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(57) ABSTRACT 

The present invention relates to an antibody or functional 
portion thereof Which binds to a mammalian (e.g., human) 
CC-chemokine receptor 5 protein (CKR-S or CCRS) or 
portion of the receptor. The invention further relates to a 
method of inhibiting the interaction of a cell bearing mam 
malian CCRS With a ligand thereof. Another aspect of the 
invention relates to a method of inhibiting HIV infection of 
a cell Which expresses a mammalian CCRS or portion 
thereof using the antibodies described herein. Also encom 
passed by the present invention are methods of treating or 
preventing HIV in a patient. 
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ANTI-CCR5 ANTIBODIES AND METHODS OF USE 
THEREFOR 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of copending US. application Ser. No. 08/893,911, ?led 
Jul. 11, 1997, Which is a continuation-in-part application of 
US. application Ser. No. 08/739,507, ?led Oct. 28, 1996. 
The teachings of these prior applications are incorporated 
herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Over the past several years a growing family of 
leukocyte chemoattractant/activating factors, termed 
chemokines, has been described (Oppenheim, J. J. et al., 
Annu. Rev. Immunol, 9:617-648 (1991); Schall and Bacon, 
Curr. Opin. Immunol, 6:865-873 (1994); Baggiolini, M., et 
al.,Adv. Imunol, 55:97-179 (1994)). Members of this family 
are produced and secreted by many cell types in response to 
early in?ammatory mediators such as IL-1[3 or TNFot. The 
chemokine superfamily comprises tWo main branches: the 
ot-chemokines (or CXC chemokines) and the [3-chemokines 
(CC chemokines). The ot-chemokine branch includes pro 
teins such as IL-8, neutrophil activating peptide-2 (NAP-2), 
melanoma groWth stimulatory activity (MGSA/gro or 
GROot), and ENA-78, each of Which have attracting and 
activating effects predominantly on neutrophils. The mem 
bers of the [3-chemokine branch affect other cell types such 
as monocytes, lymphocytes, basophils, and eosinophils 
(Oppenheim, J. J. et al., Annu. Rev. Immunol, 9:617-648 
(1991); Baggiolini, M., et al., Adv Imunol, 55:97-179 
(1994); Miller and Krangel, Crit. Rev. Immunol, 12:17-46 
(1992); Jose, P. J., et al., J. Exp. Med., 179:881-118 (1994); 
Ponath, P. D., et al.,J. Clin. Invest, 97:604-612 (1996)), and 
include proteins such as monocyte chemotactic proteins 1-4 
(MCP-1, MCP-2, MCP-3, and MCP-4), RANTES, and 
macrophage in?ammatory proteins (MIP-1ot, MIP-1[3). 
Recently, a neW class of membrane-bound chemokine hav 
ing a CX3C motif has been identi?ed (BaZan, J. F. et al., 
Nature, 385: 640-644 (1997)). Chemokines can mediate a 
range of pro-in?ammatory effects on leukocytes, such as 
chemotaxis, degranulation, synthesis of lipid mediators, and 
integrin activation (Oppenheim, J. J. et al., Annu. Rev 
Immunol, 9:617-648 (1991); Baggiolini, M., et al., Adv 
Imunol, 55:97-179 (1994); Miller, M. D. and Krangel, M. 
S., Crit. Rev. Immunol, 12:17-46 (1992)). Lately, certain 
[3-chemokines have been shoWn to suppress HIV-1 infection 
of human T cell lines in vitro (Cocchi, F., et al., Science 
(Wash. DC), 270:1811-1815 (1995)). 
[0003] Chemokines bind to 7 transmembrane spanning 
(7TMS) G-protein coupled receptors (Murphy, P. M.,Annu. 
Rev. Immunol, 12:593-633 (1994)). The principal human 
CXC chemokine receptors characteriZed to date include: 
CXCR1 (IL-8 Receptor type A (IL-8 RA)), Which binds 
IL-8; CXCR2 (IL-8 RB), Which binds a number of CXC 
chemokines including IL-8 and GROO. (Murphy, P. M. and 
Tiffany, H. L., Science (Wash. DC), 253:1280-3 (1991); 
Beckmann, M. P., et al., Biochem. Biophys. Res. Commun, 
179:784-789 (1991); Holmes, W. E., et al., Science (Wash. 
DC), 253:1278-1280 (1991)); an IP-10/Mig receptor des 
ignated CXCR3 (Loetscher et al., J. Exp. Med. 184:963-969 
(1996)); and CXCR4 (also referred to as “LESTR” or 
“fusin”), Which binds SDF-1 (NagasaWa et al., Proc. Natl. 
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Acad. Sci. USA 93:14726-14729 (1996)). The knoWn recep 
tors for the CC or [3 chemokines include CCR1, Which binds 
MIP-lO. and RANTES (Neote, K., et al., Cell, 72:415-425 
(1993); Gao, J. L., J. Exp. Med., 177:1421-1427 (1993)); 
CCR2, Which binds MCP-1 and MCP-3 (Charo, I. F., et al., 
Proc. Natl.Acad. Sci. USA, 91:2752-2756 (1994); Myers, S. 
J., et al., J. Biol. Chem., 270:5786-5792 (1995)); CCR3, 
Which binds chemokines including eotaxin, RANTES and 
MCP-3 (Ponath, P. D., et al., J. Exp. Med., 183:2437-2448 
(1996)); CCR4, Which has been found to signal in response 
to MCP-1, MIP-1ot, and RANTES (PoWer, C. A., et al., J. 
Biol. Chem., 270:19495-19500 (1995)); and CCR5, Which 
has been shoWn to signal in response to MIP-1ot, MIP-1[3 
and RANTES (Boring, L., et al., J. Biol. Chem., 271 
(13):7551-7558 (1996); Raport, C. J., J. Biol. Chem., 
271:17161-17166 (1996); and Samson, M. et al., Biochem 
istry, 35:3362-3367 (1996)). 

[0004] The precise expression of many of the chemokine 
receptors is not yet knoWn, because speci?c mAbs are not 
available. For T cells, PCR or Northern blotting indicates 
that the knoWn receptors for CC chemokines are expressed 
on subsets of T cells. Delineating exactly Which subsets is an 
area of intense study, because chemokine receptor expres 
sion may explain the localiZation or migration of various cell 
types, such as TH1 or TH2 T cells or tissue homing subsets. 
It may also determine Which T cells are infected With 
different strains of HIV-1. Despite the development of over 
130 CD-de?ned speci?cities on leukocytes by the 5th Inter 
national Leukocyte Workshop in 1993 (Schlossman, S. F., et 
al., Leukocyte Typing V, Oxford University Press, 1995), 
none of these are speci?c for chemokine receptors, pointing 
to the dif?culty in making antibodies to these cell surface 
receptors. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to an antibody 
(immunoglobulin) or functional portion thereof (e.g., anti 
gen binding fragment) Which binds to a mammalian 
chemokine receptor 5 protein (also referred to as CKR-5 or 
CCR5) or portion of the receptor (anti-CCR5). In one 
embodiment, the antibody of the present invention has 
speci?city for human CCR5 or portion thereof, Wherein the 
antibody blocks binding of a ligand (e.g., RANTES, MIP 
10., MIP-1[3, human immunode?ciency virus (HIV)) to the 
receptor and inhibits function associated With binding of the 
ligand to the receptor (e.g., leukocyte traf?cking). For 
example, as described herein, antibodies of the present 
invention having speci?city for human CCR5 or a portion 
thereof, can block binding of a chemokine (e.g., RANTES, 
MIP-1ot, MIP-1[3) to the receptor and inhibit function asso 
ciated With binding of the chemokine to the receptor. In one 
embodiment, the antibody is monoclonal antibody 5C7 or a 
monoclonal antibody (mAb) Which can compete With 5C7 
for binding to human CCR5 or portion of human CCR5. In 
another embodiment, the antibody is monoclonal antibody 
2D7 or a mAb Which can compete With 2D7 for binding to 
human CCR5 or portion of human CCR5. 

[0006] The present invention further relates to a method of 
inhibiting the interaction of a cell (e.g., leukocytes, T cells 
such as CD8+ cells, CD4+ cells and CD45RO+ cells, 
monocytes and transfected cells) bearing mammalian (e.g., 
human, non-human primate or murine) CCR5 With a ligand 
thereof, comprising contacting the cell With an effective 
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amount of an antibody or functional portion thereof Which 
binds to a mammalian CCRS or portion of CCR5. 

[0007] Another embodiment of the invention relates to a 
method of inhibiting the interaction of a cell bearing mam 
malian chemokine receptor 5 protein With a chemokine, 
comprising contacting said cell With an effective amount of 
an antibody or functional portion thereof Which binds to a 
mammalian chemokine receptor 5 protein or portion of said 
receptor. In one embodiment of the method, the antibody or 
functional portion thereof is any one or more of 2D7, an 
antigen binding fragment of 2D7 or an antibody having an 
epitopic speci?city Which is the same as or similar to that of 
2D7. Furthermore, the invention relates to a method of 
inhibiting a function associated With binding of a chemokine 
to the chemokine 5 receptor protein, comprising adminis 
tering an effective amount of an antibody or functional 
portion thereof Which binds to a mammalian chemokine 
receptor 5 protein or portion of said receptor. In one aspect 
of the method, the antibody or functional portion thereof is 
any one or more of 2D7, an antigen binding fragment of 2D7 
or an antibody having an epitopic speci?city Which is the 
same as or similar to that of 2D7. 

[0008] Another aspect of the invention is a method of 
identifying expression of a mammalian CCRS or portion of 
the receptor by a cell. According to the method, a compo 
sition comprising a cell or fraction thereof (e.g., a membrane 
fraction) is contacted With an antibody or functional portion 
thereof (e.g., 5C7 or 2D7) Which binds to a mammalian 
CCRS or portion of the receptor under conditions appropri 
ate for binding of the antibody thereto, and the formation of 
a complex betWeen said antibody and said protein or portion 
thereof is detected. Detection of the complex indicates the 
presence of the receptor on the cell. The present invention 
also relates to a kit for use in detecting the presence of CCR5 
or a portion thereof in a biological sample, comprising an 
antibody or functional portion thereof Which binds to a 
mammalian chemokine receptor 5 protein or portion of said 
receptor, and ancillary reagents suitable for detecting the 
presence of a complex betWeen said antibody and said 
protein or portion thereof. 

[0009] Also encompassed by the present invention are 
methods of identifying additional ligands or other sub 
stances Which bind a mammalian CCRS protein, including 
inhibitors and/or promoters of mammalian CCRS function. 
For example, agents having the same or a similar binding 
speci?city as that of an antibody of the present invention or 
functional portion thereof can be identi?ed by a competition 
assay With said antibody or portion thereof. Thus, the present 
invention also encompasses methods of identifying ligands 
or other substances Which bind the CCR5 receptor, including 
inhibitors (e.g., antagonists) or promoters (e.g., agonists) of 
receptor function. In one embodiment, suitable host cells 
Which have been engineered to express a receptor protein or 
variant encoded by a nucleic acid introduced into said cells 
are used in an assay to identify and assess the ef?cacy of 
ligands, inhibitors or promoters of receptor function. Such 
cells are also useful in assessing the function of the 
expressed receptor protein or polypeptide. 

[0010] Thus, the invention also relates to a method of 
detecting or identifying an agent Which binds a mammalian 
chemokine receptor 5 protein or ligand binding variant 
thereof, comprising combining an agent to be tested, an 
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antibody or antigen binding fragment of the present inven 
tion (e.g., 2D7, an antibody having an epitopic speci?city 
Which is the same as or similar to that of 2D7, and antigen 
binding fragments thereof) and a composition comprising a 
mammalian chemokine receptor 5 protein or a ligand bind 
ing variant thereof. The foregoing components can be com 
bined under conditions suitable for binding of the antibody 
or antigen binding fragment to mammalian chemokine 
receptor 5 protein or a ligand binding variant thereof, and 
binding of the antibody or fragment to the mammalian 
chemokine receptor 5 protein or ligand binding variant is 
detected or measured, either directly or indirectly, according 
to methods described herein or other suitable methods. A 
decrease in the amount of complex formed relative to a 
suitable control (e.g., in the absence of the agent to be tested) 
is indicative that the agent binds said receptor or variant. The 
composition comprising a mammalian chemokine receptor 5 
protein or a ligand binding variant thereof can be a mem 
brane fraction of a cell bearing recombinant chemokine 
receptor 5 protein or ligand binding variant thereof. The 
antibody or fragment thereof can be labeled With a label such 
as a radioisotope, spin label, antigen label, enZyme label, 
?uorescent group and chemiluminescent group. These and 
similar assays can be used to detect agents, including ligands 
(e.g., chemokines or strains of HIV Which interact With 
CCRS) or other substances, including inhibitors or promot 
ers of receptor function, Which can bind CCR5 and compete 
With the antibodies described herein for binding to the 
receptor. 

[0011] According to the present invention, ligands, inhibi 
tors or promoters of receptor function can be identi?ed in a 
suitable assay, and further assessed for therapeutic effect. 
Inhibitors of receptor function can be used to inhibit (reduce 
or prevent) receptor activity, and ligands and/or promoters 
can be used to induce (trigger or enhance) normal receptor 
function Where indicated. Thus, the present invention also 
provides a method of treating HIV or in?ammatory diseases, 
including autoimmune disease and graft rejection, compris 
ing administering an inhibitor of receptor function to an 
individual (e.g., a mammal). The present invention further 
provides a method of stimulating receptor function by 
administering a novel ligand or promoter to an individual, 
providing a neW approach to selective stimulation of leu 
kocyte function, Which is useful, for example, in the treat 
ment of infectious diseases and cancer. 

[0012] The present invention also relates to a method of 
detecting the susceptibility of a mammal to HIV. According 
to the method, a sample to be tested is contacted With an 
antibody or functional portion thereof Which binds to a 
mammalian CCRS or portion thereof, under conditions 
appropriate for binding of said antibody thereto, Wherein the 
sample comprises cells Which express CCRS in normal 
individuals. Binding of antibody is detected using a suitable 
assay, and the binding of the antibody is indicative of the 
level of receptor expressed by the cells, Which correlates 
With the susceptibility of the mammal to HIV. Thus, the 
method can be used to determine the expression level of 
CCR5 on the T cells of a susceptible but uninfected indi 
vidual to determine the degree of risk to such an individual 
upon exposure to HIV. In another embodiment, a sample 
comprising a mammalian CCRS protein, such as a cellular 
fraction or liposomes comprising said protein, can be used. 
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[0013] The present invention also encompasses a method 
of determining the prognosis for HIV in a mammal. Accord 
ing to the method, a sample to be tested is contacted With an 
antibody or functional portion thereof Which binds to a 
mammalian CCRS or portion thereof, under conditions 
appropriate for binding of said antibody thereto, Wherein the 
sample comprises cells Which express CCRS in normal 
individuals. Binding of antibody is detected, and binding of 
antibody is indicative of the level of receptor expressed by 
the cells, Which correlates With the prognosis for HIV in the 
mammal. In another embodiment, a sample comprising a 
mammalian CCRS protein, such as a cellular fraction or 
liposomes comprising said protein, can be used. 

[0014] Another aspect of the invention relates to a method 
of inhibiting HIV infection of a cell Which expresses a 
mammalian CCRS or portion thereof (e.g., monocytes, mac 
rophages, dendritic cells or T cells such as CD4+ cells, 
CD8+ cells), comprising contacting the cell With an effective 
amount of an antibody or functional portion thereof Which 
binds to a mammalian CCRS or portion of the receptor. 

[0015] Also encompassed by the present invention is a 
method of inhibiting (e.g., treating) HIV in a patient, com 
prising administering to the patient an effective amount of an 
antibody or functional portion thereof Which binds to a 
mammalian CCRS or portion of said receptor. 

[0016] Another aspect of the invention also relates to a 
method of preventing or inhibiting HIV infection in an 
individual, comprising administering to the individual an 
effective amount of an antibody or functional portion thereof 
Which binds to CCRS. According to the method, preventing 
HIV infection includes treatment in order to prevent (reduce 
or eliminate) infection of neW cells in an infected individual 
or in order to prevent infection in an individual Who may be, 
may have been or has been exposed to HIV. For example, 
individuals such as an HIV infected individual, a fetus of an 
HIV infected female, or a health care Worker can be treated 
according to the method of the present invention. 

[0017] The present invention also encompasses a method 
of inhibiting leukocyte tra?icking in a patient, comprising 
administering to the patient an effective amount of an 
antibody or functional portion thereof Which binds to a 
mammalian CCRS or portion of said receptor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a FACScan® pro?le illustrating that mab 
5C7 is reactive With CCRS transfected L12 cells (solid 
lines), but not With L12 cells transfected With a variety of 
other chemokine receptors (broken lines). 

[0019] FIGS. 2A-2C are FACScan®V dot plots in Which 
expression of CCR5 on lymphocytes from a normal indi 
vidual (Donor 5) (FIG. 2A), an individual heteroZygous for 
the CCR5 deletion (Donor 3) (FIG. 2B), and an individual 
homoZygous for the CCR5 deletion (Donor 1) (FIG. 2C) 
Was monitored. Staining Was performed using PBMC, and 
cells Were gated so that the lymphocyte population Was 
assessed. The X-axis represents forWard light scatter (a 
measure of cell siZe), and the Y-axis ?uorescence intensity 
of staining for CCRS (using mAb 5C7, and a second step 
anti-mouse Ig-FITC). The level of negative control staining 
is indicated by a line. 

[0020] FIGS. 3A-3B illustrate the position of the CCR5 
deletion and the presence or absence of mutant CCRS alleles 
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in various individuals. FIG. 3A shoWs the position of the 
CCR5 deletion, and the sequence difference betWeen the 
normal (CCRS Wild type (WT), SEQ ID NO: 1) and mutant 
(CCRS MUT, SEQ ID NO: 2) forms of CCR5. FIG. 3B is 
a photograph of an agarose gel demonstrating the bands 
detected in normal CCRS individuals (Donor 5), homoZy 
gous CCRS mutant individuals (Donors 1 and 2), and CCR5 
heteroZygous individuals (Donors 3 and 4). Genomic DNA 
Was isolated from PBMC cells of selected blood donors. 
PCR reactions Were carried out using a set of 5‘ and 3‘ 
primers, the reaction products Were run on a 4% Nusieve 
GTG agarose gel and DNA bands stained by ethidium 
bromide. Under these conditions, a 174 -bp band for a 
normal individual, a 142 -bp band for homoZygous CCRS 
mutant individuals, and both 174 -bp and 142 -bp bands for 
CCRS heteroZygous individuals Were detected. 

[0021] FIGS. 4A-4B are FACScan® dot plots assessing 
expression of CCR5 on CD4+ (FIG. 4A) and CD8+ (FIG. 
4B) cells, although CCRS Was expressed preferentially on 
the CD8+ subset. 

[0022] FIGS. 5A-5D are FACScan® dot plots assessing 
expression of CCR5 on memory lymphocytes (FIGS. 
5A-5B) and activated lymphocytes (FIGS. 5C-5D). Human 
PBMC Were stained With mAb 5 C7, folloWed by anti-mouse 
Ig-FITC, and Were then stained for CD45RO (FIG. 5A), 
CD45RA (FIG. 5B), CD26 (FIG. 5C), or CD25 (IL-2R) 
(FIG. 5D), using PE-labeled mAbs (Becton Dickinson). As 
indicated, CCRS Was largely absent from the IL-2 receptor 
(IL-2R) subset. FL1 (green ?uorescence, 5C7 staining in all 
plots) is shoWn on the X-axis, and FL2 (red ?uorescence) is 
shoWn on the Y-axis. The PE-labeled mAb used (FL2 
staining) is indicated for each plot. 

[0023] FIGS. 6A and 6B demonstrate that mAb 2D7 
recogniZes the CCR5 receptor. FIG. 6A illustrates the 
reactivity of mAb 2D7 With CCRS L12 cells, but not With 
CXCR4 L12 cells. FIG. 6B illustrates the results of tWo 
color staining of human PBL With 2D7 (green ?uorescence) 
and 12G5 (anti-CXCR4, red ?uorescence). Quadrants Were 
set on the basis of control and single color stainings. 

[0024] FIG. 7 illustrates the reactivity of CCRS-speci?c 
mAbs With cells expressing various CCR5/CCR2b receptor 
chimeras or untransfected control cells. The structures of 
CCR5/CCR2b chimeras used are shoWn schematically on 
the left hand side. Regions derived from CCRS are shoWn as 
shaded regions, and regions derived from CCR2b are shoWn 
as dark lines. Stable CHO cell transfectants expressing 
various CCR5/CCR2b receptor chimeras Were stained With 
anti-CCRS mAb 3A9, 5C7, 2D7, anti-CCR2b mAb 5A11, or 
anti-CXCRl mAb 7D9. Level of staining of the transfec 
tants by the various mAbs Was graded + to +++, or negative 
(mg) 
[0025] FIGS. 8A-8C are histograms illustrating that mAb 
2D7 inhibits ligand binding to CCRS. CCRS L12 cells 
(FIG. 8A), THPl cells (FIG. 8B), or CD3 blasts (FIG. 8C) 
Were incubated With 0.1 nM 125I-labeled-MIP-lot, 125I 
labeled-MIP-lB, or 125I-labeled-RANTES, in the absence 
(total binding; stippled bar) or presence of either 10 pig/ml of 
mAb 2D7 (an IgG1 isotype; unshaded bar), mAb 3A9 (right 
horiZontal-striped bar), control IgG1 mAb (left horiZontal 
striped bar), or 100 nM unlabeled chemokine (gray shaded 
bar). Data are shoWn as the % of total binding Which is in 
the absence of mAb or unlabeled chemokines. 
















































