would bave therapeutic effiects against ostablished papillo~
mavirus infections. The capsid proteins, unlike E6 and E7,
arc not defectably expressed in propressed Jesions or in
infected basal epithelial cells, which are the presumed
targeis in immune regression of papillomas.

There is evidence from experimental models that immu-
nity against pupillomavirus proteins other than L1 and L2
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might help control papillomavirus infection. Since E6 and
E7 arc selr.cuvcly maintained during oncogenic progression,
there is the possibility that peptides derived from these
oncoproteins could serve as largets for cell-mediated
immune responses to HPV-containing tumor cells. Studies in
animal models suggest the E7 protein of HPV16 acls as a
tumor rejection antipen (Chen et al., Proc. Nail. Acad. Sci.
USA 88:110 (i991); Felikemp e al, Eur. J. Immunol.
23:2242 (1993)). Morcover, the frequency of HPV infection,
persistence of HPV infection, and risk of developing cervi-
cal cancer and other Hi*V-related cancers is increased in
patients with depressed cellular immunity (Allout et al., Br.
Med. J. 298:153 (1989); Laga et al., Int. J. Carcer 50:45
(1992)). Thesc observations suggest cell-mediated immunity
is important in the defcnse against HPV infection and its
associated umor development. The induction of such immu-
nity might be therapeutic, as well as prophylactic.

It has been demonsireied that [oreign peptides can be
incorporaled inlo viral capsid-like siructures and these chi-
meric particles can be used to present forcign antigens to the
immune system. Published examples include hepatitis B
corc antigen particle prosentation of human rhipovirus type
2 cpitopes (Francis et al., Proc. Nail. Acad. Sci. USA
87:2545 (1990)), gp4L of HIV (Borisova et al., FEBS Lett.
259:121 (1989)), and B19 parvovirus particle prescniation
of peptides from herpes simplex virus 1 and murine hepatitis
virus (Brown et al., Virology 198:477 (1994)). The parvavi-
rus chimeras protecied mice from experimental challenge
with the corresponding virus. In all of the above systems,
foreign sequences have been inserted in proteins iniegral to
the capsid structure and have been limited to less than 20
amino acids. However a recent study (Miyamura ot al., Proc.
Natl. Acad. Sci. USA 91:8507 (1994)) has demonsirated (hat
the entirc 147 aa hen egg white lysozyme protein can be
incorporaled into B19 parvovirus particles when [used to the
parvovirus L1 minor capsid protein. he lysozyme remained
biologically active and cliciled an immune response when
injected into rabbits. In perhaps less relevant studics, hepa-
titis B virus surface antigen particles (which arc lipid
membrane structures) containing 84 as of HIV-1 envelope
glycoprotein (Michel et al., J. Virol. 64:2452 (1990)) and
yeast Ty virus-like particles conaining a portion of HIV-1
V3 lovp (Griffiths et al., J. Virol, 65:450 (1991)) bave also
been shown o produce an immune response 10 the inserted
peplides when inoculated into animals. With respect 10
papillomaviruses, it was recently reported that hepatitis B
corc anligen panicles containing HPV16 E7 peptides (all
less than 20 aa) induced peptide specific antibodies and
T-helper responses in mice (Tindle et al., Virology 200:547
(1994)).

Chimeric panicles based on self-assembled papillomavi-
fus L1 have not been reported, nor has the use of L2 as a
viral fusion partner for purposes of gonurating chimeric
VLI’s been described. The chimeric panticle siudics cited
above involve viruses that are unrelated to papillomaviruses
and thus cannot predict the results of chimeric particie
studics involving papillomaviruses. Indeed, in the papillo-
mavirus study by Kimbauer et al., J Virol 67:6929 (1993),
supra, it was demonstrated that a single nonconserved amino
acid change in L1 is responsible for inefficient seif-assembly
of LI into VLPs and the presentation of conformational
epitopes, which seem to be required for induction and
detection of clinically relevant immune reactivity. Thus, the
stedies using viruscs unrelated 1o pagillomavirus cannot
predict whether a papillomavirus L2 containing a foreign
peptide or proicin can co-assemble with papillomavirus L1
into particles, given that a single amino acid substitution in
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L1 can abolish efficient sclf-assembly. Neither can these
studies predict whether any resulting chimeric particles will
retain the ability 10 induce or detect nentralizing antibodies
or other immune related responses, given that a single amino
acid substitution in L1 can bar the presentation of confor-
mational epitopes.

It is an object of the present invention to provide chimeric
papillomavirus-like particles. These chimeric particles may
function as platforms for multivalent antigen preseatation.
Or they may sorve for delivery into cells of proteins for
processing into peptides and subsequent presentation of
thesc peptides within the context of MHC molecules to elicit
a cell-mediated immune response. The chimeric particles
represent a cost cifective way lo generate an cffective
papillomavirus vaccine with a broad spectrum of utility.
Altematively, the chimeric papillomavirus-like particles
may be applied o VLP and/or fusion pariner purification.
Or, the particles may operate to deliver inlo cells intact and
active proieins, for exampls, enzymes, or toxins or drugs.

SUMMARY OF THE INVENTION

According to one aspecl of the invention, there is pro-
vided a papillomavirus-like particle, characterized as having
conformational epilopes, comprising a papillomavirus L1,
product and a papillomavirus L2 fusion product.

The papillomavirus L2 fusion product may be characier-
ized as boing 0 human papillomavirus L2 fusion product or
a bovine papillomavirus L2 fusion product.

The human papillomavirus 1.2 fusion product may be
characterized as being a HPV16 1.2 fusion product and the
bovine papillomavirus L2 lusion product may be character-
ized as being a BPV1 L2 fusion product.

The papillomavirus [2 fusion product may comprise a
fusion partner characterized as being a peptide or a full-
length protein, or may comprise fusion partners thai include
peptides or full-length proteins or combinations therecf
linked in tandem.

The fusion partner may be a papillomavirus E§ or E7
product.

The papillomavirus L2 fusion product may be characier-
ized as being lused at its N-terminus or C-terminus 10 a
fusion sion partner.

The papillomavirus 1.2 fusion product may be character-
ized as baving a Fusion partner inserted between L2 amino
acids.

The papillomavirus L1 product may be characterized as
being 2 human papillomavirus L1 product or a bovine
papillomavirus L1 product.

The buman papillomavirus L1 product may be characier-
ized as heing a HPV16 LI product and the bovine papillo-
mavirus L1 product may be characterized as being a BPV1
L1 product.

The papillomavirus-like particle ma§ consist essentially
of HPV16L1 and HPV16L2-HPV16E7 (full-iength), where
HPVI16E? is fused to 1he C-terminus of HPV16L2, BFVL1
and BPVL2-HPVIG6E7 (full-lengih), where HPVISE7? is
fused 10 the C-derminus of BPVL2, or BPVLL and BPV12-
HPVIGE7 (amino acids 1-30), where HPV16E7 is fused to
BPVL.2 between L2 amino acids 274 and 275.

According o another aspect of the invention, there is
provided one or more synihetic DNA molecule or molecules
characierized as singly or doubly encoding a papillomavirus
L] product and a papillomavirus L2 fusion product where
the molecule or molecules direct expression in a transformed
host cell of a papillomavirus-like particle, characterized as
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amino acid residues, advantageously ai Icast about 10 amino
acid residucs, and prefcrably at least about 5 amino acid
residues. Type, subgroup and strain variations of L2 (and
I.1), and human aliclic and species variations of the fusion
pariner protein, are expressly contemplated as falling within
the scope of the invention. The invention also includes
conscrvative variants of the full-length [2 protein (and L1
protein) and the full-length fusion partoer proicin, and their
poptide fragments, where conservative amino acids are
substituted for amino acid residues ol wild-type L2 (and L1)
and the fusion pariner protein. To account for depeneracy of
the genelic code, the invention also includes DNA coding for
the same amino acid residucs as does the DNA of the 12
{and L1) and fusion partmer gene.

‘The chimeric papillomavirus-like particle itsclf is eavi-
sioned as incorporaling any L2 fusion product with any
L.1product [rom aby papillomavirus, whether the genomes
are closely relaied, or arc distantly related, so long as
incorporation into particles occurs. Thus, a L2 fusion
product, for example, related to any of BPV-1, BPV.2,
BPV-4, CRPV, DPV, EEPV, HPV-1, HPV.5, HPV.6, HPV-S,
HPV-11, HPV-16, 11PV-18, HPV-31 or HPV-33, can be
incorporated into particles with any L1 product, for
cxample, from any of the above virus, or any type, subgroup
or strain variation ol papillomavirus.

Because VLPs present conformationally dependent
epilopes required for the induction of high titer neutralizing
serum antibodies, VLP chimeras containing L2 lusion prodd-
ucls can operate prophylactically as optimized subunit vac-
cines for the stimulation of humoral immunity to prevent
papillomavirus infection and thereby preclude the develop-
ment of papillomavirus associated cancers and other papil-
lomavirus associated pathologies.

Because it is unlikely VLPs will prove effective as thera-
peutic vaccines to induce regression of existing papilloma-
virus proliferative lesions, as discussed above, chimeric
VLPs can function to address this long-felt and heretofore
unsatisfied need to develop a therapeultic vaccine.

Chimeric VLPs arc expecied 10 bind specific cell surface
receptors, get internalized and be releassd into the
cytoplasm, and thus be more likely 1o promote the presen-
lation of peplides in conjunction with class | MHC mol-
ecules for display Lo cytotoxic T cells [or the gencration of
cell-mediated immunity. This is in contrast to wncomplexed
proteins that would not be expected to specifically enter
cells, or 10 promote the presentation of peptides in the
context of Class I MHC molecules to elicit a cytotoxic T cell
response (being morc fikely, il at all, lo promotc the pre-
sentation of peptides to be linked to Class [T MHC molecules
anl displaycd 1o helper T cells).

Inclusion of one or more fusion partners as L2 fusion
prodducts would clearly be a cost effective way to generate an
effective papillomavirus vaccine with a broad spectrum of
utility, including therapy and improved prevention of clini-
cal lesions. e -

Thic Tusion partner may be selected [rom the list consist-
ing '6F thoso fusion partners that would provide a.methog for
expanding the'poieniial targets of a VILP-based vaccing, for
oxample, E6 or E7 peptide or full-length E6 or E7, other
papillomavirus pepticdes or proicins, or,peptides or protcins
of other STD or infectious agents, e.g., HerpeSgifmplex, HIV;
Chlamydia trachomatis, Neisserin gonorrhioeae, and Tre-
poncma pallidum.

The L2 fusida product is nol liniled i6 & Sngle TisioRy
ipaftner pei L2 molecule, and njay inchude additiopal, fusion

Partners, <for ‘cxafnple, iﬂdilionﬂ‘_‘_geﬂidaf'o‘i‘n_ilpleg_gl;h
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proteins or combinalions thercof derived from the same or
dilferent proteins linked in tandem. Also, more Lhan one [2
fusion product may be co-assembled into a single VLP. For
example, a L2 fusion product or chimeric VLP containing a
viral tarpet epitops may also be engineered to contain a
binding domain of-&-co-stimulatory-protein-or-an-scgessory

pior or Ligadl iiivolved in iromune reactivity,-e.g-B7.
which interacts with CD28& on' T cells), an intercellular
adhesion molecule (ICAM), a lymphocyte functional anti-
gen (LEA), a vascular cell edbesion molecule (VCAM-1),
and a heat stable antigen (HSA). (To target the
co-stimulators or liganis 10 the surface ol VLPs, sce
BExample 14.)

It will be appreciated that the actual preferred amounts of
chimeric papillomavirus-like particles as vaccines in the
prevention and/or treatment of discase will vary according to
the specific compositions formulated, the mode of
application, the particular situs and the organmism being
treaied. Dosages for a given host can be determined using
conventional considerations, c¢.g., by means of an
appropriate, conventional vaccination protocol.

Altematively, chimeric VLPs can used in a method of
purification of VLPS. VLPs are useful per se as prophylactic
vaccioes and in immupodiagnostics (supra). Bricfly, anti-
bodies to the fusion partner are gencrated using standard
immunological techniques, an affinity chromatography col-
umn is constructed using the antibodies, and the VLPs are
subscquently purified in an affinity chromatography step.

Or, chimeric VLPs can be used in a method ol purification
of a fusion parter. For example, VLPs containing a L2-E7
fusion product may be useful as 2 means of obtaining
correctly folded E7. It has been reported that a greater
percentage of cervical cancer patients are seropositive for
conformationally comrect B7 than for denatured E7, as iso-
lated from bacteria (Viscidi et al.. Int. J. Cancer 55:780
(1993)). The in vilro lranseription-translation sysiem used 1o
generate E7 in this report is laborious and expensive, and
uses radjo-labeled E7. Tt would be advantageous o purify
chimeric E7 VLPs and use the material in an E7 ELISA. To
avoid complications of seroreactivity with human L1 or L2,
BPV-based particles could be used. Monitoring E7
scroreactivity, which corrclaics with cancer as opposed 1o
preroalignant discase, has been proposed to be useful o
follow the course of discasc in cervical cancer patients and
to screen for reoccurrences (id.).

Optionally, chimeric VLPs can be used in a method of
delivery of an intact and aclive protein into cells. This
protein may be, for example, an enzyme, or a loxin or a drug.
The chimeric VLPs are administered to the cells, either in
vilro, in vivo, in situ, or ex vivo, and the protein is subse-
quenily delivered into the cell where it Functions for its
intended purpose, for example, as an enzyme, or a toxin or
a drug.

We have succeeded al generating chimeric
papillomavirus-like particles incorporating E7 protein or
peptide fused to 12

A papillomavirus E7 gene when fused in frame to the 3'
end of the L2 gene or within part of the L2 open reading
frame cxpressed an L2-E7 fusion protein that, in the pres-
ence of 1.1 protein, was incorporated into virus-like par-
ticles, Efficiency and authenticity of incorporation of L 2-E7
into VLPs was similar to thal of the wild-iype L2 protein.
BPV L1/1.2-E7 virus-like particles were found to induce
nculralizing antibodies as effectively as BPV L1412 par-
ticles. Chimeric particles were observed to clicit bumoral
immunity specific for fusion partoer epitopes in that rabbits
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Vatcines

The prosmt invention reiates 10 novel vaccine fornmalations, to methods of their
production and to their use in medicine. In particular, the provect mvention relstas to
an ofl in water enmlsion. Such enmilsions comprise tocopherol, squalene, Twaen 30,
Span 85 and Lacithin and have useful adjuvant properties. Vaccines containing QS21,
a0 Hpic purified non-toic fraction derived from the bark of Quillsja Saponaria Mokiza,
and/or 3 De-O-acylated monophosphory] fipid A (3 D-MPL), together with such cil in
‘water smuisions also form part of the invention.

3 De-O-acylated monophosphoryl lipid A is known from GB2220211 (Ribi).
Chemicxlly it is n mixture of 3 De-D-acyiated monophosphocyl pid A with 4, 5 ot 6
acylaced cheing and is mamufictured by Ribi Imnumochem Montuns. A preforred form
of 3 De-O-acylated monophosphory! lipid A is disclosed in Imemationa] Patont
Application No. 927116556, ’

Q521 is a Hplc purified non taxic firaction of a mpanin fiom the bark of the South
American troe Quillsjs Saponsria Molina and its method of its production is disclosed
(es QAZ1) in US patent No. 5,057,540

Oil in water emulsions par se srs known in the art, and bave beun miggosted to be
weelid as adjurvant composhtions (EPO 399843).

The present investion is based on the surprising discovery that an ol in water esmlsion
of the prosent invention, which unlike smulsions of the prior at contain tocopherot, as
such ar in combinmiion with QS2] and/or 3 D-MPL enhance immune responses to a
than bitherto before.

Additioually the oil in water emulsions of the present invention when formmdated with 3
D-MPL snd Q521 are preferential stizmulstors of IgG2a production sad THI cell
response. This is advantageous, bocause of the known imphication of TH) response in
cell medisted response. Indeed in mice induction of IgG2s is corrdated with such s
For example 2 vaccine formmistion of the HIV sutigen gn120 in such a combination

resits i & povwarfll synergistic induction of gp120 protein specific immucs
Teaponses.

e
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1. A vaccine composition comprising an antigen sud/or antigenic composition,
Q521, 3 De-O-acylated monophosphoryl lipid A (3D-MPL) xnd w0 ol in water
exzlsion wherein the oil in water emulsion has the following composition: &
metsbolisitle oil, such as squalene, aipha tocopherol and twoen 80.

2. Avnccine as claimed in clsim 1 wherein the ratio of Q$21:3D-MPL is flom
1:1010 10:1.

3. Awaccine composition as claimed in claim 1 ar 2 capable of invaking »
cytolytic T cell responsd in 2 mammal to the antigen or antigenic composizion.

4. A vsctins composition a3 claimed in any of claims 1 10 3 capable of stinvlating
interferon y production.

5. A vaccine compasition as claimed in any of cizims 1 10 4 wherein the ruio of
Q521:3D-MPL Is from 1:1 to 1:2.5,

6. A vaccine composition as cleimed herein comprising m satigen or satigenic
composition derived from eny of Human Immunodeficiency Vivos, Feling
Inmmmodeficiency Virus, Herpes Simplex Virus typs 1, Horpes Stmplex vims type
2, Haoman cytomegalovinus, Hepatitia A,B,C or E, Respirsory Syncytisl vims,
buman papilloma vires, Influenxs virus, Saimonells, Neisserin, Borretia, Chimmtia,
Bordesalls, Plasmodium or Toxoplasms.

7. Avacecinn as claimed in any of claim | 1o 5 wherein the sntigen is & rznowr
antigen,

8.  Use of compasition as defined in any of claims 1 to 5 for the mannfacture of
wvaccine for the prophylatic treatment of viral, bacterisl, or parasitic inflctions.

9. Ume of composition as defined in sty of clxims 1 to 3 for the mamufacture of &
waccine for the imeumotherspentic treatment of viral, bacterial, parasitic infactions

or cancer.
10. A method of treating & memmal suffiring from or susceptible to & pathogenic

infbction comprising the administration of & safk and effective amout of &
composizion accarding 1o any of clxims 1 to 5.

WO 3317209 c. FCTRPMALY ’
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11. Amsthod of tresting & memmal suffecing from cancer comprising the
sdminisration of a safe and effective amount of a composition according to any of
cizims. 1 10 5.

12. A process for making a vaccine composition acconding to claims 1 1o §
comprising admixing QS21, 3D-MPL and the oil in water emulsion as defioed i
claim ] with an anrigen or antigenic composition.

13. A vaccine composition comprising an antigen or antigenic composition ia
association with an oil in water emulsion which eulsion comprises: a
metahotissbie oil , sipha tocopberc!, and tween 80.




