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Señor
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Nacional PCT para "ANTICUERPOS MONOCLONALES ANTI CEA, 

HUMANIZADOS Y DE AFINIDAD MADURADA".-Clase C07K 

1 6 /3 0 . -Expediente número  1 2 -0 1 4 .0 2 1 .-

1. Me refiero al auto dictado por e se  Despacho notificado por fijación en lista 

del 13 de Agosto de 2013 y a mi memorial  de plazo del 31 de Octubre de  2013.

2. Con el fin de responder  las objeciones expues ta s  por el Señor  Examinador  

en su Concepto Técnico correspondiente  al Oficio No. 14601 , en relación con las 

Excepciones a la patentabii idad,  la Claridad del Capítulo Reivindicatorío, la 

Unidad de invención, la Novedad y el Nivel Inventivo de  la p resen te  solicitud, me 

permito dirigir su atención a las s iguientes modificaciones y a rg u m e n to s  técnicos 

por medio de los cuales no sólo se superan  com ple tam en te  dichas objeciones 

sino que  a d e m á s  se  es tab lece  de  m anera  incontrovertible la patentabii idad de la 

solicitud en estudio.

3. CAPÍTULO REIVINDICATORIO.

Con respecto al capítulo reivindicatorío ac tua lm en te  p resen tado ,  el Señor  

Examinador  señala que  e s te  carecería de claridad y concisión, aduciendo que:

las caracterís t icas técnicas esenciales de la invención. Por lo que  el señor  

Examinador resal ta  que  la forma correcta de rec lamar  un ant icuerpo es  definirlo 

a partir  de  su es truc tura  completa ,  es to  es a partir  de las secuenc ias  de las 

regiones variables de la cadena  liviana y cadena  pesada  o por las secuencias  de 

las cadenas  liviana y pesada  o por las secuencias  de  las seis regiones CDR's.

La reivindicación 1 carecería de claridad y concisión ya que  no incluye

Frente a dicha objeción,  m e  permito seña la r  que  tom an d o  en cuen ta  la 

sugerencia  del s eño r  examinador ,  la reivindicación 1 ha sido modificada de  tal 

m anera  que  se  aclara que  la molécula de  unión a ant ígeno (ABM) que se  reclama
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se c a ^ e r ^ a  porque com prende  ias seis regiones de te rm inan tes  de 

compiementa r iedad  ^CORs^ ias cuaies son definidas en d e t a i i e y a t r a v é s  de  sus  

s e c u e n c i a s d e a m i n o á c i d o s e n i a  reivindicaciones d e p e n d i e n t e s ^ a ^ .

Oe es ta  m a n e r a , i a m o i é c u i a  de u n i ó n a a n t í g e n o ^ 8 M ^  se encuen t ra  ciara 

y concisamente  definida en ia nueva reivindicación 1, por io que soiicito muy 

r e s p e t u o s a m e n t e a e s e  Despacho sea el iminada dicha objeción.

D Las secuencias  de aminoácidos dei ant icuerpo reciamado no deben  

d e f i n i r s e a p a r t i r  de porcentajes  de iden t idad , s ino  por su es truc tura  particuiar.

Atendiendo ai requerimiento pianteado  por ei señor  examinador ,  ia 

reivindicación 8, en ia cuai se  definían ios po rcentajes  de identidad,  ha sido 

ei iminada dei capituio reivindicatorío.

D 5i señor  Examinador señaia que  ias reivindicaciones a y 

es tar ían definidas por un r e s u i t a d o a a i c a n z a r .

E n c o n e x i ó n c o n  io a n te r io r ,  muy r e s p e t u o s a m e n t e m e p e r m i t o m a n i f e s t a r  

mi desacuerdo  con dicha objeción, pues to  que ias caracterís t icas ob je tadas  como 

resuitados a aicanzar,  son caracterís t icas funcionaies,  ias cuaies permiten 

com prender  m e jo r í a  invención.

En e s te  sentido,  es  importante  resaí ta r  que ias reivindicaciones a 

c u e v a s  reivindicaciones a 13^ es tán  dirigidas a moiécuias de unión a 

an tígeno ^ABMs^con una es tructura giucomanipuiada definida.

Dicha giucomanipuiación ie proporciona a ias moiécuias de unión a 

antígeno,  í a s p r o p i e d a d e s  funcionaies que  se especifican en íasre iv indícac iones  

depend ien tes  1 5 a  1^ c u e v a s  reivindicaciones l ^ a  l ^ y  Nueva reivindicación 

18

Por io tan to ,  soiicito com ed idam en te  a e se  Despacho,  sea  ret irada dicha 

objeción de ias mencionadas  reivindicaciones.

D Ei señor  Examinador afirma que ia reivindicación 18 p resen ta  múitipies 

opciones que  no permi ten  de i im i ta re i  objeto de ia invención.

En conexión con ia anterior  objeción, soiicito muy r e spe tuosam en te ,  se 

tenga  en cuenta que  ias opciones que  se  p resen tan  en ia reivindicación 18
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(Nueva reivindicación 17) e s tán  sopor tadas  a lo largo de la descripción,  

principalmente en los párrafos [0038] ,  [0054] ,  [0055] y [0056] .  Por lo tanto ,  

considero que  no e s  necesario restringir las opciones de  la reivindicación 18 

(Nueva reivindicación 17) a aquellas i lustradas median te  los ejemplos

específicos.

• Finalmente,  el s eño r  Examinador señala que las reivindicaciones 20 a 

24,  que  definen una molécula de ácido nucleico, un vector,  una célula huésped  

t ransformada ,  un método  y una composición fa rmacéutica de acuerdo  con la 

p re sen te  invención,  carecerían de  claridad.

Frente a lo anterior , y con el fin de supe ra r  las objeciones real izadas por ese  

Despacho,  m e  permito m anifes ta r  que el Solicitante ha decidido el iminar las 

reivindicaciones 20 a 24 del capítulo reivindicatorío.

Ahora bien, tom ando  en consideración las objeciones y a rg u m e n to s

an te r iores  m e  permito manifes ta r  que  es deseo  del solicitante p re sen ta r  un 

capítulo reivindicatorío m odificado, que  reem plaza  al anterior ,  el cual se 

refiere de forma clara y concisa a las real izaciones preferidas de la invención en 

concordancia con las revelaciones de  la descripción de  la solicitud.

En conexión con el referenciado capítulo reivindicatorío modificado, m e  

permi to resa l t a r  que  é s te  no se  const i tuye de ninguna m anera  en una ampliación 

al alcance de  la invención,  tal como fue or iginalmente p resen tada ,  toda  vez que  

las reivindicaciones modificadas definen de forma m á s  precisa las molécula de 

unión a antígeno (ABM) que  son el objeto de la p resen te  invención de acuerdo 

con las e n s eñ an z as  de la descripción,  tal como se  expone  a continuación:

• Reivindicación 1 . Cor responde  a la reivindicación 1 ac tua lm en te  

p resen tada ,  la cual ha sido modificada con el fin de  aclarar  que  la KD 

cor responde  a la KD monovalente ,  lo cual p resen ta  pleno sus ten to  en el 

párrafo [0088] y en el ejemplo  2 de la p resen te  solicitud.

• R eivindicaciones 2 a 7 . Corresponden a las ac tua lm en te

presen tadas .

• Reivindicación 8 . Ha sido el iminada del capítulo reivindicatorío.
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D ^  a  1 8  ^ N u e v a s  8  a  1 7 ^

Corresponden a ^ s  a c t u ^ m e n t e  p r e s e n t a d a  coya dependencia ha 

sido a d a p t a d a a ^ a  nueva numeración.

 ̂ 1 ^  18^  Corresponde a ía

ac tua lm en te  presentadas  sin em bargo  se  ha hecho dependien te  

socamente de ia nueva reivindicación 14.

D R e i v m d i c a c i o n e s  2 0  a  2 7  Han sido ei iminadas dei capituio 

reivindicatorío.

Oe es ta  formad ei capituio reivindicatorío modificado es tá  consti tuido por 18 

r e ^ n d i c a c i o n e s q u e s e r e f i e r e n d e m a n e r a c i a r a y c o n c i s a a  i a s rea i izac iones  

preferidas de ia p resen te  soiicitud.

Finaimente^ a ia iuz de todos es tos  hechos^ es eviden te  que  ei capituio 

reivindicatorío modificado se refiere de forma ciara y concisa ai objeto de ia 

p resen te  invención^ y permite sin i u g a r a d u d a s s u  iden t i f i cac iónycom prens ión  

por par te  de ia persona v e r s a d a e n  ia m a t e r i a ^ a i a c u a i  vad i r ig ida  ia p resen te  

soiicitud.

Por io tan to^  m e  permito r e s a i t a r q u e d í c h o  capituio re iv indíca to r iosupera  

com pie tam en te  ias objeciones p resen tadas  a e s te  respecto  por ei Señor  

Examinador y se  ajusta  to ta im ente  a ios requer imientos dei Artícuio 30 de ia 

Decisión Andina 486  de 2000.

O e o t r a  p a r t e ^ e i S e ñ o r E x a m i n a d o r i n d i c a q u e i a s r e i v i n d i c a c i o n e s 2 5 a  27 

ac tua im en te  p re sen ta das  no serían patentabies^ dado  que  es tar ían haciendo 

r e f e r e n c i a a u n  método para ia inducción de iisisceiuiar .

S o b r e e s t e  particuiar m e  permito s e ñ a i a r q u e t a i  y c o m o s e e x p u s o  en ei 

n u m e r á i s . d e i  p resen te  memor ia i^ ias  reivindicaciones 2 5 a 2 7 s e  han ei imínado 

dei capituio reivindicatorío modificador y por io tan to  dicho capituio 

reivindicatorío no es tá  de ninguna manera  d i r i g id o a m a te r i a  no patentabie.

P o r i o t a n t o m e p e r m i t o s e ñ a i a r q u e e i  mencionado capituio reivindicatorío 

modificado s e a j u s t a  c o m p i e t a m e n t e a  ios req u e r im ie n to s d e i  Artícuio 20 de ia 

Decisión Andina 486  de 2000.
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5. UNIDAD DE INVENCIÓN.

El Señor  Examinador  considera que  el capítulo reivindicatorío ac tua lm en te  

p resen tado  carecería de unidad de invención, seña la ndo  que la p resen te  solicitud 

se  referiría a al m enos  16 grupos  inventivos.

Asimismo, seña la  que no se  guarda  un concepto  común inventivo porque  los 

ant icuerpos  no com par ten  una es truc tura  esencial para la actividad común y 

afirma que  el concepto común: molécula de  unión a ant ígeno que  se  une  

espec íf icamente  a CEA, no cumpliría con los requisi tos de novedad  y de nivel 

inventivo según  los docum entos  "Humanisat ion and characterisat ion of PR1A3, a 

monoclonal ant ibody specific for cel l-bound carc inoembryonic ant igen."  (DI)  y 

"Targeted killing of colorectal cáncer  cell lines by a humanised  IgG l  monoclonal  

an tibody th a t  binds to m e m b ran e -b o u n d  carcinoembryonic an tigen" (D2).

A e s te  respec to  m e  permito llamar la atención de ese  Despacho sobre  el 

capítulo reivindicatorío modificado presen tado  jun to  con es te  memorial ,  el cual 

cent ra su reclamación en una molécula de unión a an tígeno (ABM) que 

com pre nde  un dominio humanizado de  unión a an tígeno de afinidad m adurada ,  

en el que  se  especifican las secuenc ias  de aminoácidos  pa ra  cada una de  sus  6 

CDRs (Reivindicaciones 2 a 4) y también  para sus  regiones variables de cadena  

pesada  y ligera (Reivindicaciones 5 a 7).

Adicionalmente,  de m a n e ra  respe tuosa  m e  permito d es tac a r  que  las 

moléculas de unión a an tígeno  de la p resen te  invención si com par ten  

caracter ís t icas técnicas,  específ icamente sus  caracterís t icas es tructurales ,  tal y 

como se  puede  obse rva r  en las Tablas 2, 4 y 10 de la descripción,  en donde  se 

m ues t ran  las secuencias  de aminoácidos  para  las respec tivas  CDRs.

S um ado  a lo anterior , es  de resa l t a r  que  dichas secuenc ias  de aminoácidos 

específ icas para  las CDRs y para  los dominios variables, así como la al ta afinidad 

proporcionada por los ABMs de la invención no son en señ ad o s  de  ninguna 

m a n e ra  ni por el docum ento  DI ni por el docum ento  D2 (como se  discute más  

adelan te ) .

En consecuencia ,  es  eviden te  que  la mater ia  que  se  p re tende  pro tege r  en la 

p resen te  solicitud com par te  caracterís t icas técnicas es truc tura les  que  a d e m á s  no 

son divulgadas de ninguna m anera  por el a r te  previo (DI y D2).
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Por con^guien^ eí capí^o re^ndícatorío morcado se encuentra 
c o l a d o  bajo ei mismo concepto i n v e n t i v o y p o r í o  tan to  dicho capítulo c u m p i e a  

cabaiidad con io exigido por eiArtícuio 25 de ia Decisión Andina 486  de  2000.

6 N OVEDAD

Finaimente^e i  Señor  Examinador a segura  que i a m a t e r i a r e c i a m a d a e n i a s  

reivindicaciones 1 y ^ a  23 sería anticipada por i a s e n s e ñ ^ n z a s d e i  docum ento

En es te  sentido ei Señor  Examinador a segura  que  ias caracterís t icas 

técnicas esenciaies  de iam oiécu ia  de u n ió n a a n t íg e n o ( A B M )  de  ia reivindicación 

1 habían sido d i v u i g a d a s p r e v i a m e n t e p o r e i  docum ento  01^ e i c u a i  enseñar ían  

una variante humanizada  dei anticuerpo m o n o c i o n a i m u r i n o P R l A ^ e i  cuai es  un 

anticuerpos f ragmento  de ant icuerpo o moiécuia de unión a C E A d e  m e m b ran a  

con una región Ec de IgG humanad por io que ia soiicitud carecería de novedad.

De iguai formad ei Señor  Examinador indica que  dado que  ias 

reivindicaciones ^ a 23 no p resen tan  aiguna característ ica adicionai que  haga 

nueva  a ia moiécuia de unión de antígeno de ia reivindicación también 

carecerían de novedad.

Sobre e s te  particuiar m e  permito resai ta r  que  la m olécula de umón a 

a n t^ en o  ^ 3 1 ^  ^ue com prende un dom inio ^umanl^ado de unión a 

a n t^ en o  de afinidad maduradas ^ue e s  o ^ e to  de reclam ación no e s  

anticipada de ninguna manera por las re v e la c io n e sd e l docum ento  

m ás aún si s e  tiene en cuenta el Capitulo Reivindicatorío Modificado 
presentado ^unto con e s te  memorial

En es te  sentidos es  importante  d es taca r  que  ia Nueva reivindicación se 

refiere a moiécuia de unión a antígeno (ABM) que  com prende  un dominio 

humanizado de unión a antígeno de afinidad madurada  en comparación ai 

ant icuerpo m onoc iona im ur inoPR!A3^  en donde  ia moiécuia de unión com pre nde  

s e is  regiones determ inantes de com plem entariedad ^CDRs^ en la ^ue 

dic^o dom inio de unión a anti^eno se  une específicam ente a antígeno  

carcinoem ^rionario^um ano^C E A ^unidoam em ^rana con un valor d e ^  
m onovalente m enor ^ue alrededor de 100 nM ^ en ei que dicho dominio de 

unión a a n t í g e n o s e u n e a i  mismo epítopo que  ei ant icuerpo PR1A3^ o e s  capaz
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decompetir para ía onión con eí mismos quedando cíaro entoncesqoe ía ^o^e 
r e f í e r e a í a ^ o  monovalente .

Por su partea ê  documento  citado como si bien enseña  una var iante 

humanizada  dei anticuerpo monocionai murino PR1A3 y proporciona vaiores de 

afinidad de unión para ei ant icuerpo humanizado  reportador esas  afinidades 

cia ramente  son afinidades bivaíentes^ io cuai es  ev idente  ya que fueron 

de te rmin adas  usando  un ensayo basado en céiuias^ específ icamente céiuias 

(01^ pág. 303^ segunda  coiumna).

^n cambios en ias p resen tes  reclamaciones^ se  hace  referencia 

e s p e c í f i c a m e n te a i a s  afinidades en té rminos de ias ^o^onovaien tes^

22n es te  sentidos v a i e i a  pena resai tar  que ia ^ ^ o n o v a i e n t e e s d i f e r e n t e a  

ia bivaiente.  ^i incremento en ia afinidad debido ai au m en to  en ia vaiencia es 

i i a m a d a a m e n u d o  f a c t o r  de potenciación"^.

Adicionaimente^ es importante t e n e r  en cuenta  que ia afinidad bivaiente 

identificada p o r e i  documento  01  para ei ant icuerpo m u r i n o e s d e  1.4 nM y e s  

s i m i i a r a i a ^ o  bivaiente p a r a P R !A 3  repor tada  en ia p resen te  soiicitud: 2 x 1 0 - ^  

M(Ver  t a b i a l l  de ia p resen te  soiicitud).

P o r e i  contrarios ia ^  monova iente para PR1A3 repor tada  en ia p resen te  

soiicitud fue de 3 6 8 1 x l O ^ M .

Por io tantos ya que ei documento  01  no enseña  anticuerpos con ias ^  

monovaiente s  aquí repor tadas  no puede  anticipar ias moiécuias de unión a 

ant ígeno tai y como son definidas en ei capituio reivindicatorío

modificado.

Por otro iado^ es de resa i tar  que si bien ei documento  01 enseña  unas 

secuenc ias para ias CORs^ y Vi^ es ta s  son com pie tamente  diferentes a ias 

secuenc ias divuigadas para ias moiécuias de unión a ant ígeno (ABM) de ia 

p resen te  invención.

evidentemente^ ei documento  01 no enseña  una moiécuia de unión a 

antígeno (ABM) que  inciuya cada una de ias característ icas técnicas an tes  

señaiadas^ ya que^ d o c u m e n t o  D I  d e  n i n g u n a  m a n e r a  r e v e j a  i a s
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secu en cias de am inoácidos de las m oléculas de unión a antígeno (ABM) 

de la presente invención y mucho m enos m oléculas con las KD 

m onovalentes aquí reportadas.

Consecuen tem en te ,  resulta evidente que  las moléculas de unión a antígeno 

(ABMs) que  son objeto de la nueva reivindicación 1 no pueden  de ninguna 

m anera  se r  anticipados por las e nseñanz as  del docum ento  DI,  y por lo tan to  es 

innegable el carác te r  novedoso de la p resen te  solicitud.

En relación con lo anterior ,  m e  permito señala r  que  dentro  del ámbito de las 

pa ten tes  es  un hecho acep tado  que para afec tar  la novedad de una solicitud el 

a r te  previo d ebe  divulgar de manera explícita todas  y cada una de las 

caracterís t icas técnicas de la invención, tal como por ejemplo lo señalan la Guía 

para el exam en  de solicitudes en la Oficina Europea de P a t e n t e s 2:

"Un documento le quita la novedad a cualquier m ateria reclamada  

derivable de m anera directa y sin am bigüedades a partir de ese documento  

que incluye todos las características implícitas para una persona versada en el 

arte el cual está expresamente mencionado en el documento (...)

La lim itación de m ateria  "derivable de m anera directa y sin 

am bigüedades" a p a rtir  del documento es im portante. Así, cuando se está 

considerando la novedad, no es correcto interpretar la enseñanzas de un 

documento como que comprende equivalentes bien conocido que no son 

revelados en los documentos; esto es un asunto de obviedad".

Adicionalmente,  m e  permito señala r  que  en el Manual Andino de Patentes ,  - 

una guía práctica que no const i tuye un marco normativo para el estudio y 

análisis de patentabiiidad de una solicitud en trámite,  se  es tablece  lo siguiente en 

relación con el requisito de novedad:

"Para determ inar la novedad de la invención, se debe comprobar si existen 

anticipaciones del estado de la técnica aue contengan explícitam ente todas 

las características técnicas esenciales de la invención. El exam en de 

novedad se efectúa comparando elemento por elem ento de ia invención tal como 

está definido por las reivindicaciones con los del estado de la técnica." 

3(Resaltado fuera del texto).

2 E uropean P aten t Office, "Guidelines for Examination in the European Patent Office" Munich, Abril 2010 . Parte  C, Capituio 
IV-27 y -28 , num erai 9 .2 .
3 SECRETARÍA GENERAL DE LA COMUNIDAD ANDINA. Manual para  el ex am en  de  solicitudes de  p a te n te s  de  invención en 
las Oficinas de propiedad industrial de  los Países de  la Com unidad Andina; Lima: Perú; 2004. Páginas 65 y 66.
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S um ado  a esto,  considero también  pert inen te  resal ta r  que para que  la 

novedad  de una invención se  vea afec tada por un docum ento  del es tado  de la 

técnica, dicho docum ento  debe  revelar  de m a n e ra  idéntica la invención 

rec lamada ,  tal como es  contemplado dent ro  del "Instructivo Examen De 

Solicitudes De Patentes de Invención y Modelo de Utilidad"*, docum ento  

r ec ien tem en te  preparado  por la Super in tendencia de Industr ia  y Comercio de 

Colombia el cual p re tende  reunir  los l ineamientos básicos con los cuales se 

evalúan  las solicitudes de pa ten te  en Colombia,  en donde  bajo su numera l  2.12 

refir iéndose a la novedad  de  una solicitud seña la  que:

"-Verificar, según la comparación anterior, si la invención reivindicada es 

idéntica a lo revelado en el estado de la técnica, en cuyo caso se considera que 

no tiene novedad" (página 62 ) ( resal tado fuera de texto) .

C onsecuen tem en te ,  en el contexto de las p a ten te s  es  claro que  para que  un 

docum ento  afec te la novedad  de  una solicitud, e s t e  d ebe  revelar  de m anera  

explícita v específica  todas v cada una de las características de la 
invención interactuando de la m ism a manera au e lo hacen en la 
solicitud, e s  decir au e sea  idéntica.

Visto lo an te rio r  es  abso lu tam en te  claro que  las moléculas de unión a 

antígeno (ABM) rec lamadas  en la p resen te  solicitud son novedosos  f ren te  a las 

e n s e ñ a n z a s  de DI porque  dicha anterioridad no divulga las secuenc ias  de 

aminoácidos  de las moléculas de unión a antígeno (ABM) de la p resen te  

invención y mucho m enos  moléculas con las KD m onova len tes  aquí reportadas .

Por lo tan to ,  m e  permito manifes ta r  que  las nuevas  reivindicaciones 

p resen tan  un inequívoco carác te r  novedoso  f ren te  a las en s e ñ a n z a s  del 

d ocum ento  DI,  cumpliendo a cabalidad con los requisi tos de patentabii idad 

establecidos en el artículo 16 de la Decisión 486 de 2000.

7. NIVEL INVENTIVO.

Finalmente, el Señor  Examinador  considera que  la p re sen te  solicitud 

carecería de al tura inventiva con respec to  a las e n s eñ an z as  de los docum entos  

"Hum anisation and characterisation o f PR1A3, a m onoclonal antibody  

specific fo r cell-bound carcinoem bryonic an tig en ."  ( D I )  y "Targeted  

killing o f  colorectal cáncer cell lines by a hum anised Ig G l m onoclonal 

antibody th a t binds to m em brane-bound carcinoem bryonic an tig en "  

(D2).

4 h ttp ://w w w .sic .g o v .co /recu rso s_ u se r/d o cu m en to s /p ro p ied ad _ in d u s tr ia l/F o rm a to s /P I0 2 -I0 6 .p d f
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Aesterespe^oelSeñor Examinador asegura que las modulas de unióna 
antigeno de ia p resen te  s o l i t u d  se  considerarían obvias,  debido a que  ia 

persona dei oficio no rm alm en te  versada en ia materia teniendo  en cuenta ios 

métodos  em pleados  p a r a l a e l a b o r a ^ i ó n d e a n t i ^ u e r p o b u m a n i z a d o s a p a r t i r d e  

un anticuerpo murino ^onooido y siendo ^ono^idas las ven ta jas  de  introducir 

modificaciones p u n t u a l e s e n  l a s C O R s p a r a  m e j o r a r l a  estabilidad o a f in id a d  de 

los anticuerpos,  lograría l a o o n s t r u o o ió n d e  nuevos  anticuerpos a l te rn a t iv o s ^ o n  

actividad a n t i ^ C E A y q u e  por tan to  la solución propues ta  se  consideraría  obvia.

Sohre e s te  particular m e perm ito señalar que los m encionados  

docum entos no sugieren  las secu en cias p a r tic u la re sy esp ec ífica s  de las 

m o lé c u la s d e u n ió n a a n t ig e n o d e la  invención^ tal com o son reclam adas 

dentro del capítulo reivindicatorío m odificado que se  presenta ^unto con 

e s te  memorial

E n p r i m e r l u g a r , t a l y ^ o m o l o r e ^ o n o ^ e e l s e ñ o r  Examinador den tro  de  su 

oonoepto téonioo, m e p e r m i t o  d e s t a o a r q u e  los an ticuerpos  rec lamados  en las 

anterior idades  y las ABMs de la p resen te  solicitud son diferentes,  ya que  las 

ABMs de la invención poseen una es tructura (Seouenoias de aminoácidos)  que 

difiere en de te rminados  aminoácidos de las seouen^ias de CDRs reveladas  en 

diobos documentos .

Además,  si bien, el docum ento  OI revela un anticuerpo humanizado del 

ant icuerpo monoclonal murino PR1A3, e s te  docum ento  solo p r e s e n t a u n a  opción 

para las se^uenoias de aminoácidos de las C O R s y d e V H y V L ,  mientras  que en la 

p resen te  solicitud se presen tan  m ú l t i p l e s o p o io n e s d e  modificación d e o a d a  una 

d e l a s C O R s ,  las cuales a d e m á s  han sido e n s ay ad a s  en su actividad, mos trando  

una mejora en los valores de afinidad monova lente  (KO monovalente) ,  en 

comparación oon el ant icuerpo revelado en OI.

En conexión ^on lo anterior ,  muy r e s p e tu o s am en te  m e  permito e s ta r  en 

desacuerdo  ^on la afirmación del señor  Examinador en ^ u a n t o a q u e  la diferencia 

en t re  l o s a n t i ^ u e r p o s n o o o n o e d e r í a  un efecto té^nioo inesperado,  ya que  tal y 

^omo se puede  e v i d e n c i a r e n  los resultados p resen tados  en la Tabla de la 

p resen te  solicitud, las m o l é ^ u l a s d e  unión a a n t í g e n o d e  la invención presen tan  

valores para K O m e n o r e s a  lOOnM, l o q u e i n d i o a  q u e l a s  moléculas que a q u í s e  

reolaman poseen una alta afinidad monova lente ,  lo oual no es  r e v e l a d o y m u ^ b o  

m enos  sugerido por el docum ento  OI.

10
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Cs

Por su par te  el docum ento  D2 no com plem en ta  de ninguna m a n e ra  las 

deficiencias de DI para llegar a las moléculas de unión an tígeno de la p re sen te  

solicitud, por lo tan to  D2 tampoco  revela y mucho  m enos  sugiere la mater ia  aquí 

reclamada .

En consecuencia ,  una pe rsona  del oficio no rm alm en te  versada  en la 

mater ia ,  part iendo de las referencias ci tadas no pudo haber  previsto que  las 

moléculas de unión a ant ígeno que  contienen las combinaciones rec lamadas  de 

CDRs o secuencias  de dominio variable de cadena  ligera y pesada ,  p resen ta r ían 

la alta afinidad de unión monova len te  que  aquí se  ha especificado.

Por lo tan to ,  ninguno de los docum entos citados podría llevar a que  

la persona versada en la materia inequívocam ente obtuviera las 

m oléculas de unión a antígeno de la p resente solicitud, esp ecia lm en te  

com o son definidas dentro del capítulo reivindicatorío m odificado  

presentado junto con e s te  memorial.

Dentro de  e s te  marco de ideas, m e  permito referirme al señalamien to  que 

hace  el Tribunal de Justicia de la Comunidad Andina con respec to  a las 

definiciones de  "obvio" y "eviden te"  en la evaluación del Nivel Inventivo de una 

solicitud de  p a t e n te 5:

"Resulta pertinente, a los efectos del artículo 4 de la Decisión 344 , definir 

qué se entiende por "obvio" y por "evidente" a fin de determ inar qué se debe 

entender por nivel inventivo.

Lo obvio es aquello que salta a la vista de m anera clara y directa; io "que se 

encuentra o pone delante de los ojos, m uy claro o que no tiene dificultad". 

Mientras que lo evidente consiste en la "certeza clara y manifiesta de la que no 

se puede dudar; cierto, claro, patente y sin la m enor duda”. De forma que algo 

que resulte obvio no es necesariamente evidente; empero lo que es evidente, es 

también obvio.

En este orden de ideas, se puede concluir que una invención goza de nivel 

inventivo cuando a los ojos de un experto medio en el asunto de que se trate, se 

necesita algo más que la simple aplicación de los conocimientos técnicos en la

5 Tribunal de  Justicia de  la Comunidad Andina, PROCESO 1 9 2 -IP -2 0 0 5

11



JOSE LLOREDA CAMACHO & CO.
Calle 72 No. 5-83 Piso 5, Bogotá, D.C. Tel: 6069700 Fax 6069701

m ateria para llegar a ella, es decir, que de conformidad con el estado de la 

técnica el invento no sea consecuencia clara y directa de dicho estado."

En vista de e s te  señalamiento ,  y a la luz de lo discutido en el p resen te  

memorial ,  m e  permito resal tar  que  al no "sa l ta r  a la vista de m anera  clara y 

directa" a partir de  los docum entos  DI y D2 una molécula de unión a an tígeno 

como las aquí rec lamadas,  las cuales contienen unas  CDRs y secuencias de 

dominio variable específicas, y al no te ne r se  "certeza clara y manifiesta" de que 

dichas moléculas de unión a antígeno poseerían  una alta afinidad de unión 

monova lente ,  es  claro que  los docum entos  DI y D2 no pueden de ninguna 

manera  afec ta r  el Nivel Inventivo de la solicitud en estudio.

8 . CONCLUSIÓN.

Para finalizar m e  permito resal ta r  que  el capítulo reivindicatorío modificado 

p resen tado  jun to  con e s te  memorial es  to ta lm en te  claro y conciso al rec lamar  las 

proteínas  de unión de la invención, cumpliendo así con lo exigido por la 

menc ionada Decisión Andina 486 de 2000.

Por otro lado, en virtud de los a rgum e n tos  discutidos con respecto a los 

docum entos  ci tados,  se estableció de manera  incontrovertible que  las moléculas 

de unión a an tígeno que son objeto de la solicitud en estudio,  de ninguna manera  

son divulgadas en el docum ento  DI y mucho m enos  resultarían ev iden tes  para la 

persona  versada  en la materia a partir de las e n s eñ an z as  de los docum entos  DI 

y D2, dem ost rando  ir refutablemente la patentabiiidad de la p resen te  solicitud.

9. Anexo m e permito presentar:

(i) Copia del artículo citado: European Patent  Office, "Guidelines for 

Examination in the  European Patent  Office" Munich, Abril 2010.  Parte C, Capítulo 

IV-27 y -28,  numeral  9.2 . ;  y

(¡i) Copia de las páginas 105 a 108 que  corresponde  al capítulo  

reivindicatorío modificado, tal como se discutió en el p resen te  memorial ,  

consti tuido por 18 reivindicaciones.

12
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10. En vista de lo anterior, ruego a usted proceder a estudiar nuevamente la 

solicitud a la luz de las modificaciones y los argumentos presentados y conceder el 

privilegio de patente solicitado.

Señor Superintendente,

LLOREDA RICAURTE

T. P. 53.215

Dirección para Notificaciones: notificacionespatentes@lloredacamacho.com
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E o c k
6

REIVINDICACIONES

1. Una molécula de unión a antígeno (ABM) que comprende un 

dominio humanizado de unión a antígeno de afinidad madurada en 

comparación al anticuerpo monoclonal murino PR1A3, que comprende seis  

regiones determinantes de complementariedad (CDRs), en la que dicho 

dominio de unión a antígeno s e  une específicamente a antígeno 

carcinoembrionario humano (CEA) unido a membrana con un valor de Kd 

monovalente menor que alrededor de 100 nM, y en el que dicho dominio de 

unión a antígeno se  une al mismo epítopo que el anticuerpo PR1A3, o e s  

capaz de competir para la unión con el mismo.

2. ABM según la reivindicación 1, en la que dicho dominio de 

unión a antígeno comprende una región variable de cadena pesada que 

comprende:

una CDR1 de cadena pesada seleccionada de entre el grupo que 

consiste de las secuencias SEO ID n°1, SEO ID n°2, SEO ID n°3, SEO ID 

n°5, SEO ID n°6, SEO ID n°7, SEC ID n°8, SEO ID n°9, SEO ID n°10 y SEO 

ID n°12, y

una CDR2 de cadena pesada seleccionada de entre el grupo que 

consiste de las secuencias SEC ID n°13, SEC ID n°14, SEC ID n°15, SEC 

ID n°16, SEC ID n°17, SEC ID n°18, SEC ID n°19, SEC ID n°20, SEC ID 

n°21, SEC ID n°22, SEC ID n°23 y SEC ID n° 24, y

una CDR3 de cadena pesada seleccionada de entre el grupo que 

consiste de SEC ID n°25, SEC ID n°26, SEC ID n°27, SEC ID n°28, SEC ID 

n°29, SEC ID n°30, SEC ID n°31, SEC ID n°32, SEC ID n°33, SEC ID n°34 y 

SEC ID n°35, y

una región variable de cadena ligera que comprende: 

una CDR1 de cadena ligera seleccionada de entre el grupo que 

consiste de las secuencias SEC ID n°36, SEC ID n°37, SEC ID n°38, SEC 

ID n°39, SEC ID n°40, SEC ID n°41, SEC ID n°42, SEC ID n°43, SEC ID 

n°44 y SEC ID n°45, y

una CDR2 de cadena ligera seleccionada de entre el grupo que 

consiste de las secuencias SEC ID n°46 y SEC ID n°47, SEC ID n°48, SEC 

ID n°49, SEC ID n°50, SEC ID n°51, SEC ID n°52, SEC ID n°53, SEC ID 

n°54 y SEC ID n°55, y
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una CDRS de cadena ligera de secuencia SEC ID n° 56.

3. ABM según la reivindicación 2, en la que dicha región variable 

de cadena pesada comprende:

SEC ID n° 9,

SEC ID n° 15, y 

SEC ID n° 25, y 

en la que dicha región variable de cadena ligera comprende:

SEC ID n° 45,

SEC ID n° 55, y 

SEC ID n° 56.

4. ABM según la reivindicación 2, en la que dicha región variable 

de cadena pesada comprende:

SEC ID n° 2,

SEC ID n° 15, y 

SEC ID n° 25; y

en donde dicha región variable de cadena ligera comprende:

SEC ID n° 45,

SEC ID n° 55, y 

SEC ID n° 56.

5. ABM según cualquiera de las reivindicaciones 2 a 4, en la que 

dicha región variable de cadena pesada comprende la secuencia SEC ID n°

107.

6. ABM según cualquiera de las reivindicaciones 2 a 4, en la que 

dicha región variable de cadena ligera comprende la secuencia SEC ID n°

108.

7. ABM según cualquiera de las reivindicaciones 1 a 6, en la que 

dicho dominio de unión a antígeno comprende una región variable de 

cadena pesada que comprende la secuencia SEC ID n° 107, y una región 

variable de cadena ligera que comprende la secuencia SEC ID n° 108.
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8. AOM s e g ú n  de  

dicha ABM c o m p re n d e  ona  r e g i ó n ^

9. A 0 M s e g ó n Í 8 r e ^ n d io 8 C ió n ^ e n Í 8 g o e  dicha región ^c e s  

ona región Ec de igChomana.

10. AOM según i a r e i v i n d i c a c i ó n ^ ó ^ e n i a g o e i a  región Pe e s  

ona región Pe g iocom anip^da.

11. ABM según Í8 reivindicación 10, en ia g o e  entre por io menos  

aproximadamente ^O^yaproximadamentelOO^Ó de ios oiigosacáridos^  

iigados en dicha región Pe no s e  encuentran focosiiados.

12. ABM según ia reivindicación 10, en ia g o e  entre por io menos  

aproximadamente 2 0 ^ y a p r o x im a d a m e n te 1 0 0 ^  de ios o i ig o sa cá r id o s^  

iigados en dicha región Pe son biantenarios.

13. ABM según ia reivindicación 10, en ia g o e  entre por io menos  

aproximadamente 20 ^ y a p ro x im a d a m en te  5 0 ^  de ios o i ig o sa c á r id o s^  

iigados en dicha región Pe son biantenarios no focosiiados.

14. A B M s e g ú n c o a ig o ie r a d e ia s r e iv in d ic a c io n e s 1 0 a 1 3 ,e n ia  

goe dicha ABM tiene por io menos ona unción electora incrementada 

comparada con ei anticuerpo morinoPR1A3.

15. ABM según ia reivindicación 14, en ia goe dicha unción o 

u n cion es  electoras incrementadas se se iec c io n a n  de entre e i g r o p o g o e  

consiste de: afinidad de oniónareceptor  de Pe incrementada,citotoxicidad 

ceioiar mediada por anticuerpos (AOCC) incrementada, onión incrementada 

a céioias onión incrementada a macrófagos, onión incrementada a 

monocitos, onión increm entadaacéioiaspoiim orfonocieares,señaiización  

directa indoctora de apoptosis, maduración de céioias dendriticas 

increm entadaysensibiiizacióndeiascéioias^increm entada.

16. ABM según ia reivindicación 15, en ia goe dicha unción  

efectora incrementada e s  AOCC incrementada o onión incrementada a 

c é i o i a s ^ .
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17. ABM según cualquiera de las reivindicaciones 1 a 7, en la que 

dicha ABM e s  un anticuerpo o fragmento del mismo seleccionado de entre 

el grupo que consiste de: un anticuerpo completo, un fragmento scFv, un 

fragmento Fv, un fragmento P(ab’)2 , un minicuerpo, un diacuerpo, un 

trlacuerpo y un tetracuerpo.

18. ABM según la reivindicación 14, en la que dicha ABM e s  entre 

por lo menos aproximadamente 10 veces  y aproximadamente 1.000 veces  

más potente en la inducción de ADCC a una concentración dada que el 

anticuerpo PR1A3 murino.
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Effect of Bivalent Interaction upen Apparent Antibody Affinity: Experimental 
Conflrmation of Theory Using Fluorescence Photobleaching and Implications 
for Antibody Binding Assays1
Eric Neil Kaufman and Rakesh K. Jain2
Department o f  Chemical Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania ¡5213-3890 fE. S . K.), and Edwin L. Steeie Laboratory, Department o f  
Radiation Oncology, Massachusetts Genera! Hospital, Harvard Medica! School, Boston, Massachusetts 02H  4 [R. K. J.]

ABSTRACT

The affinity of a monoclonal antibody for its himor-associated antigen 
is one of several parameters goveming ín p ip o  monoclonal antibody 
distribution. However, there is a lack of apparent correiation between 
the affinity of a bivalent monoclonal antibody measured using equilib- 
rium binding experimenta and its in rito delivery. Furtbermore, dlffer- 
ences in the reported affinity for idéntica! antibody/antigen pairs are 
quite common in the literature. In Ibis paper, both of these discrepandes 
are addressed in terms of variation in avidlty due to bivalent interaction. 
The enhancement of avidity aflbrded by bivalent attachment is ad­
dressed theoretically by extending the model of Crotbers and Metzger 
(Immunochemistry, 9:341-357,1972). Theoretical assessment of Line- 
weaver-Burk, Scatchard, Steward-Petty. Langmnir, fluorescence recov- 
ery after photobleaching, and Sips models demónstrales quandtadvely 
that the measured affinity using equilibrium binding experiments may 
vary over four orders of magnitude with similar variation in experimen­
tal cellular antigen denslty. Further, the measured affinity is a function 
of the experimental protocol. Predictions of avidity enhancement were 
confirmed experimentally using fluorescence recovery after photo­
bleaching. These experiments measured the equilibrium binding con- 
stant and concentration of binding sites for an immunoglobulin G mon­
oclonal antibody and its F(ab) fragment directed against the rabbit VX2 
carcinoma cell Une. Bivalent binding data agree quandtadvely with 
those predicted by the bivalent model with no adjustable parameters. It 
is conduded that bivalent equilibrium binding constants are useful only 
in antibody screening, where experimental conditions are identical for 
all series. Tbey must be used with caution in predictíng in rito antibody 
distribution, and it is recommended that the intrinsic, monovalent af­
finity be measured in tándem with any bivalent antibody study as a 
standard reference.

INTRODUCTION

The ability to produce monoclonal antibodies reactive with 
tumor-associated antigen ofTers the promise of achieving pref- 
erential localization o f therapeutic agent in tumor as opposed to 
normal tissue. However, monoclonal antibodies produced to 
date have not realized this promise, presumably because of their 
poor localization in large tumors (1). It has been recognized 
that among the many parameters goveming the distribution of 
antibody lo tumor tissue are the equilibrium binding constant of 
the antibody/antigen interaction, the concentration of antigenic 
determinants present in the tissue, and the fraction of injected 
antibody lacking immunoreactivity (examples include Refs. 
2-10). Current techniques for the quantification of these pa­
rameters designed for either ¡n vivo (Footnote 3; Refs. 11 and

12) or in vitro (13) experimentation utilize equilibrium solid- 
phase binding assays. Experimental data are analyzed using a 
variety of algébrale transformations, all modeling the associa- 
tion reaction as a single-step process with homogeneity in an­
tibody valence. However, in the manner that these assays are 
conducted, critica! parameters for determining antibody va­
lence are varied. This leads to measured parameters which are 
functions of their experimental conditions rather than intrinsic 
physical phenomena (13).

Cases are found in the literature where antibody distribution 
in vivo is inconsistent with its measured affinity for the antigen 
in vitro (8, 14, 15). There are also instances in which the re­
ported affinity for identical antibody/antigen pairs varies 
among laboratories (12, 16-19). The former may be due to 
difierences between in vivo and in vitro antigen expression 
(8, 14, 20, 21) or possible problems applying compartmental 
models in the interpretation of in vivo tissue uptake studies. 
Both inconsistencies may also be explained by varying antibody 
valence and, henee, varying antibody avidity under difierent 
experimental conditions. The IgG4 antibody is bivalent, capable 
of binding two antigenic sites under favorable conditions. Ob- 
viously bivalent attachment to a tumor cell surface leads to a 
largar avidity for the surface than monovalent attachment. The 
augmentation in affinity due to increased valence is often 
termed an “enhancement factor.” Some authors (13) prefer to 
use the term ‘‘affinity" only to describe monovalent interaction 
and “avidity" when the strength of the interaction is augmented 
by increased valence. The theoretical formulations of enhance­
ment factors have been derived for many experimental proto- 
cols (22-29). Their effeets have also been demonstrated in com- 
parisons o f measured afiinities and dissociation rates for F(ab)
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bound antibody (m); (r) , average distance between antibody binding sites (cm); 
fraction o f biologically active antibody which is bound; * *  uncorrected immobile 
fraction; 7, ratio o f m krotiter well area to incubating antibody volume (cm '); E, 
exponent base 10.
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and IgG of identical origin (30-34). The ability o f an IgG mol- 
ecule to bind bivalently is a complex function of the concentra­
tion of antibody in solution, the cellular antigen density, and 
steric constraints o f both the antibody and antigen (22). Al- 
though IgG antibodies exist in a mixture of monovalently and 
bivalently bound states on the cell surface, analyses of solid- 
phase binding assays consider the binding interaction homoge­
neous in valence. These methods of analysis require measure­
ment o f immobilized antibody, as factors affecting antibody 
valence and, henee, avidity are varied. Deviations from homo­
geneous valence are theoretically evidenced by deviations from 
the ideal linear Lineweaver-Burk, Scatchard, and Steward-Petty 
formulations (27,35-37). However, both the quality and quan- 
tity of experimental data often obscure these anomalies and 
leed to measured parameters being functions of their experi­
mental conditions.

In this paper, we demónstrate, both theoretically and exper­
imentally, how the presence of bivalent binding causes mea­
sured affinities to be reflections more of the experimental pro- 
toco! than of the physical process they represen!. This may 
explain the lack of apparent correiation between antibody avid­
ity and its ¡n vivo distribution in recent studies, as well as the 
difierences in reported afiinities for identical antibody/antigen 
systems. Currently accepted solid-phase assay binding plots for 
various experimental conditions and protocols are simulated by 
theoretically generating data using the bivalent binding model 
of Crothers and Metzger (22) and using regression analysis to 
obtain the predicted kinetic parameters. The ability of the Lin­
eweaver-Burk plot to correctly predict the fraction of nonreac- 
tive antibody is unaffected by varying antibody valence. How­
ever, the affinity binding constant obtained through Scatchard 
analysis may vary over four orders of magnitude, depending 
upon the surface density of antigen. Even at constant antigen 
densities, the selection of incubating antibody concentrations as 
well as the form of immobilized antigen is shown to further 
affect the resulting kinetic parameters. The equilibrium binding 
constants and concentration of binding sites for an IgG mono­
clonal antibody and its F(ab) fragment directed against the 
rabbit VX2 carcinoma cell line were determined using FRAP. 
These experimental results confirm the theoretical predictions 
both qualitatively and quantitatively. In light of the fact that 
bivalent antibody avidity is not an intrinsic physical parameter, 
it is recommended that the intrinsic affinity of the monovalent 
interaction be reported as a standard reference in any antibody 
binding study.

librium binding constant may be rearranged to yield

1 1(Abrí
[B] (1 -  /ir)+ (1 -  nr^A g,,] (B)

Thus, by measuring the ratio of incubating to bound antibody concen­
trations as the total concentration of binding sites is varied, the Lin­
eweaver-Burk assay yields the nonreactive fraction of incubating anti­
body from the inverse of the y  intercept in Equation B. This assay is not 
utilized for the quantification of the equilibrium binding constant, how­
ever, due to the limitations associated with assuming antigen excess.

Once the nonreactive fraction is obtained vía Lineweaver-Burk anal­
ysis, the equilibrium binding constant and total concentration of bind­
ing sites can be obtained by incubating a fixed concentration of antigen 
(or cells) with varying antibody concentrations. The concentration of 
antibody both bound to the immobilized antigen and free in solution is 
measured for each dilution of antibody. A number of graphical methods 
can be used to extract kinetic parameters from these data (13). The 
most widely used of these methods are the Scatchard plot (40)

j !5 j  = *lAg0] - * lB ]

and the reciprocal or Steward-Petty plot (41)

I 1 I
[B] *lAgol[Ab| [Ago]

(Q

(D)

When the experimental data are plotted in the form of Equation C or 
D, the slope and y intercept of the best-fit line through the data yield the 
total concentration of binding sites and equilibrium binding constant. 
Another form of analysis is the Langmuir plot (42)

[B]
KIAgJAb] 

‘ 1 + XlAb) (E)

in which the concentration of bound antibody asymptotically ap- 
proaches a valué of [Ago] for large [Ab]. The initial slope of the curve 
yields the valué of K. Yet another transformaron of Equation A was 
proposed by Kaufman and Jain (12) for FRAP experiments. These 
experiments measure the fraction of biologically active antibody which 
is bound, as a function of antibody and antigen concentrations. This 
transformaron yields

(F)

1 +  Af(Ago +  A bó*) 

KM>inc [(-
/í(Ago + Abt

Âbjm
é Y  4A«°105

/  ~  AbincJ

MATERIALS AND M ETHODS 

Theoretical Assessment of Avidlty Enhancement

Analysis of Equilibrium Binding Data. Commonly used forras of 
solid-phase data analysis model the antibody/antigen interaction as an 
equilibrium, single-step process, exhibiting homogeneity in binding va­
lence. That is.

K = IB]
((1 -  nr)[AM -  [B])([Ago] -  [B])

Sips or HUI plots (43,44) are used as a measure of deviation from the 
“ideal™ of Equation A. The Sips formulation for monovalent binding is

log 1 a(loglAb) + log(/0) (G)

(A)

where r  is equal to [B]/[Ag„| and a isa measure of system nonideality (a 
-  1 being ideal). The valué of [Ago] used in this analysis may be ob­
tained by any of the above graphical analyses. The Sips equation for 
purely bivalent binding is

where terms are as defmed in Footnote 4.
Various transformations of Equation A lead to the commonly used 

forms of antibody binding analysis. The Lineweaver-Burk method (38) 
is used to obtain the fraction of incubating antibody that is biologically 
unreactive. It requires the experiment to be conducted in great antigen 
excess (39) so that [Ago -  B] ~  [Ago] and the definition of the equi-

- o(log[Ab) + log(/Q) (H)

Previous studies have addressed deviations from the “ideal" of Equa­
tion A due to heterogeneous antibody and antigen populations (45-51), 
endocytosis (52), cell dustering (24), diffusion limited binding (53-55),
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as well as other factors (13, 35). Studies have also indicated qualita­
tively that these complicating factors will cause the affinity valúes ob­
tained to depend upon the región of the binding curve used for calcu­
laron (13). Here, we quantitatively demónstrate the magnitude of this 
dependence due to bivalent interaction by simulating data using a suit- 
able model of bivalent binding and fitting these data to the above- 
mentioned forms of analysis. We also confirm these predictions exper­
imentally.

Model. The proposed model of bivalent binding is an extensión of 
that derived by Crothers and Metzger (22), using spatial and angular 
distribution factors, and later reformulated by Perelson et a i  (26). Our 
derivation of this model dosely follows that of Perelson et al. (26). A 
schematic of this binding interaction is shown in Fig. 1. Biologically 
active antibody in the bulk solution (Ab) combines reversibly with a 
vacant antigenic site on the surface (Ag.) to form a monovalently bound 
antibody/antigen complex (AbAg).. If there exist vacant antigen sites in 
the neighborhood of the monovalently bound antibody, the second 
binding site on the antibody may reversibly bind to a second antigenic 
site to form a bivalently bound complex (AbAg2),. The antigen is as 
sumed to consist of monovalent hapten to avoid the kinetic complka- 
tions of antibody crosslinking. The process of monovalent adsorption is 
characterized by the equilibrium constant

k, [AbAg], _ 
^ = ^ “ I[SB]IXg];ls ]M (I)

and the conversión of monovalent to bivalent antibody adsorption by 

2[AbAg:|,
* 2 “  k -2 = |AbAg]JAg], I5** mol (J)

[AgU  = [ ^ _ 3 [ M  

3*
r<r>3

2 <r)

5 Crothers and Metzger (22) discuss the implications o f using average binding 
site concentrations rather than a statistkal mechankal model o f the surface. Their 
model assumes a random distribution o f antigenic sites on the cell surface, with no 
defined máximum on the local density. Mathematically, this is equivalen! to com- 
pletely mobile antigen. In order for the average concentration o f sites to be used in 
Equation K, the number o f vacant sites in an arca o f ( r )1 should be much greater 
than unity. When this assumptkm is not val id, the bivalent binding model will 
overestimate the amount o f antibody bound bivalently, thus overestimating the 
observed equilibrium binding constant. In the simulations conducted in this paper 
with antigen density Icss than I x  IO5 sites/cell [A g l.i(r)J is near unity, and 
bivalent interaction is overestimated. This underestimates both the dependence of 
the measured equilibrium binding constant upon antigen density and the possible 
resolution o f the binding curve into sepárate components for systems with low 
antigen density.

- (  Ü r  . y  ^  i
*  *  * *  k-* •  •  •  •  •  -2 y  4 #

Fig. I. Schem alk o f bivaleni antibody binding. The bivalent monoclonal an­
tibody in solution at bulk concentration [Ab] reversibly binds to a vacant binding 
site at surface concentration (Ag), to form a monovalently bound complex. The 
monovalently bound antibody at surface concentration [AbAg], may then revers­
ibly combine with a vacant antigenic site within arm 's reach o f the antibody (Ag). 
to form a bivalently bound complex at surface concentration (AbAg]],.

<r>

The statistical factors of two are introduced due to the fact that, in 
the first step, IgG can bind at either of its arms bul dissociate from only 
one while in the second the converse is true (13, 27). Subscript “s" 
denotes surface concentration, and a lack of subscript denotes bulk 
concentration. As a first-order approximation, the rale at whkh one 
arm of the IgG dissociales from an antigenic site is taken to be inde- 
pendent of the valence of binding (23, 26,56). That is, -  Ac-j. While 
this may not be strictly true due to thermodynamic considerations, lack 
of detailed knowledge precludes thermodynamic second-order corree 
tion. The rate at which monovalently bound IgG becomes bivalently 
bound will equal the association constant for interaction* between an­
tibody sites and vacant antigenic determinants (A,) multiplied by both 
the concentration of singly bound IgG ([AbAg],) and the concentration 
of vacant antigenic sites within reach of the monovalently bound IgG 
([Ag]u ) (26). As derived (22, 26), this accessible concentration ([Ag]„) 
is equal to the mol of antigenic sites found in the area swept out by the 
average distance between antibody combining sites (<r)), divided by the 
volume above the surface swept out by this same radius (Fig. 2; Foot­
note 5). That is

Fig. 2. Accessible binding site concentration. The concentration o f vacant 
binding sites accessible to the monovalently bound antibody is equal to the prod- 
uct of the vacant site surface density and area swept out by the distance between 
binding sites on the antibody molecule, divided by the volume encompassed by the 
combining sites.

Thus, the rale of bivalent association is equal to

NAbAglJAg), -  t , |A b A g ] . ( ^ M  (L)

and the rate constant for monovalent to bivalent conversión

ki=B )  (M)
Dividing Equation M by *_2 »  *-i leads to the relationship between 

the two equilibrium binding constants derived by Crothers and Metzger 
(22).

{ m ) * ' (N)

Extending the derivation in Ref. 22, when binding experiments are 
performed by incubating antibody with cells expressing antigenic sites 
on their surface, it is convenient to work with bulk rather than surface 
concentrations. The surface concentration of any component is equal to 
its bulk concentration divided by the cell surface area per unit volume 
in the incubating solution. For the case of spherica! cells of radius r, in 
solution,

(K)
X,= of cells j (O)

When a total concentration of antigen-specific IgG (Abr) with a 
nonreactive fraction (nr) is incubated with cells whkh express antigen, 
the bulk concentration of total antigenic sites ([Ago]) is equal to

lAfoV

/  no. of sites \  (  no. of cells \  /  1000 cm3 \

l  A  cm3 ) \ ~ r ~ )
/ 6.022X 10» sites 
\  mol )

(P)

With this basis, the concentrations of Ab, AbAg, AbAg2, and Ag may 
be derived for any experimental condition. Mass balances for the total 
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concentration of antibody and antigen and the definitions of the two 
equilibrium constants (Equations I and J) provide four equations for the 
four unknown concentrations.

(Abrí = (Ab] + [AbAg] + [AbAgj] + ^ A b r]  (Q)

(Ago) = (Ag) + (AbAg] + 2[AbAg2] (R)

Upon algébrale rearrangement, the following expressions are 
reached. They enable theoretical simulations of Lineweaver-Burk, Scat­
chard, Steward-Petty, Langmuir, FRAP, and Sips analyses.

Table I Baseline parameters utilized in simulations

Parameter Abbteviation Valué
Monovalent equilibrium binding 

constan!
* i 1 X 10’ m - '

Cell radius te 7.5 x  10 ' cm

Av. dislance between antibody 
binding siles

<r> 8.7 x  IO*7 cm

Nonreactive fraction o f incubating 
antibody

nr 0.3

Ratio o f microiiler well area lo 
incubating anlibody volume

1 14.14

[Ag|5 +  1 Ag|2 -  [Ago] + 2|Abr](l -  nr)

' [ m

)
(S)

+ IAg]
2 ( |A W ( l - M - [ A g . | ) \  (Ago) _

+ --------------  ) - i ^  = 0

[Ab] =
[AbrlU -  nr)

where

1 + 2^i [Ag) + Af,2*[Ag]2 

[AbAg] = 2^,[Ab|[Ag] 

[AbAg2] = Arl2+[Ab][Ag]2

^ cm-’

(T)

(U)

(V)

(W)

Equations of similar algebraic form were derived by Reynolds (25) 
and Dower et al. (27) for models in which K, and K2 were unrelated and 
antigen was fully mobile on the cell surface. The observed equilibrium 
binding constant (assuming the model of Equation A) for a given set of 
experimental conditions is given by

points (39,59). The concentration of incubating antibody was chosen to 
be a 200-fold dilution of the antibody concentration that would satúrate 
a solution of 2 x  10* cells/ml as per Ref. 59. This ensured antigen 
excess. The effect of antigenic site density and, henee, magnitude of 
bivalent interaction on the measured fraction of nonreactive antibody 
was assessed by fitting this data to Equation B.

In simulations to extract the equilibrium binding constant and bind­
ing site concentration, the concentration of cells was chosen to be 1 x 
IO6 cells/cm3 (39). Baseline simulations were conducted using an incu­
bating antibody concentration beginning at I x  10™" m and increasing 
uniformly over three orders of magnitude. Simulations were performed 
with varying cellular antigenic site densities to assess the effect of in­
creasing bivalent interaction upon the measured parameters. To inves­
tígate how the choice of incubating antibody concentrations influenced 
measured parameters, simulations were also conducted using initial 
incubating antibody concentrations between 1 x 10"'* and 1 x 10~'2m. 
This is within the concentration range used experimentally (39). For 
these simulations, Equations S to V were used to generate 10 valúes of 
bound and free antibody concentrations. These data wére then fit to the 
appropriate equation in order to obtain valúes for the “measured" bulk 
concentration of antigenic sites (Ag,) and equilibrium binding constant 
(K). In the case of Sips analysis the measured deviation from ideality a 
was obtained. To eschew many of the complications associated with cell 
assays, some investigators utilize purified antigen immobilized at high 
concentrations to cell culture piales as the antigen component in bind­
ing assays. These experiments, after a conversión between surface and 
bulk antigen concentrations (see below), were analyzed with the same 
methods described above.

[AbAg;], +  [AbAg]» 
[Ab][Ag], = Af|(2 + AfrIAg],) (^) Experimental Verification of Avidlty Enhancement Model Using

FRAP

Due lo our convention of using the concentration of antibody rather 
than the concentration of antibody binding sites in Equation I, Afoba will 
equal 2Kt rather than the monovalent parameter X, when IgG is unable 
to bind bivalently.

Parameters and Methods Used in Simulations. Parameter valúes 
used for the monovalent equilibrium constant, cell radius, average dis­
tance between binding sites on the antibody molecule, and fraction of 
incubating antibody lacking biological activity are shown in Table 1. 
The valué of Kx is based upon that of a moderately binding F(ab) 
fragment and is slightly less than that for F(ab) fragments screened for 
dinical use (33). The valué of <r) is based upon the derivation of 
Crothers and Metzger (22). It assumes a completely flexible hinge 
región connecting the two F(ab) fragments and a distance from the 
hinge región to the end of the F(ab) fragment of 65 Á. To assess the 
eflect of cellular antigen density, the number of antigenic sites per cell 
was varied between 5 x IO3 and 5 x 10* sites per cell. For comparison, 
anligen densities ranging between I x  10* and 1 x IO6 sites/cell have 
been reported in monoclonal antibody/tumor-associated antigen cell 
binding assays (33, 34, 39, 57, 58).

In Lineweaver-Burk simulations, an initial cellular concentration of 
1 x  10s cells/ml was increased by a factor of two for ten successive data

Theoretical predictions of enhanced avidity were both qualitatively 
and quantitatively confirmed experimentally using FRAP (Footnote 3; 
Refs. 11 and 12). The immobile fractions measured for the IgG anti­
body were predicted by the model of bivalent interaction with no ad­
justable parameters needed. While this model is an approximation, it is 
seen that it can be a useful tool in aiding the interpretation of bivalent 
equilibrium binding experiments when accompanied by monovalent 
studies.

The use of FRAP to obtain mass transpon and binding parameters 
was developed in our earlier work (Footnote 3; Refs. 11 and 12). The 
reader is referred to these papers for the mathematical and experimen­
tal development of the technique and analysis of model assumptions. In 
the photobleaching technique, fluorescently labeled antibody is incu­
bated with an immobilized antigen component and is observed using a 
fluorescence microscope. A láser is used to irreversibly quench the 
fluorescence in a given región of the specimen. Following the bleaching 
process, fluorescence intensity recovera in this región due to the diffu­
sion of the fluorescently active, mobile macromolecule into the 
bleached area. For a reaction-limited binding system (12), the fluores­
cence intensity versus time after photobleaching is defined by the 
diffusion coefficient of the iluorescent protein and the fraction of
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fluorescent protein which is bound lo the immobile antigen.6 By mea­
suring this immobile fraction as the concentration of antibody or anti­
gen is varied. the equilibrium binding constant and concentration of 
binding sites may be obtained through regression of the data to Equa­
tion F.

Simples. IgG (M, ~  150,000) monoclonal antibody RVC-626, di­
rected against the rabbit VX2 carcinoma tumor line (60), and the F(ab) 
fragment of this antibody (Mr ~ 50,000) were the kind gifts of D. 
Mackensen (Hybritech, Inc., San Diego, CA). The antibodies were 
labeled with fiuorescein (Lot C-4685 IgG, Lot C-4706 F(ab); Molecular 
Probes, Eugene, OR) to yield a dye:protein ratio of 7.5 and 3.4 [IgG and 
F(ab), respectively] and an antibody concentration of 4.0 and 0.19 
mg/ml [IgG and F(ab)j. Sodium Azide (2 mw) was added to the stock 
antibody to inhibit bacterial growth. In addition, bovine serum albumin 
(1%) was added to the F(ab) stock, following the labeling procedure, to 
aid protein stability. Antibody was stored at —72*C. Once thawed or 
incubated with antigen beads, samples were stored at 5*C. The percent- 
age of fluorescent material lacking antibody reactivity was assessed for 
both samples using the fluorometric procedure described in Ref. 12. In 
the equilibrium binding experiments, tumor homogenate containing 
tumor-associated or irrelevant antigen immobilized to 1.6-#im diameter 
beads (Lots C06199IRBI and A051491CI, respectively) donated by B. 
Rhodes (RhoMed, Inc., Albuquerque, NM) was utilized as the immo­
bilized antigen component. The beads were supplied as a 2% by volume 
solution of beads in PBS and 1% bovine serum albumin. In binding 
experiments, an appropriate mixture of specific or control (irrelevant 
antigen) beads and a wash solution (phosphate-buffered saline and 1% 
bovine serum albumin supplied as part of the RhoCheck product) to- 
taling 1.0 mi was centrifuged to concéntrate the antigen beads. The 
supematant was removed and replaced with fresh wash solution, and 
the centrifugaron was repeated for three wash cycles to ensure that free 
antigen was not present in the solution. By altering the bead/wash 
solution mixture, various final bead concentrations were obtained. Af­
ter the final centrifugation, an appropriate amount of supematant was 
removed and antibody added so that the final antibody concentration in 
the mixture was 0.2 and 0.1 mg/ml [IgG and F(ab)]. Samples were 
incubated at 5*C for at least 12 h prior to experimentation.7 Samples 
were drawn into 200-nm-thick glass capillary slides (W3520; Vitro 
Dynamics, Rockaway, NJ) for observation and experimentation con­
ducted at 23 ± 2’C. Using this protocol, samples containing 18, 13.5, 
9, and 4.5% by volume beads were obtained. In some experiments, the 
incubating antibody concentration was decreased to obtain larger im­
mobile fractions. All samples were at a pH of 7.4.

Eqolpment for FRAP. The equipment, experimental procedure, and 
data analysis technique used in this study are those used by Kaufman 
and Jain (12). Briefly, the capillary slide was transilluminated for mon- 
itoring purposes at 480 nm by a mercury vapor lamp (Model HBO, 100 
W; Zeiss, Morgan Instruments, Cincinnati, OH). Light passed through 
a heat reflector (Model Califax; Zeiss), heat absorber (Model KG-I; 
Zeiss), and fiuorescein isothiocyanate exciter and red absorber filters 
(Models 46-79-79 and 46-78-85; Zeiss). The microscope was focused

6 The recovery equation (12) is 

/ a y s -  / t b

/ t u  — / t
+ 0oerPu

7 Work by Nygren t i  al. (32 .54 ,61) suggests thal for some systems steady-state 
binding is not reached for this incubation lime due lo diffusion limited binding and 
the extremely slow dissociation rate seen in solid-phase assays. To demónstrate that 
the immobile fractions of antibody measured here represen! Ihe equilibrium, steady- 
state valué o f antibody binding, a sample o f 18% by volume VX2 antigen beads in
0.2 mg/ml o f f-RVC-626 was incubated for 12 h, after which the diffusion coeffi­
cient and immobile fraction were measured. The sample was then reincubated for 
an additional 20 days, followed by a second photobleaching experiment. The dif­
fusion coefficient and immobile fraction measured for ihe sample after 3 wlc of 
incubation were no! sialislically difieren! from those oblained following a 12-h 
incubation (P = 0.37 and 0.38 for D and #, respectively). This demónstrales that the 
equilibrium level o f binding was reached for this system afler an ovemight incuba­
ilón.

on the sample using a x20 objective (Model F-LD 20/0.25,46-06-05; 
Zeiss). Light emitted from the sample was passed through a barrier 
filter (Model 46-78-33; Zeiss) and the XI.25 lens in a Zeiss Optovar 
(Model 47-16-45; Zeiss) installed in the microscope barre!. The image 
was monitored using an intensified charge coupled device (ICCD) cam­
era (Model C2400-97; Hamamatsu, Photonic Microscopy, Inc., Oak 
Brook, IL) operated in a range where measured intensity was linear with 
fluorophore concentration. The video signal was sent to an image anal­
ysis system (DT-IRIS; Data Translation, Marlboro, MA) housed in an 
IBM PC AT allowing on-line digital analysis of the image.

A 5-W argón ion láser (488 nm) (Model 2000-5; Spectra Physics, 
Mountain View, CA) was used to photobleach the sample. The láser 
beam was directed through a spatial filter (Model 900; Newport, Foun- 
tain Val ley, CA) containing a X10 objective (Model M-I0X; Newport) 
and a 25-nm pinhole aperture (Model 900PH-25; Newport). The beam 
was then focused using a x5 microscope objective (Model M-5X; New­
port) and accessed the sample via the epiiUumination port of the mi­
croscope where it was attenuated using neutral density filters (Models 
46-78-40, -41, -42; Zeiss). Two shutters (Uniblitz Electronic; Vincent 
Associates, Rochester, NY) electronically controlled via the IBM 
PC AT were used to control the bleaching time and light reaching the 
camera.

Experimental Procedure. Following prefiuorescent and prebleach 
(background) image acquisition and storage, a región in the sample was 
photobleached for 0.08 to 0.18 s. Upon closing the láser shutter, the 
camera shutter was opened to allow imaging of the sample. Single video 
frames were acquired as rapidly as allowed by the acquisition board, 
requiring approximately 0.16 s for each frame. The fluorescence inten­
sity data from the active región (bleach) were stored in the system 
buffers. To corred for nonuniform camera response or possible bleach­
ing of the sample due to excitation light during fluorescence recovery, 
data were also obtained from a “control región.™ This control región 
was located distantly from the bleach. The process of data acquisition 
was continued for 24 s following the photobleach. After acquisition, 
background image subtraction, and correction for possible pho­
tobleaching due to the excitation light source, the intensity data from 
the first time point were low pass filtered. A minimum in fluorescence 
intensity was found to estímate the location of the bleached spot relative 
to the 90- x 70-pixel (69- x 69-#im) field of the active región. The bleach 
location was used to selecl a 36- x 29-pixel (28- x 28-#im) región prop- 
erly centered about the photobleach (11 ,12). The fluorescence intensity 
data in the 36- x 29-pixel región for the first time point as well as the 
average intensity in each 36- x 29-pixel región as a function of time were 
stored for subsequent analysis.

Data Analysis. Data analysis was performed on a Sun 3/260 work- 
station. A Gaussian profile was fit to the intensity data as a function of 
position from the first time point using the Levenberg-Marquardt 
(62, 63) nonlinear parameter estimation method. This fit determined 
bleach geometric parameters which were used to conven the data into 
dimensionless form and to calcúlate the dimensionless size of the active 
región, «(12). The diffusion coefficient and fraction of antibody which 
was immobile were obtained by using the Levenberg-Marquardt 
method to minimize the sum of squares error between the recovery 
equation given in Footnote 6 and the dimensionless average fluores­
cence intensity in the active región as a function of time. Many bleaches 
were performed upon each sample to obtain an average valué of the 
diffusion coefficient and immobile fraction. Once corrected for the 
nonreactive fraction of antibody (12), nonlinear regression analysis was 
performed to obtain the equilibrium binding constant and concentra­
tion of binding sites from the immobile fraction venus antibody and 
bead concentration data (Equation F).

RESULTS

Resalte of Theoretical Assessment. Simulations of Line­
weaver-Burk experiments did not demónstrate a dependence of 
the measured nonreactive fraction upon the cellular antigenic 
site density. An example of the Lineweaver-Burk analysis is
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Fig. 3. Lineweaver-Burk plol to determine ihe nonreactive fraction o f anti­

body. The total concentration of incubating antibody divided by the concentration 
o f bound antibody is plotted versus the inverse of the incubating cellular concen­
tration. In this simulalion, the antigenic site density was I x  IO5 sites/cell. All 
other parameters are described in Ihe text and given in Table 1. This analysis 
yielded the corred  nonreactive fraction o f 30%. E  refers to the base 10 exponent 
o f scientific notation.

shown in Fig. 3. Simulations conducted at site densities ranging 
between 5 x  103 and 5 x  10* sites/cell all yielded the nonreac­
tive fraction input to the bivalent binding model. This result is 
to be expected since binding site excess was ensured through the 
selection of incubating antibody concentration. It should be 
noted that a difTerent criterion in selecting antibody concentra-

tions may have to be used for systems exhibiting a substantially 
lower intrinsic affinity.

Fig. 4 represents Scatchard, reciprocal, Langmuir, and 
FRAP plots, respectively, o f the same cell binding experiment. 
Sips analysis for monovalent (Fig. 5a), and bivalent (Fig. 56) 
binding is presented, where the antigenic site concentrations 
were taken from the Scatchard analysis. Note that, although all 
formulas are derived from Equation A and all are fit to the same 
data, there are difierences in both their ability to demónstrate 
deviations from ideality and their best-fit kinetic parameters. 
This is due to the fact that the various algebraic transformations 
of Equation A cause the data points to be weighted difierently 
with respect to optimizing the parameters. For instance, in Fig. 
46, the reciprocal plot condenses six of the data points to ef- 
fectively act as one data point with respect to their ability to 
influence the shape of the fitted line. Deviation from the ideal 
homogeneous valence is not evidenced in the reciprocal, Lang­
muir, or FRAP plots but is evidenced in the slightly concave 
Scatchard plot in Fig. 4. These trends were apparent in all of the 
binding simulations, and it is clear that, of the above methods, 
the Scatchard analysis most clearly demónstrales deviations 
from ideality due to bivalent interaction. Boeynaems and Du- 
mont (35) and DeLisi and Thakur (50) reached similar conclu- 
sions in their assessment o f cooperativity and heterogeneous 
binding. Although the concave shape is readily apparent in Fig. 
4a, in practice this trend may be obscured by experimental
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Fig. 4. Use o f Scatchard (a), reciprocal (6), Langmuir (c), and FRAP (</) plots, respectively, to determine the antigenic concentration and equilibrium association 

constant. These simulations were conducted using a cellular antigenic site density o f 2.5 x  101 sites/cell andan initial incubating antibody concentration o f 1.0 x  10-11 
m . All other parameters are as described in the text and given in Table I . Despite the fact that all plots are derived from the same equation and use the same data set, 
the various plots yield slightly difieren! parameter estímales and have varying capabilities in demonstrating deviations from ideality. In all cases the standard deviation 
o f the estimated parameters was less than 10% o f the parameter valué. For this simulation, the estimated affinity binding constants were 2.1 x  ID10, 1.3 x  IO10, 2.7 
x  IO10, and 2.5 x  IOIOM- I ,and  the antigenic site concentrations were 1.8 x  IO- 10, 1.9 X 10 " ,  1.5 x  I0 * lo,and  1.5 x  10“ ,oM for the Scatchard, reciprocal, Langmuir, 
and FRAP analyses, respectively. The Scatchard plot best demonstrares the system s deviation from Equation A.
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0-

-12 -10

assays and píate assays are conducted with equal bulk concen­
trations of antigen, [Ag], for the cell assay will be larger than 
[Ag], for the píate assay by a factor of

log (Free)

o-

-1 2 -10

log (Free)
Fig. 5. Sips analysis when antigenic density is obtained from the Scatchard 

plot. This figure represents fits of the data used in Fig. 4 to Equations G and H 
representing monovalent and bivalent interaction, respectively. The antigenic site 
density used to calcúlate r  valúes was obtained from the Scatchard analysis. The 
monovalent Sips analysis (o) fits the data well and yields an o valué o f 0.88 
showing little deviation from ideality, whereas the bivalent Sips model (6) gives a 
deviation valué o f 0.49.

noise. Thus, deviation from the linear Scatchard form is not a 
reliable diagnostic o f model nonconformity. The Sips analysis 
may prove more useful in this regard (see “Discussion").

Fig. 6 demónstrales the dependence of the Scatchard equi­
librium binding constant upon both the antigenic site density of 
the cells and the initial incubating antibody concentrations used 
in a cell binding assay. It is seen that the estimated affinity may 
range over four orders of magnitude for a similar range in 
cellular antigenic site density. In addition, the choice of initial 
incubating antibody concentration may alter the measured af­
finity by a factor of two. The equilibrium binding constant 
obtained through Scatchard analysis did not vary when the 
cellular concentration is varied over four decades at constant 
cellular antigen density. While deviation from Equation C is 
graphically evident in some of the simulations performed, this 
deviation may often be obscured in practice by experimental 
noise or sparse data. Even when such deviation is observable, it 
is often ignored (39, 64).

When binding assays are conducted using purified antigen 
immobilized to the bottom of cell culture wells, the bulk con­
centration o f any component X  will be equal to X,y. y  is defined 
as the ratio of píate area to incubating antibody volume.8 If cell

'  The valué o f y  used in (hese simulations is given in Table 1. It is calculated 
assuming that 20 <il o f antibody are added to a culture well 0.6 cm in diameter and 
that all antigen exists at the well bottom.

4xr,
, /  no. o f cells \  
\  cm3 /

As predicted by Equation X, for experiments conducted with 
identical incubating antibody concentrations in systems where 
bivalent binding predominates, the observed equilibrium con­
stant using a cell assay will be larger than that in a píate assay 
by this same factor. This demónstrales that the form of immo­
bilized antigen is yet another source of parameter variation 
when equilibrium binding experiments are conducted with mul- 
tivalent systems. These trends of increased avidity with de­
creased system dimensionality have been evidenced experimen­
tally in comparisons of homogeneous and heterogeneous 
binding assays (32, 61).

Results of Photobleaching Experimente. The diflusion coef- 
ficients and immobile fractions obtained through photobleach­
ing for the F(ab) and IgG antibodies are shown in Tables 2 and 
3, respectively. Also shown are the nonreactive fractions mea­
sured using fluorometry (12). The measured diffusion coefli- 
cients were independent of sample preparation (one-way anal­
ysis of variance P  = 0.73 and 0.88 for the F(ab) and IgG, 
respectively). Slight immobilization was noted in the irrelevant 
antigen sample. This immobilization was subtracted when con- 
verting from the immobile fraction of fluorescent material to 
the fraction of biologically active material as in Ref. 12. Fig.7 
shows the fit of the F(ab) data to Equation F to obtain the 
kinetic parameters given in Table 2. An antigen dilution factor 
of I corresponded to an 18% by volume solution of antigen 
beads. Thus, the concentration of binding sites reported is for 
this volume fraction. An antibody dilution factor of 1 corre­
sponded to a total antibody concentration of 2.07 x  10~6 m for 
the F(ab) antibody.

Use of Bivalent Model to Predict FRAP Resolte. The validity 
and utility of the bivalent model were assessed through its abil­
ity to predict photobleaching results for the IgG antibody, based 
upon kinetic parameters obtained in F(ab) experiments. Equa­
tions S to V were used to generate plots of predicted immobile 
fractions versus antibody and antigen dilution factors for the 
bivalent interaction of IgG RVC-626 with the VX2 antigen

UlO

^  l»IO'

•5 u n '" .
E

Sites/cell
Fig. 6. Estimated equilibrium binding constant (AT*,) as a function of antigenic 

site density and initial incubating antibody concentration. Scatchard simulations 
were conducted as described in the text. The resulting affinhy is seen to depend 
quite heavily upon the binding site density and is also dependent upon the exper­
imental protocol. It is clear that experiments conducted upon identical antibody/ 
antigen pairs. having an identical intrinsic affinity, may yield reported affinities 
divergen! by orders o f magnitude.
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Table 2 Results o f  photobleaching experiments fo r  F(ab) RVC-626 
Valúes are reported as the mean ±  SD. Sample Identification is as follows: I, 

2.1 x  IO~4 M F(ab)in 18% by volume control beads; 2 ,2 .1 x  10~* m F(ab) ¡n 4.5% 
by volume antigen beads; 3, 2.1 x  IO" 6 m F(ab) in 9% by volume antigen beads;
4, 2.1 x  10' 6 m F(ab) in 13.5% by volume antigen beads; 5, 2.1 x  IO' 6 m F(ab) 
in 18% by volume antigen beads; 6 , 1.1 x  IO"6 m F(ab) in 18% by volume antigen 
beads.

Sample 0  (x lO 7 ctnVs) 00 n

1 6.99 ±  0.57 0.05 ±  0.02 18
2 6.65 ±  0.53 0.09 ±  0.02 9
3 6.80 ±  0.62 0.13 ±0.01 16
4 6.77 ±  0.79 0.15 ± 0 .0 3 23
5 7.12 ± 0 .5 8 0.16 ±  0.02 10
6 6.82 ±  0.45 0.16 ± 0.02 8

nr ■ 0.83

Af= 2 .9 ±  1.1 x  10* w -' 
Ag„ -  8.3 ±  2.3 x  10-’ M

Table 3 Results o f  photobleaching experiments fo r  IgG RVC-626 
Valúes are reported as the mean ±  SD. Sample Identification is as follows: 1,

1.3 x  10 * m IgG in 18% by volume control beads; 2 ,1 .3  x  10 * m  IgG in 4.5% 
by volume antigen beads; 3 ,1 .3  x  10""* m IgG in 9% by volume antigen beads; 4,
1.3 x  10~* m IgG in 13.5% by volume antigen beads; 5 ,1 .3  x  10 * m  IgG in 18% 
by volume antigen beads; 6, 2.6 x  10~* m IgG in 18% by volume antigen beads;
7, 6.5 x  10“ ’ m IgG in 18% by volume antigen beads.

Sample O  (xlO ’ cmJ/s) 00 n

1 4.54 ±  0.65 0.03 ±  0.03 11
2 4.59 ±  1.06 0.11 ± 0 .0 5 13
3 4.80 ±  0.87 0.19 ±  0.05 16
4 4.67 ±  1.52 0.30 ± 0 .1 0 10
5 4.81 ±  1.00 0.31 ±  0.06 29
6 4.40 ±  0.41 0.25 ±  0.06 8
7 4.97 ±  1.42 

nr -  0.67
0.34 ±  0.07 17

beads. The valúes of K¡ and A&, were taken from the pho­
tobleaching experiments o f the monovalent F(ab) RVC-626, 
after dividing VC by 2 to be consistent with the nomenclature of 
Equations A and I. The antigen bead size was determined using 
a Coulter Counter ZM (Coulter Electronics, Limited, Luton, 
England) and Coulter Channelyzer 256 (Coulter Electronics, 
Limited). Using these Instruments, the diameter o f the antigen 
beads was found to be 1.60 ±  0.40 #tm. With this parameter and 
the volume percentage of beads in solution, the bead concen­
tration was obtained. was then calculated assuming (r) equal 
to 87 Á. With these valúes fixed, there were no adjustable 
parameters in the model. The curves in Fig. 8 represent the 
bivalent binding model’s prediction of the IgG FRAP experi­
ments. With the exception of data with large antibody concen­
trations, quantitative agreement between the theoretical model 
and the actual data is quite good. The average relative error for 
the prediction of IgG data (with no adjustable parameters) was 
0.06%. This may be compared to the fit of the F(ab) data (with 
two adjustable parameters) o f 0.04%.

DISCUSSION

It has been demonstrated that the estimated affinity of a 
monoclonal antibody may vary over four orders of magnitude, 
depending upon both the experimental protocol and conditions. 
This may explain both the apparent discrepancy between mon­
oclonal antibodies’ reported affinity and their in vivo distribu­
tion, and the difierences in affinities reported for identical 
antibody/antigen pairs. In addition, it raises questions about the 
utility of equilibrium binding experiments using potentially 
multivalent ligand where the conditions affecting ligand valence 
are varied. Since the avidity of a bivalent antibody for its spe­
cific antigen will always be a function of the experimental con-

ditions, the intrinsic affinity of the monovalent interaction is 
the fundamental parameter o f interest in equilibrium binding 
experiments. With knowledge of the intrinsic affinity, the avid­
ity of the interaction in an experimental system of interest may 
be predicted using the proposed model o f bivalent interaction as 
done in this study. Resolution of equilibrium binding data using 
bivalent antibody does not provide an adequate method for 
determining the intrinsic affinity. Equilibrium binding experi­
ments performed using bivalent antibody should be repeated 
using the monovalent form of the antibody in order to provide 
this parameter.

Varying measuremeiits o f affinities for identical antibody/ 
antigen pairs are common in the literature. While there are 
several biological mechanisms that may account for these dif- 
ferences (24, 35, 52-54), many of the discrepandes may be 
explained by the above model of bivalent interaction. One par­
ticular example is the investigaron of the affinity of bivalent 
B72.3 monoclonal antibody for the tumor-associated antigen 
TAG-72. It should not be surprising that Muraro et al. (16), 
using a píate assay with a large concentration o f highly purified 
TAG-72, reported an affinity 100 times greater than that ob­
tained by Kaufman and Jain (12), whose immobilized antigen 
consisted of tumor cell homogenate immobilized onto micro­
scopio beads. If the influence of bivalent interaction cannot be 
discemed and properly accounted for in equilibrium binding 
experiments, kinetic parameters obtained through these meth­
ods should be used with caution.

O f the numerous variations of Equation A used for the pur­
poses of kinetic parameter estimation, the Scatchard plot seems 
best suited to graphically depict system deviation from the 
model o f homogeneous, one-step, reversible binding. In prac­
tice, however, experimental noise or paucity of data may ob­
scure this deviation. Sips plots, as a valida tion of system con- 
formity, must be used with care. As seen in Fig. 5a, when the 
data are normalized using parameters obtained via Scatchard 
analysis, the monovalent Sips plot does not suggest deviation 
from Equation A. This is due to the fact that deviation from this 
equation is already incorporated into [Ago] through the error of 
the Scatchard fit. By this same argument, when the bivalent

0 . 8-

0 .4 -

A a t l M r  PUwtiM Fací

Antigen D ilution F acto r
Fig. 7. Fit to obtain K  and Ago for F(ab) RVC-626. Nonreactive antibody- 

corrected immobile fractions as a  function o f antigen dilution at a constant 
incubating antibody concentration and as a  function o f incubating antibody con­
centration at a constant antigen concentration were fit to Equation F  to obtain the 
equilibrium binding constant and antigen concentration for a 18% by volume 
solution o f antigen beads. B o a  represent the standard deviation o f the measure­
ment. Anligen Dilution Factor refere to the relative decrease in antigen concen­
tration with respect to 18% by volume antigen beads. Similarly, Antibody Dilution 
Factor refers to the relative decrease in antibody concentration with respect to 
2.07 x  IO-» M F(ab) (¡itset)-
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Fig. 8. Verificstion o f bivalcnt model ihrough iis ability to predio IgC RVC- 
626 binding d a n . Nonreactive antibody-corrected immobile fractions (*c) as a 
function o f aniigen dilution ai a constant incubating antibody concentration (a) 
and as a function o f incubating antibody concentration a t a constant antigen 
concentration (6) wcre plotted as in Fig. 7. B a n  represen! the standard deviation 
of the measurement. Antigen Dilution Factor (a) refers to the relative decrease in 
antigen concentration with respect to 18% by volunte antigen beads. Similarty, 
Antibody Dilution Factor (b) refers to the relative decrease in antibody concentra­
tion with respect to 1.33 x  10*6 m IgG. Using the bivalcnt binding model of 
Crothers and M etzger (22) and the intrinsic kinetic parameters found through 
photobleaching the F(ab), these data were predicted a priori with no adjustable 
parameters (a and b curves). The quantitative agreement between the model and 
the data ¡s quite good with the exception o f high antibody concentrations.

Sips equation (Equation H) is fit to the same data, it is guar­
an teed to yield a lew valué of the deviation constant, since the 
parameter used to normalize the data assumes monovalent in- 
teraction. Sips piots should more properly use a valué of [A&,] 
obtained through monovalent equilibrium binding experiments 
when normalizing the data. When this was performed, the two 
Sips plots yielded valúes of 0.47 and 0.42 for the monovalent 
and bivalent models, respectively.

Since the upward slope of the Scatchard plot due to bivalent 
interaction is of a similar shape as the deviation produced by 
negative cooperativity, binding site or antibody heterogeneity, 
and endocytosis o f the bound complex, it may be argued that 
techniques developed to dissect these complexities may also be 
applied to that o f a bivalent monoclonal antibody. In particular.

Bound (M)
Fig. 9. Approach to resolve bivalent Scatchard plot into monovalent and biva­

lent components. This Scatchard plot was generated using an antigen density of 
S.O x  I04 sites/cell, an initial incubating antibody concentration o f 1 x  10"10 m , 
and the baseline parameters given in Table I and in the text. This yielded a bulk 
concentration o f antigen of 8.3 x  I 0 '" m .  One % o f the bound antibody is 
monovalently bound at an incubating antibody concentration o f 1 .0  x  1 0 ~ iom , 
whereas 15% is monovalently bound at 1 x  10~’ m. W hen the data are fit to 
Equation C (dashtdíiné), the resulling parameters are AT- 3.1 x  IO’ m '1 and Ago 
-  3.8 x  10 -"m . The resolved plot suggested in Ref. 48 for the purposei of 
antibody heterogeneity (salidUne) fits the data well but yields K, -  8.2 x  I07m-1 . 
Agoi -  1.4 x  1 0 " i i m, / Í 2 - 4 . 6 x  lO’ M -'.and  A g o j-3 .1  x  1 0 " ' ' m  with standard 
deviations on each o f the parameter estimates kss than 10% o f the parameter 
valué. The method o f Roholt el al. fails to correctly repon the intrinsic aflinity 
even though the simulatkm is conducted in antibody excess. Resolution o f this 
type cannot be universally used to obtain an accurate estímate o f the intrinsic 
affinity. A larger range or greater concentration o f incubating antibody does not 
improve the resolution.

it might seem as though the methods developed for the resolu­
tion of an upwardly sloping Scatchard curve due to binding site 
heterogeneity into the summation of linear portions (one for 
each type of site) (45-51) may be applied in order to determine 
the intrinsic affinity and percentage bound monovalently, as 
well as the bivalent avidity and the percentage of bivalently 
bound antibody. For Scatchard plots with pronounced curva- 
ture, the data may be fit to the heterogeneous binding model 
suggested by Roholt et al. (Footnote 9; Ref. 48; Fig. 9). How- 
ever, this procedure fails to accurately yield the intrinsic affin­
ity. In addition, the curvature must be quite pronounced in 
order to provide statistically independen! parameters in this 
model. The use of more data points or larger incubating anti­
body concentrations also fails in this regard due to the fact that 
the avidity and proportion of monovalent to bivalent sites are 
not constant with respect to incubating antibody concentration. 
This is fundamentally different from the situation of heteroge­
neous binding sites, where the population statistics and affíni- 
ties are constant for all incubating antibody concentrations.

It is also tempting to use numerical solution of Equations S 
to V to fit bivalent equilibrium data to the three intrinsic pa­
rameters A’i, Ag,,, and This should be accompanied by proper 
statistical analysis (65) to ensure that all parameters are statis­
tically independent. Such a fit of the data displayed in Fig. 8 
would serve as an additional confirm aron of the theoretical 
model, but the parameters could not be determined indepen- 
dently from the current data set.

9 Roholt el al. (48) derive that for an antibody binding to two different antigenk
sites with differing afiinities, the ratio o f bound to free antibody will be

j j g j  “  [A g o il^ d  + [Abl*,) +  (Agoil^iO +  |Ab|K,) -  (BKK, + K , +  [Ab]K,K,)
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Ultimately, the intrinsic affinity must be measured directly, 
in separate experiments as performed here. This intrinsic affin­
ity and the concentration of binding sites for monovalent at- 
tachment are true constants that may be utilized for comparing 
and ranking the strength of the antibody/antigen interaction, 
unlike parameters obtained in equilibrium binding experiments 
o f bivalent antibody which are not unique. The use of monov­
alent fragmenta may also reduce complications due to receptor 
endocytosis and clustering seen in bivalent studies. It has been 
demonstrated that the strength of bivalent interaction may be 
accurately predicted with knowledge of the monovalent kinetic 
parameters using the model of Crothers and Metzger (22) with 
no adjustable parameters. As discussed previously, this model 
fails at high extents of saturation due to the use of average 
binding site concentrations rather than a statistical mechanical 
model o f the bead surface. Nevertheless, the proposed model of 
avidity enhancement may be used as a predictive tool in a va- 
riety of experimental and clinical protocols. The model also 
demonstrates quite convincingly the ambiguity of bivalent equi­
librium binding experiments. With an appreciation for the en- 
hanced avidity afTorded by bivalent binding, it is hoped that 
more meaningful correlations between affinity and in vivo dis- 
tribution may be resolved, and that ultimately, more effective 
antibody therapies may be designed.
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