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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. _ S. D.

Re: PL-GLAXOSMITHKLINE BIOLOGICALS S.A. y GLAXO GROUP
LIMITED.-Solicitud de Patente de Invencion en Fase Nacional PCT para

. "COMPOSICIONES _QUE _COMPRENDEN LA PROTEINA DE

TUBERCULOSIS RV2386”.-Clase C12N- 15/60.-Expediente _niimero
11-009.237.- :

Yo, ALICIA LLOREDA RICAURTE, mayor, vecina de esta ciudad, identificada
con la cédula de ciudadania niUmero 39.690.713 de USaquén, Representante Legal en
Bogotd para todos los asuntos relacionados con la Propiedad Industrial ‘de las
sociedades GLAXOSMITHKLINE BIOLOGICALS S.A., organizada y existente de
conformidad con las leyes de Bélgica, domiciliada en Rixensart, Bélgica, y GLAXO
GROUP LIMITED, organizada y existente de conformidad con las leyes de Inglaterra
y Gales, domiciliada en Middlesex, Inglaterra, atentamente manifiesto a usted que
interpongb RECURSO DE REPOSICION contra la Resolucién Nimero 36008,
dictada por el sefior Superintendente de Industria y Comercio el 30 de Mayo de
2014, en cuanto hace referencia a la negacién del privilegio de patente de invencién

para la solicitud en referencia, por una supuesta falta de Novedad y de Nivel
Inventivo de dicha solicitud.

I. FUNDAMENTOS DE DERECHO

Me permito manifestar ante ese Despacho que mi mencionado Recurso de
Reposicion encuentra fundamento en que el contenido de la Resolucion Numero
36008 evidencia que durante el examen técnico realizado a la solicitud denegada de
ninguna manera se consideré en su verdadera dimensidn el alcance e importancia de

las composiciones que son objeto de la invencion alli reclamada.



JOSE LLOREDA CAMACHO & CO.

Calle 72 No. 5-83 Piso 5, Bogotd, D.C.  Tel: 6069700 Fax 6069701

Es asi que, a pesar de Io'sl argumentos proporcionados por el solicitante en mn
memorial de Enero 15 de 2014' (en respuesta al Oficio No. 16704), en la Resoluciéﬁ
impugnada ese Despacho presenta objeciones frente a la Claridad de Ias
relvmdlcaaones, y mantiene las objeciones frente a la Novedad y el Nivel Inventlvo

de la mvencmn, afirmando categoricamente lo siguiente:

Frente a la Claridad de las reivindicaciones:

“"En cuanto a la(s) reivindicacién(es) 1 a 10 incluida(s) en el escrito radicédo
bajo el N° 11-009237-00009-0000, no se ajusta(n) a los parametros establecidos: en
el articulo 30 ant_eriormente=transcrito, por cuanto no son claras y no se encuentran

enteramente sustentadas en la descripcién”.
. f Y }
Frente a la Novedad de la solicitud concluye que:

"(...) Iaé caracteristicas esenciales de la proteina de la reivindicacién 9 héb/’an
sido d/vu/gadas previamente en el (los) documento(s) D1, que se refiere a aC/dos
nucléicos que codifican la:proteina Rv2386¢ de Mycobacterium tuberculosis, aC/dos
nucleicos que codifican la fusién del gen que codifica la proteina Rv2386¢ con e/ gen
que codifica la secuencia.sefial del activador del tejido humano plasminogen. (Pag.
6345,Col. 1, Parr.2), en:consecuencia, la reivindicacion 9 no es nueva, seg;tjn lo

divulgado en el (los) documento(s) D1.

(...) las caracteristicas esenciales la proteina reclamada en la reivindicacién 10
habian sido divulgadas previamente en el (los) documento(s) D1, el cué/ da a
conocer &cidos nucléicos codificando la proteina Rv2386c de Mycobafcterium
tuberculosis, dcidos nucleicos que codifican la fusién del gen que codifica la broteina
Rv2386¢ con el gen que codifica la secuencia sefial del activador del tejido _:'humano
plasminogen (Pég. 6345, Col. 1, Parr.2), en consecuencia, la reivindicacion 10 no es
nueva, segun lo divu/quo en el (los) documento(s) D1”. - :

Y frente al Nivel Inventivo de la solicitud concluye que:

; _

. | e . . L .

"(...) la persona del oficio medianamente versada en la materia se habr/a visto
motivada a generar vacunas alternativas para el tratamiento de la tuberCUIOS/s con la
combinacién de dos componentes antigénicos. Por lo cual la re/wnd/caCIon 1 se
considera obvia.

]
Puesto que la reivindicacion dependiente 2 no menciona caracteristicas

adicionales, se considera tampoco tiene nivel inventivo.
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(...) la persona normalmente versada en la materia enfrentada a la necesidad
de obtener una composicién alternativa buscaria una adyuvante que potencie la
respuesta inmunitaria, de manera que dicha composicién resulta obvia, por tanto no

cumple con el requisito re nivel inventivo.” (Refiriéndose a la reivindicacién 3)

En vista de lo anterior, a continuacién me permito brindar argumentos técnicos
que no sélo demostraran a ese Despacho que la presente invencién si cumple con el
requisito de claridad de las reivindicaciones exigido por el Articulo 30 de la Decisién
486 de 2000, y con los requisitos de Novedad y Nivel Inventivo exigidos por los
Articulos 16 y 18 de la Decisién 486 de 2000, sino que ademas estableceran que el
analisis realizado es incorrecto, toda vez que se interpreta de manera errdnea tanto
la invencién como el arte previo; constituyéndose por lo tanto la negacién de la
solicitud en una clara violacién a los mencionados Articulos 16, 18 y 30 de la
Decisién Andina 486 de 2000.

1. MODIFICACIONES A LA SOLICITUD.

1.1 MODIFICACIONES A LA DESCRIPCION

Antes de entrar a discutir los argumentos que demuestran la patentabilidad de
la presente solicitud me permito manifestar que el solicitante, al amparo de lo
estipulado por el Articulo 34 de la Decisién Andina 486 de 2000, ha modificado la
solicitud presentando una correccidon de un error material en la Tabla 3 de las

paginas 213 a 220 de la descripcion.

En este sentido, me permito indicar que la descripcién presenta un error en la
traduccion del encabezado de la primera columna de Ia'Tabla 3, ya que actualmente
este se lee como “N° de epitopo de CD4 supuesto”, sin embargo, segun lo que indica
el correspondiente documento de publicacién internacional W02010/010179 dicho
encabezado corresponde al “N° de epitopo de CD8 supuesto”, dado que la Tabla 3
estd haciendo referencia a los epitopos de células-T CD8+ humanas de Rv2386¢
supuestos.

Por lo tanto dichas pdginas 213 a 220 corregidas, se anexan al presente
memorial,

1.2 MODIFICACIONES AL CAPIiTULO REIVINDICATORIO.

Adicionalmente, me permito manifestar que el solicitante, al amparo de Ilo
estipulado por el Articulo 34 de la Decisidn Andina 486 de 2000, ha modificado la
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solicitud presentando un capitulo reivindicatorio modificado, que. reemplaza al

actualmente presentado.

En conexnon con las sefialadas modificaciones, me permito resaltar que estas
no se constituyen de ninguna manera en una ampliacién del alcance de Ia solicitud,
tal como fue originalmente presentada, toda vez que encuentran sust:ento en la
descripcién de la solicitud y en el capitulo reivindicatorio actualmente presentado, tal

como se expondra a continuacién:

. Reivindicaciones 1 a 8: Corresponden respectivamente a las
reivindicaciones 1 a 8 actualmente presentadas.

o Reivindicaciones 9 y' 10: Han sido eliminadas- del capitulo
reivindicatorio. - ;

Es asi como, el capitulo reivindicatorio modificado estd constituido por 8
reivindicaciones las cuales enfocan la reclamacién en las realizaciones preferidas

de la invencion.
En vista de estos hechos, y a la luz de la facultad que la Decisién Andina 486
otorga al solicitante mediante las disposiciones que establece el Articulo 34 de la

misma:

“Articulo 34[1.- El solicitante de una patente podré pedir que sé modifique la

solicitud en cualquier momento del trémite. La _modificacion no Dodr'ié implicar una

ampliacién de la _proteccién que corresponderia a la divulgacién dontenida en la

solicitud inicial. - ;

‘
Del mismo modo, se podré pedir la correccién de cualquier error material.”

(Enfasis afiadido)

Resulta claro que la presentacién' del mencionado capitulcf; reivindicatorio
modificado y de las paginas 213 a 220 corregidas, estd amparada béjo la legislacion
Andina, y por. lo tanto muy comedidamente solicito a ese Despacho tenerlos en

consideracién en su anélisis del presente Recurso. ;

2. CLARIDAD DEL CAPiTULO REIVINDICATORIO.

Ahora bien, con respecto a la claridad del capitulo relvmdlcatorlo el sefior
Examinador aflrma lo siguiente: '
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-“El capitulo reivindicatorio se refiere a una composicién que comprende dos
principios activos: un péptido Rv2386¢c y M72 (reivindicacién 1 y dependientes), a
una compos/c/én que comprende un péptido Rv2386¢ (reivindicacion 3 y
dependientes), y a una proteina de fusion del péptido Rv2386c (reivindicacién 9 y
dependientes). Donde Rv2386¢c comprende una cualquiera de las secuencias SEQ ID
NO: 1y 3 a 7 o una cualquiera de las secuencias SEQ ID NO: 30 a 154, sin embargo,
segun lo divulgado en la descripcién las secuencias SEQ ID NO: 30-154 no
corresponden al péptido Rv2386¢ sino a los epitopes identificados por la solicitante
para CD4, de manera que existe una /nconsistencia entre lo reclamado y lo divulgado
por la descripcién, y por tanto se considera que el capitulo reivindicatorio no es

claro”.

A este respecto, muy respetuosamente me permito asegurar que no existe
inconsistencia entre la materia reclamada en el capitulo reivindicatorio y lo divulgado

en la descripcion de la presente solicitud.

En este sentido, cabe aclarar que a lo largo de la solicitud, cuando se hace
mencién de las secuencias SEQ ID NO: 30-154 claramente se estd haciendo
referencia a la secuencia de aminoacidos de un fragmento inmunogénico de una
secuencia de proteina de Rv2386c¢.

En ese orden de ideas, es relevante destacar que de manera consiste, la
descripcién (pag. 66) de la presente solicitud explica que: "“los epitopos de células-T
son estiramientos contiguos cortos de aminoécidos que son reconhocidos por las
células-T (por ejemplo, las células-T CD4+ o CD8+) y que como un resultado de la
involucracién crucial de la respuesta de células-T en la tuberculosis, es facilmente
evidente que los fragmentos del polipéptido de Rv2386¢ de longitud completa
que contengan cuando menos un epitopo de células-T seran inmunogénicos
y pueden contribuir a la inmunoproteccién”. En este sentido, claramente resalta
que: “Estos fragmentos son referidos en la presente como fragmentos

inmunogénicos”.

Conjuntamente, la descripcion (pag. 68) de la presénte solicitud también
explica que: "Los fragmentos particulares de la proteina de Rv2386c donde pueden
ser utiles incluyen aquéllos que contengan cuando menos un epitopo de CD4+, de
una manera adecuada cuando menos dos epitopos de CD4+, y en especial todos los
epitopos de CD4+ (tales como los epitopos descritos en los Ejemplos y en las SEQ
ID NOs: 30 a 52, en particular aqué’//os asociados con una ,b/ura/idad de alelos de

HLA, por ejemplo, aquéllos asociados con 2, 3, 4, 5 0 més alelos).
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Otros fragmenitos de la proteina de Rv2386¢ donde pueden ser z)t/;Ies incluyen

aquéllos que contengan cuando menos un epitopo de CD8, de una manera

éepitopos de
CD8 (tales como los epitopos descritos en los Ejemplos y en las SEQ ID NOs: 53 a

adecuada cuando menos dos epitopos de CD8, y en especial todos los

154, en pa/_'ticu/ér'aqdé//os asociados con una pluralidad de alelos cé/e HLA, por
ejemplo, aquéllos asociados con 2, 3, 4, 5 o mas alelos)”, lo cual es consistente
con la informacion de las tablas 2 y 3 de la descripcion. '

En vista de lo anterior, es evidente que contrario a lo que afirpﬂa el sefior
Examinador la presente solicitud de ninguna manera presenta inconsistencias entre
la materia reclamada y lo divulgado en la descripcion. ,

- . “Por otra parte, las reivindicaciones que se refieren a que,los péptidos
comprendidos por la composicion pueden encontrarse fusionados, no tienen sustento
toda vez que no existe evidencia en la descripcion que demuestre que,/a solicitante
haya obtenido y evaluado la eficacia de una composicion que comprende un péptido
de fusién de Rv2386¢. Asi mismo, las reivindicaciones dependientes se riefieren a una
composicion que puede comprender los componentes Rv2386¢ y M72‘cpmo péptidos
o como nucleédtidos de manera separada o como moléculas fusionadas, sin embargo'
en la descripcién del documento en los ejemplos 1 a 4 solo se encuentra evidencia de
la obtencién de una composicion que comprende un péptido Rv2386c¢ solo, no existe
evidencia o prueba técnica de la obtencion de cada una de las composiciones
reclamadas.” ' . :

Frente a lo anterior, amablemente me permito sefialar que, tal y como se
detalla en el numeral 1.2 del preSente memorial, las reivindicaciones 9 y 10, que
estdn relacionadas con proteinas de fusién, se han eliminado; del capitulo
reivindicatorio, por lo tanto, solicito atentamente, retirar la anterior objecion.

| |

En consecuencia, resulta evidente que el capitulo reivindicatorio modificado

supera las objeciones presentadas por el Sefior Examinador y; se enmarca

completamente dentro de lo preceptuado en el Articulo 30 de la Decisién Andina 486

de 2000. | ;

i
t

3. CONSIDERACIONES TECNICAS FRENTE A LA NOVEDAD DE LA
INVENCION DENEGADA.

t
El sefior Exammador asegura que Ia materia reclamada en las re|v1nd|caC|ones

9 vy 10, seria ant|C|pada por las ensefianzas del documento “Selectlon of novel TB

vaccine candidates and their evaluation as DNA vaccines against aerosol

; !
} K
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challenge” (D1), el cual fue citado como arte previo en la Resolucidn Nimero
36008.

Al respecto, el sefior examinador afirma que las caracteristicas esenciales de
las proteinas de las reivindicaciones 9 y 10 habian sido divulgadas previamente en el
documento D1, el cual ensefiaria acidos nucléicos que codifican la proteina Rv2386c¢
de Mycobacterium tuberculosis, acidos nucleicos que codifican la fusiéon del gen que
codifica la proteina Rv2386c con el gen que codifica la secuencia sefial del activador

del tejido humano plasminogen (Pag. 6345, Col. 1, Parr.2).

Con referencia a lo anterior, me permito manifestar a ese Despacho que la
materia de las reivindicaciones .9 y 10 ha sido eliminada del capitulo
reivindicatorio y por lo tanto, dicho capitulo reivindicatorio ahora modificado
presenta un inequivoco caracter novedoso frente a las ensefianzas del documento
D1, cumpliendo a cabalidad con los requisitos de patentabilidad establecidos en el
articulo 16 de la Decisién 486 de 2000.

4. CONSIDERACIONES TECNICAS FRENTE AL NIVEL INVENTIVO DE LA

INVENCION DENEGADA.

Por otro lado, el sefior Examinador afirma que la materia reclamada en las
reivindicaciones 1 a 3 careceria de Nivel Inventivo con respecto a las ensefianzas del

arte previo citado en la Resolucion Numero 36008, esto es, el documento

"Selection of novel TB vaccine candidates and their , evaluation as DNA

vaccines against aerosol challenge” (D1).

A este respecto el Sefor Examinador asegura que teniendo en cuenta que el
documento D1 ya divulgaba vacunas para el tratamiento de la tuberculosis con
nucledtidos que codifican la proteina Rv2386¢ y que median la resptjesta inmune, y
ademds que sugeria la combinacién de dos componentes antigénicos, la persona del
oficio medianamente versada en la materia se habria visto motivada a generar vacunas
alternativas para el tratamiento de la tuberculosis con la combinacién de dos
componentes antigénicos. Por lo cual considera que la reivindicacion 1 es obvia. Ademas,
el sefior Examinador sefiala que la reivindicacién 2 no adiciona ninguna caracteristica que

haga inventiva a la reivindicacién 1 y por lo tanto tampoco se considera inventiva,

Asi mismo, el Seflor Examinador afirma gque teniendo en cuenta que la utilizacidon
del DNA que codifica Rv2386¢ como una vacuna, ya estad divulgada en el documento D1
que se refiere a vacunas para la proteccién de Mycobacterium tuberculosis que inducen la
mediacién de la respuesta inmune y ‘que tienen un adyuvante, la persona normalmente
versada en la materia enfrentada a la necesidad de obtener una composicion alternativa

buscaria un adyuvante que potencie la respuesta inmunitaria, de manera que seguln su
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opinidn la reivindicacion 3 resulta obvia y por lo tanto no cumple con el requisito de nivel
inventivo. -' :

~ Sobre este particular 'me permito sehalar que las ensefianzas del
documento D1, de ninguna manera pueden conducir a las composicionefs
especificas de la presente invencion, tal y como son reclamadas dentro del

capitulo reivindicatorio modificado que se presenta junto con este memorial.

Con el fin de demostrar este hecho, a continuacion me permito exponer las
principales razones que harian que la persona versada en la materia no pudiera de
ninguna forma obtener Ias,composiciones reclamadas en la solicitud denega:da
partiendo de las ensefianzas del citado documento D1, evidenciando asi la incorre;&ta
interpretacién que realiza esé Despacho del arte previo, interpretacién que lo I!ev? a
concluir de forma errénea con respecto a la patentabilidad de la solicitud.

En primer lugar, me permito manifestar respetuosamente que el anélisis;" de
patentabilidad de la materia de la presente invencion, se estd llevando a cabc} de
manera incorrecta, dado due se basa en una revision "Ex post facto" def las
ensefianzas del documento D1, en lugar de considerar dicho documento bajfo la
mirada de una persona experta que NO posee el conocimiento de la presf;ente
invencion. En este sentido, un adecuado analisis de las ensefianzas de D1 claramente
demuestra que afirmar que la presente invencién carece de nivel inventivo es un
hecho completamente injustificado. '

En conexidn con lo anterior, cabe resaltar que el documento D1 da a chocer
que 47 supuestos candidatos a vacunas contra la tuberculosis (TB) fueron
seleccionados de listas de genes inducidos en respuesta a un estimulo in vivo, y
probados como vacunas de ADN plasmidico por su capacidad de proteger co;"ntra la

exposicidn a M. tuberculosis en un modelo de infeccidén de conejillo de indias. :

Dado que no fue p_é)sible evaluar los 47 candidatos en un ensayo, se di\}idieron
en 8 grupos de ensayo (generaimente 6 candidatos mas los controles) (Ver Ijl, pag.
6345, seccion 2.6, parrafo 1 y pdg. 6347, seccion 4, parrafo 1).

'

Durante la evaluacién inicial de los 47 candidatos a vacuna, se encoﬁtré que
sélo ocho de ellos brindaron una proteccién estadisticamente ma{y/or, en
comparacién con el control negativo salino (D1, Figura 2A y pag. 6347 secc_iién 3.4).
Repitiendo el ensayo de exposicion .con los ocho candidatos qué fueron
inicialmente exitosos,’los autores de D1 observaron que sélo cuatro_;:de ellos
demostraron una vez mas dicha proteccién estadisticamente significativa (él analisis
de los datos se realizé6 mediante la t de Student (p <0,05) y ANOVA. Ver Dﬁ, Figura
2B y pag. 6347 seccion 3.4). :
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En vista de las revelaciones del documento D1, implicitamente, se puede
concluir que sélo cuatro candidatos (Rv0111, Rv0198c, Rv3812 y Rv1806)
generan una proteccion significativa reproducible, los cuatro candidatos adicionales
(RvO785, Rv0847, Rv0237 y Rv2999) mostraron una capacidad protectora
inconsistente y los 39 candidatos restantes, entre los que se encuentra el
RV2386¢c, no mostraron ninguna capacidad protectora significativa como

vacunas de ADN plasmidico.

En este sentido, si bien una persona versada en la materia puede identificar el -
producto proteico asociado con las vacunas de ADN probadas en el documento D1, la
pregunta sigue siendo por qué la persona versada en la materia estaria motivada por
D1 para seguir investigando con el componente Rv2386¢ y asi llegar a las

composiciones que se reclaman en la presente solicitud?

En este punto, cabe resaltar que el estandar para la evaluacién del nivel
inventivo no es simplemente si algo podria haber sido concebido, sino mas bien si
habria sido concebido.

Aderhés, cabe sefialar que el documento D1 claramente sefiala en su pag.
6346, columna 1, punto 3.1 que: '

"Los criterios de seleccion contra los cuales se eligieron los candidatos fueron:
(1) Novedad: hasta donde sabemos, todos los candidatos que fueron seleccionados
no fueron patentados, publicados o investigados por otros como una vacuna contra
la tubercd/osis en el momento del estudio”

En consecuencia, no parece haber ninguna razén especifica para
investigar los antigenos identificados en D1, es decir, el Rv2386¢ nho era “a

primera vista” un candidato para la investigacion.

De hecho, el documento D1 ensefia gue Rv2386c fue un fracaso y por lo tanto
no seria objeto de investigaciones adicionales (los autores de D1 ni siquiera lo
eligieron para la segunda etapa de sus propios ensayos, y tampoco vieron ninguna
razon para distinguir el Rv2386¢ de las otras 38 vacunas de ADN fallidas).

Sola'mente, a la luz de la labor inventiva presentada en la bresente solicitud,
esto es que, el Rv2386¢ entregado como una vacuna de proteina, es capaz de
provocar fuertes y multifuncionales respuestas de células T CD4 y CD8, respuestas
que se sabe que estan asociadas con la eficacia protectora, queda claro el valor de
la proteina Rv2386¢ como una candidata a vacuna.
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Como un complemento a los argumentos anteriores, también me p%ermito
resaltar que el ddcumento Derrick et al.! demuestra que la magnitud y la calidad de
las células T CD4 multifuncionales es una correlacién de la proteccién en ratones. En
la presente solicitud se resalta el hecho de que Rv2386¢ induce una reSpuesta

multifuncional o polifuncional de las células T.

De otra parte, es de gran importancia resaltar que el analisis de patent:abilidad
realizado en la Resolucién impugnada, presenta una serie de imprecisiones gomo se
muestra a continuacion:

i

- En primer lugar, en la pagina 4 de la Resolucion impugnada, el cuadro

comparativo de las caracteristicas esenciales sugiere que el documento D1 :describe

un polipéptido en el contexto de una vacuna, lo cual es incorrecto.

- En segundo lugar, en la misma pagina 4, el sefior Examinador éstablece
que “e/ documento D1 ya divulgaba vacunas para el tratamiento de la tubl'ercu/os/s
con nucledtidos que qodiﬁcan la proteina Rv2386¢c y que median la réspuesta
inmune”. En este séntido cabe resaltar que, como bien se ha defnostrado
anteriormente, D1 no contiene datos que muestren un efecto protector, y'tampoco
contiene datos que muestren algun efecto inmunoldgico. '

Finalmente, con respecto a las objeciones especificas que se han hécho a las
reivindicaciones caracteriiadas por una combinacion de un componente Rv2386c y el
antigeno M72, muy amablemente me permito sefialar que, es claro que ei antigeno
M72 se conocia en el-estado de la técnica a la fecha de prioridad. Sin embargo, en
ausencia de las enseﬁanzas y de las evidencias dadas por la presente so:licitud (es
decir, que Rv2386¢. podria tener _utilidad en vacunacion) no éxiste; ninguna
motivacién en el estado del arte para combinar el antigeno M72 con un cqmponente
Rv2386c o compuestos relacionados. La ausencia de datos de combinacion
especificos en la presente solicitud no es determinante, ya que el nivef inventivo

t

resulta de la utilizaciéon del Rv2386¢ por si mismo.

Por Gltimo, muy respetuosamente me permito sefialar una vez més, q;'ue la dUnica
motivacién que tendrié la persona versada en la materia para llegar a las coq’nposiciones
aqui reclamadas, seria la revelacién hecha por la presente invencion, poq" lo que el
analisis de nivel inventivo realizado por el Sefior Examinador estd enmarcado {jentro de lo
que en el dmbito de las patentes se conoce como “hindsight”, o andlisis "Ex 'post facto",
toda vez que conociendo de antemano la invencion el Sefor Exami;nador esta

seleccionado partes *especificas de las ensefianzas contenidas dentro' de D1 vy

¥

! Derrick et al. “Vaccine- mduced anti-tuberculosis protective immunity in mice correlates wuth the
magnitude and qualnty of multlfunctlonal CD4 T cells” Vaccine 29 (2011) 2902- 2909
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modificdndolas de manera que permitan construir las composiciones reclamadas por la
presente solicitud, pasos que de ninguna manera podrian ser evidentes para la persona

versada en la materia en el momento en el cual se desarrolld la invencidn.

En este sentido vale la pena resaltar que al tener conocimiento de la invencion es
de esperarse que dichas modificaciones particulares de las ensefianzas de D1 parezcan
obvias, toda vez que ya se sabe de antemano que efectivamente estas modificaciones
resuelven el problema planteado; sin embargo, esta informacién no era conocida por el
inventor en el momento de desarrollar la invencidn, por lo que no podria tener certeza de

la utilidad de realizar estos pasos.

Visto lo anterior, me permito manifestar ante ese Despacho que a la luz de los
argumentos anteriores es evidente que las composiciones que se definen en el
capitulo reivindicatorio modificado que se adjunta presentan un inequivovco caracter
inventivo frente a las ensefianzas del documento D1, cumpliendo por lo tanto a
cabalidad con las disposiciones de patentabilidad establecidas en el Articulo 18 de la

Decisién 486 de 2000.

5. REQUISITOS EXIGIDOS POR EL ARTICULO 18, LA EVALUACION DEL
NIVEL INVENTIVO DE UNA SOLICITUD DE PATENTE. o

Dentro del contexto de los argumentos discutidos anteriormente, me permito
sefialar que el Articulo 18 de la Decisién Andina 486 de 2000 exige de forma
manifiesta que la invencién no debe resultar obvia ni se debe poder derivar de forma
evidente de lo existente en el arte previo, y por lo tanto es en este sentido que el
examinador debe encaminar su analisis para sopesar si una solicitud es o no

merecedora del beneficio de patente.

Asi mismo, me permito llamar la atencidn a ese Despacho a que el Tribunal de
Justicia dé la Comunidad Andina se ha pronunciado con respecto a las definiciones de
“obvio” y “evidente” en la evaluacion del Nivel Inventivo de una solicitud de

patente?:

"Resulta pertinente, a los efectos del articulo 4 de la Decisidn 344, definir qué
se entiende por “obvio” y por “evidente” a fin de determinar qué se debe entender

por Nivel Inventivo.

2 Tribunal de Justicia de la Comunidad Andina, PROCESO 192-1P-2005
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Lo obvio es éque//o gue salta a la V/'sta de manera clara y directa; lo "que se
encuentra o pone delante de los ojos, muy claro o que no tiene dificultad”. Mientras
qgue lo evidente consiste en la “certeza clara y manifiesta de la que no se puede
dudar,; cierto, c/éro_, patente y sin la menor duda”. De forma que algotI que resulte
obvio no es neceSariamente evidente; empero lo que es evidente, es taml_b/‘én obvio.

En este orden de ideas, se puede concluir que una invencion géza de Nivel
Inventivo cuando a los ojos de un experto medio en el asunto de que se trate, se
necesita algo mas que la simple aplicacion de los conocimientos tédnicos en la
materia para llegar a ella, es decir, que d_é conformidad con el estado de E/a técnica el

invento no sea consecuencia clara y directa de dicho estado.”

Con respecto a este sefialamiento me permito resaltar que resulta:indiscutible

S
que para la legislaciéon Andina, para que exista afectaciéon del requisito de Nivel
Inventivo de una-sollic‘itud de patente, es necesario que la invencion alli révelada sea
derivable de forma élara y directa del arte previo, y que las ensefianzas de este arte

b

previo sin lugar a dudas conduzcan a dicha invencién.

3

Consecuentemente, para el caso que nos compete dado que a partir de las
o , . b
ensefianzas del arte previo no “saltan a la vista de manera clara y directa” las
b
composiciones de la presente invencion, es evidente que el arte previo no puede

afectar el Nivel Inven'ltivo de la solicitud en estudio. 5

b

II. C NES

Con base en las modificaciones y los argumentos técnicos imostrados

|
previamente, me permito manifestar ante ese Despacho que la materia revelada en
la solicitud de patente en cuestién, especialmente como es ahora reclaméda dentro
del capitulo reivindicatorio modificado, no solamente es clara y se 'encuentra
sustentada en la descripcidn, sino que ademas es novedosa y presenta un i:lnequivoco
caracter inventivo frente a las ensefianzas del arte previo citado en la ii?\esolucic')n

Numero 36008 aqui impugnada, cumpliendo asi a cabalidad las disposiciones

I
establecidas en los Articulos 16, 18 y 30 de la Decision Andina 486 de 200(?, y por lo

tanto demostrando ser merecedora del privilegio de patente requerido. ;

'
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Como consecuencia de lo anterior, me permito resaltar que dado que la
solicitud denegada si se ajusta completamente a los requerimientos establecidos por
la Decisién Andina 486, al negar el privilegio de patente ese Despacho claramente

contraviene los Articulos 14, 16, 18 y 30 de dicha Decisién.

III. SOLICITUD

En vista de todo lo anterior, ruego a usted proceder a estudiar nuevamente la
solicitud a la luz de las modificaciones y de los argumentos presentados y revocar la
Resolucion Nimero 36008 impugnada para conceder el privilegio de patente

solicitado.

IV. PODER

En este punto me permito mencionar ante ese Despacho que los documentos
que acreditan mi calidad de Representante Legal en Bogota para asuntos relativos a
la Propiedad Industrial de las sociedades peticionarias fueron presentados junto con
la solicitud de patente el 27 de Enero de 2011. ' , |
V. ANEXOS

Anexo al presente recurso me permito presentar:

(i) Recibo numero 14-0071444, expedido por la Superintendencia de
Industria y Comercio, que acredita el pago de las modificaciones

mencionadas;

(i) Copia de las pdaginas corregidas 213 a 220 que corresponden a la

descripcién de la presente solicitud.

(i) Copia de las paginas 236 a 238 que corresponden al capitulo
reivindicatorio modificado, discutido en el presente memorial, el cual

consta de 8 reivindicaciones;
(iv) Articulo: Derrick et al. “Vaccine-induced anti-tuberculosis protective

immunity in mice correlates with the magnitude and quality of
multifunctional CD4 T cells” Vaccine 29 (2011) 2902-2909.
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Direccidn para Notificaciones: notificacionespatentes@lloredacamacho.com
!
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Tabla 3

@\C«XO 6{0{: (i miked

Epitopos_ de células-T CD8+ humanas de Rv2386c supuestos

X

No. de Epito] Posicion '
Secuencia del
po de CD8 |de Amino- SEQID No: Alelo HLA
Epitopo :
Supuesto acido
1 3 ELSVATGAYV | SEQ ID No: 53 A_0201
2 5 SVATGAVST | SEQ ID No: 54 A_ 0201
3 18 IPMPAGVNP | SEQ ID No: 55 | B_0702, B51, Cw_0401
4 19 PMPAGVNPA | SEQ ID No: 56 A 0201
5 21 PAGVNPADL SEQ ID No: 57 A 2402, B_3501
6 23 GVNPADLAA | SEQ ID No: 58 A3
‘A24, B_0702, B44,
7 25 NPADLAAEL | SEQ ID No: 59 | Cw_0401, Cw_0602, B7,
B_3501, B51
8 28 | DLAAELAAV | SEQ ID No: 60  A_0201
9 33 LAAVVTESV | SEQ ID No: 61 A2', A 0201, B51
10 37 VTESVDEDY | SEQID No: 62| A1, A_0101, A_0301
11 38 | TESVDEDYL | SEQ ID No: 63 B44

(o
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No. de Epito{ Posicion
. |Secuencia del
po de CD8 de Amino- ) SEQ ID No: Alelo HLA
. Epitopo

Supuesto acido

12 40 SVDEDYLLY | SEQ ID No: 64 'A1,A_0101, A3
' : A24, B_4403, B51,
13 48 YECDGQWVL | SEQ ID No: 65
Cw_0401, B44

14 52 GQWVLAAGV | SEQ ID No: 66 A2, A_0201
15 55 VLAAGVQAM | SEQ ID No: 67 A2, B8
16 65 ELDSDELRYV | SEQ ID No: 68 A_0201
17 67 DSDELRVIR | SEQ ID No: 69 A_0101, A_0301
18 82 QQWSGRPGA| SEQIDNo: 70|  A_0201, A_0301
19 86 |GRPGAALGE | SEQ ID No: 71 A3, B8
20 87 RPGAALGEA | SEQ ID No: 72 |B7, B_0702, B_3501, B51
21 91 ALGEAVDRL | SEQ ID No: 73 A2, A_0201
22 93 GEAVDRLLL | SEQ ID No: 74 B44
23 106 | AFGWVAFEF | SEQ ID No: 75 | A24
24 124 RLAPHTPLA |SEQIDNo: 76| A2, A_0201, A3
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No. de Epito] Posicion

po de CD8 (de Arﬁino- Secuencla del SEQID No: Alelo HLA

Supuesto acido Epitopo |
25 125 | LAPHTPLAR | SEQ ID No: 77 A_O10ﬁ A_0301
26 126 APHTPLARV | SEQ ID No: 78 B7, B_3501, B51
27 127 PHTPLARVF | SEQ ID No: 79 A24, B44
2§ 130 PLARVFSPR | SEQIDNo: 80| A_0101, A3, A_0301
29 133 RVFSPRTRI | SEQ 1D No: 81v B7 |
30 134 VFSPRTRIM | SEQ ID No: 82 A24, B8
31 143 VSEKEIRLF | SEQID No: 83 A1, A24
32 153 AGIRHREAI | SEQ ID No: 84 ) 88‘, 351
33 164 LLATGVREYV | SEQ ID No: 85 A2, A_0201
34 170 | REVPQSRSV | SEQ ID No: 86 ' B44
35 172 | VPQSRSVDV | SEQ ID No: 87 B7, B8
36 180 | VSDDPSGFR |SEQIDNo:88| - A_0101, A_0301
37 183 DPSGFRRRYV | SEQ ID No: 89 B_3501, B51
38 185 SGFRRRVAYV | SEQ ID No: 90 B8, B51
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No. de Epito{ Posicion

po de CD8 (de Amino- Secuencia del SEQ ID No: ‘Alelo HLA

Supuesto acido Epitopo
39 186 GFRRRVAVA | SEQ ID No: 91 .A_0301, B8
40 187 FRRRVAVAYV | SEQ ID No: 92 A3, B8, B51
41 190 RVAVAVDEI | SEQ 1D No: 93 A24, B7
42 198 IAAGRYHKV | SEQ ID No: 94 - B8, B51
43 200 AGRYHKVIL SEQ ID No: 95 B7, B8
44 202 RYHKVILSR | SEQ ID No: 96 A3, A24
45 206 | VILSRCVEV | SEQ ID No: 97 Az, A_0201
46 214 VPFAIDFPL | SEQ ID No: 98 B7, B_3501, B51
47 216 FAIDFPLTY | SEQ ID No: 99 |A1, A_01.01_, B_3501, B51
48 218 IDFPLTYRL |[SEQ ID No: 100 B44
49 226 LGRRHNTPV |SEQ ID No: 101 B8, B51
50 228 RRHNTPVRS [SEQ ID No: 102 A3, B8
51 231 NTPVRSFLL‘ SEQ ID No: 103 A_O101, A24
52 233 PVRSFLLQL SEQ ID No: 104 A__0201, B?
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No. de Epito{ Posicion

po de CD8 [de Amino- Secuencia del SEQ ID No: Alelo HLA

Supuesto | acido Epitopo -
53 245 RALGYSPEL |SEQ ID No: 105(A2, A_0201, B_3501, B51
54 246 ALGYSPELV |SEQID No: 106/ A_0101, A2, A_0201
55 249 YSPELVTAV |SEQ ID No: 107 A2
56 250 SPELVTAVR |SEQ ID No: 108| B_0702, B_3501, B51
57 256 AVRADGVVI |SEQ ID No: 109 A3, A_0301, B7
58 264 ITEPLAGTR |SEQ ID No: 110 A 0101, A_0301
59 266 EPLAGTRAL |SEQ ID No: 111 B7, B8, B_3501, B51
60 270 4 GTRALGRGP SEQ ID No: 112 A3, B8
61 272 RALGRGPAI [SEQ ID No: 113 A24, B7, B51
62 288 LESNSKEIV [SEQ ID No: 114 B44
63 294 EIVEHAISV ([SEQ ID No: 115 A_0201
64 295 | IVEHAISVR |SEQ ID No: 116 A_0101
65 298 HAISVRSSL |SEQ ID No: 117 B7, BS; B_3501
66 301 | SVRSSLEEI |SEQ ID No: 118 - B7
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No. de Epito; Posicién _
po de CD8 |de Amino- Secuencia de! SEQ ID No: Alelo HLA
Supuésto acido Epitopo
67 305 SLEEITDIA |SEQ ID No: 119 A2
68 311 DIAEPGSAA |SEQ ID No: 120 A_0101, A_0301
69 313 AEPGSAAVI [SEQ ID No: 121 B44
70 327 RERGSVQHL |SEQ ID No: 122 B7, B44
71 331 SVQHLGSTI SEQ ID No: 123 - A24,B7
72 342 RLDPSSDRM |SEQ ID No: 124 A2, A_0201
73 344 DPSSDRMAA [SEQ ID No: 125 B7, B_3501
74 346 SSDRMAALE [SEQ ID No: 126 A1,B8
75 348 DRMAALEAL [SEQ ID No: 127| BY, Cw_0401, Cw_0602
76 349 RMAALEALF |SEQ ID No: 128 A24
77 351 AALEALFPA |SEQ ID No: 129 A2, A_0201, B_3501
78 352 | ALEALFPAV} SEQ ID No: 130| A_0101, A2, A_0201
79 353 LEALFPAVT |SEQ ID No: 131 B8, B_4403
80 357 FPAVTASGI [SEQ ID No: 132| B7, B8, B_3501, B51
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AALTLRAAY

No. de Epito{ Posicién
po de CD8 |de Amino- Secugncia del SEQ ID No: Alelo HLA
Supu_estb | acido Epitopo
81 359 AVTASGIPK (SEQ ID No: 133 A3, A_0301,B7
82 360 VTASGIPKA |SEQ ID No: 134 A_0201
83 364 GIPKAAGVE |SEQ ID No: 135 A_0301, B8
84 365 IPKAAGVEA (SEQ ID No: 136 B7, B_3501
85 367 | KAAGVEAIF |SEQ ID No: 137| A24, B_3501
87 369 AGVEAIFRL |SEQ ID No: 138 A 0201, B51
87 376 | RLDECPRGL |SEQ ID No: 139 A2, A_0201
88 380 CPRGLYSGA [SEQ ID Nq: 140 B7, B_3501
89 383 GLYSGAVVM {SEQ ID No: 141| A2, A_0201, A_0301, A3
90 384 LYSGAVVML |SEQ ID No: 142 A24, B44
91 390 VMLSADGGL SEQ ID No: 143 A2, A_0201, A24
92 397 | GLDAALTLR S.EQ ID No: 144| A_0101, A3, A_0301
93 398 LDAALTLRA |SEQ ID No: 145 A 0201, B_4403
94 400 SEQ ID No: 146{A_0101, A_0301, B_3501
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No. de Epitoy Posicidn
Secuencia del
po de CD8 de Amino- o SEQ ID No: Alelo HLA
. Epitopo

Supuesto acido
95 402 LTLRAAYQV [SEQ ID No: 147 A 0201
96 407 |AYQVGGRTW/|SEQ ID No: 148 A24
97 414 TWLRAGAGI [SEQ ID No: 149 A24
98 424 EESEPEREF |SEQ ID No: 150 B44
99 430 REFEETCEK |SEQ ID No: 151 B44
100 438 KLSTLTPYL [{SEQ ID No: 152 A2, A 0201
101 440 STLTPYLVA | SEQID No: 153  A_0101, A_0201
102 441 TLTPYLVAR |SEQ ID No: 154 A3, A_0301

Como se puede ver a partir de las Tablas 2 y 3, Rv2386¢

contiene un numero de epitopos de células-T CD4+ y CDS8

predichos

Adicionalmente,

esta

informacién sugiere que la

proteina lleva epitopos que pueden ser reconocidos por los

HLAs que se presentan en todo el mundo (es decir, los HLAs de

individuos caucdasicos, africanos, asiaticos, o latinoamericanos —

\\o
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REIVINDICACIONES

1. Una composicion que comprende un componente

Rv2386¢c y un componente M72, en donde dicho componente

> Rv2386¢c es un polipéptido el cual comprende:
(i) una secuencia de proteina de Rv2386¢c de SEQ
ID No 1 0 3-7 o;
(iil) un fragmento inmunogénico de una secuencia
10 de protél’na de - Rv2386c, dicho fragmento

inmunogénico comprende una secuencia de
aminoacidos de acuerdo con cualquiera de} SEQ ID
No: 30-154;
Y dicho componente M72 es:
(i) un polipéptido que comprende los residuos 2-
723 de la SEQ ID No: 25; 0
(i) un polinuc_leétido que. comprende una
secuencia de acido nucl-eicé que codifica un
polipéptido que comprende los residuos 2-
723 de la SEC ID No: 25;
y en donde, cuando dicho cdmponente M72 se provporciona en la
forma de un polipéptido, el componente Rv2386c y un
componente M72 puede ser proporcionado por cualquiera de los
dos componentes polipéptidos individualles 0 como una proteina
de fusién que comprende arﬁbos compone.ntes de polipeptidos.
2. Una composicién que comprende un componente
Rv2386c y un componente M72, en donde dicho componente
Rv2386c¢ es un polinucleétido el cual comprende .una secuencia

de acido nucleico que codifica un polipéptido que comprende:

&

Q(
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(i) una secuencia de proteina de Rv2386¢c de SEQ
ID No103-7;0

(il) un fragmento infnunogénico de una secuencia

de proteina de Rv2386¢c, dicho fragmento

inmunogénico comprende una secuencia de

aminoacidos de acuerdo con cualquiera de SEQ ID

No: 30-154;

Y dicho componente M72 es:

(i) un polipéptido que comprende residuos de 2
— 723 de la SEQ ID No: 25; o

(ii) un polinucleétido que comprende una
secuencia de acido nucleico que codifica un
polipéptido que comprende los residuos 2-

723 de la SEC ID No: 25;

y en donde, cuando dicho componente M72 se proporciona en la
forma de un polinucleoétido, ‘el componente Rv2386c y un
componente M72 pueden s}er proporcionados como dos
componentes de polinucledtidos individuales, como un unico
polinucieétido que codifica dos componentes polipeptidicos
individuales o como un unico polinucleétido que codifica una
proteina de fusién que comprende ambos componentes de
polipéptid‘os.
3. Una composicién .inmunogénica, la cual comprende:
(a) un polipép*tido que comprende:
(i) una secuencia de proteina d}eRv23860 de

SEQIDno:103-7;0

(ii) un fragmento inmunogénico de wuna
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secuencia de proteina de Rv2386c, dicho
fragmento inmunogénico comprende una
secuencia de aminoacidos de acuerdo con
cualquiera de las SEQ ID No: 30 - 154,
y .
(b) un potenciador de respuesta i_nrﬁunitaria no
especifica.

4, Una composicion inmunogénica de acuerdo con la
reivindicacion 3, en donde el potenciador de reépuesfa
inmunitaria no especifica es un vadyuvante.

5. La composicidn inmunogénica de conformidad con la
reivindicacién 4, en donde el adyuvante comprende una
combinacién de QS21 y 3D-MPL.

6. La composicion inmunogénica de conformidad con

cualquiera de las reivindicaciones 3 a 5, en donde el polipéptido

comprénde una secuencia de proteina de Rv23860 de SEQ ID
No: 1 o 3-7.

7. La composicién 'inmunogénica de conformidad con
cual‘quiera de las reivindicaciones 3 a 5, en donde el polipéptido
comprénde un fragmento inmunogénico de una secuencia de
proteina de‘ Rv2386¢c dicho fragmento inmuhogénico comprende
una secuencia de aminoacidos de acuefdo con cualquiera de
SEQ ID Nos: 30 - 154.

8. La composiciéon inmunogénica de conformidad con
cualquiera de las reivindicaciones 3 a 5, en donde la proteina

de Rv2386¢ tiene la se_cuenéia de SEQ ID NO: 1.
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ABSTRACT

The development ofimproved vaccines against Mycobacterium tuberculosis has been hindered by alimited
understanding of theimmune correlates of anti- tuberculosis protective immunity. In this study, we exam-
ined the relationship between long-term anti-tuberculosis protection and the mycobacterial-specific CD4
multifunctional T (MFT) cell responses induced by five different TB vaccines (live-attenuated, subunit,
viral vectored, plasmid DNA, and combination vaccines) in a mouse mode! of pulmonary tuberculosis. In
a 14-month experiment, we showed that TB vaccine-induced CD4 T cell responses were heterogenous.
Antigen-specific monofunctional CD4 T cells expressing single cytokines and MFT CD4 T cells expressing
multiple cytokines (IFN-y and TNF-q, IFN-y and IFN-v, TNF-a, and IL-2, and all three cytokines) were
identified after the immunizations. Interestingly, compared to the monofunctional cells, significantly
higher median fluorescent intensities (MFTs) for IFN-+y and TNF-a were detected for triple-positive MFT
CD4 T cells induced by the most protective vaccines while modest differences in relative MFI values
were seen for the less protective preparations. Most importantly during the 14-month study, the levels
of vaccine-induced pulmonary and splenic protective immunity correlated with the frequency and the
integrated MFI (iMFI, frequency x MFI) values of triple-positive CD4 T cells that were induced by the same
vaccines. These data support efforts to use MFT cell analyses as a measure of TB vaccine immunogenicity
in human immunization studies.

Published by Elsevier Ltd.

1. Introduction

Despite the widespread use of BCG vaccine and the avail-
ability of anti-tuberculosis medications for more than 50 years,

tuberculosis (TB) remains an international public health tragedy .

with about two million deaths resulting annually from Mycobac-
terium tuberculosis infections. Globally, TB is second to only HIV
disease as a cause of death among infectious agents [1]. In the
past decade, the increasing prevalence of muitiple drug resis-
tant TB and the intersection of the HIV and TB epidemics have
amplified public health concerns about this disease [2,3]. The
STOP TB partnership has established compelling future goals
for global TB control. This STOP TB group proposes that the
global TB incidence should be reduced by 50% of 1990 levels
by 2015 and in 2050, the case rate should be decreased to one
case per million per year [4]. Clearly, to achieve these targets,
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improved interventions including better drugs and vaccines will
be required. :

In the development of novel immunization strategies against
TB, an inadequate understanding of the correlates of protective
immunity has limited rational vaccine design and has complicated
assessments of vaccine effectiveness. Although T cell responses
(especially CD4 responses) are known to be essential components
of anti-tuberculosis immunity and IFN-y and TNF-a have been
shown to be necessary for efficiently controlling TB infections,
well defined correlates of protective immunity against TB have
not been established [5]. Many TB vaccine studies have measured
IFN-vy responses to assess vaccine immunogenicity and effective-
ness but recent experiments in mice and cattle have shown that
IFN-+y responses do not correlate with protection against virulent
mycobacterial challenge. These data have suggested that IFN-vy
alone is necessary but not sufficient to limit mycobacterial disease
[6.7]. It is becoming increasingly clear that single measurements
of the magnitude of anti-mycobacterial immune responses includ-
ing evaluations of IFN-v. production are probably not adequate to
predict vaccine effectiveness.

Evaluating only IFN-v levels as a protective correlate has prob-
ably not been successful because this approach underestimates
the complexity of the functional heterogeneity of T cell cytokine
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responses. Recent studies have indicated that the ability of vaccines
to evoke T cell responses of sufficient magnitude and quality for the
successful containment of intracellular microbial infections is asso-
ciated with the induction of multifunctional T (MFT) cells which
express multiple cytokines per cell [8-15]. Experiments in sev-
eral disease models have shown that CD4 MFT cells, which express

IFN~v, IL-2, and TNF-a, are functionally superior to their monofunc- .

tional counterparts. The induction of these MFT cells has correlated
with protection against leishmania infections in mice and the con-
trol of SIV viremia in non-human primates [8,12]. Interestingly, the
presence of MFT cells is characteristic of the immune responses
seen in.nonprogressive HIV patients whereas HIV non-controllers
elicit responses dominated by monofunctional IFN-y secreting CD4
T cells [14]. The factors responsible for the optimized effective-
ness of MFT cells are uncertain but probably include the capacity of
MEFT cells to secrete high levels of cytokines per cell, the synergistic
intraceliular killing resulting from the secretion of 1FN-y and TNF-a
from the same cell, and the promotion of T cell expansnon by cells
expressing IL-2 [16]. '

Several studies have shown that TB vaccines can induce potent
CD4 MFT cell responses. For example, Lindenstrom et al. showed
" that immunization with the Ag85-ESAT6 fusion protein/CAFQ1
adjuvant formulation evoked long-term protective responses char-
acterized by high levels of persisting MFT cells [11]. Immunization
of adolescents or children with a MVA85A vaccine alone or as a
BCG booster vaccine in mice induced multiple CD4 T cell subsets
including cells which co-express IFN-+y, TNF-a, and IL-2 [17.18].
BCG vaccination of newborns also induced a complex profile of T
cells expressing multiple cytokines [19].-Despite these intriguing
results, it has not been shown in animal models or in clinical studies
that the induction of vaccine-induced anti-tuberculosis protective
immunity correlates with the frequencies and/or quality of CD4
MEFT cellular responses for different types of TB vaccines. In this
study, we analyzed the persistence-of anti-tuberculosis protective
immunity (including the CD4 MFT cell responses) for five differ-
ent types of TB vaccines - live attenuated, subunit, viral vectored,
plasmid DNA and combination vaccines. lmportantly, we show dur-
ing a 14-month study period that the extent of vaccine-induced
protective immunity correlates with the magmtude and quality
of multi-functional CD4 T cells expressing [FN-y, TNF-, and 1L-2
that were elicited by immunization with these different TB vaccine
preparations.

2. Materials and methods
2.1. Animals

C57BL/6 female mice were obtained from the Jackson Labo-
ratories (Bar Harbour, Maine). All mice used in this study were
maintained under sterile conditions at the Center for Biologics Eval-
uation and Research, Bethesda, MD. The mice were immunized with
selected vaccine preparations at 6-8 weeks of age.

1
2.2. Vaccine preparations

In earlier studies, the vaccine preparations, the immuniz-
ing dose, and the immunizing schedule had been optimized to
maximize vaccine effectiveness ([20,21], S. Derrick, unpublished
results). The E6-85 fusion protein consists of the ESAT6 gene fused
to the N-terminus of the antigen 85B gene without the Ag85B signal
sequence as previously described [22]. The E6-85 protein/adjuvant
preparation was prepared by mixing 1.5 mg/ml dimethyl dioctade-
cyl ammonium bromide (DDA) (Kodak, Rochester, NY), 0.25 mg/ml
monophosphoryl lipid A (MPL) (Avanti Polar Lipids, Alabaster, AL}
and 25 pg/ml of the E6-85 protein in a final volume of 1.0ml in

PBS. For this study, 0.2ml of the E6-85/DDA/MPL vagcine were

" given to mice subcutaneously (s.c.) three times, two weeks apart.

An adenovirus serotype 5 construct expressing the E6—85 fusion
protein was prepared by ViraQuest, Inc. (North leerty IA). The
AdE6-85 construct was administered twice intramuscularly (i.m.)
one month apart at 1 x 107 plaque forming units (pf(fl) per dose.
A DNA vaccine expressing the E6-85 fusion protein was prepared
as previously described [20] and was administered i.m.jthree times
three weeks apart. The BCG Pasteur vaccine was adminjstered once
s.C. at 1 x 108 CFU/ml or three times two weeks apart mixed with
the E6-85/DDA-MPL (BCG/E6-85) formulation descnbéd above.

2.3. Evaluation of vaccine-induced protective immunity'in an
aerogenic infection model '

* Five mice per group were infected with M. tuberculosis Erdman
by aerosol at 2, 8 and 14 months following the imfnunizations.
The mice were challenged at a concentration known to deliver
about 200CFU in the lungs over a 30-min exposufe in a Mid-
dlebrook chamber (Glas Col, Terre Haute, IN) [20]. At each time
point, the lungs and spleens were homogenized separately in PBS
with 0.05% Tween 80 using a Seward Stomacher 80 blender (Tek-
mar, Cincinnati, OH). The homogenates were serlallly diluted in
PBS+ 0.05% Tween 80 and plated on Middlebrook 7H11 agar (Difco)
plates containing 10% OADC enrichment (Becton Dickinson, Sparks,
MD) medium, 10 pg/m! ampicillin, 50 pg/ml cycloheximide, and
2 wg/ml 2-thiophenecarboxylic acid hydride (TCH)!(Sigma). The

_ addition of TCH to the agar plates inhibits BCG growth but has no

effect on M. tuberculosis growth, Plates were incubated at 37°C for
2-3 weeks and then counted to determine the number of mycobac-
terial colony forming units (CFU) per organ. |

2.4. Flow cytometry
|

Four to five unchallenged mice were used to determine the
frequency of CD4 MFT cells for each vaccine at ee}ch time point
post-vaccination [22]. Spleen cells from naive and vaccinated mice
were isolated by disrupting the spleens using a 3cc syringe barrel
in complete DMEM (cDMEM) consisting of 10mM {-lEPES 2.0mM
1-glutamine, 0.1 mM MEM non-essential amino dcids with 10%
fetal bovine serum (FBS). After passing the spleen homogenates
through a 70 wm cell strainer, the resulting single cell suspension
was washed with cDMEM-FBS and treated for 1 min with 5.0ml

- ACK lysing buffer (Lonza, Walkersville, MD) and then counted. Lung

cells were isolated by homogenizing the lung tlssue as described
above in PBS containing 2% FBS (PBS-FBS). The tissue was then
incubated in PBS-FBS containing 4 mg/mi collagenase (final concen-
tration) at 37°C for 1h. Afterwards, the lung tissue was removed
from the cells by placing the suspension in a Filtra-Bag (Labplas,
Quebec, Canada). The resulting single cell suspension was cen-
trifuged to pellet the cells and treated with ACK ’lysing buffer as
described above. After washing, the cells were passed through a
70 pm cell strainer, pelleted and counted.

After washing the lung and spleen cells with an equal volume
of media, the cells were resuspended in cDMEM- FBS counted and
added to wells of a 24-well plate at a density of 2. 5 x 108 cells per
well in 1.0ml ¢cDMEM-FBS. For measurement ofianngen specific
responses, BCG Pasteur (or BCG+ PPD) was added 'to the wells at a
multiplicity of infection (MOI) of 0.5 bacilli per spleen cell. Weils
which contained only spleen cells served as unstirhulated controls.
Infections were allowed to proceed overnight followed by the addi-

_tion of Golgiplug (BD Biosciences, San Jose, CA) (;1 w! per well). It

should be noted that in initial experiments, a stirhulating mixture
of BCG and PPD (which contains ESAT6) was used but did not result
in enhanced activation of immune cells relative to BCG alone (see

_supplementary Fig. 1). Therefore, although BCG does not contain

!
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ESAT6 (a component of some of the vaccines), the use of the potent
immunogen BCG as the stimulating agent did not underestimate
the activation detected for splenocytes recovered from vaccinated
animals.

After 4-5 h of incubation, the unbound cells were removed from
the wells and transferred to 12 mm x 75 mm tubes, washed with
PBS and resuspended in ~50 i PBS. Live-Dead stain (Invitrogen,
Carlsbad, CA) (10wl of a 1:100 dilution) was added to each tube and

incubated for 30 min at room temperature to allow for gating on’

viable cells. After washing the cells with PBS-FBS, antibody against
CD16/CD32 (Fcylli/ll receptor, clone 2.4G2) (Fc block) was added in
a volume of ~50 .l and incubated at 4 °C for 15 min. The cells were
then stained for 30 min at 4 “C by adding antibodies against the CD4
(rat anti-mouse CD4 Alexa Fluor 700 [AF-700] Ab, clone RM4-5),
and CD8 (rat anti-mouse CD8 peridinin chlorophyll protein com-
plex [PerCP] Ab, clone 53-6.7) proteins-at 0.1 and 0.2 L€ per tube
respectively. Following the incubation, the cells were washed twice
with PBS and then fixed for 30 min at 4°C with 2% paraformalde-
hyde in PBS. After fixing, the cells were pelleted, washed twice with
PBS-FBS and stored at 4:C. Fixed cells were washed twice with
perm-wash buffer (1% FBS, 0.01 M HEPES, 0.1% saponin in PBS) fol-
lowed by intracellular staining using the following antibodies at
0.2 pg per tube: rat anti-mouse IFN-v allophycocyanin [APC] Ab,
clone XMG1.2; rat anti-mouse TNF-a fluorescein isothiocyanate
[FITC] Ab, clone MP6-XT22; rat anti-mouse IL-2 phycoerythrin [PE]
ADb, clone JES6-5H4. The cells were incubated at 4°C for 30 min,
washed twice with perm-wash buffer and then twice with PBS-FBS,
All antibodies were obtained from BD Biosciences.

The cells were analyzed using a LSRII flow cytometer (Bec-
ton Dickinson) and Flowjo software (Tree Star Inc., Ashland., OR).
We acquired 100,000-250,000 events per sample and then, using
Flow]o, gated on live, single cell iymphocytes. To determine the
frequency of different populations of MFT cells, we gatedon CD4 T
cells staining positive for TNF-a and IFN-vy, TNF-o and IL-2, [FN-y
and IL-2 or ali three cytokines.

2.5. Median fluorescence intensity (MFI) assessments

The MFI for IFN-y or TNF-a for monofunctional and CD4 MFT
cells was evaluated in the different vaccine groups using the FlowJo
software. For this study, the MFI is the fluorescence intensity value
representing the middle number of the distribution of CD4 T cells
secreting only IFN-y or TNF-q, secreting both IFN-v and TNF-a or
cells secreting IFN-+y, TNF-a and IL-2. The data are presented as the
mean of the individual MFI assessments for 4-5 mice.

2.6. Statistical analysis

The Graph Pad Prism 4 program was used to analyze the data
for these experiments (Graph Pad Software, San Diego, CA). The
anti-tuberculosis protection data, the flow cytometry results, and
the MFI data were evaluated using t test analysis. The correlations
between the protection results and the flow cytometry data were
assessed using the Pearson correlation analysis.

3. Results
3.1. Evaluation of vaccine-mediated protection

The aim of these studies was to investigate whether the
long-term levels of vaccine-induced anti-tuberculosis protec-
tive immunity correlated with the magnitude and quality of
mycobacterial-specific CD4 MFT cellular responses induced by the
same vaccines. For these experiments, we selected five different
types of TB vaccines that differ substantiallyin the number, amount,
and persistence of TB antigens. In previous studies, we had shown
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Fig. 1. The relative anti-tuberculosis protective immunity over a 14-month period
induced by immunization with either BCG, E6-85 fusion protein, BCG/E6-85 com-
bination vaccine, Ad-E6-85 adenovirus vaccine or the E6-85 DNA vaccine. Mice
received an aerosol challenge of M. tuberculosis Erdman at 2, 8 and 14 months post-
vaccination and were then sacrificed 28 days later to assess the organ bacterial
burden. Protection is defined as the reduction in pulmonary (A) or splenic (B) logyo
CFU relative to naive mice. The results are presented as the mean relative protec-
tion £ the standard error of the mean, * Statistical significance relative to the naive
control group, p<0.05. # Statistical significance relative to the BCG alone group,
p<0.05.

that these vaccines elicited different levels of protective immu-
nity against M. tuberculosis at 1-3 months post-immunization and
the activity of some of these vaccines waned during studies which
exceeded one year [20]. By evaluating several different vaccines in
a long-term 14-month experiment, we were able to compare the
magnitude and quality of vaccine-induced MFT CD4 T cells with a
range of vaccine-induced protective responses.

At two, eight, and fourteen months post-vaccination, mice
immunized with the 5 different vaccines and naive controls were
aerogenically challenged with M. tuberculosis and then were sac-
rificed one month later to assess bacterial burdens in the lungs
and spleens. As shown in Fig. 1A, each vaccine induced signifi-
cant anti-tuberculosis pulmonary protective responses at 2 months
post-vaccination with substantial reductions in bacterial CFU in
the lung (relative to naive controls) being seen at this time point.
Reductions in mycobacterial burdens of greater than 1log,q (a 90%
reduction) were detected for three vaccine groups (BCG, E6-85,
and the BCG/E6-85 combination) while more modest decreases
in mycobacterial concentrations were observed for the AdE6-85
(0.6910g10) and E6-85 DNA (0.661log1g) vaccines. At 8 months after
the immunizations, similar post-challenge protection patterns in
the lung were detected. The three most effective vaccines (BCG,
E6-85, and BCG/E6-85) were again highly protective and immu-

‘nization with the AdE6-85 construct again yielded significant but

moderate pulmonary protection. However, at 8 months, the E6-85
TB DNA vaccine was not protective. For all test vaccines, waning
anti-tuberculosis immunity in the lung was clearly detected at 14
months post-vaccination. Relative to the 2-month values, the level
of pulmonary protection had declined - 1.2 log; o for BCG,—0.5 logg
for the E6-85 vaccine, and —0.4'logy, for the TB adenovirus con-
struct and the TB DNA vaccine. Importantly, although decreasing
protective immunity was also seen for the BCG/E6-85 mixture,
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Fig. 2. The frequency (%)

served as negative controls.

strong pulmonary protection still persisted for this vaccine prepa-
ration (0.95log;g) and its vaccine-induced protective responses
were significantly elevated compared to the responses detected for
BCG and the other vaccines at 14 months..

The patterns of protection against dissemination to the spleen
of the M. tuberculosis aerosol infection were similar to the lung
data (Fig. 1B). Significant protective immunity in the spleen (com-
pared to naive controls) was seen for the three most active vaccines
(BCG, E6-85, and BCG/E6-85) at 2 months post-immunization
while protective responses generally waned in subsequent months.
Again, at the 14-month time point, the anti-tuberculosis protective
responses detected in the spleen for the BCG/E6-85 mixture was
significantly better than the protection seen for all other vaccmes
including live BCG.

3.2. Evaluation of the frequencies of monofunctional and MFT
CD4 T cells

Recent studies have suggested that the levels of vaccine-induced
protection against intracellular pathogens were associated with
the frequency of vaccine-induced. MFT cells [8-15]. To assess
whether the number of cytokine-expressing cells correlated with
levels of anti-mycobacterial protective responses in immunized
animals, splenocytes from vaccinated and naive mice were stim-
ulated overnight, stained for intraceliular cytokines, and analyzed
by multiparameter flow cytometry.

Since CD4 T cells are a critical component of anti-tuberculosis
immunity, we focused on CD4 cells for these experiments. Ini-
tially, the numbers of monofunctional cells expressing a single
cytokine (IFN-vy, TNF-a, or IL-2) were enumerated. Subsequently,
the frequency of vaccine-induced double-positive cells expressing
2 cytokines (IFN-y/TNF-a, IFN-y/IL-2, and TNF-a/IL-2) and cells
producing all three cytokines (triple-positive) were determined at
the 2, 8, and 14-month time points. As shown in Fig. 2, the fre-
quency of CD4 T cells expressing only IFN-y were relatively high
in the BCG containing groups throughout the 14-month experi-
ment. For the BCG and BCG/E6-85 vaccines, 3-5% of CD4 T cells
expressed only IFN-y at 2 months and were still elevated at 14
months (~8%). In contrast, for the E6-85, AdE6-85, and pVaxE6-85
vaccine preparations, the relatwely high values for monofunctional
IFN-v producing cells seen at 2 months post-vaccination decreased
substantially at the 14-month time point. Compared to the [FN-

'

%) of CD4 T celis producing only IFN-y, TNF-a or IL-2 at 2, 8 and 14. months post-vaccination was determined by flow cytometry analysis of spleen
cells from mice immunized with BCG, the E6-85 fusnon protein, BCG/E6-85 combination, Ad-

E6-85 adenovirus construct, or the E6-85 DNA vaccine. Nonimmunized mice
;

~ responses, generally lower frequencies of cells expressing only

TNF-a were detected following vaccination of all groups. More-

" over, very modest numbers of IL-2 expressi'ng cells were identified
_in all vaccine groups.

For the most active vaccines (BCG, E6—85 and BCG/E6-85), sig-
nificantly increased frequencies (relative to naive controls) of all
double positive cells that were evaluated (IFN-y/TNF-a, [FN-~y/IL-
2, and TNF-a/IL-2) were detected at 2 months post-vaccination
(Fig. 3A). Importantly, significantly elevatéd numbers of triple pos-
itive cells were seen for each vaccine group at this early time
point, too. As seen in Fig. 3B, the cellfular immune responses
had generally declined by 8 months pos(—vaccmatlon Significant
relative increases were only detected in dbuble positive IFN-v/TNF-
a expressing cells taken from mice 1n‘1mumzed with the BCG,
E6-85, and BCG/E6-85 vaccines. Agaln elevated frequencies of

 triple-positive. cells were seen for the BCG and BCG/E6-85 vac-

cine preparations. By the 14-month timé point, even lower overal!

. CD4 MFT cell numbers were detected (Flg 3C). The only CD4 T

cell frequencies exceeding 0.2% at this time point were INF-y/TNF-
o double positive cells for the BCG (0'45%) and BCG/E6-85 (1%)
vaccine groups and triple positive cells taken from mice immu-
nized with the BCG/E6-85 mixture (0. 5%) At 14 months, it should
be noted that the significantly elevatéd levels of IFN-y/IL-2 and
TNF-a/IL-2 double-positive cells were only seen for the BCG/E6-
85 vaccine group. Taken together, the_ 14-month flow cytometry
results indicate the BCG/E6-85 vaccine, which evoked the most
durable protective immunity, also iduced the most persistent
mycobacterial-specific CD4 MFT cell responses

In addition to comparisons to nalve controls, the vaccine-
induced CD4 T cell frequencies for thie most active vaccines were
compared to the values of the other vaccines. While the E6-85
vaccine-induced CD4 T cell frequenczes were not significantly ele-
vated (at all time points) compared to the four other vaccines, CD4
T cell levels in the BCG and BCG/E6-85 vaccinated groups were rel-
atively increased for specific CD4 T cell subsets (supplementary
Table 1). For the BCG immunized mlce significant increases in CD4
T cell frequencies (relative to the E6—85 Ad E6-85, and pVaxE6-
85 vaccines) were seen at 8 months post-immunization for CD4T
cells expressing IFN-v, IFN-'y/TNF-a and IFN-y/TNF-a/IL-2 and at
14 months for [FN-y expressing cqlls Interestingly, for the most
persistent BCG/E6-85 vaccine, significant or approaching signifi-
cant increases in CD4 T cell frequenicies relative to the same three
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Fig. 3. Multiparameter flow cytometry was used to determine the frequency of
multifunctional CD4 T cells secreting IFN-y and TNF-a, IFN-vy and iL-2, TNF-o and
IL-2 or all three (right) at 2 (A), 8 (B) and 14 months (C) post-vaccination. * Statistical
significance relative to the naive control group, p<0.05. ’

vaccines were generally detected at 8 and 14 months for the IFN-v, »

IFN-y/TNF-a, and IFN-y/TNF-a/IL-2 expressing cells.

3.3. Correlation of the frequency of vaccine-induced CD4 T cells
with the levels of pulmonary anti-tuberculosis protection

To assess whether the frequency of cytokine expressing CD4 T ‘

cells correlated with the levels of pulmonary protective immunity

induced by the five different vaccines, the association between MFT -
cell frequency and the mouse protection data at early and late time

points were evaluated using Pearson correlation analysis. Based on
the 2,8,and 14-month data, the relationship between the frequency
of CD4 triple-positive T cells and the levels of vaccine-induced

anti-tuberculosis pulmonary protection were highly correlative
(p=0.007). Moreover, the correlation between the frequency of
CD4 triple-positive T cells and the mouse spleen protection data
was also highly significant (p=0.01). By contrast, the correlation
between the levels of protection and the frequency of CD4 T celis
expressing [FN-y/TNF-a was of borderiine significance (p=0.06
for the lung, p=0.09 for the spleens). The frequency of mono-
functional IFN-y producing cells also did not correlate with the
extent of vaccine-induced pulmonary (p=0.5) and splenic protec-
tion (p=0.7).

3.4. Evaluation of the median fluorescence intensity (MFI) and
the integrated MFI (iMFI) of cytokine-expressing cells

A previous report had shown that CD4 MFT cells produce more
cytokine on a per cell basis than monofunctional CD4 T cells [8].
To evaluate whether MFT cells induced by the different types of
TB vaccines produced elevated concentrations of cytokines rela-
tive to monofunctional cells, the MFIs for [FN-y and TNF-a were
determined for CD4 monofunctional T cells, CD4 T cells express-
ing IFN-y/TNF-a double positive T cells, and triple positive CD4 T
cells. For these studies, the IL-2 MFis were not systematically eval-
uated because generally low levels of IL-2 were detected in most
experiments. At 2 months past-vaccination, the MFIs for IFN-vy in
the double-positive CD4 T cell subset were elevated in all vaccine
groups 4-18 fold relative to corresponding monofunctional cells
but were only elevated substantially in the BCG and BCG/E6-85
groups at the 14-month post-vaccination time point (Fig. 4A). For
the triple-positive CD4 T cells, four vaccine groups had elevated
MFI responses (2-7 fold increases) at 2 months post-vaccination
compared to monofunctional cells induced by the same vaccine.
Although the MFI'values for triple-positive cells from mice immu-
nized with the most active vaccines did not substantially decline
at-the 14-month time point, lower overall MFls and obvious MFI
reductions were detected at 14 months for the less potent AdE6-85
and pVaxE6-85 vaccines.

. In these experiments, the TNF-a MFI values paralleled the
IFN-v results (Fig. 4B). Elevated MFI responses (relative to mono-
functional cells) were observed in double-positive (3-4 fold) and
triple-positive (2-12 fold) CD4 T cells at the early 2-month time
point for all vaccine groups. At the later time points, the MFI values
for TNF-a from triple-positive cells were considerably higher for
the E6-85 protein/adjuvant and the BCG containing vaccine groups
compared to other vaccine preparations.

In an earlier report, Darrah et al. developed a metric for evaluat-
ing the total respanse of a population of cytakine-producing cells
[8]. This integrated MFI metric combined the magnitude and qual-
ity of T cell responses by multiplying the frequency of cytokine
expressing cells by the MFI (iMFI). Darrah et al. showed that iMFI
values statistically correlated with the protection induced by sev-
eral vaccine formulations in a-mouse model of leishmania. In our
studies, we compared the iMFI values at 2, 8, and 14 months with
the anti-tuberculosis protection using Pearson correlation analy-
sis. Interestingly, the iMFI values for IFN-y for triple positive MFT
cells also correlated with the anti-tuberculosis protective responses
seen in the fungs (p=0.007) and spleens (p=0.006) of vaccinated
mice (Table 1), The IFN-y iMFI data for CD4 T cells secreting both
IFN-y and TNF-a correlated with protection in the lung (p=0.05),
but not the spleen, and the iMFI values for monofunctional CD4T
cells secreting only IFN-y were not statistically correlative, Further-
more, significant correlations were seen between the TNE-a iMFI
values and the protection results for triple-positive (lung, p= 0.004;
spleen, p=0.002) and IFN-y/TNF-a expressing double positive CD4
T cells (lung and spleen, p=0.01). Again the TNF-o iMFI values for
monofunctional CD4.T cells did not correlate with the animal pro-
tection data. .
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Fig. 4. Median fluorescence intensity (MFI) of IFN--y (A) or TNF-a (B) in monofunc-
tional {yellow bars) or multifunctional (red and green bars) CD4 T cells taken from
the spleens of vaccinated mice at 2,8 and 14 months post-va‘ccination The data are
presented as the mean + SEM of the individual MF! values for 4-5 mice. * Statisti-
cal significance relative to monofunctional cytokine expressing cells, p<0.05. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of the article.)

4. Discussion

A critical outcome for any immunization regimen is the induc-
tion of an adequate reservoir of antigen-specific memory cells. For
T cell based vaccines, it is becoming increasingly recognized that

Table 1 .
Pearson correlation analysis between iMF1 values and anti-tuberculosis protective
responses.

CDAT cells? Lung Spleen
IFN-+y :

by 0.007° 0.006
DP 0.05 ' ns

sp ns ! ns
TNF-a !

TP 0.004 . 0.002
DP 0.01 0.01
N ns ns

ns, not significant.

3 TP CD4 MFT cells expressing IFN-y, TNF-a and IL-2; DP - MFT cells expressing
IFN-v and TNF-a; SP - monofunctional cells expressing either [FN--y or TNF-a.

b pvalues. : i

the magnitude and the quality of vaccine-induced T cell resbonses

is crucial for developing effective immunization strategiés [16].
Therefore, in addition to frequency and durability, the phe'i.'notype
and quality of the T cell response should be assessed in the analysis
of the immunogenicity of TB vaccines. In this study, we evaluated
the complexity of T cell responses induced by 5 different TBivaccine
types in mice during a 14-month study period. Overall, we'showed
that the vaccine-induced CD4 T cell responses were fung'tionally
heterogenous. Compared to the naive group, relatively high levels
of monofunctional cells expressing only IFN-y and multifinctional

" cells expressing IFN-y and TNF-a, TNF-at and IL-2, IFN-y and IL-

2, and all three cytokines were detected after immunization with
all of these vaccines. Interestingly, relatively low levels of vaccine-
induced monofunctional cells expressing 1L-2 were consistently
detected in these studies. However, it is uncertain whether devel-
oping strategies to enhance IL-2 synthesis in the vacciné boosting
phase would improve vaccine effectiveness. While increased IL-2
production can have a positive immune impact through expansion
of recently activated T cells, IL-2 can aiso inhibit T cellfresponses
after vaccination by inducing T regulatory cells and promoting acti-
vation induced cell death [23,24]. :

Partially because of the complexity of vaccine-induced cellu-

" lar immunity, well defined and validated correlates of protection
for infections requiring T cell responses have not been identi-

fied [25). For TB vaccines, finding immune correlates of protection
would define the T cell responses that must be induced;to optimize
vaccine effectiveness. Moreover, the use of protective immune cor-
relates as early endpoints in vaccine trials may reduce the time
and cost associated with clinical studies and should I'facilitate the
testing of numerous candidate vaccine formulations. In this study,
the frequency of vaccine-induced splenic triple—positive MEFT cells
significantly correlated with the levels of anti-tuberculosis pro-
tection detected in the lungs and spleens of vaccinated mice. In
contrast, the frequency of monofunctional IFN-+y or TNF-a express-
ing CD4 T cells or CD4 MFT cells expressing any cq’mbination of
the two cytokines did not correlate with the pulmonary or splenic
protection elicited by immunization with the TB vatcines. Impor-
tantly, for the triple-positive CD4 T cell subset, we showed the
IFN-+y and TNF-a values for the integrated MF! metri¢ (whichincor-
porates the magnitude and the quality of the cytokine response)
correlated with the protection seen in the lungs and;spleens of vac-
cinated mice. It is not surprising that vaccine-induced protective
responses correlate with iMFI values because the;' iMFI metric is
essentially a measure of overall cytokine production from a spe-
cific T cell subset. Earlier murine studies with leisr;'mania vaccines
and a TB subunit vaccine preparation have also shown an associa-
tion between vaccine-induced MFT cells and protéctive immunity
against intracellular pathogens [8,11]. lnterestir;'gly, a complex,
non-linear relationship between polyfunctional T cell responses
and plasma viral loads was recently detected in a: SIV non-human

_primate infection model [26]. Taken together, the data from our

study and previous reports strongly suggest thatinduction of CD4
MFT cells is likely an important component ofvaccfine—induced pro-
tective immunity against intracellular pathogens in the mouse.
Successful vaccination regimens against :tuberculosis will
require a persistent T cell response of sufficient magnitude and
quality. For long-lived protection against infectious agents, it is
important to identify populations of vaccine—ind:uced T cells which
are durable over a prolonged period of time. A clear defini-
tion of the dynamics of anti-tuberculosis T celj responses should
assistin developing optimal vaccination strategies including potent
prime/boost protocols. Previous studies have shown that MFT cell
responses are relatively stable. In mice, anti-tuberculosis MFT cell
responses were detected greater than 40 weeks after vaccination
with BCG or an antigen 85-ESAT6 subunit vaccfne. and antigen 85-
specific CD4 MFT cells were maintained at least 24 weeks after

'
'
1

'
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boosting BCG immunized humans with the MVA-85A vaccine
[11,17]). Quality MFT cell responses were also seen at 1218 months
after immunizing non-human primates with HIV prime/boost reg-
imens [12]. A surprisingly high frequency of CD4 and CD8 T cells
expressing IFN-y and TNF-a persisted for more than 50 years after
human smallpox vaccination [27]. In this study, substantial num-
bers of CD4 T cells expressing either IFN-y and TNF-a or IFN-y,
TNF-q, and IL-2 were detected at 14 months following immuniza-
tion with the BCG/E6-85 mixture. It should be emphasized the
levels of cells expressing [FN-y and TNF-a and triple positive cells
induced by the BCG/E6-85 mixture (the most active preparation)
did not wane significantly during the 14-month study. For the other
vaccine groups, considerable reduced frequencies of MFT cells were
seen at 14 months compared to the relatively high levels detected
at 2 months post-vaccination, .

Ithas been hypothesized that the capacity of MFT cells to secrete
elevated levels of cytokines (compared to monofunctional cells)
contributes to their enhanced anti-microbial activity [8,16]. Ele-
vated median fluorescence intensities for MFT cells (relative to
controls) induced by malaria, leishmania, and tuberculosis vac-
cines have been previously demonstrated [8.10,15]. However, in
comparing MFIs for different vaccine formulations, the MFls for
triple-positive CD4 MFT cells induced by different types of vac-
cines have not been identical. For example, live leishmania vaccines
induced about 15-fold elevated CD4 MFT cell MFI values (rela-
tive to monofunctional IFN-y producing celis) in splenocytes from
vaccinated mice, while only 2-3 fold increases, relative to mono-
functional IFN-y producing cells, were detected after immunization

with a recombinant adenovirus vaccine [8]. Similarly, in this study,

the IFN-y MFI values for triple-positive cells were substantially
elevated (relative to corresponding monofunctional cells) in the
BCG vaccine containing groups. Although 6-7 fold MFI increases
were seen for vaccine formulations containing BCG, the MFIs for
the triple-positive cells recovered from mice immunized with the
protein or genetic vaccines were only 2 fold elevated compared to
MFi values for IFN-vy secreting monofunctional cells from the same
animals. Additionally, the MFI values for TNF-a from the triple-

positive cells taken from mice immunized with the BCG-containing .

vaccines were 9 and 12 fold elevated compared to naive controls
while only 2-3 fold relative MFI increases were seen for the other
test vaccines at the 2-month time point. Overall, similar to the
leishmania model, the highly protective live vaccine preparations
induced MFT cells with the highest levels of cytokine production
while protein and gene-based TB vaccines evoked more modest
MFT cellular responses. The enhanced MFI values seen in CD4 MFT
cells taken from mice vaccinated with live vaccines could reflect the
greater persistence of these vaccines. The resulting persistent low
level antigen exposure could prime CD4 T cells for optimal effector
function. A challenge for the designers of highly potent non-living T
cell-based vaccines will be to create immunizing formulations that
induce immune responses characterized by persistent MFT cells
which secrete high levels of cytokines. :
Another important finding of this study is the longevity of
the protective immune responses induced by immunization with
the BCG/E6-85 formulation. Although similar levels of protection

and BCG-specific CD4 T cell responses were detected at 2 and -

8 months after vaccination with BCG and the BCG/E6-85 vac-
cines, significantly higher levels of anti-tuberculosis protective
immunity and CD4 MFT cel! responses were seen at 14 months
post-vaccination for the BCG-protein combination vaccine. These
data support earlier results which showed that co-administration
of BCG with mycobacterial protein/adjuvant preparations or with
TB DNA vaccines induced protection against virulent mycobac-
terial challenge in mice and cattle that was superior to that
obtained with BCG or the individual component vaccines [28-31].

While the mechanisms of the immunopotentiating activity of BCG .

have not been fully defined, the capacity of BCG to bind Toll-like
receptors on antigen.presenting cells likely initiates robust innate
immune responses. Additionally, TLR activation can amplify the
antigen specific adaptive responses induced by vaccination with
subunit vaccine formulations. Overall, the results from this and
other studies indicate that BCG can be a potent co-adjuvant which
can potentiate antimycobacterial protective immunity evoked by
protein or genetic vaccines. Clearly, these data suggest that TB
immunization strategies which combine BCG with subunit or
genetic vaccines could be highly protective and should be tested
in future clinical trials, ‘

In sum, we have shown in a 14-month study that the magnitude
and quality of lung and spleen CD4 MFT cells expressing [FN-+, TNF-
o, and IL-2 induced by 5 different types of TB vaccines correlates
with the extent of vaccine-induced anti-tuberculosis protection
measured in the mouse model of pulmonary tuberculosis. In con-
trast, in a recent BCG immunization study of South African infants,
the frequency and cytokine profile of mycobacterial specific T cells
in whole blood did not correlate with protection against TB [32].
While the reasons for the different mouse and human results are
uncertain, species specific responses, systemic vs. organ responses,
or the heterogeneity of responses seen in the diverse human pop-
ulation may have caused the discordant resuilts. Clearly, further
characterization of the quality of MFT cell responses induced in
humans is needed to assess whether flow cytometric procedures
should become an integral component of immunogenicity mea-

surements.in human TB vaccine trials.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.vaccine.2011.02.010.
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