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1. Yo, Emilio FERRERQ, obrando como apoderado del solicitante en el asunto antes

identificado, me refiero al Oficio No. 10210 notificado por fijacion en lista del 24 de
agosto de 2007.

2, Mediante el Oficio No. 10210 se puso en conocimiento del solicitante el informe
que contiene las observaciones hechas por su Despacho sobre la presente solicitud de
patente.

Atiendo a las observaciones de la manera siguiente:

2.1 CLARIDAD DE LA SOLICITUD Y UNIDAD DE INVENCION

Para subsanar las objeciones que sobre claridad y unidad de invencién que hizo
su Despacho, presento nuevo pliego reivindicatorio con 9 reivindicaciones en el cual se
han hecho los cambios sugeridos por su Despacho, que permiten identificar con claridad el
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objeto de la presente invencién. Para estos efectos, se han efectuado las siguientes

modificaciones en el capitulo reivindicatorio:

- El anticuerpo reivindicado en la nueva reivindicacién 1 se caracteriza por una
caracteristica estructural, es decir, que el mismo pertenece al isétopo de inmunoglobulina
IgG; o IgM. Esta caracteristica implica que el anticuerpo reivindicado comprende: (i) una
cadena pesada y1 caracterizada por tener tres dominios constantes y una regién de pivote
especifica, enlaces disulfuro y pliegues; o (ii) una cadena pesada p caracterizada por
tener cuatro dominios constantes y una regién de pivote particular, enlaces disulfuro y
pliegues.
\%OHPO

A este respecto, ponemos de presente que cada isétopo de anticuerpo (por eje
IgG,) tiene caracteristicas Unicas que le posibilitan ser distinguibles de otr, isotopos (pgr
ejemplo Ig@! IgA;, IgE, IgGs, IgCs e IgM).

el

Adicionalmente, la nueva reivindicacién 1 establece que el anticuerpo reivindicado se
expresa por uno de cinco clones de hibridoma especificos depositados en la Collection
Nationale de Culture de Microorganismes (CNCM) bajo el Tratado de Budapest, y por lo
tanto, se debe notar que la declaracién del Examinador “[...] cualquier anticuerpo que se
une a LDLR afectaria la novedad de la presente invencién” ya no es aplicable.

- Con respecto a las reivindicaciones previas 2 a 6 y 8 a 12, nuevas reivindicaciones 1
a 6, respetuosamente ponemos de presente que, los anticuerpos de la presente invencién
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 (i) todos son capaces de inhibir la replicacién del virus de la hepatitis
C.

A este respecto, es importante sefialar que el antigeno receptor humano
LDL soluble altamente purificado no era obvio en el momento en que se desarrolio la
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presente invencion y corresponde a una nueva calidad para antigenos (es decir, epitopos
tridimensionales) utilizados para producir los anticuerpos LDLR y permiten [a produccion
de anticuerpos especificos para el LDLR humano soluble.

En vista de lo anterior, existe un concepto comun inventivo entre los anticuerpos
reivindicados, es decir, el antigeno utilizado para su produccién, que permite obtener
anticuerpos que reconocen especificamente LDLR humano soluble y son capaces de inhibir
la replicacion del virus de la hepatitis C.

Adicionalmente, ponemos de presente que los clones del hibridoma
(reivindicados en las nuevas reivindicaciones 2 a 6) se obtienen a través de un proceso
que involucra la inmunizacién del mamifero con un antigeno humano LDLR soluble

e®

altamente purificado. Por lo tanto, teniendo en cuenta que dichos clones suministran la
expresion de los anticuerpos reivindicados, existe un concepto comun inventivo entre ellos

y los clones de los anticuerpos reivindicados.

- La nueva reivindicacion 7, derivada de Ja reivindicacién previa 13, se refiere a un
método para preparar el anticuerpo monoclonal de acuerdo con la reivindicacion 1, y la
nueva reivindicacion 8, derivada de la reivindicacion previa 14, se refiere a un método
para purificar el LDLR humano al utilizar el anticuerpo monoclonal de acuerdo a la

relvindicacion 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

invencion hizo su Despacho, ya que ahora, dicho pliego involucra un Gnico concepto
inventivo, reivindica productos en los términos sugeridos por su Despacho y permite
determinar el alcance de la proteccion reivindicada y compararla frente al estado del arte,
de acuerdo con las disposiciones de los articulos 30 y 25 de la Decisién 486.
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2.2, NOVEDAD Y NIVEL INVENTIVO

Ese Despacho afirma que los documentos D1 a D3 afectan la novedad y el nivel
inventivo de las reivindicaciones 1 a 15 de la presente invencion, con lo cual estamos en
desacuerdo por los argumentos expuestos a continuacién. Veamos:

Inicialmente, porque resulta un contrasentido que bajo el acapite de NOVEDAD
se indigue que D1 a D3 revelan las mismas caracteristicas técnicas de la presente
invencidn pero que a rengldn seguido se concluya, bajo el acapite de NIVEL INVENTIVO,
que la solucién dada por D1 a D3 hubiera side ensayada por un técnico medio para llegar
a la solucidn propuesta en la presente invencién. Lo anterior, por cuanto bajo novedad se
habla de identidad en la soluci\'c’)n pero bajo nivel inventivo se habla de obviedad de Ia
misma, sin tener estos conceptos la misma significacion.

A este respecto, ponemos de presente que la presente invencién ensefia y
reivindica, en la nueva reivindicacién 1, anticuerpos que: (i) pertenecen al jsétopo de
inmunoglobulina IgG; o IgM; (ii) reconocen especificamente el receptor humano LDL
soluble (LDLR); (iii) son capaces de inhibir la replicacion del virus de la hepatitis C; y (iv)
se expresan mediante clones de hibridoma especificos y depositados.

Adicionalmente, el nuevo grupo de reivindicaciones también cubre los clones de
hibridoma y el método para producir dichos anticuerpos, un método para purificar el LDLR
humano utilizando dichos anticuerpos y un método /n vitro para inhibir la replicacién del
virus de la hepatitis C que utiliza dichos anticuérpos.

2.2.1. Novedad

D1 describe el uso de los anticuerpos monoclonales C7, 15C8, HL1 y 4A4, todos
dirigidos contra el receptor LDL humano, en un ensayo de unién de ligando de fase sdlida.
A este respecto, es elemental sefial que: '
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- el anticuerpo C7 tiene una reaccion débilmente cruzada con el receptor LDL
humano (ver pagina 3 lineas 11-16 de la solicitud PCT original) y éste reconoce

un_epitopo del receptor LDL -humano (ver Fig. 1 en la pagina 9534 de D1)

diferente de aquellos reconocidos por los anticuerpos descritos en la presente
. S —
solicitud (ver Anexo 4.4.);

- el anticuerpo 15C8 se QI’Q duce utilizando un péptido corto del receptor LDL de
bovino (ver referencia [8] de D1; Anexo 4.5.) y ésta reconoce un epitipo_similar
a aquel reconocido por C7 (ver Fig. 1 en la pagina 9534 de D1);

- el anticuerpo HL1 se produce utilizando un péptido sintético que corresponde a
los residuos 163-174, un ligador de aminoacido entre las repeticiones 4 y 5 del
receptor LDL humano; el anticuerpo 4A4 se produce utilizando una secuencia de
péptido corta del receptor LDL humano proveniente del terminal C del receptor,
no presente en la forma del receptor soluble (ver Anexo 4.5.), de esta forma éste

no se une a la forma humana del receptor LDL soluble.
ho €0 fosiblk 2otableces 10 i laeanhEA -

D1, por lo tanto, ho ensefia anticuerpog que tengan las mismas caracteristicas de

los anticuerpos reivindicade résente invencion ni describe anticuerpos que

reconocen los mismos epitopos de los anticuerpos reivindicados.

D2 describe que la endoditosis del virus de la hepatitis C es mediada por los
receptores LDL en células cultivadas. En los estudios presentad&g en este documento, el
anticuerpo monoclonal C7, es decir, un anticuerpo no especifico para el receptor humano
LDL soluble, se mostrd éapaz de inhibir dicha endocitosis. dowe Cf( £ {/){}@I{Aw -

D2, por lo tanto, tampoco ensefia anticuerpos que tengan las mismas
caracteristicas de los anticuerpos reivindicados en la presente invencion ni describe
anticuerpos capaces de inhibir la replicacién del virus de la hepatitis C.

*
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D3 describe el papel del dominio citoplasmatico del receptor LDL en auto-
asociacion en los oligdmeros. Los anticuerpos monoclonales anti-LDLR utilizados en este
estudio corresponden a los anticuerpos C7, 15C8 y HL1 ya descritos bajo D.3.1 en relacion
con el documento D1. |

to, como D1, D3 no ensefia anticuerpos que tengan las mismas M
caracferisticas de lob anticuerpos reivindicados en la presente invencidn ni describe -

Asi entonces es claro que D1, D2°y D3 no anticipan todas las caracteristicas
técnicas de la invencidn reivindicada 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 métodos de las reivindicaciones 7 y 8 también son novedosos, toda vez que los
mismos llevan inevitablemente a la elaboracion o empleo de dicho producto.

2.2.2. Nivel inventivo

Por otra parte, los anticuerpos de la presente solicitud representan una solucién
alternativa a un problema conocido, es decir, el suministro de anticuerpos contra el
receptor humano LDL soluble, de una manera nueva, no obvia, en comparacion con los
anticuerpos de la técnica anterior: los anticyerpos de la presente solicitud se obtienen
utilizando un antigeno receptor _humano LDL soluble altamente purificado, es decir,
epitopos tridimensionales (ver paginas 5 y 6 y ejemplo 1 de la solicitud), cuyo antfgeno\w{wg&
representa una nueva calidad para los antigenos utilizados para producir los anticuerpos N
LDLR y da como resultado anticuerpos especificos para LDLR soluble humanos, mientras
que los anticuerpos de la técnica anterior se produjeron utilizando o un LDLR parcialmente

purificado o péptidos sintéticos cortos del receptor LDL (ver D1 y D3).

5ot
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Por lo cual, la contribucién al estado del arte por parte de la presente invencion
es suministrar un protocolo purificante para suministrar cantidades suficientes del
altamente purificado, es decir, bajo las condiciones de HPLC, el LDLR soluble humano (ver
Ejemplo 1, particularmente Ultimo parrafo de la pagina 35 de la solicitud). Este nuevo
proceso de purificacién abrié la puerta para obtener anticuerpos especificos para los
dominios de unién del ligando LDLR soluble humano (ver mapeo del epitopo del Anexo
4.4.).

Asi entonces, se debe notar que la persona experta no tenia motivacion a
ensayar el “LDLR+291" soluble humano (es decir, la forma del receptor soluble humano
que incluye la secuencia de amino &cido del Asp+4 a Glu+291 de la secuencia LDLR
soluble humana) como un antigeno para generar los anticuerpos monoclonales (ver nueva
reivindicacion 7), toda vez que de acuerdo con la ensefianza en el campo (ver Anexo 4.5.,
en particular pagina 17448, columna de la izquierda) los anticuerpos contra el dominio de
union del ligando, es decir, las regiones mas expuestas del receptor LDL humano soluble,

son dificiles de obtener.

Por lo tanto, ninguno de los documentos de la técnica anterior (es decir, D1 a
D3) solos o en combinacion sugieren la materia objeto del nuevo conjunto de

reivindicaciones, y por lo tanto, 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 continde su

tramitacion.
4, Anexos:

4.1. Nuevo pliego reivindicatorio con 9 reivindicaciones;
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4.2. Formulario para modificaciones;

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

44. Informacion Adicional en Mapeo Epitopo.

4.5, IR van Driel, JL 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”. J. Biol.
Chem., Dec 1987; 262: 17443 ~ 17449.

Bogota,
Sefiora Jefe,

EMILIO FERRERO
T.P.A. No. 31.929

COLO-13414-841-001-9
6‘(/\ NNJ\NNIJ\ID-112604\WPC13414
No. M-2007-112604\NNJ

{ﬁs\



* + \

*7 CAVELIER ABOGADOS

COLO 13414-841-001-9

ID-112603

B

Industria y Comercio
SUPERINTENDENCTIA

Teléfono:

Espacio reservado para el adhesivo de radicacion

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

546 09 70 Fax: 2494070

Numero:

*t

O APODERADO | ..

cavelier@cavelier.com
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Anexos

D Poderes, si fuere el caso
O

Comprobante de pago de la tasa por $99.000.00 por concepto de modificaciones.

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.
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Un anticuerpo monoclonal, anticuerpo quimérico, anticuerpo completamente
humanizado, anticuerpo anti-anti-ID o fragmento de éste que pertenece al isétopo
de inmunoglobulina IgG1 o IgM, que reconoce y se une especificamente al receptor
de lipoproteina de baja densidad soluble humano (LDLR) y a fragmentos de éste,
que es capaz de inhibir la replicacion 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

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

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

¢) 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;
Un clon de hibridoma 12.6 depositado en el CNCM bajo el No. 1-2390.
Un clon de hibridoma 28 depositado en el CNCM bajo el No. 1-2391. '
Un clon de hibridoma 29.8 depositado en el CNCM bajo el No. 1-2392.
Un clon de hibridoma 30 depositado en el CNCM bajo el No. 1-2393.
Un clon de hibridoma 50.30 depositado en el CNCM bajo el No. 1-2394.

‘Un método para preparar el anticuerpo monoclonal de acuerdo a la reivindicacion 1

que comprende hacer crecer un hibridoma clonado que comprende una célula 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 acido de la Asp+4 a la Glu+291 de la secuencia |.LDLR soluble
humana, y una célula linfoide homogénea o heterogénea en un medio liquido o en
el abdomen de un mamifero para permitirle al hibridoma producir y acumular dicho

anticuerpo monoclonal.
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Un método para purificar el LDLR humano, que comprende poner en contacto un
i

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

acuerdo a la reivindicacion 1.

Un método in vitro para inhibir la replicacién del virus de la hepatitis C, que

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

a la reivindicacion 1 antes de la infeccién por el virus de la hepatitis C para inhibir

la replicacién de la hepatitis C en las células.
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Tanig I
Metabolism a2 37 °C of **[-8-VLDL and *2I-150G-15C8 in cells
transfocted with pAR!

On day 4 of cell growth, cells expressing the indicated ¢DNA
tecvived 2 ml of warm Bagle's minimum medium (GIBCO) supple-
mented with 5% human lipoprotein-deficient serum and one of the
indicated **I-ligands: 10 ug of protein/ml of '%1.8-VLDL (267 cpm/
ng protein) in the absence or presence of 1 mg of protein/ml of
unlabeled A-VIDL or 10 pg/ml “-IgG-15C8 (339 cpm/ng) in the

or presence of 1 mg/iol unlabeled IgG-15C8. After incubation
for B h at 37 °C, the total amounts of surface-bound, internalized,
and degraded **I-ligand were determined. High affinity valués were
edleulated by eubtrasting the values obtained in the presence of
unlsheled ligand from the values obtained in the sbsence of unlabeled
ligand. Each value represents the mean of duplicate incubations,

SLGVLDL L.1gG-16C8
Susface.]
DNA  Burfiet: 4 onslized Dogroded 4+ Degraded
internalized
nmg nmg AL ngimg  TESNT
pLDLR-2 127 826 3438 104 653
pARI 192 824 3048 0 0
Cat+ EDTA

"AB CD EF GHTIUJ
200 = '

116 —
97 -

M, x 1073
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Fie. 5. Immunoblotting of solubilized LDL receptors from
transfected eells, ~solubilized extracts of cells transfected
with pLDLR-2 (4, C, E, G, I} or pAR1 (B, D, F, H, J) were subjested
to electrophoresis on a 6% SDS-polyacrylamide gel. After electropho-
rosis, proteins were tramsférred to nitrocolluloss membranes and
incubated with the indicated mouse monoclonal antireceptor antibod-
jes in the presenca of either 2 mM CaCl: or 10 myM EDTA as indicated.
The membranes were then probed with 3 X 10° cpm/ml “-iabeled
rabhit anti-mouse 156 (10° cpm/ng). The nitrocellulese was exposed
to RP-1 filra for 2 b at room temperature with an intensifying screen.
The migration of molecular weight markers is shown.

First Repeat Binds Antibodies but Not Lipoproteins—We
next prepared a plasmid containing a ¢cDNA from which the
entire external doroain 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 pR1, was predicted to produce a small protein with an
apparent molecular weight of ~16,000. When cells were pulse-
labeled with [“S}eysteine and then subjected to immunopre-
cipitation with a rabbit polyclonal anti-COOH-terminal an-
tibody, the normal receptor encoded by pLDLR-2 appeared
as a 120,000-D precursor that was rapidly processed to the
160,000-Da mature form (left lane 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 pR1 was also precip-
itated hy the. rabbit anti-COOH-terminal antibody (right
panel 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 dees not serve
as an acceptor for oligosaccharide moieties. The receptor had
approximately the same stability as the normal receptor. It
was intact at 4 b, but was degraded 16 h after synthesis,

Ligand-binding Domain of LDL Receptor
pLDLR-2 pRY

i

[Chase (nry 101 1] 2T a]18] lolalz]a]1s]

Fra. 6. Biosynthesis of *S-labeled LDL receptors in cells
trausfected with pLDILR-2 and pR1. Cells transfected with the
indicated plasmid were pulse-labeled for 1 h with 0.5 mCi of [*8)
oysteine in cysteine-free Dulbeero’s modified Eagle's medium con-
taining 0.3 mM L-proline and 10% lipoprotein-deficient serum, fol-
lowed by a chase for the indicated time in medium A containing 10%
lipoprotein-deficient serum. Receptors were immunoprecipitated
from detergent lysates with a rabhit anti-COOH-terminal antibody,
reduced with 5% (v/v) 2-mercaptosthanol, and subjected to electro-
phoresis on either a 6% (pLDLR-2) or a 10% (pR1) SDS-polyacryl-
amide gel. The migration of molecular weight markers is shown. Gels
were treated with Amplify (Amersham Corp.), dried, and exposed to
XAR-5 film for 16 h at =70 °C.

At 4 °C cells expressing the receptor encoded by pR1 bound
#1.1gG-C7 but not "*I.LDL or '*1-8-VLDL (Fig. 7). The
amount of binding of **I-1gG-C7 to the cells expressing the
mutant receptor was about half the 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-IgG-C7 binding was the same in
the two transfected cell lines. The apparent affinity for -
%3-07 was pot significantly affected by the deletion (Fig.

‘Binding of IgG~C7 and IgG-15C8 has previously been shown
to be Ca®*-dependent en immunoblots after SDS-polyacryl-
amide gel electrophoresis (see Fig. §) as well as in intact cells.?
Cells expressing the receptor encoded by pR1 showed the
same Ca** requirement for binding **1-IgG-C7 as did the
normal receptor (Fig. 8).

At 37 °C the receptor encoded by pR1 bound *1-13G-15C8
normally, but internalization and degradation of the hound
antibody were sluggish. Fig. 9 shows an experiment in which
cells expressing pLDLR-2 and pR1 were incubated with *]-
IgG-15C8 at 37 °C. After various times, the medium was
removed for measurement of trichloroacetic acid-soluble deg-
radation products, the cells were waghed, and the amount of
1%1.1gG-15C8 releasable by trypsin was determined and used

. a8 & measure of surface-bound antibody. The material that

was resistant to trypsin releass is considered to be intracel-
fular. 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 trichloroacetic 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 pR1, the amount of surface binding was higher
than in the normal cells (Fig. 98). The amount of internalized
1%].1gG-15C8 rose rapidly but reached a plateaun level that
was no higher than the level of surface binding. The amount

3W. J. Schneider, J. L. Goldstein, and M. S. Brown, unpublished
observations,
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First Cg:t_‘eing-_/ﬁ_gi@,ﬂepea_!; in Ligand-binding Domain of Low Density
Lipoproteini Receptor Binds Ca®* and Monoclonal Antibodies,

but Not Lipoproteins*

(Received for publication, August 17, 1987)

Ian R. van Driel}§, Joseph L. Goldsteinf, Thomas C, Stidhof}1, and Michael 8. Brown$

From the Departments of $Molecular Geneties and Internal Medicine and 1Howard Hughes Medical Institute, University of
Texas Health Science Center at Dallas, Southwestern Medical School, Dallas, Texas 76235

The ligand binding domain of the low density lipo.
protein receptor consists of seven cysteine-rich repeats
of ~40 amino acids each. These repeats, which are
located at the NH; terminus of the protein, are homol-
opous to sequences in complement components C8 and
C9. To determine the role of the first repeat (amino
acids 2-42), we prepared two plasmids containing ex-

e low density lipoprotein receptor cDNAs. 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 cell
surface with the same efficiency as the normal recep-
tor. This deleted receptor failed to bind two monoclonal
antibodies, IgG-C7 and IgG-15C8, which were shown
previously to react with the ligand-binding domain.
The second plasmid, pR1, encodes a markedly trun-
cated protein whose extracellular domain consists of
the first repeat joined to the transmembrane and ey-
taplasmic domains. This protein bound the two mono-
clonal antibodies with the same affinity as the normal
recoptor, but failed to bind lipoproteins. Binding of
IgG-15C8 to the normal receptor and the pR1-encoded
protein was Ca?*-dependent, indicating that the first
repeat binds Ca?*, We conclude that repeats 2~8 in the
ligand-hinding domain are sufficient for binding lipo-
proteins and that the first repeat is highly immuno-
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-
carnying lipoproteins in coated pits (1). The receptor is a
single-chain transmembrane glycoprotein with five modular
domains. These domains are encoded by 18 exons, many of
whose borders coincide with the structural and functional
limits of the domains (1). The exons corresponding to each of
these domains have been deleted, either by naturally occurring
hurnan mutations (2-4) or through in vitro mutagenesis of an
expressible cDNA (5, 6).2 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 defrayed in pert by the payment of page charges. This article
must therefore be herehy marked “advertisement” 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 Medieal Research Council of Australia.

1'The abbreviations used are: LDL, low density lipoprotein; 8-
VLDL, §-migrating very low density lipoprotein; apo, apoprotein;
8DS, sodium dodecyl sulfate; HEPES, 4-(2-hydroxyethyl)-1-pipara-
zineethanesulfonic acid.

3L. Limbird, V. Esser, J. L. Goldstein, M. 8. Brown, and D. W.
Russell, manuscript in preparation.

normally performed by that domain, but leave the other
functions 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 cell
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,
apoprotein (apo) B-100 and apoE, which are the active com-
ponents of LDL and g-migrating very low density lipoprotein
(B8-VLDL), two lipoprotein ligands for the receptor (3).2 The
cysteine-rich repeats are closely related to a 40-amino acid,
cysteine-rich sequence found in several proteins of the blood
complement system, namely C8a, C88, and C9 (1, 7, 8). This
structural motif oceurs only once in each of the complement
components and its funetion 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 cysteine-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
endosome and recycle to the surface after internalization (6).
The third domain, located on 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 function 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 lipid bilayer (1, 2, 10). The fifth domain is
a 560-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
required 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 LDL. Moreover, these antibodies react with
mutant receptors that lack either the O-linked sugar region
(6) ar the epidermal growth 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 to funetionally dissect
the ligand-binding domain by deleting the ezon that encodes
the first 40-amino acid cysteine-rich repeat. When this repeat
was deleted, the receptor lost the ability to bhind the antire-
ceptor monoclonal antibodies IgG-C7 and IgG-15C8, but it
retained the ability to bind apoB-100 and apoE-containing
lipoproteins. We have also prepared a severely deleted recep-
tor in which the fivst cysteine-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 trimcated receptor showed an absolute dependence on
Ca®, indicating that the first repeat of the LDL receptor
contains a Ca®*-hinding site.

EXPERIMENTAL PROCEDURES

Materinls—Human LDL (d 1.018-1.083 g/ml) (16) and rabbit 8-
VLDL (d < 1.006 g/ml) (17) were prepared by ultracentrifugation
and radiolabeled by the iodine monochloride method. Lipoprotein-
deficient serum (d > 1.216 g/ml) was prepared as described (18).
Oligonucleotides were synthesized with an automated DNA synthe-
gizer (model 380A, Applied Biosystems, Inc.). IdIA-7 cells, a Chinese
hamster ovary cell mutant lacking a funetional LDL receptor (18},
were obtgined from Monty Krieger (Department of Biology, Massa-
chusetts Institute of Technology, Cambridge, MA). A synthetic pep-
tide corresponding to the COOH-terminal 14 amino acids of the
human LDL receptor was prepared as previously deseribed (15).

Antibodies—Nouse monoclonal antibodies 1gG-C7 (14), 1gG-15C8
(18), and IgG-HL1 (i1) directed apminst the LDL receptor wete
prepared as described in the indicated reference. A control mouse
monoclonal, IgG-2001, is directed against an irrelevant antigen (19).
IgG-4A4 is a mouse monoclonal antibody directed againat a synthetic
peptide corresponding to the COOH-terminal 14 amino acids of the
human LDL receptor. A hybridoma producing this antibody was
prepared by fusion of popliteal lymph nodes from immunized mice to
N81/1 Ag 4.1 myeloma cells ag described (11, 20). The heavy chain
of IgG-4A4 is IgGy, and the Light chain is x. The rabbit polyclonal
antibody directed against the COOH-terminal 14 amino acids of the
human LDL receptor has been previously described (15). All antibod-
ies were purified from mouse ascites fluid or rabbit serum by affinity
chromatography on Staphylococcus protein A-Sepharose (14). Mono-
cloz):.al antibodies were radiolabeled with 1 as previously described
(14).

Plasmids and Transfected Cell Lines—pLDLR-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
IdIA-7 cells that were transfected with pLDLR-2, have been described
previonaly (5). pRI encodes a truncated LDL seceptor cDNA in which
the first repeat of the ligand-binding domain (amino acids 1-42) is
attached via four foreign amino acids (Gly-Thr-Arg-Ser) to the
COOH-terminal 89 amino acids consisting of the 17 amino acids
immediately above the membrane, the 22 amino acids of the mem-
brane-spanning domain and the 50 amino acids of the cytoplasmic
domain (amino acids 751-839). This plasmid was constructed by
standard procedures (22) from two plasmids (pAX3-8 and pSTC)
derived from pLDLR-2, pAX3-6 was constructed by deleting the
DNA-eneoding amino arids 43-202 of the LDL receptor and intro-
ducing a Kpnl recognition sequence immediately 3’ to the deletion
site. This was achieved using a single 48-mer oligonucleotide that
bridged the deletion site. pSTC was constructed by deleting the DNA-
encoding amine acids 5-749 of the LDL receptor and introducing a
BgllI recognition sequence that bridged the deletion site. To facilitate
the introduction of the BglIl recognition sequences, 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 pAX3-8, the 5523-base pair Xbal-Bg!1I frag-
ment of pSTC, and a b5’-phosphorylated oligonucleotide 5'-

Ligand-binding Domain of LDL Receptor

GATCTGGTAC-3’ were ligated together. The oligonucleotide was
included to partially link the noncomplementary Bglll and Kpnl
ends, The product of the ligation had two bases unpaired, which were
filled using the Kienow fragment of Escherichia coli DNA polymerase

L

PAR]1 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 mutagenesis (24).

‘The constructs pR1 and pAR1 were used to transform E, coli TG-
1, after which they were characterized by DNA sequencing and
transfected into /dIA-7 cells as described (5). Stable cell lines were
selected by indirect immunofluorescence with monoclonal antirecep-
tor IgG-C7. The cell lines transfected with pR1 and pAR1 are desig-
nated TR-1011-25 and TR-884-1 cells, respectively. All cell lines were
maintained in monolayer culture at 37 °C in an atmosphere of 5-7%

CO..

LDL Reeeptor Assays—For assays of LDL receptor activity, 4 X
10* cells from trypsinized stock cultures were seeded into 60-mm
Petri dishes in medium A (Ham's F-12 medium containing 2 mM
glutamine, 100 units/ml penicillin, and 100 ug/ml streptomycin sul-
fate) supplemented with 10% (v/v) fetal calf serum (day 0). On day
2, cells were refed with medium of identical composition. On the day
prior to experiments (day 3), cells received medium A supplemented
with 10% calf lipoprotein-deficient serum, 0.1 ug/ml 26-hydroxycho-
lesterol, and 10 ug/mi cholesterol. The sterols were added to suppress
any endogenous defective hamster LDL receptors (5). Experiments
were performed on day 4. Cell surface binding of “I-LDL, **1-g-
VLDL, and **I-labeled antireceptor monoclonal antibodies by mono-
layers at 4 °C was determined as deseribed previously (14, 16). Me.
tabolism of '?*I-ligands by monolayers at 37 °C was determined as
previously described (16). Surface-bound and internalized **1-LDL
were separately measured by the dextran-sulfate release technique
(16). Surface-bound and internalized '*I.1gG-15C8 were separately
?&?E\ﬂﬁd by a minor medification of the trypsin release technique
25).

Immunochemical Procedures—Immunoblot analysis of proteins
transferred to nitrocellulose membranes (11) and immunoprecipita-
;inn :cfl LDL receptors from [“S]cysteine-labeled cells (5) were pre-
‘ormed as

Miscellaneous Methods—SDS-polyacrylamide gel electrophoresis
was performed by the method of Laemmli (26), Samples did not
receive reducing agent unless otherwise stated. Apparent molecular
masses were calculated by reference to the migration of the following
marker proteins: myosin (200 kDa), 5-galactosidese (116 kDa), phos-
phorylase b (97 kDa), bovine serum albumin (68 kDa), egg albumin
(45 kDa), carbonic anhydrase (29 kDa), soybean trypsin inhibitor (21
kDa), and lysozyme (14 1kDa). Marlker proteina were always reduced
with 3% (v/v) 2-mereaptoethanol prior to electrophoresis. Proteins
were visualized by fluorography using Kodak X-Omat RP-1 or XAR-
5 film and Du Pont Lightning Plus intensifying screens as stated in
the figure legends.

RESULTS

Deletion of First Repeat Eliminates Binding of Munoclonal
Antibodies but Not Lipoproteins—Fig. 1 shows the binding of
various ligands to hamster cells that were transfected with an
expressible cDNA (pLDLR-2) encoding the normal human
LDL receptor or a mutant cDNA (pAR1) encoding a receptor
that lacks the first cysteine-rich repeat in the ligand-binding
domain (amino acids 2-42). As recipients for the transfections
we used mutant cells that do not express LDL receptors on
their surface (18). At 4 °C the cells expressing the deleted
receptor showed a normal ability to bind **I-LDL (Fig. 14)
and »]-8-VLDL (Fig. 1B), but no ability to bind **I-1gG-C7
with high affinity (Fig. 1C). IgG-C7 is one of the monoclonal
antibodies that recognizes the ligand-binding domain. In
other experiments, the receptor encoded by pAR1 again bound
151, 8.VLDL normally at 4 °C (Fig. 24), but did not bind *°]-
IgG-15C8 (Figs. 2B and 3A), the other monoclonal antibody
that recognizes the ligand-binding domain.

The receptor encoded by pAR1 showed a normal affinity
for **1-1gG-HL1 (Fig. 3B). This monoclonal antipeptide an-
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Fi6. 1. Surface binding at 4 °C of '3*I-LD, (4), ***1-8-VLDL (B), and **LIgG-C7 (C) to monolayers
of cells transfected with pARl. On day 4 of cell growth, cells expressing the indicated ¢)JNA received 1.5 ml of
ice-cold medivin B (Eagle’s minimum essential medium without bicarbonate (GIBCQ) containing §% human
lipoprotein-deficient seram and 20 mM HEPES at pH 7.4) and the indicated concentration of **I-LDI, (401 cpm/
ng protein), **1-8-VLDL (257 epm/ng protein), or **I-1gG-C7 (601 cpm/ng). After 2 h at 4 °C, the tota) zadioactivity

hound to the cells was
A. B.
g? 200 /O-\T;"""o J— 160 _§
s )
32 150 0(— \pma.z 1120 §‘¢':‘-,
.Ewo PLOLR-2 480 3&
22 L
g 50 /mm 4 o 7 5-
oL ] 1 1 i L i 1 1 [

© 1 2 3 4 5 0 05 4 45 2
2038 - VLD (ay protein/mi} 151, 1g6- 15C8 {ug/m))

Fie. 2, Surface binding at 4 °C of **[.3-VLDL (4) and ***I-
IgG-15C8 (B) to monolayers of colls trunsfected with pAR1.
On day 4 of cell growth, cells expressing the indicated cDNA received
1.5 ml of ice-cold medium B and the indicated concentration of *°I-
g-VLDL, (251 epm/ng protein) or '*1-1gG-15C8 (620 cpm/ng). After
2 h at 4 *C, the total radioactivity bound to the cells was determined.
Esach value represents the average of duplicate incubations,

8
]
o
1

150 -

100

{ng/mg pratein)

pLOLR.2

/ PARY
o]
Ooc-O'T"-?-'—'l—-— 1 3 1 1 )

08 1 45 2 0 1 2 3 4 5
1251 1gG-15C8 (ug/ml) 1231-39G-HLA (png/mi)

. 4. Surface binding at 4 °C of PI.IgG-15C8 (4) and
181 1gG-HL1 (B) to monolayers of cells transfected with
pARI1. On day 4 of cell growth, cells expressing the indicated cDNA
received 1.5 ml of ice-cold medium B and the indicated concentration
of '¥1.1g(G-16C8 (610 cpm/ng) or *H1-IgG-HL1 (434 cpm/ng). After 3
h at 4 °C, the total radicactivity bound to the cells was determined.
Each value represents the average of duplicate determinations,
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257 . Monotlonol Antibody Bound

tibody was raised against a synthetic peptide corresponding
to amino acids 183-174 in the ligand-binding domain (11).
The;; amino acids constitute a linker between repesats 4 and
5 (23).

At 37 °C the receptor produced by pAR1 was ahle to mediate
the binding (Fig. 4A), internalization (Fig, 4B), and lysosomal
degradation (Fig. 4C) of **I.LDL with normal affinity. The
deleted receptor was also able to mediate the binding, uptake,
and degradation of *I-8-VLDL (Table I), but there was no
binding, uptake, or degradation of **I-IgG-16C8 (Table I).

Fig. 6 shows a series of immunoblots of extracts from cells
transfected with either the normal ¢cDNA or pARL. In the

Each value represents the averags of duplicate incubations.

0.8 A Surface-Bound 257001

£ o
2 o6 g
B oat- 0‘;./’_.’-—-——".
g P

‘i 02

g 06 y /—_’
g 040 / Transfectad cONA
> ® PLOLR-Z
a 0.2 o PARY

1 1 ] )
G. Degraged 291 . LDL

ol
g_,--..—._.."'"""..__g

ra

2’
0 1 1 L 1

oA,
0 0 20 30 40 50
1251 . L DL {;zg protein /ml)

F1G. 4. Metabolism of '**I-LDL at 37 °C by monolayers of
cell transfected with pAR]1 as a function of the concentration
of 2°I-Y.D1L.. On day 4 of cell growth, cells expressing the indicated
¢DNA received 2 ml of warm minimum Eagle’s mediom (GIBCO)
gupplemented with 5% human lipoprotein-deficient serum and the
indicated concentration of **I-LDL (79 ¢pm/ng protein) in the ab-
sence or presence of 1 mg of protein/ml of unlabeled LDL. After
incubation for 5 h at 37 °C, the total amounts of surface-bound #1-
LDL, internalized **I-LDL, and degradsd 12811, DL, were measured.
The values ashown represent high affini ug' values, which were deter-
mined by subtracting the values for ILDL in the presence of
unlabeled LDL (nonspecific value) from that in jts absence (total
value). Each value represents the average of duplicate incubations.
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presence of Ca**, the normal receptor bound IgG-15C8 (lane
A), but the deleted receptor did not (lare B). Binding of IgG-
15C8 to the normal receptor was abolished by EDTA (lane
@). The deleted receptor and the normal receptor bound IgG-
HL]1, 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 lg(3-4A4, a monoclonal
antipeptide antibody directed against the COOH-terminal 14
amino acids of the cytoplasmic domain (lanes E and F).

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 neceasary for
the binding of LDL or B-VLDL, nor is it necessary for
internalization and recyecling of LDL receptors.
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Tabig I
Metabalism at 37 °C of **I-§-VLDL and **1-Jg03-15C8 in cells
transfected with pARY

On day 4 of cell growth, cefls expressing the indicated ¢DNA
received 2 mi of warm Eagle’s minimum medium (GIBCO) suppls-
mented with 6% human lipoprotein-deficient serum and one of the
indicated *1-ligands: 10 ug of protein/ml of **1-8-VLDL (267 cpm/
ng protein) in the absence or presence of 1 mg of protein/ml of
uplabeled A4-VLDL or 10 pg/mi 1-IgG-15C8 (339 cpm/ng) in the
absence or presence of 1 me/ml unlabeled IgG-15C8. After incubation
for B h at 37 °C, the total amounts of surface-bound, interpalized,
and degraded **-ligand were determined. High affinity values were
calewlated by subtracting the values obtained in the presence of
unlabeled ligand from the values obtained in the absence of unlabeled
ligand. Each value represents the mean of duplicate incubations,

1.8-VLDL 1.15G- 1503
Susface-]
¢DNA  Sufe lntemalized Dograded  + Dograded
inte
ng/mg  ngfmg "f}fg'.f.- " ngmg "‘?;,f;:‘
pLDLR-2 127 826 3438 104 553
pARL 102 824 3048 0 0
Caot*t EDTA
"AB CD EF

"6 H I J

{1g6-| 6c8 [ w1 | 4aa| [ 15c8 | HL4 |

Fia. 5. Immunoblotting of solubilized LDL reesptors from
transfected cells, Detergent-sofubilized extracts of cells transfected
with pLDLR-2 (4, C, E, G, I) or pAR1 (B, D, F, H, J) were subjected
to electrophoresis on a 6% SDS-polyacrylamide gel. After electropho-
resis, proteins were transferred to nitroceltulose membranes and
mmbated with the indicated mouse monoclonal antireceptor antibod-
ies in the presence of either 2. mM CaCl; or 10 mM EDTA as indicated,
'he membranes ware then probed with 8 X 10° cpm/ml 1-iabeled
rabbit anti-mouse 1gG (10* cpm/og). The nitrocellutose was exposed
to RP-1 film for 2 h at room temperature with an intensifying screen.
The migration of molecular weight markers is shown.

First Repeat Binds Antibodies but Not Lipoproteins—We
next prepared a plasmid containing a ¢cDNA from which the
entire extornal domain of the LDL receptor was deleted except
for the first repeat (amino acids 2-42) plus 17 amino acids
immediately extornal to the membrane. This plasmid, desig-
nated pR1, was predicted to produce a small protein with an
apperent molecular weight of ~16,000. When cells were pulse-
labeled with [®S]eysteine and then subjected to immunopre-
cipitation with a rabbit polyclonal anti-COOH-terminal an-
tibody, the normal receptor encoded by pLDLR-2 appeared
as a 120,000-D precursor that was rapidly processed to the
160,000-Da mature form (left lane of Fig. 8). The receptor was
stable for 4 h, but after a 16-h chase, most of the receptors
were destroyed. The receptor encoded by pR1 was also precip-
itated by the rabbit anti-COOH-terminal antibody (right
panel of Fig. 8). This receptor was synthesized as an M, 16,000
precursor that did not undergo any increase in apparent
molecular weight, indicating that this protein dess not serve
as an aeceptor for oligosaccharide moieties. The receptor had
approximately the same stability as the normal receptor. It
was intact at 4 h, but was degraded 18 h after synthesis.

Ligand-binding Domain of LDL Receptor

pLDLR~2

c.Ok % 1N

fchase (hr) ‘l 0 .. ] A 1161

[01112|4I161

F1G. 6. Blosynthesls of **S.labeled LDL receptors in cells
transfected with pLDLR-2 and pR1. Cells transfected with the
indicated plasmid were pulse-labeled for 1 h with 0.5 mGi of [%8]
cysteine in cysteine-free Dulbecco’s modified Eagle's medium gon-
taining 0.3 mM L-proline and 10% lipoprotein-deficient serum, fol-
fowed by a chase for the indicated time in medium A containing 10%
lipoprotein-deficient serum. Receptors were immuncprecipitated
froin detergent lysates with a rabbit anti-COOH-terminal antibody,
retivced with 5% (v/v) 2-mercaptoethanol, and subjected to electro-
phoresis on either a 6% (pLDLR-2) or a 10% (pR1)-5DS-polyacryl-
amide gel. The migration of molecular weight markers is shown. Gels
were treated with Amplify (Amersham Corp.), dried, and exposed to
XAR-S5 film for 16 h at ~70 °C.

At 4 °C cells expressing the receptor encoded by pR1 bound
#1.1gG-C7 but not **I-LDL or '®[-8-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 cDNA. This ratio
was variable from experiment to experiment; in other exper-
imerits the amount of ®I-IgG-C7 binding was the same in
the two transfected cell lines, The apparent affinity for 1%]-
gg(%m was not significantly affected by the deletion (Fig.

A).

Binding of 1gG-C7 and IgG-15C8 has previously been shown
to he Ca®*-dependent on immunoblots after SDS-polyacryl-
amide gel electrophoresis (see Fig. 5) as well as in intact cells.®
Cells expressing the receptor encoded by pR1 showed the
same Ca** requirement for binding '*I-1gG-C7 as did the
normal receptor (Fig. 8).

At 37 °C the receptor encoded by pR1 bound *I-1gG-15CB
normally, but internalization and degradation of the hound

antibody were sluggish. Fig. 9 shows an experiment in which

cells expressing pLDLR-2 and pR1 were incubated with **1.
IgG-16C8 at 37 °C. After various times, the medium was
rexnoved for measurement of trichloroacetic acid-soluble deg-
radation products, the cells were washed, and the amount of
Y#1-1gG-15C8 releasable by trypsin was determined and used
as 8 measure of surface-bound antibody. The material that
was resistant to trypsin release is considered to be intracel-
Iular. In the steady state the pLDLR-2 cells contained nearly
8 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 trichloroacetic 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-b period. In the cells
expressing pR1, the amount of surface binding was higher
than in the normal cells (Fig. 98). The amount of internalized
1%1.1gG-15C8 rose rapidly but reached a platean level that
was no higher than the level of surface binding. The amount

3'W. J. Schneider, J. L. Goldstein, and M. S. Brown, anpublished
observations,
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F16. 7. Surface binding at 4 °C of ***I-IgG-C7 (4), *I-LDL (B), and '**I-3-VLDL (C) to monolayers
of cells transfected with pR1. On day 4 of cell growth, cells expressing the indicated cDNA zeceived 1.5 ml of

ice-cold medium B and the indicated concentration of

121 1gG-C7 (738 cpm/ng), **I.LDL (328 cpm/ng protein),

or **I-8-VLDL (305 cpm/ng protein). After 3 h at 4 °C, the total radioactivity bound to the cells was determined.
Each value represents the average of duplicate incubations.
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F16. 8. Surfare binding at 4 °C of ***I.IgG-15C8 to mono-
layerw of cells transfected with pRI as a function of the con-
centyation of Ca™, On day 4 of cell growth, cells expressing the
indicated cDNA were washed with 3 ml of ice-cold phosphate-buffered
saline (Ca®*- and Mg**-free) and then incubated with 1.5 ml of ice-
cold phosphate-buffered saline supplemented with 5% human lipo-
protein-deficient serum, 160 uM sodium EDTA (pH 7.4), 2 pg/ml Z1.
1gG-16CB (618 cpm/ng), and the indicated concentration of CaCl,.
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 mazimum” values were 151 and 59 ng of *I-
IgG-15C8 bound/mg of protein for 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 confirm the defective internalization and degradation
in the pR1 cells, we incubated cells expressing the normal and
deleted cDNAs with '*I-IgG-15C8 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-nega-

tive hamster cells that had been transfected only with salmon
sperm DNA. The values for binding, internalization, and
degradation 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 in
the legend to Fig. 10. In this experiment cells transfected with
pR1 bound the same amount of '*[-JgG-16C8 at the cell
surface as did the cells expressing the normal cDNA (Fig.
10A). However, the amount of internalized **I-IgG-15C8 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.Ig(-15C8 were similar to those in
the experiment of Fig. 9 (i.e. 21 for the pLDLR-2 cells and
3.0 for the cells expressing pR1).
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Fic. 9. Time course of metabolism of ***I-IgG-15C8at 37 °C
in cells transfected with pR1. On day 4 of cell growth, cells

‘transfected with the indicated cDNA received 2 ml of warm Eagle’s

minimum medium supplemented with 5% human lipoprotein-defi-
cient serum and 30 pg/ml either **I-IgG-15C8 (205 cpm/ng) or *=[-
IgG-2001 (206 cpm/ng), After incubation for the indicated time at
37°C, the total amounts of surface-bound (@), internalized (A), and
degraded (M) *“I-ligand were determined. The values shown represent
specific values for **I.1gG-16C8, which were determined by subtract-
ing the values for **[-1gG-2001 (monoclonal antibody against irrele-
vant antigen) from those for **I-1gG-16C8 (moneclonal 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-15C8 to the first of
the seven cysteine-rich repeats in the ligand-binding domain
of the LDL receptor. When this repeat was deleted through
oligonucleotide-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 8-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 monaclonal antibodies, but it
did not bind lipoproteins. These data establish that the first
cysteine-rich repeat is both necessary and sufficient for bind-
ing of the two monoclona! 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
apoB-100 and apoE (1), which are known to contain positively
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state, they make the performance of pulse-chase experiments 8- Howard, 0. M. Z,, Rao, A. G., and Sodetz, J. M. (1987) Biochem-

difficult. We have therefore been unable to do warmup exper-
iments to determine whether receptor-bound *[-1gG-15C8
transiently enters cells transfected with pR1. In the future we
plan to uze electron microscope histochemistry to clarify this
issue,

The current data establish that the first repeat of the LDL
receptor is not necessary for binding or uptake of lipoproteins
in cultured fibroblasts, and this raises the question of the
function of this repeat and the reason for its conservation
during evolution. Clearly, the function of this repeat is not to
bind monoclonal antibodies! It is likely that this repeat may
play some role in LDL receptor function in some tissue other
than fibroblasts. Alternatively, it may be 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

Radicacioén No. 02-79394
Clasificacidon Internacional (IPC): A61K 38/20
Concepto Técnico No. 2500

Como resuitado de} examen definitivo, realizado con fundamento en el articulo 48
de la Decisién 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados
1.1. Descripcion: Folios: 51 a 115 como se radicé inicialmente
1.2.Reivindicaciones: 1 a9, folios 283 y 284.
1.3. Prioridad: Si se tiene en cuenta, ver folio 1 del expediente
2. Objeto de la invencion

¢ Titulo de la solicitud; Anticuerpos monoclonales al receptor LDL humano, su
produccién y uso.

La presente solicitud se refiere a un anticuerpo monoclonal, especificamente
reconoce y se liga al receptor LDL humano, més especificamente a LDLR
+291, que no se trata de el anticuerpo monoclonal C7. Dicho anticuerpo puede
ser producido por los hibridomas depositados bajo los niumeros CNMC 1-2390,
CNMC [-1291, CNMC 1-2392, CNMC 1-2393. Los anteriores anticuerpos
pueden ser usados para la deteccion y cuantificacion de LDLR humano en
métodos como ELISA, Western blot. Adicionalmente dichos anticuerpos son
capaces inhibir la replicacion del virus de la hepatitis C al poner en contacto las
células con el anterior mAb antes de la infeccién. También hace parte de la
invencion, el método para preparar anticuerpo monoclonal que comprende
generar un hibridoma clonado que comprende una célula de vaso de mamifero
inmunizado con hsLDLR +291 y una célula 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 clasificé en la IPC CO7K
16/28, C12N 5/20, GO1N 33/577.

3. De la solicitud de Patente (seg(n el caso)
3.1. Descripcion (articulo 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 técnico sorprendente. Solo se efectuaron ensayos que
podrian dar indicios de la capacidad de inhibir la replicacion de Hep CV,
para 3 anticuerpos Mab 12.6, Mab 28, Mab 29.8.




4. Unidad de invencioén (articulo 25 D 486)

En los conceptos técnicos anteriores se indico6 claramente que para que
diferentes moléculas (anticuerpos) puedan ser considerados como un
mismo objeto, deben: i) presentar una estructura comin (nueva e
inventiva) asi como una ii) funcién o actividad comin demostrada.

El solicitante argumenta en la respuesta presentada el 19 de noviembre de
2007 que los anticuerpos reclamados si presentan una relacion estructural
porgue todos presentan el mismo Isotipo de inmunoglobulina, que es IgG1.
Sin embargo, este isotipo no es nuevo, no es inventivo, de hecho es
producto del sistema inmune del mamifero estimulado, no constituye una
creacion de la actividad inventiva del sefior solicitante y por lo tanto no
puede ser considerada como concepto comin nuevo e inventivo que
vincule todos los anticuerpos anti LDLR reivindicados. De hecho los
.. anticuerpos anti LDR de las anterioridades también pueden presentar ese
' mismo isotipo.

Por otra parte también establece en su memorial: i) todos los anticuerpos
se obtuvieron utilizando el antigeno del receptor LDL humano soluble, ii)
todos especifican (entendido como son especificos para) el LDLR soluble
humanoy iii) todos son capaces de inhibir la replicacién del virus de la
hepatitis C. '

Este Despacho se mantiene en que al no efectuar la caracterizacion
estructural de los anticuerpos (mediante las secuencias novedosas e
inventivas no existentes en el estado de la técnica) no se puede establecer
si constituyen un mismo objeto o no. Como ya se mencioné la definicién de
la molécula que reconocen NO puede constituir el concepto comin
inventivo, porque moléculas diferentes estructuralmente se pueden unir a
un mismo target. De igual manera el método de produccién de los
' anticuerpos monoclonales tampoco puede representar el concepto
vinculante nuevo e inventivo dado que la técnica del hibridoma ya habia
sido empleada para la obtencion de anticuerpos anti-LDLR.

Por ultimo es imperativo observar que la divulgacion de la descripcion
contradice el postulado del solicitante que “todos son capaces de inhibir la
replicacion del virus de la hepatitis C”, pues si se observa la figura 3 se
encuentra que se evaluaron tnicamente 3 anticuerpos: Mab 12.6, Mab
28, Mab 29.8, en donde el Mab 28 NO inhibe la replicacion de HCV. Es
decir, ademas de no evaluar todos los anticuerpos reivindicados (solo 3 de
los 5), 1 de los evaluados no cumple con el efecto técnico deseado.

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

5. Determinacion del Estado de la Técnica

Considerando que la fecha de presentacion de la primera solicitud de
patente de la cual se reivindica prioridad es: 13 de marzo de 2000, se
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buscaron documentos del estado de la técnica relacionados, con fecha de
publicacién anterior a esta.

Se hizo la bisqueda de documentos relevantes en el estado de la técnica,
entendiendo como estado de la técnica la definicion provista en el articulo
16 de la Decisién 486 de la Comision de la Comunidad Andina y las
excepciones fijadas en el articulo 17 de la misma.

Se encontré como anterioridades (documentos cuya fecha de publicacion
es anterior a la fecha de presentacion de la primera solicitud de patente
sobre la cual se reivindica prioridad o de la fecha de presentacion de esta
solicitud) que pueden afectar la patentabilidad del objeto de la presente
solicitud.

. Fecha de
N° Documento Titulo Publicacién
Van Driel et al. The Stochiometric binding of low density
journal of Biological lipoprotein (LDL) and monoclonal .
1 Chemistry vol 264, antibodies to LDL recepfors in a solid 5 junio de 1989
No 16, phase assay”
V. Agnello et al.

Hepatitis C virus and other flaviridiae
virus enter cells via low density 1999-10-26
lipoprotein receptor

2 Proceedings of the
National Academy of
sciences of the USA

Van Driel et al, The

3 journal of biological

chemistry Vol 262 No
33, 16127-13134

Self association of the low density
lipoprotein receptor medianted bya the 1987
citoplasmic domain

*Si se trata de una solicitud colombiana esta fecha corresponde también a la fecha
de presentacion de la solicitud colombiana adn sin haber sido publicada o sin
habérsele cumplido el plazo previsto en el art.40.

7. Analisis de patentabilidad (segtn requisito) (articulo 14 D486)

71.

Nivel inventivo (articulo18 D486)

El Nivel Inventivo se evalué por comparacion entre lo solicitado vy
encontrado en el estado de la técnica y que se relaciona con el objeto
reivindicado y de acuerdo con la definicion de nivel inventivo del Articulo
18 de la Decision 486 de la Comision de la Comunidad Andina.

Las reivindicaciones 1 a 6 reclaman anticuerpos monoclonales contra el
receptor de LDL, que son obtenidos por la técnica del hibridoma
empleando péptidos sintéticos que comprenden residuos presentes en el
receptor LDL soluble humano y que presentan actividad antiviral. Se
indican los 5 hibridomas depositados ante la ATCC. Las reivindicaciones 7
a 9 reclaman métodos para la produccion de los anteriores anticuerpos
monoclonales, para la purificacion de LDL-R soluble y para inhibir la
replicacién del virus de la hepatitis C.

El documento D1 revela varios anticuerpos monoclonales contra LDL-R
humano (HL1, C7, 15C8, 4A4) que se usan en fase sdlida para la
deteccién de LDL-R y que son preparados por la técnica del hibridoma. Los
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anteriores anticuerpos presentan como propiedad intrinseca un efecto
antiviral.

El documento D2 revela un anticu'erpo anti LDL-R denominado C7 que
exhibe un efecto antiviral (contra hepatitis C y flaviviridae) dada su union al
receptor LDL.

El documento D3 divulga el descubrimiento de ciertas propiedades del
receptor LDL, en el cual se efectuaron diferentes mutaciones con el objeto
de establecer los mecanismos de internalizacion de dicho receptor. En el
mismo estudio se emple6é un anticuerpo IgG-HL1. EIl anterior anticuerpo
fue producido usando un péptido sintético que se une a los residuos 163 a
174 del receptor humano de LDL, presente en la porciéon soluble de dicho
receptor,(de la misma forma que se obtuvieron los anticuerpos de la
presente solicitud)

La respuesta al problema técnico que se pretende resolver es entonces
proporcionar anticuerpos monoclonales alternativos anti LDL-R y su uso
en la inhibicion de la replicacion de HCV.

Los anticuerpos anti LDL-R son bien conocidos en el estado del arte
especialmente a partir de las anterioridades D1 a D3, asi como la técnica
del hibridoma que es de uso convencional para la_preparacion_de preparacion _de

anticuerpos _monoclonales, conocida por décadas por los técnicos de la
materia.

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

El solicitante indica en su respuesta al ultimo concepto técnico, que los
anticuerpos de la solicitud se obtienen utilizando un antigeno del receptor
LDL humano soluble altamente purificado (epitopes tridimensionales), , que
representan una “nueva calidad” para los antigenos utilizados en la
produccién de anticuerpos anti LDLR que da como resultado anticuerpos
especificos para LDLR soluble humano, mientras que los anticuerpos
similares del estado de la técnica se produjeron utilizando LDLR
parcialmente purificado o péptidos sintéticamente cortos.

A lo anterior, este Despacho manifiesta que es imposible afirmar que los
anticuerpos de la anterioridad eran menos especificos para el LDLRsoluble
humano que los reivindicados en la presente solicitud, pues el solicitante
aun conociendo el estado de la técnica no efectud comparaciones entre los
mAbs_de la presente solicitud y los previamente divulgados. Asi que, el
anterior argumento sin un sustento experimental constituye una mera
suposicion.

Adicionalmente, el solicitante menciona que una persona versada en la
materia no tenia motivacion alguna a ensayar el “LDLR+291" soluble
humano,(es decir la forma del receptor soluble humano que incluye las
secuencia ASP+4 a Glu +291 de la secuencia soluble de LDLR) para
generar anticuerpos monoclonales, cuando la ensefianza en el arte es que

]
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estructura que el solicitante indica como comtin es la presente en un sinntmero de
anticuerpos y es una estructura que ademas existe de manera espontanea en la
naturaleza e inventiva, ni la misma actividad. Ademas no todos los anticuerpos
exhiben la misma actividad, tal como se muestra en la figura 3. El método de
obtencién de mAbs que consiste en identificar un epitope adecuado y generar
anticuerpos contra dicho antigeno mediante la técnica del hibridoma es conocida
por cualquier técnico en la materia desde hace décadas y por lo tanto no puede
ser considerada como el concepto novedoso que vincula todos los anticuerpos.

0.2 Los anticuerpos de la solicitud si exhiben altura inventiva porque se
obtienen utilizando un antigeno del receptor LDL humano soluble altamente
purificado (epitopes tridimensionales), que representa una “nueva calidad” para
los antigenos utilizados en la produccion de anticuerpos anti LDLR dando como
resultado anticuerpos especificos para LDLR soluble humano. Adicionalmente no
existia motivacion a ensayar el “LDLR+291” soluble humano,(es decir la forma del
receptor soluble humano que incluye las secuencia ASP+4 a Glu +291 de la
secuencia soluble de LDLR) para generar loa anticuerpos mencionados.

Tal como se mencioné anteriormente, la identificacion de un epitope apropiado
para la generacion de anticuerpos no es suficiente para atribuirle el nivel inventivo
al anticuerpo generado, si_dicho anticuerpo en si_mismo no representa un salto
cualitativo_en la formulacion_de la regla técnica. Como ya se mencioné en el
aparte de unidad de Invenciéon en la presente solicitud no existe evidencia
experimental que soporte el postulado que los anticuerpos de la presente
invencion representan un verdadero aporte al estado de la técnica.

En consecuencia y por todo lo expuesto anteriormente, se recomienda Negar las
reivindicaciones: 1 a 9 (folios:283 a 284).

Bogota, D.C., 7 diciembre de 2007

CONCEPTO TECNICO No. EXAMINADOR TECNICO
2500 Cédigo No.202063




