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CARLOS R. OLARTE, mayor de edad y vecino de Bogot4, identificado tal como aparece al pie
de mi firma, en mi caracter de apoderado de la sociedad solicitante, me permito manifestar lo

siguiente ante el auto emanado por ese Despacho, dentro del plazo legal de prérroga previsto en

el Articulo 45 de la Decision 486, en los siguientes términos:

1. a- En primer lugar, la Examinadora sefiala que la Reivindicacién 1 hace referencia a
una composicion de vacuna pero no se encuentra adecuadamente caracterizada puesto que dicha
composicién debe definirse por todos sus componentes y proporciones, asi como debe definir la

naturaleza, tipo de organismos, proteinas, expresion y secuencias que hacen parte del antigeno.

En adicién a lo anterior, la Examinadora sefiala que la Reivindicacion 1 se refiere a la formacién
de micelas helicoidales por la combinacion de dos de los componentes de la composicion de la

vacuna, lo cual corresponde a un resultado a alcanzar y no define la composiciéon de la vacuna.
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De la misma forma, la Examinadora argumenta que se define la composicién de acuerdo a la
forma de adicién de los componentes, lo cual no caracteriza la composicion.

Adicionalmente, la Examinadora argumenta que la Reivindicacién 2 no es clara porque contiene
el término “vehiculo veterinariamente aceptable” el cual es impreciso y no permite distinguir la

invencion del estado de la técnica.

De ofra parte, la Examinadora afirma que la Reivindicacion 3 se refiere a una emulsion en aceite

en agua y por tanto la naturaleza del componente aceite en dicha emulsién debe estar definida.

Ademds, la Examinadora argumenta que la Reivindicacion 5 hace referencia a Quil-A, que es una

marca registrada y por tanto no define claramente el producto.

La Examinadora argumenta que la Reivindicacion 7 hace referencia a la naturaleza del antigeno,
sin embargo las posibilidades son muy amplias y no se define de manera especifica el agente que

se encuentra dentro de la composicion.

Finalmente, la Examinadora sefiala que las Reivindicaciones 1 y 7 hacen referencia a un antigeno

de manera general, pero no encuentran soporte en el Capitulo Descriptivo. !

b- i) En primer lugar, me permito subrayar que la presente invencion se refiere a
una composicién de vacuna que comprende un glicésido de saponina, un esterol y un antigeno, en
donde (al formarse dicha composicién), dicho esterol es adicionado a dicho glicésido de
saponina, los cuales se asocian entre si para formar complejos micelares de forma helicoidal y en
donde dicho antigeno estd mezclado pero no integrado en las micelas helicoidales.

Ahora bien, las micelas helicoidales no son simplemente un resultado deseado, sino una
caracteristica estructural importante. La forma de los complejos de glucésido de saponina-
esterol, de ninguna manera puede ser considerados como un resultado a alcanzar, por el contrario,
esta caracteristica define una particularidad estructural de la organizacion de la cbmposicién. Es
claro que el Manual Andino de Patentes (MAP) establece que, las caracteristicas técnicas de la

invencion en las reivindicaciones pueden ser estructurales (como la forma) o atin funcionales.'

: Manual Andino de Patentes. (2004). Seccién 4.2 (disponible en

http://www.comunidadandina.org/public/patentes.pdf).
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Adicionalmente, debe tenerse en cuenta que la practica andina permite que lats reivindicaciones
incluyan definiciones de producto en términos de su proceso de fabricaci(')ry;.2 Asi entonces,
puede entenderse que la Reivindicacion 1 ademas comprende una cierta condicién de proceso
para la obtencion de micelas helicoidales. Las saponinas actuan formando espuma en el agua, y

podrian precipitar el colesterol, si éste se encuentra en el agua debido a que es una molécula
hidrofébica.

De acuerdo con la invencién (Ejemplo 21), una solucién de colesterol preparadé en etanol, al ser
diluida en agua, volveria el agua turbia; sin embargo, tras la adicién de saponinas, el colesterol
precipita. Por el contrario, si una pequefia cantidad de la solucién de colesterol en el alcohol se
afiade lentamente al agua que ya contiene saponinas, el colesterol y saponinas interactian entre si
para formar las micelas helicoidales de la Reivindicacién 1. El colesterol, debido a sus
caracteristicas estructurales, tiene una afinidad muy fuerte por los lipidos. Asi, métodos en los
que se combine el colesterol con un lipido, darian lugar a un complejo de coles{erol/lipidos (por
ejemplo, liposomas), por lo que el colesterol no estaria disponible para la formacién de micelas
helicoidales como en la presente invencién. El Capitulo Descriptivo de la p‘fesente solicitud
proporciona una descripcion detallada del género reivindicado de las micelas helicoidales (ver
Ejemplo 21), describiendo en detalle la composicion de las micelas helicoidal'y el método de

fabricacion de éstas.

ii) De otra parte, con respecto al uso del término “antigeno”, debe tenerse en
cuenta que la novedad y el nivel inventivo de la presente invencién no recae en la naturaleza del
antigeno, sino en la formacién de dichas micelas helicoidales que sorprendeli;te generan una
mayor estabilidad. De hecho, diferentes antigenos producen diferentes respuestas inmunes, lo
cual es de esperar ya que la persona medianamente versada en la materia no ésperaria que la
inmunizacién con un antigeno anti-influenza diera lugar a la proteccién contra, por ejemplo,
BVDV. Es decir, la respuesta inmune que se produce no hace parte de la materia feivindicada, ya
que el hecho de que los diferentes antigenos produzcan diferentes respuestas inmunes es
completamente irrelevante para la patentabilidad de la presente invencién.

No obstante, y sin perjuicio de lo anterior, el término “antigeno” se encuentra completamente
definido en las paginas 27-33 del Capitulo Descriptivo, especificamente en la seccién titulada

“Composiciones de las vacunas que contienen antigenos incorporados en emulsiones

2 Manual Andino de Patentes. (2004). Seccién 4.6.8 (disponible en

http://www.comunidadandina.org/public/patentes.pdf).
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submocrométricas de aceite en agua”. Ademads, los antigenos que se pueden incluir en las
composiciones se encuentran descritos en la pagina 29. Los antigenos de Leptospira también se
utilizaron en los Ejemplos 11 y 13 para BVDV.

|
Ahora bien, respecto a la presencia del término “antigeno” en las reivindicaciones, me permito
sefialar que un inventor estd en su derecho de reclamar proteccién para la totalidad de un

concepto inventivo desatrollado sin importar la amplitud de éste, siempre y cuando se conserve

el principio de unidad de invencién y no se encuentre anticipado por el arte previo.

Adicionalmente, vale la pena anotar que el uso de términos generales que implican la posibilidad

de obtener la invencién en diversas modalidades, es una préactica aceptada a nivel mundial en el

ambito de las patentes, ya que una patente de invencién no se limita a una unica modalidad, si no

que cubre un concepto inventivo global que abarca diferentes modalidades (diversas
materializaciones de la invencién) ligadas por un efecto técnico comun que finalmente es el que

delimita el alcance de la invencion.

i)  En relaciéon con Quil-A y el colesterol, es importante resaltar que una
persona medianamente versada en la materia podria extrapolar con facilidad que las micelas
helicoidales formadas a partir de Quil-A y colesterol como lo reclama la presente invencidn se

pueden formar a partir de otros esteroles y otras saponinas.

Es decir, una persona medianamente versada en la materia estaria en capacidad de predecir los
resultados descritos en el Capitulo Descriptivo, los cuales podrian ser extrapolados a otros
esteroles y saponinas, si se basa en dos factores: primero, todas las saponinas comparten el
mismo nicleo, es decir, el nicleo de aglicona, y segundo, todos los esteroles tienen el mismo

nucleo, es decir, el nicleo de esterol.

HO

Nucleo de esterol

El hecho de que los esteroles se den a conocer es suficiente para una persona normalmente
versada en la materia reconozca que el dicho término abarca toda la familia de compuestos que

comparten el mismo ntcleo. Del mismo modo, el hecho de que Quil-A esté particularmente
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divulgado, representa para la persona normalmente versada en la materia que el término abarca

toda la familia de compuestos que comparten niicleo de aglicona.

Hy

Estructura de Betulina

(Triterpeno que estd presente en la naturaleza)

Particularmente, la razén para que una persona medianamente versada en la materia sea capaz de
llegar a tal conclusién se encuentra en la divulgacion de los compuestos y en la implicacién de

que los compuestos estructuralmente similares probablemente presentan propiedades similares.

En adicién a lo anterior, me permito adjuntar la declaracion del Dr. Paul Dominowski presentada
para la contraparte europea de la presente solicitud. La Declaracion del Dr. Dominowski
simplemente pone de relieve la materia de la presente solicitud. Considerando que la experiencia
en la técnica en relacién con los adyuvantes es alta, una persona normalmente versada en la
materia realizaria el mismo andlisis Dr. Dominowski sin dificultades excesivas. Asi, me permito
sefialar respetuosamente que la informacién divulgada en el Capitulo Descriptivo y la
informacién disponible de fuentes facilmente disponibles (por ejemplo, las férmulas de los
esteroides) es suficiente para establecer dicho razonamiento. De la misma forma, me permito
adjuntar 5 referencias que soportan lo mencionado anteriormente, asi como la hoja de vida del

Dr. Dominowski.

iv) En relaciéon con la expresion “vehiculo veterinariamente aceptable”, me
permito recalcar nuevamente que la patentabilidad de la composicién de vacuna de la presente
invencién recae en la novedad y el nivel inventivo involucrado en la combinacion de una

saponina y un esterol en forma de complejos de micelas helicoidales.
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En adicién a lo anterior, me permito respetuosamente sefialar que como lo establece el Manual
Andino de Patentes (MAP), las reivindicaciones deben contener todas las caracteristicas técnicas
esenciales de la invencion, las cuales no sélo definen la misma, sino que permiten hacerla
distintiva del estado de la técnica’, las reivindicaciones no necesitan incluir elementos no
esenciales de la invencion reclamada. Por el contrario, y con el fin de presentar claramente las
propiedades novedosas e inventivas de la invencion, las reivindicaciones deben limitarse a los
elementos caracteristicos que la diferencian del estado de la técnica. Asi, proporcionar detalles
no esenciales solo limitarfa la proteccion de la patente y restringiria injustamente el alcance de la
proteccion a la que el solicitante tiene derecho, como se mencioné en el punto 1.b.ii del presente

memorial

Adicionalmente, cualquier persona medianamente versada en la materia entenderia la expresién
“vehiculo veterinariamente aceptable”, que por demas se utiliza coml'mmenté en la préctica de
patentes, es por definicién cualquier sistema de suministro de farmaco que comprende un
vehiculo aceptable. En resumen, cualquier persona medianamente versada en la materia
comprenderia claramente el alcance de este lenguaje y por lo tanto no hay ambigiiedad alguna en
los limites de la invencidn, que estan definidos en el Capitulo Reivindicatorio que especifica las

caracteristicas esenciales de la materia novedosa e inventiva aqui reclamada.

V) Teniendo en cuenta lo anterior, considero superadas las anteriores
objeciones presentadas por la Examinadora, cumpliendo con los requisitos de claridad y
permitiéndole a la persona del oficio normalmente versada en la materia determinar

inequivocamente el alcance de la materia reclamada.

2. a- La Examinadora solicita definir los nombres comerciales que se eﬁcuentran dentro
del Capitulo Descriptivo, tales como AMPHIGEN, Tween 80, SPAN 80, Quil-A, Ross,
DRAKEQL, etc.

b- Orientados por la recomendacion de la Examinadora, me permito aclarar que las

marcas incluidas en el Capitulo Descriptivo ahora se definen en una nueva hoja numerada como

pagina 75, donde se explica el alcance de cada una de los términos objetados.

'g'

} Manual Andino de Patentes. (2004). Seccién 4.2 (disponible en

http://www.comunidadandina.org/public/patentes.pdf).
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3. a- La Examinadora sefiala que las patentes W09633739 (D1), US20030095974 (D2)
y W02004017990 (D3), afectan la novedad de la presente invencion.

i) La Examinadora argumenta que D1 divulga composiciones de vacuna que
comprende un antigeno, una fraccion inmunolégicamente activa de saponina que corresponde a
QS21 y un esterol, de preferencia, colesterol, en un vehiculo farmacéuticammente aceptable que
comprende una emulsion aceite en agua que se caracteriza por ser una micro-emulsién en forma

de liposoma con un tamatfio de particula menor a 1 nm.

De la misma forma, la Examinadora sefiala que D1 divulga un procedimiento de preparacién de
la composicién de la vacuna en donde se tienen en cuenta la combinacién entre el esterol y el
glicosido de saponina y establece que la presencia conjunta e inicial entre el colesterol y el QS21
forman liposomas o micelas estables que pueden permanecer en suspensi(')nT por més tiempo y
dicha mezcla o asociacién produce la estabilizacion de los glicdsidos de saponina, lo que conlleva
una menor reactogenicidad. Ademaés, D1 divulga que la mezcla del 'antigeno se hace
posteriormente a la mezcla con el antigeno, donde dicho antigeno esta mezclado pero no
integrado en micelas o liposomas generados por microemulsién, lo cual e;mticipa la materia

reclamada en la Reivindicacién 1.

i) De otra parte, la Examinadora argumenta que D2 divulga una composicién
de vacuna que comprende una fraccién inmunolégicamente activa de saponina que corresponde a
Quil-A o un derivado como QS21, en un vehiculo que comprende una emulsién submicronizada
de aceite en agua con un tamafio de gota de 1 micrémetro. Dicha composicién ademads contiene
un antigeno de naturaleza bacteriana como viral y un esterol, de preferencia, el colesterol, lo cual

anticipa la materia reclamada en la Reivindicacién 1.

ni)  Finalmente, la Examinadora seflala que D3 divulga composiciones
inmunogénicas y vacunas que comprenden la combinacién de a) un agente viral como el virus de
herpes bovina (BHV-1); b) un antigeno de BVDV tipo I y tipo II; ¢) un adyuvante seleccionado
entre glucésidos de saponina o sus derivados (Quil-A/GPI-0100), colesterol, ¢itoquinas, etc, un
vehiculo veterinariamente aceptable que involucra emulsiones aceite en agua microﬂuidizadas, lo

1

cual anticipa la materia reclamada en la Reivindicacién 7.
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b- i) En primer lugar, es importante entender que los vehiculos en
composiciones adyuvantes ensefiados por las referencias citadas, se selecciona del grupo que

comprende sales minerales, emulsiones, polimeros, liposomas e ISCOMs. '

' I
Asi entonces, para facilitar la argumentacion siguiente, me permito incluir a continuaciéon una

breve descripcidn de los vehiculos descritos en las referencias citadas.

Los liposomas son generalmente de forma esférica y estan formados por moléculas de lipidos
anfifilicos. Las moléculas anfifilicas lipidicas tienen partes hidrofobicas e hidrofilicas. Cuando
estas moléculas anfifilicas se disuelven en agua, tienden a auto-ensamblarse, de manera que las
partes hidréfobas se agrupan junto con las porciones hidrofilicas que se extienden hacia fuera y se
exponen al agua. El liposoma formado por lipidos puede ademas incorporar moléculas lipéfilas
tales como el colesterol. Los liposomas también pueden incorporar otras moléculas tales como

saponinas.

Los ISCOMS son conocidos en la técnica como complejos inmunoestinjulantes que son
particulas esféricas de tamafio uniforme con un didmetro de 30-40nm. Se forman por la
interaccién de saponinas, lipidos y colesterol.

|
Las emulsiones se forman cuando se mezcla aceite con agua y un emulsionante, y se somete a
una fuerza de cizallamiento alto. Como resultado de la fuerza de cizalla aplicada, €l aceite se
dispersa uniformemente en la fase acuosa y las moléculas anfifilicas emulsidnantes estabilizan

las particulas diminutas del aceite resultantes.

i) En cuanto al arte previo citado por la Examinadora y las objeciones de

novedad relacionadas, llamo respetuosamente la atencion sobre lo siguiente:

D1 describe una composicién de vacuna que comprende una saponina (QS21), un esterol
(colesterol) y un antigeno. Las composiciones preferidas de D1 forman liposomas o ISCOMs, y
ademds pueden contener un vehiculo emulsionado O/W. El Ejemplo 1 de D1 establece que "los
liposomas tienen un tamario definido de 100nm y se conocen como SUV (pequefias vesiculas
unilamelares). Si esta solucién se congela y se descongela repetidamenté, las vesiculas se
Jusionan para formar grandes estructuras multilamelares (MLV) de tamatios que van desde
500nm a 15um” Debido a la muy fuerte afinidad del colesterol por los lipidos, el colesterol no

estarfa disponible para la formacién de micelas helicoidales, como en la presente invencién.
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D1 también describe el orden de adicién de los componentes cuando se combinan la saponina y
colesterol (Ejemplo 1.1). Siguiendo la secuencia de pasos de este ejemplo, necesariamente se
obtiene la formacién de liposomas (opcionalmente con lipido A monofosforil 3-desacilado (MPL
0 3D MPL), presente en las membranas de los liposomas. Posteriormente en el Ejemplo 1,2), la
saponina (QS21 en solucién acuosa) se afiade a los liposomas. A continuacién, la mezcla
liposoma/saponina se afiade a una solucion de antigeno (opcionalmente tambiént en la presencia
de MPL). La formulacién de liposomas de acuerdo con los Ejemplos 1.1 y 1.2 es estandar a

través de los ejemplos restantes de D1.

Como se describe en el Ejemplo 1.1, la saponina se agrega a los liposomas (0 ISCOMs) que
contienen colesterol, preparados por adicién de una solucién acuosa a una mezcla de lipidos y
colesterol. Los liposomas, ISCOMs y particulas de una emulsiéon O/W son generalmente de
forma esférica y estdn formados por moléculas de lipidos anfifilos. Estas NO forman micelas
helicoidales porque el colesterol ya esta ligado en los liposomas. Ademas, debido a la afinidad
muy fuerte del colesterol por los lipidos, el colesterol no estaria disponible para la formacién de
micelas helicoidales como en la presente invencion. Como se ha indicado en D1 (pégina 7, lineas
16-18), "... El colesterol es insoluble en soluciones acuosas y no forma una suspénsio’n estable ...
en la presencia de fosfolipidos el colesterol reside dentro de la bicapa de fosfolipidos que puede

Sformar una suspension estable de las vesiculas llamadas liposomas ... "

Una distincion importante entre los liposomas y las micelas (helicoidales o no), es que los

liposomas tienen una bicapa lipidica, mientras que las micelas tienen solamente una monocapa.

La evidencia de que el proceso de D1 requiere de liposomas esféricos, se encuentra en la seccién
de 1,3 de D1, donde se describe que el colesterol en liposomas es necesario:para inhibir la
actividad litica de QS21. También se describe que el lipido es necesario para inhibir la actividad
litica (ver pagina 7, lineas 16-21). Se describe ademas en la seccién 1.4 del D1 que la QS21 es
mucho menos susceptible a la hidrélisis a un pH superior a 7, si ésta se asocia con liposomas que
contienen colesterol. Una prueba adicional de que el proceso de D1 forma liposdmas esféricos o
ISCOMs, es que la reivindicacion 1 de la patente de los Estados Unidos US6.846.489,
equivalente a D1, tiene la limitacion que ... la composicién adyuvante estd en la forma de una
ISCOM". Por lo tanto, los lipidos son un componente esencial de la referencia D1, mientras que

no hay lipidos en el procedimiento de la presente invencién.
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La presente invencién no se obtiene de la misma manera que ensefia DI, y por lo tanto la
microestructura de la composicion es diferente. El proceso de la presente invencién corresponde
a la adicién lenta de una pequefia cantidad de una solucién madre de colésterol en alcohol
(Ejemplo 21) al agua ya que contiene saponinas. El colesterol y las saponinas interactiian entre s
para formar las micelas helicoidales de la Reivindicacién 1. El resultado del procedimiento de
los solicitantes es la obtencién de micelas helicoidales. No hay lipidos en el procedimiento de la
invenci6n, puesto que el procedimiento afiade esteroles al agua que contiene saponina, diferente
del proceso de D1 para de hacer liposomas con colesterol y fosfatidilcolina y afiadiendo luego la

saponina a los liposomas que contienen colesterol.

D1 no ensefia micelas helicoidales largas y enrolladas formadas por la interaccién de saponinas y
esteroles, tal como se presenta en la Reivindicacion. D1 ensefia esencialmente una combinacion
de colesterol esféricos/liposomas lipidos y saponinas. EIl Capitulo Descriptvo de la presente
solicitud proporciona una descripcion detallada del género de micelas helicoidales reivindicada,
como el Ejemplo 21, donde se describe en detalle la composicién de las micelas helicoidal y el
método de fabricacion de las mismas. NO no hay descripcién alguna en D1 sobre la formacién
de micelas helicoidales por interaccion entre saponinas y esteroles. D1 puramente se centra en la

formacion de liposomas o ISCOMs.

En conclusion, la materia objeto de la presente solicitud es novedosa e inventiva en relacién con
D1.

1i1) Ahora bien, la examinadora afirma que D2 describe composiciones de
vacuna que comprenden la fraccién de saponina inmunolégicamente activa Quil-A, QS21 (pagina
1, parrafo 005; péagina 1, las Reivindicaciones 1 y 4), en un vehiculo que comprende emulsién
submicronizada O/W (pagina 4, parrafo 0026), que tiene un tamafio de gota de lum (pégina 1,
Reivindicaciéon 17), dicha composicién que comprende también un antigeno viral y bacteriano
(pagina 2, parrafo 0014, y Reivindicacién 13), y un esterol - colesterol (pagina 3, el parrafo 0023
y 0026; Reivindicaciones 5-7).

Difiero respetuosamente de la posicion de la Examinadora, en tanto considero que D2 describe
una composicion de vacuna que comprende un adyuvante basado en una saponina y una emulsion
submicrénica O/W, que comprende un esterol en la fase oleosa de la emulsion O/W. Tales
preparaciones de vacunas se formulan junto con un antigeno en mezcla. Las particulas o gotas de

una emulsion O/W son generalmente de forma esférica y estan formados por moléculas de
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lipidos. NO hay ensefianza alguna en D2 sobre la formacién de micelas helicoidales mediante la
interaccion entre las saponinas y esteroles. En D2 claramente ensefia que la saponina se afiade al
colesterol, y que las particulas estan en forma de liposomas, NO de micelas helicoidales. Véase
en particular el parrafo [0023], donde se afirma que "una vacuna que contiene QS21 y una
emulsion O/W, que cae dentro de la relacion deseada, se formula en la presencia de un esterol..."
y el parrafo [0025], donde se afirma que " formulacion de la QS21 en liposomas que contienen
colesterol". Asi, D2 describe la adicion de colesterol a la fase oleosa de la emulsién y la adicién
luego de la saponina a la emulsion (véanse los parrafos [0037] y [0038], y la Ré;ivindicacic’)n 26).
NO se forman micelas helicoidales porque el colesterol ya esta ligado en los liposomas. Esto es
contrario al orden de adicion de los componentes en la presente invencién, donde se afiade el

esterol al glicésido de saponina.

En la presente solicitud, la Reivindicacién 1 reclama un glicésido saponina, un esterol y un
antigeno, sin menci6n alguna sobre una emulsién O/W. La seccién titulada "complejos formados
por una saponina y un esterol" contiene una descripcién de las composiciones que contienen las
micelas helicoidales. - En esta descripcion, no hay ninguna mencién de una emulsién O/W.
Ademss, el Ejemplo 21 describe en detalle la composicién de las micelas helicoidales y el

método de fabricacion de éstas.

D2 no anticipa la presente invencion por varias razones:

(1) D2 describe una microestructura de liposomas, NO micelas helicoidales;

(2) las composiciones adyuvantes de la Reivindicacién 1 c";omprenden un
glicosido de saponina y un esterol, pero no una emulsién O/W;

(3)  en la presente invencion, el esterol no se afiade a la emulsion, se afiade a la
solucion que contiene el glicosido de saponina; y ‘.

(4)  en aquellas modalidades que comprenden una emulsién, la emulsién de la
invencion no comprende un aceite metabolizable. D2 ensefia el uso de escualeno, que es
un aceite metabolizable, mientras que en realizaciones de la presente invencién siempre
comprenden un aceite no metabolizable, tal como el aceite mineral. D2 afirma que "la
fase de aceite del sistema de emulsion debe comprender un aceite metabolizable" (parrafo
[0008]). Esto aleja la materia de D2 de la presente invencién. No hay descripcién
permitiendo alguna en D2 de todas las caracteristicas esenciales de las reivindicaciones ni
indicacién a los expertos en la materia para intentar productos la presente invencién con

una expectativa de éxito.
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En conclusion, la materia objeto de la presente invencién es novedosa e inventiva sobre D2.

iv)  La Examinadora afirma que D3 describe vacunas inmunogénicas que
comprenden: a) un agente viral de VHB-1, b) un antigeno de BVDV tipo Iy tipo II (pagina 44,
Reivindicaciones 1 y 4, pagina 45, Reivindicacién 12); ¢) un adyuvante seleccionado de
glucésido de saponina o derivados del mismo -Quil-A/GPI-0100, colesterol (pagina 44, la
Reivindicacion 2), citoquinas, etc (pagina 11, lineas 12-22); y d) un vehiculo veterinariamente
aceptable que comprende emulsiones O/W microfluidizadas (pagina 11, linea 22). El examinador

concluye que W02004/017990 destruye la novedad de la reivindicacién 7.

Me permito anotar respetuosamente que D3 describe una composicién de vacuna que comprende
un adyuvante basado en una saponina y una emulsion O/W submicronizada, que éomprende un
esterol en la fase oleosa de la emulsion O/W. Las particulas o gotas de una emulsion de aceite en
agua son generalmente de forma esférica y estdn formadas por moléculas de lipidos. Sin
embargo, NO hay ninguna ensefianza en D3 sobre la formaciéon de micelas helicoidales por la
interaccion entre saponinas y esteroles. En la presente solicitud, la Reivindicacién 1 reclama un
glicésido de saponina, esterol, pero no incluye una emulsién O/W. La seccion titulada
"complejos formados por una saponina y un esterol" contiene una descripcion de las
composiciones que contienen micelas helicoidales. En esta descripcion, no hay mencién alguna
de una emulsion O/W. Ademés, el Ejemplo 21 describe en detalle la composicién de las micelas
helicoidales y el método de fabricacién de las mismas. Nada en D3 anticipa la presente
invencion, porque no se incluye una discusion en la técnica citada del método de fabricacion de la
emulsién. Las ensefianzas de D3 no son lo suficientemente detalladas para permitir a la persona

calificada para usar dicha informacién y realizar o explotar la invencién.
En conclusién, la materia objeto de la presente invencion es novedosa e inventiva sobre D3.

V) En resumen, la presente invencion corresponde a una composicion de

vacuna que comprende un glicésido de saponina y un esterol, en donde dicho glicésido saponina

y dicho esterol se asocian entre si para formar complejos en forma de micelas helicoidales.

No hay ensefianza alguna en las referencias citadas como arte previo sobre la formacién de
micelas helicoidales por la interaccién entre las saponinas y esteroles. Adicionalmente, estos
complejos en micelas helicoidales tienen actividad inmunoestimulante y son especialmente ttiles

como adyuvantes en composiciones de vacuna como la reclamada en la presente solicitud.
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En este punto vale la pena recordar que para fundamentar una afectacién vélida contra la novedad

de una invencién, el arte previo debe divulgar explicitamente todas y cada una de las

caracteristicas de la invencion.* Es mas, el Tribunal Andino de Justicia (TAJ) ha determinado
que para establecer una objecion valida contra la novedad, la divulgacién del arte previo debe ser

lo suficientemente detallada para que una persona versada en la materia pucda usar dicha

informacion para reproducir y explotar la invencién.” En el presente caso, ninguna de las

referencias citadas describe especificamente complejos saponina-esterol en forréna de micelas
helicoidales; tampoco se ensefia el proceso de afiadir el esterol al glicésido de saponina, y por lo
tanto no existe tampoco una anticipaciéon inherente. Las referencias citadas ensefian las
saponinas en forma de grandes estructuras ordenadas como ISCOMS o liposomas, porque se
formulan con colesterol y lipidos; asi, cuando las saponinas interactiian con los lipidos y
colesterol de esta manera, se forman estructuras esféricas uniformes, pero que no producen las

estructuras helicoidales de la presente Reivindicacion 1.

4. Finalmente, deseo poner bajo su conocimiento que para el concépto inventivo
comprendido en la presente solicitud, el privilegio de patente ha sido otorgado hasta el momento
por parte de las Oficinas de Patentes en Australia (AU20052130708), India (249232), Mexico
(261163), Nueva Zelanda (550152), Filipinas (1-2006-501952), Rusia (234‘7586), Taiwan
(1301067), Ucrania (89631), Estados Unidos (7,122,191) y Europa (1,742,659). '

Si bien es cierto que las concesiones de patentes en oficinas de otros paises no son vinculantes en
el sentido que obliguen a la SIC a tomar una decisién en el mismo sentido, considero que dichas
concesiones sugieren el cumplimiento de los requisitos de patentabilidad de la materia
reivindicada, ya que los criterios de evaluacion y estudio aplicados para concluir la aceptacion de

dichas patentes resultan equivalentes a los que la SIC debe emplear.

S. Por todo lo anterior, considero que las objeciones presentadas por la Examinadora en su
primer examen de fondo, han sido resueltas y por consiguiente solicito respetuosamente que el
Despacho tenga por cumplidos los requisitos de patentabilidad y proceda con la:concesién de la

patente.

‘ Manual Andino de Patentes. (2004). Seccién 9.4. (disponib]e en

http://www.comunidadandina.org/public/patentes.pdf).
* Proceso 06-1P-89 (http://intranet.comunidadandina.org/Documentos/Procesos/209-1P-2005.doc);
y Proceso 36-1P-2004 (http://www.notinet.com.co/serverﬁles/servicios/archivos/30ju104/ca36-04.htm)
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Atentamente,

ARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295

1.MB

Anexos;

Hoja Sustituta 75

Declaracion Dr. Paul Dominowski suministrada para la contraparte europea

Hoja de vida Dr. Paul Dominowski.

Articulo cientifico: Kidambi, S, Patel, S. Sitosterolaemia: pathophysiology, clincal
presentation and laboratory diagnosis.

Articulo cientifico: Sarek, J. Betulines. Triterpenes.

Articulo cientifico: Higuichi, R, Komori, T. Structures of compounds derived from the
acyl moieties of Quillajasaponin.

Articulo cientifico: Ronnberg, B. Effects of carbohydrate modification of Quillaja
saponaria Molina QH-B fraction on adjuvant activity, cholesterol-binding ¢apacity and
toxicity. |

Estructura quimica de QS 21. www.chemicalbook.com

Pagina 14 de 14



Expediente No. 06-100.763A
Primer Exdmen de Fondo
P2006/000215A

Hoja Substituta No. 75

Para todo el contenido del Capitulo Descriptivo anterior, se entiende que los siguientes

términos comprenden el alcance que se determina a continuacion;

— Amphigen ® es una emulsion de aceite en agua;

~ Tween 80 ® es monooleato de polioxietilensorbitan;

-~ SPAN 80 ® es monooleato de sorbitan;

— Drakeol ® es aceite mineral,

~ Ross ® es el nombre de una empresa que produce homogeneizadores y emulsionantes.

~ Microfluidica, Gaulin, y Rainnie son los nombres de las empresas que producen
microfluidizadores;

- Silverson es el nombre de una empresa que produce un homogeneizador;

- Rehydragel es el nombre comercial de un gel de hidréxido de aluminio;

— PLG-Resomer RE 503H es un acido glicélico polilactico;

— Temco modelo Spray Dryer SD-05 es un modelo de un secador por pulverizacion;

— Quil A es un componente parcialmente purificado a partir de un extracto crudo de
saponina que se aislé de la corteza de Quillaja saponaria. Quil A es una mezcla de un
nimero de glucésidos de saponina. El uso del nombre parece haberse convertido en

omnipresente y se considera representante del grupo glucésido de saponina.
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Our Reference: PC32251A-EP

Re: European Patent Application No. 05718292.5 — 1222
Pfizer Products, Inc,
Declaration of Paul J. Dominowski, PhD

Dear Sirs,
I, Paul 1. Dominowski, do declare as follows:
I hold the position of Senior Principal Scientist at Applicant’s assignee, Pfizer Inc.

I received a B.S. degree in Microbiology and a B.S. degree in Public Health from the University
of Wisconsin in 1991, a M.S. degree in Microbiology, Immunology and Preventive Medicine from
Iowa State University in 1994, and a Ph.D. degree in Immunology from Western Michigan
University in 2008.

I have been employed by Pfizer Inc. since 1997, specializing in the areas of Analytical and
Chemistry and Drug Formulation. I am a co-inventor of European Patent Application No.
05718292.5 —~ 1222, which is the subject of the present proceedings. My research focus is
drawn to the field of engaging the immune system to treat cancer and infectious diseases,
either as a method of therapy or prophylaxis. My specialty has focused on developing
immunomodutators and vaccine adjuvants designed to accomplish this task. I have areas of
expertise that include vaccine design and formulation and vaccine adjuvant design.

The present Declaration under Oath is provided in regard of the subject matter' dlsdosed in
European Patent Application No. 05718292.5 - 1222,
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Sterols

Sterols are a family of polycyclic compounds. The nucleus of a sterol molecule, which is rigid
and planar, is shown in Figure 1.

HO

Figure 1. Sterol nucleus i

The plant sterols are triterpenes with a tetracyclic cyclopenta[ a]lphenanthrene structure and a
side chain at carbon 17. (http://lipidiibrary.aocs.org/lipids/plant_st/index.htm) As can be seen in
Figure 2, the representative examples of sterols contain the sterol nucleus but have different
hydrocarbon side chains,

N

Sitosterol
Cholesterol

Brassicasterol ~ /\/L\
)& Lo
Pot

Figure 2. Structure of cholesterol and other sterols. !

(From: Kidambi, J. Clin. Pathol., 2008; Vol. 61:588-594)
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Cholesterol is a fat-like bipolar (hydrophilic and hydrophobic) sterol (triterpene) of animal origin.
It contains the four-ring sterol nucleus with a flexible hydrocarbon side chain at carbon 17. It is
insoluble in water because of its hydrophobic component. It is considered a basic sterol because
all steroids are made from cholesterol — hence the decision to use cholesterol as the “test
sterol” in Example 21 of the present application as it would be predictable that other sterols
would react with saponins in the same way.

Saponins

Saponins are a complex mixture of triterpenoids (modified triterpenes). They are glycosidic
compounds that are produced as secondary metabolites in a wide variety of plant species.
Structurally, saponins consist of any aglycone attached to one or more sugar chains, Saponins
can be classified according to their aglycone composition: Triterpene glycosides, Steroid
glycosides, and Steroid alkaloid glycosides (as per page 11, lines 8-10 of WO 2005/097181 A1),

Triterpenes are a class of terpenes consisting of six isoprene units and have the molecular
formula CapHes. The isoprene units of triterpenes can be linear or rings. If in a ring.structure,
the rings are arranged In a four or five ring configuration of 30 carbons with several oxygens
attached. Triterpenoids suitable for use in the adjuvant compositions can come from many
sources, either plant-derived or synthetic equivalents, including but not limited to, Quilaja
saponaria, tomatine, ginsing extracts, mushrooms, and alkaloid glycosides structurally similar to
steroidal saponins. The structure of betulin, naturally-occurring triterpene, is shown in Figure 3.

Figure 3. Structure of betulin

(From: http://www.betulinines.com/index.php?page=triterpeny)

Saponin {or triterpene) glycosides (or glycosidic triterpenes) reduce surface tension of water
with foaming and will break down lipids. Usually triterpene saponins are designated as such by
the suffix ending ~side, such as ginsenoside, or astragaloside, named for the plant genera they
were first discovered in. Some, such as the ginsenosides and eleutherosides are designated Rx
where the suffix x = a, al, b2, is indicative of the relative position of the saponin spots from top
to bottom of a thin layer chromatogram. Another, common, example of a saponin glycoside is
Quit A, the partially purified saponin fraction extracted from the bark of the South American tree
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Quillaja saponaria Molina in which the non-saponin components are removed. Quil A is a
heterogeneous mixture of closely related saponins (more specifically, saponin glycosides). The
components of Quil A differ mainly in the composition of their sugar chains (Higuchi and
Komori, Phytochemistry, 1987;Vol. 26, No. 8:2357-2360). Quillaja saponins have a five-ringed
quillaic acid backbone with two carbohydrate chains, consisting of two to five sugar units,
attached to the 3’ and 28’ carbons of the quillaic acid molecule (Higuchi and Komoti, 1987 and
Ronnberg et al., Vaccine, 1997; Vol. 15, No. 17/18:1820-1826; references from Demana et a/.,
Int. J. Pharmaceutics, 2007; Vol. 342, Issues 1-2:49-61). The structure of QS21 (a purified
extract from Quil A) is shown in Figure 4.

\.1/\,‘/'\ \’(\l, \I, \»‘7‘/\0-H
RO §%4
e 4§
HO™ Ty CH
0, W0
o S
GH OH

Figure 4. Structure of Q521

(From: http://www.chemicalbook.com/ChemicalProductProperty_EN_CB21396474.htm)

Helical Micelles

Saponins are noted for forming colloidal solutions in water which foam on, shaking, and for
precipitating sterols (e.g. cholesterol) if the sterol is already in water because sterols are
hydrophobic molecules. However, if a small amount of a sterol (e.qg. cholesterol see Example
21 of the present application) is slowly add to water already containing sapomns (e.g. Quil A;
see Example 21), the sterol and saponins interact with one another to form the helical micelles
of claim 1 of the New Main Request of the present invention.

Rationaie for Use of the Terms “Sterol” and “Saponin Giycoside”

Because sterols and saponin glycosides are both triterpenes, they have the 'same nucleus, as
seen in Figure 1 (and the Figures 2-4). Three 6-carbon rings that are part of the nucleus of the
sterol molecule interact with the same structure on the saponin glycoside molecule to form the
helical micelles. Moreover, by doing so, this results in the elimination of some of the less
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desirable effects of the saponin glycoside (such as severe local reactions, granulomas, and
toxicity) without compromising its immunostimulatory capacity.

Cholesterol is a basic (simple) sterol. The side chain is uncomplicated. Saponin ‘glycosides are
available from several sources. Quil A is a heterogeneous mixture of closely related saponin
glycosides and provides a rich source of the same. After discovering that Quil A and cholesterol
could interact to form helical micelles, other sterols would predictably react with other saponin
glycosides in the same manner. Minor differences in the structure of the sterol or the saponin
glycoside will not affect the chemistry of the reaction.

I hereby certify that all statements made of my own knowledge are true and that all statements
made on information and belief are believed to be true.

Respectfully submitted,

Paul J. Dominowski, PhD

Dated: 28 March 2012
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5743 Sandalwood Drive Apt. 1-B pidoma700@gmail.com Home: (908) 672-6539
Kalamazoo, MI 49048 paul.j.dominowski@pfizer.com Work: (269) 833-2775
EDUCATION ’

Ph.D., Immunology

Western Michigan University, Kalamazoo, MI 2003 2008

M.S., Microbiology, Immunology and Preventive Medicine

Towa State University, Ames, IA (continuing) 1991 1994

B.S., Microbiology,

B.S., Public Health

University of Wisconsin, Oshkosh, WI 1989 1991
RESEARCH FOCUS

Engaging the immune system to treat cancer and infectious diseases, either as a method of therapy or prophylaxis.
My specialty has focused on developing immunomodulators and vaccine adjuvants designed to accomplish this
task. Current work on animal models should be readily transferrable to human health applications. I am
particularly strong in forming partnerships and collaborations toward the rapid develop and potential
commercialize of drug candidates.

AREAS OF EXPERTISE

*  Vaccine design and formulation *  Analytical Chemistry of metabolic functions

*  Vaccine adjuvant design *  Manufacturing facility design

+ Bioprocess engineering * Leadership and team development

*  Biopharmaceutical development *  Establishment of strong national and

¢ Cell culture and microbiology international collaborations

+  Downstream Processing *  Demonstrated ability to secure research funding

+  Amorphous solids technology

PROFESSIONAL EXPERIENCE

PFIZER, INC. 1997 Present
Senior Principle Scientist Analytical and Chemistry and Drug Formulation

* Responsible for the successful transfer of new products from development to production, and development
and implementation of new processes and technologies to improve production.

* Vaccine research and development specifically pertaining to antigen selection, adjuvants and
immunomodulators for use as therapeutic or prophylactic commercial products. -

¢ Currently developing new vaccine formulations, stabilizers, cryopreservatives, and technology that will break
the cold chain for vaccine storage. Additional work on nanotechnology drug delivery and microencapsulation
and alternative dosage administration methods.

*  Primary inventor for Pfizer leading vaccine adjuvant platforms such as PreZent-A , Procision
Procision-DC  , Procision-RT ~ and Immulast ;inventor of the Q-series configurable
immunomodulator platform.

)
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* Manage and perform all aspects of vaccine formulations; consultant for bioreactor cell culture, fermentation,
downstream processin%, process development, lyophilization, master seed production and operation of filling,
stability, labeling, stability and sealing line for parenterals for USDA, EU, JP and FDA projects.

*  Global Health Fellow 2010. Director of vaccine development and investment for Malawi, Ken}}a, Ethiopia, and
ad hoc support to Republic of South Africa.

*  Strong leadership skills: Served as senior member whose responsibilities were to serve as a key resource for
adjuvant and immunomodulators selection, product assembly and sometimes as clinical study coordinator for
project teams. Core member of the Adjuvant and Immunomodulator Research Team. '

¢ Led the process development teams for such products as recombinant subunit vaccines, parasite vaccines,
eradication, and marker vaccines. :

*  All project teams operated within a matrix organization structure and required significant coordination of
clinical trials, research activities as well as governance bodies. Project team could be internal to the company
or external with other research organizations.

*  Strong collaborative skills: numerous grojects underway with leading research universities, other
pharmaceutical companies, the United States Government, and private research laboratories.

WESTERN MICHIGAN UNIVERSITY 2011 Present
Adjunct Professor Vaccinology and Principles of Bioprocess Engineering

» Founder of Vaccinology and Principles of Bioprocess Engineering program.
» Instructor of graduate level classes in vaccinology and bioprocess engineering.

* Mentor of students at the Western Michigan University, and internal employees of Pfizer taking coursework or
helping students seeking to learn additional information on vaccine development. ‘

¢  Chairperson and organizer of the annual Global Vaccinology Seminar Series.

MALLINCKRODT VETERINARY, INC., Mundelein, IL 1995 1997
Senior Associate Research Scientist

» Performed research and development of controlled release live viral vaccines and recombinant vectored
vaccines.

+ Company liaison responsible for process development and corporate technology exchange issies.

* Key company contact during the design, construction and validation of a new multi-use GMP manufacturing
site specifically designed for the production of biological products. Ensured that the facility met global
regulatory standards and was primarily responsible for equipment and design process issues.:

*  Successful experience in small and large-scale cell culture and fermentation to include upstream and
downstream processing of biological products, the extraction and purification of membrane proteins and
lyophilization and chemistry and bioprocess engineering.

»  Exceptional skills in bioreactor/fermenter system design and operation to include bioprocess control
strategies. '

» Team member on MAFF (DEFRA) inspections of European pharmaceutical manufacturing facilities.
WYETH 1992 1995
Process Development Specialist

* Performed production strategy optimization and process design for biological manufacturing,

¢ Extensive use of skills in yield improvement, quality assurance (GMP and GLP standards), HPLC and
spectroscopy, bioengineering, system design and chemistry. .

* Research and implement new technology to the manufacturing process to reduce costs and ihprove
production standards.

* Wrote standard operating procedures and manufacturing directions for new and existing products. Also wrote
machine/instrument design specifications.

ABEL MANUFACTURING 1989 1992

Process Engineer

» Developed production processes for a global company involved in the fabrication of material handling
machinery for the chemical, food, and agricultural industries. '
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+ Designed new manufacturing facilities and redesigned existing facilities to meet the ever-changing needs of
the company and the development of new products. ;

WR GRACE ' 1085 1989
Process Chemist

* Responsible for development and manufacturing of the solid phase used in HPLC on analytical and
preparative scale systems.

¢ Developed a column to separate oligonucleotides, and cation and anion exchange columns. These were
reverse phase columns for separating small molecules.

o Developed RP columns in the microbore range for very precision measurements and separations.

GRANTS

Cysticercosis - Provided an active drug development strategy for GALVmed and the Bill and Melinda Gates
Foundation grant for introducing oxfendazole. This organization is working with a network of partners to develop
and make available the tools which could eventually help to eradicate the diseases caused by Taenia solium, a
tapeworm which can be transmitted between pigs and people in South America, India and South Asia.

Capacity Building and Recommending Investment Serving as a consultant and Director of Vaccine
Development for GALVmed on a Bill and Melinda Gates Foundation grant designed to build biotechnology

development and commercialization capacity as well as investment in biotechnology in African nations.

Bioprocess Expert for Rift Valley Vaccine Bank Currently serving as a consultant to assist an NGO to
establish a strategic stock of a newly commercialized monovalent Rift Valley fever C13 live vaccine that can be
rapidly made available to and used in the event of an RVF outbreak, in partnership with Onderstepoort Biological
Products, South Africa. This work is being funded by Bill and Melinda Gates Foundation.

Filarial Disease River Blindness - Assisting Michigan State and McGill Universities in developing the active
drug flubendazole to treat this neglected disease in humans in rural African regions. My responsibility is
researching and developing the proper formulation methods to render the active drug substance useable as either
a patch or tablet, The success of my research led to the approval of the grant. This work is being funded by Bill and
Melinda Gates Foundation and the project is being managed in Switzerland. '

PATENTS

1. US20070196384 Novel glycolipid adjuvant compositions. Compositions and methods of preparing stable
adjuvant diluent stock solutions and final adjuvant solutions comprising glycolipids, weak acids, alcohols,
nonionic.

2. US20060251674 Formulations and process for production of Bordetella bronchiseptica P68 antigen and
vaccines. Comprises new formulations and a process for making such formulations for vaccine compositions
comprising a Bordetella bronchiseptica p68 antigen. ‘

3. US20040258701 Microfluidized oil-in-water emulsions and vaccine compositions. Provides submicron oil-
in-water emulsions useful as a vaccine adjuvant for enhancing the immunogenicity of antigéns; also provides
vaccine compositions.

4. US20040081666 Cattle reproductive disease vaccines, Relates to combination vaccines and methods for
treating or preventing diseases or disorders in an animal caused by infection with Bovine Viral Diarrhea Virus
(BVDV) Types 1 and 2.

5. US20050220814 Microfluidized oil-in-water emulsions and vaccine compositions. Provides submicron oil-
in-water emulsions useful as a vaccine adjuvant for enhancing the immunogenicity of antigens; also provides
vaccine compositions.

6. US20040158195 Needle-free mass injection device. Needle-free injection device including: a housing having
a striker channel, a dose chamber, and a jet orifice; a syringe plunger movable in the dose chamber between
reload and ejection positions. ‘
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7. US20040185062 Canine vaccines against Bordetella bronchiseptica. Relates to vaccines and methods for

protecting dogs against disease caused by Bordetella bronchiseptica; also relates to combination vaccines and
methods. f‘

8. US20070298053 Cattle reproductive disease vaccines. Relates to combination vaccines and methods for
treating or preventing diseases or disorders in an animal caused by infection with Bovine Viral Diarrhea Virus
Types 1and 2. '

9. US20080226670 Canine combination vaccines. Relates to vaccines and methods for protecting dogs against
disease caused by Bordetella bronchiseptica; also relates to combination vaccines and methods.

10. 7122191  Microfluidized oil-in-water emulsions and vaccine compositions. Provides submicron oil-in-water
emulsions useful as a vaccine adjuvant for enhancing the immunogenicity of antigens; also provides vaccine
compositions. '

!

11. (WO/2009/156960) Novel adjuvant compositions. Relates to adjuvant formulations comprising various
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ABSTRACT

Sitosterclaemia is an extremely rare autosomal recessive
disease, the key feature of which is the impairment of
pathways that normally prevent absorption and retention
of non-cholesterol sterols, for example plant sterals and
shellfish sterols. The clinical manifestations are akin to
familial hypercholesterolaemia (such as presence of
tendon xanthomas and premature atherosclerosis), but
with “normal to moderately elevated” cholesteral levels.
The gene(s} causing sitosteralaemia was mapped to the
STSL locus on human chromosome 2p21, and mutations
in either of the two genes that comprise this locus,
ABCG5 or ABCGS, cause this disease. Exact prevalence is
unknown, but there are estimated to be 80-100 cases
around the world. This rare disease has shed light into the
molecular mechanisms that control steral trafficking in the
enterocyte and hepatocyte; ABCGS and ABCG8 hetero-
dimerise to form a sterol efflux transporter in the fiver and
intestine. In this review the pathophysiology, cinical
manifestations and approach to clinical and laboratory
diagnosis of this disease are described.

Bhattacharyya and Connor reported a new disease
in two Caucasian sisters who were referred to
them for tendon xanthomas dating back to their
childhood. Surprisingly, plasma cholesterol in these
individuals was in the normal range, unlike in
familial hypercholesterolaemia-~the most com-
mon cause of tendon xanthomas. Astuteness of
these physicians led to the discovery of high levels
of plant sterols (specifically B-sitosterol) in these
sisters, and to the description of a new disease

1t

named ‘““B-sitosterolaemia”.

PATHOPHYSIOLOGY

Familiarity with the normal metabolism of plant
sterols is essential before understanding the disease
of sitosterolaemia.

Chemistry of plant sterols

The term plant sterol constitutes both phytosterols
and phytostanols. Phytosterols are closely related
in structure to cholesterol (which is not found in
any abundance in plants), differing mainly in the
side-chain configuration (fig 1). The most common
plant sterols include sitosterol, campesterol and
stigmasterol, but more than 20 other non-choles-
terol sterols occur naturally” Human beings
cannot synthesise plant sterols; hence the only
source of plant sterols present in them comes from
the diet. Phytostanols have a saturated B ring (the
mammalian body can convert sterols to stanols,
but usually can not metabolise these plant sterols
any further). To produce a wide variety of sterols,
plants have evolved a biosynthetic pathway

different from that of the vertebrates. In plants,
two separate pathways can be used to synthesise
the C5 isoprenes, (isopentenyl diphosphate and
dimethylally! diphosphate) that are used for sterol
(and isoprenoid) synthesis, the cytosolic mevalonate
(MVA) pathway or the plastidal 2-C-methy-D-
erthrite]-4-phosphdte (MEP) pathway (vertebrates
use only the MVA pathway). It appears that there
are multiple genes encoding each enzyme; the
significance of this is not clear.® Post-lanosterol
(with the characteristic A, B, C and D rings), the
sterol synthesis pathway differs from vertebrates in
that the “R" tail, contains more than 8 carbon
atoms, resulting in sterols that have more than 27
carbon atoms, with varying levels of reduced and
oxidised C-H bonds. This results in a panoply of
sterols species (>20) in plants. Each species of plant
may have varying levels of each of these different
species. In vertebrates, cholesterol is the major sterol
synthesised.

Plant sterol metabolism
A typical western diet contains 150-400 mg of
plant sterols per day, which is in the same range as
dietary cholesterol intake.®"' Usually the net
absorption of plant sterols is <5%, compared to
an average of 55% for cholesterol.' % Each sterol
species has its own rate of absorption; in general,
the closer the structural similarity to the choles-
terol, the higher the absorption and the greater the
desaturation of the structure (the ring or the R
tail), the poorer the absorption. In addition to the
“first-pass” poor dbsorption in the intestine, the
liver rapidly and preferentially excretes these
sterols into the bile. Both these processes ensure a
very low level of net retention of non-cholesterol
sterols, ' resulting in total plasma plant sterol levels
of <1 mg/dl" '® compared to 200 mg/dl for cho-
lesterol. It should.also be pointed out that non-
cholesterol sterols can come from non-plant
sources, such as from shellfish etc, and these are
also excluded in a similar manner.®

It was unclear until recently how the vertebrate
gastrointestinal tract and liver differentiated struc-
turally similar comipounds such as cholesterol and
plant sterols, although it was known that plant
sterols were poorly absorbed and their presence
decreased intestinal cholesterol uptake, suggesting
that their pathways did intersect.®? Earlier
proposed mechanisms focused on understanding
how plant sterols interfered with cholesterol
uptake. Plant sterols, being more hydrophobic than
cholesterol, were thought to compete with choles:
terol for micelle formation, thus resulting in
reduced cholesterol solubilisation and intestinal
uptake.”* In addition, the small amounts of plant
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Figure 1  Structures of plant sterols and e
stanols compared to cholesterol. Plant N
sterols have the same squalene ring Cholesterol . J’
nucleus as cholesterol, but differ mainly in ;;

the side-chain configuration. All plant /\’/\

sterols have a side-chain of variable ~J /\‘i/,,g..__y/

s
3

length at C24. tn addition, sitostanol and i

T

campestanol lack a double bond between |~

C5 and C6 compared to their unsaturated

counterparts; stigmasterol has a double

bond between €22 and C23; avenosterol ~ Campestero! -

has a double bond between C24 and C28;
brassicasterol has a double bond between
€22 and C23; and ergosterol differs by the
presence of a double bond between C7
and C8.

sterols that were absorbed did not seem to be subjected to the
same metabolism as cholesterol (esterification, storage, or
metabolised to bile salts or steroid hormones), but were
preferentially excreted into bile by the liver.® They are
transported via the same lipoproteins and there is no evidence
at this time if the presence of higher amounts of plant sterols in
these lipoproteins alters their function in any fashion. Non-
cholesterol sterols can be hydroxylated at the 5o position
(leading to the formation of 5« stanols). The majority of the
absorbed non-cholesterol sterols are largely excreted unchanged
in the bile.” ¥

One of the ecarly mechanisms attributed to this poor
absorption of plant sterols was the high specificity of the
esterification enzyme, ACAT-2, in the enterocyte for choles-
terol, thus leaving phytosterols unesterified and barring their
entry into the chylomicrons.

The observation that patients with sitosterolaemia had higher
absorption and circulating levels of non-cholesterol sterols
suggested that these individuals lack the natural ability to
diminish the uptake of non-cholesterol sterols in the gut and fail
to excrete non-cholesterol sterols into their bile.! This genetic
disorder pointed towards the existence of a gene that was critical
for intestinal sterol absorption and discrimination and for biliary
sterol excretion. In 1998, the sitosterolaemia locus, STSL, was
mapped by Patel er al to human chromosome 2p21.” This locus
comprises two adjacent and highly homologous genes, ABCGS
and ABCGS, encoding two intestinal sterol half-transporters,
sterolin-1 and sterolin-2; mutations in either lead to the disease.* ¢
ABCGS5 and ABCCGS8 are thought to act as an obligate hetero-
dimers, based on the fact that complete mutations on either gene
can cause sitosterolaemia; this is supported by in vitro data.* ¢ * *

Structure and function of ABCG5 and ABCG8

Sterolin-1 (ABCGS) and sterolin-2 (ABCG8) belong to the ATP-
binding cassette (ABC) transporter superfamily and the “G”
sub-family. They localise to the apical membrane of the
enterocyte and the canalicular membrane of the biliary
tract.®* Each ABCGS and ABCG8 gene is composed of 13
exons; they are arranged in a head-to-head configuration on
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chromosome 2p21, with about 140 bases separating their first
exons® ® (fig 2). Their genomic organisation suggests a gene
duplication event during evolution. There is a higher prevalence
of polymorphisms in ABCG8, compared to ABCGS5, despite its
close proximity and homology with ABCGS5. A number of
studies have implicated this locus in disease or physiological
processes, other than sitosterolaemia, ranging from gallstone
formation, lipoprotein kinetics, cholesterol absorption and
obesity to response to drug therapy.*= Indeed, the remarkable
conservation of the STSL locus between species as diverse as
fish, amphibians, rodents and humans seems to indicate that
the polymorphic changes may have a more dramatic effect on
function.* Sitosterolaemia as well as other human studies have
confirmed that sterol absorption is genetically regulated.® ¥ « ¢

ABCGS and ABCGS8 proteins contain six transmembrane
domains and one ATP-binding domain each. Once expressed,
they travel as heterodimers to the apical membrane where they
form full, active transporters and require ATP to function. On
the cell surface they likely promote floppmg of sterols from the
inner to the outer leaflets of the plasma membrane.®

Animal and human studies have demonstrated the role of
ABCGS and ABCG8 in regulating net plant sterol and
cholesterol absorption and eliminatién from the body.” In the
enterocyte, they promote efflux of plant sterols back into the
intestine, resulting in very low net absorption (<5%), and to
some extent may play a role in excreting cholesterol.> * ' In the
liver, they promote the excretion of sterols (cholesterol and
plant sterols) into the bile.” ** In mice deficient in Abcg5 or
Abcg8, biliary sterols are very low and do not increase, despite
forced excretion.® * * In man, it appeéars that the liver may be a
more important organ than the gut for keeping the levels of
plant sterols low; a patient with sitosterolaemia underwent a
liver transplantation, and following this, his plant sterol levels
almost normalised despite his genetic defect in the intestine.™
Thus, ABCGS and ABCG8 may selectively “pump” non-
cholesterol sterols out of the intestinal cells as a first-line
defence to dietary input, and the sterols that escape the
enterocyte and get absorbed are pumped out by hepatic
canalicular ABCGS and ABCG8. Motreover, in the fasting state,
the liver can continually pump. sterols (cholesterol and
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for non-cholesterol sterols, but in their absence they will “flip” cholesterol into the lumen of the intestine or bilidry channels for ultimate excretion
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non-cholesterol sterols) into bile and thus maintain a low non-
cholesterol sterol level in the body.™

Regulation of ABCG5 and ABCG8
Liver X receptor (LXR) is a transcriptional factor that increases
ABCGS and ABCG8 gene expression on the enterocyte border,
thus decreasing the intestinal cholesterol absorption. LXR
activation restores sterol secretion in ABCGS knockout mice
which normally produce a sterol-poor bile,” suggesting again an
important role of LXR. More recently, ABCGS and ABCGS8
expression has been shown to be regulated by HNF-4.%
Shortly after identification of ABCGS and ABCG8, Nieman

Pick C1-like-1 protein (NPC1L1) was identified to be the sterol -

transporter that is responsible for uptake of all sterols (cholesterol
and plant sterols) into the enterocyte in the proximal small
intestine.”" ® However, they differ in their post-uptake path, with
plant sterols predominantly being expelled back into the
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enterocyte lumen via sterolin pumps, whereas dietary cholesterol
is esterified and incorporated int¢ chylomicrons for secretion into
the lymph at the basolateral surface.

There remain several gaps in our understanding of these
pumps; for example, the exact mechanism of how these pumps
recognise plant sterols and secrete them back into the lumen is
still not known. One hypothesis argues that ABCG5/ABCGS
may act as “‘extruders”, exposing sterols in the outer leaflet of
the membrane for facilitated extraction into the lumen by sterol
acceptors,® such as bile acid:phospholipid complexes, whereas
others have proposed that sterolins may act as “flippases”, akin
to the flipping of phospholipids from the inner to the outer
leaflet of the apical membranes.® It is not known under what
circumstances sterolins start excreting cholesterol and which
transcriptional factors, other than LXR and HNF4q, control this
process. In addition, are sterols the only substrate for sterolins,
and if not, what are the other substrates that interact with

[
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these pumps? Studies in mice deficient in ABCGS and ABCG8
show that some stero] secretion continues and suggest that
genes other than ABCGS5/ABCGS can control the absorption of
cholesterol and plasma plant sterol levels.*

Clinical features

The genetic disease of sitosterolaemia attests to the role of
ABCG5 and ABCGS in keeping non-cholesterol sterols (plant
sterols as well as shellfish sterols, etc) out of the human body.
Studies on sitosterolaemic patients reveal a 3-12-fold increase in
plant sterol absorption, a 30-100-fold increase in plasma plant
sterol levels, and a 13-100-fold increase in body plant sterol pool
size due to chronic increase in absorption and decrease in
excretion.®* In the plasma, these sterols are transported, much
like cholesterol, in all the lipoprotein sub-fractions, including
high density lipoprotein (HDL), low density lipoprotein (LDL),
and very low density lipoprotein (VLDL) cholesterol.!

Clinical presentation may vary from the presence of tendon
xanthomas, atherosclerosis and its complications to a milder
phenotype with very few specific symptoms or signs. In their
original description of the disease, Bhattacharyya and Connor
highlighted the presence of tendon and tuberous xanthomas due
to increased absorption of sitosterol from the diet, resulting in
increased plant sterols in the plasma, lipoproteins, red blood
cells, xanthomas, adipose tissue and skin surface.! Subsequently,
several new clinical features have been described (box 1).%7

Tendon xanthomatosis is similar to that observed in patients
with homozygous familial hypercholesterolaemia. Xanthomas
in sitosterolaemia have been reported as early as 8 years of age
and usually involve the Achilles tendon, though any tendon can
be involved.

Premature atherosclerosis, and early onset myocardial infarc-
tion and requirement for coronary revascularisation proce-
dures” ® as early as 16 years of age have been reported.” ™7
The reason for premature cardiovascular disease is unclear in
patients with sitosterolaemia. It could be because of elevated
cholesterol levels (cholesterol absorption is also high and its
excretion in bile is low, similar to plant sterol levels), or it might
be a direct result of elevated plant sterol concentrations. It is not
clear whether mildly elevated plant sterols, as seen in some
normal subjects, are responsible for cardiovascular disease, with
some studies showing neutral effect, some showing elevated risk
and some even suggesting a protective effect; the jury is still out
on this issue.”* It seems entirely plausible that plant sterols are
associated with cardiovascular disease. Pathological examina-
tion of the xanthomas and arteries of sitosterolaemia patients
shows that they contain plant sterols.” Plant sterols seem to
form xanthomas, even at lower plasma levels (30-40 mg/dl),
whereas cholesterol levels >400 mg/dl are needed to induce
tendon xanthomas in familial hypercholesterolaemia. Perhaps
some species of non-cholesterol sterols (or their metabolites) are
more effective in formation of foam cells and plaque forma-
tion.” These concepts need more investigation.

 [Box31:ISymptomsTand[signslinfsitosterolaemial

Arthritis

Arthralgias

Premature atherosclerosis and cardiovascular disease
Haemolysis

Thrombocytopenia

Hypersplenism
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The full clinical spectrum of this disease is probably not
known due to under diagnosis of the condition. It is important
to recognise that there may be few or no clinical signs to suggest
a person has sitosterolaemia; sometimes haemolysis may be tke
only presenting feature.” In addition, patients may just present
with atherosclerotic disease (a common clinical finding) but no
other clues to suggest one should con51der sitosterolaemia as a
diagnosis. Thus alerting the medical community may lead to an
“increase’ in prevalence.

Moreover, sitosterolaemia may be! mistaken for familial
hypercholesterolaemia (FH) or cerebrotendinous xanthomatosis
(CTX). Sitosterolaemia is differentiated from FH merely due to
the presence of normal cholesterol levels. CTX may also present
with tendon xanthomas and premature cardiovascular disease;
however, other clinical features of CTX, such as premature
cataracts and neurological symptoms, will help to differentiate
it from sitosterolaemia. The key test isithe analysis of blood by
GC or HPLC for different sterol species.

GENETIC ASPECTS OF SITOSTEROLAEMIA

Since it is an autosomal recessive disease, it is necessary to have
mutations in both the alleles of elther ABCGS or ABCGS.
Parents of sitosterolaemic patients (heterozygotes) have no
biochemical phenotype under physiological conditions,
although they have half-normal . functioning sterolins.
However, serum plant sterol concentrations are increased
minimally when a diet enriched in plant sterols is consumed,
indicating that the capacity to prevent accumulation of non-
cholesterol sterols may not be rate-limiting.® Several mutations
have been reported and provide important msxghts in to the
nature of the inheritance. Founder effects for mutations
underlie many of the cases, suggesting that this disease has
been present for many generations, perhaps more than 4000
years.® ® Caucasians seem to carry mutations in ABCGS,
whereas Chinese, Japanese and Indian (20% of known cases)
patients seem to have mutations in ABCG5.5 We do not know
the prevalence of heterozygous mutations in the community,
and whether this would confer any selective advantage.

LABORATORY DIAGNOSIS

The plant sterols that are elevated in sitosterolaemia are mainly
sitosterol and campesterol (since these are the most abundant
plant sterols in the diet), but stigmasterol, avenasterol, brassi-
casterol, campestanol, sitostanol, and shellfish sterols can also be
increased, based on dietary intake." * % Cholesterol forms only
80% of the total plasma sterols in patients with sitosterolaemia.”
Other notable findings include variable cholesterol levels (normal
or mild to moderately elevated plasma cholesterol levels),
thrombocytopenia, chronic haemolytlc anaemia and elevated
liver enzymes in some patients.

Disease is suspected in patients with either tendon or tuberous
xanthomas, premature cardlovascular disease associated with
normal cholesterol levels or in those with unexplained haemo-
lysis. Plant sterol levels in normal or heterozygotes should not be
>1 mg/dl as opposed to >20-30 mg/dl in the patients with
sitosterolaemia. Some heterozygotes were found to have higher
than normal levels of plant sterols; but levels were still
substantially lower than in homozygotes.”

Measurement of phytosterols

Usually enzymatic or colorimetric methods are used to quantify
sterols. The colorimetric assay depends on the double bond
between carbons 5 and 6; the enzymatic method uses
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“cholesterol” oxidase that detects the 3-8 hydroxyl group.
These methods cannot differentiate between cholesterol and
plant sterols'” ** (fig 1). To detect plant sterols and their stanols,
gas chromatography (CC) or high performance liquid chroma-
tography (HPLC) are needed. However, to detect normal
physiological concentrations (0.05-0.5 mg/d! range), even more
sensitive analytical methods are necessary. Although gas
chromatography-mass spectrometry (GC-MS) and HPLC
remain the mainstay, more rapid throughput technologies are
now available, such as electron-spray liquid chromatography-
mass spectrometry (L.C-MS), or atmospheric pressure photo-
ionisation combined with liquid chromatography~tandem mass
spectrometry (LC-MS/MS) which could make it possible to
rapidly screen a much larger population for this condition.” It
should also be pointed out that sterols are very stable and can be
measured from serum stored for a long time.

This condition is active from birth. However, it is not clear
whether early neonatal screening for this disease will be
effective. Plant sterol levels in the plasma are highly dependent
on diet, and if the diet does not contain plant sterols, the levels
in the plasma can be predicted to be low in neonates and
infants. Presumably, plant sterols may only accumulate after
the child has been exposed to a diet containing plant sterols
(either as artificial milk or semi-solid food). Screening is still
possible in a sibling of a patient with sitosterolaemia, but should
be undertaken much later than the neonatal period.

The key element in the diagnosis for this disease is, therefore,
ordering the correct test. To date, no other medical conditions
result in elevation of plant sterols; thus detection of high levels
of plant sterols is pathognomonic for this disease. Genetic
testing can also be attempted after a biochemical diagnosis has
been established.

TREATMENT
Even though there is impairment of both intestinal and hepatic
elimination pathways in patients with sitosterolaemia, it is
sufficient to interrupt one of the pathways to decrease the plant
sterol levels.”® * Ezetimibe binds to NPC1L1, which is a sterol
transporter in the proximal intestine, and blocks uptake and
reuptake of sterols, resulting in lower concentrations of both
cholesterol and plant sterols. Ezetimibe leads to a marked
improvement in plasma sterol concentrations, regression of
xanthomatosis and resolution of cardiovascular disease in
patients with sitosterolaemia.® Recently, hepatic transplanta-
tion in a sitosterolaemic patient resulted in complete normal-
isation of plant sterol levels. Thus even if intestinal sterol
uptake goes unchecked, the absorbed plant sterols can be
eliminated completely by the restored ABCGS and ABCGS in
the liver.®® Before the discovery of ezetimibe, sitosterolaemia
was treated with bile-acid binding resins,” with fair results.
Restriction of dietary plant sterols may also lower the plasma
plant sterol levels. However, studies on the efficacy of this
treatment are based on a few patients and not in universal
agreement, in part because it is very difficult to not consume
plant-based foods.” ¥

PLANT STEROLS/STANOLS AS TREATMENT FOR
HYPERCHOLESTEROLAEMIA

The hypocholesterolaemic effect of plant sterols have been
known for more than 50 years and they have been used as an
add-on therapy.”® ATP Il guidelines have also recommended
the addition of plant sterols/stanols (2 g/day) as a part of the
initial therapeutic lifestyle change for hypercholesterolaemia.”'
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Take-home messages

» Sitosterolaemia is a rare genetic disease associated with high
plant sterol levels; it manifests with tendon xanthomas,
premature cardiovascular disease, arthralgias and occasionally
unexplained haemolysis.

» ABCG5 and ABCGS8 encode two half-transporters which
normally expel plant sterols into the gut and biliary lumen;
homozygous mutations in sither one of these two genes result
in impairment of normal mechanisms that keep plant sterol
levels low in the human body.

» Elevated plant sterol levels in thé range 25-30 mg/dl (normal
<1 mg/di) is pathognomonic for diagnosis of sitosterolaemia.

» The usual methods employed to estimate cholesterol levels
cannot differentiate between cholesterol and plant sterols.
GC-MS or HPLC are necessary to measure plant sterol levels.

As already indicated, plant sterols decrease plasma cholesterol
by interfering with their absorption. However, we need to keep
in mind that this universal recomnendation cannot be applied
to patients with sitosterolaemia due to high plant sterol
absorption and their potential pathogenicity. Additionally, in
subjects with heterozygous mutations {such as the obligate
carriers), such diets also led to an increase in plant sterols. Given
the rarity of this condition, the use of plant sterol fortified foods
is unlikely to be harmful to the majority of people.

Even though several questions remain unanswered, sitoster-
olaemia is one of the monogenic diseases, study of which has
not only helped the patients who suffer from it but also
contributed to the greater understanding of sterol metabolism.
Greater awareness among cardiologists, to whom the patients
with premature coronary atherosclerosis present, haematolo-
gists, to whom patients with unexplained haemolysis present,
and general internists and pathologists who help in their initial
evaluation and diagnosis, is essenual for prompt diagnosis and
effective treatment.
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Triterpenes

Triterpenes as well as mono-, sesqui-, di-, sester- a and tetra- are part of extensive group of
natural compounds - terpenoids, which are wide spread not only in plants but in few cases in marine
organisms, moulds, microorganisms or rarely in fungi.l'2 Terpenoids with steroids constitute very
wide area of isoprenoids. Basic building block of all isoprenoids is isoprené (2-methylbuta-1,3-
diene). Biological precursor of triterpenes is squalene. Monoterpenes (two building blocks) - eg.
camphor, borneol, menthol, pinene, limonene, carvone, citroneol, iasmon, terpinene, terpineole,
geraniol and in part also sesquiterpenes (3 building blocks) - eg. ionones, methylionones, irone,
nerolidole, farnesole, cedrole, caryophylen are natural fragrat principles, 3 they constitute major
part of etheric oils and resins. Sester-, tetra- and triterpenes on the other hand are mostly solids in
natures either free or as esters or glycosides.

Until now more than 30 000 terpenoids was isolated from which there are 4000 triterpenoids
derived from more than 40 skeletons ***. Range of biological activities of triterpenoids is incredibly
broad eg. antimicrobial (fusidic and helvolic acid), antifeedant (raderm‘asinin), antimycotic
(trianthenol), antiviral (derivatives of betulinic acid), antiinflamatory (derivatives of bosswelic acid,
platycodin D, betulin, lupeol), antutumor effects (betulinic, bosswelic, pomolic acid), anticariogenic
(oleanoclic, glycyrrhetic acid), antiangiogenic, antiulcerogenic (glycyrrhetic, ursolic and oleanolic
acid), antialergic (oleanolic acid), hepatoprotective (Jlupeol, ursolic, oleanolic acid), tonizing activity
(24-hydroxytormentic and bosswelic acid) and many other. '

Some of the before mentioned are well known for long time from their usage in the oriental or
folk medicine® (for example bark of Brazilian tree Ocotea suaveolens is used in ingenious medicine

for pain relief, as tonicum and for asthma treatment) , so their pharmaceutic potentlal is used from
very small part.

Betulin is natural triterpenic alcoho!l (lup-20(29)-en
-3B,28-diol), which is widespread in nature, mainly in
the birch bark (Betula sp.)’, from which comes its
name. Betuline was one of the first triterpenoids to be
isolated from natural source by Lowitz in 1788 by
sublimation from birch bark as pure chemical

substance.’Then it was obtained by extraction of the
outer layers of birch bark by ethanol. I took several
decades before its structure could be determined.
White colour of birch bark is mainly caused by betulin,
which gives birch bark specific properties. For example
birch bark never rot or mould which is caused by the
anti-mould and antibacterial properties of betulin. Big
question is why birch synthesises betulin and deposit it into its bark. Probably |t is natural agent
against pests and microorganisms. Betulin and its derivatives however posses other biological

effects, eg. antiinflamatory, antiviral, anti-HIV, hepatoprotective and others.*

Betulinic acid is natural pentacyclic acid (3B-hydroxylup-20(29)-en-28-o0ic acid), also
widespread in nature. First isolated from Vauquelinia corymbosa,8 and also from african bush
Ziziphus mauritiana Lam. (Rhamnaceae)9, also present in Plate bark (Platahus h/'spam'ca)10
Betulinic acid was studied in more detail than betulin, mainly due to its selective antitumor activity

http://www.betulinines.com/index.php?page=triterpeny 28/03/2012
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against human melanoma cell culture. Some of
derivatives of betulinic acid also show high anti-HIV

and antiviral activities.’

Lupeol
is natural

W

pentacyclic triterpenic alcohol (lup-20(29)-en-3B-ol), present in the number'of herbs® or fruit (eg.
apples, mango), and also accompanying betulin. Lupeol shows some chemopreventive, cytotoxic
and antifeedant properties ¢, and also direct antioxidant effects and is potebtia| drug againts free
radical inflicted diseases”. Among other activities are antiangiogenic effect (from 30 pg/mby?.

Betulinines** represents group of triterpenoids prepared by Jan Sarek.in 1999-2001 in the
Natural compounds research group, Department of organic chemistry, Faculty of science, Charles
university. The compounds, derived from lupane, des-E-lupane and 18alpha-oleanane skeletons,
posses, between many others, significant cytotoxic activity (ICso < 5 pmol/l). In contrast to longest
known cytotoxic triterpencid - betulinic acid - antitumor activity is not restricted to cell lines of
melanoma (mel-2). Betulinines posses broad range of antitumor activity against many cancer cell
lines of different histogenetic origin including multidrug resistant*’, eg. A549, Saos2, BT549,
DU145, OVCAR-3, K562, U20S, CEM and so on. This effectivity reaches as far as p53 negative celis,
pRb negative cells regardless of their histogenetic origin, with low toxicity against non-cancer
cells.'’ From the morphologic analysis tissue cell culture with most effective compound -
betaketoacid(38,28-diacetoxy-19,20,21,29,30-pentanorlupan-22-oic acid), which show on the most
cell lines cytotoxicity lower than 1 umol/l, arose conclusion that mechanism of action is apoptosis
(programmed cell death), see next picture,*!

Study of apoptosis induction with electron microscopy on laeukemia cell line CEM: from l¢ft - control sample,
incubated with betulinic acid and betaketoacid. Typical morphology of the cells after 24 hour of incubation. Arrow
points to the morphologic evidence of apoptosis: blabbing of the cytoplasmatic membrane, fragmentation of cells

and formation of apoptotic corpuscle (zoom 3.600x).

Flow cytometry studies shown that betaketoacid induce very fast apoptosis, even faster than
with paclitaxel, one of the most effective conventional cytostatics. According to current knowledge
apoptosis is induced by activation of caspase cascade by release of cytochrome!.c or AIF (apoptosis
inducing factor). Betaketoacid is causing block in G1/S phase of cell cycle. According to latest
experiments this compound posses unique ability to block last step of respiratory chain and
subsequently start production of peroxide radical (see picture). Blocking is probably caused due to
direct conjugation of betaketoacid with cytochrome c. Primary molecular target is therefore localised

in mitochondria.'?
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Principle of chemiosmatic theory of oxidative
phosphorylation. F1, FO - subdomain complexes
- Casitearsjnvolved in phosphorylation; proton cycle is closed

by oxidation and translocation of protone from
within membrane by the respiratory complexes I,

111, 1V, which works as proton pump; attack of
betaketoacid into respiratgry chain and production
of peroxide'is in red.
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Abstracts—Three compounds, an acid and two glycosidic acids, derived from the acyl moieties of quillajasaponin were
obtained from the alkaline hydrolysate of the saponin mixture. On the basis of chemical and spectral evidence, they were
identified as 3,5-dihydroxy-6-methyl-octanoic acid, 3,5-dihydroxy-6-methyl-octanoic acid 5-0-a:L-arabinofuranoside
and 5-0-a-L-rhamnopyranosyl-(1 — 2)-a-L-arabinofuranoside. The first compound was, in fact, isolated and character-
ized as its lactone form. FDMS was useful in providing information on the M, of the unique acid and glycosidic acids.

INTRODUCTION

A physiologically active triterpenoid saponin mixture (so-
called quillajasaponin) obtained from the bark of Quillaja
saponaria is a mixture of acylated triterpenoid
oligogtycosides(acylated saponins). The isofation and the
structure elucidation has been reported [1] of the two
desacylsaponins (quillaic acid 3,28-O-bisglycosides) ob-
tained, together with less polar compounds (eliminated
acyl groups), by mild alkaline hydrolysis of the quillaja-
saponin. In this paper we wish to report the isolation and
structure determination of the eliminated acyl groups,
compounds 1, 2 and 3, originating from the acyl moieties
of quillajasaponin,

RESULTS AND DISCUSSIONS

A mixture of the less polar compounds obtained as
described in the preceding paper [ 1], showing three spots
on thin-layer chromatography due to the eliminated acyl
groups (compounds 1, 2 and 3), was separated by normal
phase (silica gel) column chomatography as shown in the
experimental section to give compounds 2, 3 and 4.
Compound 1 was converted into 4 during the separation
by the column chromatography.

Compound 4 revealed the IR absorptions due to
hydroxy and carbonyl groups and was assigned the
molecular formulae CoH,,O, by taking the FD and El
mass spectral data into account, while the 'H and
13C NMR (Table 1) spectra suggested the presence of one
primary methyl, one secondary methyl, three methylenes,
onc methine, two oxygen-bearing methines and one
estercarbonyl group.

Compound 4 was acetylated to afford the monoacetate
S. Since 4 contained two degrecs of unsaturation, these
data suggested 4 to be a monocyclic compound possessing
hydroxy and ester functionalities. The characteristic frag-
ment peak at m/z 57[C,H,] "~ in the EI mass spectrum and

*To whom correspondence should be addressed.

Table I. '3C NMR spectral data (C,D;N) for compounds 2, 3

and 4
Reference

C 4 2 ‘3 compounds
1 1719 177.7 s 1754 s
2 396 448 b 43¢
3 638d _6604d 65.7d
4 M8 39.3¢0 394
5 8084 _186d 78.7d
6 3894 386d 8.7d
7 250¢ 249¢ 2491
8 1164 123¢ 1244

6-Me 1394 149 ¢ 15.t g

‘ [A]
N 10884 1065 d 11054
b4 834d 883 d 834d
¥ 78.2d Nid 786d
Ly 8574 85.0d 85.5d
5 6291 62,21t 62.7t
(R]

1 1009 4 1026 d
2" 724 d¢ 721d
3 72549 727d
4" 138d 738d
5" 701 d 69.5d
6" 18.5 ¢ 186 ¢

*in CDCl,, *%& Assignments may be reversed in each vertical
column.

[A]: Methyt a-L-arabinofuranoside.

[R]): Methy! a-L-rhamnopyranoside.

the '>*CNMR signals (511.6, 13.9, 250, 38.9) [2] of 4
indicated the existence of partial structure A (1-methyl-
propyl group). %

Detailed analysis of the 'H NMR spectrum of the
acetate 8, including spin-decoupling experiments, implied
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the presence of the partial structure B in 4. Irradiation of
H-3 (proton next to acetoxy group) at 65.19, which was
assigned by comparison of the 'H NMR spectra of 4 and
$, collapsed two dd (H,-2)at 52.54 and 2.95 to two d (each
J = 17 Hz) indicating C-2 was adjacent to a quarternary
carbon(carbonyl group), and also collapsed two ddd(H ,-4)
at 51.68 and 2.30 to two dd. Irradiation of H-5 (proton
next to ester group) at §4.14 collapsed two ddd, due to H ,-
4,10 two dd. The partial structure B was also supported by
a fragment peak at m/z 115 [C4H,0,]" in the EI mass
spectrum of 4. These data established the structure of
compound 4 as a monohydroxy 4-lactone.

Since 4 was an artefact of 1 and it gave 1 by alkaline
treatment, compound 1, the genuine eliminated acyl
group, must be 3 5-dihydroxy-6-methyloctanoic acid
though it was not isolated as its acid form.

Compound 2 was hydrolysed with acid to yield com-
pounds 1, 4 and arabinose and revealed in the FD mass
spectrum the molecular ion peak as a cationized cluster
ion, [M(C, (H;,04)+ Nal"* at m/z 345. In the '>*C NMR
spectrum the signals due 1o one anomeric carbon and a
carboxylic acid were observed at 61088 and 177.7,
respectively. The above data indicate that compound 2 is
the monoarabinoside of 1. Comparison of the '3C NMR
specttum of 2 with those of 4 (artefact of 1) and methyl
arabinosides (Table 1) indicated the existence of an a-
arabinofuranosyl moiety in 2. Consideration of the glyco-
sylation [3, 4] and esterification {5, 6] shifts revealed that
the S-hydroxy group was glycosylated. The location and
the configuration of the arabinose was confirmed as
follows.

When 2 was methylated by the method of ref. [7] it
produced the permethylate 6 which afforded methyl 2,3,5-

A(mfz 57)

(mjz115)8

miz175(6)
mfz 349(7)

R. HigucH! and T. KOMORI

tri-O-methyl-arabinofuranoside ﬁpon methanolysis. The
El mass spectrum of 6 gave characteristic fragment peaks
(m/z 261, 131, 117)due to the cleavage shown in Scheme 1,
thus indicating the site of linkage of the arabinose together
with the peaks originating from the terminal per-
methylated pentose (m/z 175) [8] and aglyconc residue
(m/z 201). The x-configuration was verified by comparison
of the anomeric proton signal (65.08, s) in the 'H NMR
spectrum of 6 with those of methyl furanosides of 2,3,5-tri-
O-methyl-a- and S-arabinose {9].

Consequently, if arabinose is assumed to be the most
commonly found L-series, compound 2 is 3,5-dihydroxy-
6-methyl-octanoic acid 5-0-a-L-arabinofuranoside.

Compound 3 gave, on acid hydrolysis, 1, 4, arabinose
and rhamnose, and showed in the F D mass spectrum the
molecular ion peaks at m/z 469 and 491 as a cationized
cluster ion, [M(C,0H;,0,,)+ H]* and (M +Na]*. In
the '3C NMR spectrum two anomeric carbon signals were
observed at §106.5 and 100.9. Therefore, compound 3 is
regarded to consist of one mol. each of 1, arabinose and
rhamnose. The FD mass spectrum of 3, further, revealed
the peak at m/z 345, [M + Na —146]*, derived from the
climination of a terminal rhamnose residue {10]. In the
13C NMR spectrum signals due 1o aglycone moieties of 2
and 3 showed good agreement (Table 1). The above data
indicated 3 was the 5-O-rhamnosyl-arabinoside of 1, and
the structure of the sugar moiety was determined as
follows. )

When the '3C NMR spectrum of 3 was compared with
those of 2 and methyl rhamnosides, the glycosylation shift
was observed on the signals at C-1, C-2’ and C.3' of a-
arabinofuranose in 3 and the a-pyranose form of a
rhamnose moiety in 3 was also; indicated (Table 1).

mfz 261(6)
mfz 435(7)

s’AROMe HA"Y
H -—54.92(s)
>



Glycosides from quillajasaponin

Permethylation of 3 followed by methanolysis of the
product (7) afforded methyl 2,3,4-tri-O-methyl-
rhamnopyranoside and 8. Compound 8 was assigned by
the '"H NMR spectrum of its acetate (9) as methyl 3,5-di-
O-methyl-arabinofuranoside. Since the a-configuration of
rhamnose and arabinose units was confirmed by their
anomeric proton signals, §4.94 (doublet, J = 2Hz) and
5.12 (singlet) [9, 117, in the 'H NMR spectrum of 7, the
sugar moiety of 3 was assignable to be the a-
rhamnopyranosyl-(1 — 2}a-arabinofuranoside.

Accordingly, compound 3 is 3,5-dihydroxy-6-methyl-
octanoic acid 5-O-a-L-rhamnopyranosyl-(1 — 2)-a-L-
arabinofuranoside because rhamnose is also usually found
as the L-series in natural products.

Investigations concerning the stereochemistry of 4 and
the aglycone moiety of 2and 3arein progress, but, 2and 3
are, to the authors’ knowledge, novel natural glycosides.
For example the aglycone moiety is especially unique in
that it is the first of C, natural carboxylic acid and the
sugar moiety of 3 is also unique in that arabinofuranose,
which is usually located at a terminal, in this case is located
at the internal position of the glycoside.

It is assumed that compounds 1, 2 and 3 are combined
with desacylsaponins which were described in the preced-
ing paper [1] to form the respective parent acylated
saponin, quillajasaponin,

EXPERIMENTAL

For general methods, except for those described below, refer
to the preceding paper [1]. Solvent systems for TLC (silica gel
and Avicel): (a) CHCl,-MeOH-H,0(7:3:0.3), (b) n-hexane-
EtOAc(1:1), (¢) upper layer of n-BuOH-pyridine-H,0 (6:2:3)
+ pyridine (1). Conditions of GLC(FID mode): glass column
(1.2m x 3mm) packed with 109 1,4-butanediol succinate on
shimalite W(60-80 mesh), column temp. 135°. IR spectra were run
as CCl, soln.

Isolation of compounds 4, 2 and 3. A mixture of less polar
compounds (eliminated acyl groups) (2.2 g) obtained f(rom
quillajasaponin by mild alkaline hydrolysis [ 1]and showing three
major spots (R, 0.39,0.23,0.10) on TLC (silica gel; solvent a), was
chromatographed on silica gel (cluant; CHCl,-MeOH-H,0,
8:2:0.2 - 7:3:0.3) 10 give three fractions, fraction 1 (R, 0.90),
2(R, 0.23) and 3 (R, 0.10). Each fraction was passed through a
Sephadex LH-20 column (eluant; MeOH) to give compound 4
(105 mg), 2 (107 mg) and 3 (169 mg), respectively.

Compound 4. Colourless syrup, [alp + 39.5° (McOH; ¢ 1.15).
IRv€Sleem=™': 3600 (OH), 1725 (ester). FDMS m/z:
173(M(C,H,,0;)+ H]*. EIMS m/z 154.1009[M ~H,0]",
caled for CgH, ,0,: 154.0994 (16 %), 115.0391[C,H,0,] ", caled
for C4H,0,4: 1150393 (100%), 57 [C.H,]1* (45%). 'HNMR
(CDCL,): 6092 (3H. 1. J = 6 Hz, M¢),0.97 (3H, d, J = 6 Hz, Me),
4.16 (2H, m, H-3 and H-5). '*CNMR (CDCl,): Table 1.

Monoaceiate 8 of compound 4. Compound 4 (21 mg) was
acetylated with Ac,0(1.5 ml}-pyridine (1.5 ml) at 70° for 30 min
and the reaction mixture was diluted with H,O and extracted
with CHCI,. The CHCl, fayer was washed, dried and evaporated.
The residue was passed through a silica gel column (eluant n-
hexane-EtQAc, {: 1) to give an acctate (6) (15 mg) as a colourless
syrup. [RvECk cm ™ !: no OH, 1740 (ester). 'H NMR (CDCl, ). &
093 (3H,1,J = 6 Hz, Mc), 0.98 (3H,d, J = 6 Hz, Mc), 2.08 (3H, s,
OAc), 1.68 (1H, ddd, J = 14,12, 9 Hz, H-4), 2.30 (1H, ddd, J = 14,
7, 3Hz, H4), 2.54 (1H, dd. J = 17, THz, H-2), 295 (IH, dd, J
=17, THz, H-2}, 4.14 (1H, ddd, J = 12, 4, 3Hz, H-5), 5.19 (1H,
dddd, J =9, 7, 7, 7 Hz, H-3). Irradiation of 55.19: 51.68 (dd, J
= 14,12 Hz),2.30(dd,J = 14,3 Hz2),2.54 (d,J = 17T Hz), 295(d,J
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= 17 Hz). Irradiation of 54.14: 51.68 (dd, J = 14, 9 Hz), 2.30 (dd,
J =14, 7 Hz).

Compound 2. Amorphous hygroscopic powder, {a]p, ~82°
{MeOH; ¢ 087) FDMS m/z 345[M(C, H,;,0,)+ Na]".
3CNMR (C,D,N}. Table 1. Compound 2 was heated with
1 NH,SO, for 1 hr at 70° and diluted with H,0. The reaction
mixture was extracted with Et, O and the Et,O layer was washed,
dried and evaporated to give crude aglycone fraction in which 4
and 1 were detected by TLC (silica gel, solvent a). The H,O layer
was neutralized with Ba{OH), soln, filiered'and the filtrate was
concentrated. The residuc was examined by TLC (Avicel, solvent
b), and arabinose was detected.

Permethylate 6 of compound 2 (7] and its methanolysis.
Compound 2 (47 mg) was treated with NaH (250 mg) and Mel
(? ml) in DMSO (10 mi). The reaction mixture was diluted with
H,0 and extracted with CHCl,, and the CHCI, layer was
washed, dried and evapd. The residuc was Fhromalographed on
silica gel (eluant, n-hexane-EtOAc, 2:1) to give 6 (23 mg) as a
colourless syrup. IR vESk cm ™ ': no OH, 1740 (ester). FDMS m/z.
392[M(C,oH;304)]*. EIMS my/z (rel. int): 261 (7), 201 (66), 175
(100), 131 (12), 117 (17). 'H NMR(CDCl,): $0.8-1.0(6H, m, Mc
x2), 1.4-1.9 (SH,m H,-4, H-6,H,-7), 2.53 (2H,d, J = 6 H2, H,-
2), 3.38 (12H, s, OMe x 4), 3.68 (3H, 5, COOMe), 5.08 (1H, s,
anomeric H of arabinofuranose). Compound 6 was heated with
7% HClin McOH for 2 hr, the mixture was treated with Ag,CO,
and filtered. The filtrate was evapd and the residue (meth-
anolysate) was examined by TLC (silica gel, solvent b) and GLC
and methyl 2,3,5-tri-O-methyl-arabinofuranoside was detected
(a-anomer, R, 0.56, R, 10.6 min; B-anomer, R ,0.39, R, 14.0 min).

Compound 3. Amorphous hygroscopic powder, [a]p —98.3°
(MeOH; ¢ 0.58). FDMS m/z: 469[M(C;oH,,0,,) + H] *, 491[M
+ Na]*, 345[M + Na —146] *. '*CNMR (C,D¢N): Table 1. On
hydrolysis with acid under the same! conditions as for 2,
compound 3 gave 4 and 1 (detected by TLC; silica gel, solvent a)
and a sugar mixture. The sugar mixture was found to consist of
arabinose and rhamnose (TLC: Avicel, solvent b).

Preparation of permethylate 7. Methylation of 3 (88 mg) in the
same manner as for 2 afforded 7 (61 mg) as a colourless syrup.
IRvEChem ™' no OH, 1740 (ester). FDMS m/z 567
[M(C,5H 6O ;) + H]*. EIMS m/z (rel. int.): 435 (1), 349 (62), 201
(79). 189 (100}, 131 (20), 117 (1 1). "H NMR (CDC1,): 50.8-1.0 (6H,
m, Me x 2), 1.27 3H, d, J = 6 Hz, H;-6" of rhamnose), 1.4-1.9
(SH, m, H;-4, H-6, H,-7),2.53 (2H, d, J = 6 Hz H,-2), 3.37, 3.39,
1.42,3.48, 3.50, 3.53 (cach s, 3H, OMe x 6), 3.67 (3H, s, COOMe),
494 (lH, d, J = 2 Hz, anomeric H of rhamnose), 5.12 (1H, s,
anomeric H of arabinofuranose).

Methanolysis of compound 7. Permethylate 7 (40 mg) was
boiled with 109, HC! in MeOH for 2 hr and treated in the same
manner as for 6. The methanolysate was examined by TLC (silica
gel, solvent b) and GLC and methyl 2,3,4-tri-O-methyl-thamno-
pyranoside was detected (a-anomer, R', 0.54, R, 8.6 min). It was
then chromatographed on silica gel (cluant, n-hexane-EtOAc,
1:1) to give 8 (colourless syrup) (R, 0.20, silica ge!, solvent b).
Compound 8 yielded, by usual acetylation, a monoacetate 9
(colourless syrup). 'HNMR (CDCl,) 52.10 (3H, s, OAc), 3.40 (3H.
5,OMc), 3.44 (6H, s, OMe x 2), 3.6 (3H, m, H-3', H,-5'), 4.16 (1H,
m H-4'),492 (1H,s,H-1'), 505 (1H,d,J = 1 Hz, H-2'). Irradiation
of §5.05 simplified the signal at 63.6.
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ELSEVIER

Effects of carbohydrate modification
of Quillaja saponaria Molina QH-B
fraction on adjuvant activity,
cholesterol-binding capacity and
toxicity

Bengt Ronnberg*, Makonnen Fekaduf, Shahriar Behboudit,
Lennart Kenne§ and Bror Moreingt

The iscom is an efficient antigen-presenting system for various antigens inducing both
MHC class I and class 11 restricted immune responses. Protective immunity has been
evoked against a variety of infectious agents. The saponin adjuvant Quil A, which was
originally used to form iscoms, is composed of a mixture of structurally similar triterpe-
noids from Quillaja saponaria Molina having different biological activities. A purified,
toxic Quillaja triterpenoid fraction with strong adjuvant activity, designated QH-B, was
used to study whether modification of the carbohydrate moiety with sodium periodate
would alter the toxicity without harming adjuvant activity and cholesterol-binding
capacity. Most sugars, and in particular Api, Gal and Xyl, were modified by periodate
treatment with only minor changes of the molecular weights indicating no loss of sugar
residues. The adjuvant activity of QH-B was reduced in a dose-related manner, and' at
a concentration of 25 mM sodium periodate a significant reduction in toxicity was
observed. The differences in both toxicity and adjuvant activity of the periodate-treated
QH-B could be derived from alterations in the structure of the sugars Gal and Xyl,
while modification of Api may influence adjuvam activity but not toxicity in vivo. The
cholesterol-binding capacity, a prerequisite for iscom formation, was not affected by
periodate oxidation at the doses tested. However, the use of modified QH-B as
described in the present study for iscom-matrix formation resulted in “saponin-lipid
complexes” which, to a various degree or totally, deviated from the characteristic iscom
morphology. © 1997 Elsevier Science Ltd.

Keywords: Quil A: Quillaja saponaria: carbohydrate modification; adjuvant activity; cholesteral binding activity;
toxicity

A number of potentially interesting substances for use
as adjuvants are saponins of various kinds. However,
the toxicity of these substances has been the limiting
factor for their use in vaccines for man and animals. To
circumvent these obstacles, non-toxic saponins have to
be selected fulfilling certain criteria. Alternatively,
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identified saponins which are toxic, but otherwise
desired, have to be madified to render them non-toxic.
Saponins have been identificd with strong immunoen-
hancing capacity and low general toxicity, but they
cause in free form strong Iocal reactions at the snc of
injection mainly due to their lytic propertlcs . We
have developed a technique, bascd on the mcorpora-
tion of the triterpenoid saponins into iscoms*’, which
to a great extent blocks thc lytic effect and thercby
reduces the local reactions.

The iscom was created to0 combine an op(imal
immunogenic/physical prescntauon of antigens in a
multlmenc small particular form®” with a build-in
adjuvant®. In a number of publications it has been
shown that the iscom is an cfficient adjuvant formula-
tion (for a review sec Cox and Coulter®, Héglund ez al. K
and Morein e al.'"). The unique part of the iscom is
composed of triterpenoids from the bark of the trec
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"Quillaja saponaria Molina. They consist of a triterpene,

two branched carbohydrate chains with eight to ten
monosaccharides in total"'. Onc important prerequisite
for the iscom formation is the ability of the triterpe-
noids to bind cholesterol. The iscom particle is formed
between triterpenoids firmly bound to cholesterol and
an additiona! lipid, c.g. phosphatidylcholine and the
amphipathic antigen®. If the antigen is omitted the
particlc is named iscom-matrix. A number of Quillaja
saponaria Molina triterpenoids have been isolated’ in
the scarch for defined adjuvants for human usc.
However, for their usc in iscom formulations three
critcria have to be fulfilled: (i) the triterpenoids should
bind cholesterol; (ii) have potent adjuvant activity; and
(iii) they should be non-toxic. We have access to three
chemically and functionally dcfined triterpenoid
_ fractions named QH-A, QH-B, and QH-C'. These
fractions form iscom-matrix and iscoms in various
combinations. A combination of QH-A and QH-C
(ISCOPREP™ 703) in an influenza iscom vaccine
formulation is currently under Phase 1 and 2 studies in
man. QH-A has little adjuvant activity while QH-B and
QH-C both ‘have strong adjuvant activity. In mice
QH-B is toxic at doses ranging between 50 and 200 pg,
while QH-C, like QH-A, scems to be virtually
non-toxic in these doses'. Another purified Quillaja
saponin designated QS21 was found to be tolerated at
a dosc of 100 ug when used as an immunological
adjuvant in frce form in a Phase 1 trial with a GM2
ganglioside-keyhole limpet haemocyanin conjugate
vaccinc in patients with malignant melanoma'.

QH-B was selected becausc it is the most toxic of
the triterpenoid fractions, which limits its use in man
and animals. We formulated the present study to
explore whether its toxicity could be altered by
chemical modification with sodium periodate' without
harming the cholesterol-binding capacity and adjuvant
activity. However, while the cholesterol-binding
capacity was retained the adjuvant activity and toxicity
decreased by sodium periodate treatment.

MATERIALS AND METHODS
Materials

Quillaja saponaria Molina triterpenoid QH-B' was
obtained from Iscotec AB (Uppsala, Sweden).
[*H]-cholesterol was purchased from Amersham. All
other chemicals and rcagents were obtained from
Sigma, unless otherwise specified.

Cells

Seed stocks for WEHI 164 cells clone 13" used for
assaying intracellular dehydrogenase activity were the
generous gift of Hans Wigzell, Karolinska Institute,
Stockholm, Sweden. Cells were maintained in 75 cm®
T-flasks (Costar) with the medium and serum supple-
ment used by Espevik and Nissen-Meyer"“.

Animals

Female mice of thc NMRI strain, 18-20g, were
obtained from the National Veterinary Institute,
Uppsala, Sweden and used for the adjuvant activity
studies. Female ICR mice, 17-20 g (5 to 6 weeks old),

used for the toxicity studies, were obtained from
Centers for Disease Control, Atlanta, GA, USA.

Periodate oxidation .

QH-B (S5mgml™') was | treated with sodium
periodate in 50 mM sodium acetate buffer, pH 4.5, at
varying concentrations, ranging from 2.5 to 50 mM, by
incubation for 1 h in the dark at 4°C. The oxidation
was stopped by the addition of cthylene glycol. The
samples were dialyzed against H,O and kept lyophi-
lized until used.

Thin layer chromatography

The effects of periodate oxidation on QH-B were
demonstrated by thin layer chromatography on silica
gel using the solvent system chloroform—methanol-
water containing 0.2% CaCl; (4:4:1 by volume). 2%
H,SO, and 1% anisaldehyde in acetic acid with heating
(5 min at 120°C) were uscd for detection.

Sugar analysis ‘

Samples (2 mg) were hydrolyzed with 2 M trifluoro-
acctic acid at 120°C for 2 h; evaporated to dryncss,
dissolved in 1 ml 0.1 M ammonia and trcated with 5 mg
sodium borohydride for 2 h. The samples were treatcd
with Dowex 50 (H') ion éxchange resin and thc
solutions were filtercd and evaporated to dryness. To
remove the formed boric acid, 2 ml of methanol was
added and the solutions were concentrated to dryncss;
this procedure was rcpeated twice. The products were
acetylated with acetic anhydride (0.5 ml) in pyridine
(0.5 ml) at 100°C for 30 min, the solvents cvaporated
and the formed alditol acctates werc analyzed by gas
liquid chromatography-mass spectrometry (GLC-MS)
using a HP-1 glass capillary column and a Hewlett
Packard 5890 chromatograph connected to a Hewlett
Packard 5970 mass selective detector. The alditol
acetates were compared with authentic samples.

For analysis of apiose the samples were hydrolyzed
with 2 M trifluoroacetic acid at 90°C for 30 min and
then analyzed as described above.

NMR spectroscopy and mass spectrometry

For 400 MHz 'H NMR spectra the samples (5 mg)
were dissolved in deuteriomcthanol and analyzed at
30°C on a Varian VXR 400 spectromcter. Matrix-
assisted laser-desorption-ionization mass spectrometry
(MALDI-TOF) was performed in the positive mode on
an LDI-1700XS time-of-flight instrument using
2,5-dihydroxybenzoic acid as matrix.

Virus and virus antigen preparations

The influenza virus strain used was A/PR/8/34
(HIN1) (PR-8). Thc virus was propagated in
11-day-old embryonated hen: cggs. The allantoic fluid
was clarified by centrifugation and the virus was
purified by density gradient centrifugation in sucrose".

Preparation of micelles

Micelles were prepared to contain the haemagglu-
tinin (HA) and ncuraminidasc (NA) proteins from
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- influenza virus as described previously®. Bricfly, 10 mg
of the influenza virus PR-8 was solubilized in 2%
MEGA for 30 min at room temperature. The solubi-
lized viral envelope proteins, HA and NA, were
isolated by ultracentrifugation (30 min, 200000 g, 20°C)
into a sucrose layer (20% w/v sucrose containing 0.5%
MEGA). The gradient was fractionated and the
fractions were analyzed for protein content according
to Bradford". Micelles were prepared by removal of
the detergent by dialysis in PBS.

Cholesterol-binding capacity

The capacity of periodate-modified QH-B to bind
cholesterol was assessed by a dialysis method for
preparation of iscom-matrix and subsequent dnalysis by
sucrose gradient centrifugation and electron micros-
copy’. Bncﬂg 1 mg of cholesterol (containing tracer
amounts of ["H]-cholesterol) and 1 mg of phosphatidyl-
choline in 29% MEGA were mixed with 5 mg of QH-B.
The mixturc was dialyzed extensively against PBS, first
overnight at room temperature and then at 4°C. The
mixture was purified by sedimentation through a
sucrosc gradient (10~50% sucrose in PBS) (TST 41.14
rotor, for 18 h at 39000 rpm and 10°C). The gradient
was collected in 15 fractions starting from the bottom
of the tube. Each fraction was analyzed for radio-
activity (cholesterol). The fractions containing the
iscom-matrix were extensively dialyzed against PBS at
4°C and characterized by electron micrascopy.

* Hemolytic activity

The hemolytic activity of periodate-modified QH-B
was measured in chicken red blood cells. The cells
were washed with PBS and diluted to 0.5% in PBS. To
100 pl of this suspension, 100 ul of sample solution in
PBS was added. The mixture was incubated at 37°C for
1 h and then centrifuged. The absorbance of the super-
natant was measured at 414nm in a Labsystems
Multiskan MCC/340 microtiter plate reader.

Assay for intracellular dehydrogenase activity

The effect of periodate-modified QH-B on the intra-
cellular dchydrogcnasc activity was determined by the
MTT method”. MTT is a tetrazolium salt that is
clcaved by mitochondrial dehydrogenases in living cells
only to give a dark-blue product. Cells werc seeded in
96-well tissue culture plates (Nunc) and incubated for
24 h. The cells {50000 cells per well) were incubated
for 2h with different concentrations of modified
QH-B, MTT solution (5 mg m!™" cell culture medium)
was added, and the plates were incubated for another
90 min. The color was measured in a Labsystems
Multiskan MCC/340 microtiter platc reader,

Toxicity in mice

To determine thc maximum amount of periodate-
modified QH-B tolerated by mice without local or
gencral reactions, groups of 10 ICR female mice were
inoculated subcutaneously with varying doses of
modified QH-B dissolved in PBS. Inoculated mice
were observed daily for 3 wecks for signs of sickness
and possible development of local reactions at the site
of inoculation. Time and number of deaths were
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recorded and the lethal dosé (LD;(,) was calculated by
the method of Reed and Muench'®.

Statistical analysis

The differences between time to death among treat-
ment  groups were examined uqmg Kaplan -Meir
survival analysis". Overall and in pairs, comparison was
made for survival functions using the log rank test.

Immunization of mice

Groups of 10 NMRI mice were cach immunized
subcutaneously twice, 4 weeks apart, with 1 ug PR-8
envelope proteins in micelles supplemented with 10 pg
QH-B treated with the sodium pcriodate concentra-
tions indicated. One group of 10 mice received 1 ug
PR-8 envelope proteins in micelles only and served as
a non-adjuvanted control. Primary bleeds were at Day
21 and secondary bleeds at Day 42. Serum samples
were analyzed for total antibody response in an
ELISA.

ELISA

PR-8 micclles (100 pl) at 3 ug mt~" in 0.05 M sodium
carbonate buffer, pH 9.6, were added to wells of micro-
titer plates (Nunc). Following overnight incubation at
4°C and washing with PBS containing 0.05% Twcen-20
(PBS-T), the plates were mcubatcd sequentially in the
following reagents with intermediate washings in
PBS-T: 100ul of scrial three-fold dilutions
(commencing at 1:30) of sample mousc sera for 1 h at
37°C. 100 i of 1:3000 dilutions of horseradish peroxi-
dase-conjugated rabbit anti-mouse lg (Dakopatts) for
1h at 37°C, 200 ul substrate for 10 min at room
temperature, followed by 50 4l 4.5 M H.SO, to stop the
enzyme reaction. The absorbancc of plate wells was
measured at 450 nm in a Labsystems Multiskan
MCC/340 microtiter plate rcader.

RESULTS

Initial experiments analyzed'the effects of increasing
sodium periodate concentrations on the chromato-
graphic behavior of QH-B. indicating its suitability for
a dose-dependent modification. The modificd QH-B
was analyzed for various parameters, i.e. degrec of
modification, cholesterol- bmdmg capacity, hemolytic
activity, cytotoxicity, in vivo 'toxicity, and immunoen-
hancing capacity.

Maodification of QH-B with sodium periodate

Figure | shows the change in chromatographic
behavior of modified QH-B! as determined by thin
layer chromatography, following treatment with
increasing molarities of sodium periodate. At a concen-
tration of 2.5mM sodium periodate an increased
number of bands was observed, indicating chemical
modifications of the QH-B structures. Excessive
modification of QH-B was apparent at sodium
periodate concentrations highér than 10 mM.

Chemical and spectroscopic characterization of
periodate-modified QH-B

Treatment of a sugar with periodate will clcave the
carbon-carbon bond between vicinal hydroxyl groups
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Figure 1 Thin layer chromatography pattern of QH-B after treat-
ment with increasing concentrations of sodium periodate. QH-B
was treated with (a) O mM, (b) 2.5 mM, (c) 5mM, (d) 10 mM, (e)
25 mM, and (f) 50 mM sodium periodate

with the subsequent formation of two aldehyde groups.
The latter can be involved in hemiacetal formation
with adjacent hydroxy! groups and thus form new rings,
but diffcrent from the original sugar. Sugars with
vicinal hydroxyl groups are terminal or 1.2-, 1,4- and
1.6-linked sugars.

In order to identify the modifications of QH-B
achicved by the periodate treatment, sugar analyses of
the native and the periodate-treated saponins were
performed. Samples with inositol as an internal
standard were hydrolysed with aqueous 2 M trifluoro-
acetic acid, the released sugars converted to their
alditol acctates by reduction with sodium borohydride
and then acetylation. The alditol acetates were
analyzed by GLC-MS and the amounts estimated
relative to the internal standard (Figure 2). The results
showed that Fuc and Ara were only marginally
affected, Rha and Glc to approximately 60%, whereas
most of the Xyl and Gal were destroyed. Apiose was
rapidly oxidized and the oxidation was total even with
the lowest concentration (2.5 mM) of sodium periodate
(data not shown).

The modificd QH-B was also analyzed by MALDI-
TOF. This technique allows determination of the
molccular weights of the saponins. The spectrum of the
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Figure 2 Sugar composition of native and periodate-treated
QH-B expressed as a percentage of total material. The sugars
were determined as their alditol acetates by GLC-MS. Gat (m): Glc
(7): Fuc (1) Rha (a); Ara (e); and Xyl (e)

original saponin showed a mixture of components, with
a different number of sugar residues in the oligo-
saccharide part of the saponin, as indicated from the
ions around m/z 2170, 2040 and 1906 (Figure 3). Each
of these three peaks consisted 'of several peaks
separated by 14 Da, indicating a mixturc of saponins
with a different number of pentoses and 6-deoxy-
hexoses (a molecular weight difference of 14),

In the spectra of the periodate-tréated materials the
peaks were broader, showing an cven more complex
mixture of modified saponins. However, no loss of
sugar residues or any other part of the molecule was
obscrved since the peaks in the spectra were observed
at approximately the same masses. .

The 'H NMR spectra of the samples showed several
signals for anomeric protons (data not shown). These
signals decreased in spectra of the periodate-treated
samples showing that the ring for several of the sugars
was opened due to the oxidation of vicinal hydroxyl
groups. ’

Cholesterol-binding capacity

An important property of lela/a trltcrpcnolds is
the binding to cholesterol for the formation of iscom-
matrix and iscom. The ability of periodate-modified
QH-B to bind cholesterol was analyzed by sucrose
gradient centrifugation and electfon microscopy.
Non-bound cholesterol will remain at the top of the
gradient, while cholesterol bound to the Quillaja triter-
penoids sediments to the lower part of the gradient’.
QH-B modified with all five sodium periodate concen-
trations were able to bind cholesterol (Figure 4) but did
not form characteristic iscom-matrix (data not shown).
Instead, aggregated “saponin-lipid complexes™ were
formed.

Hemolytic activity

The hemolytic activity of periodate;modified QH-B
was studied. A decrease of the hemolytic activity was
seen with QH-B, following treatment with increasing
molarities of sodium periodate (Figure 5). A concentra-
tion of approximately 5 ug ml™" of untreated QH-B is
required to obtain an absorbance of (L5 at 414 nm,
while as much as 40 ugml ' is needed for QH-B
trcated with 50 mM sodium periodate.

Effect on intracellular dehydrogenase activity

The effect of periodate-modified QH-B on the
viability of WEHI cells was studied using the MTT
method. This assay is based on mitochondrial dehydro-
genase conversion of the yellow dye MTT to a purple
formazan product as a measurement of the metabolic
activity of living cells. As can be scen;in Figure 6. a
decrease in cytotoxicity of QH-B is found in WEHI
cells, following treatment of QH-B with increasing
molarities of sodium periodate. compared with
untreated control cells. Unmodified QH-B causes a
50% inhibition of enzyme activity at a concentration of
approximately S pgml '. QH-B trcated with 2.5 or
5 mM sodium periodate mh!bm the enzyme dCthIly at
a concentration of approximately 10 pgml ', while
QH-B treated with the highest sodium periodate
concentration tested, i.c. 50 mM, is required at a more
than 10 times higher concentration to inhibit enzyme
activity by S0%.
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Figure 3 Molecular weight distribution of native and periodate-treated. QH-B. The mass spectra were obtained by MALDI-TOF using

2, 5-dihydroxybenzaic acid as matrix

Toxicity in mice

All mice that were inoculated subcutaneously with
more than 100 ug of QH-B, regardless of the QH-B
prcparation, developed local reactions ranging from a
hard swelling that did not decline during the observa-
tion period of 3 weeks to large (2~6 cm in diameter)
soft edematous swelling. Most of the mice that
developed either lesions died within 3 days after inocu-
lation, and those mice that survived developed a large
necrotic scar at the site of inoculation. The LDy, of
QH-B is shown in Table I. Non-treated QH-B and

CPM

20000 1

10000

1 2 3 4 5 68 7 8 8 10 1t 12 13 14 15
Fraction

Figure 4 The capacily of QH-B 10 bind cholesterol after treatment
with increasing concentrations of sodium periodate as assessed
by sucrose gradient centrifugation. Fractions were collected from
the bottom ot the tube. Symbols indicate radioactive cholesterof.
QH-B was treated with 0 mM (01); 2.5 mM (m); 5 mM (0); 10 MM (e};
25 mM {»); and 50 mM () sodium periodate
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QH-B treated with 2.5, 5 ar?\d 10 mM sodium periodate
caused about the same mortality expressed as LDy, i.c.
ranging from 29 to 70 ug. After treatment of QH-B
with 25 and 50mM sodium periodate, thc LDy,
increased to 197 and 132 g, respectively.

Analysis  of qurvwal function by. Kaplan~Meir
survival analysis” indicated significant differences in
the distribution time to dcath among treatment groups
(P = <0.001; log rank staustlc 53.4). Mice treated with
25 and 50 mM sodium periodate were indistinguishable
from each other (P=10.32), but were significantly
different from micc treated with 2.5, 5 and 10 mM
(P<0.00t for afl in pairs comparison). Mice treated

Absorbance al 414 nm

0.0 v v v
0.1 1 10 100 1000

Periodate~modified QH~B (ng/mt)

Figure 5 Influence of periodate oxidation on the hemolytic
activity of QH-B. QH-B was treated with (0) 0 mM, () 2.5 mM, (a)
S mM, (o) 10 mM, (m) 25 mM, and (a) SO mM sadium periodate
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Figure 6 Toxicity of periodate-treated QH-B as measured by the
MTT method. QH-B was treated with () 0 mM, (1) 2.5 mM, (a)
5mM, (e) 10 mM, (a) 25 mM, and (a) 50 mM sodium periodate

with 2.5, 5 and 10 mM sodium periodate were not
statistically different from each other.

Immunoenhancing capacity

The adjuvant activity of modified QH-B was evalu-
ated in a system using the envelope proteins of influ-
enza virus in micelle form as the antigen and the serum
antibody response was tested in a mouse model. After
the primary immunization all animals responded with
clearcut antibody titers which after boost increased
about ten-fold. The effect of increasing concentrations
of periodate on the adjuvant activity of QH-B is shown
after the sccond immunization in Figure 7. A concen-
tration-dependent loss of adjuvant activity occurred.
Micc immunized with micelles supplemented with
OH-B trcated with the highest concentrations of
sodium periodate, i.c. 25 and 50 mM, showed little or
no increase of the serum antibody response compared
with the non-adjuvanted control. QH-B modified with
cither 2.5, 5 or 10 mM sodium periodate enhanced the
serum antibody response, with 10 mM showing the
fowest enhancing capacity and 2.5 mM the highest.

DISCUSSION

Tritcrpenoid saponins from Quillaja saponaria Molina
consist of an aglycone with two carbohydrate chains''.
Most likely the aglycone skeleton is fairly well
conserved among these triterpenoids: and the major
differences are found in the carbohydrate residues™. It

Table 1 Lethality of periodate-treated QH-B to ICR mice

Sodium periodate (mM) LDso (1g)°
0 52
25 70
5 29

10 55

25 197

50 132

LDy, is the dose (ug) that kills 50% of the inoculated mice as
calculated by the method of Reed and Muench'®
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Figure 7 Serum antibody response in mice immunized twice
subcutaneously (Day 0 and Day 28) with 1 ug PR-8 micelles and
periodate-modified QH-B. 1 ;g PR-8 micelles and 10 g QH-B
treated with () OmM, (@) 25mM, (s) 5mM, (e) 10mM, (m)
25 mM, and (a) 50 mM sodium periodate and (-n-) 19 PR-8
micelles only. Symbals indicate mean values and vertical bars the
SE

is possible that toxic, as well as adjuvant propertics, are
found in the carbohydrate part of the molecule. A key
question is whether modification of the carbohydrates
is altering the toxic properties or thc immunocn-
hancing capacity or both. Other biological functions of
particular interest and prcvmu%ly not dealt with are
cholesterol-binding capacity and iscom formation and
their relation to adjuvant activity. It is also important
to design methods to monitor: the effects of modifica-
tion of saponins and to corr¢late these to biological
functions.

Mild periodate oxidation at acidic pH has bc«,n
shown to cleave carbohydrate vncmal hydroxyl groups'.
This method was used to modify the carbohydrate
chains of QH-B, a Quillaja saponaria Molina triterpe-
noid saponin defined as the most toxic fraction but also
exhibiting strong adjuvant activity'. The present study
demonstrates that sodium periodate oxidation at acidic
pH is a rcproducible methodi to modify QH-B in a
dose-related manner, which was readily monitored and
visualized by thin layer chromatography. Using
increasing concentrations of sodium periodate the lytic
activity as well as the cell toxic activity mecasured by the
MTT method declined and so did the immunocn-
hancing activity. In contrast, the toxicity observed in
vivo decreased in a stepwisc manner when increasing
the concentration of sodium periodate from 10 to
25 mM. However, the ability to bind cholesterol was
retained at all concentrations of sodium periodate. The
corrclation between loss of hemolytic activity and loss
of adjuvant activity has also beén observed in a recent
study by Soltysik et al.™ using the Quillaja saponin
QS-21 and derivatives thereof. They showed that
QS-21 modified at the aldchyde at carbon 4 on the
triterpenc skeleton lost its adjuvant duivity suggesting
that this group may be involved in the adjuv'lnt
mechanism. It has also been reported by Kensil et al.™'
that periodate oxidation of a toxic Quillaja saponin
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designated QS-18 eliminates the adjuvant activity
associated with this saponin. However, the evaluation
of the effect of this treatment was limited to adjuvant
activity and no attempts were made to correlate this
activity to other biological functions or chemical effects
on the molecule as was done in this study. The present
study demonstrates that, although periodate-modified
QH-B binds cholesterol, it does not form characteristic
iscom-matrix. However, the integrity of the iscom-
matrix is not only dctermined by the cholestcrol
binding capacity, but also by electrostatic interactions’.

It has been proposed that the glucuronic acid, a
charged sugar present in most Quillaja saponins,
prevents aggregation of iscom-matrix. “Saponin-lipid
complexes” have been reported to be formed by other
saponins than from Quillaja saponaria Molina,
indicating a wide range of saponins with the ability to
bind cholestcrol®,

Under the milder conditions (2.5 and 5 mM sodium
pcriodate) used in this study, only the most accessible
sugars were oxidized, whereas at higher concentrations
of periodate all of the sugars with vicinal hydroxyl
groups were affected. Since no further treatment of the
oxidiscd material was done, the modified sugars should
still be present. This was confirmed by mass spectros-
copy wherc only minor changes in the molecular
weights were found and no new components of lower
molecular weight occurred for the periodate-treated
samples. At lower concentrations of sodium periodate
the apiose, the galactose and the xylose residues are
preferentially oxidized. These three sugars are found as
terminal groups in the structures prcscntcd on similar
saponins'. Thus, most of the differences in properties
of the periodate-treated material could be derived
from changes in the structure of these sugars, except
that modification of apiose apparently did not affect
toxicity in vivo.

In conclusion, this study shows that the toxicity of
QH-B can be reduced by periodate oxidation, but is
also accompanied with a reduction in adjuvant activity.
The use of modified QH-B as described hercin for
iscom-matrix formation resulted in “saponin-lipid
complexes™ which deviate from the characteristic
morphology, although the capacity to interact with
cholesterol remains.
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