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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 13­41045­  ­6
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   PRESENTACION 

FECHA:  2015­01­08 10:26:55
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   6

Como resultado del examen de fondo realizado, con fundamento en el Artículo 45 
de la Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: Radicado No 13 41045-00000-0000 28/Febrero/2013
Radicado No 13 41045-00004-0000 07/Mayo/2013

Reivindicaciones Radicado No 13 41045-00000-0000 28/Febrero/2013
Radicado No 13 41045-00003-0000 07/Mayo/2013
Radicado No 13 41045-00005-0000 26/Noviembre/2013

Secuencias Radicado No 13 41045-00000-0000 28/Junio/2003
Dibujos: Radicado No 13 41045-00000-0000 28/Febrero/2013
Prioridad: US 61 370 269 03/Agosto/2010

US 61 377 134 26/Agosto/2010

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

3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del capítulo primero del Título 
10 de la Circular Única para efectos del examen de patentabilidad, se tendrá en 
cuenta la tasa pagada por el solicitante al momento de comenzar el examen para 
las reivindicaciones adicionales; esto es que cuando la solicitud contenga más de 
diez (10) reivindicaciones y no se haya pagado la tasa complementaria, sólo se 
estudiarán las cubiertas por la tasa pagada.

En el  presente caso se estudiarán las reivindicaciones desde la 1 hasta la 17 
(Radicado No 13 41045-00005-0000).

Título de la  solicitud: “Inmunoglobulinas de dominio variable dual y usos de las 
mismas”.

El  problema planteado en esta solicitud consiste en la necesidad de mejorar la 
actividad antiinflamatoria de proteínas que se unen a IL-1β y IL-17.
 
Para resolver este  problema técnico la solicitud en estudio fusiona los dominios 
variables de dos anticuerpos previos.

El objeto de la presente solicitud se relaciona con la Clasificación Internacional de 
Patentes  (CIP):  A61K39/395;  A61K49/00;  A61K51/10;  A61P1/00;  A61P11/06; 
A61P13/12;  A61P15/00;  A61P17/00;  A61P17/02;  A61P17/06;  A61P19/10; 
A61P25/00;  A61P25/06;  A61P25/16;  A61P25/18;  A61P25/28;  A61P29/00; 
A61P3/10;  A61P31/00;  A61P31/04;  A61P31/16;  A61P31/18;  A61P33/00; 
A61P35/00;  A61P35/02;  A61P37/02;  A61P37/08;  A61P41/00;  A61P9/00; 
A61P9/10;  C07H21/04;  C07K16/24;  C12N1/11;  C12N1/15;  C12N1/19;  C12N1/21; 
C12N15/63; C12N5/10; G01N33/566

4. Excepción a la Patentabilidad (Art 20 D 486 literal (c) )

El objeto de la reivindicación 14 no es patentable de acuerdo con el Art citado.

5. De la solicitud de patente 

Titulo

El título incluye los usos de las proteínas modificadas, lo cual no es patentable, de 
acuerdo con el Art 14, por lo cual se sugiere a la solicitante hacer la corrección 
necesaria. 
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Reivindicaciones (Art 30 D 486, Art 22 PCT)

1- Las reivindicaciones 1 – 5, 8 y 9 carecen de claridad porque son encabezadas 
por proteínas de fusión, definidas a partir de una fórmula ABCD y 5 CDRs de 
los dominios variables. Se le sugiere a la solicitante en primer lugar encabezar 
las reivindicaciones como anticuerpos, omitir la definición por fórmula ABCD ya 
que no brinda certeza de su estructura e indicar las secuencias de los 6 CDRs. 
de los dominios variables. 

2­ La reivindicación 7 carece de claridad al mencionar que la proteína de unión 
comprende  DVD126,  DVD1278… porque  dicha  referencia  no  permite  tener 
certeza estructural de la proteína. 

3­ La reivindicación 8 se refiere a KD que es un resultado a alcanzar y no definen 
a  la  proteína,  puesto  que  la  reivindicación  incluiría  no  sólo  la  solución 
propuesta por el solicitante, sino todas las alternativas presentes o futuras que 
lleguen  a  ese  resultado.  Se  sugiere  reemplazarlo  por  las  características 
esenciales, estructurales o funcionales, que contribuyen a la obtención de ese 
efecto.

4- El conjugado de la reivindicación 10, carece de definición estructural porque 
siempre se debe definir un enlazante y el anticuerpo (agente inmunizante) una 
etiqueta si es para diagnóstico, esto es la estructura química y la secuencia 
SEQ ID NO, que conforma dicho conjugado.

5- La  composición  farmacéutica  de  la  reivindicación  11  debe  estar  definida 
únicamente a partir de sus ingredientes y proporciones de los mismos, además 
la definición de un agente terapéutico como agente inhibidor de angiogénesis, 
de quinasas, bloqueador de moléculas de adhesión, corresponde a su función, 
lo cual no es aceptable. Se sugiere definirlo por sus características técnicas 
esenciales.

6- La reivindicación  12  menciona un ácido  nucleico  definido  por  codificar  una 
proteína, lo cual no es admisible, se sugiere definirlo indicando la secuencia 
nucleótida que contiene e indicar el número de la misma, se recuerda que no 
deben incluir porcentajes de homología entre secuencias porque no permite 
definir la secuencia exacta a la que se refiere.

7- El vector de la reivindicación 13 deben ser definidos, indicando tipo de vector y 
la secuencia recombinante que contiene e indicar el número de la misma (SEQ 
ID NO).

8- La reivindicación 14 menciona la selección de una célula huésped a partir de 
múltiples opciones. Se sugiere definir específicamente la célula huésped que 
tiene sustento en la descripción.

9- La reivindicación 15 menciona un método pero no se define en términos de una 
secuencia lógica de etapas en la que se identifique  como lo son las etapas 
para producir una proteína de unión en la que se debe indicar la secuencia 
aminoácida de  la  proteína que se pretende producir,  el  medio  de cultivo  a 
utilizar.

10-La reivindicación 16 se refieren a un método por un resultado que se pretende 
a alcanzar y no se define en términos de una secuencia lógica de etapas en la 
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que se identifique la secuencia aminoácida de la  proteína que se pretende 
producir, se definan los marcadores detectables empleados.

11-La  reivindicación  17  carece  de  claridad  al  definir  un  kit  a  partir  de  las 
instrucciones de evaluación de una muestra y cualquier proteína. Se sugiere 
definirlo indicando los componentes que hacen parte del mismo.
 

6. Unidad de invención (Art 25 D 486)

La solicitud no cumple con el requisito de unidad de invención porque se refiere a 
49 grupos inventivos.

Los grupos inventivos están definidos por las siguientes características esenciales:

1° Grupo 1 = Reivindicaciones 1- 3 Anticuerpo dual IL1β y IL-17
2° Grupo 3= Anticuerpo AB273
3° Grupo 4= IgDVD AB274
4° Grupo 5= IgDVD AB275
5° Grupo 6= IgDVD1262
6° Grupo 7= IgDVD1263
7° Grupo 8= IgDVD1264
8° Grupo 9= IgDVD1265
9° Grupo 10= IgDVD1266
10° Grupo 11= IgDVD1267
11° Grupo 12= IgDVD1268
12° Grupo 13= IgDVD1269
13° Grupo 14= IgDVD1270
14° Grupo 15= IgDVD1271
15° Grupo 16= IgDVD1272
16° Grupo 17= IgDVD1273
17° Grupo 18= IgDVD1274
18° Grupo 19= IgDVD1275
19° Grupo 20= IgDVD1276
20° Grupo 21= IgDVD1277
21° Grupo 22= IgDVD1278
22° Grupo 23= IgDVD1279
23° Grupo 24= IgDVD1280
24° Grupo 25= IgDVD1281
25° Grupo 26= IgDVD1282
26° Grupo 27= IgDVD1283
27° Grupo 28= IgDVD1284
28° Grupo 29= IgDVD1285
29° Grupo 30= IgDVD1286
30° Grupo 31= IgDVD1287
31° Grupo 32= IgDVD1288
32° Grupo 33= IgDVD1289
33° Grupo 34= IgDVD1290
34° Grupo 35= IgDVD1291



Expediente 13-41045-  -6                                             1er Art 45  

35° Grupo 36= IgDVD1589
36° Grupo 37= IgDVD1590
37° Grupo 38= IgDVD1591
38° Grupo 39= IgDVD1592
39° Grupo 40= IgDVD1593
40° Grupo 41= IgDVD 1594
41° Grupo 42= IgDVD1595
42° Grupo 43= IgDVD1596
43 Grupo 44= IgDVD1597
44° Grupo 45= IgDVD1598
45° Grupo 46= IgDVD1599
46° Grupo 47= IgDVD1600
47° Grupo 48= IgDVD1601
48° Grupo 49= IgDVD1602
49° Grupo 50= IgDVD1603
50° Reivindicación 10, Conjugado de proteína de unión. 
51°Reivindicación 16 y 17 Método de inmunoensayo y kit para inmunoensayo.

No hay unidad de invención ya que el concepto común inventivo, proteína dual de 
unión a IL-1β y a IL 17, no cumple con el requisito de nivel inventivo de acuerdo 
con los documentos D1 y D2 

Se le sugiere a la solicitante restringir la materia a patentar en un solo concepto 
común inventivo especificando el avance tecnológico sobre el estado de la técnica. 
Esto se logra entre otras formas definiendo las características esenciales de la 
invención  y mostrando las otras características particulares como dependientes, 
pero  sin  perjuicio  de  la  concisión  de  las  nuevas  reivindicaciones  tanto 
independientes como dependientes.

Se  sugiere  presentar  las  solicitudes  divisionales  que  considere  necesarias,  o 
limitar  la  solicitud  inicial  a  una  sola  invención,  eliminando  de  ella  las  otras 
invenciones.

7.  Determinación del Estado de la Técnica

El estado de la técnica se determinó con base en la fecha de presentación de la 
solicitud  de  prioridad:  agosto  03  de  2010,  y  se  encontraron  los  siguientes 
documentos que anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación*

D1 US20090311253
“Dual  variable  domain 
immunoglobulins  and  uses 
thereof”

17/Diciembre/2009

D2

Landes 
Bioscience 
Chengbin  Wu 
(Pág. 339-347)

“Molecular  Construction  and 
optimization of  anti-human  IL-
1α/β  dual  variable  domain 
immunoglobulin  (DVD-Ig) 
molecules”

Agosto/2009
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El  documento  D11divulga  proteínas  de  unión  multivalente  y  multiespecífica, 
métodos para construirlas (Resumen).

El  documento  D22divulga  construcción  de  inmunoglobulinas  anti  IL-1α/β de 
dominio variable dual (Resumen).

8. Examen de Patentabilidad (Art 14 D486)

Nivel inventivo (Art18 D486)

La  reivindicación  1  consiste  en  “una  proteína  de  unión  que  comprende  una 
primera  y  una  segunda  cadena  de  polipéptidos,  cada  una  comprende  
independientemente VD1-(x1)n-VD2-C-(X2)n, en donde VD1 es un primer dominio  
variable; VD2 es un segundo dominio variable; C es un dominio constante; X1 es 
un conector con la condición de que no sea CH1; X2 es una región Fc; n es 0 ó  
1…”

La  reivindicación  2  consiste  en “una  proteína  de  unión  que  comprende  una 
primera  y  una  segunda  cadena  de  polipéptidos,  cada  una  comprende  
independientemente VD1-(x1)n-VD2-C-(X2)n”

La  reivindicación  3  consiste  en “una  proteína  de  unión  que  comprende  una 
primera  y  una  segunda  cadena  de  polipéptidos,  cada  una  comprende  
independientemente VD1-(x1)n-VD2-C-(X2)n”

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2

Proteína de unión a ILβ-1 y la 
IL-17, que comprende 

Proteína de unión a IL 17 y a IL-
1β que comprende: (Pág. 294, 
Reiv. 1-3).

Inmunoglobulina de dominio 
variable dual de unión a IL-
1α/β (Pág.339).

una primera y segunda 
cadena de polipéptidos VD1-
(x1)n-VD2-C-(X2)n 

Cadena de polipéptidos VD1-
(x1)n-VD2-C-(X2)n (Pág. 294, 
Reiv. 1-3).

Dominio variable ILβ-1 que 
contiene CDRs SEQ ID NO 
30 y SEQ ID NO 31, SEQ ID 
NO 32, SEQ ID NO 35, SEQ 
ID NO 36, SEQ ID NO 37, 
SEQ ID NO 38, SEQ ID NO 
39.

VD1 es primer dominio variable 
de cadena ligera que 
comprende cadena aminoácida. 
(Pág. 294 Reiv. 1-3)

Dominio variable CDRs IL-17 
SEQ ID NO 40, SEQ ID NO 
41, SEQ ID NO 42, SEQ ID 
NO 43, SEQ ID NO 44, SEQ 

VD2 es segundo dominio 
variable de cadena ligera que 
comprende cadena aminoácida 
(Pág. 294 Reiv. 1-3).

11https://www.google.com/patents/US20090311253?
dq=us+20090311253&hl=es&sa=X&ei=NyLNU6fkH6jNsQSn8oCIBw&ved=0CBwQ6AEwAA
22http://www.landesbioscience.com/journals/mabs/WuMABS1-4.pdf
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ID NO 45.

El documento D1 se considera el  estado de la técnica cercano a la invención 
definida en las reivindicaciones 1 – 3 porque divulga una proteína de unión a IL 17 
y a  IL-1β que comprende una cadena de polipéptidos VD1-(x1)n-VD2-C-(X2)n, 
donde  VD1  es  primer  dominio  variable  de  cadena  ligera  que  comprende  una 
cadena aminoácida  y  VD2 es segundo dominio  variable  de cadena ligera que 
comprende una cadena aminoácida, C es un dominio constante de cadena ligera, 
X1 es un conector, X2 es una región Fc y n es 0 ó 1 (Pág. 294, Reiv. 1-3). El 
documento también divulga la secuencia SEQ ID NO 70 de aminoácidos 1-119 
que tienen el 96.1% de similaridad con la secuencia SEQ ID NO 30 de la presente 
solicitud (Pág. 153).  El  documento también divulga un kit  para evaluar en una 
muestra de prueba la presencia, cantidad de un blanco (Pág. 21 Párr. [0155]). El 
documento también divulga un método de detección (Párr. [0229]).

El  documento  D2  divulga  la  construcción  y  optimización  de  moléculas  de 
inmunoglobulina de dominio variable dual de unión a IL-1α/β (Pág. 339)

La diferencia consiste en que la solicitud divulga una proteína de unión a ILβ-1 y la 
IL-17  en  la  que cada  uno de los  dominios  variables  VD1 y  VD2 comprenden 
CDRs con secuencias aminoácidas SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 
32, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, SEQ ID NO 38, SEQ ID NO 39 
SEQ ID NO 40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NO 43, SEQ ID NO 44 y 
SEQ ID NO 45.

No se evidencia un efecto técnico inesperado respecto a la capacidad de unión a 
citoquinas IL-1β y IL-17 del divulgado en el documento D1. 

Por lo tanto, el problema técnico objetivo que pretende resolver esta invención se 
puede formular así: cómo proveer proteínas de unión a IL-1β y IL-17 alternativas. 

Sin  embargo,  la  construcción  de  moléculas  de  inmunoglobulina  de  dominio 
variable dual,  ya está divulgada en el  documento D2 que se refiere a que las 
moléculas DVD-Ig y ser fabricados en células de mamíferos. (Pág. 340, Fig1)

En  consecuencia,  la  persona  del  oficio  normalmente  versada  en  la  materia, 
incluiría  Iinmunoglobulina de unión a citoquinas IL de dominio variable dual del 
documento D2 en las proteínas de unión  divulgadas en el  documento D1 para 
llegar así al  objeto de las reivindicaciones 1 -  3 de la solicitud. Por lo cual se 
considera obvia.

Las reivindicaciones 4 – 9, 12-13, 16, 17 no  mencionan características técnicas 
adicionales por lo cual tampoco tienen nivel inventivo.

Conclusión:
Las reivindicaciones 1 -  3  cumplen el  requisito  de novedad (Art.  16),  pero  no 
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cumple con el requisito de nivel inventivo (Art. 18).

La reivindicación 11 consiste en “Una composición farmacéutica que comprende 
la proteína de unión de acuerdo con cualquiera de las reivindicaciones1-9 y un  
portador farmacéuticamente aceptable, donde la composición…”

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Composición farmacéutica 
que comprende 

Composición farmacéutica que 
comprende (Pág. 10 [0085])

Proteína de unión a ILβ-1 y 
IL-17 dominio variable ILβ-1 
que contiene CDRs SEQ ID 
NO 30 y SEQ ID NO 31, SEQ 
ID NO 32, SEQ ID NO 35, 
SEQ ID NO 36, SEQ ID NO 
37, SEQ ID NO 38, SEQ ID 
NO 39 y Dominio variable 
CDRs IL-17 SEQ ID NO 40, 
SEQ ID NO 41, SEQ ID NO 
42, SEQ ID NO 43, SEQ ID 
NO 44, SEQ ID NO 45.

Proteína de unión de a ILβ-1 y 
IL-17. (Pág.10  [0085])

Inmunoglobulina de dominio 
variable dual de unión a IL-
1α/β (Pág.339).

Portador farmacéuticamente 
aceptable

Vehículo  farmacéuticamente 
aceptable (Pág.10  [0085])

Agente terapéutico
Agente  terapéutico  (Pág.10 
[0085])

El documento D1 se considera el  estado de la técnica cercano a la invención 
definida en la reivindicación 11 porque divulga una composición farmacéutica que 
comprende proteína de unión a IL 17 y a IL-1β (Pág. 6 Párr. [0051]), un vehículo 
farmacéuticamente aceptable y un agente terapéutico que consiste en un agente 
citotoxico,  inhibidor  de  quinasa,  inhibidor  de  angiogénesis,  anticuerpo  anti-
citoquinas (Pág.10  [0085]).
 
El  documento  D2  divulga  la  construcción  y  optimización  de  moléculas  de 
inmunoglobulina de dominio variable dual de unión a IL-1α/β.

La diferencia consiste en que la solicitud divulga la proteína de unión a ILβ-1 y la 
IL-17  en  la  que cada  uno de los  dominios  variables  VD1 y  VD2 comprenden 
CDRs con secuencias aminoácidas SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 
32, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, SEQ ID NO 38, SEQ ID NO 39 
SEQ ID NO 40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NO 43, SEQ ID NO 44 y 
SEQ ID NO 45.

No se evidencia un efecto técnico inesperado para una composición farmacéutica 
que incluya proteína de unión a ILβ-1 y la IL-17. 

Por lo tanto, el problema técnico objetivo que pretende resolver esta invención se 
puede formular así: cómo proveer una composición farmacéutica que comprende 
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una proteína de unión a ILβ-1 y la IL-17 alternativa 

Sin embargo,  moléculas de inmunoglobulina de dominio variable dual, ya están 
divulgadas en el  documento D2 que se refiere a inmunoglobulinas de dominio 
variable dual IL-1α/β DVD-Ig desarrolladas a partir de anticuerpos monoclonales 
con potencial terapéutico. (Pág. 339)

En  consecuencia,  la  persona  del  oficio  normalmente  versada  en  la  materia, 
incluiría  Iinmunoglobulina de unión a citoquinas IL de dominio variable dual del 
documento D2 en las proteínas de unión  divulgadas en el  documento D1 para 
llegar así al objeto de la reivindicació 11 de la solicitud. Por lo cual se considera 
obvia.

Conclusión:
La reivindicación 11 cumple el requisito de novedad (Art. 16), pero no cumple con 
el requisito de nivel inventivo (Art. 18).

La reivindicación 15 consiste en “un método para producir una proteína de unión,  
que comprende el cultivo de la célula hospedera…”

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2

Método  para  producir  una  proteína 
de unión unión a IL 17 y a IL-1β en la 
que  cada  uno  de  los  dominios 
variables  VD1  y  VD2  comprenden 
CDRs  con  secuencias  aminoácidas 
SEQ ID NO 30, SEQ ID NO 31, SEQ 
ID NO 32, SEQ ID NO 35, SEQ ID 
NO 36, SEQ ID NO 37, SEQ ID NO 
38, SEQ ID NO 39 SEQ ID NO 40, 
SEQ ID NO 41, SEQ ID NO 42, SEQ 
ID NO 43, SEQ ID NO 44 y SEQ ID 
NO 45.El método comprende:

Método para producir una 
proteína de unión que 
comprende: (Reiv. 1)

Inmunoglobulina de 
dominio variable dual de 
unión a IL-1α/β (Pág.339).

Cultivo  de  la  célula  huésped  bajo 
condiciones de cultivo.

Cultivo de la célula 
huésped bajo condiciones 
de cultivo (Reiv. 1)

El documento D1 se considera el  estado de la técnica cercano a la invención 
definida  en  la  reivindicación  15  porque  divulga  un  método  para  producir  una 
proteína de unión que comprende un cultivo de la célula huésped bajo condiciones 
de cultivo (Reiv. 1)

El  documento  D2  divulga  la  construcción  y  optimización  de  moléculas  de 
inmunoglobulina de dominio variable dual de unión a IL-1α/β.

La diferencia consiste en que la solicitud divulga una una proteína de unión unión 
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a IL  17  y  a  IL-1β en la  que cada uno de los  dominios  variables  VD1 y  VD2 
comprenden  CDRs con secuencias aminoácidas SEQ ID NO 30, SEQ ID NO 31, 
SEQ ID NO 32, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, SEQ ID NO 38, 
SEQ ID NO 39 SEQ ID NO 40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NO 43, 
SEQ ID NO 44 y SEQ ID NO 45.

No se evidencia un efecto técnico sorprendente para un método para producir una 
proteína de unión.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invención se 
puede formular así: cómo proveer una composición farmacéutica que comprende 
una proteína de unión a ILβ-1 y la IL-17 alternativa 

Sin embargo,  moléculas de inmunoglobulina de dominio variable dual, ya están 
divulgadas en el  documento D2 que se refiere a inmunoglobulinas de dominio 
variable dual IL-1α/β DVD-Ig desarrolladas a partir de anticuerpos monoclonales 
con potencial terapéutico. (Pág. 339)

En  consecuencia,  la  persona  del  oficio  normalmente  versada  en  la  materia, 
incluiría  inmunoglobulina de unión a citoquinas IL de dominio variable dual  del 
documento D2 en la composición divulgada en el documento D1 para llegar así al 
objeto de la reivindicación 15 de la solicitud. Por lo cual se considera obvia.

Conclusión:
La reivindicación 15 cumple el requisito de novedad (Art. 16), pero no cumple con 
el requisito de nivel inventivo (Art. 18).

9. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta
D1 US20090311253 1-13, 17 6

D2
Landes Bioscience 
Chengbin Wu (Pág. 
339-347)

1-13, 17 Nivel inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2015-01-13

Elaboró: Edna Milena Bautista Rodriguez
Revisó: Sandra Carolina Crespo 

Expediente 13-41045-  -6                                             1er Art 45  
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Signal transduction through the interleukin-1 receptor (IL-1R) 
pathway mediates a strong pro-inflammatory response, which 
contributes to a number of human diseases such as rheumatoid 
arthritis. Within the IL-1 family, IL-1α and IL-1β are both 
agonistic ligands for IL-1R, whereas IL-1 receptor antagonist 
(IL-1ra) is an endogenous antagonist that binds to IL-R, but 
does not signal. Therefore, the ideal therapeutic strategy would 
be blocking both IL-1α and IL-1β, but not IL-1ra. However, 
due to low sequence homology between the three members of 
the family, it has been exceedingly difficult to identify potent 
therapeutic agents, e.g., monoclonal antibodies (mAbs), that 
selectively recognize both IL-1α and IL-1β, but not IL-1ra. 
Currently, several anti-IL-1 therapeutic agents in clinical devel-
opment either inhibit only IL-1β (i.e., anti-IL-1β mAb), or 
recognize all three ligands (i.e., anti-IL-1R mAb or IL-1R Trap). 
We have recently developed a novel dual variable domain immu-
noglobulin (or DVD-IgTM) technology that enables engineering 
the distinct specificities of two mAbs into a single functional, 
dual-specific, tetravalent IgG-like molecule. Based on this 
approach, we have developed anti-human IL-1α/β DVD-IgTM 
molecules using several pairs of monoclonal antibodies with 
therapeutic potential, and present a case study for optimal design 
of a DVD-IgTM agent for a specific target pair combination.

Introduction

IL-1α and IL-1β, two pro-inflammatory cytokines of the 
IL-1 family, play a critical role in the pathogenesis of a variety of 
diseases.1-3 Although these two cytokines share only about 20% 
primary amino acid identity, they have very similar overall tertiary 

fold structures, bind to the same receptors and have almost iden-
tical biological functions.2 In a disease setting, these two proteins 
may have redundant functions, therefore neutralizing the activities 
of both IL-1α and IL-1β may be required for optimal efficacy. In 
animal models, blocking functions of either IL-1α or IL-1β showed 
partial efficacy, whereas maximal efficacy was observed when both 
IL-1α and IL-1β functions were simultaneously blocked.4

An additional complexity in the IL-1 system is the existence 
of an endogenous inhibitor, IL-1ra, which binds IL-1R without 
signaling, and therefore negatively regulates IL-1 function. IL-1ra 
deficient mice spontaneously develop inflammatory disease,5 
indicating that interference with the function of this naturally 
occurring antagonist may lead to undesired outcomes. The ideal 
therapeutic strategy would be to block both IL-1α and IL-1β, but 
not IL-1ra. However, due to low sequence homology between the 
three members of the family, it has not been technically feasible to 
identify potent therapeutic agents with this ability.

Monoclonal antibodies (mAb) have revolutionized treatment 
of a variety of autoimmune diseases and cancer, and hundreds of 
mAbs are in various stages of development.6,7 However, in most 
instances these mAb therapeutics benefit a subset of patients in 
a given indication. Human diseases are often complex, and both 
redundant and distinct disease mechanisms contribute to the final 
outcome of the disease. Combination mAb therapies are currently 
being pursued,8-10 but next generation biologic therapeutics that 
target two or more disease mechanisms could provide enhanced 
efficacy. Bispecific mAbs (bsAb) may offer several advantages 
over traditional IgG mAbs. For example, bsAbs, as multifunc-
tional single agents, might be faster and less expensive to develop 
compared to combination therapy. BsAbs might also enhance 
efficacy and affect a larger percentage of patients. However, issues 
in manufacturing large quantities of clinical material, i.e., the drug 
substance, and pharmacokinetic properties of various bsAb formats 
have hampered their therapeutic development.11-14

We have recently reported a novel technology for generating 
dual-specific biologic molecules, termed dual variable domain 
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Developing dual variable domain immunoglobulin that targets both IL-1α and IL-1β for the treatment of inflammatory disorders

SDS-PAGE in both reducing and non-reducing conditions (Fig. 
2A). In non-reducing condition, each of the four proteins migrated 
as a single band. The DVD-Ig proteins showed higher molecular 
weight (MW) than the mAbs, as expected. In reducing conditions, 

immunoglobulin (DVD-IgTM).4 These DVD-IgTM molecules 
could be generated by combining the variable domains (VDs) 
of any two pre-existing mAbs, and readily manufactured from 
conventional mammalian cell production systems. In addition, 
they retained functional properties of both parental mAbs, and 
exhibited drug-like physicochemical and pharmacokinetic proper-
ties. Here we describe the development of DVD-IgTM molecules 
that target both IL-1α and IL-1β simultaneously, with a focus on 
optimization of molecular design that involves VD orientation, 
as well as linker lengths between the two VDs. The information 
presented here could enhance understanding of this class of mole-
cules and benefit future effort in generating optimal DVD-IgTM 
therapeutic molecules.

Results

Construction and expression of anti-IL-1α/β DVD-Ig 
proteins. Two antibodies directed against hIL-1α (clone 3D12.E3) 
and hIL-1β (clone 13F5.G5) were initially used for the construc-
tion of the first set of DVD-Ig molecules. Both parent mAbs are 
neutralizing antibodies that inhibit the biological functions of 
their respective antigen, and their chimeric format (murine vari-
able domains with human constant regions) was used as a control 
because all DVD-Igs were also in the chimeric format, and so had 
human constant regions (Fig. 1A). DVD1-Ig was constructed by 
direct linkage of the VDs of heavy chain (HC) and light chain (LC) 
of 13F5.G5 to the N-terminus of the HC and LC (minus signal 
sequences) of 3D12.E3, respectively (Fig. 1B). In this orientation, 
the VDs of 13F5.G5 were in a position distal from the constant 
regions in primary sequences, whereas the VDs of 3D12.E3 were 
in the position proximal to the constant regions. The DVD2-Ig 
was constructed similarly, except that it has a linker between the 
two VDs in both the LC (the linker sequence is ADAAP) and 
the HC (the linker sequence is AKTTPP) (Fig. 1B). These linker 
sequences, selected from the N-termini of murine Cκ and CH1, 
are natural extensions of the VDs and exhibit a flexible confor-
mation without significant secondary structures based on the 
analysis of several Fab crystal structures. The HC and LC of each 
construct were subcloned into mammalian expression vectors and 
transiently expressed in COS and 293 cells. The cell culture media 
72 hr-post transfection were quantified for human IgG by standard 
ELISA. Table 1 shows that the expression levels of DVD1-Ig and 
DVD2-Ig are comparable to that of the mAbs, indicating that the 
DVD-Ig can be expressed efficiently in mammalian cells.

Biochemical analysis of DVD-Ig. DVD-Igs and mAbs were 
purified by protein A chromatography. The purification yield  
(3–5 mg/L) was consistent with hIgG quantification of the expres-
sion medium for each protein. The composition and purity of the 
purified DVD-Igs and chimeric antibodies (Abs) were analyzed by 
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Table 1 � Expression and molecular weight analysis of 
anti-hIL-1α/β DVD-Ig molecules

Ig	         Expression level		  Molecular mass 
	         (mg/L)			   (Dalton) 
	 COS	 Freestyle	 Light	 Heavy	 Full 
		  293	 chain	 chain	 length
3D12.E3	 2.80	 3.90	 23,696	 49,914	 147,220
13F5.G5	 3.26	 3.56	 24,084	 49,518	 147,204
DVD1-Ig	 3.00	 3.30	 35,797	 64,380	 200,346 
			   (35,790)	 (64,371)	 (200,521)
DVD2-Ig	 2.43	 3.49	 36,222	 64,976	 202,354 
			   (36,220)	 (64,973)	 (202,573)

The molecular mass of the light chain, heavy chain, and full length of DVD1-Ig and DVD2-Ig determined 
experimentally by mass spectrometry are shown in parenthesis.

Figure 1. Schematic diagram of Dual Variable Domain (DVD)-Ig. (A) 
Generation DVD-Ig from two parental antibodies. The VH and VL of 
13F5.G5 was directly fused to the N-terminus (without signal sequences) 
of the HC and LC of 3D12.E3, respectively, to generate HC and LC of 
DVD-Igs that were subsequently co-expressed in mammalian cells. (B) 
Specific constructs (1st set) generated include DVD1-Ig, DVD2-Ig and two 
chimeric mAbs from hybridoma clones 3D12.E3 (anti-IL-1α) and 13F5.
G5 (anti-IL-1β).
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25 and 40°C for four weeks and eight weeks, followed by SEC 
analysis (Table 2). Both parental mAbs showed minor degrees 
of aggregation and fragmentation at 4°C, which were normal 
for regular research-grade IgG preparations. However, 3D12.E3 
exhibited more thermal sensitivity after prolonged incubation, as 
assessed by the presence of more fragments at eight weeks, whereas 
13F5.G5 was more prone to aggregation at 40°C. As shown in 
Figure 2B DVD1-Ig, revealed certain levels of aggregation on SEC 
after purification. DVD1-Ig also showed considerable aggregations 
under different conditions in the stability analysis; however, the 
percentage of aggregated form of DVD1-Ig did not increase during 
prolonged storage at higher temperatures. In fact, the aggregated 
form of DVD1-Ig appeared to decrease during storage at higher 
temperatures, which likely contributed to the increased percentage 
of monomeric fractions (Table 2). The percentages of the frag-
mented form of DVD1-Ig were similar to that of 3D12.E3. In 
contrast, DVD2-Ig showed exceptional stability. Neither aggrega-
tion nor fragmentation was detected at any significant levels in the 
conditions tested, and over 99% of DVD2-Ig was maintained as 
intact monomeric molecule.

Antigen-binding kinetics and dual binding activity of  
DVD-Ig. The binding kinetics of DVD-Igs and the mAbs were 
measured by surface plasmon resonance using a Biacore instrument 
(Table 3). The overall binding parameters of the two DVD-Igs to 
hIL-1α were similar, with the affinities of the DVD-Igs being 
only 2–3 fold less than that of the parental mAb 3D12.E3. The 
binding affinity of DVD2-Ig to hIL-1β was slightly less than the 
parental mAb 13F5.G5, but 3-fold higher than that of DVD1-Ig. 
The affinity profile of the two DVD-Igs to hIL-1 compared to 
that of the parental mAbs was also reflected in the evaluation of 
the stoichiometry of IL-1 binding. Both parental mAbs bound 
to IL-1α and IL-1β on Biacore with a stoichiometry of 1.6 and 
1.7, respectively, suggesting bivalent binding. The stoichiometries 
of both DVD-Igs for hIL-1α and hIL-1β were similar to that of 
the two chimeric Abs, indicating that both DVD-Igs possessed 
bivalent binding capability to each antigen. To determine whether 
the DVD-Ig could bind two different antigens simultaneously as 
a tetravalent, dual-specific molecule, a multiple binding study was 
performed for DVD2-Ig using Biacore (Fig. 3). DVD2-Ig was 
first captured via a goat anti-human Fc antibody on the Biacore 
sensor chip, then the first antigen was injected and a binding signal 
observed. As the DVD2-Ig was saturated by the first antigen, the 
second antigen was subsequently injected and the second signal 
observed. This was done by first injecting IL-1β, then IL-1α  
(Fig. 3A) and, in the reverse order, IL-1α was injected first, 
followed by IL-1β (Fig. 3B) for DVD2-Ig. For both sequences, 
dual-binding activity was detected, and the same results were 
obtained for DVD1-Ig (data not shown). The results suggested 
that each DVD-Ig was able to bind both antigens simultaneously 
as a dual-specific, tetravalent molecule, and that the binding of the 
first antigen did not disrupt the binding of the second antigen, 
regardless which antigen bound first.

Analysis of the functional activity of DVD-Ig molecules. 
The biological function of the DVD-Ig molecules was analyzed 
by MRC-5 bioassay and their potencies to inhibit IL-1-induced 
IL-8 production were measured (Fig. 4, Table 3). Both DVD-Igs 

each of the four proteins yielded two bands, one HC and one LC. 
Again, the HC and LC of the DVD-Igs were larger in size than 
that of the chimeric Abs. SDS-PAGE showed that each DVD-Ig 
was expressed as a single species, and the HC and LC were effi-
ciently paired to form an IgG-like molecule. In order to determine 
the precise MW of DVD-Ig, mass spectrometry was employed. As 
shown in Table 1, the experimentally determined molecular mass 
of each DVD-Ig, including the LC (~36 kDa), HC (~64 kDa), 
and the full-length protein (~200 kDa), was in good agreement 
with the predicted value of the respective sequence. To further 
study the physical properties of DVD-Ig in solution, size exclusion 
chromatography (SEC) was used to analyze each protein. As shown 
in Figure 2B, both mAbs and DVD2-Ig exhibited a single peak, 
demonstrating physical homogeneity as monomeric proteins. The 
3D12.E3 mAb showed a smaller dynamic size compared to 13F5.
G5 mAb, indicating that 3D12.E3 mAb adopted a more compact, 
globular shape. DVD1-Ig revealed a major peak, as well as a 
shoulder peak on the left, suggesting that a portion of DVD1-Ig 
was possibly in an aggregated form.

Stability study of DVD-Ig molecules. The long-term physical 
stability of an antibody or protein is critical in considering its poten-
tial use as a therapeutic agent. The physical stability of DVD-Ig 
was assessed by exposure of the molecules to multiple freeze-thaw 
cycles (between -80 and 25°C), as well as long-term storage at 4, 

Figure 2. (A) SDS-PAGE analysis of DVD-Ig molecules. Purified chimeric 
mAbs 3D12.E3 and 13F5.G5, DVD1-Ig and DVD2-Ig were run on 10% 
SDS tris-glycine gel in non-reduced (left) and reduced (right) conditions. (B) 
Analysis of mAbs/DVD-Igs by size exclusion chromatography (SEC). Std: 
protein standards ranging from 1.35 to 670 kDa.
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(similar to the length used in DVD2-Ig) from 5 and 6-amino 
acids (aa) to 12 and 13-aa in length in VL and VH, respectively, 
to potentially add additional flexibility and reduce steric hindrance 
between the two VDs, and improve antigen binding affinity in the 
DVD-Ig molecules (Table 4). Since a lead molecule could poten-
tially be identified from this effort, human Ig-derived linkers were 
used for the second set of DVD-Igs to avoid potential immunoge-
nicity issues during future development.

The purified DVD-Ig molecules derived from 18F4.2C8 (anti-
IL-1α) and 1B12.4H4 (anti-IL-1β) were named DVD3a-Ig, 
DVD4a-Ig, DVD3b-Ig and DVD4b-Ig depending on their domain 
orientation and linker size (Table 4). The MW of each DVD-Ig 
was confirmed by mass spectrometry. The profile of each of these 
DVD-Ig proteins by SEC exhibited a monomeric, intact, single 
species (Fig. 5). The dynamic sizes of DVD-Ig proteins were 
larger than those of the two parental mAbs, as expected (Fig. 5). 
Additional DVD-Igs derived from 6H3.1A4 (anti-IL-1α) and 
6B12.4F6 (anti-IL-1β) also showed similar monomeric profiles by 
SEC (data not shown). It appeared that each of the second set of 
DVD-Ig molecules was efficiently expressed as single species, and 
purified to a homogeneous protein without noticeable aggregation.

The antigen binding affinity of the second set of DVD-Igs, as 
measured by Biacore, revealed interesting patterns. It is evident 
that all VDs in the distal position retained binding affinities 
(within 3-fold) of their respective parental mAbs. In contrast, 

were able to neutralize hIL-1α (Fig. 4A) and hIL-1β (Fig. 4B). 
Consistent with the binding affinity to hIL-1α, the potencies of 
DVD1-Ig and DVD2-Ig against hIL-1α were also similar, and were 
within 3-fold of that of the parental mAb (Fig. 4A, Table 3). Also in 
agreement with their binding affinities, the potency of DVD2-Ig 
to hIL-1β was slightly less than that of the parental mAb 13F5.G5, 
but 3-fold higher than that of DVD1-Ig. However, the biological 
activity of DVD1-Ig might not have been precisely measured 
due to the presence of ~40% aggregate (Fig. 2B). Nevertheless, 
there was no significant decrease (within 5-fold) in the biological 
activities of DVD-Ig molecules compared to the original mAbs. To 
determine if DVD-Ig was able to inhibit IL-8 production in the 
presence of both IL-1α and IL-1β, equal amounts of hIL-1α and 
hIL-1β were added in the same culture system of MRC-5 bioassay 
(Fig. 4C). Both DVD1-Ig and DVD2-Ig were able to inhibit IL-8 
synthesis by MRC-5 cells in the presence of both IL-1α and IL-1β, 
with potencies similar to that of the conventional assays where only 
one cytokine was present (Table 3). Again, the dual-inhibition 
potency of DVD2-Ig (1.2 nM) was slightly higher than that of 
DVD1-Ig (2.2 nM), probably due to their potency differences 
against hIL-1β.

Optimization of DVD-Ig constructs. We next determined 
whether the DVD-Ig format could be generally applied to other 
pairs of mAbs, and the preferred VD orientation and linker length 
for an optimal anti-IL-1α/β DVD-Ig construct. Two additional 
mAb pairs, 18F4.2C8 (anti-IL-1α) and 1B12.4H4 (anti-IL-1β), 
as well as 6H3.1A4 (anti-IL-1α) and 6B12.4F6 (anti-IL-1β) were 
used to construct a second set of DVD-Ig molecules. For each 
combination, two different domain orientations (α-β-Constant 
or β-α-Constant orientation) and two different linkers (short 
and long) were incorporated to evaluate their potential impact on 
the physical properties and biological functions of the resulting 
DVD-Ig molecules. Since extensive aggregation was observed in 
the DVD1-Ig that did not have a linker between the two VDs in 
both HC and LC, we speculated that a linker in the HC or LC 
might be necessary to achieve a physically monomeric, functionally 
dual-specific molecule, at least for this particular target combina-
tion. Therefore, a linker was included in all of the second set of 
constructs generated with these two new pairs of mAbs. Since we 
observed a minor decrease in antigen binding affinity in DVD2-Ig 
compared to the parental mAbs, we further extended the linker 

Table 2  In vitro stability analysis of anti-hIL-1α/β DVD-Ig proteins

		  3D12.E3			   13F5.G5			   DVD1-Ig			   DVD2-Ig 
	 Agg	 Ig	 Frgm	 Agg	 Ig	 Frgm	 Agg	 Ig	 Frgm	 Agg	 Ig	 Frgm
3xFreeze-Thaw	 1.72	 98.28	 N.D.	 13.0	 87.0	 N.D.	 46.50	 53.50	 N.D.	 N.D.	 >99	 N.D.
4°C 4 Wks	 0.85	 >99	 N.D.	 4.2	 95.8	 N.D.	 42.43	 56.63	 0.94	 N.D.	 >99	 N.D.
25°C 4 Wks	 1.29	 98.71	 N.D.	 N.D.	 >99	 N.D.	 45.66	 54.34	 N.D.	 N.D.	 >99	 N.D.
40°C 4 Wks	 1.65	 98.35	 N.D.	 20.3	 78.1	 1.6	 36.70	 59.42	 3.88	 N.D.	 >99	 N.D.
4°C 8 Wks	 5.35	 90.33	 4.32	 2.2	 97.8	 N.D.	 38.18	 56.91	 4.91	 N.D.	 >99	 N.D.
25°C 8 Wks	 1.11	 60.55	 38.34	 1.4	 97.5	 1.0	 24.42	 67.39	 8.19	 N.D.	 >99	 N.D.
40°C 8 Wks	 4.74	 81.47	 13.79	 34.6	 65.4	 N.D.	 20.55	 67.16	 12.29	 N.D.	 >99	 N.D.

The degree of aggregation and fragmentation are shown in percentage, whereas the percentage of Ig represents intact molecule. Agg, aggregates; Ig, intact monomeric Ig; Frgm, fragments. N.D. non-detectable.

Table 3 � Functional characterization of anti-IL-1α/β 
DVD-Ig molecules

	 Antigen	 kon	 koff	 KD	 Stoichiometry	 Potency 
		  (M-1 s-1)	 (s-1)	 (nM)		  IC50 (nM)
3D12.E3	 hIL-1α	 4.12E+05	 5.52E-04	 1.34	 1.6	 0.70
DVD1-Ig	 hIL-1α	 3.70E+04	 1.05E-04	 2.83	 1.8	 2.30
DVD2-Ig	 hIL-1α	 7.35E+04	 2.52E-04	 3.42	 2.0	 2.90
13F5.G5	 hIL-1β	 1.41E+06	 6.54E-04	 0.46	 1.7	 0.53
DVD1-Ig	 hIL-1β	 6.09E+05	 1.59E-03	 2.60	 1.5	 3.10
DVD2-Ig	 hIL-1β	 1.19E+06	 9.50E-04	 0.80	 1.8	 1.60

Affinity and stoichiometry were measured by Biacore; Potency (IC50) was determined by MRC-5 
bioassay.
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motion/rotational flexibility of the captured molecule; Whereas, 
in a cell-based bioassay, both the antigen and the parental mAb 
or DVD-Ig were in solution, thereby allowing for full motion/
rotational flexibility to both the ligand and the DVD-Ig molecule. 
Therefore, the neutralization potency data (Table 4) may better 
reflect the full functional characteristics of DVD-Ig molecules.

Discussion

Over the past two decades several bi-specific antibody formats 
have been described.11-14 Although these formats can bind two 
different targets, significant hurdles in manufacturing, stability and 
pharmacokinetic properties have limited their progress through 
clinical development.11-14 Antibodies are highly stable molecules 
with remarkable specificity for their targets. These physical and 
functional properties should be retained in any novel antibody-
based therapeutic molecules. The overall organization of an 
antibody molecule, with distinct structural domains and peptide 
linkages, provides critical flexibility for antigen binding that 
may also be important for the overall physical stability of the 
molecule.15 In addition, crystal structures of mAbs (e.g., Fabs) 
have clearly demonstrated that the complementarity-determining 
regions (CDR) that interact with antigen are exposed,16 suggesting 
that any structures in close proximity may disrupt functions of 
the CDRs. This notion was revisited when we recently reported a 
novel model of dual-specific biologic molecule, DVD-Ig,4 which 
can be readily generated by combining the VDs of any two mAbs. 
Such DVD-Ig molecules retained binding activities of the two 
parental mAbs, expressed well in mammalian cells, could be puri-
fied efficiently as homogeneous protein, and displayed drug-like 
properties with circulating serum t ½ similar to that of mAbs.

As reported here, we further explored the contributions of indi-
vidual mAb VDs, including their orientations and linker lengths, 
to DVD-Ig construction by studying multiple mAb pairs to anti-
human IL-1α and anti-human IL-1β. We also optimized desired 
features of these molecules, including expression in mammalian 
cells, in-vitro stability and preservation of binding properties.

To delineate specific structural and functional requirements for 
a particular DVD-Ig, we generated and evaluated two sets of anti-
IL-1α/β DVD-Ig molecules. In the first set of DVD-Ig (DVD1-Ig 
and DVD2-Ig), DVD1-Ig had two VDs in each LC and HC 
linked directly without a spacer in between, whereas in DVD2-Ig 
a short linker of 5–6 aa was used to fuse the two VDs together. 
Stoichiometric analysis of the two purified DVD-Ig revealed that 
both DVD1-Ig and DVD2-Ig were capable of binding two IL-1α 
and two IL-1β molecules. Although both DVD-Igs effectively 
retained the biological activities and potencies of the parent mAbs, 
DVD2-Ig displayed slightly better anti-IL-1β activities than did 
DVD1-Ig, probably because the linkers between the two VDs 
in DVD2-Ig allowed more flexibility and less steric hindrance. 
Surprisingly, anti-IL-1α activity was also well-maintained in both 
DVD-Igs, even though its VH/VL was in a proximal position 
within the DVD-Ig molecules. However, the functional activity of 
DVD1-Ig might have not been precisely determined due to signifi-
cant high MW aggregation, which was not observed in DVD2-Ig. 
The aggregated form of DVD1-Ig was about 40%, and the  

affinities of all VDs in proximal position were reduced substant- 
ially when a short linker was used, and their affinities were 
significantly improved when a long linker was employed. The 
neutralization potencies of some of these DVD-Igs were consistent 
with their respective binding affinities. For example, a marked 
decrease in binding affinity to IL-1β was observed for DVD-3a-Ig, 
which subsequently did not show any inhibitory activity against 
IL-1β in MRC-5 assay. As another example, DVD4b-Ig fully 
retained binding affinities and neutralization potencies against 
both antigens. However, some differences between affinity and 
potency existed for several of the DVD-Ig molecules. In the 
Biacore affinity measurements, the parental mAb and the DVD-Ig 
were captured on the chip by an anti-Fc IgG, thus limiting the full 

Figure 3. Binding mode analysis of DVD-Ig by Biacore. DVD2-Ig was 
immobilized by a goat anti-human Fc antibody on the sensor chip, and 
hIL-1β was first injected and a binding signal observed, followed by the 
injection of hIL-1α, which exhibited the second binding signal (A). In the 
reverse order, hIL-1α was first injected followed by the injection of hIL-1β 
(B), showing a similar result of dual-specific binding.
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when placed on the proximal position, retain substantial potency 
of parental mAbs, particularly with a long linker (potencies within 
5-fold of parental mAb), suggesting that the VDs of these parental 
mAbs are more “compatible” with the proximal position within the 
DVD-Ig. In contrast, VDs from both anti-IL-1β mAbs placed in 
the proximal position showed substantially reduced potency (>10-
fold less than that of parental mAbs) regardless of linker length. 
This did not appear to be an epitope-dependent phenomenon 
since the anti-IL-1β mAbs targeted different epitopes as assessed 
by sandwich ELISA (data not shown), nor was it due to the 
dynamic size of the targets because IL-1α and IL-1β are similar 
in size and MW. For DVD-Igs with an α-β-constant orienta-
tion (DVD3a-Ig, DVD4a-Ig, DVD5a-Ig, DVD6a-Ig), increasing 

biological activity of the aggregated DVD1-Ig was unknown. 
It would be reasonable to assume that the observed activity of 
DVD1-Ig was due primarily to the 60% monomeric form. While 
the 40% aggregate has a significant impact on the physicochemical 
properties of DVD1-Ig, it may affect the potency measurement by 
less than 2-fold. Nevertheless, this study illustrates the importance 
of linkers between the two VDs. The lack of a peptide spacer 
between the two VDs may cause certain steric hindrance, possibly 
leading to misfolding and aggregation. However, the aggregated 
form of DVD1-Ig seemed to be partially reversible in response 
to increased temperature, and did not aggravate during repeated 
freeze-thaw or prolonged storage. In contrast, the DVD2-Ig 
molecule was remarkably stable in comparison to the two parental 
mAbs, and remained as >99% intact, monomeric protein even 
after storage at 40°C for eight weeks. It was also surprising that 
DVD2-Ig seemed to be more stable than the parental mAbs. A 
possible explanation is that the additional VH/VL domains at the 
distal position might strengthen the HC/LC association, rendering 
the molecule more stable. Future in-depth thermal stability studies 
using differential scattering colorimetry might address this issue. 
Collectively, these data demonstrated that the absence of a peptide 
linkage between the two VDs had minimal impact on antigen 
binding properties of the two VDs, but drastically impacted 
physical properties of DVD1-Ig, at least for this particular pair of 
mAbs (3D12.E3 and 13F5.G5). Further studies will evaluate the 
role of linkers in influencing physical property in general, as well 
as in vivo stability of DVD-Ig molecules.

To determine whether DVD-Ig design can be applied to other 
mAb pairs, we used two additional pairs of anti-IL-1α (18F4.2C8 
and 6H3.1A4), anti-IL-1β (1B12.4H4 and 6B12.4F6) mAbs to 
construct several different DVD-Igs. Based on the initial data 
showing the importance of a linker, DVD-Ig molecules were 
constructed with either a short or a long linker between the 
two VDs. In addition, we also tested whether different domain 
orientations (i.e., placing each VD either in the proximal or the 
distal position) could result in improved functional properties of 
a DVD-Ig molecule. The monomeric profiles of the second set of 
DVD-Igs (DVD3a/b-Ig to DVD6a/b-Ig) confirmed the critical 
role of linkers between the two VDs. Interestingly, DVD-Igs 
with long linkers (DVD4a-Ig and DVD4b-Ig) exhibited a lightly 
smaller dynamic size compared to their short-linker counterpart 
(DVD3a-Ig and DVD3b-Ig), suggesting that the DVD-Igs with 
long linkers might adopt a more compact structural fold. The long 
linkers potentially allowed an inward folding of the distal VH/VL 
domains (elbow bending at the liner region), therefore reducing 
the overall dynamic size of the full-length protein. The func-
tional analysis of the second set of DVD-Igs was quite revealing, 
suggesting a certain pattern that may aid in better design of the 
DVD-Ig molecule for IL-1α/β. A key observation was that VDs 
from all mAbs retained biological functions (potency within 2–10 
fold) of their respective parental mAbs when placed at the distal 
position in a DVD-Ig molecule, likely owing to lack of steric 
hindrance and full exposure of the CDRs. This is consistent with 
our previous observations with distinct DVD-Igs against other 
target pairs.4 In addition, the VDs from both anti-IL-1α mAbs, 

Figure 4. Inhibition of both IL-1α and IL-1β biological activities by DVD-
Ig. DVD1-Ig (○) and DVD2-Ig (■) were tested in MRC-5 bioassay to 
determine their neutralization potency against hIL-1α (A) and hIL-1β (B), in 
comparison to 3D12.E3 (△) and 13F5.G5 (▽) chimeric mAbs. DVD1-Ig 
and DVD2-Ig were also able to inhibit IL-8 production in the presence of 
both IL-1α and IL-1β in the same cell culture system (C).
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molecule. The intrinsic properties of a VD may include its surface 
charge, structural fold (i.e., canonical structure),17 dynamic size 
and shape and CDR loop sizes. A combination of these factors 
may determine the compatibility of a VD in a DVD-Ig construct, 
particularly in a proximal position, and so each DVD-Ig must be 
treated as a unique entity, with specific structural and functional 
properties for a particular mAb combination. As the compatibility 
of a VD for DVD-Ig may not be readily pre-determined, it will be 
ideal to test a panel of diverse mAb pairs in order to construct an 
optimal DVD-Ig molecule.

In this study, we have described DVD-Ig molecules that can 
block functions of both human IL-1α and human IL-1β. These 
IL-1 agonists, along with the IL-1 receptor antagonist IL-1ra, are 
key members of the IL-1 protein family.2 Although these three 
proteins show only about 20% primary amino acid identity, they 
have similar tertiary structures, and bind to the same receptors 
with similar affinities. IL-1α and IL-1β display almost identical 
agonist functions. As a receptor antagonist, IL-1ra binds the 
receptor, but does not transduce signal. In preclinical models of 
rheumatoid arthritis, we and others have clearly demonstrated 
that blocking either IL-1α or IL-1β results in only partial efficacy, 
whereas neutralizing functions of both IL-1α and IL-1β simulta-
neously completely prevents disease progression.4,18,19 In addition, 
we (unpublished observations) and others have observed that mice 
lacking IL-1ra spontaneously develop autoimmune disease-like 
syndromes, including rheumatoid arthritis (RA)-like disease of 
the joints.5 Collectively, these observations suggest that maximum 
efficacy in chronic autoimmune diseases might be achieved by 
a therapeutic agent that blocks the functions of both IL-1α and 
IL-1β, but not IL-1ra. Several different approaches are currently 
being pursued to modulate IL-1 activity in a variety of disease 
settings. A recombinant IL-1 receptor antagonist (anakinra) that 
competes with both IL-1α and IL-1β for IL-1R binding has shown 
efficacy in several diseases, but its efficacy is not as good as expected 
in RA, and less than anti-TNF biologics, possibly due to its short 
half-life.20 Other biologics therapeutic approaches in development 
do not specifically block functions of both IL-1α and IL-1β simul-
taneously. The IL-1 Trap (rilonacept), an IL-1R-Fc fusion protein, 
binds IL-1α, IL-1β and IL-1ra, and therefore will block functions 
of all three IL-1 family members. This agent did not achieve signif-
icant efficacy in RA clinical trials.21 Canakinumab, an anti-IL-1β 
mAb now in clinical trials, blocks the function of only IL-1β.22 An 
anti-IL-1R mAb (AMG 108) that is also in clinical development 
blocks binding of IL-1α, IL-1β and IL-1ra to the IL-1R. It also 
potentially interferes with soluble decoy receptors that mechanisti-
cally benefit in downregulating IL-1 signal. The DVD-Ig format, 
as described here, offers an opportunity to specifically target IL-1α 
and IL-1β, but not IL-1ra.

With the US Food and Drug Administration’s approval of 
over 20 therapeutic mAbs, and with over 200 mAbs in various 
stages of development, the molecules are now considered a critical 
component of the pipelines of major pharmaceutical companies.6,7 
However, the growing body of clinical data on therapeutic mAbs 
suggests that there is room for improvement, and the next genera-
tion of antibody (or antibody-like) drugs should have additional 

linker length was not sufficient to significantly regain activity of 
the anti-IL-1β mAbs (Table 4). Collectively, these observations 
suggest that, in some instances, increasing linker length may not 
be sufficient to fully retain the proximal domain function of the 
DVD-Ig. Interestingly, when anti-IL-1α VDs were placed at the 
proximal position, a number of DVD-Igs displayed desired prop-
erties due to the fact that functions of both parental mAbs were 
well-maintained. For example, DVD4b-Ig fully retained binding 
affinities and neutralization potencies against both antigens. 
This observation highlights the importance of domain and linker 
optimization in developing a DVD-Ig molecule. Many additional 
factors, such as target size and shape, epitopes recognized by the 
parental mAbs, and intrinsic properties of VDs may all influence 
the final functional and physicochemical features of the DVD-Ig 

Table 4 � Domain orientation and linker optimization for 
anti-IL-1α/β DVD-Ig molecules

Ig	 Orientation	 Linker	      Affinity		          Potency 
			           (KD) nM		          (IC50) nM 
			   hIL-1α	 hIL-1β	 hIL-1α	 hIL-1β
18F4.2C8			   0.60		  0.33
1B12.4H4				    0.26		  0.60
DVD3a-Ig	 α-β-C	 short	 0.84	 63.7	 0.75	 NA
DVD4a-Ig	 α-β-C	 long	 0.70	 0.93	 0.35	 10.0
DVD3b-Ig	 β-α-C	 short	 1.24	 0.19	 0.70	 0.40
DVD4b-Ig	 β-α-C	 long	 0.56	 0.13	 0.35	 0.50
6H3.1A4			   0.35		  0.24
6B12.4F6				    0.55		  0.40
DVD5a-Ig	 α-β-C	 short	 0.51	 12.5	 2.60	 19.0
DVD6a-Ig	 α-β-C	 long	 1.06	 2.09	 2.30	 70.0
DVD5b-Ig	 β-α-C	 short	 13.2	 0.67	 3.30	 0.25
DVD6b-Ig	 β-α-C	 long	 0.82	 0.70	 1.00	 0.75

Affinity (KD) was measured by Biacore; Potency (IC50) was determined by MRC-5 bioassay. NA: no 
activity was detected.

Figure 5. Monomeric profiling of the second set of mAbs/DVD-Igs by size 
exclusion chromatography. Std: protein standards ranging from 1.35 to 
670 kDa.
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orientation, with a short and long linker, respectively. DVD5b-Ig 
and DVD6b-Ig were in β-α-C orientation, with a short and long 
linker, respectively. None of the anti-hIL-1α mAbs used in this 
report recognize hIL-1β, and the anti-hIL-1β mAbs employed in 
this study do not recognize hIL-1α. The linker sequences, derived 
from the N-terminal sequence of human Ck or CH1 domain, are 
as follows: Short linker: LC: TVAAP; HC: ASTKGP. Long linker: 
LC: TVAAPSVFIFPP; HC: ASTKGPSVFPLAP. All HC and LC 
constructs were subcloned into mammalian expression vectors and 
produced and purified as described above.

Mass spectrometry analysis of DVD-Ig. For measuring molec-
ular weight (MW) of LC and HC of DVD-Ig molecules, 10 μL 
of DVD-Ig (0.8 μg/μL) was reduced by 1.0 M DTT solution (5 
μL). A PLRP-S, 8 u, 4,000 A, and 1 x 150 mm protein column 
(Michrom BioResource, Auburn, MA) was used to separate heavy 
and LCs of DVD-Ig. Agilent HP1100 Capillary HPLC (Agilent 
Technologies Inc., Pala Alto, CA) was used with the mass spec-
trometer QSTAR (Applied Biosystems, Foster City, CA). The 
HPLC flow rate was 50 uL/min, and the sample injection volume 
was 8.0 mL. To determine the MW of full length DVD-Ig, a 
Protein MicroTrap cartridge (Michrom BioResource, Auburn, 
MA) was used for desalting the sample. The HPLC gradient was: 
5%B for 5 minutes; 5%B to 95%B in 1 minute, and from 95%B 
to 5%B in another 4 minutes. All MS raw data were analyzed using 
the Analyst QS software (Applied Biosystems).

Size exclusion chromatography. Purified DVD-Ig proteins and 
chimeric mAbs, in PBS, were applied on a Superose 6 10/300 G2, 
300 x 10 mm column (Amersham Bioscience, Piscataway, NJ). An 
HPLC instrument, Model 10A (Shimadzu, Columbia, MD) was 
used for SEC. All proteins were determined using UV detection at 
280 nm and 214 nm. The elution was isocratic at a flow rate of 
0.5 mL/min. For the stability study, samples in the concentration 
range of 0.2–0.4 mg/ml in PBS underwent three freeze-thaw cycles 
between -80 and 25°C, or were incubated at 4, 25 or 40°C, for 4 
weeks and 8 weeks, followed by SEC analysis.

Binding affinity measurements. The kinetics of DVD-Ig 
binding to hIL1α/β was determined by surface plasmon resonance-
based measurements with a Biacore 3000 instrument (Biacore AB, 
Uppsala, Sweden), as described previously.4 Briefly, 5,000 RU of 
goat anti-human IgG Fcγ fragment specific polyclonal antibody 
(Pierce Biotechnology Inc., Rockford, IL) diluted in 10 mM 
sodium acetate (pH 4.5) was directly immobilized across a CM5 
research grade biosensor chip using a standard amine coupling kit 
according to manufacturer’s instructions. Purified mAb or DVD-Ig 
samples (0.1–1 μg/mL) were diluted in HEPES-buffered saline for 
capture across goat anti-human IgG Fc specific reaction surfaces 
and injected over reaction matrices at a flow rate of 5 μl/min. No 
obvious dissociation between anti-hFc and DVD-Ig (or mAbs) 
was observed during a pre-run with buffer only. After pre-run with 
buffer, aliquots of rhIL1α/β samples were injected at ten different 
antigen concentrations ranging from 1.25 to 1,000 nM under a 
continuous flow rate of 25 μl/min to determine the association and 
dissociation rate constants, kon (M-1s-1) and koff (s-1). Any back-
ground signals from the buffer pre-run were subtracted from the 
overall binding signal. The equilibrium dissociation constant (M) 

features for better efficacy and greater patient response rate. Desired 
features for next generation molecules include specific targeting of 
two or more disease mechanisms simultaneously; improved ability 
to recruit immune cells or other enhanced effector functions for 
cancer treatment; appropriate pharmacokinetic properties and 
ease of manufacturing. These features can now be incorporated in 
DVD-Ig molecules. Like TNF, IL-1 is widely considered to be a 
major pro-inflammatory cytokine. However, in contrast to anti-
TNF biologics, the therapeutic potential of IL-1 inhibitors have 
not been fully realized in the clinic, potentially due to difficulties in 
targeting the right components within this complex multi-ligand 
system. With the development of an anti-IL-1α/β specific agent, 
the DVD-Ig therapeutic molecule will enable clinical validation of 
this important pathway in several human indications.

Material and Methods

Construction, expression and purification of anti-IL-1α/β 
DVD-Ig proteins. The DVD-Ig constructs were generated as 
described previously.4 In principle, DVD-Ig is designed as an 
IgG-like molecule except that each LC and HC of a DVD-Ig 
molecule has two VDs (Fig. 1A), instead of one VD. To generate 
the first set of anti-IL-1α/β DVD-Ig molecules, two parent mAbs, 
anti-hIL-1α (clone 3D12.E3) and anti-hIL-1β (clone 13F5.G5), 
were used. The VL/VH cDNAs of these two hybridoma clones 
were isolated by RT-PCR using the mouse Ig Primer Kit (Novagen, 
Madison, WI). They were then converted into chimeric antibodies 
(with human constant regions) to confirm activity and potency, 
and then used for subsequent studies as positive controls for the 
DVD-Igs derived from them. To generate DVD1-Ig, the VH and 
VL of 13F5.G5 were directly fused to the N-terminus (without 
signal sequences) of the HC and LC of 3D12.E3, respectively 
(Fig. 1A). The DVD2-Ig was constructed similarly, except that a 
linker between the two VDs in both the LC (the linker sequence 
is ADAAP) and the HC (the linker sequence is AKTTPP) was 
included (Fig. 1B). These linker sequences were selected from the 
N-termini of murine Cκ and CH1 sequences. The HC and LC of 
each construct was subcloned into pcDNA3.1 TOPO and pEF6 
TOPO vectors (Invitrogen Inc.), respectively, and sequenced to 
ensure accuracy. The plasmids encoding the HC and LC of each 
construct were transiently expressed in COS cells, as well as human 
embryonic kidney 293 cells (American Type Culture Collection, 
Manassas, VA) and purified using protein A chromatography 
(Pierce, Rockford, IL) according to manufacturer’s instructions, 
and analyzed by SDS-PAGE and quantitated by A280 and BCA 
(Pierce, Rockford, IL). A second set of anti-IL-1α/β DVD-Ig 
molecules (Table 4) was also generated with two different addi-
tional pairs of mAbs: mAbs 18F4.2C8 (anti-IL-1α) and 1B12.4H4 
(anti-IL-1β) were used to construct DVD3a-Ig, DVD4a-Ig, 
DVD3b-Ig and DVD4b-Ig. DVD3a-Ig and DVD4a-Ig were 
in α-β-C (α-β-constant domain) orientation, with a short and 
long linker, respectively. DVD3b-Ig and DVD4b-Ig were in 
β-α-C orientation, with a short and long linker, respectively. 
Antibodies 6H3.1A4 (anti-IL-1α) and 6B12.4F6 (anti-IL-1β) 
were used to construct DVD5a-Ig, DVD6a-Ig, DVD5b-Ig 
and DVD6b-Ig. DVD5a-Ig and DVD6a-Ig were in α-β-C  
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of the reaction was then calculated from the kinetic rate constants 
by the following formula: KD = koff/kon. The apparent stoichiom-
etry of the captured DVD-Ig-rhIL1α/β complex was calculated 
under saturating binding conditions (steady-state equilibrium) 
using the following formula:

Stoichiometry = [rhIL1α/β response (RU)]/[DVD-Ig response 
(RU)] x [DVD-Ig M.W.]/[rhIL1α/β M.W.]

In order to determine if DVD-Ig bound two targets simultane-
ously, multiple binding studies were performed on Biacore. Briefly, 
DVD-Ig was first captured via a goat anti-human Fcγ antibody 
on the Biacore sensor chip. The first antigen was injected and 
a binding signal observed. As the DVD-Ig was saturated by the 
first antigen, the second antigen was then injected and the second 
signal observed. This was done either by first injecting IL-1α and 
then IL-1β, or by first injecting IL-1β followed by IL-1α. In either 
sequence, a dual-binding activity was detected indicating that 
DVD-Ig was able to bind both antigens simultaneously as a dual-
specific tetravalent molecule.

Functional assay. The potency of each mAb and DVD-Ig was 
measured by MRC-5 bioassay. The MRC-5 cell line is a human 
lung fibroblast cell line that produces IL-8 in response to human 
IL-1α and IL-1β in a concentration-dependent manner.23 MRC-5 
cells were originally obtained from ATCC and cultured in our 
laboratory in 10% FBS complete MEM and grown at 37°C in 
a 5% CO2 incubator. To determine neutralizing potencies of the 
mAbs and DVD-Igs against human IL-1α or IL-1β, 50 μl of mAb/
DVD-Ig (1E-7 to 1E-11 M) in MEM/10% FBS was added to a 96 
well plate and pre-incubated with 50 μl of hIL-1α or hIL-1β (200 
pg/ml) for 1 hr at 37°C, 5% CO2. MRC-5 cells at a concentration 
of 105/mL were then added (100 μl) to all wells, and the plates were 
incubated overnight at 37°C in a 5% CO2 incubator. To determine 
dual-inhibition activity of DVD-Ig molecules, both IL-1α and 
IL-1β (200 pg/mL each) were added to the cells. The supernatants 
were harvested, and human IL-8 production measured by standard 
ELISA (R&D Systems, Minneapolis, MN). Antibody potency was 
determined by its ability to inhibit IL-8 production.
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