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Solicitante APPLIED RESEARCH SYSTEMS ARS HOLDING N.V. 
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1. Yo, Emilio FERRERO, obrando como apoderado del solicitante en el asunto antes 

identificado, me reflero al Oficlo No. 10210 notificado por f1jaci6n en lista del 24 de 

agosto de 2007. 

2. Mediante el Oficio No. 10210 se puso en conocimiento del solicitante el informe 

que contlene [as observaciones hechas por su Despacho sobre la presente solicitud de 

patente. 

Atiendo a las observaciones de la manera siguiente: 

2.1. CLARIDAD DE LA SOLICrrQD Y UNIDAD DE INVENq6N 

Para subsanar las objeciones que sobre clarldad y unidad de invencio’n que hizo 

su Despacho, presento nuevo pliego reivindicatorio con 9 reivindicaciones; en el cual se 

han hecho los cambios sugerldos por su Despacho, que permiten identificar con claridad el 

Nrr 860.041.367-3 
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objeto de la presente invencio’n. Para estos efectosl se han efectuado las siguientes 

modificaciones en el capitulo reivindicatorio: 

- El anticuerpo reivindicado en la nueva reivindicaci6n 1 se caracteriza por una 

caracteristica estructural, es decir, que el mismo pertenece al 1s6topo de inmunoglobulina 

IgGjL o IgM. Esta caracterfstilca implica que el anticuerpo reivindicado comprencle: (1) una 

cadena pesada yl caracterizada por tener tres dominios constantes y una region de pivote 

especffica, enlaces disulfuro y pliegues; o (il) una cadena pesada p caracterizada por 

tener cuatro dominios constantes y una region de pivote particular, enlaces disulfuro y 

pliegues. r 

m ? ?’-I 
A este respecto, ponemos cle presente que cada is6tafro de anticuerpo (por ejem* el 

IgGj) tiene caracten’sticas U’nicas que le posibilitan ser distinguibles de otr
 

r 

ejemplo IgAj, IgA2, IgE, IgG3, IgC4 e IgM). 

Adicionalmente, [a nueva reivindicacio’n I establece que el anticuerpo reivindicado se 

expresa por uno de cinco clones de hibridoma especifficos depositados en la Collection 

Nationale de Culture de Microorganisms (CNCM) bajo el Tratado de Budapest, y por lo 

tanto, se debe notar que la declaraci6n del Examinador cualquier anticuerpo que se 

une a LDLR afectaria la novedad de la presente invenci6n" ya no es aplicable. 

Con respecto a las reivindicaciones previas 2 a 6 y 8 a 12, nuevas reivindicaclones I 

a 6, respetuosamente ponemos de present:6 que, los anticuerpos de la presente invenci6n 

comparten las siguientes caracteristicas en comun: (i) todos se obtuvieron utilizando un 

antigeno humano receptor LDL soluble altamente purificado; (ii) todos especifican el LDLR 

humano soluble; y (iii) todos son capaces de inhibir la replicaci6n del virus de la hepatitis 

C. 

A este respecto, es importante sefialar que el antigeno receptor humano 

ILIDIL soluble altamente purificado no era obvio en el momento en que se desarrollo la 
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presente invenci6n y corresponde a una nueva calidad para antfgenos (es decir, epftopos 

tridimensionales) utilizados para producir los anticuerpos LDLR y permiten [a producci6n 

de anticuerpos especifficos para el LDLR humano soluble. 

En vista de lo anterior, existe un concepto com6n inventivo entre los anticuerpos 

reivindicados, es decir, ell antigeno utillizado para su produccio’n, que permite obtener 

anticuerpos que reconocen espedficamente LDLR humang soluble y son capaces; de inhibir 

la replicacio’n del virus de la hepatitis C. 

Adicionalmente, ponemos de presente que los clones del hibridoma 

(relvindicados; en [as nuevas reivindicaciones 2 a 6) se obtienen a trav6s de un proceso 

que involucra la inmunizaci6n del marriffero con un antigeno humano LDLR soluble 

altamente purificado. Por lo tanto, teniendo en cuenta que dichos clones surninistran la 

expresio’n de los anticuerpos reivindicados, existe un concepto com6n inventivo entre ellos 

y los clones de los anticuerpos reMndicados. 

- La nueva reivindicaci6n 7, derivada de la reivindicacio’n previa 13, se refiere a un 

m6todo para preparar el anticuerpo monoclonal de acuerdo con la reivindicacl6n 1, y la 

nueva reivindicaci6n 8, derivada de la reivindicacio’n previa 14, se refiere a un m6todo 

para purificar el LDLR humano al utilizar el anticuerpo monoclonal de acuerdo a la 

relvindicacio’n 1. 

De esta manera es claro que con las anteriores modificaciones del capitulo 

reivindicatorio quedan subsanadas las objeciones que por claridad y por unidad de 

invenci6n hizo su Despacho, ya que ahora, dicho pliego involucra un U’nico concepto 

inventivo, reivindica productos en los tdrminos sugeridos por su Despacho y permite 

determinar el alcance de la protecci6n reivindicada y compararla frente al estado del arte, 

de acuerdo con las disposiciones de los articulos 30 y 25 de la Decisi6n 486. 
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2.2. NOVEDAD Y NIVEL INVENMO-

Ese Despacho afirma que los documentos D1 a D3 afectan la novedad y el nivel 

inventivo de las reivindicaciones I a 15 de la presente lnvencl6n, con lo cual estamos en 

desacuerdo por los argumentos; expuestos a continuac16n. Veamos: 

Inicialmente, porque resulta un contrasentido que bajo el ac6plte de NOVEDAD 

se inclique que D1 a D3 revelan las mismas caracterlsticas tdcnicas de la presente 

invenc16n pero que a rengl6n seguido se concluya, bajo el ac6pite de NIVEL INVENTIVO, 

que la solucl6n dada por D1 a D3 hublera sido, ensayada por un t6cnico medlo para Ilegar 

a la soluclo’n propuesta en la presente invenci6n. Lo anterior, por cuanto bajo novedad se 

habla de identildad en la solud6n pero bajo nivel inventivo se habla de obviedad de la 

misma, sin tener estos conceptos la misma significaci6n. 

A este respecto, ponemos de presente que la presente invencl6n ensefia y 

relvindica, en [a nueva relviindicaci6n 1, anticuerpos que: (1) pertenecen al jgm?de 

-Inmunoglobulina IgG_,gjgM; (ii) reconocen gspecfficamente el receptor human-0 LDL 

soluble (LDLR); (Iii) son ga-pace s de Inhihir la replicaci6n del virus de la hepatitis C; y (iv) 

se exUresan mediante clones de hibridoma esoecifficos y degositados. 

Adiclonalmente, el nuevo grupo de relvindicaciones tambi6n cubre los clones de 

hibridoma y el m6todo para producir dichos anticuerpos, un m6todo para purificar el LDLR 

humano utilizando dichos; anticuerpos y un m6todo In vitro para inhibir la replicaci6n del 

virus de la hepatitis C que utiliza dichos anticuerpos. 

2.2.1. Novedad 

D1 describe el uso de los anticuerpos monoclonales C7, 15C8, HU y 4A4, todos 

dirigiclos contra el receptor LDL humano, en un ensayo de unl6n de ligando de fase so’lida. 

A este respecto, es elemental sefial que: 

Z-OP( 

ax,006D 
MO eo 
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- el anticuerpo C7 tiene una reaccl6n d6bilmente cru con el receptor LDL 

humano, (ver pSgina 3 Ifneas 11-16 de la solicitud PCT original) y dste re onoce gp 

’topo del receptor LDL humano (ver Fig. 1 en la p6gina 9534 de DI) un eal 

diferente de aquellos reconoddos por los; anticuerpos descritos; en la presente 

solicitud (ver Anexo 4.4.); 

- el anticuerpo 15C8 se produce utilizando un p6LUdo corto del, receptor LDL Le 

boving (v6r referencia [8] de D1; Anexo 4.5.) y dsta reconoce un epitipo similar 

a aquel reconoddo por C7 (ver Fig. 1 en la pAgina 9534 de D1); 

- el anticuerpo HU se produce utilizando un p6pb?do sint6tico que corresponde a 

los residuos 163-174, un ligador de amino6cido entre las repeticiones 4 y 5 del 

receptor LDL humano; el anticuerpo, 4A4 se produce utilizando una secuencla de 

p6ptido corta del receptor LDL humano provenlente del terminal C del receptor, 

no presente en la forma del receptor soluble (ver Anexo 4.5.), de esta forma 6ste 

no se une a la forma humana del receptor LDL soluble. 

?I’M 
. 

wedralbk’ 

D1, por lo tanto, o ensefia anticuerpo que tengan las mismas caracterl’sticas de 

los anticuerpos; reivindlcaEii esente invenci6n n! describe anticuerpos que 

reconocen los mismos; epitopos de los anticuerpos relvindicados. 

D2 describe que [a endocitosis del virus de la hepatitis C es mediada por los 

receptores LDL en cdlulas cultivadas. En los estudlos presentados en este documento, el 

anticuerpo monoclonal C7, es decir, un a6ticuerpo no especfflico para el receptor humano 

t’) C 
LDL soluble, se mostr6 capaz de Inhibir dicha endocitosis. VILtA 

D2, por lo tanto, tampoco ensefla anticuerpos que tengan las mismas 

caracteristicas de los anticuerpos relvindicados; en la presente invencl6n n1i describe 

anticuerpos capaces; de inhibir la replicacl6n del virus de la hepatitis C. 
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D3 describe el papel del dominio citoplasmStico del receptor LDL en auto-

asociad6n en los olig6meros. Los anticuerpos monoclonales anti-LDLR utilizados en este 

estudio corresponden a los anticuerpos C7, 15C8 y HL1 ya descritos bajo D.3.1 en relaci6n 

con el documento D1. 

lo to, como DI, D3 no enseAa anticuerpos que tengan las mismas 

cara en’sticas de I anticuerpos reivindicados en la presente invencl6n n1l describe 

a 

u ue r 

nticu e reconocen los mismos epItopos de los anticuerpos relvindicados. 

Asif entonces es claro que D1, D2*y D3 no anticipan todas las caracterfsticas 

t6cnicas de la invend6n relvindicada por mi representada. Por lo tanto, se puede concluir 

que dichos documentos no afectan la novedad de la presente solicitud. 

Por lo tanto, teniendo en cuenta que el producto es nuevo; se puede afirmar 

que los mdtodos de las relvindicadones 7 y 8 tambidn son novedosos, toda vez que los 

mismos Ilevan inevitablemente a la elaboracl6n o empleo de dicho producto. 

2.2.2. Nivel inventivo 

me 

Por otra parte, los anticuerpos de la presente solicitud representan una soludo’n 

altemativa a* un problema conocido,, es decir, el suministro de anticuerpos contra el 

0 receptor humano LDL soluble, de una manera nueva, no obvia, en comparac!’n con los 

anticuerpos de la tdcnica anterior: los anticUerpos de la presente solicitud se obtlenen 

utilizando un ga?qenL) receptor humgnL) LDL -soluble altagmentep purificado es declr,,?,,, 

epftopos tridimensionales (ver pa’ginas 5 y 6 y ejemplo, 1 de la solicitud), cuyo antfgeno 

representa una nueva calidad para los antfgenos utilizados para producir los anticuerpos 

LDLR y da como resultado anticuerpos especfflcos para LDLR soluble humanos, mientras 

que los anticuerpos de la tdcnica anterior se produjeron utilizando o un OLR pg[glalmente 

purificado o pdptidos sinM gs del receptor LDL (ver D1 y D3). Ajcos- cort 
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Por lo cual, la contribuci6n al estado del arte por parte de la presente invenclo’n 

es suministrar un protocolo purificante para suministrar cantidades suficlentes del 

altamente purificado, es decir, bajo las condiciones de HPLC, el LDLR soluble humano (ver 

Ejemplo 1, particularmente 61timo p6rrafo & la p6gIna 35 de la solicitud). Este nuevo 

proceso de purificacl6n abri6 la puerta para obtener anticuerpos especifficos para los 

dominios; de uni6n del ligando LDLR soluble humano (ver mapeo del epitopo del Anexo 

4.4.). 

AsI entonces, se debe notar que la persona experta no tenfa motivacio’n a 

ensayar el "’LDLR+291" soluble humano (es; decir, la forma del receptor soluble humano 

que incluye la secuencia de amino akido del Asp+4 a Glu+291 de la secuencia LDLR 

soluble humana) como un antigeno para generar los anticuerpos; monoclonales (ver nueva 

reivindicaci6n 7), toda vez que de acuerdo con la ensen"anza en el campo (ver Anexo 4.5., 

en particular p6g!na 17448, columna de la izquierda) los anticuerpos; contra el dominlo de 

unl6n del ligando, es dedr, las regiones m6s expuestas del receptor LDL humano soluble, 

son diffciles de obtener. 

Por lo tanto, ninguno de. los documentos; de la tdcnica anterior (es decir, DI a 

D3) solos o en combinad6n sugleren la materia objeto del nuevo conjunto de 

reivindicaciones, y por lo t?nto, que dichos documento no afectan el nivel inventivo de la 

presente solicitud. 

3. Puesto que se han atendido a cabalidad las observaciones hechas por su Despacho 

sobre la presente solicitud de patente, atentamente solicito que se continue su 

tramitaci6n. 

4. Anexos: 

4.1. Nuevo pliego reivindicatorlo con 9 reiVindicaciones; 

M 

f 
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4.2. Formulario para modificadones; 

4.3. Recibo por valor de $99.000 por concepto de modificaciones en solicitud 

pendlente. 

4.4. Informacio’n Adicional en Mapeo Epftopo. 

4.5. IR van Driel, IL Goldstein, TC Sudhof, and MS Brown, "’First cysteine-rich 

repeat in ligand-binding domain of low density lipoprotein receptor 

binds Ca2+ and monoclonal antibodies,, but not lipoproteins". I Biol. 

Chem., Dec 1987; 262: 17443 � 17449. 

BogotS, 

Sehora Jefe, 

EMIUO FERRERO 

T.P.A. No. 31.929 

COLO-1341+841-001-9 
tT-"NNJ\NNJ\ID-112604\WPC13414 

No. M-2007-112604\NNI 
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Industria y Comerelo 
Espado reservado para el adhesivo de radicad6n 

SUPERINTE NOE NCIA 

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES 

0 SOLICITUD DE-

E] Correcci6ri de Errar Material 1K Modificaci6n a una soficitud 

Nombre: APPLIED RESEARCH SYSTEMS ARS 

0 

HOLDING N.V 
sociedad coriStitUida y existetite bajo las leyes de 

SOLICITANTE Las Antiflas Holandesas IDENTIFICACION 

Direcci6n: Pietermaaj 15. 
C.C. El NIT 

Curagao, 
�1 Aritillas Holandesas C,E. Otro 

Dornicillio: Curagao, 
NOrnero: 

Antillas Holandesas 

Tel6fono: 546 09 70 Fax: 2494070 
E-mail: clientesp_cavelier.com 

IDENTIFICACION 
Nombre: EmilioFERRERO 

Direccl6n: Carrera 4a No. 72-35 C.C. L-̂J NIT El 

REPRESENTANTE T616fono: 3473611 Fax: 2179211 C.E. E] otro El 0 APODERADO 
E-mail: cavelier@cavelier.*com 

Wmero: 438.019 TP 31.929 

0 NL?mero de expediente: 02,079.394 

0 Descripci6n de [a correcci6n o modificaci6n solicitada: 

Presento nuevo phego reivindicatorto compuesto por 9 ?eivindicaciones con el fin de superar las 

objeciones presentodas por Su Despacho respecto de la Claridad, Unidad de Invenci6n, Novedad 

y Nivel I nvenfivo de la presente Solicitud y pido que el ex6men de patentabilidad sea realizado sobre 

estas nuevas reivindicaciones presentadas. 

Comprobante de pago No. Fecha: 

Anexos 

MU 
=1 Comprobante de pago de la tasa por $99.000.00 por concepto de modificaciones. 

El Poderes, si fuere ell caso 

El Docurnento que acredita [a existencia y representaci6n legal de fas partes, cuando sean 

personas jurfdicas. 

0 NOMBRE: EMILIO FERRERO FIRMA: 

C,C. 438.019 de UsaquC-n T.P.A. 31 929 

NNJ 



Relvindicaciones 

1. Un anticuerpo monoclonal, anticuerpo quim6dco, anticuerpo completamente 

humanizado, anticuerpo anti-anti-ID o fragmento de 6ste que pertenece a[ is6topo 

de inmunoglobulina IgG, o IgM, que reconoce y se une especificamente al receptor 

de lipoproteina de baja densidad soluble humano (LDLR) y a fragmentos de dste, 

que es capaz de inhibir la replicaci6n del virus de la hepatitis C, y que se expresa 

por uno de los siguientes clones de hibridoma. 

a) el clon de hibridoma 12.6 depositado en la Collection Nationale de Culture de 

-2390; Microorganismes (CNCM) bajo el No. 1 

b) el clon de hibridoma 28 depositado en el CNCM bajo el No. 1-2391; 

c) el clon de hibridoma 29.8 depositado en el CNCM bajo el No. 1-2392; 

d) el clon de hibridoma 30 depositado en el CNCM bajo el No. 1-2393; o 

e) el clon de hibridoma 50.30 depositado en el CNCM bajo el No. 1-2394; 

2. Un clori de hibridoma 12.6 depositado en el CNCM bajo el No. 1-2390. 

3. Un clon de hibridoma 28 depositado en el CNCM bajo el No. 1-2391. 

4. Un clon de hibridoma 29.8 depositado en el CNCM bajo el No. 1-2392. 

5. Un clon de hibridoma 30 depositado en el CNCM bajo el No. 1-2393. 

6. Un clon de hibridoma 50.30 depositado en el CNCM bajo el No. 1-2394. 

7. Un m6todo para preparar el anticuerpo monoclonal de acuerdo a la reivindicaci6n 1 

que comprende hacer crecer un hibridoma clonado que comprende una c6lula de 

vaso proveniente de un mamifero inmunizado con un LDLR+291 soluble humano 

altamente purificado, es decir, la forma del receptor soluble. humana que incluye la 

secuencia de amino cicido de la Asp+4 a la Glu+2911 de la secuencia LDLR soluble 

humana, y una c6lula linfoide homog6nea o heterog6nea en un medio liquido o en 

el abdomen de un marnifero para permitirle al hibridoma producir y acumular dicho 

anticuerpo monoclonal. 



8. Un m6todo para purificar el LDL:R humano, que comprende poner en contacto un 

material que contiene el LDLR humano crudo con el anticuerpo monoclonal de 

acuerdo a la reivindicaci6n 1. 

9. Un m6todo in vitro para inhibir [a replicaci6n del virus de la hepatitis C, que 

comprende poner en contacto las c6lulas con el anticuerpo monoclonal de acuerdo 

a la reivindicaci6n 1 antes de la infeccf6n por el virus de la hepatitis C para inhibir 

la replicaci6n de la hepatitis C en las c6lulas. 



17-446 Ligand-binding Domain of LDL Receptor 

TABLIC I 
Metsbo&m at 371C of 11-ft-VIDL and in celb 

bWJ8JkW withPARI 
On day 4 of *ell growth, cells expressing the indicated aDNA 

weelved 2 ral of warm Bogie’s minimum medium (GMM) supple-
mented with 5% human Upoprotein-deficient serum and one of the 
indicated "-figands; 10 og ofpfotein/ml of n4.p-VLDL (267 epm/ 
ng protein) in the absence or presence of I mg of proteizVml of 
unlabeled #-VLI)L or 10 WmI "-IgG-15M (339 epm/ag) in the 
absence orpresence o(I mg1ml unlabeled 4G-15M After incubation 
for 5 h at 37 *C, the total amounts of sudke-bound, Intentalized. 
mid degraded ’"PlIgand ware determined. HiA affinity values wen 
calculated by subtracti" the values obtained m the Presence of 
unlabeled lisand from the values obtained in the abserice of unlabeled 
ligand. Each value represents the mean of duplicate incubations. 

=I-#-VLDL 101-W-15M 
TV"Sfeo*d Surhft-bm nd ONA Swtkoe?- Interadiod Degraded + Degraded bmind internalIzed 

n!,6h-, ww "g-5 h-YI 
nolr4g a0mg aw 
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pLDLIt-2 127 826 3438 104 053 
PAW 192 824 3048 0 0 

Cc++ EDTA 
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FM 5. ImmunoblotUng of solublUzed LDL receptors from 
trandt oted a ells. Det"vent- sol ub ilized extracts of cc] I s tra nefe eted 
with AMR-2 (A, C, A 0, 1) or PARI M, D. P, H, J) were subjected 
to electraphoresis on a 6% SM-polyncrylamide pl. After electropho-
reels, proteins were trimArred to nitrocellulose membranes and 
incubatedwith the indicated nxnm monoclonal andreceptor antibod-
les In the presence of either 2 mm CaCls or 10 mm EDTA as iudicatad. 
’Me membrarm were then probed with 3 X I& cpm/ml 11-labded 
rabbit anti-mouw IgG (104 cpm/ng). I%e nitrocellulose was exposed 
to RP-I Sho for 2 h at room temperature with an intensifying screen. 
The migration of molecutar weight markers is shown. 

First Repeat Bhub Antibodies but Not Upoproteins�We 
next prepared a plasmid containing a cDNA from which the 
entire external domain of the LDL receptor was deleted except 
for the first repeat (amino acids 2-42) plus 17 amino acids 
immediately external to the membrane. This plasmid, desig-
nated pRi, was predicted to produce a small protein with an 
apparent molecular weight of -16,000. When cells were pulse-
labeled with JuSIq%tootine and then subjected to immunopre-
cipitation with a rabbit polyclonal anti-COOH-terminal an-
ttibody, the normal receptor encoded by PLDLR-2 appeared 
as a 120,000-D pramrsor that was rapidly processed to the 
160,000-Da mature form (left kne of Fig. 6). The receptor was 
stable for 4 h, but after a 16-h chase, most of the receptors 
were destroyed. The receptor encoded by pRl was also precip-
itated by the, rabbit anti-COOH-terminal antibody (right 
PanW of Fig. 6). This receptor was synthesized as an M. 16,000 
precursor that did not undergo any increase in apparent 
molecular weight, indicating that this protein does not serve 
as an acceptor for oligosambaride moieties. The receptor had 
approximately the some stability as the normal receptor. It 
was intact at 4 h, but was degraded 16 h after synthesis. 

pLOLR.2 PR1 

Zoo� �so 
V. 

�45 

�2-1 C? 116 � 

97� J �14 

I chose thr) o I i 
is 

Fla. & Mos"thesis of -S-labeled LVL receptors in cells 
Uwasleetsil with pLDLWZ and pItI. Celle trandetted with the 
:indicated ptasmid wen pulse-labeled for 1 h with 0.5 mCi of ["S] 
eyotelne in cystsine-free Wbeecos modified Eagle’s medium con-
taiting 0.3 mm L-prolim and 10% lipoprotein-deficient strum, fol-
lowed by a chose for the indicated time in medium A containing 10% 
lipoprotain deficient serm. Receptors were immunoprecipitated 
frosu detergent lysatea with a rabbit anti-COOH-terminal antibody, 
reduced with 5% (v/v) 2-mercaptoethanol, and subjected to electro-
Pbomis on either a 6% (PIDLR-2) or a 10% (pRI) SDS-polyaayl-
smide gel. The migration of molecular weight markers is sbAnm. Gals 
were treated with Ampft (Amersham Corp.), dried, and exposed to 
XAR-5 Ahn for is It at �70 IC. 

At 4 ’C cells expressing the receptor encoded by pRI bound 
’"I-IgG-C7 but not ’"I-LDL or "1-,6-VLDL (Fig. 7). The 
amount of binding of ’I-IgG-C7 to the cells expressing the 
mutant receptor was about half the amount that was bound 
to the cells expressing the normal receptor eDNA. This ratio 
was variable from experiment to experiment; in other exper-
iments the amount of ’I-IgG-C7 binding was the same in 
the two trandected cell lines. The apparent affinity for "*I-
190-C7 was pot significantly affected by the deletion (Fig. 
7A). 
Binding of IgG-C7 and IgG-15CS has previously been shown 

to be Ca -dependent on immunoblots after SDS-polyacryl-
amide gel electrophoresis (see Fig. 5) as wall as in intact calls.’ 
Cells expressing the receptor encoded by pRI showed the 
same CaO’ requirement for binding ’Ill-IgG-C7 as did the 
normal receptor (Fig. a)’

 At 37 .’C the receptor encoded by pRi bound ’-I-IgG-15cs 
normally, but internalization and degradation of the bound 
antibody were sluggish. Fig. 9 shows an experiment in which 
cells expressing pLDLR-2 and pRl were incubated with ‘01-
IgG-15M at 37 *C. After various times, the raedium was 
removed for measurement of trichloroacetic acid-soluble deg-
radation products, the cells wen washed, and the amount of 
III-IgG-15C8 releasable by hMmin was determined and used 
as a measure of surfboe-botind antibody. The material that 
was resistant to trypsin release is considered to be intracel-
lular. In the steady state the pLDLR-2 cells contained nearly 
3 times more antibody inside the cell than was bound at the 
surface. The dynamic nature of this steady state was revealed 
by the progressive increase in tricliloroacetic acid-soluble 
radioactivity which reflects ongoing binding, internalization, 
and degradation. After 5 h the internalization index, defined 
as the sum of internalized plus degraded antibody divided by 
the amount of surface-bound antibody (13), was 17. This 
indicates that each receptor had cycled into and out of the 
cell: approximately 17 times during the 5-h period. In the cells 
expressing pRI, the amount of surface binding was higher 
than in the normal cells (Fig. 9B). The amount of internalized 
1211-IgG-15C8 rose rapidly but reached a plateau level that 
was no higher than the level of surface binding. The amount 

I W. J. Schneider, J. L Goldstein, and M. S. Browilt, unpublished 
observations. 
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The ligand binding domain of the low density Upo. 
protein receptor consists of seven eysteine-riph repeats 
of. �40 andno acids each. Them repeats, which am 
located at the NHx terminus of the protein, are homol-
ogous to sequences in complement components CS and 
CO. To determine the role of the r1rat repeat (amino 
adds 2-42), we prepared two plasmide containing ex-
pressible low density lipoprotein receptor eDNAs. The 
first plasmid, pAR1, lacks only the nucleotides encod-
ing the first repeat. It produced a receptor that bound 
and Internalized lipoproteins and recycled to the cen 
surface with the same efficiency as the normal recap. 
tor. This deleted receptor failed to bind two monoclonal 
antibodies, IgG-C7 and IgG-15CS, which were shown 
previously to react with the ligand-binding domain. 
The second phismid, pR1, encodes a me edly trun-
cated protein whose extracellular domain consists of 
the first rope" Joined to the transmembrane and cy-
toplasmic domains. This protein bound the two mona-
clonal antibodies with the same affinity as the normal 
receptor, but failed to bind lipaproteins. Binding of 
IgG-15CS to the normal receptor and the pRI-encoded 
protein was Ca?’-dependent, indicating that the first 
repeat binds Ce*. We conclude that repeats 2-6 in the 
ligand-bluding domain are sufficient for binding lip*-
proteins and that the first repeat is highly , youtune-
genic, but Is not required for lipoprotein binding. 

The low density lipoprotein (LDL)’ receptor is a recycling 
cell surface protein that mediates the uptake of cholesterol-
carrying lipoproteins in coated pits (1). The receptor is a 
single-chain tranamembrane glycoprotein with five modWar 
domains. These domains are encoded by 18 exons, many of 
whose borders coincide with the structural and functional 
limits of the domain (1). The exons corresponding to each of 
these domains have been deleted, either by naturally occurring 
human mutations (2-4) or through in u4m mutapnesis of an 
expressible cDNA (5, 6).1 These deletions abolish the function 

This work was supported by Research Grant HL 20948 from the 
National Institutes of Health. The costs of publication of this article 
were deftayed in part by the payment of page chargm This article 
must therefore be hereby marked "aduertisement" in accordance with 
18 U.S.C. Section 1734 solely to indicate this fact. 

§ Recipient of a C. J. Martin Fellowship of the National Health 
and Medical Research Council of Australia. 

" The abbreviations used am LDL, low density lipoprotein; fl. 
VLD14 fi-migratlug very low density Upoprotein; apo, apaprotein; 
SDS, sodium dodecyl stMate; HEPES, 442-hydrosyethyl)-l-pipers-
zineethanemffonic acid. 

2 L. Limbird, V. Esser, I T_ Goldstein, M. S. Brown, and D. W. 
Russell, manuscApt in preparation. 

normally performed by that domain, but leave the other 
furictions of the receptor intact. This deletional analysis has 
allowed the function of each domain to be assigned. 
The first domain of the LDL receptor consists of 292 amino 

acids at the NH, terminus, which is located outside the call 
membrane. This domain is composed of seven copies of an 
imperfect repeat of a �40 -amino acid cysteine-rich sequence 
(1). This domain contains binding sites for two proteins, 
spoprotein (apo) B-IOD and apoE, which are the active com-
ponents of LDL andO-migrating very low density Hpoprotein 
(ft-VLDL), two lipoprotein ligands for the receptor (3).1 The 
cysteine-rich repeats are closely related to a 40-amino acid, 
cyateine-rich sequence found in several proteins of the blood 
complement system, namely C8a, C8#, and C9 (1, 7, 8). This 
structural motif occurs only once in each of the complement 
components and its function is unknown. The second domain 
in the LDL receptor consists of 400 amino acids that are 
homologous to a sequence in the precursor for epidermal 
growth factor, a peptide hormone. This sequence includes 
three copies of a 40-amino acid cystsine-rich repeat that 
differs from the repeat unit in the binding domain. This 
"growth factor" repeat has been found in more than a dozen 
extracellular proteins, including proteases of the blood coag-
ulation system, components of complement, cell surface re-
ceptors, viral proteins, and differentiation-associated proteins 
in invertebrates (6, 9). When the growth factor homology 
domain is deleted from the LDL receptor, the receptor loses 
the ability to discharge its ligand at acid pH, and concomi-
tantly the receptor shows a diminished ability to leave the 
andosome and recycle to the surface after internalization (6). 
The third domain, located an the external surface near the 
plasma membrane, is a region of 58 amino acids that is rich 
in serine and threonine residues, which serve as the sites of 
attachment for clustered O-linked sugars. Deletion of this 
domain does not affect the ftmction of the receptor in cultured 
fibroblasts (5). 
The fourth domain of the LDL receptor is a 22-amino acid 

hydrophobic sequence that spans the membrane and anchors 
the protein in the Upid bilayer (1, 2, 10). The fifth domain is 
a 50-amino acid sequence% located at the COOH terminus, 
that penetrates into the cytoplasm (1). This domain plays a 
role in allowing the receptor to self-associate into dimers and 
higher order multimers (11). It also plays a crucial role in 
clustering of the receptor in coated pits, an event that is 
requh*d for efficient internalization (4, 12, 13). 
Previous studies of the LDL receptor have been facilitated 

by the availability of monoclonal antibodies that were raised 
by immunizing mice with the receptor purified from bovine 
adrenal cortex. Two monoclonal antibodies, designated IgG-
C7 (14) and IgG-15C8 (15), have been of particular impor-
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tance. These antibodies are thought to bind to the ligand. 
binding domain of the LDL receptor since they partially block 
the binding of LDI? Moreover, then antibodies read with 
mutant receptors that lack either the 0-linked sugar region 
(5) Or the epidermal gmwth factor precursor homology region 
(6). The precise sequence within the ligand-binding domain 
that is recognized is not known. 
In the current studies we have sought toftmctionally dissect 

the ligand-binding domain by deleting the exon that encodes 
the first 40-amino acid cysteine-rich repeat. When this repeat 
was deleted, the receptor lost the ability to bind the antire-
ceptor monoclonal antibodies Ig"7 and IgG-15CS, but it 
retained the ability to bind apoB-100 and apoWcontaining 
Upoproteins. We have also prepared a severely deleted recep. 
tor in which the first eystaine-rich repeat is essentially the 
only remaining external sequence. This receptor binds the 
two monoclonal antibodies and undergoes slow internaliza-
tion, but it does not bind lipoproteins. The antibody binding 
to this truncated receptor showed an absolute dependence on 
Ca", indicating that the first repeat of the UDL receptor 
contains a CaF"Ainding site. 

EXPERMIENTAL PROCEDURES 

Mater"�Humen IML (d 1-019-4-088 g/ml) (16) and rabbit P-
VLDL (d < LWS g/ml) (17) won prepared by ultracentrilugation 
and radiolaheled by the iodine monochlonda method. Lapoproteln. 
deficient serum (d > 1.215 &(ml) was prepared as described (16). 
Oligonuclooddes won synthesized with an automated DNA synthe-
sixer (model 389A, Applied Biosysterns, Inc.). W-7 call% a Chinese 
hamster ovary call mutant Jacking a firactional LDL receptor (18), 
won obtained from Monty Krieger (Department of Biology, Massa-
chusette Institute of Technology, Cambridge, MA). A synthetic pep-
tide corresponding to the COOH-torminal 14 amino acids of the 
human LDL receptor was prepared as previously described (15). 
Antibod&w�Mousa  monoclonal antibodies IgG-C7 (14), JgG-1WS 

(15). and IgG-HLI (11) directed against the LDL receptor wen 
prepared as dewribed in the hudicated reference. A control mouse 
monoclonal, ISG-2001, is directed against an irrelevant antigen (19). 
IgG-4A4 is a mouse monoclonal antibody directed against a synthetic 
peptide corresponding to the C0011-terminal 14 amino acids of the 
huma LDL receptor. A hybridoma producing this antibody was 
prepared by fiu&n of popliteal lymph nodes from immunized mice to 
NSI/I Ag 4.1 myeloma cells as described (11, 20). The heavy chain 
of IgG-4A4 in IgGu and the light chain is x. The rabbit polyclonal 
antibody directed against the COOK-terminal 14 amino acids of the 
human LOL receptor has been previously described (16). All antibod-
!as were purified from mouse ascites fluid or rabbit serum by affinity 
chromatography on Staphylocacew protein A-Sepharm (14). Mono-
clonal antibodies were radiolabelod with "I as previously described 
(14). 
Plasmids and Trunspated Cell Lines�pLIX11-2,  a plasmid con-

taining a cDNA encoding the human LDL receptor under the control 
of the SV40 early promoter (21), and TR-715, a stable line of hamster 
I&A-7 cells that were transfected with pLDLR-2, have been described 
previously (5). pR1 encodes a truncated LDL receptor cDNA in whirh 
the first repeat of the ligand-binding domain (amino acids 1-42) is 
attached via four foreign amino adds (Gly-Thr-Arg-Ser) to the 
COOH-teminal 89 amino acids consisting of the 17 amino adds 
immediately above the membrane, the 22 amino acids of the mem-
brana-spanning domain and the 50 amino acids of the cytoplasmic 
domain (amino adds 751-NO). This plasmid was constructed by 
skuklard procedures (22) from two plasmids (pAX3-0 and PSTC) 
derived from pLDLR-2. pa=-6 was constructed by deleting the 
DNA-encoding amino acids 43-292 of the LIX receptor and intro-
ducing a K? recognition sequence immediately 3’ to the deletion 
site. This was achieved using a single 48-mer oligonudeotide that 
bridged the deletion site. PSTC was constructed by deleting the DNA-
encoding amino adds 5-749 of the LDL receptor and introducing a 
BS111 recognition sequence that bridged the deletion site. To facilitate 
the introduction of the BgIII recognition sequence, the codon for Ala-
750 of the LDL receptor (GCT) was changed to TCT (Ser) by using 
a single 45-mer oligonucleotide. To construct pR1, the 234-base pair 
Xbal-Kpnl fragment of pAM-6, the 6523-bass pair Xbal-Bglll frag-
ment of pSTC, and a 51-phosphorylated oligonucleotide 5’-

GATMOTAC-3’ were ligated together. The oligonucleotide was 
included to partially link the noncomplementary Bgllt and Kpnl 
ends. The product of the ligation had two bases unpaired, which were 
filled using the Klanow fragment of Escherichia coli DNA polymerase 
I. 
PARI encodes a truncated LDL receptor from which the first 

repeat of the ligand-binding; domain (amino acids 2-42) was deleted. 
This plasmid was constructed by deleting DNA corresponding to exon 
2 of the LDL receptor from pLDLR-2 (21, 23), using oligonucleotide-
directed mutagenesEs (24). 
The constructs pR1 and pAR1 were used to transform R. coli TG-

1, after which they were characterized by DNA sequencing and 
trandected into UU-7 calls as described (5). Stable call lines were 
selected by indirect immunoQuoreseence with monoclonal antirecep-
tot IgG-C7. The call lines transfected with pRi and pAR1 are desig-
nated TR-1011-26 and TR-U4-1 calls, respectively. Ali call lines were 
maintained in monolayer culture at 37 *C in an atmosphere of 5-7% 
C(h. 
LOL Receptor Assays�For assays of LDL receptor activity, 4 X 

10" calls from trypsinized stock cultures were seeded into 60-mra 
FeW dishes in medium A (Ha&s F-12 medium containing 2 mu 
glutamine, 100 units/ral penicillin, and 100 ptg/nd streptoraycin sul-
fate) supplemented with 10% (v/v) letal cam serum (day 0). On day 
2, calls were refed with medium of identical composition. On the day 
prior to experiments (day 3), calls received medium A supplemented 
with 10% calf lipoprotain-deftient serum, 0.1 pg/ml 25-hydrozycho-
lesterol, and io pg/ml cholesterol. The sterols were added to suppress 
any endogentmo defective hamster LDL receptors (5). Experiments 
were performed on day 4. Cell surface binding of 101-LDL. u4-0-
VLDL, and "l-lebeled andreceptor monoclonal antibodies by mono-
layers at 4 *C was determined as described previously (14, 16). Me-
tabolism of 101-ligands by monolayers at 37 *C was determined as 
previously described (16). Surface-bound and internalized 101-LIDL 
were separately measured by the dmften-suWate release technique 
(16). Surface-bound and internalized ’I-IgG-ISC8 were separately 
measiured by a minor modification of the trypain release technique 
(25). 
lmmunacheinW Procedww�Immunoblot  analysis of proteins 

bansferrad to nitrocellulose membranes (11) and immunoprecipita-
tion of LDL receptors from [IS]cystaine-l"ed calls (5) were PrG-
formed as described. 
MWeftwous Meowds�SDS-polyacrylamide  gel electrophoi 

was performed by the method of Laeramli (26). Samples did not 
receive reducing agent unless otherwise stated. Apparent molecular 
messes were calculated by reference to the migration of the following 
marker proteins: myodn (200 kDa), 0-galactosidese (116 kDa), phos-
phorylase b (97 kDa), bovine serum album," (68 kDa), egg albumin 
(46 kDa), carbonic anhydrase (29 kDa), soybean trypsin inhibitor (21 
kDa), and lynozyme (14 kDa). Marker proteins were always reduced 
with 3% (v/v) 2-merceptoethanol prior to eleWophoresis. Proteins 
was visualized by fluorography using Kodak X-Omat RP-1 or XAR-
5 film and Du Pont Lightning Plus intensifying sereens as stated in 
the figure legends. 

MULTS 

Deletion of Mrst Repeat Eliminates Binding of MonoclonW 
Antibodies but Not Lipoproteins�Fig. I shows the binding of 
various ligands to hamster cans that were transfected with an 
expressible cl)NA (pLDLR-2) encoding the normal human 
LDL receptor or a rautent cDNA (p,&Rl) encoding a receptor 
that lacks the first cysteine-rich repeat in the ligand-binding 
domain (amino acids 2-42). As recipients for the transfectiona 
we used mutant cells that do not express LDL receptors on 
their surface (18). At 4 *C the calls expressing the deleted 
receptor showed a normal ability to bind ’1261-LDL (Fig. 1A) 
and ‘I-ft-VLDL (Fig. 1B), but no ability to bind 1211-IgG-C7 
with high affinity (Fig. 1C). lgG-C7 is one of the monoclonal 
antibodies that recognizes the ligand-binding domain. In 
other experiments, the receptor encoded by pAR1 again bound 
"*I-P-VLDL normally at 4 *C (Fig. 2A), but did not bind ’25 

1-

IgG-15CS (Figs. 2B and 3A), the other monoclonal antibody 
that recognizes the ligand-binding domain. 
The receptor encoded by pAR1 showed a normal affinity 

for ’12’1-IgG-HLI (Fig. 3B). This monoclonal antipeptide an-
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Fla. 1. Surface binding at 4 OC of n51-LDL (A), 1"x-o-vLDL (D), and "ml-19G-C7 (M to mortolayers 
of cells transfected, with pARL On day 4 of call growth, CeN expressing the indicated cDNA received 1.6 ml of 
ice-cad medium B (Eagle’s minimum essential medium without bicarbonate (GMCO) containing 5% human 
lipopTatein-deficient sum and 2D mm IMPES at pH 7.4) and the Indicated concentration of ’I-LDL (401 epm/ 
ugpmtein), ’I-,O-VLDL (267 clim/ngprotain), or "WgG-C7 (601 cpm/ng). After 2 It at 4 *C, the total radioactivity 
bound to the calls was deterndned. Back value represents the average of duplicate Incubations. 
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P10. 2. Surbace binding at 4 GC of 12’1-P-VLZL (A) and Ml-
IgG-1" (8) to monolayers of cells tranaearted with VARL 
On day 4 of call growtbcells expressing the indicated cDNA received 
1.6 ra of ice-cold medium B and the indicated concentration of U51-
P-VLDL (261 epm/ng protein) or ’I-1gG-15C8 (820 cpm/ug). After 
2 h at- 4 1C, the total radioactivity bound to the calls was determined. 
Each value represents the average of duplicate incubationa. 
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Flo. 3. Swrface binding at 4 *C of "I-1gG-15C8 (A) and 
"at-IgG-31= (B) to monalayen of calls Usnafeated with 
pARL On day 4 of cell growth, calls expressing the indicated cDNA 
received 1.6 ml of ice-cold medium B and the indicated concentration 
of 211-IgG-16CS (610 epm/ng) or 1211-IgG-HLI (434 cpm/ng). After 3 
h at 4 *C, the total radioactivity bound to the calls was 
Each value represents the average of duplicate 
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one. 

tibody was raised against a synthetic peptide corresponding 
to amino acids 163-174 in the ligand-binding domain (11). 
These amino acids constitute a linker between repeats 4 and 
5(23). 
At 37 *C the receptor produced by pARI was able to mediate 

the binding (Fig. 4A), internalization (Fig. 4B), and lyaosomal 
degradation (Fig. 4C) of "I-LDL with normal affinity. The 
deleted receptor was also able to mediate the binding, uptake, 
and degradation of II-,O-VLDL (Table 1), but there was no 
binding, uptake, or degradation of "I-IgG46CS (Table I). 

Fig. 5 shows a series of immunoblots of extracts from cells 
transfected with either the normal cDNA or pAR1. In the 
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FIG. 4. Metatbolism of ’"I-LDL at 37 DC by monolayem of 
cell trandeated with PARX as a function of the concentration 
of ’"I-LIDL. On day 4 of call growth, calls expressing the indicated 
cDNA received 2 ml of warm minimum FAWe’s inedium (GEBCO) 
supplemented with 5% human hpoprotein-defident sorum and the 
indicated concentration of ’I-LDL (79 cpm/ng protein) in the ab-
sence or presence of I mg of protein/ml of unlabeled LD1_ After 
incubation for 6 h at 37 ’C, the total amounts of surface-bound ’el. 

LD4 internalized "I-LDU and degraded "I-LDL were measured. 
The values shown represent high affinity values, which were deter-
mined by subtracting the values for ’I-LDL in the presence of 
unlabeled LDL (nortaltecific value) from that in its absence (total 
value). Each value represents the average of duplicate incubstions. 

presence of Ca2*, the normal receptor bound IgG-15CS (lane 
A), but the deleted receptor did not (law B). Binding of IgG-
15C8 to the normal receptor was abolished by EDTA (law 
G). The deleted receptor and the normal receptor bound IgG-
HLI, the antibody directed against the linker peptide (lanes 
C and D), and binding was not abolished by EDTA (lanes I 
and J). Both receptors also bound IgG-4A4, a monoclonal 
antipeptide antibody directed against the C0011-terminal 14 
amino acids of the cytoplasmic domain (lanes E and P). 
The above data indicate that the first repeat of the ligand-

binding domain is the site at which IgG-C7 and IgG-15C8 
bind to the receptor, but that this repeat is not necessary for 
the binding of LDL or #-VLDL, nor is it necessary for 
internalimtion and recycling of LDL receptors. 
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TABLE I 
MeftW= at,37 OV V/ -I-#- ML and 1-1-loG-16C8 in edb 

hwafiRted With’PARI 
On day 4 of cell Vmwth, cells expressing the indicated cDNA 

received 2 ml of wam Phigle’s minimum mod (GtBCO) supple-
mented with 5% human lipoprotein-deficient serum and one of the 
indicated III-figandw 10 itg of protoin/ml of ".#-VLDL (267 rpm/ 
ng Protein) in the absence or presence of I ing of protain/ml of 
unlabeled O-VLDL or 10 mg/ml t’51-IgGAWS (339 cpm/ag) in the 
absence orpresence of a mg/cul unlabeled TgG-MC& After incubation 
Am 5 h at 37 *C, the total amounts of mnim-bound, internalized, 
and degraded ’"I-ligund were determined. Iligh affinity values was 
oalculateii by subtracting the values obtained in the Presence of 
unlabeled ligand ftom the values obtained in the absence of unlabeled 
Hpn(L VAdh value represents the inean of duplicate incubations. 

=I-0-VIDL -1-40-16M 
TMUSiboAd Surfhei?-bound eDNA S-fam- Inurnslind Degmded + Dep*ded bwad intornalind 

"g-5 h-4 ng1m, IV/me n!.6 ns me "V_J ’W.1 

pMLR-2 127 $26 3M 104 653 
pARI 192 824 3W 0 0 

Co++ EDTA 
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0 200�
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FIG. 5. Immanoblotting of solubilized LDL receptors from 
trandvated calls. Detergent-solubilimd extracts of cells transfected 
with pLDLR-2 (A, C, E. 0, 1) or paRl A A A -ff. J) were subjected 
to electrophoresis on a 6% SDSpolyaMlamida pl. After alectropho-
resis, proteins ware trmeorred to nitrocallulose membranes and 
incubated with the indicated mom monoclonal antireceptorantibod-
lesinthepresence ofsithor2 mu CaClgor 10 mm EDTA as indicated. 
The mmobranes wow then pmbed with 3 x 109 corn/ml On4abeled 
rabbit anti-mouse JgG (10" cpw/no. Ile nitrocellulose was exposed 
to ftP.1 film for 2 h at roo3a temperature with an Intensifying screen. 
The migration of molecular weight Piarkers is shown. 

P&st Repeat Binds Antibo&s but Not Upoproteins�We 
next prepared a plasmid containing a cDNA from which the 
entire external domain of the LDL receptor was deleted except 
for the first repeat (amino acids 2-42) plus 17 amino acids 
immediately external to the membrane. This plasmid, desig-
riated pR1, was predicted to produce a small protein with an 
apparent molecular weight of - 16,000. When cells were pulse-
labeled with 11S]cysteine and then subjected to immunopre-
cipitation with a rabbit polyclonn! anti-COOH-torminal an-
tibody, the normal receptor encoded by PLDLR-2 appeared 
as a 120,OOD-D precursor that was rapidly processed to the 
160,000-Da mature form (kft law of Fig. 6). The receptor was 
stable for 4 h, but after a 16-h chase, most of the receptors 
were destroyed. The receptor encoded by PRI was also precip-
itated by the rabbit anti-COOH-terminal antibody (right 
panel of Fig. 6). This receptor was synthesized as an A 16,000 
precursor that did not undergo any increase in apparent 
molecular weight, indicating that this protein does not serve 
as an acceptor for oligosaccharide moieties. The receptor had 
approximately the same stability as the normal receptor. It 
was intact at 4 h, but was degraded 16 h after synthesis. 

OLDI_RmE pR1 
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Fla. C Biosynthesb of "S-labeled LDL receptors In ceIls 
transfectiA with VWLR-2 and pRi. Celia transfeeted with the 
Indicated plaudd were pulse-labeted for 1 h with 0.5’mCi of ["S] 
rystelve in cyateine-fcaa Dulbecco’s modified Wa’s meditim con-
taking 0.3 MM L-profte and 10% hpoprotein-deficiant serum. fol-
lowed by a chase for the indicated time in medium A containing 10% 
Upoprotein-defident serum. Receptors were immunoprecipitated 
from detergent lyeates with a rabbit anti-COOH-terminal antibody, 
reduced with 5% (v/v) 2-wercaptoothanol, and suNected to electro-
phoresis on either a 6% (pLDLR-2) or a 10175 (pRI) SDS-polyaMl-
amide gel. The raigration of molecular weight markers is shown. Gels 
were triated with Amplify (Ameraliam Corp.), dried, and exposed to 
Y-42-5 fibn JVr 16 h at -70 T. 

At 4 *C cells expressing the receptor encoded by pR1 bound 
’01-19G-C7 but not ""I-LDL or ’"I-P-VLDL (Fig, 7). The 
amount of binding of 1261-IgG-C7 to the cells expressing the 
mutant receptor was about balf tho amount that was bound 
to the cells expressing the normal receptor cDNA. This ratio 
was variable from experiment to experiment; in other exper-
iments the amount of "I-W-C7 binding was the sme in 
the two trandected cell.lines. The apparent affinity for "I-
1gG-C7 was not significantly affected by the deletion (Fig. 
7A). 
Binding of 1gG-C7 and IgG-15C8 has previously been shown 

to be Cal-dependent on immunoblots after SDS-pol3 __ _ I 
amide gel electrophoresis (see Fig. 5) as well as in intact cells? 
Cells expressing the receptor encoded by pR1 showed the 
same Cal requirement for binding ’Ill-UG-C7 as did the 
normal receptor (Fig. 8). 
At 3VC the receptor encoded by pRi bound I’ll-IgG-1" 

normally, but internalization and degradation of the bound 
antibody were shiggish. Fig. 9 shows an experiment in which 
cells expressing pLDLR-2 and pR1 were incubated with ’ml-
IgG-I5C8 at 37 *C. After various times, the medium was 
removed for measurement of trichloroacetic acid-soluble deg-
radation products, the cells were washed, and the amount of 
"*I-IgG-15CS releasable by tfypain was determined and used 
as a measure of surface-bound antibody. The material that 
was resistant to trypsin release is considered to be intracel-
lular. In the steady state the pLDLR-2 cells contained nearly 
3 times more antibody inside the cell than was bound at the 
autface. The dynamic nature of this steady state was revealed 
by the progressive increase in trichloroacetic acid-soluble 
mAeactivity which reflects ongoing binding, internalization, 
and degradation. After 5 h the internalization index, defined 
as the sum of internalized plus degraded antibody divided by 
the amount of surface-bound antibody (13), was 17. This 
Indicates that each receptor had cycled into and out of the 
cell approximately 17 times during the 5-h period. In the cells 
expressing pR1, the amount of surface binding was higher 
than in the normal ealls (Fig. 9B). The amount of internalized 
1251-IgG-1508 rose rapidly but reached a plateau level that 
was no higher than the level of surface binding. The amount 

3 W. J. Schneider, J. L Goldstein, and M. &Rrown, unpublished 
observations, 
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FIG. 7. Surface binding at 4 OC of,m1.1gG_C7 (A), =I-LDL (B)t and 1251,6-VLDL (C) to monolayers 
of colls trandected with vX1. On day 4 of cell growth, cells evressing the indicated cDNA received 1.6 mi of 
lee-cold medium B and the bulicuted concentration of 11-IgG-C7 (738 epm/ng), 101-LDL (329 epm/ng protein), 
or 2211-P-VLDL (305 cp=/ug protein). After 3 h at 4 *C, the total radioactivity bound to the calls was determined. 
Each value represents the average of duplicate incubations. 
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FIG. & Surface binding at 4 9C of ’"I-IgG-15CS to won*-
layea of cells bansfected with PRI as a function of the con-
centration of Cal", On day 4 of cell growth, cells expressing the 
indicated cDNA were washed with 3 ml of ice?cold phosphate-buffered 
salive Matt- and Mg--Area) and then Incubated with 1.5 ml of ice-
cold phosphate-buffered saline supplemented with 5% human lipo-
protein-deficient serum., 160 jum sodium EDTA (pH 7.4),2 pg/ml ’"I-
IgG-IWB (619 epm/ng), and the indicated concentration of CaC12. 
After incubation for 2 h at 4 *C, the total radioactivity bound to the 
cells was determined. Each value is the average of duplicate incuba-
tions. The "100% of maximum" values were 151 and 69 ng of 101-
IgG-15M bound/mg of protein fbr cells transfected with pLDLR-2 
and pR1, respectively. 

of degradation was also much lower than expected, based on 
the amount of surface binding. The internalization index was 
2.9, which was only one-sixth the normal. 
To confim the defective internalization and degradation 

in the pR1 cells, we incubated cells expressing the normal and 
deleted cDNAs with 1-I-IgG-ISCS at two different concentra-
tions for 5 h (Fig. 10). As a control, we performed the same 
experiment with TR-718 cells, a stable line of receptor-nep-
tive hamster cells that had been transhected only with salmon 
sperm DNA. The values for binding, internalization, and 
depadation of "’I-IgG-15C8 in the TR-718 cells were sub-
tracted from the values observed in the cells transfected with 
the LDL receptor cDNAs. These control values are given I 
the legend to Mg. 10. In this experiment cells transfected. with 
pR1 bound the same amount of ’"I-IgG-15CS at the cell 
surface as did the cells expressing the normal cDNA (Fig. 
10A). However, the amount of internalized "’I-IgG-16CS in 
-the pR1 cells was only half the amount in the pLDLR-2 cells 
(Fig. 10B). The amount of degradation was even more severely 
reduced (Fig. 10C). The calculated internalization indexes at 
both concentrations of ’I-IgG-15C8 were similar to those in 
the experiment of Fig. 9 (Le. 21 for the pLDLR-2 cells and 
3.0 for the cells expressing pRI). 
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FIG. 9. Time courseotmetabolimn ofml-W-15CB at 37 OC 
in Cells brandeaW with PRI. On day 4 of Cell growth, calls 
tran8fected with the indicated cDNA received 2 ml of war= FAgle’s 
minimum medium supplemented with 5% human lipoprotein-defi. 
cient serum and 30 #g/ml either ’I-IgG-15CB (205 opm/ng) or ’WI_ 
IgG-2001 (206 epm/ug). After incubation for the indicated time at 
37 *C, the total amounts of surface-bound (0), internalized (A), and 
dograded (M) ml-ligand were determined. The values shown represent 
specific values for ’I-IgG-16CS, which were determined by subtract-
ing the values for "I-IgG-2001 (monoclonal antibody against itrele-
vent antigen) hom those for "I-lgG-15C8 (monoclonal antibody 
against LDL receptor). Each value represents the average of duplicate 
incubations. 

DISCUSSION 

The current experiments localize the binding sites for 
monoclonal antibodies ’IgG-C7 and IgG-16CO to the first of 
the seven eysteine-rich repeats in the ligand-binding domain 
of the LDL receptor. When this repeat was deleted through 
oligonucleadde-directed mutagenesis, the receptor could no 
longer bind either of the two monoclonal antibodies. Some-
what surprisingly, this deleted receptor continued to bind 
LDL and #-VLDL, the two major ligands for the LDL recep-
tor, with normal affinity. A severely truncated receptor in 
which the first cysteine-rich repeat was essentially the only 
external domain bound the two monoclorW antibodies, but it 
did not bind lipoproteins. These data establish that the first 
eysteine_rich repeat is both necessary and sufficient for bind-
ing of the two monoclonal antibodies. 
The seven repeats in the LDL receptor show conservation 

in the spacing of the cysteine residues and in certain amino 
acid positions. The sequence Asp-Cys-X-Asp-Gly-Ser-Asp-
Glu near the COOH terminus of each repeat is especially well 
conserved. None of the seven repeats has more than a single 
substitution in this sequence (1, 27). This negatively charged 
sequence has been postulated to be involved in the binding of 
spoB-100 and apoE (1), which are known to contain positively 
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Ligand-binding Domain of LDL Receptor 

state, they make the performance of pulse-chase expenments 
difficult. We have therefore been unable to do warmup exper-
iments to determine whether receptor-bound 1201-IgG-15C8 
transiently enters cells transfected with pRl. In the fiture we 
Plan to use electron microscope bistoebamistry to elm* this 
issue. 

The current data establish that the first repent of the LDL 
receptor is not necessary for binding or uptake of lipoproteins 
in cultured fibroblasts, and this raises the question of the 
finiction of this repeat and the reason for its conservation 
during evolution. Clearly, the function of ihis repeat is not to 
bind monoclonal antibodies! it is likely that this repeat way 
play some role in LDL receptor function in some tissue other 
than fibroblasts. Alternatively, it may he an accident of evo-
lution that is maintained because it has subtle beneficial 
effects on the protein structure. 
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DIVISION DE NUEVAS CREACIONES 

Radicaci6n No. 02-79394 
Clasificacift Internacional (IPC): A61K 38/20 
Concepto Tdcnico No. 2500 

Como resultado del examen definitivo, realizado con fundamento en el articulo 48 
de la Decisi6n 486 de la Comisi6n de la Comunidad Andina, se le comunica: 

1. Documentos estudiados 

1. 1. Descripci6n: Folios: 51 a 115 como se radic6 inicialmente 

1.2. Reivindicaciones: 1 a 9, folios 283 y 284. 

1.3. Prioridad: Si se tiene en cuenta, ver folio 1 del expediente 

2. Objeto do la invenci6n 

o Titulo de la solicitud: Anticuerpos monoclonales al receptor LDL humano, su 
producci6n y uso. 

La presente solicitud se refiere a un anticuerpo monoclonal, especificamente 
reconoce y se liga al receptor LDL humano, mAs especificamente a LDLR 
+291, que no se trata de el anticuerpo monoclonal C7. Dicho anticuerpo pupde 
ser producido por los hibridomas depositados bajo los n6meros CNMC 1-2390, 
CNMC 1-1291, CNMC 1-2392, CNMC 1-2393. Los anteriores anticuerpos 
pueden ser usados para la detecci6n y cuantificaci6n de LDLR humano en 
m&todos como ELISA, Western blot. Adicionalmente dichos anticuerpos son 
capaces inhibir la replicaci6n del virus de la hepatitis C al poner en contacto las 
c6lulas con el anterior mAb antes de la infecci6n. Tambi6n hace parte de la 
invenci6n, el m6todo para preparar anticuerpo monoclonal que comprende 
generar un hibridoma clonado que comprende una c6lula de vaso de mamifero 
inmunizado con hsLDLR +291 y una c6lula linfoide en medio liquido o en 
abdomen de mamifero, para permitir que se produzca y se acumule el 
anticuerpo.monoclonal. 

El objeto de la solicitud definido anteriormente se clasific6 en la IPC C07K 
16/28, C12N 5/20, G01N 33/577. 

3. Do la solicitud do Patente (seg(in el caso) 

3. 1. Descripci6n (articuld 28 D. 486) 

En la solicitud no existe sustento experimental que permita establecer que 
todos los anticuerpos obtenidos a partir de los hibridomas reivindicados 
presentan un efecto t6cnico sorprendente. Solo se efectuaron ensayos que 
podrian dar indicios de la capacidad de inhibir la replicaci6n de Hep CV, 
para 3 anticuerpos Mab 12.6, Mab 28, Mab 29.8. 
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4. Unildad do invenc!6n (articuld 25 D 486) 

En’los conceptos t6cnicos antedores se indic6 claramente que para que 
diferentes mol6culas (anticuerpos) puedan ser considerados como un 
mismo objeto, deben: 1) presentar una estructura com0n (nueva e 
inventiva) as! como una 11) funci6n o actividad comOn demostrada. 

El solicitante argumenta en la respuesta presentada el 19 de noviembre de 
2007 que los anticuerpos reclamados sY presentan una relaci6n estructural 
porque todos presentan el mismo Isotipo de inmunoglobulina, que es IgGl. 
Sin embargo, este isotipo no es nuevo, no es inventivo, de hecho es 
producto del sistema inmune del mamifero estimulado, no constituye una 
creacl6n de la actividad inventiva del sehor solicitante y por lo tanto no 
puede ser considerada como concepto comOn nuevo e inventivo que 
vincule todos los anticuerpos anti ILDLIR reivindicados. De hecho los 
anticuerpos anti LDR de las anterioridades tambl6n pueden presentar ese 
mismo isotipo. 

Por otra parte tambidn establece en su memodal: i) todos los anticuerpos 
se obtuvieron utilizando el antigeno del receptor ILDL humano soluble, 11) 
todos especifican (entendido como son especificos para) el LDILIR soluble 
humanoy iii) todos son capaces de inhibir la replicaci6n del virus de la 
hepatitis C. 

Este Despacho se mantiene en que al no efectuar la caracterizaci6n 
estructural de los anticuerpos (mediante las secuencias novedosas e 
inventivas no existentes en el estado de la t6cnica) no se puede establecer 
si constituyen un mismo objeto o no. Como ya se mencion6 la definicl6n de 
la mol6cula que reconocen NO puede constituir el concepto comon 
inventivo, porque mol6culas diferentes; estructuralmente se pueden unir a 
un mismo target. De igual manera el m6todo de produccl6n de los 
anticuerpos monoclonales tampoco puede representar el concepto, 
vinculante nuevo e inventivo dado que la t6cnica del hibddoma ya habla 
sido empleada para la obtenci6n de anticuerpos anti-LDLR. 

Por ultimo es imperativo observar que la divulgaci6n de la descripci6n 
contradice el postulado del solicitante que "todos son capaces de inhibir la 
replicaci6n del virus de la hepatitis C", pues si se observa la figura 3 se 
encuentra que se evaluaron Onicamente 3 anticuerpos: Mab 12.6, Mab 
28, Mab 29.8, en donde el Mab 28 NO inhibe la replicaci6n de HCV. Es 
decir, ademds de no evaluar todos los anticuerpos reivindicados (solo 3 de 
los 5), 1 de los evaluados no cumple con el efecto t6cnico deseado. 

Asi pues que los 5 hibridomas reclamados no presentan estructura com0n 
novedosa e inventiva, ni la misma actividad y en ese orden de ideas las 
reivindicaclones 1 a 6 no cumplen con el requisito de Unidad de Invencl6n, 
como tampoco pueden Ilegar a demostrar altura inventiva. 

5. Determinacl6n del Estado do la T6cnica 

Considerando que la fecha de presentaci6n de la pdmera solicitud de 
patente de la cual se reivindica prioddad es: 13 de marzo de 2000, se 
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buscaron documentos del estado de la t6cnica relacionados, con fecha de 
publicaci6n anterior a esta. 

Se hizo la b6squeda de docurnentos relevantes en el estado de la t6cnica, 
entendiendo corno estado de la t6cnica la definici6n provista en el articulo 
16 de la Decisi6n 486 de la Comisi6n de la Cornunidad Andina y las 
excepciones fijadas en el artIculo 17 de la misma. 

Se encontr6 corno anterioridades (docurnentos cuya fecha de publicaci6n 
es anterior a la fecha de presentacl6n de la primera solicitud de patente 
sobre la cual se reivindica prioridad o de la fecha de presentaci6n de.esta 
solicitud) que pueden afectar la patentabilidad del objeto de la presente 
solicitud. 

NO Documento Titulo Fecha de 
Publicaci6n 

Van Driel et al. The Stochiometric binding of low density 
I journal of Biological lipoprotein (LDL) and monoclonal 5 junio de 1989 

Chem istry vol 264, antibodies to ILDIL receptors in a solid 
No 16, phase assay" 

V. Agnello et al. 
Proceedings of the Hepatitis C virus and other flaviridiae 

2 National Academy of virus enter cells via low density 1999-10-26 

sciences of the USA lipoprotein receptor 

Van Driel et al, The 
journal of biological Self association of the low density 

3 chemistry Vol 262 No lipoproteln receptor medianted bya the 1987 

33,16127-13134 citoplasmic domain 

*Si se trata de una solicitud colornblana esta fecha corresponde tarnbi6n a la fecha 
de presentaci6n de la solicitud colomblana a6n sin haber sido publicada o sin 
hab6rsele curnplido el plazo previsto en.el art.40. 

7. AnAllsis de patentabilidad (seg(in requisito) (articulo 14 D486) 

7.1. Nivel inventivo (articuld18 D486) 

El Nivel Inventivo se evalu6 por comparaci6n entre lo solicitado y 
encontrado en el estado de la t6cnica y que se relaciona con el objeto 
reivindicado y de acuerdo con la definici6n de nivel inventivo del Articulo 
18 de la Decisi6n 486 de la Cornisi6n de la Cornunidad Andina. 

Las reivindicaciones I a 6 reclarnan anticuerpos monoclonales contra el 
receptor de LDL, que son obtenidos por la Mcnica del hibridorna 
empleando p6ptidos sint6ticos que cornprenden residuos presentes en el 
receptor LDL soluble hurnano y que presentan actividad antiviral. Se 
indican los 5 hibridornas depositados ante la ATM Las reivindicaciones 7 
a 9 reclarnan m6todos para la producci6n de los anteriores anticuerpos 
monoclonales, para la purificacl6n de LDL-R soluble y para inhibir la 
replicaci6n del virus de la hepatitis C. 

El docurnento D1 revela vados anticuerpos monoclonales contra LDL-R 
hurnano (1-11-1, C7, I 5C8, 4A4) que se usan en fase s6lida para la 
deteccl6n de LDL-R y que son preparados por la t6cnica del hibridorna. Los 
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antedores anticuerpos presentan como propiedad intrfnseca un efecto 
antiviral. 

El documento D2 revela un anticuerpo anti LDL-R denominado C7 qua 
exhibe un efecto antiviral (contra hepatitis C y flaviviridae) dada su uni6n al 
receptor LDL. 

El documento D3 divulga el descubrimiento de ciertas propledades del 
receptor LDL, an el cual se efectuaron diferentes mutaclones con el objeto 
de establecer los mecanismos, de intemalizaci6n de dicho receptor. En el 
mismo estudio se emple6 un anticuerpo IgG-HL1. El anterior anticuerpo 
fue producido usando un p6ptido sint6tico qua se une a los residuos 163 a 
174 del receptor humano de LDL, presente an la porci6n soluble de dicho 
receptor,(de la misma forma qua se obtuvieron los anticuerpos de la 
presente solicitud) 

La respuesta al problema t6cnico qua se pretende resolver as entonces 
proporcionar anticuerpos monocionales alternativos anti LDL-R y su uso 
an la inhibici6n de la replicaci6n de HCV. 

Los anticuerpos anti LDL-R son blen conocidos an el estado del arte 
especialmente a partir de las anterioridades D1 a D3, as[ como la t6cnica 
del hibridoma aue as de uso convencional K)ara la r)rer)araci6n de 
anticuerpos monoclonales, conocida por d6cadas por los t6cnicos de la 
materia. 

Adicionalmente, y teniendo an cuenta qua tras la lectura de todo el 
capitulo descriptivo no se encuentra evidencia experimental qua los 
anticuerpos de la presente invenci6n exhiban un efecto sorprendente o 
inesperado respecto de los ya conocidos an el estado de la t6cnica, por 
ejemplo sobre C7, resulta qua la materia reclamada en las clgiusulas 1 a 9 
se deriva evidentemente del estado del arte y no cumple con el requisito de 
Nivel Inventivo. 

El solicitante indica an su respuesta al Oltimo concepto t6cnico, qua los 
anticuerpos de la solicitud se obtlenen utilizando un antigeno del receptor 
LDL humano soluble altamente purificado (epitopes tridimensionales), , qua 
representan una "nueva calidad" para los antigenos utilizados an la 
producci6n de anticuerpos anti LDLR qua da como resultado anticuerpos 
especificos para LDLR soluble humano, mientras qua los anticuerpos 
similares del estado de la t6cnica se produjaron utilizando LDLR 
parcialmente purificado o p6ptidos sint6ticamente cortos. 

A lo anterior, este Despacho manifiesta qua as imposible afirmar qua los 
anticuerpos do la antedoridad eran menos especfficos para el LDLRsoluble 
humano qua los reivindicados an la presente solicitud, pues el solicitante 
aun conociendo el estado de la t6cnica no efectu6 comparaciones entre los 
mAbs de la oresente solicitud y los previamente divulg . As[ qua, el 
anterior argumento sin un sustento experimental constituye una mera 
suposici6n. 

Adicionalmente, el solicitante menciona que una persona versada an la 
materia no tenia motivaci6n aiguna a ensayar el "LDLR+291" soluble 
humano,(es decir la forma del receptor soluble humano qua incluye las 
secuencia ASP+4 a Glu +291 de la secuencla soluble de LDLR) paia 
generar anticuerpos monoclonales, cuando la ensefianza an el arte as qua 
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estructura que el solicitante indica como com(in es la presente en un sinnOmero de 
anticuerpos y es una estructura que adernds existe de manera espontanea en la 
naturaleza e inventiva, ni la misma actividad. Ademcis no todos los anticuerpos 
exhiben la misma actividad, tal como se muestra en la figura 3. El m6todo de 
obtenci6n de mAbs que consiste en identificar un epitope adecuado y generar 
anticuerpos contra dicho antigeno medlante la t6cnica del hibridoma es conocida 
por cualquier t6cnico en la materia desde hace d6cadas y por lo tanto no puede 
ser considerada como el concepto novedoso que vincula todos los anticuerpos. 

9.2 Los anticuerpos de la solicitud si exhiben altura inventiva porque se 
obtlenen utilizando un antigeno del receptor LDL humano soluble altamente 
purificado (epitopes tridimensionales), que representa una "nueva calidad" para 
los antigenos utilizados en la producci6n de anticuerpos anti LDLR dando Como 
resultado anticuerpos especfficos para LDLR soluble humano. Adicionalmente no 
existia motivaci6n a ensayar el "LDLR+291" soluble humano,(es decir la forma del 
receptor soluble humano que incluye las secuencla ASP+4 a Glu +291 de la 
secuencia soluble de LDLR) para generar loa anticuerpos mencionados. 

Tal como se menci6n6 anteriormente, la identificaci6n de un epitope apropiado 
para la generacift de anticuerpos no es suficiente para atribuirle el nivel inventivo 
al anticuerpo generado, si dicho anticuerpo en s! mismo no representa un Salto 
cualitativo en la formulaci6n de la regla t6cnica. Como ya se menclon6 en el 
aparte de unidad de Invencl6n en la presente solicitud no existe evidencla 
experimental que soporte el postulado que los anticuerpos de la presente 
invenci6n representan un verdadero aporte al estado de la t6cnica. 

En consecuencia y por todo lo expuesto anteriormente, se recomienda Nagar las 
reivindicaciones: I a 9 (folios:283 a 284). 

BogoW, D.C., 7 diclembre de 2007 
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