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Tramite: 11
Sefor Evento: 378
SUPERINTENDENTE DE INDUSTRIA Y COMERCIO Actuacion: 412
DIVISION DE NUEVAS CREACIONES
E. 5 D.

Re: PL-ABBVIE, INC.-Solicitud de Patente de Invencién en Fase Nacional PCT para
"INMUNOGLOBULINAS DE DOMINIO VARIABLE DUAL BIESPECIFICAS DE
IL-1 ALFA Y BETA".-Clase CO7K 16/24.-Expediente numero 13-154.195 .-

Yo, ALICIA LLOREDA RICAURTE, mayor, vecina de esta ciudad, identificada con la
cedula de ciudadania nimero 39.690.713 de Usaquén, Representante Legal en Bogotd para
tados los asuntos relacionados con la Propiedad Industrial de la sociedad ABBVIE, INC.,
organizada y existente de conformidad con las leyes de Estado de Delaware, Estados Unidos
de Ameérica, domiciliada en North Chicago, Estado de Illinois, Estados Unidos de Ameérica,
atentamente manifiesto a usted que interpongo RECURSO DE REPOSICION contra la
Resolucién No. 84665 dictada por el sefior Superintendente de Industria y Comercio el 28
de Octubre de 2015 y notificada por fijacion en lista el 3 de Noviembre de 2015, por medio

de la cual se niega el privilegio de patente solicitado para la invencion contenida en el
expediente de la referencia.

I. FUNDAMENTOS DE DERECHO

Como fundamento de mi recurso, me permito manifestar ante ese Despacho que el
contenido de la Resolucién No. 84665 evidencia que durante el examen técnico realizado
a la solicitud denegada se realizé una evaluzcidn incorrecta del objeto de la invencidn alli
rec'amada, sin considerarse su real alcance e importancia. En este sentido, no se considerd
el verdadero y valioso aporte técnico que representa para el arte en cuestidn las

inmunoglobulinas de dominio variable dual biespecificas de IL-1 alfa y beta, reveladas en la
solicitud denegada.
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Es asi que en la Resolucion impugnada, ese Despacho mantiene las objeciones frentz

a la claridad y concision del capitulc reivindicatorio, la unidad de invencidn y el Aivel

inventivo de la presente invencidn, a pesar de los arcumentos proporcicnados por el

solictante en respLesta al Concepto Técnico correspondiente al Oficio No. 2036 notificadc

por fijacion en lista el 3 de Marzo de 2015, argumentardo basicamente lo sigdiente:

vi.

«Las reivindicaciones 1, 6 y 7 no son concisas, porque reclaman de manera reoettiva
una proteina ae enlace capaz de enlazar un par de antigenos a partir de las mismas
caracteristicas técnicas esencialzs estructurales segun la formula VD1-(X1)n-\VVD1-C-
(X2)n, en mas de una reivirdicacion independierte, evidenciando mas a€ un3
categoria inventiva. Adicionalrente no se define dicha prot2ina en terminos de cada
uno de sus componentes, debido a que r.o es clero como los dos dominios variatles se
unen a un enlazador cuando - es 0. Tampoco se especifice la estructura aminoacica
del dominio constante de cadena ligera C, y cual inmunoglobulina correspoade a la

region Fc».

«lLas reivindicaciones 8 - 1C no son claras parque definen una proteina ce enlace
capaz de enlazar un par de zntigenos, en términos de su resultado 3lcanzar jJue da
cuenta de su mecanismo de accidn indicando que dicha prcteina de enlace comgrendz2
una constante de velocidaa de asociacién (Xon), una constante de velocidaa de

disociacién (Koff), y una constante de aisociacion (KD)».

«La reivindicacién 11 no es clara porgue no define un conjugaao de protzina en
términos de sus caracteristicas técnicas esenciales, es decir su estructura am.roacida
completa, 2specificando la region enlazante del dominio Fc, el agente que se conjuca a
la proteina de enlace y la fo-ma en que se lleva a cabo la conjugacion. Adicionalmente
el capitulo descriptivo no p-esenta sustento con pruebas tecnicas nara la producciin
de un corijugado que comp-enda un agente seleccionado del grupo que ccnsiste de
una molécula de inmunoachzsion, un agente de formac’on de imagenes, un ag=nte

terapéutico. y una gente citotoxico».

«La reiviragicacién 13 nc es zlara porque no se especifican [as respactivas secuencias

de &cidos rucleicos que zodfican la proteina de enface con su respectivo SEQ ID NC».

«La reivindicacion 14 no €s clara porque no define el vector especificando 2' tipo de

vector y i@ secuencia recor-binante que contiene».

«Las reivindicaciones 15 - 17 carecen de sustento ya que r.c se describe ni icentifica el
proceso para producir células transformadas ccmo una linea celular, espec.ficando la

linea celular a ser transform.ada, su ongen y tipo de célula».

IJ
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vii.

viii,

Xi.

Xii.

Xiii.

Xiv.

«La reivindicacion 18 no es clara porque no define un método para producir una
proteina de enlace, en términos ce sus caracteristicas técnicas esenciales, especificando

una secuencia légica de etapas y condiciones especificas (...)».

«Las reivindicaciones 19 y 20 no san claras porque definen la composicion farmacéutica
en términos de alternativas frenfe a un agente terapéutico, de los cuales no se
evidencia sustento en la descripcion (...)».

«Las reivindicaciones 21 - 25 no son claras porque definen un método para producir una
inmunoglobulina de dominio variable dual, en términos de su resultado alcanzar
indicando que dicho anticuerpo es capaz de enlazarse a un primer y a segundo antigeno
y haciendo referencia a la construccién de un meétodo recombinante de la cadena de
polipéptido; y no se define a partir de sus caracteristicas técnicas esenciales,

especificando una secuencia Iégica de etapas y condiciones especificas (... ES

«Las reivindicaciones 26 - 36 no son concisas ya que reclaman de manera repetitiva los
dominios variables de la cadena pesada y ligera de VD1y VD2».

«(...) la objecién por unidad de invencién se mantiene, porque la invencion se refiere a 3
grupos inventivos» ya que «No se guarda un concepto comun inventivo porque las

proteinas de union que comprenden un polipéptido de férmula VD1-(X1)n)-VD2-C-(X2)n
no comparten una estructura esencial para la actividad comdn».

«(...) la persona del oficio normalmente versada en la materia, incluiria los dominios
variables de unién a los antigenos IL - 1alfs & IL - lbeta de la proteina de enlace
divulgada en el documento D3, en el procedimiento para desarrollar una proteina de
enlace, caracterizada porque comprende una primera y una segunda cadena de
polipéptidos definida segun la formula VD1-(X1)n-VD2-C-(X2)n, divulgada en el

aocumento D1, para llegar asi al objeto de la reivindicacién 1 de |a solicitud, por lo cual
se considera obvia»,

«Las reivindicaciones 2 - 5, 11 - 36 no mencionan caracteristicas inventivas adicionales
para la proteina de enlace de /a reivindicacién 1, por lo cual se considera que tampoco

tier.en nivel inventivo».

«(..., la persona del oficio normalmente versaca en |3 materia, incluiria los dominios

variables de unién a los antigenos IL - lalfa 6 IL - 1beta de la proteina de enlace

divulgada en el documento D3, en el procedimiento para desarrollar una proteina de

enlace, caracterizada porque comprende cuatro cadenas de polipéptidos definidos segun
la formula VD1-(X1 )n-VD2-C-(X2)n, divulgado er el documento D2, para llegar asi al
objeto de la reivindicacion 6 de I3 solicitud, por lo cual se considera obvia».

[
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XV.

*vi.

xvil.

«Les reivindicaciones 7 - 10, nc mencionan caracteristicas invenlivas adicionales para
la proteina de enlace de la reivindicacion 6, por lo cual se ccnsidera que tampoco

tienen nivel inventivo»,

«En respuesta al argumento de la solicitante segun el cual los cocumentcs D1y D2 no
mencionan o sugieren proteinas de enlace que comprenden las secuencias de
aminodcidos especificas, ni mencionan las caracceristicas funcionales de enlace de
dichas proteinas, este Despacho se permite aclarar cue aunque ofectivamente dichos
documentos rc evidencian Ias secuencias de amiroacidos de .os dominios variables de
la cadena pesada y ligera de VD1 o Vd2, si sugieren o/ desarroflo de una proteina de

enlace capaz de unirse a dos antigenos como son la IL - lalfa y 'a IL-1beta (...)».

«Con base =n lo anterior este Despacho se permite reiterer que el documento D3 si
sugiere las caracteristicas técnicas esenciales, es decir la est-uctura aminoacida de la
proteina de enlace capaz de unirse especificarente a los anzigenos IL - 1 alfa e IL -

1beta reclamada en la solicitud (...)»

«(...) por lo cual el objeto reclamado no freserta altura inventiva a la luz de la

combinacién de las ensefianzas de los documentos D1- D3y D2 - L>».

«En referancia al argumento de la solicitante segun el cual las rroteinas de enlace
reclamadas presentar valores de EC50 en el rango picomolar, este Despacho se
permite aclarar que [..) considerando que el documento D3 sugiere con un altd
porcentaje de identidad la misma configuracion estructural de las proteinas de enlace
que ccmprenden dos o cuatro cadenas de polivéptidcs s2gun I3 formula VD1-(X1)n-
VD2-C-'X2)n, dicho efecto técnico no es inesperado ni sorprendente a la luz de las

ensefianzas del documento D3».

Frente a las anteriores consideraciones. a continuacion me permito demostrar znt2

ese Despacho que el capitulo reivindicatorio modificado gue se presenta junto con 2l

presente recurso cumple a cabalidad con los requisitos de claridad y concision, unidad de

invenciér y nivel inventivo exigidos por los Articulos 33, 25y 1§ de la Decision Andina

486/2009 respectivamante, toda vez que ks inmunog'obulinas 1= dominio variable dual

biespecificas de IL-1 alfa y beta reclamzdas se encuentran adecuadamente definicas,

pertenecen a un unico concepto inventivo, y de ninguna manera habrian podiao ser

obtenidas de manera evidente por la persona del oficio narmalmante versada en la matena

a partir de las ensefianzas del estado de la técnica anterior refererciadas.
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1 REIVINDICACIONES.
1.1. Modificaciones al capitulo reivindicatorio.

Teniendo en cuenta lo anterior, me permito sefalar que es deseo del solicitante
presentar un capitulo reivindicatorio modificado, el cual reemplaza el actualmente
prasentado, con el proposito de superar las objeciones presentadas por ese Despacho en la
Resolucion No. 84665.

En relacion con el mencionado capitulo reivindicatorio modificado, me permito
resaltar que éste no constituye de ninguna manera una ampliacion al alcance de la solicitud
tal como fue originalmente presentada, toda vez que define de forma mas precisa
inmunoglobulinas de dominio variable dual biespecificas de IL-1 alfa y beta, las cuales son
objeto de la presente invencién de acuerdo con las ensefianzas de la descripcion. Dichas

modificaciones se exponen a continuacion:

v Nuevas reivindicaciones 1y 7 a 10: Corresponden a las reivindicaciones 1, 4, 5, 12
y 19 del capitulo reivindicatorio ectualmente presentado. La reivindicacién 1

actualmente presentada fue modificada para mejorar su redaccion.

v Nuevas reivindicaciones 2 a 5: Corresponden a nuevas reivindicaciones, las cuales
tienen como objetivo restringir el alcance de la presente solicitud al grupo inventivo I
planteado por el Sefior Examinador en su objecion por unidad de invencién expuesta
en la Resolucion aqui impugnada. En estas reivindicaciones se especifica la posicion
(es decir, VD1 o VD2) en la que se lccalizan las secuencias de aminoacidos anti-IL-1
beta (es decir, las secuencias de SEQ ID NOs: 30 y 31032y 33).

v Nueva reivindicacion 6: Corresponde a la reivindicacién 3 del capitulo reivindicatorio
actualmente presentado, la cual fue modificada de conformidad con el objetivo de

limitar el alcance de la actual invencién mencionado anteriormente.

De acuerdo a lo anterior, me permito sefialar que las reivindicaciones 2, 6 a 11, 13 a
18 y 20 a 36 del capitulo reivindicatorio actualmente presentado fueron eliminadas del
documento modificado. Asimismo, me permito aclarar que el orden de enumeracion %
dependencia de las nuevas reivindicaciones se ha reajustado de conformidad con las

modificaciones previamente descritas.

De esta forma, el capitulo reivindicatorio modificado queda constituido por 10
reivindicaciones, las cuales se refieren de manera mas clara y concisa a inmunoglobulinas
de dominio variable dual biespecificas de IL-1 alfa y beta, que son objeto de Ia presente

solicitud, y que cuentan con pleno sustento en las ensefanzas del capitulo descriptivo.

"\
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1.2. Claridad y concision del capitulo reivindicatoric.

Ahora bien, con respecto a las objeciones de claridad y ccncisidn que ese Despacho

mantiene y expone en la Rasclucion No. 84565, cztentamentz me permito sefialar lo
ciguiente:

En primer lugar, frente a las objeciones planteadas por 2| Sefior Examinzdor con
raferencia a las reivindicaciones = a 11, 13 a 18 y 20 a 36 actLalmente presentadas, me
permito indicar que, tal y como se expuso en el numeral 1.1 del presente memoria, dichas
reivindicaciones fueron eliminacas del capitulo reivindicatorio modificado zdjunto al
presente recurs>. Por tanto, me permito resaltar que las objzciones dirigidas & estas
reivindicaciones se superan completamente y qre dicho capitulo reivindizatorio mccificado

consta de una scla reivindicacién independiente (1ueva reivindicacion 1).

En este sentido, en cuanto a a afirmacion del Sefior Examinador acerca de q.g «”...)
no es claro comc los dos dominics variables se unen a un en'azador cuando n 2s 0»,
amablemente m= permito expresar que una pe-sona ncrmalmente versada en la mater a
leyendo la descripcion de la presenze solicitud satria el significado de un en azador cuands n
es 0 (es decir, cuando el enlazador no estd presante), ya que la estructura de una proteina
de enlace de inmunoglobulina de dominio variable dual (DVD-Ig) es conccida en el 2szado
del arte, como se evidencia en la referencia citaca en la pagira 7 (renglones 5-8) del

capitulo descriptivo de la solicitud en estudio (que corresponde al documento D2 usado pcr

2| Sefior Examinzdor en su eveluaciéon de nivel invenzivo).

Considerando lo anterior, me permito enratizar 2n que una persona normalment2
versada en la materia leyendo la dzscripcion de la actual solicitud habria reconocido jue |03
enlazadores son polipéptidos que comprenden dcs o mas residuos ce aminoacidos qLe son
usados para enlazar una o més porziones de unidn a antigeno (ver pag. £1 (renglcnes 7-
9)); ademas, que en algunos casos el enlazador no esta oresente en la p-oteina de enlace
de DVD-Ig (es decir, el prime- y segundo dominio variable estan directamente enlazados
en:zre si; ver pag. 129 (renglones 2--23)).

Adicionalmente, con relacion al sefialamienzo del Sefior Examinador en donde afirme
cue «Tampoco se especifica /a estructura amincacda de! domin‘o cons:ante de cadena
Igera C, y cual inmunoglobulina co-responde a la region Fc», respetuosamente me parmitc
mencionar que una persona normalmente versaca =n la materia habria identificacc qué
s2cuencias de aminoacidos abarcan Ln dominio constante de cadena ligera y un domirio Fc
en una proteina de enlace de DVD-Ig, teniendo er cuenta que =n la descripcion de a
presente solicitud se describen las szcuencias de éminoacidos de |2s cominios constantes ce
cadena ligera de la IgG humana (es decir, kappe y lambda; ver Tabla 11 en pags. 331 y
33Z). Asimismo, Ia region Fc se dzfine especificamente en el cagitulo descriptivo en ‘s
paginas 44 (renglones 15-24), 45 (rz=nglones 1-24) y 46 (-englones 1-16).
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Por todo lo anterior, amablemente me permito solicitar a ese Despacho que las
objeciones respecto a la reivindicacién 1 actualmente presentada (nueva reivindicaciéon 1)

sean retiradas.

Por otra parte, con respecto a los comentarios del Senor Examinador referentes a la
composicion farmacéutica reclamada en la reivindicacion 19 actualmente presentada (nueva
reivindicacion 10), me permito indicar que gracias a la eliminacion de la reivindicacién 20
actualmente presentada, dicha composicion ahora cuenta con pleno soporte en el capitulo

descriptivo de la presente solicitud.

En conexidn con lo anterior, me permito mencionar que en la pagina 177 (renglones
6-8) de la descripcion de la actual invencion se describen composiciones farmacéuticas que
incorporan una proteina de enlace y un portador farmacéuticamente aceptable. Igualmente,
en la pagina 178 (renglones 1-10) de la misma se establece que el término «portador
farmacéuticamente aceptables» incluye cualquiera y todos los solventes, medios de
dispersion, revestimientos, agentes antibacterianos y antiflingicos, agentes retardantes de
absorcion e isotdnicos, y similares que son fisiolégicamente compatibles. Ademas, en ella se
especifica que los ejemplos de portadores farmacéuticamente aceptables incluyen uno o
més de agua, solucién salina, solucién salina amortiguada de fosfato, dextrosa, glicerol,
etanol y similares, asi como tamb én combinaciones de los mismos; e incluso, que en
algunas modalidades se incluyen en |a composicion agentes isoténicos como azlcares,
polialcoholes (como manitol Yy sorbitol) o cloruro de sodio.

Por lo anterior, me permito solicitar a ese Despacho que la objecion a este respecto
sea retirada, ya que claramente la descripcién de la presente solicitud si contiene soporte

para la materia objeto de la reivindiczcién 19 actualmente presentada (nueva reivindicacién
10).

Por (ltimo, me permito manifestar que el capitulo reivindicatorio modificado que se
presenta junto con este memorial. cumple a cabalidad con las disposiciones de
patentabilidad establecidas en el Articulo 30 de la Decisién Andina 486/2000, toda vez que

es claro, conciso y encuentra pleno sustento en la descripcion de la solicitud.

2. UNIDAD DE INVENCION.

En conexion con lo anterior, y en relacidn con la objecion por unidad de invencién que
sefala el Sefior Examinador en la Resolucidon No. 84665, me permito destacar que, tal y
como se expuso en el numeral 1.1 del presente memorial, el capitulo reivindicatorio
actualmente presentado fue modificado para dirigirse Unicamente al grupo inventivo I
definido por el Sefior Examinador en dicha Resolucidn, el cual involucra: «Una proteina de
unién que comprende un polipéptido de formula VDI~(X1)n)~V02—C—{X2)n que se une a un
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par de antigenos IL-1alfa y a IL-Zbeta , donde los dominios de cadena pesaca VD1 s VD2
comprenden Jna secuencia Je érminoacidos seleccionada de las SEQ ID NC: 30 0 32 y los
dominics de cadena ligera VD1 y VDz comprenden una secuencia de aminoacidos
seleccionaca ae las SEQ ID NO: 31 y 33».

Por I tanto, en vista de que el capitulo reivindicatorio modificadc acjunto & este

memorial se refiere a un Unico concepto inventivo, amablemente me perm tc soliciter a ese
Despacho quz la objecion a este respecto sea retirada, al cumplirse a catalidad con lo
estipuiadc en el Articulo 25 de iz Decision Andina 486/2000.

3. PRINCIPALES CARACTERISTICAS DE LA INVENCION DENEGADA.

Por otro lado, con el fin de contzxtualizar los motivos por los cuales ese Despacho
realiza una incorrecta valoracidn y evaluacion del arte previo, me permito sefalar a
continuacion las principales ceracteristicas y ventajas técnicas asociadas a la materia

reveladz en la solicitud de pazerte negada.

Er vista del capitud re vindicator o modificado presentado junto con este memorial, la
presente solicitud recleTa de manera clara y concisa proteinas de enlace d= domirio
variable dual biespeciiicas capaces de unirse a IL-1 alfa y beta que ccrmprendan
determinadas secuencias ce aminoacidos en posiciones especificas de los respectives

dominios variables de las m2 éculas.

Ahora bien, con respecto a las ventajas y beneficios ce la presente invancion, ma
se-mito destacar que las proteinas de enlace biespecificas reclemadas no sélo son
novedosas estructuraimert2 sino gJue pueden llegar a ut'lizarse como agentes en 2l
diagndstico, prevencion vyc tratamiento de enfermedades cen una mejor eficacia vy
seguridad, dado que puecen unirse a uno o mas objetivos diferentes involucrados en una
condicidn patoldgica espedfica, tal como enfermedades infamstorias agudas y cronicas,

cancer. antre otras.

4 la luz de las anteriores consideraciones, me permito concluir ante ese Despacho que
las proteinas de enlace objeto de la presente solicitud son nowvedonsas y constizuyen
potenciales principios aczivos de p-oductos terapéuticos pa-a importanzes en‘ermedades y
trastornos. Las caracteristicas mencionadas se evidencian a lo largo de la descripcion de la

solizitud.
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4. CONSIDERACIONES TECNICAS FRENTE A LAS ENSENANZAS DEL ARTE
PREVIO.,

Ahora bien, teniendo en cuenta el alcance del nuevo capitulo reivindicatorio de la
invencion en cuestion, me permito manifeszar ante ese Despacho que las inmunoglobulinas de
dominio variable dual biespecificas de IL-- alfa y beta de la solicitud de patente denegada
presentan un inequivoco nivel inventivo frente a las ensefianzas de los documentos
US20090304693 (D1), US7612181 (D2) y US20090311253 (D3).

En la Resolucién aqui impugnada, el Sefior Examinador considera que las moléculas
objeto de la presente solicitud no tienen nivel inventivo puesto que, a la luz de las ensefianzas
de los documentos D1, D2 y D3, la persora del oficio normalmente versada en la materia

podria derivar de manera evidente el objeto de la actual solicitud.

Como primera medida, me permito sefialar que, tal y como se expuso en el numeral 1.1
dal presente memorial, las reivindicaciones 2, 6 all, 13 a 18 y 20 a 36 actualmente
presentadas fueron eliminadas del capitulo reivindicatorio modificado; razén por la cual, las

objeciones de nivel inventivo relacionacas con estas reivindicaciones se superan
ccmpletamente.

A partir de lo anterior, me permito sostener que las ensefianzas de los
documentos D1, D2 y D3, solas o en combinacion, de ninguna manera anticipan o
sugieren de manera obvia las inmunoglobulinas de dominio variable dual
biespecificas de IL-1 alfa y beta con todas y cada una de las caracteristicas técnicas
estructurales y funcionales, tal Yy como se reclaman en el capitulo reivindicatorio

modificado que se presenta junto con este memorial.,

Con el animo de demostrar ante ese Despacho que la anterior afirmacién es

completamente correcta, a continuacién me permito proporcionar los siguientes argumentos;

4.1. Las proteinas de enlace reclamadas mediante el capitulo reivindicatorio

modificado adjunto al presente recurso poseen una caracteristica técnica esencia
adicional sobre el estado del arte.

En primer lugar, me permito destacar que se ha observado que las proteinas de enlace
reclamadas a través del capitulo reivindicatorio modificado (que cuentan con novedosas
secuencias de aminodcidos al no existir en ninguno de los documentos citados una secuencia

100% idéntica a las secuencias del dominio variable de cadena pesada de SEQ ID NOs: 30 y

32) scn funcionalmente efectivas para unirse y neutralizar la IL-1 beta hasta un punto que no

es ensefiado o sugerido ni individual ni en combinacién por los documentos del arte previo
mencionados,
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En este sentido, me permito resaltar que las proteinas de enlece a IL-1 alfa / IL-1 beta
comd se reclaman ahora tienen afinidades de und¢n y potencias de neucralizacion para
blancos de IL-1 beta de orden picomolar, a comparacion de las afinidades y potencias de
neuzralizacion de orden nanomolar que se divulcan para las proteinas de union de los
documentos D1, D2 y D3.

En particular, las proteinas reclamadas en la present2 solicitud cuentan con
caracteristicas de unién a IL-1 beta superiores que aquellas reveladas en el documenzo D2.
En la FIG. 1B de dicho documento se muestra una Unica proteina de union de DVD-Ig
especifica que se .ne tanto a IL-1 alfa como a IL- beta, sin embargo, no se muestrar: datos
de unidn o neutrelizacion correspondientes a la misma. A pesar d2 que si s2 muestran datos
de union para IL-1 beta de las DVD-Ig’s en la Tebla 13 (columna 87 42l docL mento D27, estos
son datos de potencia de orden nanomolar, los cuales contrastan en gran medida <on los
datos de ECsy de ordan picomolar que muestrar las DVD-1g's reclamadas (ver Tablas 7 a 10
del capitulo descriptivo). Asimismo, las proteinas de enlace ahora reclamadas presenan una
a‘inidad mejorada pcr IL-1 bata a comparacion de cualquiera de las mostradas en el

documento D2, como se muestra en la Tabla 6 de la descripcion ce la actual solicitud.

4.2. Las proteinas de enlace ahora reclamadas cuentan con altura inventiva

con respecto a las ensefianzas del documento D3.

Por otro lado, me permita traer a colacion que el DVD372 del documento D3 (var Tabla
57 de dicho documenta) comprende cadenas pesada y ligera en las gue los dominios variables
externos que se unen a IL-1 beta son de ABJ55 (SK48-E26 humanizado) y los dominio
variables interncs que se unen a IL-1 alfa son d= A3065. El anticuerpo Sk48-E26 humanizado
fue usado pera generar anticuerpos IL-1 beta humanizadcs con afinidad madurada
(anticuerpos E25.13) que tienen un dominio variable de cadena pesada que comorende una
secuencia de amincacidos cue es SEQ ID NO: 30. Esta secuencia fue pcsteriormente usade
para preparar las orcteinas de enlace de domirio variable dual ahora reclamadas (ver Tabla 2

en las pags. 132 y 133 del capitulo descriptivo).

Adicionalmente, el documento D3 tamtién divulga una reg én VH para union a IL-1 beta
como SEQ ID NO: 52 (ver Tabla 2 de dicho documento). Un alineamierts de dicha secuencia
con la secuencia ce SEQ IC NO: 30 de las nuevas reivindicaciones muzstra que nay, entre

otras diferencias, cuatro aminoacidos distintos er las -egiones determinantes de la

complementariecad (CDRs), y dado que las CDRs son importantes paré el reconocimiento del
antigeno y la uniér al mismo, tales diferencias 2n el sitio de unién a antigeno evidencian la
diferencia existente entre las proteinas de Lnién del documento D3 con las de la preserte

solicitud.

10
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En conexion con lo anterior, me permito precisar que existen cuatro diferencias de
aminoacidos en las CDRs del dominio de unién a IL-1 beta de SEQ ID NO: 30 en
comparacion a las correspondientes CDRs de SEQ ID NO: 222 (cadena pesada de DVD372)
y SEQ ID NO: 52. En la CDR-H1, el primer aminoacido es cambiado de S a R (RYDMS en
comparacion con SYDMS), y en la CDR-H2 el cuarto aminoacido es S en vez de H, el
séptimo aminodcido es G en vez de A, 'y el decimocuarto aminoacido es T en vez de S
(YISHGGAGTYYPDSVKG en comparacién con YISSGGGGTYYPDTVKG); cambios que no son
ensenados o sugeridos en el documento D3 en ninguna parte. Sin embargo, se encontrd

que estos cuatro cambios son criticos pzara la funcidon de la proteina de enlace reclamada

en la presente solicitud,

De esta manera, la informacidon de IL-1 alfa e IL-1 beta en el documento D3 y la
presente solicitud se puede complementar con los datos descritos en Lacy S., et al. (2015),
Generation and characterization of ABT-981, a dual variable domain immunoglobulin (DVD-
IgTM) molecule that specifically and potently neutralizes both IL-1a and IL-1B. mAbs, 7(3),
605-619 (en donde se caracteriza el anticuerpo E26; anexo al presente memorial), los cual
se resumen en la Tabla 1 del presente recurso. La solicitud en estudio contiene datos de
potencia de neutralizacion de E26.13 en las Tablas 8 y 10, y de afinidad de union del mismo
3 IL-1 beta mediante BIACore en las Tablas 5 y 6 del capitulo descriptivo. Estos datos se
oresentan en la Tabla 1 del presente memorial junto a la informacion equivalente de la
Jublicacion mencionada anteriormente para el anticuerpo E26, el cual fue madurado en su
afinidad para producir el fragmento de unién a IL-1 beta de E26.13 que comprende la SEQ

D NO: 30 de las reivindicaciones de la actual invencion.

Asi pues, la Tabla 1 a continuacion muestra que los cambios en las CDR-1 y CDR-2 del
dominio variable de cadena pesada para unirse a IL-1 beta tiene un impacto dramatico
cobre la afinidad de unién y la potencia de eutralizacidn. Por un lado, los datos de afinidad
ce unién (Kp) presentados (por ejemplo en las Tablas 5 y 6 de la presente solicitud y en la
Tabla 2 de Lacy S., et al.) fueron generadcs por resonancia de plasmén superficial usando
Ln instrumento BIACore basado en la deteccién de la unién a IL-1 beta a mAb capturado
(mediante una Fc de IgG antihumana de casra recubierta en el chip biosensor CM5). Por su
parte, la potencia de neutralizacion ICsy fue generada usando un bioensayo celular MRC-5
en el cual la estimulacién de IL-1 beta humana o de mono macaco resulto en la liberacion

de IL-8 humana, la cual, fue cuantificada en sobrenadantes celulares usando un ELISA de
IL-8 humana.

Tabla 1. Datos comparativos para fragmentos de unién a IL-1.

| Afinidad de unién K, ‘ Potencia de neutralizacién IC,, |

| ] ' '

. IL-1beta | IL-1 betade 1ig belade |

Nombre del mono IL-1 beta '

. humana mono macaco

anticuerpo | macaco ‘ humana (pM) |

(pM) (pM) 3

| L em | d

=



LLOREDA CAMACHOQ o

Calle 72 No. 5-83 Piso 5, Bogota, D.C.  Tel: 6069720 Fax 6069701

SK48-E26
humanizado

No
(AB0O66 en 242 400 185

e determinada
D3)
E26.13 (que
comprende la
SEQ ID NO:

30)

44.5 14.6 2.7 8.4

La anterior tabla muestra jue existe un mejoramiento significativo en la afinidad ce

unidn v la potencia de neutraizacion para IL-1 beta del anticuerpo E2€.13 de afinidad

madurada con resoecto al anticuerpo E26 conocido en el documento D3. Esta mejora en la

afinidad de unién v la potenciz de neutralizacién para el anticaerpo E26.13 de afinicad
madurada también se traslada a las proteinas de union de DVD que incluyen el dominic
variable de unién & IL-1 beta de E26.13 (ver las Tablas 3, 5, 8 y 10 de la publicacion de
Lacy S., et al.); valores que cortrastan con los valores de ordan nanomolar observados pare
SK48-E26/AB066 2n el documento D3).

Por lo tanto, me permitz resaltar que la proteina de enlace reclamada en la
presente solicitud demuestra una significativa mejor union que la de las proteinas

de unién del documento D3. Ademas, dicho documento no provee alguna ensefanza o

sugerencia medianie la cual se establezca que se pu=de obtener una mejor unién al alterar

lac CDRs de los dominios variables de cadena pesada de unién a IL-1 beta como se muestra
enla SEQ ID NO: Z0.

4.3, Las afinidades de union de los anticuerpos usados para fabricar Ias
proteinas de enlace de DVD reclamadas son notablemente diferentes a las de las

proteinas de union divulgadas en los documento D1, D2y D3.

A este respacto, por ejemplo, en un formato d= ELISA de captura (descrito en la pag.
301 (renglones 11-24) y 302 (renglones 1-8) de lz descriocion), el E26.13 (el anticue-fo
parental de E26 con afinidad madurada humanizad>) se une a IL-1 beta con una ECs; ce
orden picomolar. En contraste, en el documento D3. usando un formato de ELISA de urién
directa (descrito d= la pag. 156 (renglon 24) a la pag. 158 (ren3lon 2) del documento O3),
la union observada a IL-1 betz de las DVD-Ig’s que contienen |a SEQ ID NO: 52 («seq. 1»
en la Tabla 2 del documento D3) estd unicamente 2n el orden naromolar (ver Tabla & del
documento D3). Es decir, incluso teniendo en cuenta la diferencia en los ensayos utilizedcs,
Ics datos de ECsy para las proteinas de enlace reclamacas en la presante solicitud son

naotablemente m2jores aquellcs del documento D3.

12
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Por ultimo, teniendo en cuenta todo lo anterior, me permito manifestar que ninguno

de los documentos D1, D2 o D3, solos o en combinacion, ensefan o sugieren cuales

aminoacidos deberian ser mutados con el objetivo de obtener las caracteristicas de union

mejoradas de las proteinas de union reclamadas. Por tanto, me permito resaltar que una

inmunoglobulina de dominio variable dual biespecifica de IL-1 alfa y beta como la reclamada
en la presente solicitud no es divulgadz ni sugerida en ninguna de las anterioridades
citadas, mostrando ademas propiedades inesperadas e importantes, evidenciando asi que
dichos documentos no pueden de ninguna manera afectar el nivel inventivo de la solicitud
en estudio y que la misma cumple a catalidad con lo estipulado en el Articulo 18 de la
Decision Andina 486,/2000.

II. CONCLUSIONES

Con base en los argumentos técnicos mostrados previamente, me permito manifestar
ante ese Despacho que la materia revzlada en la solicitud de patente en cuestion,
especialmente como es ahora reclamada dentro del capitulo reivindicatorio modificado, no
solamente es clara, concisa, se encuentra sustentada en la descripcion y cumple con el
requisito de unidad de invencion, sino que ademds presenta nivel inventivo frente a las
ensenanzas del arte previo citado en la Resolucion No. 84665 aqui impugnada, cumpliendo
asi a cabalidad las disposiciones establecidas en |a Decision Andina 486/2000, y por lo tanto

demostrando ser merecedora del privilegio de patente requerido.

Es asi como, en virtud de los argumentos discutidos con respecto a los documentos
01, D2 y D3, se establecié de manera incontrovertible que las inmunoglobulinas de dominio
variable dual biespecificas de IL-1 alfa y beta en estudio, de ninguna manera son
anticipadas por las ensefianzas de dichos documentos, demostrando irrefutablemente |a

datentabilidad de la presente solicitud.
III. PETICION

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 Resolucién No.
84665, para conceder el privilegio de patente solicitado.

IV. PODER

En este punto me permito mencionar ante ese Despacho que el documento que
acredita mi calidad de Representante Legal en Bogotd para asuntos relativos a la Propiedad

Industrial de la sociedad peticionaria, fue presentado junto con la solicitud de patente en
Junio 28, 2013.
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V. ANEXOS.

Anexo al presente recurzo me permito presentar:

(I) Recibo rumero 13-129622, expedido por la Superinte1dencia de Industria vy

Comercio, que acrzd ta el pago de las modificaciones mencionadas;
(II) Copia Ze las paginas 381 a 383 que corresponden al capitulo reivindicatorio

modificado, compuesto por 10 reivindicaciones, tal y como <e describe en el

numeral 1.1 del presente memorial; y

(III) Copia del articulo: Lacy S., et al. (2015). Generaticn and characterization of
ABT-9€1, a dual variable domain immunoglobulin (DvD-IgTM) molecule that
specifizcally and potently neutralizes both IL-1c and IL-1B mAbs, 7(3), 605-619.

VI. DOMICILIO

Mi direccién 2s Calle 72 No. 5-83, Piso 69, Bogota D.C., Colcmbia.

Del Sefor Sugerintendents,

LICIA'LLOREDA RICAURTZ= _

T: P=53:215

Direccion para Notificaciones: notificacionespatentes@lloredacamacho.com
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REIVINDICACIONES

1. Una proteina de enlace, caracterizada porque comprende primera y
segunda cadenas de polipéptidos, en donde la primera cadena de polipéptidos
comprende un primer VD1-(X1)n-VD2-C-(X2)n, en donde

VD1 es un primer dominio variable de cadena pesada;

VD2 es un segundo dominio variable de cadena pesada;

C es un dominio constante de cadena pesada:

X1 es un enlazador;

X2 es una region Fc; y
en donde dicha segunda cadena de polipéptidos comprende un segundo VD1-(X1)n-
VD2-C-(X2)n, en donde

VD1 es un primer dominio variatle de cadena ligera;

VD2 es un segundo dominio variable de cadena ligera;

C es un dominio constante de cadena ligera;

X1 es un enlazador;

X2 no comprende una region Fc;

nesQOo1,y

en donde la proteina de enlace es capaz de enlazar un par de antigenos
seleccionados del grupo que consiste de IL-1 alfa e IL-1 beta,

en donde ya sea el dominio variable de cadena pesada y ligera VD1 o el
domirio variable de cadena pesada y ligera VD2 forman un dominio de union a
antigeno que se une al antigeno IL-1 beta y comprende las secuencias de
aminoacidos de SEQ ID NOs: 30 y 31 0 SEQ ID NOs; 32 y 33, y

en donde el otro de los dominios variables de cadena pesada y ligera VD1

o VD2 forma un dominio de unién a antigeno que se une al antigeno IL-1 alfa.
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2. La proteina de enlace d= la reivindicacion 1, donde el dominio variable de
cadena pesada VD1 comprende la secuencia de aminoacidos de SEQ ID NO: 30, y

donde el dominio variable de cedena ligera VD1 comprende la secuencia de

aminoacidos de SEQ ID NO: 31.

3. La proteina de enlace de a reivindicacion 1, donde el dominio variable de
cadena pesada VD1 comprende la sscuencia de aminoacidos de SEQ ID NO: 32, y

donde el dominio variable de cadena ligera VD1 comprende la secuencia de

aminoacidos de SEQ ID NO: 33.

4. La proteina de enlace de la reivindicacion 1, donde el dominio variable de
cadena pesada VD2 comprende la secuencia de aminoacidos de SEQ ID NO: 30, y

donde el dominio variable de cadena ligera VD1 comprende la secuencia de

aminoacidos de SEQ ID NO: 31.

5. La proteina de enlace de la reivindicacion 1, donde el dominio variable de
cadena pesada VD2 comprende la secuencia de aminoacidos de SEQ ID NO: 32, y

donde el dominio variable de cadena ligera VD1 comprende la secuencia de

aminoacidos de SEQ ID NO: 33.

6. La proteina de enlace de conformidad con cualquiera de las
rewindicaciones 1 a 5, donde X1 comprende una secuencia de aminoacidos

seleccionada del grupo que consiste de SEQ ID NOs: 1-26.

7. La proteina de enlace de conformidad con cualquiera de las
reivindicaciones 1 a 6, donde la proteina de enlace comprende dos primeras

cadenas de polipéptidos y dos segundas cadenas de polipéptidos.
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8. La proteina de enlace de conformidad con cualquiera de las

reivindicaciones 1 a 7, donde la region Fc es una region Fc de secuencia variante.

9. La proteina de enlace de conformidad con cualquiera de las
-eivindicaciones 1 a 8, donde dicha proteina de enlace es una proteina de enlace

cristalizada.

10. Una composicion farmacéutica, caracterizada porque comprende la
proteina de enlace de conformidad con cualquiera de las reivindicaciones 1a9

como un ingrediente activo, y un portado- farmacéuticamente aceptable.
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molecule that specifically and potently
neutrallzes both IL-1a and IL- 1B
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Edit Tarcsa®, Ravi Chari® , Tarig Ghayur , and Rajesh V Kamath’

'AbbVie Bloresearch Center: Glabal Biologics; Worcester, MA UISA; *Shanghal CP Guojian Pharmaceutcal Co, Ltd.: Shanghai, China; *AbbVie Bioresearch Center; Global Biologics;
Worcester, 1A USA; “AbbVie Bioresearch Center; Immunalogy Pharmacology; Worcestar, M3 USA: "AbhVie Bioresearch Center; DMPK-BA: Worcester, MA USA;
“AbbVie Biaresearch Center: Drug Product Development; Warcester, MA USA; "AbbVie Ric research Center: Foundational Immunology, Waorcester, MA USA

Keywords: IL-1a, [L-1PB, osteoarthritis, DVD-1g, ABT-981, IL-1 antagonist

Abbreviations: ADA, Anti-drug antibodies; CDR, complementarity-determining region: CEC, cation excha nge chromatography;
Cyno, cynomolgus mankey: DVD-lg, dual variable domain immunoglebuling EDy, efficacious dose at 50% response; EDgq,
efhicacious dose at 80% response; ELISA, enzyme-linked immunosorbent assay; TL-1, interleukin-1; IgG1, immmmg‘]ohu in G1; IV,
intravenous: QA osteoarthritis; PAS, protein A sepharase; SC, subcutancous; SEC, size exclusion chromatography; SPR, surface
plasmon resonance; Vi, antibady heavy chain variable domain; V), antibody light chain variable domain

— Interleukin-1 (IC=T7 cytokines such as IL-Ta, IL-18,and IL=TRa contribute to immune regulation and inflammatory
processes by exerting a wide range of cellular responses, including expression of cytokines and chemokines, matrix
metalloproteinases, and nitric oxide synthetase. IL-1ee and IL-1B bind to IL-1R1 complexed to the IL-1 receptor accessory,
protein and induce similar physiological effects. Preclinical and clinical studies provide significant evidence for the role
of IL-" in the pathogenesis of osteoarthritis (OA), including cartilage degradation, bone sclerosis, and synovial
prohferanon Here, we describe the generation and characterization of ABT-981, a dual variable domain
immunoglobulin (DVD-Ig) of the IgG1/k subtype that specifically ard potently neutralizes IL-1a and IL-10. In ABT-981,
the IL-13 variable domain resides in the outer domain of the DVD-g, whereas the IL-1a variable domain is located in
the inner position. ABT-981 specifically binds to IL-1« and IL-18, and is physically capable of binding 2 human IL-1a and
2 human IL-18 molecules simultaneously. Single-dose intravenous and subcutaneous pharmacokinetics studies indicate
that ABT-981 has a half-life of 8.0 to 104 d in cynomolgus monkay and 10.0 to 20.3 d in rodents. ABT-981 exhibits
suitatle drug-like-properties including affinity, potency, specificity, half-life, and stability for evaluation in human clinical
trials. ABT-981 offers an exciting new approach for the treatment of OA, potentially addressing both disease
modiication and symptom relief as a disease-modifying OA drug.

Introduction following stimulation in the central nervous system, innarte resis-

tance to infection,” prostaglandin synthesis,” - and B-lympho-

The interleukin (IL)-1 superfamily includes 7 agonist proteins  cyre activation, [1-2 production, expression of cytokines,
{including IL-1ee and 1L-1B), 3 receptor antagonists (including  chemokines, nmu. oxide synrhetase, Ar'd marrix mertalloprotei-
IL-1Ra) and the anti-inflammatory cyrokine [1-37." [L-1a and  nases (MMPs).” [L-la and 11~ 1B bind to the same recepror,
IL-1B are disinct pro-inflammatory cytokines produced by mul-  namely the 11-1 recepror type I {TL-1R1) complexed to the TL-1
tiple cell rypes, e.g., monocytes, macrophages, and neutrophils,  receptor accessory protein (11-1RACP) and induce similar physio-
as well as by cells in jOl[‘lr tissues e.g., synovial Abroblasts, chon-  logical effects, including neutrophilia, fibroblast proliferation,
drocytes and osteaclasts.” * They exert a wide range of biological  cytotoxicity for cermain cells, induction of collagenases, and
and physiological effects throughout the body, including fever increased production of colony sumulating  factors  and
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collagen.”® The effects of IL-1 are negatively rezuated by 2
endogenous inhib tors, namely IL-1 recepror 2 (IL-1R2), which
is related to the [L-1R1 ang lacks a cyroplasmic darmain, and 1L-
I recepror antagonist IL-1Ra, which mimics the >inding of IL-
IB to IL-1R1 bue fails to recruit the IL-1RACF, preventing
downstream signal ng.’

Both IL-1oc and IL-1P are produced as p-ccursar proteins ther
are proteolytically processed ro mature forms. ~"he IL-1 precurscr
is active and construtively expressed in the cpithdiim of many
organs and tissues, and is released following nerotic cel: death.”!”
Mature IL-1ce is exoressed both as a soluble ar.d memb:-ane form,
and it is thought to act locally.'' ™" The IL-1B precurso-, which is
synthesized in hematopoet.c cells, is inactive until ir s cleaved by
caspase-1, releasing the meture IL-1B into ¢ rzulation.” Overex-
pression of human [L-la in mice results in ca-onic inflimmatory
arthritis that is mac-ophage and neutrophil-dominart,"® and mice
that selectively overexpress the mature membrane-associatec
human IL-la display a more severe arthrits cheracterized by
autonomous  synovial preliferation  with  subsequeat  cartilage
destruction.'® Intra-articular mnjection of IL-1B resuks in a repro-
ducible acute modd of jo.nt pathology, including swelling and
hyperalgesia.'” In rats, injeztion of recombinant IL-1B results in
persistent pain '® and increased sensitivity to pain.'”

Osteoarthritis (CA) is a disease of the whole joint with the sig-
nature pathologic fzature of articular cartilage loss leading to
joint destruction. The clirical symproms of DA ar2 sain and
funcrional impairment thar iacludes joint sti-hess and dysfune-
tion. In recent years, it has become increasing y apperent that a
complex cascade of mechanical and biochemical pzthways con-
tributes to the initiadon, mair.tenance and pregressicn o” the dis-
ease.” Preclinical anc clinical studies provide significant evidence
for the role of IL-1 in the pethogenesis of OA, including cartilage
degradation, bone sclerosis, and synovial proliferation.” IL-1at
and IL-1P are expressed in the cartilage and synovial membrane
and fluid of patients with OA.”*""** Members of the IL-1 family
can stimulate migration and activation of ncut_’uphiis,? which are
the most abundant cell infi.trate when acute synovitis accurs in
satients with OA.” 1L-1 cen stimulate chondrocytes ard syno-
viocytes to produce proteinases involved in car-ilage cestruction
eading to OA **?® 15 well a¢ inhibit synthesic of proteoglycan
and collagen type II, the mai1 components cf the extracellular
matrix (ECM) in articular c;rrilage.n’za Therefore, IL-1 not
only causes degradation of cartilage, burt also sappresses repara-
tive processes. Intra-articular injection of IL-1 into animal knees
results in leukocyte infiltradon and cartilage loss,”” and intra-
erticular injection of "L-1 antazonist results in signifizant reduc-
don in the progression of experimental OA.*?* Gene expression
studies using periphzral blocd leukocytes (PBLs) from OA
patients showed patients with: overexpression of IL-1(3 haa higher
pain scores, decreased function, and were at = higner risk of
radiographic progression of 0A.** Finally, 1L-1 knockour (KO)
mice are resistant to surgically induced cartilage damage com-
pared to their wild-type counterparts, as well as development of
a lodynia in inflammarory and neuropathic mocds of pein.*>**

Therapeutic agents that interfere with the IL-1 pathwzy have
been tested clinically. AMG 10§, a [L-1R1-targer=d human IgG2

6L6 mAb:

monoconal antibody ‘mfb), was evaluated intraveousl (IV)
and sudcutaneously (SC) in patients with knee OAY” AMG-
108-dosed paticats showed stedstically insignificant improve-
ments in pain, aklthcugh numerically greater improve nents ware
observed. Anakirra (a recombirant form of native IL-1Rz) was
2valuated in an irtra-anicu.ar study in patien-s with painfu. kree
DA % and with symptomatic OA of the knee.*” Although ara-
<inra was well-tolerated in patents from this study, anzkirra
“reatment did not result in impravements in OA symptoms com-
pared to placebo. Given the results from these clinical studies,
cliniciars have suggestzd future IL-1 pathway intibitoss se
desigred to allow evaluation of a more posent IL-1 inh bitor
with a longer du-ation.’® A more potent inhibitor of the IL-1
pathway would neuc-alize the zcrivity of both IL-1a end IL-1B,
tut would not inerfere with tae natural antzgonist, 1L-1Ra. In
addition, a more potent inhibitor would achieve a longer dura-
ton if it was a molezule moare comparable tc the structure and
moleculer mass of ar. immunoglobulin. The zeneraticn of such
molecules for prec inical proof-of-concepr studies, namely chime-
r:c anti-IL-1a/B dual variab.e domain immunoglobulins (DVD-
lg) composed of mouse mAb variable domains with human cor -
stant rzgions, has been described *° In additicn, murine DVE-
Igs have been generatzd and evaliated in @ mcuse model of O£,
wherein simultancous inhibiticn of mouse L-1a and IL-1B
reduced OA progression’' end pain® o a g-eater extent -han
irhibicion of either IL-1 iscform alone. Despite the successful
generation of chimeric and murine DVD-Igs, the murine vari-
able domains used tc censtruct these molecules were not ade-
quate o generate a human DVD-Ig that demonstrates the
rigorous drug-like properties required of a clinical-grade thera-
peutic protein. Herz, we cescribe tae generatior: and characteriza-
tion of ABT-981, a human anri-IL-1a/B the-apeutic DVD-Ig
ncw in clonical trials that offers zn exciting new approach for the
treatment of OA, porznt ally add-essing both disease modifica-
ticn and sympror relief as a disease-modifying OA drug
(CMOAD).

Reasults

Identif cation of anzi-human IL-1a and IL- B antibadies

To eng.neer a therapeuric Funraa DVD-lg capable of poter.cly
nearralizing both humen IL-1x aad IL-183, several antibedy vari-
ablz domain sequences were consicered. In add tion to 1eutrali-
zat on o- human [L-la and IL-1{, neurralization of cynomolgus
IL-1a and IL-1f was also required to allow the toxicological eval-
uaton of the resulting human DVD-Ig molecules in cynomolgus
monkeys. Heavy aad light chair antibody variable domain
seqaences specific for human IL-la were derived from the
human zuto-antibody X3, originally isolated from a human B
cell library.** Heavy and ligh- cha n antibody variable domain
sequences specific for human 12-13 were daived from the
humanized SK48-E26 cntidody.”” ¢cDNAs corresponding to tae
sublished antibody s2quences of X3 and SK48-E26 were synthe-
sized (Blue Heron, Bothell, WA) and expressed ¢s human IgG1/
< mAbs for character zation studies.
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Characrerization of mAb X3

Following the synthesis and expression of the X3 mAb cDNA,
hinding and potency characterizations were carried out, The binding
affinity data generated by surface plasmon resonance (SPR) demor -
seeated the affinity of the X3 mAb was ~20-fold less co cynomol gus
IL-1ot compared to human IL-1ae (Table 1), To understand if this
affinity difference had an effect on the neutralization potency of the
X3 mAb, a potency assay using MRC-5 cells was performed. The
MRC-5 cell line (human lung fibroblast) produces I1-8 in response
to stimularion with both human and cynomolgus IT-1e and 1L-1,
and this response is inhibited in the presence of a neutralizing anti-
body. The MRC-5 bioassay results showed that the neutralization
potency of mAb X3 to human versus cynomolgus monkey [L-1e
differed by ~100-fold, indicating thar the lower affinity of the mAb
to cynomolgus I1-1a resulted in less neutralization potency {Fig. 1
and Table 1). Of note, additional characterization studies deter-
mined that the X3 mAb did nor neutralize murine, rat, canine or
rabbit [1- la (data not shown).

Generation and characterization of affinity-matured
humanized I1-1f antibodies

The humanized SK48-E26 mAb (herein referred to as SK48-
E26) was expressed, characterized in the MRC-5 potency assay,
and affinity matured using yeast display technalogy. Five scFv
veast display libraries containing mutations in the complementar-
ity-determining region (CDR) regions of the SK48-E26 heavy
and light chain variable domains were generated to allow isola-
tion of clones rthat bound with higher affinity to both biotiny-
lated human and cynomolgus 11-1B. Following isolation and
sequence analysis of scl'y yeast display clones, 6 affinity-matured
heavy chain and 2 affiniry-matured light chain variable domains
were selected based on sequence changes and prevalence in the
outputs. Several affinity-marured SK48-E26 variant human
1gG1/k antibodics (E26.1, E26.2, E26.12, E26.13, £26.35 and
£E26.37) were generated by expression of a specific affinity-
matured variable heavy chain (V) sequence (E26,1 Vi,
E26.2 Vi, E26.12 Vy, E26.13, Vy  E26.35 Viy  and
E26.37 Vi) paired with the SK48-E26 variable light chain (V)
sequence (SK48-E26 V) or the corresponding affinity-matured
variable light chain sequence (E26.1 Vy and E26.37 Vy). The
murarions present in the variable domain of cach of these variants
compared ro the humanized SK48-E26 sequence are highlighted
in Figure S1. Following purification, each affinity-marured vari-
ant was cvaluated and characrerized in assays, including binding
to human [L-1§3 by ELISA and SPR, and neutralization potency
to human IL-1B by MRC-5 ccll bioassay (Table 2), Although all
mAbs were analyzed for binding to human IL-18 by ELISA,
only a subser were subjected to kinetic and bioactivity analysis,

Table 1. Potency and affinity characterization of mAb X3

Binding affinity Ky (pM) Neutralization potency IC,, (pM)

Human IL-1«  Cynomolgus IL-1c Human IL-1c Cynomolgus IL- 1w

20 417 g 862

veww tandfonline.com ’ mAbs

Overall, mAbs E26.13 and $26.35 were fully characterized across
all parameters. Of note. additional characterization studies derer-
mined that the E26.13 mAb did nor neutralize murine, rat or
canine [L-1B (dara not shawn).

Generation of human TL-1a/3 DVD-Ig"™ molecules

Several human DVD-lgs were generated and characterized
using Vy and V; amino acid sequences from the human 1L- -
specific autoantbody X3 and affiniry-matured Vy; and V; amino
acid sequences from affinicy-matured 11-1B-specific mAbs E26.13
and E26.35. In rerms of domain orientation, some cDNAs encod-
ing DVD-Ig heavy and light chains were assembled with the
IL-1B binding domains in the “outer” position and the [1-la
binding domains in the “inner” position (Fig. 2). Other DVD-Igs
were constructed with cDNAs encoding heavy and light chains
assembled with the TL-1a hinding domains in the “outer” position
and the I1-18 binding domains in the “inner” position. The posi-
tion of each domain is indicared in the associared DVD-Ig
nomenclature, namely, outer variable domain - linker — inner var-
1able domain (for example, rhe E26.13-LL-X3 DVD-lg is com-
prised of the [1-18 mAb E26.13 in the outer domain, an L linker
in the heavy chain, an I linker in the light chain, and the IL-1a
mAb X3 in the inner domain). In the case of linker designation
"LL," the outer and inner heavy chain antibody variable domain
sequences were fused in-frame via nucleotides encoding the human
lirker amino acid sequences ASTKGPSVFPLAP and the light
chain antibody variable sequences were fused in-frame via nucleo-
tides encoding the human linker amino acid sequence TVAAPSV-
FIFPP.** In the case of the linker designation “SS," the outer and
innzr heavy chain antibody variable domain sequences were fused
in-frame via nucleorides encoding the human linker amino acid
sequences ASTKGD and the light chain antibody variable sequen-
ces vrere fused in-frame via nucleotides encoding the human linker
amino acid sequence TVAAP™Y

Fach DVD-lg heavy chain was expressed with a human lgGil
constant domain conmaining leucine-ro-alanine amino acid substi-
ttions in the hinge region ar Kabar numbering positions 364 and
365 (in an IgG1 molecule these positions are 234 and 235), Vari-
able domain ¢DNA sequences in the DVD-Ig light chains were
expressed with a human kappa constant domain. The [gG1 con-
stant region amino acid hinge region mutadons were incorporated
to elim nate the effector function of the lgGl by altering irs inrer-
actions with Fey receptors. Compared 1o wild-type [gG 1/k mAbs,
the IgG1 mAbs conraining the 1.234A, 1.235A hinge-region mura-
tion demonstrated several fearures when studied in virro, namcly,
retained binding to FeRy in a concentration- and pH-dependent
manner and undetectable binding o FeyRI, FeyRIlb, FeyRlIla,
and complement Clq (dara not shown). Combinations of human
heavy chain- and light chain-expressing plasmids were expressed in
HEK293 cclls and DVD-Igs were purified from cell supernatants
by protein A affinity chromatography.

Characrerization of [L-1a/ DVD-Igs

To understand the consequences of variable domain sequence
and orientation within the DVD-lg structure, the 1L-1a/B
DVD-lgs were characterized for affinity o IL-1a and 1L-1B by
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Figure 1. Potency determination of mAb X3 on Fumen and cynomolgus
IL-1ec The MRC-5 cell line produces IL-8 in respcnse to stimulation with
beth human and cynomolgus IL-Tee and IL-1B In this potency assay,
MRC-5 cells were stimulated with 3 pM of either human (a) or cynomol-
gus M) IL-1a in the presence of increasing concentrations of the IL-1a-

specific mAb X3,

ELISA and SPR (Biacore) (Table 3), anc nzcrralization porency
Lsing an MRC-5 cell bioassay (Table 3). I terms of expression
Jevels, the DVD-Igs having the IL-1B var'able domain in the
surer position (E26.13-LL-X3, E26.13-53-X3, E26.35-55-X3)
expressed more protein than the DVD-Igs with the IL-1 vari-
able domain in the inner position (X3-LL-E26.13 and X3-SS-
E26.13) (data not shown). As a resul:, not all molecules were
thoroughly characterized in all assays. I tzzms of observed trends
in affinity, the 1L-1B mAb E26.13 nad an ECsy of 7.2 pM
(Table 2) and the same variable domain expressed in the outer
domain of 2 DVD-Igs (E26.13-LL-X3, F26.13-55-X3) demon-
strated a comparable ECsg range of 7.5-3.1 pM (Table 3). These
data suggest that neither the outer doma.n position nor the LL vs.
SS linker had an effect on the 3-dimznsional folding of the
E26.13 variable domain as it was fusz? to the IL-1a variable
domain X3 in the inner position. However, the ECs, shifted to

Table 2. Characterization of affinity-matu-ed versions of SK48-E26

70 pM =her this seme variable domain was expressed cr the
inner demain of Z DVD-Igs in which the [L-la mAb X3 was
positon2d i1 the outer domain (X3-LL-E26.13 and X3-Ss-
E26.13). By SPR, the overall afhiaity (Kp) of the E26.13 mAb o
IL-1B was ~45 pM (Table 2), ard when expressed in the ourter
position in 3 DV-Igs, the overall affinity (Kp) of the E26 13
variable domain -anged from 7.3-21 pM (Table 3). These bind-
ing datz suzgest the 3-dimensicmal structur: of the E25.13 vari-
ablz domain was not optimally preserved 'n the inner position of
the DvD-’g format compared to the ourter position cr as 2 mAb.
In tems of potercy in the MEC-5 bioassay, the E26 13 mAb
raaged frem 8.4 to 15.7 pM w both Fuman and cynomolgus
monkey (Table 2), and th's range was praserved when the vari-
able Jomain was expresseC in the outer domain of the OVD-Jg
(8.4 © 13.3 pM,Table 3). When expressed in the innzr doma'n
i1 thke DVD-Ig, E26.13 skowed a portenzy range of 1470 o 2676
to heman [L-13, suggesting thar, in corjunction with :kese bind-
‘ng caza the architecture of the E26.1% variable domain was nor
optmal y preserved in the ianer domein of the CVD-Ig fermar
(Tablz 3).

“"he IL-13 antibody E2535 mainra.ned afhn’tv in the outer
pesiton of DVD-Ig E26.35-85-X3 (10.4 pM in e ronoclonal
versior compered to 8 pM in the DVD-Ig by ELISA; Tatle 2
and Table 3). Compared -o the moroclonal versioa. the overall
athrity of the E26.35 domuain to beth human inc zyromolgus
monkey IL-1B in the outer position of the DVIi-g incrzased
from 23.9 pM to 13 pM cn human [L-1B and o 14 M tc
.).6 pM on cynomolzus monkey IL-13 (Table Z). In rerms of
20%eacy in the MRC-5 Fioassay, the E26.35 mAb demcnstrated
2 potency range of 3 1o 7 2 pM or. human and gromolgus IL-
“p. Once in the outer position of she DVD-Ig fcrnas, this vari-
ible domain showed an increase in potency w bach humman and
cynomolgus 1L-1B, witk. a potency range of )6 0 1.8 pM
(T<ble 3).

The ovarall affinity k) of the X3 variablz domain tc human
IL-la whan positianed in the inner domain of 5> DVD-Igs was
6.2 to 13 pM (Table 31, comparable to the 20 pM. Xpp affinity
determuned with the X5 as a mAb (Table 1). The K of the X2

Binding affinity EC5, Bindinj affinity Ky Neutralization potency ICsg
Antibody name Human IL-13 (pVi] Human IL-13 (pNV) Cyno IL-1(3 (pM) Humar IL-1§3 (pM’ Cyna IL-13 (pM)
SK48-E26 ND 242 ND 400 18¢
E26.1 129 ND ND 9.7 MO
E26.2 567 528 ND ND ND
E26.12 306 786 ND ND ND
E26.13 7.2 445 146 157 B4
E26.35 10.4 239 14 7.2 3
E26.37 17.7 ND ND 22 MD

Legend: Binding affinity ECs, data were cenerated using an ELISA bas2d on the dztection of biotinylated IL-1p binding captur=2c mAb (vie an anti-human
IgG Fc antibody coated on the ELISA plates, Binding affinity (Kp) data were gzneratad by surface plasmon resonance using a Biazcre 3000 irstrument oas2d
on the detection of human or cynomolgus IL-1B binding to capturad MAb (via a goat anti-humen IgC Fe coated cn the CMS biosensor cnip). Neutralzation
potency IC, was generated using an MRC-5 cell bioassay in which 3 2 of human or cynomolgus IL-1 stimu'ation resulted the rzlease of humazn IL-8.
Human IL-8 in cell supernatants was quar-tified using a human IL-6 ELEA. NJ: Not determined.
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variable domain o cynomolgus T1-1a
when positioned in the inner domain
ranged from 324 to 411 pM (Table 3).
a value comparable to the monoclonal
version of X3, suggesting no negative
impact of DVD-1g domain position on
the neurralization potency. When in
the outer domain position of 2 DVD-
lgs, the X3 variable domain [Cs, was
7.6 pM, compared 1o 9 pM when
expressed as a mAb, Overall, data from
the characrerization studies indicares
the [L-18 variable domains E26.13
and E26.35 rctain their respective
affinities and potencies when posi-
tioned in the outer domain of the
DVD-Ig, whereas the 1L-Te variahle
domain X3 is more tolerant ro heing in
cither the inner or outer position,

Based on affinity and porency daca, the
197 kDa DVD-lg referred to as
F26.13-85-X3 was scleceed for further
characterizarion swdies, and it was re-

named ABT-981.

Figure 2. Design of humar IL-1e/3 dual variable domain immunoglobulins (DVD-Igs). (A) Representa-
tion of a DVD-Ig with an anti-IL-1u variable domain on the “outer” position linked to an anti-IL-18 vari-
able domain in the "inner” sosition, (B) Representation of a DVYD-Ig with an anti-IL-1( variable domain
in the "outside” position linked to an anti-IL-1a variable domain in the *inner” position. Several DVD-Igs
were constructed, expressed In HEK 293 cells, and purified from cell supernatants using Protein A affin-
ity chromatography. The architecture of ABT-981 is based on design B.

Consecutive binding of IL-1at/J to
ABT-981

To determine if ABT-981 could bind [L-1a and [L-1P at the
same time, a study was conducted using SPR (Biacore). Follow-
ing the immobilization of ABT-981 on a sensor chip, the 1L-1
antigens were injected one after another under saturating condi-
tions without allowance of any dissociation phase. In one study,
human TL-1ew was injecred over caprured ABT-981 and immedi-
ately followed by injecrion of human IL-18; no dissociation time
was allowed before the human IL-1PB injection. In another study,
human 1L-11 was injected over caprured ABT-981 and immedi-
ately followed by injection of human IL-1a; no dissociation time
was allowed hefore the human I1-1a injection. The shape of the
sensograms and the binding responses were analyzed and the

stoichiomerry of the binding was calculated (Fig. 3). The stoichi-
ometry indicated that berween 1.5-2 molecules of both human
[L-1e and [L-13 can bind to each ABT-081 DVD-Ig (Table 4).
Overall, these data demonstrare that human TL-a binds ro both
ABT-981 binding domains even after both human 11-1B bind-
ing domains are saturared, and vice versa, These data imply that
ABT-981 is physically capable of simultancously binding 2
human IL-@ and 2 human [L-1B molecules.

Specificity of ABT-981

To define the specificity of ABT-981, proteins with homology
to human IL-la and IL-1B were identified using NBCI Blast,
and any proreins having 28% or grearer homology to human [L-

Table 3. Binding affinity and neutralization potency of IL-Te/fs DVD-Igs to human and cynomolgus IL- T and 13

Binding affinity EC;, (pM)

Binding affinity Ky (pM)

Neutralization potency ICs, (pM]

Human Human Cyno Human Cyno
DVD-ig -1 IL-1e IL-18 IL- 1 IL-1p IL-Te IL-1p -1 IL-1p IL-Tex
E26.13-LL-X3 B.1 58 78 6.2 "24 324 18.3 10.2 16.7 1053
E26.13-55-X3 7.5 6.4 2 716 15.3 411 160 16.2 84 955
£26.35-55-X3 8 6.2 5 13 106 7 1.8 258 0.6 474
%3-LL-E26.13 ND ND ND ND ND ND 1470 89 ND ND
%3-55-E26.13 70 4.5 ND ND HND ND 2676 76 ND ND

Legend: Binding affinity £Cs, data was generated using an ELISA based on the detection of biotinylated IL-1a ar IL-1§3 binding to captured DVD-igs (cap-
tured via an anti-human IgG Fc antibody coated on the ELISA plate). Binding affinity (K] data were generated by surface plasmon resonance using a Biacore

3000 instrument based on the detection of human or cynomalgus (L-1B or

human or cynomolgus IL-1a binding to captured mAh (via a gaat anti-human

I9G Fe coated on the CM5 biosensor chip). The DVD-lg nomenclature is outer domain — linker - inner domain, Neutralizatian potency |Cs, was generated
using an MRC-5 cell bioassay in which 3 pM of human or cynomolgus IL-Te or IL-13 stimulation resulted in the release of human IL-8. Human IL-8 in cell

supernatants was quantified using a human IL-8 ELISA. ND: Not determined,
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| were mjected intraperitoneally (%p.) with
phosphate-buffered saline (PBS) cr ABT-
981 on cay ). On dzy 1, each mcuse was
injectzd with P3S a1 30 ng of humar or
cynomolgus IL-1a cr IL-1B. Two hours
| following‘ mjection of IL-1, lavels of
murine IL-6 in plesma were measured
and data were ploteed as percent inhibi-
tion (Fig. 4). These dara show that fol-
lowing administrarion of ABT-93", levels

_hime

of murine IL-6 generated in rzeponse
exogznously administered human and

axis of the plot is response units and the X-axis is time in seconds.

Figure 3. Consecutive binding cf I.-1a and IL-1 to ABT-981. To generate this representative sensc-
gram, ABT-981 was immobilized on a Biacore sensor chip via goat anti-human IgG and 500 nM
human IL-1p was injected followed by injection of 500 nM human IL-1c. No dissociation time of the
IL-18 was allowed prior to the injection of the IL-1a. The sensagram indicates that human IL-13
binds t> ABT-981, and IL-1a variable domains are still accessible for binding to IL-1a. The reciprocal
of tais study (binding of IL-1c fol'owed by IL-10) showed identical results (data not shown). Tke -

cyncmolgrs 1L-1ae and IL-18 decreased
in ¢ dose-dependent manner, end th:
individaal and average EDs, and EDg,
values generated from 2 incependert
experirents are snown in Table 6. Over-
all, the dose of ABT-981 requirec to neu-
tral'ze the effects of 30 ng of uman or

la or IL-1P were selected and defined as “members of the IL-1
family " These proteins wezrz IL-1ra/IL-F3, IL-18/IL-1F4, IL-
36Fal L-1F5, 1L-36a/IL-1F6, FILI /IL-1F7, IL-36B/IL-1F8,
1L-367/IL-1F9, and IL-1F10. Recombinant versions of each of
these 10 IL-1 family membezs were generated at AbbVie or pur-
chased commercially, and used in an SPR binding study to deter-
mine if ABT-981 binds tc IL-1 family members in addition to
IL-1o and IL-1B. Multip'e SPR experiments using 500 nM of
each [L-1 family member were carried out to assess binding to
immobilized ABT-981.

Table 5 summarizes the results of the experiments evaluating
ABT-981 binding 1o IL-1 family members. Positive binding
evenrs are represented a: “+” and the absence of a binding
response is represented zs “—." Overall, the only IL-1 family
men.bers tested that bourd to ABT-981 in the SPR formar were
IL-1a and IL-1B, indicating that ABT-981 is highly specific for
its intended rargets.

In vivo pharmacologi: activity of ABT-981

“he in vivo activity cf ABT-981 was evaluated by testing its
ability to block exogencusly administered recombinant humar
IL- . a- or IL-1B-induced IL-6 production in mice. A 30 ng dose
of exogenously administzred human IL-1a or IL-1p was selected
baszd on the level of indiction of IL-6 that could be accuratel
measured from female C57/BL6 mouse serum and that provided
1n adequate signal-to-background ratio to demonstrate neutrali-
zation by ABT-981 (data not shown)., Female C57/BLG mice

Table 4. Apparent stoichiometry for consecutive binding of IL-1a and IL-B
to 4BT-981

cynomolgus  IL-IB  was comparable

witain a 3-fcld -ange (EDgqy range from
0.094 o 0.2& mg/kg). In comparison, the dose of ABT-981
required to neurralize the effzcts of 30 nz of cynomo.gus IL-Ta
was over 170-fold greater compzred to the dose requied 1o neu-
tralize thz effects of 30 ng of humar IL-1a (EDgg of 18.2 mg/kg
for cynomolgus IL-1 o compared tc 0..C4 mg/kg for human IL-
la), corsistent with the lower in vitro affinity and porency of
ABT-981 to cynomolgus [L-1a (Table 3). From this pha-mazo-
logical study, complete neutralization of cynomolgus IL-la
would theorerically be achieved in vivo at doses > 18 mg/kg, and
complete nzurralizatior.  of cynomclgus IL-13  ac  doses
=0.09 mg/ks, enabling assessment of the mechanistic toxicits of
ABT-981 in cynomolgus monkeys.

Single-dese pharmacokinetics of ABT-981 in mcuse, rat and
cynomolgus monkey

The pha:macokinetiz properties of ABT-981 were assessed
following single IV or SC doses of 5 mg/kg in male BALB/c
mice, 4 mgtkz in male Sprague-Dawdey rats, and 5 mg/kg in
female cynomolgus monkeys (Table 7). After 1V dosing in
BALB.c mice, ABT-981 exhibired low clearance (3.27 mL/h/
kg), a small volume of discribaticn (95 mL/kg), and a long half-
life of 10.5 d. After SC acminist-atior. of ABT-93" in mice, the
Conax vas 22,2 pg/ml, che half-life war 20.3 d and bioavailapility
was ~100% (Fig. 5A) In 2 of 6 animals in the IV dose group
and in 5 of 6 mice receiving zn ST dose, serum corcznmartions of
ABT-981 declined rapidly after 7-10 days, probably cue ro the
animals developing an ant-drug antbody (ADA) response (fo-
indiv dual arimal data, see F.g. $2). The animals showing proba-
ble ADA responses were climinated from the pharmacokineriz
calcularions.

A-ter IV dosing in Sprague-Dawlzy rats, ABT-981 exhibited

Firstinjection  Stoichiemetry  Second injection  Stoichiometry low clearanze (0.28 mUhﬂq.;) small volume of distri>ution
(86 mL/kz) with long half-life of 7C.0 d (Fig. E anc Table 7).

:Lma: ::::u :g :uma:l :HB 1? Following SC administration ir. rar, a C,,, of 160 pg/ml, with
S sl wli d a heflife of 12.0 4 and 52% Lioavailabiliry was observed
60 mAbs ‘Jolume 7 Issue 3
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Table 5. Specificity of ABT-981 to human IL-1a and IL-18

Ligand Biading to ABT-981

FILTE M-1F7 =
IL-36Ra/IL-1F5 :

IL-36{B/IL-1F8 =
IL-26a/IL-1F6 -
IL-364/IL-1F9 re
IL-TRa/IL-TF3 -
IL-1F10

|L-18/IL-F4

IL-Tre +
-1 +

{Fig. 5B). One of 6 rats in the TV dose group and 5 of 6 rars
receiving a SC dose exhibited a drop in serum concentration afrer
10-14 d likely due to ADA, therefore these animals were elimi-
nated from pharmacokineric calculations,

After IV dosing in cynomolgus monkeys, ABT-981 exhibired
low clearance (0.22 mL/h/kgl, small volume of distribution
(61 mL/kg) and long half-life of 10.4 d. After SC administration,
the half-life of ABT-981 was 8.0 d and bioavailability was 95%
(Fig. 5C). In the SC dose group, serum concentrations declined
after Day 20 in 1 of the 2 monkeys, and this anima' was elimi-
nated from the pharmacokinetic caleularions,

Biophysical characterization and stability assessment of
ABT-981

To define the biophysical properties of ABT-981, che fol-
lowing analyses were completed: secondary strucrurs, thermal
stability, and short-term accelerated stability. Seconcary struc-
ture determination by Fourier transform infrared spectroscopy
of a 1 mg/mL ABT-981 sample produced the chromatogram

shown in Figure GA. A prominent peak comprising 37% of

r
the roral area was observed at ~1638 em™' and ranzed from

1627 to 1642 em™'. This indicates thar ABT-981 is com-
posed primarily of bera-sheets sup-

46 e
plemented by beta-turns.*® The lack

of any appreciable

signal  ar 100
1656 em™" indicates che absence of
alpha helixes. The thermal stability cBO
of a I mg/mL ABT-981 sample was 240
assessed using  differential scanning | £ 18
calorimerry (DSC). The sample was .im 5
heared ar a 1°C/minute scan rate 20 6'/
from 25°C to 95°C, and Figure 6B | 2
shows the thermogram following the | 0
analysis. The large peak at 69°C (in & & o
green)  likely corresponds  to the | a?'Q ©

unfolding rransition of the ABT-981
DVD-Ig Fab fragment consisting of

ABT-381 (maikg)

the constant heavy chain 1 / constant light chain domain
(Cy1-C) and the G313 domain (in blue and in black, respec-
tvely) are also similar to those observed for [gG1 antibod-
ies.*” The enthalpy of the Cy2 transition (red) may he
slightly greater than expected due to the uncertainty of the
deconvolurion of its corresponding peak caused by the over-
lap with the DVD-Ig Fab peak,

Short-term accelerated stabiliey studies were cartied out on
100 mg/m| solutions of ABT-981 to define the physical and
chemical stability of the molecule. Samples of ABT-981 were
stored ar S°C (storage condition) and 40°C (stress condition)
and were analyzed at regular intervals by size exclusion chroma-
tography (SEC) and weak cation exchange chromatography
(TEC). After two months of storage at 5"C, ABT-981 showed no
difference in the distribution of size species (97.6% monomer at
time zero vs. 97.1% at 2 months). However, a slight increase in
hasic species was observed (from 16.4% 1o 21.4%) with a con-
comitant loss in the main species (73.8% to 68.0%), while the
acidic species distribution remained similar (9.8% rto 10.6%).
After two months of storage at 40°C, ABT-981 displayed an
apparent loss in monomer species (97.7% ro 87.3%) with
increases in both aggregates (1.1% ro 3.9%) and fragments
(1.2% to 6G.7%).

Although characterization studies were completely enabled
with ABT-981 expressed from HEK293 cells, planned clinical
studies required ABT-981 to be stably expressed from mamma-
lian host eells. Several stable cell lines were engincered to express
ABT-981, and one was selected to generate material for clinical
studies because it expressed greater than | g/L of ABT-981 in
standard bioreactor conditions (dara not shown), In addition, sta-
ble cell-line-generated ABT-981 could routinely be purified to >

98% monomer using a protein A purification process and clearly
& P }

praduced the expected 63 kDa heavy chain band and the
36 kDa light chain band following SDS-PAGE analysis (data

not shown).

B0

@
=1
[

% Inhibitlon
F=
[« ]
s
-

20

ABT-381 (mgfkg)

the outer and inner variable domains.
Overall, ABT-981 begins to unfold
at ~55°C, which is similar ro the
onset of unfolding temperature for
IgG1l molecules. The transitions of

Figure 4. In vivo neutralization of human and cynomolgus IL-1e (left panel) and IL-18 (right panel)
with ABT-981. A pharmacodynamic mouse model was established 1o demonstrate in vivo activity of
ABT-981. Upon injection with 30 ng of either human fs) or cynomolgus (= ) IL-1e and IL-18, mouse IL-
6 was measured i1 serum. The loss of IL-6 in serum was correlated to the dose of ABT-981 given to
each animal and a percent inhibition by ABT-981 was calculated.

www tandfonline.com mabs
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Tab e 6. =Dsy and EDg, fo- ABT-981 to neutralize human or cynomolgus IL-Ta or IL-10
Humanm IL-1a Cynomolgus IL-1a Human IL-" Cynomolgus IL-13
ED;o (mg/kg)  EDgo (mg/kg)  ED:o mg/kg) EDgo (mg/kg)  EDspImglkg)  EJgg (mglkg) EDs, (malkg! EDgo Img/ks)
Expt #1 0.007 017 5.2 16.15 002 27 0.002 C.098
xpt #2 0.002 0.04 7.7 20.16 012 C32 0.006 (A}
Avzarage 0.005 0.104 6.5 18.2 c.0os .28 0.034 0.094
Discussion Luman linker amino acid sequences derived from human mmu-

Here, we describe the generation and cha-azterization of ABT-
981, 1 human dual-variable-domain immunoglobulin (DVD-Ig)
that is a potent and specific neutralizer of both human IL-1a and
IL-1B. The formzt and composition o this molecule was
inspired by a series of studies demonstrazing the feasibility of
human and murire DVD-Ig generation,®** the relevance of
inhibition of both mouse IL-1a and IL-1f in reducing OA pro-
*! 42 and improvement attributes desired in a
therapeutic entity Sased on OA clinical trial data from other IL-1
inhibitors.>” > The human antibody varisble domains necessary
to construct a human DVD-Ig with drag-like properties were
identified. and were synthesized and characterized to allow the
gereration of several anti-IL-1a and IL-1p 2ilot DVD-Igs. A sin-
gle human mAb -0 [L-1ac (X3) was iden-ified and characterized,
and a humanized mAb o IL-1B (SK28-E26) was generated,
characterized, and affinity matured using yeast surface display
technology. Both mAbs showed suitable cross-reactivity to cyno-
molgus monkey IL-l1a and IL-1pB, which is important to enable
taxicological studies, but did not cross-react to either mouse o
rzt orthologs.

Follewing the identification and characterization of human
variable domains, human DVD-Igs were assembled by fusing
Feavy and ligkt chain variable domains from each mAb via

gression and pain,

Table 7. Summary o° main pharmacokinetic parameters of ABT-981 following
-at and zynomolgus monkey

nazlobulin ainge reg on amino zcids. In peneral, the fusion ori-
eazatior of any 2 veriable domains has to be experimentall>
Jerived to enable gznemtion cf a DVD-lg with aporopr.ac:
pctency, affinity, anc drug-like properties. The orientatio s of <he
“cuter” ard “inner” human heavy- or light-chain variable
demains was explored ir. some molecules to define which arch.-
recture resulted in the desired affinity and perency. In thz case of
the IL-1a mAb X3 :nd the afinity-matured IL-18 mAL E25.12
or E25.3%, the op=mal orienration was dewermined w bz arn
architectu-e wherei- thz IL-1£ neurtralizing domain was in me
“outer” pasition ard the [L-la neutralizing domain was in the
“inner” pasition, with both _L and SS linker sequences. In ezca
case, thes= human JVD-Igs were expressed with an IgG1/k con-
stant region contaiaing IgG 1 emino acid h.nge regior. murations
to climirate effectzr functions by altering interactiors witz Foy
receprors, These mutations ozcur at posidans (L2324, L2334)
in an IgG1 molecule. b
doma’n murtatioss for a DVD-Ig are Jocated at positcns
(L3G4A. L365A). The DVD-Ig referred to as E26.15-55-X3 kad
potency and afhir ty characteristics comparable to, wnd ir. meny
cases improved chamcteristics, compared to the mAbs ‘rom
which it was eng neered, indicating that the “outer” doma.r of
the DVD-Ig arcritecture was ideal for the expression and “unc-
tion of the 1L-13 neutral zing domain end the “irner” domain

however, the corresponcing hinge

a singlz intravenous or subcutaneous dose in BALB'C mouse, Sprague-Dewley

Intravenous Dose

Species Gender: n* Dose (ng/kg) T'" (day) ZL (mL/hrikg) Y, (mL/kg! V,, (miLikg! AUC.. (mg hr/mL)
Mouse Malz: n = 4[6) 5 105 0.27 (1.08) 99 (8) 95(6) 19437

Rat viake: n = 5([5) 4 10.0 0.26 (0.C3) 95 (6) 8€ (4) 145 (134
Monkey Famale;n = 2(2) 5 104 0.22,0.22 74,86 5%, 6€ 228 223
Subcutaneous Dos2

Species Gerder: n’ Dose (ma/kg) T'; (day) T o (d3Y) Zma (ROML] F (% AJCy o, (mghir/ml)
Mouse Viake: n = 1[6] £ 203 1.0 29.2 ~10) 225

Rat Mae:n=1[5] & 12.0 3.0 160 52 7.5

Monkey Female: n = 1[2] 5 8.0 3.0 57.0 95 216

*harmonic mean: mouse and rat IV data p-ovided as Mean (SD).
n = x[y) number of animals included in pharmacokinetic calculatiors [zotal
pharmacokinetics calculations.

rumber of animels dased]. Animals with ADA responses were >mitted from

Abbreviations: T,/ - half-life; CL - cleararce, V, - volume of distributicn at terminal phase; Vs, - volume of d'stribution &t stzady state; AU - are: under the
cunve from time 0 to infinity; Trmax = time 0 reach .y Conax - Maximum serum cor centration sfter administration; F - biozve ilability.
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was ideal for the expression and function A

Wy Ao fufrL

Lo

of the IL-Ta neutralizing domain, The Gk

E26.13-58-X3 DVD-lg was re-named é: _, -------

ABT-981. 2o
Using SPR (Biacore) technology, we 2

demonsrrated that ABT-981 is capable of E )

simultancously binding 2 human I1-la k

and 2 human IL-18 molecules, Analysis

of data following an additional SPR hind- At T

ing study indicated thar ABT-981 binds
only to human IL-1 family members 1L-
la and IL-18, and not to other TL-1 fam-
ily members, including [L-18/11-114, IL-
1Ra/1L-1-F3, TL-36Ra/IL-1F5, IL-36a/
IL-11'6, FIL1L /1L-1E7, IL-36B/TL-1F8,
IL-369/1L-1F9, and 1L-1F10,

Bezause ABT-981 docs not cross-react
with rodent [L-1a- or IL-1(, established
rodenr models were not suitable for the |
charaaerization of the pharmacological
properties of ABT-981 in vivo. As a result,
in vivo studies were completed using exog-
enousl»-administered recombinant human

IL-lo- or [L-1B-induced [1.-6 production

{0 15 m 5

Tirre [y )

|9

Coreantr ation tugfnd )

Tme {day |

in mice. The study demonstrated that
ABT-931 is stable in rodent serum follow-
ing administration. and neutralizes human
IL-Tec end TL-113 in vive as indicated by
the decrease in mouse IL-6 production.

Figure 5. (A) Mean ( £5D) serum concentrations of ABT-981 following a 5 mg/kg intravenous () or
subcutaneous () dose in male BALB/c mice. (B) Mean ( +5D) serum concentrations of ABT-981 fol-
lowing a 4 mg/kg intravenous {) or subcutaneous () dose in male Sprague-Dawley rats, (C) ABT-981
serum concentrations following a single 5 mg/kg intravenous (Monkey 1: and Maonkey 2) or subcu-
taneous (Monkey 3: and Monkey 4:) dose in female Cynomolgus monkeys (C),

Given the lower affinity and potency of

the anti-IL-Tev antibody variable domains

{derived from mAb X3) o cynomolgus IT-la, it was important
to estimare doses of ABT-981 required to completely neutralize
cynomolgus 1L-Tee 1o enable a roxicological evaluation of ABT-
981. ABT-981 inhibited IL-6 production resulting from exoge-
nously-administered human and cynomolgus IL-1a and IL-1§
in a dose-dependent manner. It is not well understood why the
affinity and portency of ABT-981 is significantly less on cynomol-
gus [L-Te compared to human [L-1a, bur one hypothesis is that
there are residues in the cynomolgus orrtholog that are unique
from human within the epitope recognized by ABT-981 (and
specificallz, the X3 human autoantibody mAb that was used to
generate the ABT-981 DVD-Ig).

Finally. the pharmacokinetic propertics of ABT-981 were
assessed following single TV or SC administration in BALB/c
mice, Sprague-Dawley rats and cynomolgus monkeys. After TV
dosing, ART-981 exhibited low clearance, with low volumes of
distriburion, and long half-lives of ~10 d in all 3 species. ollow-
ing SC administration, bioavailability was variable from 52% in
rac to > 953% in mouse and monkey. Serum elimination half-
lives follow ng the SC dose were long at 20.3 d in mice, 12 d in
rat and 8.0 d in monkeys. Some animals exhibited reduced serum
exposure 7-10 d after dosing, mostly in the subcurancous dose
groups. These animals were assumed o have developed an anti-
drug antibody (ADA) response; however no specific evaluations
were undertaken to measure ADA levels or to determine which

www tandfonline.com mAbs

:pitopes on ABT-981 were associated with the probable
response. The overall pharmacokinetic properties of ABT-981 in
mouse, rat and monkey indicate that the human DVD-Ig archi-
tecture displays typical therapeutic antibody-like pharmacoki-
retic properties despite its size and complexity and is a bona fide
rew molecular entity suitable for clinical development.

The secondary structure of ABT-981 is primarily comprised
of beta sheets with accompanying beta turns, and no alpha helices
were observed. This finding is expected of an IgG1-based mole-
cule and indicates that the DVD-Ig, despite being an artificially
ergineered IgG1 protein, still retains the proper secondary struc-
ture of its parental antibody components. The ohservation thac
th= thermal stability of ABT-981 is comparable to an lgGG1 mole-
cule in solution is unexpected because its outer variable domain is
not adjacent to the Cy1-C; region, a domain known to stabilize
the Viy-Vy in the immunoglobulin format.” The intact bet
sheet secondary structure and high thermal stability of ABT-981
is reflecred in its stability during storage at 100 mg/ml, especially
under stress conditions of 40°C, which show low levels of physi-
cal 1ind chemical degradation.

Overall, the potency, affinity, specificity, stability, and phar-
macokinetics demonstrated by ABT-981 make it a suitable thera-
peuric prorein to manufacrure using mammalian host cells, ABT-
981 has recenty been investigated in Phase 1 clinical studies,
where it exhibited acceptable pharmacokineric, tolerability, and

613
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Figure 6. Biophysical characterization of ABT-981 in solution. (A) Fourier
transform infrared spectroscopy chromatogram fer secondary structure
characterization indicating A3T-981 is comprised primarily of beta sheets
supplemented by beta turns. B) Differential scanning calorimetry ther-
mogram following thermal stability analysis. The .nfolding transitions
tor the individual domains of ABT-981 are assigred according to the
egend.

safecy profile in healthy vclunteers and pat.eats with OA of the
kne=."*"? These studies support further investigation of ABT-
¢81 in an OA population in Phase 2 trials, nd possibly in other
[L-1 mediated disease p=pulations as well.””

Materials and Methods

Generation of affinizy-matured humanized [L-1pB antibodies

Vi and V| amino acid sequences of a humanized SK48-E26
amtibody specific for human IL-ll?;'i‘i were used to construct
libraries for affinity mataration by yeast surface display. Three
scFv antibody libraries containing variant Vi or V| sequences
were generated in yzst at CDR residue positions that are
mutated at higher frequencies in human artibodies. The limired
m.utagenesis was introduced by polymerzse chain reaction using

614 mASS

oligonud:otide prirers that contained 70% parental nuc eotide
sequencs and 10% each of the other 3 nuacleotides at codo posi-
tions (Kadar numbering) indicated in each lbrary. Library 1 con-
tained variart Vi in the CDRHI and CDRH2 ar positiens 21,
33,50, 52a, 55, 56, 57, 58, 60 and 3 sequence toggles at position
23(ASSy, 24{A/S), and 62(T7S) to allow sequence germ-lining
during | brary selection. Library 2 contained variant Vi in the
CDRHZ at positions 93, 96, 97, 93, 99, .0, 100a, 10Cb, 1J2,
and framework sequence toggles a- pesition 84(P/A), 83(G/A),
9U1(F/Y). and 108(P/L). Librery 3 contained variant V| in
CDRLI ar sositions 30, 31, 32. CDRL2 ar positions 50. 53, 55,
56; CCRL3 at positions 92, 93, 94, 96, and 97. Each yeast
library was created using transformation methods cescribed
previc mly.”

Library affinity selections (equilibrium, on- and off-rate) were
performed in the oresence of biot' nylated L-1B (AbbVie) vsing
magne-ic bead sorting and Auorescenze cerivated cell scrting, A:
least 2 rounds of selection based on magnertic bead enrichment
was performed, followed bv ar lecst 5 rounds of screen:ng based
on fluerescence activated czll sorting *® tc identify var ants hav-
ing ixproved binding compared to the »arental SK48-E26 ant -
body. A proportion of the isolated clores were sequencad o
obrair 89 unique Vi and 41 V| varanc sequences. These
sequzces providzd guidance to generate 2 additional yzast librar-
ies, ibray 4 containing varianc CDR sequences in the 3 Vi
CDRs, and library 5 containing variant sequences in all 6 Vi
and Vi CDRs. Affinity selecdons of these scFv libraries we-e per-
form=d m the presence of biotinylzted human and cynomolgus
IL-1B (AbbVie, using more smingent affinity selection condi-
tiors, ircluding reduced incubarion :imes of the biotinylazed
IL-.3 and the libraries, increased incubation temperature of the
bic “nylated IL-1B and the librarics, nd decreased biotiaylated
IL-1B concentrations incubated with tae libraries. Upon comple-
tio1 of library selections. 8 varant sc=v sequences were selected
and expressed as human IgG1/< proteins (E26.1, E20.2, 226 11,
E>.12, E2613, E26.13, E25.35, E26.37) for fursher
cka-acerization.

Antibody er DVD-Ig bind ng measurement by ELISA

To quantitate the binding of mAbs or DVD-lgs o IL-1x or
[L-1B. 96-well ELISA plzates we-e incubated overaigh- at 4°C
with znti-human Fc antibody (Jacksen Immunorzsearch, 109-
5156-018) diluted in Pierce Buffer Superblock (Thermo Sciertific,
2751%) at a £nal concentration cf 2 pg/mL. Plates were washed
5 timzs in washing buffe- (FBS conmining 0.05% Tween 20).
ard blocked for 1 hour at 25°C with 200 pL ser well widk
Tierce Buffe: Superblock. Blocking buffer was -emoved, anc
xAbz or DVD-Igs were addzd to each well ar a final concznrra-
tion of 2 pg/mL following diluticn of each in 1xPBST (PBS
contzining 10% Pierc: Buffer Superblock and 0.5% Tween-20..
100 pL of each mAE or DVD-lg was added to the wells, fo -
lowed by a 1 hour inzubation et 25°C. The plates were washed
< times in 1xPBST. Following this, 100 pL biotinylated human
[L-1ox or IL-1P was added t each =vell, at concenrraticns rangirg
from 1000 ng/mL tw 0597 pg/mL (achieved b= preparing 1:6

seric] dilution titratons with 1xPBST) followed by a 1 hoar

Volame 7 Issu= 3



5

58.50]att1:2

y [12.117.1

Downloaded by

X8 01 May 201

incubation at 257°C, The wells were washed 5 times in 1xPBST
then 100 pL of peroxidase-labeled strepravidin (KPL, 71-00-
38) was added o each well and incubared for 1 hour ar 25°C.
Following this, plates were washed 5 times in 1xPBST, and
100 pwl of Ulera-TMB ELISA (Thermo Scientific, 34028) was
added ro each well. Following calor development, the reaction
was stopped with 1 N HCl and absorbance ar 450 nM was mea-
sured using a Molecular Devices plate reader and Softmax dara
analysis to generate average ECy;y concentrations of biotinylared
human IL-le or biotinylated human 11-13.

Antibody or DVD-Ig potency by MRC-5 cell bioassay

MRC-5 cells acquired from ATCC (CCL171) were cultured
in DMEM (Life Technologies, 11090-81) containing 10% feral
hovine serum (Thermo Scienrific. SH30070.03) plus the follow-
ing supplements {all from Life Technologies): 1% L-glutamine
{25030-081). 1% sodium bicarbonate (25080-094), 1% sodium
pyruvate(11360-070), 1% non-cssential amino acids (11140—
050), 50 units/ml penicillin and 50 pg/mL streptomycin
(15140-122),

Cells were grown at 37°C in a 5% CO, incubaror. Twenty-
four hours prior ro the bicassay. 100 pl. of MRC-5 cells were
plated at a concentration of 1 x 10°/mL in a 96-well assay plare,
On the day of the assay, 50 L of human or cynomolgus [L-1a
or IL-1B (50 pg/mL final coneentration) was added to each well
of a separatc 96-well preparation plate. Antibodies or DVD-Igs
(50 pL) were added to cach well (1 % 107" ta 1 % 107"% M final
concentration range] of the preparation plate and incubated wich
IL-Tac or IL-18 for 1 hour at 37°C, 5% CO1. The IL-1w or [L-
1B — antibody complexes (100 L) were then removed from the
preparation plate and added to the MRC-5 cells, and plates were
incubared far 16-20 hours at 37°C in a 5% CO; incubaror.
Human IL-8 production in cell supernatants was measured using
a human IL-8 ELISA kit (R&D Systems, D8000C). Neutraliza-
tion porency was decermined by caleulating average percent inhi-
bition relative to the [1-8 release generated following stimulation
with TL-18 or TL-1e alone. 1Csq values were caleulated using
GraphPad Prism sofrware.

Antibody or DVD-Ig affinity binding measurement by
surface plasmon resonance

The binding affiniry of human antibodies to human and cyn-
omolgus IL-1e and [1-1B was determined by SPR-based meas-
urements with a Biacore™ 3000 instrument (Biacore™ AB) using
running buffer HBS-EP {10 mM HEPES [pH 7.4], 150 mM
NaCl, 3 mM EDTA, and 0.005% surfactant P20) ar 25°C.
Approximately 5000 RU of goar anti-human IgG Fe polyclonal
antibody (Thermo Scientific, P1-31163) diluted in 10 mM
sodium acerate (pH 4.5) was directly immobilized across a CM3
rescarch grade biosensor chip using a standard amine coupling
kit according to manufacturer’s instructions and procedures at
25 pgfml.. Unreacred moieties on the biosensor surfice were
blocked with ethanolamine, and modified carbaxymethyl dextran
surface in flowcell 2 and 4 was used as a reaction surface. The
associarion and dissociation rate constants for all Igs, k.. (unit
M=1s-1) and k. (unit s=1) were derermined under a

continuaus Aow rate of 25 wL./min. Rate constants were derived
by making kinetic binding measurements of immunoglobulins
using IL-1 concentrations ranging from 10-200 nM. Unmodi-
fied carboxymethyl dexeran withour goar anti-mouse IgG in fow
cell 1 and 3 was used as the reference surface. The equilibrium
dissociarion constant (unir M} of the reaction between the immu-
noglobulins and the targer antigen was then calculated from the
average kineric rate constants by the following formula: K =
k. ik... A similar protocol was used to measure the binding
affinity of human DVD-Igs to human and cynomolgus I1.-1 pro-
teins. For kineuc analysis, rate equations derived from the 1:1
Langmuir binding model were fitted simultancously to associa-
tion and dissociation phases of all 8 injections (using global fit
analysis) with the use of Biacvaluation 4.0.1 sofrware, To deter-
mine the specificity of ABT-981 1o IL-1 family members, a simi-
lar protocol was used with 10 different human 11-1 family
member proteins injected at a concentration of 500 nM and a
flow rate of 25 wl./min for 6 minutes over caprured ABT-981.
Evaluation of binding of IL-1 family members to ART-981 was
completed in triplicate within the same experiment and on the
same chip surface. Recombinant human proteins were provided
by the following sources: TL-1ee (AbbVie), TL-1B (AbbVie), IL-
Ira/IL-1F3, (R&D Systems, 280-RA-050), IL-18/1L-1F4 (Abb-
Viel, IL-36Ra/IL-1F5 (R&D Systems, 1275-11-025), 1L-36a/
[L-1F6 (R&D Systems 1078-1L-025), FILIL /IL-1F7 (R&D
Systems, 1975-11.-025), [L-36B/IL-1F8 (R&D Systems, 1099-
IL-025), [L-36y/IL-1F9 (R&D Systems, 2320-11-025), IL-1F10
(Origene, TP313987).

Construction of [L-1a/B DVD-Ig DNA expression plasmids

DVD-lgs were engineered by overlapping PCR amplification
of antibody Vi and V| amino acid cDNA sequences fused in-
frame with intervening linker DNA scquences."® DVD-Igs spe-
cific for IL-1a or IL-1 were generated using antibody variable
domains from the human IL-la auteantibody X3 * and affin-
iry-matured versions of the 11-18 humanized antibody SK48-
E26." DVD-lgs generated differed in the locarion of each vari-
able domain within the DVD-Ig {outer vs. inner) and incorpo-
ration of the LL lighe chain linker (TVAAPSVITEPP) or the LL
heavy chain linker (ASTKGPSVIPLAP) to fuse the 2 variable
domains on each chain, The amplified PCR products encoding
“ull-length DVD-Ig heavy and light chains were subcloned into
the pHybE expression vector’” and rhe open reading frame
regions were confirmed by sequencing. Variable domain ¢DNA
sequences in the DVD-Ig heavy chain were expressed with a
human [gG1 constant domain conraining leucine-to-alanine
amino acid substitutions in the lower hinge region residues art
positions 364 and 365 (EU numbering system positions 234 and
235) and variable domain cDNA sequences in the DVD-Ig light

chains were expressed with a human kappa constant domain.

Expression of IL-1a/3 mAbs and DVD-Igs

Heavy chain- and light chain-expressing plasmids were
czpanded in £ coli and purified using Qiagen Hispeed Maxi
Prep kits (Qiagen). HEK 293-6E cells were grown in Free-
Style293 + 25 pg/ml G418 + 0.1% Fluronic F-68 — 0.01 M
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HEPEsS media (Life Technologies) in sterile Erlenmeyer shakz
Hasks with vent caps. The night before transfection, cdls were
sezded at 0.5-0.7 x 10° cells'mL in a 500 mL fask containing
210 mL media, and cultures were maintained ac 37°C, $% CO,
in a humidified shaking incubator at ~130 rpm for 15 hours.
For each mAb or DVD-lg, the heavy chain-expressing plasmid
(0 pz) was mixed with the light chain-expressing plasmid
(60 p3) in 10 mL transfecticn media (FreeStyle293 + 0.01 M
HEPES) containing 500 pg linear 25 kDa PEI (Polysciences,
2543¢-2). The PEI4+DNA nixture was allowed to ircubarte at
room temperature for 15 minutes prior to addition te che cel’s.
The FEI4+DNA mixrure was added to the cell Hask with vigoro as
swirliag, then cells were allowed to incubate at 37°C in a 5%
CO, humidified shaking inzubator at 130 rpm for 24 houss.
After 24 hours, 10% tryptonz N1 media (tryprone w/v (TekniS-
cience, 29553) dissolved intc FreeStyle293 media) was added to
the cell Aask ro a final v/v cor centration of 0.5% to increase mAb
or DVD-Ig expression levels. After tryptone N1 media addition.
culture flasks were incubated at 37°C, 5% CO, in a humid fied
shaking incubartor at 130 rpn for 5-6 d.

Purification of IL-1a/ mAbs or DVD-Igs

Cell supernatants containing mAbs or DVD-Ig were harvested
and hAlered through a 0.2 pM polyethersulfone filter. DVD-Igs
were purified using protein A sepharose (PAS) affinitv chroma-
tography according to the manufacturer’s instructiors. Bricfly,
PAS (GE Healthcare Life Sciences, 17-5280-01) columns were
equilibrated with protein A IgG binding buffer (Thermo Fisher
Scientific, P1-21001), and cell supernatants loaded onte columns.
Coluamns were washed with protein A IgG binding >uffe- and
DVD-Igs were eluted off the affinity column in fractions bty the
addition of IgG clution buffer (Thermo Fisher Scientific, PI-
21004). Fractions were neatralized with an alkaline buffer ard
fractions containing the most DVD-Ig (estimated by Olg)
were pooled and subjected to dialysis into buffer pH 6.0. The
fincl concencration of each purified DVD-Ig was estimated by
OD,g, and each was addiconally characterized by SEZ to ensure
DV'D-Igs were greater than 90% monomeric, and by mase spec-
trometry to confirm the expected molecular masses of thz each
DVDxlg.

ABT-981 consecutive entigen binding study by sarface
plasmon resonance

Goat anti-human IgG “c was covalently linked o the carboxy
methyl dextran martrix on the CM5 biosensor chip (Biaccre AB,
BR-1005-30) via free amine groups using an amine coupling kit
and the immobilization wizard option in the Bmcore 1200
instrument’s controlling software. Speciheally, carboxyl groaps
of the dextran martrix on the chip were activated w th 100 mM
NHS and 400 mM EDC Goart anti-human IgG (Pierce Eiotech-
nology, PA1-85606) was diluted in 10 mM sodiux acetate, pH
4.5 10 a concentration of 25 pg/mL and was inject=d ac-css the
activated surface. Once the level of binding response reachzd the
desired value, unreacted 3roups were deactivated by injection of
I M ethanolamine. App-oximately 10000 RU of goat anti-hu-
man IgG Fc antibodies were immobilized on the ctip surface. A
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modifizz CM surface coated with goat anti-human Fc antibody
in Flowzell 1 was used as a refeence su-face. ABT-C81 was
dilutec n HBS-EP (10 mM HEPES [pH 7.4], 150 mM NaCl,
3 mM EDTA, ard 0.005% suractant P20) (Biacor=® AB,
BR100188) to a concentration of 0.5 pg/mL and was injected
over thz goat anti-human Ig5 Fe surface on flow cell 3 at a Aow
rate of * wL/min cr 10ul/m'n for 2 minuzes to achieve a caprure
level ‘of ~241-707 RU. First, humar. IL-2a was injeczed over
caprured ABT-981 (75 pl at a corcentraticn of 500 nM) imme-
diately ‘ollowed by injection o7 human IL-1B (75 plL <t a con-
centration of 500 nM), and beth ‘njections were performed ar a
How rase of 30 pwl/min. Human I"-1a was not allowed to disso-
ciate before the human IL- 1B injection in this study. Similarly.
the design of the experimen: was ceversed by first injecting
humar IL-1B followed by humen 1L-la to determine if the
order =f cytokine additon hac any effecr on these binding data.
The swichiometry of the biading was calztlated according to the
formuka shown where RU,, represents anparent antigen binding
resporse; RUpyp represents DVD-Ig caprure level (both in
RU): Apparent Einding S-oichicmentry= (RU,.\g x MWpvnV
(RUpwp X MW,).

Assessment of in vivo nzutralization activity of ABT-981

Fzmale C57/BL6 mice aged 6-8 weeks old, and weighing
~ 20 g (Jackson Laboratory) wer= heused 5 per cage. A1l animals
were maintained at constant zemperature and humidiry under a
12 bour light/dack cycle aad fed with no-mal rodent chow (Leb
Diet 5010 PharmaServ) and wartzr ad lisitum. AbbVie is accred-
ited by the Association for Assessmeat end Accreditation of Las-
oratz'y Animal Care In-ermationa, end all procecures were
app--ved by thz AbbVie Instirutiona. Animal Care and Use
Conr mitee prior to study in tiation. For human IL-f and cyno-
molgas [L-B, groups of & mice each received i.p. in ections on
day 0 with 200 pL PBS oc ABT-981 formulated in PBS to
achieve the following dose groups in mg'kg: 4, 1.33, 0.4, 0.133,
0.04. 0.0133, 0.004, 0.0C13. On day I 118 hours aftzr injection
of PBS or ABT-981), each movse received injections of 100 ul
PBS3 or 30 ng of human IL-B o cynomolgus IL-B formulated in
100 pL PBS. For human [L-o, groups c¢f 5 mice each received i.
p. injections on day 0 with 200 pL PBS or ABT-981 formulared
in I'BS :o0 achieve the fo lowing dose groups in mg/<g: 4, 1.33,
0.4, 0.133, 0.04, 0.0132, 0.0013, 0.C001. On day 1 (18 heurs
aft=r in cction of PBS or ABT-931) zach mouse received an
injection of 100 wL PBS or 30 ng of quman IL-a fermulated in
10C pL PBS. For cyncmolges -, groups of 5 mice cach
recdvec an i.p. injection on day ) with 200 wL P3S or ABT-
98" formulated in PBS to achieve thz following dose groups in
makg: 133, 40, 13.3, 4, 1.33, 0.4, 0.133, 0.013Z. On dey 1
(1€ hours after injecticn of PBS or ABT-981), each mouse
rezzived an injection of .0C wL PBS or 30 ng of cyromolgus [L-
e formulated n 100 pL PBS. Fo: al groups, 2 hours following
injzcticn of human or cynomolgus IL-a, or human or cynomol-
gus IL-B, blood was collected from all animals anc plasma was
isalated to evaluate the levels of IL-6 using chemiluminecense
(MSD K151AKA-5). Levels of IL-6 measured in the presenze of
vaying doses of ABT-931 were divided by levels of 1L-6
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measured following injection of PBS control and multiplizd by
100 to generarte percent inhibiton values,

Biophysical characterization and stability assessment

TFor secondary strucrure determination, thermal stability anal-
vsis, and shorr-rerm accelerated stability studies, samples of ABT-
OBl were prepared by dialysis into the appropriate formulition,
ABT-981 solutions were filled into Slide-A-Lyzer dialysis car-
tridges (Thermo Scientific, 87729) and dialyzed inra 2 L of the
corresponding formulation buffer for 18-24 hours at room tem-
perature with continuous stirring. The samples were retrieved
from the cartridges and bricfly passed through a 0.45 pm 'VDF
filter to remove any precipitation or particles. Protein concentra-
tions were determined by UV absorbance measurements at
280 nm with a Cary 50 Bio UV-Visible spectrometer (Varian),
When necessary, sample concentrations were adjusted with cen-
trifuge spin filters (EMD Millipore, UFC903008) or by dilution
to obtain the desired concentraton.

Secondary structure was determined wich a Tensor 27 Fourier
transform infrared spectrometer equipped with a BIO-ATR 11
cell accessory and liquid nitrogen cooled mercury, cadmiurr, and
telluride detector (Bruker), Blank formulation buffers and ABT-
981 solutions were scanned along the spectral region of 900 to
4000 em ™" and the signal from the blank formulation was sub-
tracted from rhat of ABT-981. The second derivative of the
resulting Fourier-transformed signal was obrained and the chsor-
bance peaks from 1600 to 1700 em™" were examined based on
published lirerarure.*® Differential scanning calorimetry (DSC)
samples were analyzed with a VP-Capillary DSC unit equ pped
with an autosampler (Microcal / Malvern). Thermograras of
ABT-981 samples were obrained by injecting protein into the
sample cell while blank buffer was placed into the reference cell.
Solutions were heared ar a 1°C/minute sean rate from 25°C 1o
95"C, using a ficting period of 16 sccands, a pre-scan wait time
of 10 minures, and measurements performed in none-feedback
made. Blank formulation thermograms were similarly obtained
by injecting the solution into both the sample cell and the refer-
ence cell. Blank thermograms were then subtracted from that of
the ABT-981 sample. The resulting thermogram was manipu-
lated to obrain a Hat baseline and subsequently ficted to a non-2
state model to obrain the unfolding transitions of the individual
domains of ABT-981.

For short-term accelerated stabiliny studies, ABT-9§1 ar
100 mg/ml in a histidine, sucrose, polysarbate 80 formularion
was sterile filtered and aliquated into sterile 0.6 ml cyrovials
(Corning, 30488) and tightly capped. Samples were stor=d ar
5°C (storage condition) and 40°C (stress condition) and were
subsequently analyzed ar regular intervals by SEC and weak cat-
ion exchange chromatography (IEC). SEC was carried out on a
TSKgel G3000SWXL column (5 pm, 7.8 mm ID % 3) cm
length, TOSOH) connected to an Agilent HPLC unit equipped
with a UV deteetor, Chromatograms were obtained at 214 nm
with a flow rate of 0.25 mL/min and a mobile phase of 100 mM
sadium phosphate + 200 mM sodium sulfate pH 6.8. 1EC was
carried out on a Pro-Pac WCX-10 analyrtical cation exchange

column {Thermo Fisher Scientific, S'6703) connected to a simi-

lar HPLC unir.

Single dose pharmacokinetic study of ABT-981 in mouse,
rat, and cynomolgus monkey

ABT-981 was administered to male BALB/c mice, male
Sprague-Dawley rats and female cynomolgus monkeys by slow
IV bolus dose or SC injection at a 4 mglkg (rats) or 5 mg/kg
{mice and monkeyvs). Blood samples were collected from each
animal over a period of 21 through 35 d post-dose, and incu-
bated ar room remperature for 2 hours o allow isolation of
serum. All serum samples were stored at —80°C until analysis.

Quantitation of ABT-981 in serum samples

Serum samples from mouse, rat, and monkey were analyzed
using @ chemiluminescence assay employing a biotinylared
human TL-1B (AbbVie) for caprure and sulfo-tag labeled goar
anti-human antibody (MSD, R32A]-1) for detection, The sam-
ples were diluted in assay buffer and the assay was carried out ar a
1% final serum concentration according to the manufacturer's
instructions. Briefly, the diluted serum samples were incubated
with biatinylated human [1-1B (prepared in PBS) and sulfo-tag
labeled goat and-human mAb and were added ro MSD strepravi-
din standard plares (Meso Scale Discovery, R32AD-3). After
incubation for 1 hour with shaking (600 rpm) at 24°C, the
plates were imaged using the MSD Secror Imager.

ABT-981 concentrations were derermined with the help of a
standard curve, and the lower limits of quantitation (LLOQ)
were 0.1, 0.025 and 0.075 pg/ml. for the mouse, rat and mon-

key studies, respectively, Standard curve ﬁtting and darta evalua-
tion was performed using IDBS XLAt4 software with a 4-
parameter logistic fic. Pharmacokinetic parameters for each ani-

mal were calculated using WinNonlin software Version 5.0.1
g

(Pharsight Corporation) by non-comparrmental analysis using
linear rrapezoidal fit (NCA Models # 201 and 200 for [V and SC
dosing, respectively).
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