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

1. Documentos estudiados

Descripcidn: Folios 8a 75 04/Mayo/2010
Reivindicaciones: Folios 76 a 77 04/Mayo/2010
Secuencias: Folios 78 a 85 04/Mayo/2010
Dibujos: Folios 86 a 87 04/Mayo/2010
Prioridad. US 60/999,590 19/0ctubre/2007

2. Analisis de la Prioridad

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

3. Objeto de la invencidn
Titulo de la solicitud: “Formulaciones de Vacuna Meningococica”,

El problema planteado en esta solicitud consiste en suministrar una formulacion de
vacuna contra el serogrupo B de Neisseria meningitidis (“Men-B") con buena
estabilidad e inmunogenicidad.

Para resolver este problema técnico la solicitud en estudio proporciona una
formulacién dual de (i) un adyuvante de emulsion de aceite en agua y (i) un
componente inmunogenico de Men-B en forma liofilizada.
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El objeto de la presente solicitud se relamona con la Clasificacion Internacional de
Patentes (CIP): A61K 39/95.

4. De la Solicitud de Patente

Titulo -‘

Se sugiere al solicitante hacer el titulo mas concreto seglin el objeto de la solicitud.
Reivindicaciones (Art 30 D 486, Art 22 PCT)

El kit de la reivindicacion 1 no se encuentra caracterizado y carece de concision,
puesto que se refiere a un primer recipiente que contiene un adyuvante, el cual se
pretende definir tnicamente por el tipo de emulsion, sin definir inequivocamente
cuales son los ingredientes que forman la jemulsion de aceite en agua y sus
proporciones; respecto al segundo recipiente, éste contiene una composicién que
comprende un inmundgeno, el cual se define de la siguiente forma “un inmundgeno
para provocar una respuesta inmunitaria contra el serogrupo B de Neisseria
meningitidis”, que es un resultado a alcanzar, no define al antigeno presente en la
composicion ni a la composicion, puesto que la reivindicacion incluiria no sélo la
solucién propuesta por el solicitante, sino todas las aiternativas presentes o futuras
que lleguen a ese resultado, se recuerda al solicitante que un antigeno se define por
su secuencia exacta de aminoacidos y una composicién por ingredientes y sus
proporciones. Se sugiere al solicitante caracterizar el kit definiendo cada uno de sus
componentes adecuadamente por todas sus caracteristicas esenciales.

La reivindicacion 2 se refiere a un sacarido capsular conjugado que se puede
encontrar en la composicién antigénica lidfilizada, el cual se define por los
serogrupos de N. meningitidis de los cuales se obtiene. Se sugiere definir
inequivocamente el sacarido capsular conjugado por las caracteristicas técnicas del
sacarido y la proteina.

La reivindicacion 3 se refiere a una composicién antigénica liofilizada que comprende
un inmunodgeno que al igual que en el kit de la reivindicacion 1 se encuentra definido
por un resultado a alcanzar, para lo cual, sa reitera que esta forma de definir no
permite caracterizar el objeto de la solicitud; la composicién también comprende un
sacarido capsular conjugado que presenta la misma objecidn realizada para la
reivindicacion 2. Se sugiere al solicitante incluir todas las caracteristicas técnicas
esenciales de la composicién, i
La expresion: "y/o” en la reivindicacion 3 precediendo una caracteristica no es
limitativa, porque hace opcional a la caracteristica y no limita el alcance de la
reivindicacion. Se sugiere incluir las caracteristicas opcionales o preferentes en una
reivindicacidn dependiente. l

Las reivindicaciones 7, 8 y 9 presentan falsa dependencia porque dicen se
encuentran dependientes de cualquier reivindicacién anterior, y puesto que en las
reivindicaciones anteriores se encuentran 2 productos diferentes (un kit y una
composicion) y un método, que corresponden a objetos diferentes y de distintas
categorias. Se sugiere corregir las dependencias teniendo en cuenta que las
reivindicaciones 4 — 6 no son susceptibles de patentabilidad por carecer de
aplicacién industrial.
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Las reivindicaciones 7, 8 y 9 se refieren a vesiculas de membrana, proteinas
recombinantes y lipolisacéaridos definiéndolos solo porgue son de la cepa del
serogrupo B de N. meningitidis, esta forma de definir no es adecuada porque da
lugar a un sinnimero de opciones que no permiten definir el alcance de la solicitud.
Adicionalmente, no se encuentra soporte descriptivo de la obtencién o prueba de
composiciones ¢ kits como los reclamados en estas reivindicaciones, por lo tanto se
sugiere al solicitante eliminar estas reivindicaciones del alcance del pliego
reivindicatorio.

El la reivindicacion 9 se encuentra la palabra “lipooclisacarido®, que puede
corresponder a un error de transcripcién. Se sugiere realizar las correcciones
necesarias.

Descripcion (At 28 D 486)

Se solicita definir las marcas Menjugate™™, Meningitec"®, Neisvac-C*®, MenactraR
(Pag. 17, FI. 24), Dowfax"" (Pag. 28, Fl. 35) y Prevnar™® (Pag. 53, FI. 60), Span,
Tween, Tritin X-100 (Pag. 28, FI. 35). '

La figura 3 (FI. 87) no es legible, se solicita allegar una copia legible de la misma.
Se requiere al Solicitante hacer las aclaraciones necesarias,
5. Unidad de invencidén (Art 25 D 486)

La Solicitud no cumple con el requisito de unidad de invencién porque
composiciones que comprenden un inmundgeno del serogrupo B de Neisseria
meningitidis y un sacarido capsular conjugado de los serogrupos A, C, W135y Y ya
se encontraban divulgadas en el documento D1, por lo tanto |a solicitud se refiere a 2
grupos inventivos diferentes.

Los grupos inventivos estan definidos por las siguientes caracteristicas esenciales:

1% Kit que comprende: (i) un primer recipiente que contiene un adyuvante que
comprende una emulsién de aceite en agua; y (i) un segundo recipiente que
contiene una composicién antigénica liofilizada que comprende un inmunégeno para
provocar una respuesta inmunitaria contra el serogrupo B de Neisseria meningitidis
{Documentos D1y D2).

2° Composicion gue comprenden un inmunogeno del serogrupo B de Neisseria
meningitidis y un sacarido capsular conjugado de los serogrupos A, C, W135y Y
(Documentos D1y D3).

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

6. Determinacion del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacién de la

solicitud de prioridad: 19/Octubre/2007 y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

ltem Documento Titulo Fecha de Publicacién
Injectable Vaccines Against
D1 US 2007/0082014 Multiple Meningecoceal 12/Abril/2007
Serogroups
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Item Documento Titulo Fecha de Publicacién
MF59 Adjuvant Enhances
GRANOFF D. ET Antibody Respondes of Infant
AL, Infection and Baboons Inmunized with
D2 Inmunity, Vol. 85, Haemophilus influgnza Type b Mayo/1997
No. 5, Pags. 1710 | and Neisseria meningitides Group
- 1750 C Oligosaccharide-CRM,q;
Conjugate Vaccine
:f‘&;lgng\ﬂ Stability of Mono- and Trivalent
D3 2 PAgs 52g. | Meningococcal Outer Membrane 2004
' 5 42‘ Vesicle Vaccines

D1nttp:/worldwide. espacenet. comlpublicationDetailslcgriqinalDocument'PCC =US&NR=2007082014A1&
KC=A18FT=D&ND=38date=200704128DB=EPODOCElocale=en_EP divulga (Resumen, P4g. 1,
parrafos 7 y 8) una composicion mmunogémca inyectable que comprende sacaridos
capsulares de al menos dos de los serogrupos A, C, W135 y Y de Neisseria
meningitidis, los cuales estan conjugados a una proteina y/o a oligosacaridos, la
composicion ademas comprende un antigeno del serogrupo B de N. meningitidis.

D2 divulga (P4g. 1710, Resumen, Fi. 151) una composicidén vacunas de un
conjugado del grupo C de Neisseria meningitidis y Haemophilus influenzae tipo B que
es reconstituida antes de su uso con un adyuvante en emulsion aceite en agua.

D3 divulga (Pag. 269, resumen, Fl. 156) una composicién de vesiculas de la
membrana externa de Neisseria meningitidis grupo B estable en forma liofilizada.

7. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

I
La reivindicacion 1 consiste en: un kit, caracterizado porque comprende: (i) un primer
recipiente gue contienen un adyuvante que comprende una emulsion de aceite en
agua, y (ii) un segundo recipiente que contiene una composicién antigénica liofilizada
que comprende un inmunogeno para provocar una respuesta inmunitaria contra el
serogrupo B de Neisseria meningitidis.

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

T H T

Caracteristicas esenciales . D1 D2
Un kit que comprende Kit que ¢comprende Kit que comprende
' | Un recipiente que
I Un primer recipiente que contiene un 1 contiene un adyuvante
* adyuvante que comprende una | No se rrjenciona que comprende una
emulsién de aceite en agua emulsién de aceite en
! agua |

Un segundo recipiente que contiene
una composicion antigénica liofilizada
que comprende un inmunbdgenc para
provocar una respuesta inmunitaria
contra el serogrupo de Neisseria
meningitidis

I
Un inmunégeno del
serogrupo B de No se menciona I
. Neisserfa meningitidis '

Los documentos D1y D2 constituyen el estado de la técnica cercano a la invencion.
El documento D1 revela un kit que comprende dos viales (Pag. 9, parrafo 103) y uno
de estos viales contiene una composicién de un antigeno del serogrupo B de
Neisseria meningitidis (Pag. 1, parrafo 8; Pég 17, parrafo 2168) y ensefia que esta
composicion puede estar hoﬂhzada (Pag. 9} tparrafo 101).
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El documento D1 también ensefia que se pueden utilizar adyuvantes de emulsién de
escualenc-agua como el MF59 (Pag. 10, parrafo 113) y divulga que la composicion
comprende sacaridos capsulares de los serogrupos A, C, W135 y Y de Neisseria
meningitidis, los cuales estan conjugados a una proteina y/o a oligosacaridos (Pag.
1, parrafos 7 y 8; Pag. 15, parrafo 188 — 191).

El documento D2 da a conocer una composicion de vacuna liofilizada de un
conjugado de grupo C de Neisseria meningitidis y Haemophilus influenzae tipo B que
es reconstituida antes de su uso con un adyuvante en emulsion aceite en agua (Pag.
1710, Resumen, FI. 151).

El kit objeto de esta solicitud se diferencia dei kit del documento D1, en que el
segundo recipiente contiene un adyuvante que comprende una emulsién de aceite
en agua.

El hecho de dejar en el segundo recipiente el adyuvante en emulsién aceite en agua
permite suministrar una formulacion de vacuna contra el serogrupo B de Neisseria
meningitidis (“Men-B") con buena estabilidad e inmunogenicidad.

Por tanto, el problema técnico objetivo consiste en “como modificar el kit que
comprende un recipiente con un antigeno contra el serogrupo B de Neisseria
meningitidis conacido en el documento D1 para obtener una formulaciéon con buena
estabilidad e inmunogenicidad”.

El decumento D2 describe una manera de solucionar el problema técnico, mediante
la utilizacion de un adyuvante en emulsién aceite en agua para reconstituir antes de
Su UsO una composicién que comprende un conjugado del grupo C de Neisseria
meningitidis (Pag. 1710, Resumen, Fl. 151) mostrando una mejor inmunizacion
respecto a otros adyuvantes (Pag. 1712, Figura 1, Fl. 153).

Adicionalmente, es conocido por |a persona normaimente versada en la materia que
|la liofilizacion es una buena alternativa para el almacenamiento de una composicién
de vesiculas de la membrana externa de Neisseria meningitidis grupo B en estado
liquido y permite un ventajoso tiempo de almacenamiento de méas de 1 afio!".

La reivindicacion es obvia, porque la persona del oficio normaimente versada en la
materia enfrentada al problema de obtener una formulacién de antigeno contra el
serogrupo B de Neisseria meningitidis con estabilidad e inmunogenicidad mejoradas,
obtendria un kit que contiene un recipiente con un antigeno del serogrupo B de
Neisseria meningitidis como el divulgado en D1 con un adyuvante que comprende
una emulsion de aceite en agua en un segundo recipiente como se ensefian en el
documento D2, aplicado medios técnicos conocidos para otro serogrupo de
Neisseria meningitidis logrando de esta forma el kit objeto de la solicitud.

Por lo cual el kit de la Reivindicacion 1 carece de Nivel Inventivo.

Puesto que las reivindicaciones dependientes 2 y 7 — 9 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

Conclusién:
Las reivindicaciones 1, 2 Y 7 - @ cumplen el requisito de novedad (Art. 16), pero no
cumplen con el requisito de nivel inventivo (Art. 18).

(1) ARIGITA, C. ET AL, Stability of Mono- and Trivalent Meningococeal Outer Membrane Vesicle
Vaccines, Vaccine, Vol 22, 2004, Pags. 629 - 642,
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La reivindicacion 3 consiste en una composicion antigénica liofilizada, caracterizada
porque comprende (i) un inmunégeno para provocar una respuesta inmunitaria
contra el serogrupo B de Neisseria menmg:tfd:s y (ii) un sacarido capsular conjugado
de uno o mas de los serogrupos A, C, W135 y/o y Y de Neisseria meningitidis.

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

| _Caracteristicas esenciales ! D1 o D3
. Una composicidn antigénica Composicién ﬁ?nn::ﬁgsgﬁga
liofilizada que comprende; inmunogénica liofiliza d%
. Un inmundgeno de
t Un inmunégeno contra el Un inmundgeno del ::rlr?gl:i;zgema
| serogrupo B de Neisseria serogrupo B de ! del arupo B de
meningitidis Neisseria maningitidis i N eisgse.Fr)i a
meningitidis.

. Sacaridos capsulares de

los serogrupds A, C. _
W35y Y de Neisseria | O S€ menciona ,
meningitidis :

conjugado de uno o mas de
i los serogrupes A, C. W135
 yloy Y de Neisseria
| meningitidis

’ Un sacaride capsular

El documento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 3 porque divulga una camposicién que comprende sacaridos
capsulares de los serogrupos A, C, W135 y Y de Neisseria meningitidis, los cuales
estan conjugados a una proteina y/o a oligosacaridos y un antigeno del serogrupo B
de N. meningitidis (Resumen, Pag. 1, parrafos 7 y 8; Pag. 15, parrafo 188 — 191,
Pag. 17, parrafo 216). El documento D2 revela una composiciéon de vesiculas de la
membrana externa de Neisseria meningitidis grupo B estable en forma liofilizada
(Pag. 269, resumen, FI. 1586).

La diferencia entre la invencién, definida en la reivindicacion 1y la composicion del
documento D1 es que los ejemplos especificos se encuentran en forma liofilizada.

El efecto que logra tener la composicioén en forma liofilizada es la obtencién de una
forma farmacéutica estable.

Por lo tanto, el problema técnico objetivo qde pretende resolver esta invencion se
puede formular asi: “cdmo modificar la composicién de sacaridos capsulares de los
serogrupos A, C, W135 y Y de Neisseria meningitidis conjugados y un antigeno del
serogrupc B de N. meningitidis conocida en el documento D1 para obtener una
composicion estable”.

L
¥

Sin embargo, el documento D1 ensefia que la composicién puede estar liofilizada
(Pag. 9, parrafo 101) y el documento D2 ya divuigaba que la liofilizacién es una
buena alternativa para el aimacenamiento eh estado liquido y permite un ventajoso
tiempo de almacenamiento de mas de 1 afo (Pag. 641, FI. 168).

En consecuencia, la persona del oficio normalmente versada en Ia materia obtendria
una composicién como la divulgada en el documento D1 en forma liofilizada como se
ensefa en el documento D2 para llegar asi al objeto de la reivindicacion 3 de la
solicitud. Por lo cual se considera obvia.

Puesto que la reivindicacion dependientes 7 — 9 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.
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Conclusion:
Las reivindicaciones 3y 7 — 9 cumplen el requisito de novedad (Art. 16), pero no
cumplen con el requisito de nivel inventivo (Art. 18).

Aplicacion industrial (Art 18 D 486)

Las reivindicaciones 4 — 6 se refieren a un método de mezclar un adyuvante que
comprende una emulsion de aceite en agua y una composicion antigénica liofilizada,
este método corresponde a un proceso de reconstitucion que al ser realizado antes
de la administracién del producto no tiene aplicacién industrial. Ademas, en la
descripcion se encuentra la siguiente frase: “los antigenos liofilizados de Men-B se
pueden reconstituir en forma liquida con adyuvantes en el momento del uso listo
para administraciébn a un paciente”. Se sugiere al solicitante, eliminar estas
reivindicaciones del alcance del pliego reivindicatorio.

8. Conclusion

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

ftem Documento Reivindicaciones afectadas Requisito que afecta
D1 US 2007/0082014 1-3,7-9 Nivel Inventivo

GRANOFF D. ET
AL, Infection and

D2 Inmunity, Vol. 65, 1,2,7-9 Nive!l Inventivo
No. 5, Pags. 1710 -
1750
ARIGITA, C. ET
D3 AL, Vaccine, Vol 3.7-9 Nive! inventivo

22, Pags. 629 - 642

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente 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.

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

JOSE LUIS SAL:§AR LOPEZ

Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha
16 OCT, 202

Elaborado por: Jeny Paola Villate Becerra, F Vi flaTe
Revisado por. Consuelo Leguizamoén
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INFECTION AND IMMUNITY, May 1997, p. 1710-1715 Vol. 5. No. 5
1X)19-4567/97/504.00~0 b

Copyright © 1997, American Society for Microbiclogy

MF59 Adjuvant Enhances Antlbody Responses of Infant
Baboons Immunized with Haemophilus influenzae
Type b and Neisseria meningitidis Group C
Oligosaccharide-CRM, 4, Conjugate Vaccine

]
DAN M. GRANOFF,!'** YVONNE E. McHUGH,! HOWARD V. RAFF.!
AHMAD S. MOKATRIN.! axp GARY A. VAN NEST!

Chiron Vaccines, Emenyville. California 93608." and Children's Hospiral
Oakland Research Insnnue, C)u.Uum‘ California 94609

Received 17 December l9%,’Acccpled 20 February 1997

The ability of the adjuvant MF53 to enhance the immunogenicity of polysaccharide-proteln conjugate vac-
cines was investigated in infant baboons. MF59 consists of stable droplets (<250 nm) of the metabolizable oil
squalene and two surfactants, polyoxyethylene sorbitan monooleate and sorbitan trioleate, in an oil-in-water
emulsion, In humans, MF59 is well tolerated and enhances the 1mmunogcn1cm of recombinant protein subunit
or particle vaccines. Its effect on the immunogenicity of polysaccharide-protein conjugate vaccines is unknown.
Baboons 1 to 4 months of age were immunized intramuscularly with Neisseria meningitidis group C and Haeimo-
philus influenzae type b (Hib) oligosaccharide-CRM, ¢, conjugate vaccines. The lyophilized vaccines were recon-
stituted with phosphate-buffered saline (PBS), AI{OH), (alum), or MF59, Groups of five animals each were
given three injections of the respective formulations, with one injection every 4 weeks. Four weeks after each
immunization, the MF59 group had up to 7-fold-higher geometric mean anticapsular-antibody titers than the
alum group and S- to 10-fold-higher N. meningitidis yroup C bactericidal-antibody titers. Twenty-one weeks
after the third immunization, the MF59 group still showed 3- to 10-fold-higher anticapsular-antibody titers.
The antibody responses of the animals given the vaccines reconstituted with PBS were low at all times mea-
sured. Both the MF59 and alum groups, but not the PBS groufi, showed hooster antibody responses to uncon-
Jugated Hib and N. meningitidis group C polysaccharides, results consistent with induction of menmory B cells.
Thus, MF59 may be useful for accclerating and augmenting immunity to polysaccharide-protein conjugate

vaceines in infants.

Once the major cause of bacterizl meningitis and other se-
rious infections in infants and children, diseases caused by
Haemaphilus influenzae type b (Hib) have been virtually elim-
inated by incorporation of Hib polysaccharide (PS)-protcin
conjugate vaceines into the routine infant and toddler immu-
nization schedules (1, 4, 8, 25).

The success of Hib conjugate vaccines also has stimulated
development of new conjugate vaccines for prevention of dis-
cases caused by other encapsulated organisms, such as Swep-
tococcus prretanoniae (36) and Neisseria meningiridis groups A
and C (10, 19, 20, 38). However, in contrast to Hib conjugate
vaccines, which contain only a single serotype-specific PS, these
new vaccines require the use of multiple scrotype- or sero-
group-specific PS, each conjugated separately to a carrier pro-
tein, Maintaining optimal immunogenicity of each component
may be difficult with conjugate vaccines conraining multiple PS
antigens.

One approach to increasing both the immunogenicity and
the effectiveness of PS-protein conjugate vaccines is the use of
an adjuvant. An effective adjuvant also may permit the use of
lower dosages and fewer injections, thereby decreasing the cost
of an immunization program. Currently, the only vaccine ad-
juvant licensed for human use by the U.S. Food and Drug
Administration is alum (several salts of aluminum). While

* Correspdnding awthor. Mailing address: Chiron Vaccines, 4560
Iorton Street, R-311, Emeryville, CA 94808, Phone: (310) 923-31467,
Fax: (510) 823-4265. E-mail dan_granof@cc.chiron.com.

1710

T
}
alum has a goad safety record, it is a relatively weak adjuvant.
A promising. more potent adjuvant, designated MF59, has
been developed at Chiron Vaccines. MF5% consists of small,
urnifofm, stable droplets (<250 nm) of the metabolizable il
squaléne with two surfactanis, polyoxyethvlene sorbitan mono-
oleaté (Tween 80) and sorbitan wrioleate (Span 85). in an
oil-in-water emulsion, When compared to alum or incomplete
Freund's adjuvant {39). MF3% has been shown in mice. guinea
pigs, rabbits, and nonhuman primates to augment anugen
qpectﬁc humoral and T-cell responses to a variety of experi-
mental vaccines. In humans, the MF59 adjuvant is generally
well tolerated. To date (1996), MF59 has been administered to
more than 6,000 humans (estimated total number of injections,
>15, 000) as part of clinical trials of recombinant glycoprotein
subunit vaccines for herpes simplex virus type 2 (gB and gD)
(6. 18), cytomegalovirus (gB) (42), human immunodeficiency
virus (gpl20) (16), or inactivated influenza vaccine (split virion
or purified subunits) (22, 23, 27}). In these studies, no abscesses
or ce;ve:e local reactions have been rcporled Other local re-
actiops were fimited largely to transient pain at the injection
site (usual]v mild) and minimal ervthema or induration that
mually resolved within 2 to 3 days (18). Fever and systemic
reactjuns were infrequent. MF59 also has been investigated as
an adjuvant in human newborns immunized with gpl20 (hu-
mun-’immunocleﬁciency virus vaccine) (17. 43) and 1oddiers
immunized with gB (cytomegalovirus vaccine) {24a). In both
studies, the respective vaccines were well tolerated and elicited
high immune responses. Thus, MF59 is a promising candidate
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adjuvant for augmenting immunc responses of vaceines in-
tended both for aduits and for infants and toddlers.

The purpose of the present study was to determine the
ability of MF39 to enhance serum antibody respanses of infant
baboons to a combined investigational Hib and N. meningitidis
group C oligosaccharide-protein conjugate vaccine. Infant ba-
boons wore selected as the model system because their anti-
body responses are likely to be more predictive of the anti-P§
antibody responses of human infants than are adult primate or
rodent models (3, 15, 32, 33, 37, 40, 41).

MATERIALS AND METHODS

Vaccines and adjuvants, M. meningitidis group C conjugare vaceine {develop-
ment lor JISDIRLTY and Hib conjugare vaceine {develnpment lot L10HC24)
were produced by using selective end-reducing group activation of sized vligo-
secchandes fnllowed by whsequent enupling to the protein carrier CRM .,
through a hydrocarbon spacer (7). CRM o7 18 8 nontoxic genctic mutam of
diphthena taxin. The respective conjugates were filter sterilized und Ivophilized
in unit doses, On the day of vaccination, the N. meningiidis group € and Hib
glyeaconjugare vaceines were reeonstituted with Dulbeceo’s modified phosphate-
buffered saline without caleium or magnesium (PBS), with aluminum hydroxide
(alum: 1 mg per dose: lot 010394 Chiron Vaccines. Siena. Italy), or with MF5¢
lot KIA342: Chiron Vaccines). The MF59 was prepared under high-pressure
homogenization as previously described {(26). After reconstitution, ¢ach 0.5.ml
dose of vaceine enntained approximately 10 g of each saccharide and a total of
40 pg of CRM o, protein.

To assess immunolagic B-cell priming by the conjugate vaccination (10, 12,
19), animals were. given boosters of plain (unconjegated) A meningitidis proup C
P8 vaceine (bulk lot 82) and Hib P8 vaccine (bulk lot 25). Both vaccines were
prepared at Chiren Vaecines (Siena. Italy). Each 0.5-ml dose cuntained § pg of
the respective PS in PBS.

Animals. Tnfanl haboons (Papie ovnocephatus arubis), estimated on the basis
of weight and color to be 1.5 10 4 months of age at study initiation, were assigned
to growps of five animals each o ensere an equal distribution of ages and genders
12:3 male 10 female). The baboans wete housed with their mothers a1 Southwest
Foundation for Biological Research. San Antunio, Tex,, n registered research
facility seeredited by the American Association for Acereditation of Laboratory
Animal Care. Animal welfare experimemation guidelines as established by the
National Institutes of Health. American Association for Laboratory Animal
Science, and Food and Drug Administration were followed in the conduct of all
animal rescarch throughout the course of ihis study.

Immunizations and biood samples. There were four study groups. Animals in
the first three groups received three immunizations with a cambined N, nienin-
witidis graup C and Hib conjugate vaccine. The immunizations were given intra-
muscularly (i.m.) 1 month apart. Group 1 received vaccine administered with
PBS. group 2 received vaccine with alum. and group 3 received vaccine with
MF59. Animals in group 4 {contrnls) received three monthly ,5-m! i.m. injec-
tions of acellular pertussis vaceine combined with diphtheria and tetanus toxoids
adsorbed te aluminum hydroxide {Pertugen: Chiron Vaccines. Siena. [taly: re-
ferred 1o herein as DTaP) (29, 300,

Bakoons were hled hy venipunerure priar to each immunization and at 4 and
21 weeks after the third immunization. After the week 21 bload collection. all
unimals were given boosters of § ug of plain (unconjugated) AL meningindis
group C PS and 3 kg of plain (unconjugated) Hib PS, These vaccines were
administered i.m, in separate limbs. Sera were oblained 7. 28, and 90 days after
the baoster injechions.

Serology. Serum anti-A. meningindis group € PS antibody titers were mea-
sured by an enzyme-linked immunosorbent assay (ELISA). using a procedure
adapled from that previously described [or measuring human serum antibody 10
group B PS5 (13). In the present study, the solid-phase test antigen consisted of
an adipic dihydrazide-derivatized form of the N. meningitidis group C PS (ADH-
group C P8} instead of biotinylated ADH-group B PS. The ADH-group CPS (1
pg/ml in PBS) was used directly to coat 96.well U.bottom mictotiter plares
{Immulon IT; Dynatech. Chantilly. Va.) by incubsting them for | b at 37°C. Afier
washing, plates were blocked with 152 bovine serum albumin (radisimmunoassay
grade; fraction V: Sigma Chemical Co., 51, Louis. Ma.} in PBS, pH 74, for 1 b
at room temperature. Serial dilutions of sera were incubated overnight at 4°C,
Alter washing, bound antibody was delected with nlkaline phosphatase-labeled,
affinity-isolated rabbit anti-monkey immunoglobulin G (1gG) (Sigma). Titers
were expressed as the serum dilution giving an optical density at 405 nm of 0.5
after 31 min of incuhatinn with substrate.

Complement-mediated bactericidal activity against Neissena meamgiidis
group C was assayed as previously described for N. meningitidis group B (21}
except thal Gey's buffer was used instead of harhital buffer. The group C test
strain used. 60, was obtained from Wendell Zallinger (Walter Reed Army
Institute of Research. Rockville. Md.). All test serum samples were heat treated
(56°C {or 30 min) to inactivale endogenaus complement activity. For the bacte-
ricidal reaction, 0% serum from a healthy human adult whose serum alone
showed no killing of the test organism was used as an exogenous complememn
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source. Bactericidal titers were defined as the reciprocal dilution of baboon
serum giving a 300 decrease in CFU after 60 min of incubation at 37°C with
bacteria and complement compared to CFU present at time (. (In the presence
of test serum alope or complement alone, CFU counts during the A0 min
normally increased by =50%.)

Caoncentrations of serum antibody o 11ik PS were measured by a radioantigen
hinding assav using '*FElaheled Hib PS and » procedure adapted from that
described by Robbins et al. (31). Immune complexes canaining radiplabeled
antigen were precipitated with an equal volume of saturated ammonium sulfate.
After washing. counts per minute were measured in the precipate as descrihed
elsewhere (2). Anti-Hib antibody concentrations in the baboon sera were as-
signed from a standard curve generated by using serial twofold dilutions of the
.5, Center af Biologic Evaluation and Resesrch human serum reference ponl,
lot 1983 (U.S. Food and Drug Administration. Bethesda. Md.).

Statistics. Antibody concentrations were transformed (log,,). For these cal-
culntions. babnons anti-N. meningitidis group C ELISA tiiers of less than 1:50
were assigned a value of 1:25, and anti-group C bactericidal-antibady riters of
less than 1:25 were assigned a value of 1:12.5. Anti-Hib PS anticapsular-antibedy
concentrations of less than §.14 pg m! were assigned a value of 0.07. Geomerric
means and W37 canfidence intervals were computed hy using the log trans-
tormed meauns and standard errors compuled from a one-way analysis of variance
(ANOVAY madel. Thifferences between ench pair of groups with respect o
geametric means were tested by using the P values from the ANOVA madel. To
evaluate the lold change in liters between different days within each group, the
lgarithm of the ratio wus computed for cach enimal and then rnalyzed by using
a one-wav ANOVA madel.

RESULTS

Safety of MF59 when administered with conjupate vaccines
to infant baboons. All animals appeared to tolerate the vacci-
nations without difficuliv. On close inspection of the injection
sites at the time of reimmunization or obtaining blood samples,
there was no evidence of granulomas ar abscesses. One animal
assigned to the alum group died 3 days after the first immuni-
zation [rom apparent starvation, The animal carctakers attrib-
uted this death to insufficient mitk production from its mother.

MFS9 enhances anti-N. meningitidis group C and anti-Hib
PS5 antibody responses of infant baboons. Figure 1 summarizes
the anti-PS antibody responses of the infant baboons immu-
nized with Hib and M. meningifidis group C conjugate vaccines
(Fig. 1B and A, respectively) administered with PBS, alum, or
MF59. Although not shown, the preimmunization sera had
very low or undetectable antibody levels. Also, with the excep-
tion of rwo animals, none of the control animals immunized
with DTaP alone showed more than twofold increases in levels
of antibody to N. meningitidis group C or Hib PS in serum. The
twor exceptions had .24 and <0.14 pg of anti-Hib PS antibody
per ml detected in serum from the first bieed. and these levels
increased 1o 0.57 and 1.46 pg/ml, respectively. in sera obtained
1 month after the third immunization. The reasons for these
increases in serum anti-Hib PS antibody concentrations are not
known. These two aninials showed no detectable increases in
titer of scrum antibody 1o N. meningitidis group C PS.

The haboons given the conjugate vaccines with PBS showed
minimal anti-Hib PS antibody responses afier one, two, or
three immunizations (geometric mean antibody concentrations
of <0.14, <0.14, and 0.15 pg/ml, respectively). The corre-
sponding values in the atum group were 0.32, 5.0, and 5.2
pg/ml (# = 0.03 compared to the respective values of the PBS
group). Afler doses | and 2, the MFS9 group showed geomet-
ric mean antibody concentrations of (.75 and 15,1 pg/m), re-
spectively. After dose 3, the geometric mean serum antibody
concentration was 37 pg/ml. which is sevenfold higher than
that in the alum group (P < 0.03).

The immunogenicity of the MenC conjugate showed a pat-
lern similar to that of the respective anti-Hib PS antibody
responses. When the conjugate vaccine was administered with-
out adjuvant (i.e., with PBS), the geometric mean titer (GMT)
of I1gG anti-group C PS as measured by ELISA was below
detectable levels (<1:50) after one and two immunizations and
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FIG. 1. Effect of MF5Y adjuvant on serum anticapsular antibedy respenses of infant baboons immunized at L-month intervals with M. meningitidis group C and Hib
vligosaceharide-CRM,; 57 vonjugate vaccines. The Iyophilized vaccines were administered with PI3S alum. or MF59. {(A) [gG anti-group C PS antibody respunses.
Animals administered vaceine with alum had higher GMTs than those given vaccine with PBS (7 < 0.06 for cach injection). Animals administered vaccine with MF59
had higher GMTs than those given vaccine with alum (P < 0.03 for each injection). {B} Anti-Hib PS antibody responses. Animals administered vaccine with alum had
higher geomettic mean total antibody concentrations than those given vaceine with PBS (P < 0.03 for ench injection). Animals administered vnccine with MF5Y had
higher geometric mean concentrations than those given vaccine with alum (£ > 0.10 after the first and second injections and P < 0.03 for the 4 weeks post-thild

injection). CI, confidence interval.

rose to a GMT of 1:131 4 weeks following the third immuni-
zation. With alun, the antibody responses peaked after dosc 2,
The corresponding GMTs alter doses 1. 2, and 3 were 11111,
1:1.432, and 1:924 (P < 0.06, 0.001. and 0.01 compared to the
respective titers in the PBS group). The highest IgG anti-group
C PS antibody responses were observed in the group of animals
receiving the conjugate vaccines with MF39: GMTs of 1:669,
1:3.957, and 1:4.548 after one. two, and three injections, re-
spectively (£ < 0.03 far each injection compared to the respec-
tive GMTs of the alum group).

MF59 augments serum antibody functional activity against
N. meningitidis group C. Table 1 summarizes the serum anti-
group C bactericidal antibody responses of the baboons immu-
nized with the conjugate vaccines administered with PBS,
alum, or MF39. There were no detectable bactericidal re-
sponses in the group administered the vaccines with PBS
(GMTs of <1:25 after all three doses). The group adminis-
tered the conjugate vaccines with alum showed no detectable
bactericidal antibody response after dose 1 but had a >18-fold
increase in GMT after dose 2 (P < 0.001) and no significant
further change after dose 3 (P > 0.3). The highest antibody
responses were observed in the group given vaccine with MIF5¢
{4-fold higher than that with alum after the first immunization
[P = 0.10], approximately 6-fold higher after the second im-
munization [? < 0.01]. and 11-fold higher atter the third im-
munization [P < 0.01}). Thus, MF39 not only augments 1gG
anficapsular-antibody responses measured by an ELISA (Fig.
1A) but also augments N. meningitidis group C bactericidal
titers. a measure of functional antibody that correlates in hu-
mang with protection against disease caused by N, meningitidis
(5.9, 24).

Serum antibody respensc to plain Hib and N. wneningitidis
aroup C PS hooster. Twenty-one weeks after the third imimu-
nization, concentrations of antibody to both Hik P8 and MenC
P§ in serum had declined. on average, approximaltely t)- 10
20-fold in the MF59 and alum groups compared to the respecs
tive peak GMTs present I month after the third injection
(compare respective GMTS at time zero of the booster injec-

|

tion [Fig. 2B and D] 1o GMTs afier the third conjugate vaccine
injection [Fig. 1A and B]). However, 21 wecks after the third
conjugate vaccination, the group administered the conjugate
vaccines with MF59 stil] had 5- and 12-fold-higher GMTs (o
graup|C and Hib than the respective titers of the group ad-
ministered the vaccines with alum (£ < 0.001 for each com-
parison).

To Assess whether the conjugate vaccination had primed the
animals for the ability to respond to unconjugated PS (ie.
induciion of B-cell memory). all animals were boosted at the
21-wekk follow-up visit with 3 pg of plain M. meningitidis group
C PS vaccine and § pg of Hib PS vaccine. both given i.m. in
separate hind limbs. At the tine of this booster. the animals
ranged from 8 to 10 months of age. The groups previously
primed with the conjugate vaccines administered with alum or
MF59 showed increases in the respective geometric mean anti-
Hib PS antibody concentrations, which peaked at 7 days and
returfed to prebooster levels by 28 days (Fig. 2B). These
booster responses appeared (o parallel those of the unprimed
control group that had previously reccived only DTaP (Fig.
2A). The lowest responses were observed in the proup previ-

t TABLE 1. Scrum anti-group C bactericidal antibody
responses of infant baboons”

VGMT (95%: confidence interval)

Adjuvant -
) l mo pi. 1 1 mopi 2 1 mopdi 3
PES <25 (9-23) <25° (4-28) 414¢17-100)
Alur < 257 (7-75} 427 {100-1,816) 277 (73-1.052)
MEFs9 HZY (91 390)  2.390° (B33-6.860) 3091 (490-19.479)

t

* Infunt haboens {five per group) were immunized monthly for 3 months with
Nomenneitiehs group C and Hib vaceines reconstituted with PBY, alum, or MFS9
at the yime o1 use Bacteradal titers were measured in seta cullected prus 1o
each immunization and 4 weeks after the third immunization. For caleulation of
(iMTi; ters ol <7125 were assigned a value of 1:12.5 pi. 1. postnjection 1.

"versus © and  versus ¥, not significant (P > D05y “ versusf and / versus £, fF <
01 "versus ', and * versus/, £ < 001,
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FIG. 2. Serum anticapsular antibody responses of juvenile buboons administered booster injections of unconjugated Hib PS vaccine and &, wrenengandis group ©
P3 vaccine administered as separate injections 21 weeks {time zero) after the three-dose primary conjugate vaccination schedule had been completed. {A) Anti-Hib
PS5 antibody responses of unprimed control bahoons previously vaccinnied with DTaP nnly, (B} Anti-Hib PS antibody responses of babnons previously primed with 1he
canjugate vaccings administered with PBS, alum. or MF59. {C and I) Respeciive 1gG antibody responses to N. miewingitidis group G PS for the same groups as shown

in panels A and B,

ously vaccinated with the conjugate vaccines given with PBS
{less than a twafald increase in anti-Hib P§ antibody concen-
tration at day 7 versus day ).

With one exception. the IgG anti-group C PS antibody re-
sponses of the respective groups to the plain P§ vaccine
booster immunization (Fig. 2C and D) paralleled the anti-Hib
PS antibody responses. The exception was that the unprimed
juvenile baboons (i.e.. the DTaP contral group) showed no
deteciable serum antibody responses to group C PS vaccine
{Fig. 2C), whereas this group had responded to the plain Hib
PS§ vaccination (Fig. 2A).

Ninety days after the plain group C PS and Hib PS booster

injections, serum anti-group C and anti-Hib P§ antibody con-
centrations still remained higher in the animals previously ad-
ministered conjugate vaccine with MF59 compared to the re-
spective titers in the group given the conjugate vaccines with
alum (P < 0.01 for anti-Hib and £ < 0.001 for anti-group C) or
the conjugate vaccines with PBS (2 < (.01 for both compari-
sons) (Fig. 2B and D, respectively).

DISCUSSION

The scrum anticapsular antibody responses of the infant
baboons obscrved in this study paralicled those observed in
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human infants previously administered an N merningitidis
group C olignsaccharide-CRM 5 conjugate vaccine with wlum
at 2, 3. and 4 months of age (35). Specifically, both the immu-
nized human infants and the immunized infant babuoons
showed modest serum anti-group C PS antibody responses
after the first injection, very high booster antibody responscs to
the second injection, and minimal or no further increases in
serum antibody titer after a third injection. The baboons also
showed evidence of induction of immunologic priming by the
N, meningitidis group C conjugate vaccination, as measured by
booster 1g(G antibody responses to plain N. meningitidis group
C PS vaccination administered 21 wecks after a series of three
doses of conjugate had been completed. In contrast, unprimed
(control) juvenile baboons vaccinated with plain group C PS
for the first time showed no detecrable antibody response (Fig.
2C). In human infants, priming to N. meningitidis group C PS
also has been observed with an earlier, prototype version of
this conjugate vaccine (a combined group Ajgroup C conjugate
vaccine administered with alum [19}). Thus, the pattern of the
antibody responses of the infant baboons to group C conjugate
administered with alum appears to be predictive of the primary
and booster responses of human infants and toddlers to this
glycoconjugate vaccine. The only notable difference is the very
short duration of the antibody responses to plain group C PS
booster injectlion in the baboons (<28 days).

The most important finding of this study is that MF59, an
adjuvant that has been widely evaluated in humans with a
variety of glycoprotein subunil vaccines and inactivated influ-
enza vaccines, both accelerates and augments serum anti-PS
antibody respenses of infant baboons immunized with Hib and
N, meningiticis group C PS-protein canjugate vaceines. In ad-
dition, the animals vaccinated with the MF59-adjuvanted vac-
cings showed higher titers during the extended follow-up pe-
riod. These animals also were capable of mounting memory
serum antibody responses to unconjugated N, memingitidis
group C and Hib PS hooster immunizations. The immunologic
priming appeared to be similar in the animals primed with the
conjugale vaccine adminisiered either with alum or MF39 (Fig,
2C).

Because only small numbers of infant baboons could be
investigated, many important questions such as the optimal
conjugate vaccine dose when given with MF59 or the optimal
immunization schedule could not be addressed. Also, we did
not examine the influence. if any, of simultaneous separate
injections of other vaccines, such as DTaP or diphtheria-teta-
nus-pertussis, that contain diphtheria toxoid. which might in-
fluence serum anticapsular antibody responses to conjugate
vaccines containing CRM, ;. a nontoxic mutant of diphtheria
toxin. This question will be important to investigate in the
future, since in previous siudies. immunity to the carrier pro-
tein was shown to affect (positively or negatively) the ability to
mount anti-P$ antibody responses to conjugate vaccines (11,
14, 28, 34).

The present study provides only limited information on the
safety of administration of PS-protein conjugate vaccines with
MF59. First, only a small number of infant baboons were used
(five per group). Second. the observations on vaccine toleru-
bility were limited. becavse any handling of the infant anmimals
by the staff required separadon of the infants from their moth-
crs and the use of a general anesthesia on the mothers, Nev-
ertheless. on general daily inspection, the animals appeared o
tolerate the vaccinations without difficuity. as judged by the
presence of normal activity und feeding patterns. Also, there
was no gross evidence of severe local reactions such as gran-
ulomas or abscesses at the injection site: however, close inspec-
tion of the injection sites was performed only at the time of the
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bleod draws and booster immunizations, usually 30 days afier
each immunization.

In summary. the excellent immunogenicity of N. meningitiedis
group C and Hib conjugate vaccines when administered with
MF59 to infant baboons and the lack of apparent toxicity are
consistent with the excellent immunogenicity and satety record
of MES9 used with other vaccines in clinical trials in humans
(summtarized in the introduction). These data, together with
the potential of an adjuvant either to permit the use of lower
conjugate vaccine dosages and/or fewer injections or to eén-
hance’ the immunogenicity of multicomponent PS-protein
cunjugatc vaccines given alone or in combination with other

vaccines, support the initiation of phasc | safety and immuno-
genicify trials of MF59 and glycoconjugate vaccines in humans.
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Abstract

The stability during storage of outer membrane vesicles (OMVs) of Neisseria meningitidis group B was studied. Three types of OMVs
were compared for their stability. containing either one {monovalent) or three different PorA subtypes (trivalent), the latter with and without
class 4 outer membrane protein (OMO, RmpM),

Aqueous formulations were stored freeze-dried (4 °C), frozen (—70°C) and in liquid form at 4, 37 and 56 *C. Physico-chemical properties
and immunogenicity of the OMVs as well as PorA conformation and antigenicity (P1.7-2,4, the subtype present in ail formulations) were
manitored during | year. At —70 or 4 “C, the structure and immunogenicity of OM Vs was preserved. Storage of OM Vs at high temperatures
(37 or 56 °C} induced destruction of the OMV structure and denaturation of PorA. followed by chemical degradation. Immunogenicity
decreased or was lost completely. Changes observed in the Auorescence spectra of degraded OMVs were also seen in tryptophan { Trp)
and tyrosine { Tyr) derivatives incubated at 56 “C. indicating the accurrence of chemical degradation of iryptophan and tvrosine residucs in
PorA. Trivalent OMVs were slightly more stable at 37 -C than monovalent OM Vs as ussessed by in vitro methods. but these differences
did not result in differences in the immunogenicity. The stability of trivalent OMVs was not affected by the presence of RmpM. Both
trivalent and monovalent OMVs could be freeze-dried with preservation of their immunogenicity.

In conclusion. OMVs are sensitive to elevated temperatures, but are stable in the frozen or freeze-dried state or when stored at 4 °C in

the liquid state.
© 2003 Elscvier Ltd. Al rights reserved.
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1. Introduction

Neisseria meningitidis is a human pathogen and one of
the major causes of bacterial meningitis and sepsis [1].
Vaccines against meningococei of serogroups A, C, Y and
W-135 are based on capsular polysaccharides. However,
the polysaccharide of group B meningococci is poorly im-

Abbreviations: BSA, hovine serum albumin: DLS:, dynamic light scar-
tering: ELISA, enzyme-linked immunosorbent assay: Gnd-HCL suani-
dinium hydrochloride; LPS, lipopnlysaccharide: MAb, monoclonal an-
tibody: NATrA, A-acetyl tryptophan amide: NATyA, Macetyl tyrosine
amide: OMP, outer membrane protein; OMVs, outer membrane vesi-
cles; PD. polydispersity index: RupM. reduction modifiable protein M:
SDS-PAGE. sodium dodeeyl sulfate-polyacryvlamide gel clectrophoresis;
T, tryptophan: Ty, tyrosine

* Corresponding author.
F-mail address: gideon kersten@invi-vaccin,nl (G.F. A, Kersten).
' Authors contributed equally,

0264-410X/3 - see front matter © 2003 Elsevier Lid, All rights reserved.

doi:10.1016/. vaceine, 2003.08.027

munogenic and cross-reactive with human tissues {2]. Vac-
cines containing outer membrane proteins (OMP) have been.
developed and have shown to induce protective immune
reponses [3,4]. The vaccines developed at the Netherlands
Vaccine Institute (NVI, formerly a division of the National
Institute of Public Health and the Environment. RIVM)

consist of outer membrane vesicles (OMVs) purified from
genetically modified meningococeal strains expressing ei-
ther ene (monovalent} or three (trivalent) subtypes of class
I OMP (PorA). Two different trivalent OMVs are mixed 1o
form a hexavalent vaccine that represents the majority of
circulating subtypes in Western Europe. This vaccine has
been proven to be safe and immunogenic [5]. The mono-
valent OMV vaccine contains PorA P1,7-2.4. the most
prevalent subtype in The Netherlands and the subtype caus-
ing an epidemic in New Zealand {1.9]. This vaccine is also
safe and immunogenic in toddlers [6]. The trivalent strains
contain class 4 outer membrane protein (RmpM). RmpM is
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firmly associated to PorA in the bacterial outer membrane,
which is probably essential for the localization and the
stability of the PorA trimers in the outer membrane [15].

In previous studies, we have shown that both the con-
formation and the presentation form determine the quality
of the immune response against PorA [7]. Thus, both char-
acteristics have to be maintained upon storage in order to
preserve the vaccine functionality.

The composition of OMVs is complex. The main con-
stituents are: PorA, phospholipids. lipopolysaccharide
(1.PS). residual DNA, RmpM. and residual detergent [12].
The interaction of these compounds with each other through
various non-covalent forces and determine the physico-
chemical properties and stability of OMVs, Diverse degra-
dation processes may occur simultaneously during storage
of OMYV vaccines. Not only can the protein undergo chem-
ical and conformational changes, but also the OMV struc-
ture may change or ever. be destroyed. However, it is not
clear if changes in OMVs affect the potency and efficacy
of meningococeal vaccines. The bactericidal activity of
sera obtained from mice or humans after vaccination with
OMVs is accepted as correlate for protection [8].

To our knowledge, no studies on long-term stability of
protcin-containing vesicular systems such as PorA-OMVs
have been reported. In this study, trivalent OMVs con-
taining PorA subtypes P1.7-24, P1.5-2,10 and PL.12,13
were compared to monevalent OMVs containing PorA sub-
type P1.7-2,4. The possible stabilizing effect of RmpM on
trivalent OMVs was also investigated, OMVs containing
subtype P1.7-2,4 were chosen, since 43% of all strains
causing bacterial meningitis in The Netherlands belongs to
this subtype [9]. At the same time, P1.7-2,4 is one of the
weakest immunogens in multivalent OMV vaccines [5].

The stability of liquid (stared 4, 37 and 56 “C) and frozen
{—707°C) PorA-OMVs has been assessed during 12 months
of storage. The possibility to freeze-dry OMVs preserv-
ing its physico-chemical and immunogenic characteristics
was also studied. The stability of the presentation form
was assessed with electron microscopy and dynamic Fght
scattering (DLS) measurements. The physico-chemical sta-
bility of PorA was monitored by fluorescence spectroscopy,
SDS-PAGE and ELISA. The functional immunogenicity
{i.e. bactericidal response) of the vaccines was evaluated in
vivo. The optimal storage conditions for functionally stable
OMVs were determined.

2. Materials and methods
2.1, Bacterial strains and growth conditions

N. meningitidis strain F91 (P1.7-2.4, PorB~, RmpM -,
low expression of Opa/Opc) was used for the production
of monovalent PorA-OMVs. Strains JB10124 (P1.5-2.10.
P1.12.13, PL1.7-24, PorB~, RmpM~. low expression
Opa/Opc) and HPI10124 (P1.5-2,i0, P1.12,13, P1.7-2.4,

PorB—, RmpM™* . low expression Opa/Opc) were used for the
production of trivalent PorA-OMVs. Bacteria were grown
in a defined medium, with as main compenents L-glutamic
acic:l,J glucose, L-cysteine and ammonium chloride, at 35°C
for 15h in a 401 stirred fermentor under pH and pO;
contral.

2.2, Preparation of OMV formulations

PdrA-OMVs were prepared as previously described {7].
Brieflv. PorA-OMVs were extracted from bacteria with
EDTA. DNA was partially removed by DNase treaiment.
Lipopolysaccharide was partly depleted by gel permeation
chroinatography (GPC) in the presence of deoxycholate
(DOC). In order to remove DOC, a second GPC step was
performed which also served to formulate the OMVs in
IOmM Tris—HCI, 3% sucrose pH 7.4,

OMVs derived from the three strains were stored at
—70. 4, 37 and 56 °C in 2ml plastic tubes with screw caps
(G:emer Alphen a/d Rijn, The Nethterlands). For storage at
37 and 56° C. 0.01% Na azide was added. For fast freezing
of OMVs, 2ml samples were submerged in an ethanol’dry
ice mixture and immediately stored at =70 C.

Freshly prepared OMVs were freeze-dried in aliguots of

2ml in 5ml glass vials. The rubber stoppers were dried at
85 °C for 2 days prior to use. The vials containing the OMV
formulations were placed directly on the shelf of a Leybold
GT 4/6 freeze-dryer with a temperature of —33°C. In the
first step of the freeze-drying process, the temperature of the
shelf was maintained at —=35°C and the chamber pressure
set at 20 Pa. After 1-3 h, the shelf temperature was raised to
—25 ‘C and the pressure set to 5—6 Pa. These conditions were
mal_mamed for 65 h, followed by additional secondary drying
steps at plate temperatures of —20, —5, 10, 25 and 35 °C,
each for al least 5h at a pressure of 4-5 Pa. At the end of the
fredze-drying process the vials were closed under vacuum
with the dried rubber stoppers and capped with aluminium
seals.

Freeze-dried OMVs were stored at 4 “C until reconstitu-
tiol. Analysis of frozen and liquid formulations was per-
tormed before storage (r = () and afier 3, 6 and 12 months.
Freeze-dried OMVs were reconstituted and analyzed after 3

months storage.
I

2.3. Compuosition of OMVs

he protein content of the OMVs was measured accord-
ing to Peterson [10] with BSA as standard. The PorA con-
tent (relative to total protein content) was determined by
SDS-PAGE (see below). The presence of LPS was analyzed
by gas chromatography (GC). In short, LPS was hydrolyzed
in 3.45M NaOH in 50% (v/v) methanol. Then, the fatty
acids were methylated in 5.5 M HC! in 27% (v/v) methanol
angd extracted with a hexane/methy] terr-butyl ether mix-
ture (1/1, v/v), Methylated fatty acids were separated and
quénnﬁed by GC on an HP Ulira column (25m x 0.2mm,
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Agilent). The different fatty acids were identified based on
their retention time using a calibration mix of known fatty
acids (Calmix, Midi, Newark, DE). The amount of C14:30H
fatty acids was calculated with a calibration curve of Ser-
ratia marcensens LPS. As internal standard, C14:20H was
used. DNA content was determined by an ethidium bromide
assay [11] with salmon sperm DNA (ICN, Rotterdam. The
Netherlands) as standard.

The water content of freeze-dried OMVs was measured
with the Kari-Fisher method using a Mitshubishi Mois-
ture analyzer. Differential scanning calorimetry was per-
formed to determine the glass-transition temperature of the
freeze-dried OM Vs directly after drying and after 12 months
of storage at 4 °C,

2.4. Phvsical characteristics of OMVs

To check the OMYV structure after freeze-drying and stor-
age. electron microscopy was performed as described by
Claassen et al. [12]. The particle size of monovalent and
trivalent OMVs was measured by dynamic light scarer-
ing at 25°C with a Malvern 4700 system equipped with a
75mW Argon ion laser {488 nm, Uniphase, San lJosé, CA,
USA), a remote interface controller and PCS software, ver-
sion 1.35 (Malvern Ltd., Malvern, UK). For refractive index
and viscosity the values of water were used. The particle size
distribution was reflected in the polvdispersity index (PD),
which ranges from 0.0 for a monodisperse to 1.0 for a het-
erodisperse dispersion. The zeta potential of the OMVs was
measured with a Malvern Zetasizer 2000 with an agqueous
dip-in cell and a computer with PCS software (version 1,35,
Malwvern).

2.5, Fluorescence measurements and guanidine
denaturation assay

The local environment of tryptophan (Trp) in PorA was
monitored with fluorescence spectroscopy. Steady-state flu-
orescence measurements were performed with an LS-50B
Luminescence spectrophotometer (Perkin-Ehmer. Norwalk,
CT. USA).

Fluorescence emission spectra after excitation at 295 nm
were recorded from 300 to 450 nm at 150 nm/min, with
excitation and emission band widths of 2.5 and 5nm, re-
spectively. Samples contained cither 25 wg/ml protein (F91,
1B10124) or 20 pg/mi (HP10124). Sets of five spectra were
averaged and corrected for buffer background.

Upon incubation with increasing concentrations of guani-
dinium hydrochloride (Gnd-HCI), PorA in OMVs dena-
tures, causing increased exposure of fluorescent groups
{Trp), which results in a shift of the fluorescence maximum
towards higher wavelengths {13]. Samples were diluted
with Gnd-HCl to final Gnd-HCl concentrations ranging
from 1 to 5M, and incubated for 2h at room temperature
before measurement. Fluorescence spectra of these samples
were measured as described above. Scts of five spectra were

averaged and corrected for buffer/Gnd-HCI background.
The emission maximun was plotted against the Gnd-HCI
concentration. The curves obtained were fitted, assuming a
two-state equilibrium between the native and the denatured
protein [14]. The concentration of Gnd-HCI necessary to
obtain 50% denaturation of PorA was determined based on
the midpoint of the denaturatjon curve.

2.6, Analvsis of the denaturation of model compounds

N-Acetyl ryptophan amide (NATrA), M-acetyl tyrosine
amide (NATyA) were dissolved in 10mM Tris-HCI, 3%
sucrose pH 7.4 plus 0.01% Na azide and incubated at 56°C,
Spectral properties of the samples were monitored during 6
months, UV spectra (200-400nm) of samples were taken
with a Perkin-Elmer spectrophotometer and normalized
(Absago = 1). Samples used for fluorescence measurements
had an absorbance maximum <0.1. Fluorescence emission
spectra after excitation at 295 (for tryptophan} and 280 mmn
(tvrosine) were recorded as described above.

2.7 SDS-PAGE and Western blotting

The trimeric folding of PorA was analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) in "native’ gels as described by Jansen et al. [15).
Prior to electrophoresis. samples were incubated for 10 min
at room temperature or 100 °C in sample buffer [16] con-
taining 0.05% SDS. Polyacrylamide gels were prepared
as described [16]. except that SDS was omitted from the
stacking and running gels. The acrylamide concentration
of the running gel was 12%. Gels were run at 20mA in
a temperature-controiled room {(4°C) to prevent denatura-
tion of the formulations containing folded PorA. Gels were
stained with Coomassie Brilliant Blue.

Relative PorA content was measured by $DS-PAGE un-
der denaturing conditions [16]. Gels were scanned after
running and staining in a Agfa Fotolook 3.5 scanner and an-
alyzed with Phoretix 1D Quantifier software (version 5.10,
Biozym, Landgraaf, The Netherlands) for determination of
the relative PorA content.

Western blotting was performed as described [17] after
SDS-PAGE under denaturing conditions. The monoclonal
antibodies (InAb) used 1o detect the different PorA subtypes
were MN20B9.34 (anti-P1.4). MN20F4.17 (anti-P1.10):
MNZ20A7.10 (anti-P1.12) and MN3B9F (anti-RmpM).

2.8, Pord inhibition ELISA

Antigenicity of the P1.4 epitope of PorA P1.7-2.4 in
OMVs was tested by an inhibition ELISA as previously de-
scribed using the mAb MN20B9.34 [7]. Briefly, a dilution
series of the sample was incubated with a fixed concentra-
tion of mAb. Free mAb was quantified with an OMV-coated
ELISA plate. The coating OMV batch contained at least
90% PorA, as detcrmined by SDS-PAGE. The results are
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shown as the ratio between the PorA concentration deter-
mined by ELISA and the protein concentration determined
by Peterson (total protein) corrected for protein impuri-
ties. As a reference, the antigenicity of freshly produced
maonovalent OMVs was arbitrarily set at 1.

2.9 Immunization experiments

BALB/c mice, 6-8 weeks old (10 animals in each group)
were immunized subcutaneously on days 0, 14 and 28. PorA
{1.5 pg/subtype) in OMVs were administered adjuvated with
1.5mg AIPQ4 (NVTY(0.25 ml per mouse) (see Table 3). The
mice were bled on day 42. and sera were collected and stored
at 4°C.

210 Anti-Pord whole-cell ELISA

The antibody titer (total [gG) of each individual mouse
serum  was determined by whole-cell ELISA as de-
scribed [18]. N meningiridis isogenic H44/76-based strains
(B:15P1.7,16:L3.7,9) expressing P1.7-2,4 (H44/76 7-2.4).
P1L12,i3 (Hd44/76 12,13) or P1.5-2,10 (H44/76 5-2,10), and
the H44/76-derived mutant strain HI5 (lacking PorA) were
used. Titers were determined with goat anti-mouse (GAM)
total TgG conjugates, labeled with horseradish peroxidase
{HRP) (Southern Technology Associates; dilution [/5000).
The titer is defined as the dilution of the serum where 50%
of the ODyax in the assay is reached,

211 Serum hactericidal assav

The serum bactericidal activity was measured as pre-
viously described [19] against the four N meningitidis
strains: H44/76 7-2.4; H44/76 12,13 H44/76 5-2.10 and
Hi3 {PorA™). From each group of 10 mice, two pools were
made (five mice/pool) and every pool was tested at least
twice. Pooled sera were heat inactivated for 30 min at 56 °C
prior to use. Serum samples and bacteria were incubated
for 10-15min at room temperature before the addition of
complement. A final concentration of B0% (wv) rabbit

Table 1
Physico-chenucal characteristics of the (OMVs used in this sudy

serum was used as complement source. As positive con-
rrols. ' the bactericidal anti-P1.4 (MN20B9.34) and anti-L.PS
(MNISA1TF12) monoclonal antibodies were used. Also,
test sera were incubated without complement as a negative
control. The serum bactericidal titer was measured as the
reciprocal serum dilution showing more than 90% killing
of the number of bacteria used.
I
2.12; Sratistical nethods

Beéfore statistical analysis, antibody and bactericidal titers
weré logio converted, IgG titers are expressed as the mean
logg titer of 10 independent observations. Bactericidal titers
are expressed as the mean log,p titer of at least four indepen-
dent observations. Analysis of variance was used for statisti-
cal evaluation of the data. The significance of the differences
between the mean values of the antibody and bactericidal
titers was determined by the least-significant-difference
(LSD) test at a confidence leve] of 95%.

3. Results
3.1 I Characterization of OMVs

The composition of the OMVs derived from the three
strains (F9i, JB10124 and HP10124) is shown in Table 1.
The protein present in all OMVs was mainly PorA. Most
impurities were found in OMVs from strain JB10124.
OMVs had a negative surface charge (zeta potential) rang-
ing between —40 and —S0mV.

The average particle size of freshly prepared OMVs
ran'gcd berween 150 and 350 nm. with a rather high poly-
disi:ersir}' around 0.4, typical of OMVs (Table 1). Bath
particle size and polydispersity were smaller for OMVs de-
rived from the trivalent sirain JB10124, indicating that these
OMVs were less aggregated than the other ones. The pres-
ence of partly aggregated vesicles with a diameter around
80}1111 for all OMVs was shown by electron microscopy
(see Fig. 2A for a representative picture). Both freezing

3

DDNA contem

Stram Porart PorA Class 4 I.PS content Particle Polydispersiry Zeta potential
(%) subrypes protein® (2" L 1% size (nm) {mV)
F91 (monuvalent) 94 P1.7-24 - 0.4 77 162 04z -49
JBI10124 (trivalent) 76 P1.7-24 - 10.6 19.2 138 022 —42
P1.1213 I
P1.53-2.10
HP10124 (trivalent) 87 Pl.7-2.4 + 37 8.2 104 G.45 ~d48
P1.12,13 \
P1.5-2,10

*Determined by scanning the SDS-PAGE profile
PRelalive to the tolal amaunt ot protein present in the farmulation.

“The presence of class 4 protein was demonstrated by Western blogting with thenoclonal ansibody MNIBYFE.
9dIndication of the size disiribution of the OMVs: ranges from 0.0 for a monodisperse o 1.0 for an entirely heterodisperse dispersion.
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Fig. 1. Effect of storage on the particle size of OMVs of strains F91 (A), JB10124 (13} and HP10124 (C). Frozen samples were stored a1t ~T70°C
(squaresy: liquid samples at 4°C (diamonds), 37°C (wiangles) or 36°C {cross). Bars indicate $.D. (n = 3). {D) Effect of freeze drying on the particle
size of OMVs. The bars indicate the panicle size £S.D. (# = 3) of OMVs before terey} and afler (white) freeze-drying and reconstitwtion afier 3 months
storage at 4°C. The numbers ahove the bars indicates the polydispersity of the samples,

and freeze-drying of OMVs induced the formation of large
aggregates, accompanied by an increase of the polydis-
persity index (see Fig. 1A-D). The size of the aggregates
was smaller in freeze-dried OMVs than in freeze-thawed
OMVs. A representative picture of the aggregates present
after freeze-thawing can be observed in Fig. 2B.

The water content of freeze-dried OMVs was below
3% for all formulations. Freeze-dried OMVs showed a
glass-transition temperature of ca. 50°C. These character-
istics were maintained over 1 year of storage at 4°C,

The fluorescence emission spectrum of PorA was similar
in OMVs derived from the three different strains studied.
The emission maximum was around 338 nm, indicating
a relatively hydrophobic environment of the tryptophan
residues [13]. Upon titration with Gnd-HCI, a shift in the
fluorescence maximum was observed from ca. 338 nn to
ca. 350 nm. This shift was in magnitude similar for OMVs
from the three strains, The denaturation midpoint was at
3.8 M Gnd-HCI for monovalent OMVs and slightly higher
{4.1 M) for both rivalent OMVs.

Fig. 2. Electron micrographs of OMVs stored at 4°C (strain JB10124 (A)). —70~C (strain F91 (B} and 56°C (strain HP10124 (C)) during 6 months.
The bar indicates 0.2 um, Micrographs are representative for all three OMVs stored a1 the indicated temperature.
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I'ig. 3. SDS-PAGE under mild conditions {se¢ Section 2.7) of OMVs after production (A), after & months storage (B) or after 12 months storage (C). In (A}
is indicated the molecular weight of PorA monomers (43kDa) and trimers (~130kDa}). The OMYV sirains und the storage temperature ure indicated above
the gels. Each sample was mixed with sample buffer containing 0.05% SDS and inéubaied gither at room temperature {lanes a) or at 100°C (lanes b}

The trimeric structure typical of native PorA was mon-
itored by ‘native’ SDS-PAGE (Fig. 3) [15]. Freshly pre-
pared PorA-containing OMVs showed the presence of a
high molecular weight band {~120kDxa} corresponding to
PorA trimers (Fig. 3A, lanes a). No monomers were visi-
ble. in samples incubated at 100-C prior to clectrophoresis
the trimers were converted to monomers {4 | kDa) (Fig. 3A.
lanes b). Freeze-drying of OMVs did not induce changes
in the electrophoretic characteristics of PorA in the three
OMVs studied (not shown).

The interaction of PorA PL.7-2,4 with the bactericidal
mAb MN10BS.34 (directed against loop 4 of this PorA sub-
type) was studied by ELISA (Fig. 4}. When assuming that
the ratio of the three PorA subtypes in trivalent OMVs is
1:1:1, the antigenicity of PorA P1.7-2.4 in trivalent OMVs is
expected to be one third of that of monovalent OMVs. How-
cver, the results show that the antigenicity of PorA P1.7-2,4
in trivalent OMVs was only 1/8 and 1/4 for strains JB10124
and HP10124. respectively, as compared with monovalent
OMVs. Freeze-drying and reconstitution of OMVs did not

sigl{iﬁcantly reduce the antigenicity of PorA P1.7-2,4 in any
of the OMVs (Fig. 4D).

3.2, Effect of sturuge on the physico-chemical
characteristics of OMI's

[during |2 menths, the pH of the preparations increased
from 7.4 to 8.1 for almost all the formulations studied.
excf’ept for trivalent OMVs incubated at 56 -C, where the
solution acidified, rcaching pH values around 6. The zeta
potential of OMVs did not change upon storage under
different conditions (not shown).

@MVS stored at —70°C and thawed (at 37°C, 10min)
showed aggregation, which tended to increase with storage
time (Fig. 1), parallel to an increase in the polydispersity
index. The size of OMVs in liquid formulations did not
chdnge during storage at 4 °C. At higher temperatures (37
and 56 °C). the average particle size of OMVs derived from
the three strains gradually decreased (Fig. 1A-C). After
6 months, the particle size and zeta potential of samples
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Fig. 4. Effect of storage on the antigenicity of PorA P1.7-2.4 in OMVs of the strains F91 (A). 1310124 (13) and HP10124 (C). Samples were stored a1
—70°C tsquares), 4°C {diamonds). 37°C (triungles) or 56 *C (cross). (D) Effect of freeze drving and storage on the antigenicity of Pora P1.7-24 in
OMVs The bars indicate the antigenicity of Pora P1.7-2.4 in OMVs befure ferey) and wfier (white) freeze-drying in samples stored for 3 months at
4. The results are shown as mean values (£5.12.) of at least three measurements.

incubated at 56 °C could not be measured anymore. as the
scatter intensity had become too low, This indicates total
destruction of the OMVs, as confirmed by the presence
of amorphous granular material in electron micrographs
(Fig. 2C).

The concentration of Gnd-HCl necessary to induce a shift
in the fluorescence emission maximum decreased in tiquid
samples of all three strains were incubated at 37°C, as
" compared to non-treated OMVs. This indicates a decreased
stability of these samples. The red shift of samples stored at
56 C could not be measured, as in the absence of Gnd-HClI
they showed a broadened emission spectrum with a maxi-
mum above 350 nm after 3 months. After 6 and 12 months
totally different spectra were observed: the tryptophan
emission peak disappeared and a new spectrum was formed
instead with an emission maximum of ca. 405nm (Fig. 5).
Tn these degraded samples, the fluorescence spectra were
similar when measured at an excitation wavelength of 280
ot 295 (not shown). The newly formed spectra, which can-
not originate from natural aromatic amino acids, indicate the
formation of (fluorescent) chemical degradation products
due to storage at high temperatures. To study these obser-
vations in more detail, the fluorescent amino acids M-acety]
typtophan (NATrA) and N-acetyl tyrosamine (NATYA)
were used as a model compounds. Solutions of these amino

acids in the same buffer as OMVs were stored for 6 months
at 56°C. and their fiuorescence (hexe 295 and 280 nm, re-
spectively) and UV specira were monitored (Fig. 6). The
intensity of the maximum fluorescence signal decreased in
all model compounds and a new fluorescence emission peak
was formed at higher wavelengths (ca. 405 nm for NATYA,
375nm for NATrA). As expected (because NATyA does
not absorb at 293 nm), when freshly prepared NATyA was

intensity
)
o

0+ T 7 Y ]
300 350 400 5 450 500 550

Fig. 5 Fluorescence emission spectra of monovalent OMVy stored at
36C. Thin blach line: belore siorage: thin gray line; afler 3 mounths
starage; thick black line: after 6 months sierage: thick grey line: after 12
mouths storage.
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Fig 6. Fluorescence spectra of NATYA ((A) L 2800m) and NATTA ((B) Aee 2950 freshly prepared (thick black line) and atter 3 (thin bluck line)

and &6 months (thick grey line) incubation a1 56 °C. See Section 2

excited at 295 nm, no emission spectra could be observed.
After 3 and 6 months of incubation at 56 *C, however,
the NATyA sample did absorb at 295nm (Fig. 6A) and
showed an emission spectrum with a maximuin around
405 nm upon excitation at 295nm (not shown). indicat-
ing the formation of an innovative fluorescent degradation
product.

The trimeric structure of PorA was still present in frozen
and liquid OMVs stored at 4 and 37°C after 3 months (not
shown). At this time point no protein bands were observed
for samples incubated at 56 °C. Samples incubated at 56 °C
were not studied further by SDS-PAGE. After 6 months,
part of the trimeric PorA was converted to monomers for
all OMVs stored at —70, 4 and 37 °C (Fig. 3B). In trivalent
OMVs (JB10124 and HP10124) incubated at 37°C, extra
bands with lower molecular weights appeared below the
monomer band (43 kDa) and this band was separated in two
bands (Fig. 3B. lanes b). The structural changes of PorA
were clearer after 12 months of incubation at all temper-
atures (Fig. 3C). In native samples (lanes a), trimers and
monemers were still observed, and an extra band appeared
at ~80kDa, indicating the presence of PorA dimers. Degra-
dation bands at lower molecular weight were also observed.

lor details Normalized UV spectra ol the NATvA (C)and NATrA (D).

This degradation pattern was most apparent for samples in-
cubated at 37 -C. especially for monovalent OMVs, where
the intensity of the trimer band had strongly decreased
{Figy3C, F91). For all samples incubated at 37°C. a smear
could be abserved. The presence of P1.4, P1.5-2 and the
P1.1¢ epitopes in degradation bands was checked by Wesli-
ern blotting. No degradation bands were observed for PorA
subtypes P1.7-2, 4 and P1.3-2,10. Only in the case of the
P1.12,13 subrype one minor degradation band in addition
to the original band was observed containing the P1.12
epitdpe (not shown).

3.3. Effect of storage on the immunochemical
characreristics of OMVs

The antigenicity of liquid samples stored at 4°C was
preserved in time. Frozen monovalent OMVs showed a
slight decrease in the antigenicity, which was not observed
for trivalent samples stored at —70°C. When OMVs were
incubated at 37°C the antigenicity decreased to (almost)
zerg within 6 months of incubation. When samples were
incubated at 56°C the antigenicity disappeared within 3
months {Fig. 4A-C),
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3.4 Effect of storage on the immunogenicin
of OMVy

The ability of monovalent and trivalent QMVs stored
at —70, 4, and 37°C to induce high I1gG titers against
the different PorA subtypes did not decrease with time
{Table 2). A pronounced decrease in the ability te elicit
an IgG response was only observed with OMVs stored
at 56°C. Antibedies induced by monovalent OMVs and
trivalent OMVs from strain HP10124 (containing RmpM)
were mainly PorA-specific, as demonstrated by the low
titers against the PorA-lacking strain HL5. OMVs from
strain JB10124 induced the formation of antibodies against
other structures than PorA, probably LPS or other impuri-
ties (cf. Table 1). The antibody titers against other struc-
tures than PorA were fairly constant for samples stored
during 12 months at =70 and 4°C, but the titers were
lower in sera of mice immunized with OMVs stored at 37
and 56 °C.

Sera of animals were also tested for the presence of
bactericidal antibodies (Table 3). Only antibodies directed
against PorA were bactericidal. as determined by the lack of
bactericidal serum activity against meningococe of sirain
HL.5 (not shown). The capability of monovalent OMVs to
induce a bactericidal response against the PorA P1.7-2.4
was unchanged in samples stored at —70 or 4-C, and sig-
nificant]y reduced in OMVs stored at 37 C for 12 months.
OMVs of strain F91 stored for 3 months at 56 °C did not
induce a bactericidal response at all. The P1.7-2,4-specific
bactericidal activity induced by OMVs from strain JBi0124
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was weak or absent. OMVs [rom strain HP10124 induced
anti-F1.7-2.4 haciericidal antibodies only in samples stored
at —10 C. OMVs from this strain stored at 4 C did not
inducke bactericidal anti-P1.7-2,4 antibodies after 3 or 6
montt:ls storage. Surprisingly, after 12 months storage at
4°C this formulation induced again significant bactericidal
antibédies. This is probably due to the variability in the
test and the fact the titers against this subtype are low [3].
Although samples incubated at 37°C induced detectable
bactericidal titers after 6 and 12 months. these titers were
not significant above background (LSD of 0.4 and 0.6,
respectively). The PorA P1.5-2.10 induced the highest bac-
tericidal titers of all three subtypes in both trivalent strains.
Also.. the anti-P1.5-2,10 bactericidal titers were maintained
for QMVS of both strains {JB10124 and HP10124) upon
storage at all temperatures except 56 °C, where bactericidal
activity of these formulations dropped to undetectable levels
after 3 months storage. A similar trend was observed for the
P1.12,13-specific bactericidal response. The anti-P1.12,13
bacteticidal titers induced by trivalent OMVs after [2
months were relatively high (e.g. >2.7); the OMVs from
strail HP10124 induced a bactericidal response that was
even higher than the one induced by the same OMVs freshly
prepared.

Fréeze-drving and reconstitution did not affect the im-
mundgenicity of monovalent OMVs and trivalent OMVs
of strain JB 10124 (withous RmpM} (Table 4). Surprisingly.
in trivalent OMVs containing RmpM, only PorA subtype
Pl .S—f2‘]0 preserved the capacity to induce a bactericidal re-
sponse after freeze-drving.

Table 3
Bactericidal titers induced hy OMVs incubated at different temperatures
OMV Storage Buctericidal titers®? o
trai °C t
strain e Tb,A¢ SC.10° 12,13
=0 t=3 =6 r=12 r=0 1=3 =6 =12 t=0 t=13 =6 =12
Fol =70 1.8 26 2.1 3l -4 - - - - -
4 2.5 2.8 2.7 3 - - : - - - -
37 2.5 2.9 2.5 1.2 - -t - - - - - -
56 25 <l - <1 - - - - - - - -
B10123 -T0 1.2 <1 1.0 1.6 28 29 3.3 3.3 24 2.5 22 31
4 <1 1.2 <l 1.5 31 2.5 33 33 22 2.1 1.9 il
37 <1 <] <l <] 31 3 13 34 2.2 1.5 2.8 27
5h <l <] - <1 31 12 - <1 2.2 <1 - <|
HPIO124 -H 2.1 2.1 1.5 2.1 30 31 32 34 2.1 1.2 28 34
4 2.0 <1 <l 2.7 2.8 kN | KXy 33 1.8 1.6 25 27
37 2.0 <l 1.2 1.6 2R 3 34 13 1.8 1.4 16 29
56 20 =1 - <1 2.8 1.8 - <1 1.8 1.1 - <l

AThe bactericidal 1iter was determined as the reciprocal value of the serum diturion
indicated PorA subtype (see Section 2) and is expressed as the mean logyg titer. Seru

+,_ - . - .
hat effectuates =90%% killing of H44/76-based sirains expressing the
ol ¢uch groups was pouled in fwe samples. Ench ponl was tested

at least four times. The means were compared by the [L.SD test with a confidence level of §5%. [ SDape (72 sdep) = 0.5 [ S pe (7-2 4 0= 0 d;
L5Dpos (72, 4ime) = 0.4, LS8Dpos (7-2. 4212) = 0.3 L8Dngs (3-2. 10pag) = 0,30 L8Dg e (52, 10,230 = 0.4 LSDgge (3-2, Wygad = 0.2, LSDy i
(5-2, 10,12t = 0.1: L8Dpas (12, 13,20) = 0.6: L8Dr s (12, 13,230 = (167 L.8Dnos (120 13,_gt = 0.4 LSDges (12, 13,_y2) =02,

PSera were tested for bactericidal activiry against the PorB-vontaining M menngipais strain 11LE. None of the pools tested induced killing of cells.

“PorA subtype against which bactericidal titers are specific.
9nd.; not determined.
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Table 4
Effect of freeze-drying on the immune response induced by OMVs

OMV strain Storage [8G titers® Bactericidal titers®
o
conditions 7.2,4° 5-2.10¢ 12.13¢ HI.5¢ 7.2.4° 5-2.10° 12,13¢
Fol Liquid, 4°C 3.9 - - 0.6 23 - -
F-Df, 4°C 42 - - 0.6 2.2 - -
JBIOL24 Liquid, 4°C 38 4.4 40 3.6 0.0 29 28
F-D, 4°C 3.9 4.2 4.1 33 0.0 2.6 28
HP10124 Liquid, 4¢C 3.7 4.4 4l 1.7 2.0 3 24
FaD. 45C 1.6 an 38 14 0.9 29 0.8

Frecze-dried OMVs were reconstituted after 3 months storage at 47C and measured in parallel w liquid {¥MVs stored under the same condirions.
*The total 1gG titer of each mouse serum was determined by whole-cell LLISA and is expressed as the mean log,q titer. Plates were coated with AL
menmgitichs struins: F144/76 7-2, H44/76 5-2.10, 1144/76 12,13 and F.S (see Section 2). The means were compared by the LSD test with a confidence
tevel ol 95%: 1.SDyos (7-2.4) = 0.3: 1.SDaons (5-2,100 = 0.4: 15Dy t12. 13 = 0.3: [.SDays (HL.5::0) =09,
PThe bactericidal titer was determined as the reciprocal value of the serum dilution tha ¢ffectuates =90% killing of H44/76-bascd strains expressing
the indicated PorA subtype (see Section 2} and is expressed as the mean logyo liter. Serum of each groups was divided in two pools. Each pool was
tested at least four fimes. The means of these tests were compared by the LSD test with a confidence level of 95%: LSDggs (7-2.4} = 0.5: LSDgos

(5-2.10} = 0.4: L.8Dgps (12,13} = 0.8,
“ParA subtype ngainst which 1gG/bactericidal titers are specific,

d1gG titers specific for other structures than PorA. Sera were tested for bactericidal activify against the strain HL.5, None of the pools tested induced

killing of cells.
“nd.; not determined.
TFreeze-dried,

4. Discussion

The stability of three types of outer membrane vesicle
vaccines from N. meningitidis was studied, with a detailed
in vitro and in vivo characterization of these OMVs. The
preservation of the native PorA conformartion as well as the
structure of the presentation form were monitored, as both
are ¢crucial for the quality of the immune response [7]. PorA
is a porin. belonging to a class of membrane proteins that
appear to be exceptionally stable {20]. The physical stability
of purified recombinant PorA has been previously studied.
showing its ability to maintain its trimeric membrane ar-
rangement in the presence of low SDS concentrations [15].

As expected, the physico-chemical characteristics of PorA
OMVs were best preserved by storage at 4 *C. However,
partial unfolding of PorA was observed in all three OMV
formulations stored at this temperature after 12 months
(Fig. 3). Although this unfolding did not measurably affect
the antigenicity or the protective immunogenicity generated
by OMVs. it may be a first step in the degradation leading
to decreased immunogenicity of PorA during storage.

Only the incubation of OMVs at high temperatures
(56 °C) resulted in the total destruction of both the OMV
structure and the protein conformation (DLS, EM, SDS-
PAGE. ELISA), accompanied by change of the pH. The
modification of the PorA structure was accompanied by
a dramatic change in the fluorescence maximum towards
higher wavelengths (from 338 to ca. 405nm), reflecting
chemical modifications of PorA, with formation of new flu-
orescent degradation product(s). This was confirmed using
NATrA and NATyA as model compounds. Similar changes
in the fluorescence spectrum have been reported for tetanus

toxoid incubared at pH 2.5 and 37 °C afier 14-28 days [21]
and tetanus and diphtheria toxoids stored at 60°C for 21
days [22]. The modifications of Trp and Tyr described in
literature that lead to fluorescence shift are oxidation of Trp
or dimerization of Tyr [23]. Other oxidation reactions (c.g.
methionine, histidine) as well as other chemical degradation
reactions (e.g. deamidation, chain scission) may also have
occurred [24.25]. but this was not investigated in this study.

Unfolding of PorA and degradation of the OMV structures
was also observed at 37 “C but obviously, much more slowly
than at 56 “C. At this temperature, the change in the confor-
mation of PorA could also be observed by SDS-PAGE, with
monomerization of PorA (Fig, 3). This was also translated in
a drastic drop in antigenicity {Fig. 4). However. a decrease
in functional immunogenicity could not be detected. indi-
cating that not only the cpitope investigaled in our ELISA
system is important for the development of a protective im-
mune response. The unfolding of PorA was accompanied by
a reduced stability of the OMV structure, as their particle
size decreased (Fig. 1).

Freezing or freeze-drying of OMVs resulted in aggrega-
tion (Fig. 1). Probably, the freezing step is responsible for
this aggregation. During freezing, crystal formation may
partially rupture the vesicle structure, resulting in forma-
tion of larger vesicles and/or aggregates afier thawing or
reconstitution. The presence of 3% sucrose that could act
as cryoprotectant or lyoprotectant was not enough to pre-
vent this aggregation. However, the conformation of PorA
did not change upon freeze-thawing and freeze-drying/
reconstitution, which may explain the fact that the immuno-
genicity of aggregated OMVs was not decreased. Although
the functional immunogenicity of monovalent OMVs and
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trivalent OMVs from strain JB 10124 was maintained when
freeze-dried. lyophilized OMVs from strain HP10124 in-
duced a decreased PI1.7-24- and P1.12.13-specific bacte-
ricidal response upon reconstitution. This is unexpected
since the amount of RmpM was low compared to the PorA
amount. A negative effect of RmpM on the immunogenic-
ity of two of the three subtypes is unlikely. It i1s assumed
that other factors, related to batch or strain differences
cause the decreased immunogenicity. This would require
production and testing of several batches. No attempts were
made to improve the freeze-drying process by adding other
lyoprotectants than sucrose.

The trimeric PorA association was more stable in trivalent
OMVs than in monovalent OMVs. This is shown by the rel-
atively higher amounts of trimeric PorA in trivalent OMVs
incubated at 37 °C (Fig. 3B and C)and the higher concentra-
tion of Gnd-HC | necessary to unfold PorA in trivalent OMVs
(Fig. 7). As the composition of both trivalent and monova-
lent OMVs is similar, i.e. most of the protein is PorA, this in-
creased physico-chemical stability of trivalent OMVs could
be due to differences in the stability among PorA serosub-
types or differences amony strains in the quality of the mem-
brane association of PorA. With regard to this it would be
interesting 1o know the composition of individual wimers in
trivalent preparations; are they heterogeneous or are the mix-
tures of homogeneous trimers? We tried to establish this by
‘native’ SDS-PAGE but the results were inconclusive {results
not shown). Other approaches require separation of intact
trimers. This is hard to establish. Detergent solubilization is
needed to prepare trimers but there is no way to check for
complete separation of trimers. Vesicle fragments or mixed
ricelles containing several trimers may still exist. Further-
mote, subsequent separation of trimers will be difficult. It
would require affinity separation with subtype-specific mon-
oclonal antibodies. In the near future attempts will be made
to address this problem with mass spectrometry.

It is difficult to correlate physico-chemical characteristics
of trivalent and monovalent OMVs with immunogenicity, as

C. Arigua et al. s baccine

16 7

t

22 (2004 629-642

the PorA subtype present in monovalent OMVs(P1.7-2.4) is
the leasl immunogenic subtype in trivalent OMVs [6]. Anti-
rremcuty could not help to predict the bactericidal response
induced by OMVs stored at high temperatures. Whereas the
antigenicity of the P1.4 epitope in all OMVs was decreased
or completely absent in OMVs stored at 37°C, these OMVs
were still able to induce polyclonal bactericidal antibodies
in mlcc Possibly, the immune response was directed against
other! epitopes of PorA subtype P1.7-2.4 than the epitope
recognized by the monoclonal antibody used for the anti-
genicity test. Also, as previously shown in man [27], the
presence of [gG in mice serum was not always accompanicd
by a bactericidal activity.

The ELISA data (relative to epitope PL.4 of PorA P1.7-2
4y show that the antigenicity of this epitope was lower rh'm
expetted in trivalent OMVs than in monovalent OMVs,
This may be due to a lower P1.7-2.4 expression in trivalent
OMYs. or to a decreased accessibility of the P1.4 epitope in
these OM Vs for the monoclonal antibodies used in the assay.
Moréover, the P1.7-2 4-mediated bactericidal serum activity
induced by trivalent OMVs was reduced as compared 10 the
bactericidal activity induced by monovalent OMVs. It was
previously shown that bactericidal activity induced by the
P1.7-2.4 subtype in trivalent OMVs and mixtures of three
nmnbva]ent OMVs was decreased in both cases [26]. This
mdlcates that the exposure of this PorA subtype is similar in
trivalent and monovalent OMVs, but that P1.7-2.4- -when
simultaneously administered with other subtypes—-is less
efficfently processed and/or that P1.7-2.4 epitopes generate
annbodles with low affinity. From the other PorA subtypes
in trwalent OMVs, P1.5-2.10 induced the highest bacterici-
dal gerum activity. This subtype was also previously found
to induce the highest bactericidal response in toddlers and
school children [27]. Even after 3 months incubation at
56°C, stll bactericidal activity was detected against this
subtype. This is very surprising, as no PorA could be seen
by §DS-PAGE and samples incubated at 56 °C showed no
antigenicity. This bactericidal activity could be due to the

B &
]
45 J 45
[ = =
%‘ 4 {i’ 4 4 ‘i):
- © =
G35 §3s g
3 3
25 = r T T v T — 2.5 4 - - T T 25 1 T r T T T 1
o] 2 4 § 8 10 12 0 2 4 [ B 10 12 0 2 4 & 8 1m0 12
(A time {months) (B) tims (months) [(#] time {months)

v o . L . . .
Fig. 7. Effect of time and storage conditions on the concentration of Gnd-HC1 needed for 50% red shift of Agax of PorA in (OMVs from strain FY1

(A), J310124 {(3) and HP10124 (C). Samples were stored at —70 >C (squares), 4

¢ (diamonds) or 37°C (iriangles). In samples stored at 56 °C, a shift

#t OM Gnd-HC! comparuble 10 the one obtained in samples at ¢ = 0 with 4 M Gnd-11Cl was already observed after 3 months storage. The results are

shawn as mean values (£5.02.) of three measurements,
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presence of a non-detectable fraction of intact, denaturcd
or fragmented PorA present in the formulations.

The presence of low molecular weight bands in West-
ern blotting, indicating the presence of degradation products
coniaining epitopes located in the variable regions 1 and 2
{VRI and VR2, respectively) [28], was observed for PorA
subtype P1.12,13 in trivalent OMVs stored for 12 months at
=70, 4 or 37°C. The fragmentation of PorA did not affect
the immunogenicity of this PorA subtype in trivalent OMVs,
probably because the fragmentation was incomplete,

The presence of RmpM in the OMVs from strain
HP10124 did not improve their long-term stability. On the
contrary, the immunogenicity induced by these OMVs was
decreased upon freeze-drying (Table 4). It is unexpected
that these OMVs are (even) less stable (after freeze-drying)
than trivalent OMVs that do not contain RmpM, as this
protein has an important role in the localization and stabil-
ity of PorA trimers in the outer membrane [15]. The yield
{by means of the amount of total protein) of OMVs puri-
fied from HP10124 strain (RmpM™), was also three-fold
lower than the yield in RmpM™ strains (not shown), and
the amount of RmpM present in OMVs was very low, only
detectable by Western blotting. A reason for these rela-
tively low yiclds may be the strong effect of RmpM on the
structure of the bacterial outer membrane. RmpM™ bacteria
form a well fitted, tight outer membrane, whereas the outer
membrane of RmpM™ stains has an ‘over-sized’ appear-
ance [29]. The RmpM seems to influence the attachment of
the outer membrane to the underlying peptidoglycan layer,
The result is that the OMV yield of the RmpM™ strains is
higher. at least in the case of detergent-free extraction,

In conclusion, trivalent OMVs appeared slightly more sta-
ble than monovalent OMVs, although these differences are
not reflected in the in vivo activity. All OMVs are stable
for at least 1 year if stored at 4 °C or frozen. Freeze-drying
provides a good alternative to storage in the liquid state and
may be advantageous for long-term (>1 year) storage.
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