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(57) ABSTRACT 

The susceptibility of human macrophages to human immu 
node?ciency virus (HIV) infection depends on cell surface 
expression of the human CD4 molecule and CC cytokine 
receptor 5. CCR5 is a member of the 7-transmembrane 
segment superfamily of G-protein-coupled cell surface mol 
ecules. CCR5 plays an essential role in the membrane fusion 
step of infection by some HIV isolates. The establishment of 
stable, nonhuman cell lines and transgenic mammals having 
cells that coeXpress human CD4 and CCR5 provides valu 
able tools for the continuing research of HIV infection. In 
addition, antibodies Which bind to CCR5, CCR5 variants, 
and CCR5-binding agents, capable of blocking membrane 
fusion betWeen HIV and target cells represent potential 
anti-HIV therapeutics for macrophage-tropic strains of HIV. 
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CC CHEMOKINE RECEPTOR 5 DNA, NEW 
ANIMAL MODELS AND THERAPEUTIC AGENTS 

FOR HIV INFECTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to in vitro and in vivo 
models for the study of human immunode?ciency virus 
(HIV) infection and the effectiveness of anti-HIV therapeu 
tics. The invention more speci?cally relates to cell surface 
proteins that participate in HIV infection and Which are 
useful for the development of animal models. 

BACKGROUND OF THE INVENTION 

[0002] An HIV infection cycle begins With the entry of an 
HIV virus into a target cell. Entry commences When an HIV 
envelope glycoprotein (env) binds to a human CD4 mol 
ecule in a target cell membrane. This binding leads to fusion 
of virus and cell membranes, Which in turn facilitates virus 
entry into the host. The HIV-infected host cell eventually 
expresses env on its surface. This expression alloWs the 
infected cell to fuse With uninfected, CD4-positive cells, 
thereby spreading the virus. 

[0003] Recent studies have shoWn that the HIV fusion 
process occurs With a Wide range of human cell types that 
either express human CD4 endogenously or that have been 
engineered to express human CD4. The fusion process, 
hoWever, does not occur With nonhuman cell types engi 
neered to express human CD4 even though these nonhuman 
cells still can bind env. The disparity betWeen human and 
nonhuman cell types exists because membrane fusion 
requires the coexpression of human CD4 and one or more 
cofactors speci?c to human cell types. Nonhuman cell types 
that have been engineered to express human CD4 but not the 
additionally required factor(s) are incapable of membrane 
fusion, and therefore are nonpermissive for HIV infection. 

[0004] Some individual HIV isolates, designated “mac 
rophage-tropic,” ef?ciently infect primary macrophages but 
not immortaliZed T-cell lines. Other isolates, designated 
“T-cell line-tropic,” have the opposite property and infect 
immortaliZed T-cell lines more ef?ciently than they infect 
primary macrophages. Both types of isolates readily infect 
primary T-cells from the body, hoWever. The selective 
tropism of these tWo types of isolates is thought to be due to 
their requirements for distinct cofactors that are differen 
tially expressed on different CD4 positive cell types. It 
should be understood that other HIV strains are “dual 
tropic” and have the ability to infect both macrophages and 
immortaliZed T-cell lines and are believed to be able to use 
more than one cofactor. 

[0005] Recently a cofactor required for fusion of virus and 
cell membranes has been described. Feng et al., Science 272: 
872-7 (1996). This factor, called “fusin,” (also knoWn as 
CXCR4) permits cells that contain human CD4 to fuse With 
the surface of an HIV virus. Fusin functions preferentially 
for T-cell line-tropic HIV-1 isolates and much less Well for 
macrophage-tropic HIV-1 isolates. 

[0006] The discovery of fusin alloWs the creation of a 
successful small animal model. Such a model is crucial for 
studies of HIV infection and of the effectiveness of anti-HIV 
therapeutics. But the presence of fusin enables the study of 
T-cell line-tropic but not macrophage-tropic isolates. This is 
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an important distinction because macrophage-tropic isolates 
represent the predominant type of isolates obtained from 
infected individuals. Macrophage-tropic isolates also appear 
to be preferentially transmitted betWeen individuals. Aputa 
tive cofactor that is necessarily expressed With CD4 to alloW 
entry of macrophage-tropic isolates remains unknoWn. 

[0007] In recent years, researchers have bred transgenic 
animals that contain cells Which express human CD4 and 
Which could be used as models for HIV infection of mac 
rophages if the macrophage-speci?c factor Were knoWn. 
See, for example, Dunn et al., Human immunode?ciency 
virus type I infection of human CD4-transgenic rabbits, J. 
Gen. Vir. 76:1327-1336 (1995); Snyder et al., Development 
and Tissue-Speci?c Expression of Human CD4 in Trans 
genic Rabbits, Mol. Reprod. & Devel. 40:419-428 (1995); 
Killeen et al., Regulated Expression of Human CD4 Rescues 
Helper T -Cell Development in Mice Lacking Expression of 
Endogenous CD4, EMBO J. 12:1547-1553 (1993); Forte et 
al., Human CD4 Produced in Lymphoid Cells of Transgenic 
Mice Binds HIV gp120 and Modi?es the Subsets 30 of 
Mouse T -Cell Populations, Immunogenetics 38:455-459 
(1993). 
[0008] A goal of research in this ?eld is to ?nd a putative 
factor for the macrophage-tropic isolates that could be 
co-expressed With CD4 in a small animal. Such co-expres 
sion Would provide an animal model to develop ef?cacious 
therapies to combat infection by macrophage-tropic HIV 
isolates. The discovery of other essential cofactors Would 
provide neW targets for development of anti-HIV therapies. 

SUMMARY OF THE INVENTION 

[0009] The present invention is based on the discovery of 
a neW CC chemokine receptor protein associated With HIV 
infection (formerly referred to as “CC CKRS”, noW more 
commonly knoWn as “CCR5”). The invention provides 
isolated polynucleotides and polypeptides encoded by 
CCRS polynucleotides, as Well as antibodies directed 
against regions of CCR5 and peptide fragments of CCR5 
Which block HIV interaction With the CC CKCRS receptor. 

[0010] It is an object of the present invention to provide 
therapeutic and preventative medicinal agents effective 
against HIV infection and effective in regulating monocyte 
accumulation and activation. In accomplishing these and 
other objects, there has been provided, in accordance With 
one aspect of the present invention a stable, nonhuman cell 
line, the cells of Which contain DNA encoding CCRS. In 
accordance With another aspect of the invention a transgenic 
non-human mammal is provided comprised of cells that 
coexpress human CD4 and CCR5. In another aspect of the 
invention, the invention provides an antibody Which binds to 
CCR5 and Which blocks membrane fusion betWeen HIV and 
a target cell. In accordance With another aspect of the 
invention, there is provided a cell that expresses a CCRS 
gene, Wherein the CCR5 gene is not stably integrated into 
the genome of said cell. 

[0011] In accordance With yet another aspect of the inven 
tion an isolated and puri?ed peptide fragment of CCR5 is 
provided that blocks membrane fusion betWeen HIV and a 
target cell. 

[0012] In yet another aspect, the invention provides a 
method for identifying a compound Which blocks membrane 
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fusion between HIV and a CCR5 target cell or between an 
HIV-infected cell and a CCR5 positive uninfected cell. The 
method includes the steps of: a) incubating components 
comprising the compound and a CDU and CCR5 positive 
cell under conditions sufficient to alloW the components to 
interact; b) contacting the components of step a) With HIV 
or an HIV-infected cell; and c) measuring the ability of the 
compound to block membrane fusion betWeen HIV and the 
CCR5 positive cell or betWeen an HIV-infected cell and a 
CCR5 positive uninfected cell. 

[0013] In accordance With yet another aspect of the inven 
tion a method of inhibiting CCR5 expression in a cell is 
provided, comprising introducing into the cell at least one 
antisense polynucleotide that causes the inhibition of CCR5 
in the cell. 

[0014] In accordance With yet another aspect of the inven 
tion is provided a CCR5-binding agent, Wherein said agent 
blocks binding of a chemokine and HIV to CCR5. 

[0015] The antibodies and blocking agents of the inven 
tion are also useful for providing methods for modulating an 
immune response in Which macrophages are involved. For 
example, administration of CCR5 agonists or antagonists 
Would be useful for modulating the immune response. 

[0016] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
indicating preferred embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1A shoWs an alignment of amino acid 
sequences deduced from cDNAs for CC CKR1, CC 
CKR2B, and for CCR5. Arabic numbers enumerate a CCR5 
amino acid sequence (SEQ ID NO:4) and a variant With 
residue changed from alanine to leucine (SEQ ID NO: 2) 
that has been deduced from a CCR5 DNA sequence (SEQ ID 
NO:3 and SEQ ID NO: 1, respectively) and are left-justi?ed. 
Putative membrane-spanning segments I-VII are noted. Ver 
tical bars shoW identities betWeen adjacent residues and 
open boxes shoW predicted sites for N-linked glycosylation. 
Dashes and gaps have been inserted to optimiZe the align 
ments. Extracellular portions of the CCR5 polypeptide are 
located betWeen transmembrane domains 2 and 3, trans 
membrane domains 4 and 5, transmembrane domains 6 and 
7, and in the amino terminal segment before transmembrane 
domain 1. 

[0018] FIG. 1B shoWs the nucleotide and deduced amino 
acid sequence (SEQ ID NO:1 and 2, respectively) for a 
CCR5 variant Where nucleotides 293-296 of the Wild-type 
DNA is changed from CTTG to TGCT resulting in a change 
at amino acid residue 127, from Alanine to Leucine. 

[0019] FIG. 1C shoWs the nucleotide and deduced amino 
acid sequence (SEQ ID NO:3 and 4, respectively) for CCR5. 

[0020] FIG. 2 shoWs CCR5 peptides Which inhibit fusion 
betWeen cells expressing the HIV-1 Env from the macroph 
age-tropic Ba-L isolate and murine cells co-expressing CD4 
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and CCR5. Peptides Were preincubated With HIV-Env 
expressing cells for 1 hour at a concentration from 0-50 
pig/ml before mixing With cells Which express CD4 and 
CCR5. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] The present invention originated from studies on 
receptor proteins of chemokines. The inventors cloned, 
sequenced, and functionally expressed a human cDNA 
encoding a novel macrophage-selective CC chemokine 
receptor that has been designated CCR5. 

[0022] During their investigation, the inventors discov 
ered that CCR5 is a necessary cofactor for infection by 
macrophage-tropic HIV isolates. More particularly, the 
inventors found that When they transgenically expressed 
human CCR5 in non-human cells Which also transgenically 
express human CD4, the altered cells could fuse With cells 
that express the env envelope protein from macrophage 
tropic strains of HIV. It should be understood that other HIV 
strains are “dual-tropic” and have the ability to infect both 
macrophages and immortaliZed T-cell lines and are believed 
to be able to use more than one cofactor. Furthermore, the 
inventors reasoned that antibodies against CCR5 can inhibit 
the fusion of cells that contain CD4 and CCR5, upon contact 
With cells that express the env protein from macrophage 
tropic strains of HIV. Antibodies Which bind CCR5 can 
inhibit infection of cells that contain CCR5 and CD4 by 
macrophage-tropic strains of HIV. The insights of the 
present invention enable the development of neW tools to 
study HIV infection of macrophages and the discovery of 
neW HIV treatment methodologies based on chemokine 
receptor biochemistry. 

[0023] Chemokine receptors are thought to have seven 
transmembrane-domains, are coupled to G-protein and par 
ticipate in cellular responses to chemokines. Receptor CCR5 
that has been cloned by the inventors is the ?fth human CC 
chemokine receptor identi?ed to date. The ?ve receptors 
bind overlapping but distinct subsets of CC chemokines. Of 
the ?ve, only CC chemokine receptor 5 (“CCR5”) displays 
a CC chemokine speci?city pro?le that matches the pro?le 
for suppression of HIV-1 infection. Cocchi et al., Science 
270, 1811 (1995). RANTES, MIP-lO. and MIP-1[3 are potent 
agonists of CCR5, but MCP-1 and MCP-3 are not, as 
summariZed by Combadiere et al. in J. Biol. Chem. 270: 
164914 (1995), J. Biol. Chem. 270: 30235 (1995), and 
Molec. Biol. Cell. 6: 224a (1995) and by Samson et al. in 
Biochemistry 35: 3362 (1996) the disclosures of Which are 
incorporated herein in their entireties. 

[0024] Isolation of cDNA Encoding CCR5 

[0025] The gene for the chemokine receptor of the present 
invention can be cloned from a human cDNA library. 
Methods used to clone novel chemokine receptor-like 
cDNAs from a )tgtll cDNA library made from peripheral 
blood mononuclear cells of a patient With eosinophilic 
leukemia have been described by Combadiere et al., DNA 
CellBiol. 14: 673-80 (1995), Which is herein incorporated in 
its entirety by reference. A cDNA encoding CCR5 also can 
be isolated by the procedure described by US. provisional 
patent application No. 60/010,854 ?led on Jan. 30, 1996, 
Which is herein incorporated by reference. 
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[0026] The above-described methods can be used to iden 
tify DNA sequences that code for one or more CCRS 
polypeptide sequences. A nucleotide sequence determined 
by the inventors, herein described as SEQ ID NO:3 of the 
present invention, has been deposited With the Genbank/ 
EMBL data libraries under accession number U57840. But 
many other related sequences that code for CCR5 and 
altered forms of CCR5 are contemplated in context of the 
various embodiments enumerated herein (e.g., SEQ ID 
NO:1). 
[0027] In preferred embodiments fusion betWeen env 
expressing effector cells and CD4-expressing and CCR5 
expressing target cells, prepared by infection With vaccinia 
virus, induces activation of Escherichia coli lacZ, causing 
[3-galactosidase production in fused cells as described by 
Nussbaum et al., J. Virol. 68: 5411 (1994), Which is incor 
porated in its entirety by reference. The speci?city of cell 
fusion as measured With this assay is equivalent to the 
speci?city of infection by HIV-1 virions. 

[0028] The invention provides an isolated polynucleotide 
sequence encoding a polypeptide having an amino acid 
sequence as set forth in SEQ ID NO:4. The term “isolated” 
as used herein includes polynucleotides substantially free of 
other nucleic acids, proteins, lipids, carbohydrates or other 
materials With Which it is naturally associated. Polynucle 
otide sequences of the invention include DNA, cDNA and 
RNA sequences Which encode CCRS. It is understood that 
all polynucleotides encoding all or a portion of CCR5 are 
also included herein, as long as they encode a polypeptide 
With CCRS activity (e.g., act as a cofactor for HIV infec 
tion). Such polynucleotides include naturally occurring, 
synthetic, and intentionally manipulated polynucleotides. 
For example, portions of the mRNA sequence may be 
altered due to alternate RNA splicing patterns or the use of 
alternate promoters for RNA transcription. As another 
example, CCRS polynucleotide may be subjected to site 
directed mutagenesis. The polynucleotide sequence for 
CCRS also includes antisense sequences. The polynucle 
otides of the invention include sequences that are degenerate 
as a result of the genetic code. There are 20 natural amino 
acids, most of Which are speci?ed by more than one codon. 
Therefore, all degenerate nucleotide sequences are included 
in the invention as long as the amino acid sequence of CCR5 
polypeptide encoded by the nucleotide sequence is function 
ally unchanged. Also included are nucleotide sequences 
Which encode CCRS polypeptide, such as SEQ ID NO:1. In 
addition, the invention also includes a polynucleotide encod 
ing a polypeptide having the biological activity of an amino 
acid sequence of SEQ ID NO:4 and having at least one 
epitope for an antibody immunoreactive With CCRS 
polypeptide. Assays provided herein Which shoW association 
betWeen HIV infection and expression of CCR5 can be used 
to detect CCRS activity. 

[0029] The polynucleotide encoding CCRS includes the 
nucleotide sequence in FIG. 1 (SEQ ID NO:1 and 3), as Well 
as nucleic acid sequences complementary to that sequence. 
Acomplementary sequence may include an antisense nucle 
otide. When the sequence is RNA, the deoxyribonucleotides 
A, G, C, and T of FIG. 1 are replaced by ribonucleotides A, 
G, C, and U, respectively. Also included in the invention are 
fragments (portions) of the above-described nucleic acid 
sequences that are at least 15 bases in length, Which is 
sufficient to permit the fragment to selectively hybridiZe to 
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DNA that encodes the protein of FIG. 1 (e.g., SEQ ID NO: 
4). “Selective hybridization” as used herein refers to hybrid 
iZation under moderately stringent or highly stringent physi 
ological conditions (See, for example, the techniques 
described in Maniatis et al., 1989 Molecular Cloning A 
Laboratory Manual, Cold Spring Harbor Laboratory, N.Y., 
incorporated herein by reference), Which distinguishes 
related from unrelated nucleotide sequences. 

[0030] In nucleic acid hybridiZation reactions, the condi 
tions used to achieve a particular level of stringency Will 
vary, depending on the nature of the nucleic acids being 
hybridiZed. For example, the length, degree of complemen 
tarity, nucleotide sequence composition (e.g., GC v. AT 
content), and nucleic acid type (e.g., RNA v. DNA) of the 
hybridiZing regions of the nucleic acids can be considered in 
selecting hybridiZation conditions. An additional consider 
ation is Whether one of the nucleic acids is immobiliZed, for 
example, on a ?lter. 

[0031] An example of progressively higher stringency 
conditions is as folloWs: 2><SSC/0.1% SDS at about room 
temperature (hybridization conditions); 0.2><SSC/0.1% SDS 
at about room temperature (loW stringency conditions); 
0.2><SSC/0.1% SDS at about 42° C. (moderate stringency 
conditions); and 0.1><SSC at about 68° C. (high stringency 
conditions). Washing can be carried out using only one of 
these conditions, e.g., high stringency conditions, or each of 
the conditions can be used, e.g., for 10-15 minutes each, in 
the order listed above, repeating any or all of the steps listed. 
HoWever, as mentioned above, optimal conditions Will vary, 
depending on the particular hybridiZation reaction involved, 
and can be determined empirically. 

[0032] Speci?cally disclosed herein is a cDNA sequence 
for CCRS. SEQ ID NO:3 represents the Wild-type sequence 
and SEQ ID NO: 1 represents a cDNAWhich encodes CCRS 
having a conservative substitution of Leucine for Alanine at 
amino acid residue 127. The result of this conservative 
variation should not affect biological activity of CCR5 
polypetide or peptides containing the variation (see Example 
5). 
[0033] DNA sequences of the invention can be obtained 
by several methods. For example, the DNA can be isolated 
using hybridiZation or computer-based techniques Which are 
Well knoWn in the art. These include, but are not limited to: 
1) hybridiZation of genomic or cDNA libraries With probes 
to detect homologous nucleotide sequences; 2) antibody 
screening of expression libraries to detect cloned DNA 
fragments With shared structural features; 3) polymerase 
chain reaction (PCR) on genomic DNA or cDNA using 
primers capable of annealing to the DNA sequence of 
interest; 4) computer searches of sequence databases for 
similar sequences; and 5) differential screening of a sub 
tracted DNA library. 

[0034] Preferably the CCR5 polynucleotide of the inven 
tion is derived from a mammalian organism. Screening 
procedures Which rely on nucleic acid hybridiZation make it 
possible to isolate any gene sequence from any organism, 
provided the appropriate probe is available. Oligonucleotide 
probes, Which correspond to a part of the sequence encoding 
the protein in question, can be synthesiZed chemically. This 
requires that short, oligopeptide stretches of amino acid 
sequence must be knoWn. The DNA sequence encoding the 
protein can be deduced from the genetic code, hoWever, the 
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degeneracy of the code must be taken into account. It is 
possible to perform a mixed addition reaction When the 
sequence is degenerate. This includes a heterogeneous mix 
ture of denatured double-stranded DNA. For such screening, 
hybridization is preferably performed on either single 
stranded DNA or denatured double-stranded DNA. Hybrid 
iZation is particularly useful in the detection of cDNA clones 
derived from sources Where an extremely loW amount of 
mRNA sequences relating to the polypeptide of interest are 
present. In other Words, by using stringent hybridiZation 
conditions directed to avoid non-speci?c binding, it is pos 
sible, for example, to alloW the autoradiographic visualiZa 
tion of a speci?c cDNA clone by the hybridiZation of the 
target DNA to that single probe in the mixture Which is its 
complete complement (Wallace, et al., Nucl. Acid Res., 
9:879, 1981). Alternatively, a subtractive library, as illus 
trated herein is useful for elimination of non-speci?c cDNA 
clones. 

[0035] When the entire sequence of amino acid residues of 
the desired polypeptide is not knoWn, the direct synthesis of 
DNA sequences is not possible and the method of choice is 
the synthesis of cDNA sequences. Among the standard 
procedures for isolating cDNA sequences of interest is the 
formation of plasmid- or phage-carrying cDNA libraries 
Which are derived from reverse transcription of mRNA 
Which is abundant in donor cells that have a high level. of 
genetic expression. When used in combination With poly 
merase chain reaction technology, even rare expression 
products can be cloned. In those cases Where signi?cant 
portions of the amino acid sequence of the polypeptide are 
knoWn, the production of labeled single or double-stranded 
DNA or RNA probe sequences duplicating a sequence 
putatively present in the target cDNA may be employed in 
DNA/DNA hybridiZation procedures Which are carried out 
on cloned copies of the cDNA Which have been denatured 
into a single-stranded form (Jay, et al., Nucl. Acid Res., 
11:2325, 1983). 
[0036] A cDNA expression library, such as lambda gt11, 
can be screened indirectly for CCR5 peptides having at least 
one epitope, using antibodies speci?c for CCR5. Such 
antibodies can be either polyclonally or monoclonally 
derived and used to detect expression product indicative of 
the presence of CCR5 cDNA. 

[0037] Alterations in CCR5 nucleic acid include 
intragenic mutations (e.g., point mutation, nonsense (stop), 
missense, splice site and frameshift) and heteroZygous or 
homoZygous deletions. Detection of such alterations can be 
done by standard methods knoWn to those of skill in the art 
including sequence analysis, Southern blot analysis, PCR 
based analyses (e.g., multiplex PCR, sequence tagged sites 
(STSs)) and in situ hybridiZation. Such proteins can be 
analyZed by standard SDS-PAGE and/or immunoprecipita 
tion analysis and/or Western blot analysis, for example. 

[0038] DNA sequences encoding CCR5 can be expressed 
in vitro by DNA transfer into a suitable host cell. “Host 
cells” are cells in Which a vector can be propagated and its 
DNA expressed. The term also includes any progeny of the 
subject host cell. It is understood that all progeny may not 
be identical to the parental cell since there may be mutations 
that occur during replication. HoWever, such progeny are 
included When the term “host cell” is used. Methods of 
stable transfer, meaning that the foreign DNA is continu 
ously maintained in the host, are knoWn in the art. 
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[0039] In the present invention, the CCR5 polynucleotide 
sequences may be inserted into a recombinant expression 
vector. The term “recombinant expression vector” refers to 
a plasmid, virus or other vehicle knoWn in the art that has 
been manipulated by insertion or incorporation of the CCR5 
genetic sequences. Such expression vectors contain a pro 
moter sequence Which facilitates the ef?cient transcription 
of the inserted genetic sequence of the host. The expression 
vector typically contains an origin of replication, a promoter, 
as Well as speci?c genes Which alloW phenotypic selection 
of the transformed cells. Vectors suitable for use in the 
present invention include, but are not limited to the T7-based 
expression vector for expression in bacteria (Rosenberg, et 
al., Gene, 56:125, 1987), the pMSXND expression vector 
for expression in mammalian cells (Lee and Nathans,J. Biol. 
Chem, 263:3521, 1988) and baculovirus-derived vectors for 
expression in insect cells. The DNA segment can be present 
in the vector operably linked to regulatory elements, for 
example, a promoter (e.g., T7, metallothionein I, or poly 
hedrin promoters). 

[0040] Polynucleotide sequences encoding CCR5 can be 
expressed in either prokaryotes or eukaryotes. Hosts can 
include microbial, yeast, insect and mammalian organisms. 
HoWever, since mature CCR5 is glycosylated, the choice of 
host cells depends on Whether or not the glycosylated or 
non-glycosylated form of CCR5 is desired. Methods of 
expressing DNA sequences having eukaryotic or viral 
sequences in prokaryotes are Well knoWn in the art. Bio 
logically functional viral and plasmid DNA vectors capable 
of expression and replication in a host are knoWn in the art. 
Such vectors are used to incorporate DNA sequences of the 
invention. 

[0041] Methods Which are Well knoWn to those skilled in 
the art can be used to construct expression vectors contain 
ing the CCR5 coding sequence and appropriate transcrip 
tional/translational control signals. These methods include 
in vitro recombinant DNA techniques, synthetic techniques, 
and in vivo recombination/genetic techniques. (See, for 
example, the techniques described in Maniatis et al., 1989 
Molecular Cloning A Laboratory Manual, Cold Spring Har 
bor Laboratory, NY.) 

[0042] Avariety of host-expression vector systems may be 
utiliZed to express the CCR5 coding sequence. These 
include but are not limited to microorganisms such as 
bacteria transformed With recombinant bacteriophage DNA, 
plasmid DNA or cosmid DNA expression vectors containing 
the CCR5 coding sequence; yeast transformed With recom 
binant yeast expression vectors containing the CCR5 coding 
sequence; plant cell systems infected With recombinant virus 
expression vectors (e.g., cauli?oWer mosaic virus, CaMV; 
tobacco mosaic virus, TMV) or transformed With recombi 
nant plasmid expression vectors (e.g., Ti plasmid) contain 
ing the CCR5 coding sequence; insect cell systems infected 
With recombinant virus expression vectors (e.g., baculovi 
rus) containing the CCR5 coding sequence; or animal cell 
systems infected With recombinant virus expression vectors 
(e.g., retroviruses, adenovirus, vaccinia virus) containing the 
CCR5 coding sequence, or transformed animal cell systems 
engineered for stable expression. Since CCR5 has not been 
con?rmed to contain carbohydrates, both bacterial expres 
sion systems as Well as those that provide for translational 
and post-translational modi?cations may be used; e.g., 
mammalian, insect, yeast or plant expression systems. 



US 2003/0195348 A1 

[0043] Depending on the host/vector system utilized, any 
of a number of suitable transcription and translation ele 
ments, including constitutive and inducible promoters, tran 
scription enhancer elements, transcription terminators, etc. 
may be used in the expression vector (see e.g., Bitter et al., 
1987, Methods in EnZymology 153:516-544). For example, 
When cloning in bacterial systems, inducible promoters such 
as pL of bacteriophage y, plac, ptrp, ptac (ptrp-lac hybrid 
promoter) and the like may be used. When cloning in 
mammalian cell systems, promoters derived from the 
genome of mammalian cells (e.g., metallothionein pro 
moter) or from mammalian viruses (e.g., the retrovirus long 
terminal repeat; the adenovirus late promoter; the vaccinia 
virus 7.5K promoter) may be used. Promoters produced by 
recombinant DNA or synthetic techniques may also be used 
to provide for transcription of the inserted CCR5 coding 
sequence. 

[0044] In yeast, a number of vectors containing constitu 
tive or inducible promoters may be used. For a revieW see, 
Current Protocols in Molecular Biology, Vol. 2, 1988, Ed. 
Ausubel et al., Greene Publish. Assoc. & Wiley Interscience, 
Ch. 13; Grant et al., 1987, Expression and Secretion Vectors 
for Yeast, in Methods in EnZymology, Eds. Wu & Grossman, 
31987, Acad. Press, N.Y., Vol. 153, pp.516-544; Glover, 
1986, DNA Cloning, Vol. II, IRL Press, Wash., DC, Ch. 3; 
and Bitter, 1987, Heterologous Gene Expression in Yeast, 
Methods in EnZymology, Eds. Berger & Kimmel, Acad. 
Press, N.Y., Vol. 152, pp. 673-684; and The Molecular 
Biology of the Yeast Saccharomyces, 1982, Eds. Strathem et 
al., Cold Spring Harbor Press, Vols. I and II. A constitutive 
yeast promoter such as ADH or LEU2 or an inducible 
promoter such as GAL may be used (Cloning in Yeast, Ch. 
3, R. Rothstein In: DNA Cloning Vol.11, A Practical 
Approach, Ed. DM Glover, 1986, IRL Press, Wash., DC). 
Alternatively, vectors may be used Which promote integra 
tion of foreign DNA sequences into the yeast chromosome. 

[0045] Eukaryotic systems, and preferably mammalian 
expression systems, alloW for proper post-translational 
modi?cations of expressed mammalian proteins to occur. 
Eukaryotic cells Which possess the cellular machinery for 
proper processing of the primary transcript, glycosylation, 
phosphorylation, and advantageously, plasma membrane 
insertion of the gene product may be used as host cells for 
the expression of CCR5. 

[0046] Mammalian cell systems Which utiliZe recombi 
nant viruses or viral elements to direct expression may be 
engineered. For example, When using adenovirus expression 
vectors, the CCR5 coding sequence may be ligated to an 
adenovirus transcription/translation control complex, e.g., 
the late promoter and tripartite leader sequence. Alterna 
tively, the vaccinia virus 7.5K promoter may be used. (e.g., 
see, Mackett et al., 1982, Proc. Natl. Acad. Sci. USA 79: 
7415-7419; Mackett et al., 1984, J. Virol. 49: 857-864; 
Panicali et al., 1982, Proc. Natl. Acad. Sci. USA 79: 4927 
4931). Of particular interest are vectors based on bovine 
papilloma virus Which have the ability to replicate as extra 
chromosomal elements (Sarver, et al., 1981, Mol. Cell. Biol. 
1: 486). Shortly after entry of this DNA into mouse cells, the 
plasmid replicates to about 100 to 200 copies per cell. 
Transcription of the inserted cDNA does not require inte 
gration of the plasmid into the host’s chromosome, thereby 
yielding a high level of expression. These vectors can be 
used for stable expression by including a selectable marker 
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in the plasmid, such as, for example, the neo gene. Alter 
natively, the retroviral genome can be modi?ed for use as a 

vector capable of introducing and directing the expression of 
the CCR5 gene in host cells (Cone & Mulligan, 1984, Proc. 
Natl. Acad. Sci. USA 81:6349-6353). High level expression 
may also be achieved using inducible promoters, including, 
but not limited to, the metallothionine IIApromoter and heat 
shock promoters. 

[0047] For long-term, high-yield production of recombi 
nant proteins, stable expression is preferred. Rather than 
using expression vectors Which contain viral origins of 
replication, host cells can be transformed With the CCR5 
cDNA controlled by appropriate expression control ele 
ments (e.g., promoter, enhancer, sequences, transcription 
terminators, polyadenylation sites, etc.), and a selectable 
marker. The selectable marker in the recombinant plasmid 
confers resistance to the selection and alloWs cells to stably 
integrate the plasmid into their chromosomes and groW to 
form foci Which in turn can be cloned and expanded into cell 
lines. For example, folloWing the introduction of foreign 
DNA, engineered cells may be alloWed to groW for 1-2 days 
in an enriched media, and then are sWitched to a selective 
media. A number of selection systems may be used, includ 
ing but not limited to the herpes simplex virus thymidine 
kinase (Wigler,et al., 1977, Cell 11: 223), hypoxanthine 
guanine phosphoribosyltransferase (SZybalska & SZybalski, 
1962, Proc. Natl. Acad. Sci. USA 48: 2026), and adenine 
phosphoribosyltransferase (LoWy, et al., 1980, Cell 22: 817) 
genes can be employed in tk—, hgprt' or aprt' cells respec 
tively. Also, antimetabolite resistance can be used as the 
basis of selection for dhfr, Which confers resistance to 
methotrexate (Wigler, et al., 1980, Natl. Acad. Sci. USA 77: 
3567; O’Hare, et al., 1981, Proc. Natl. Acad. Sci. USA 78: 
1527); gpt, Which confers resistance to mycophenolic acid 
(Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 78: 
2072; neo, Which confers resistance to the aminoglycoside 
G-418 (Colberre-Garapin, et al., 1981, JMol. Biol. 150: 1); 
and hygro, Which confers resistance to hygromycin (San 
terre, et al., 1984, Gene 30: 147) genes. Recently, additional 
selectable genes have been described, namely trpB, Which 
alloWs cells to utiliZe indole in place of tryptophan; hisD, 
Which alloWs cells to utiliZe histinol in place of histidine 
(Hartman & Mulligan, 1988, Proc. Natl. Acad Sci. USA 85: 
8047); and ODC (ornithine decarboxylase) Which confers 
resistance to the ornithine decarboxylase inhibitor, 2-(dif 
luoromethyl)-DL-omithine, DFMO (McConlogue L., 1987, 
In: Current Communications in Molecular Biology, Cold 
Spring Harbor Laboratory ed.). 

[0048] When the host is a eukaryote, such methods of 
transfection of DNA as calcium phosphate co-precipitates, 
conventional mechanical procedures such as microinjection, 
electroporation, insertion of a plasmid encased in liposomes, 
or virus vectors may be used. Eukaryotic cells can also be 
cotransformed With DNA sequences encoding the CCR5 of 
the invention, and a second foreign DNA molecule encoding 
a selectable phenotype, such as the herpes simplex thymi 
dine kinase gene. Another method is to use a eukaryotic viral 
vector, such as simian virus 40 (SV40) or bovine papilloma 
virus, to transiently infect or transform eukaryotic cells and 
express the protein. (see for example, Eukaryotic Wral 
Vectors, Cold Spring Harbor Laboratory, GluZman ed., 
1982). 
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[0049] Cell Lines 

[0050] In one embodiment, the present invention relates to 
stable recombinant cell lines, the cells of Which express 
CCRS polypeptide or coexpress human CD4 and CCR5 and 
contain DNA that encodes CCRS. Suitable cell types include 
but are not limited to cells of the following types: NIH 3T3 
(Murine), Mv 1 lu (Mink), BS-C-1 (African Green Monkey) 
and human embryonic kidney 293 cells. Such cells 
are described, for example, in the Cell Line Catalog of the 
American Type Culture Collection (ATCC). These cells can 
be stably transformed by a method knoWn to the skilled 
artisan. See, for example, Ausubel et al., Introduction of 
DNA Into Mammalian Cells, in CURRENT PROTOCOLS 
IN MOLECULAR BIOLOGY, sections 95.1-95.6 (John 
Wiley & Sons, Inc. 1995). “Stable” transformation in the 
context of the invention means that the cells are immortal to 
the extent of having gone through at least 50 divisions. 

[0051] CCRS can be expressed using inducible or consti 
tuitive regulatory elements for such expression. Commonly 
used constituitive or inducible promoters, for example, are 
knoWn in the art. The desired protein encoding sequence and 
an operably linked promoter may be introduced into a 
recipient cell either as a non-replicating DNA (or RNA) 
molecule, Which may either be a linear molecule or, more 
preferably, a closed covalent circular molecule. Since such 
molecules are incapable of autonomous replication, the 
expression of the desired molecule may occur through the 
transient expression of the introduced sequence. Alterna 
tively, permanent expression may occur through the inte 
gration of the introduced sequence into the host chromo 
some. Therefore the cells can be transformed stably or 
transiently. 
[0052] An example of a vector that may be employed is 
one Which is capable of integrating the desired gene 
sequences into the host cell chromosome. Cells Which have 
stably integrated the introduced DNA into their chromo 
somes can be selected by also introducing one or more 
markers Which alloW for selection of host cells Which 
contain the expression vector. The marker may complement 
an auxotrophy in the host (such as leu2, or ura3, Which are 
common yeast auxotrophic markers), biocide resistance, 
e.g., antibiotics, or heavy metals, such as copper, or the like. 
The selectable marker gene can either be directly linked to 
the DNA gene sequences to be expressed, or introduced into 
the same cell by co-transfection. 

[0053] In a preferred embodiment, the introduced 
sequence Will be incorporated into a plasmid or viral vector 
capable of autonomous replication in the recipient host. Any 
of a Wide variety of vectors may be employed for this 
purpose. Factors of importance in selecting a particular 
plasmid or viral vector include: the ease With Which recipi 
ent cells that contain the vector may be recogniZed and 
selected from those recipient cells Which do not contain the 
vector; the number of copies of the vector Which are desired 
in a particular host; and Whether it is desirable to be able to 
“shuttle” the vector betWeen host cells of different species. 

[0054] For a mammalian host, several possible vector 
systems are available for expression. One class of vectors 
utiliZe DNA elements Which provide autonomously repli 
cating extra-chromosomal plasmids, derived from animal 
viruses such as bovine papilloma virus, polyoma virus, 
adenovirus, or SV40 virus. Asecond class of vectors include 

Oct. 16, 2003 

vaccinia virus expression vectors. A third class of vectors 
relies upon the integration of the desired gene sequences into 
the host chromosome. Cells Which have stably integrated the 
introduced DNA into their chromosomes may be selected by 
also introducing one or more markers (e.g., an exogenous 
gene) Which alloW selection of host cells Which contain the 
expression vector. The marker may provide for prototropy to 
an auxotrophic host, biocide resistance, e.g., antibiotics, or 
heavy metals, such as copper or the like. The selectable 
marker gene can either be directly linked to the DNA 
sequences to be expressed, or introduced into the same cell 
by co-transformation. Additional elements may also be 
needed for optimal synthesis of mRNA. These elements may 
include splice signals, as Well as transcription promoters, 
enhancers, and termination signals. The cDNA expression 
vectors incorporating such elements include those described 
by Okayama, H., Mol. Cell. Biol., 3:280 (1983), and others. 

[0055] Once the vector or DNA sequence containing the 
construct has been prepared for expression, the DNA con 
struct may be introduced (transformed) into an appropriate 
host. Various techniques may be employed, such as proto 
plast fusion, calcium phosphate precipitation, electropora 
tion or other conventional techniques. 

[0056] Transgenic Animals 
[0057] In another embodiment, the present invention 
relates to transgenic animals having cells that coexpress 
human CD4 and CCR5. Such transgenic animals represent 
a model system for the study of HIV infection and the 
development of more effective anti-HIV therapeutics. 

[0058] The term “animal” here denotes all mammalian 
species except human. It also includes an individual animal 
in all stages of development, including embryonic and fetal 
stages. Farm animals (pigs, goats, sheep, coWs, horses, 
rabbits and the like), rodents (such as mice), and domestic 
pets (for example, cats and dogs) are included Within the 
scope of the present invention. 

[0059] A “transgenic” animal is any animal containing 
cells that bear genetic information received, directly or 
indirectly, by deliberate genetic manipulation at the subcel 
lular level, such as by microinjection or infection With 
recombinant virus. “Transgenic” in the present context does 
not encompass classical crossbreeding or in vitro fertiliZa 
tion, but rather denotes animals in Which one or more cells 
receive a recombinant DNA molecule. Although it is highly 
preferred that this molecule be integrated Within the ani 
mal’s chromosomes, the present invention also contemplates 
the use of extrachromosomally replicating DNA sequences, 
such as might be engineered into yeast arti?cial chromo 
somes. 

[0060] The term “transgenic animal” also includes a 
“germ cell line” transgenic animal. A germ cell line trans 
genic animal is a transgenic animal in Which the genetic 
information has been taken up and incorporated into a germ 
line cell, therefore conferring the ability to transfer the 
information to offspring. If such offspring in fact possess 
some or all of that information, then they, too, are transgenic 
animals. 

[0061] It is highly preferred that the transgenic animals of 
the present invention be produced by introducing into single 
cell embryos DNA encoding CCR5 and DNA encoding 
human CD4, in a manner such that these polynucleotides are 
stably integrated into the DNA of germ line cells of the 
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mature animal and inherited in normal mendelian fashion. 
Advances in technologies for embryo micromanipulation 
noW permit introduction of heterologous DNA into fertilized 
mammalian ova. For instance, totipotent or pluripotent stem 
cells can be transformed by microinjection, calcium phos 
phate mediated precipitation, liposome fusion, retroviral 
infection or other means, the transformed cells are then 
introduced into the embryo, and the embryo then develops 
into a transgenic animal. In a preferred method, developing 
embryos are infected With a retrovirus containing the desired 
DNA, and transgenic animals produced from the infected 
embryo. 
[0062] In a most preferred method the appropriate DNAs 
are coinjected into the pronucleus or cytoplasm of embryos, 
preferably at the single cell stage, and the embryos alloWed 
to develop into mature transgenic animals. These techniques 
are Well knoWn. For instance, revieWs of standard laboratory 
procedures for microinjection of heterologous DNAs into 
mammalian (mouse, pig, rabbit, sheep, goat, coW) fertiliZed 
ova include: Hogan et al., MANIPULATING THE MOUSE 
EMBRYO (Cold Spring Harbor Press 1986); Krimpenfort et 
al., Bio/Technology 9:86 (1991); Palmiter et al., Cell 41:343 
(1985); Kraemer et al., GENETIC MANIPULATION OF 
THE EARLY MAMMALIAN EMBRYO (Cold Spring Har 
bor Laboratory Press 1985); Hammer et al.,Nature, 315:680 
(1985); Purcel et al., Science, 244:1281 (1986); Wagner et 
al., US. Pat. No. 5,175,385; Krimpenfort et al., US. Pat. No. 
5,175,384, the respective contents of Which are incorporated 
by reference. 

[0063] The cDNA that encodes CCR5 can be fused in 
proper reading frame under the transcriptional and transla 
tional control of a vector to produce a genetic construct that 
is then ampli?ed, for example, by preparation in a bacterial 
vector, according to conventional methods. See, for 
example, the standard Work: Sambrook et al., MOLECU 
LAR CLONING: A LABORATORY MANUAL (Cold 
Spring Harbor Press 1989), the contents of Which are 
incorporated by reference. The ampli?ed construct is there 
after excised from the vector and puri?ed for use in pro 
ducing transgenic animals. 

[0064] Production of transgenic animals containing the 
gene for human CD4 have been described. See Snyder et al., 
supra; Dunn et al., supra, the contents of Which are incor 
porated by reference. 

[0065] The term “transgenic” as used herein additionally 
includes any organism Whose genome has been altered by in 
vitro manipulation of the early embryo or fertiliZed egg or by 
any transgenic technology to induce a speci?c gene knock 
out. The term “gene knockout” as used herein, refers to the 
targeted disruption of a gene in vivo With complete loss of 
function that has been achieved by any transgenic technol 
ogy familiar to those in the art. In one embodiment, trans 
genic animals having gene knockouts are those in Which the 
target gene has been rendered nonfunctional by an insertion 
targeted to the gene to be rendered non-functional by 
homologous recombination. As used herein, the term “trans 
genic” includes any transgenic technology familiar to those 
in the art Which can produce an organism carrying an 
introduced tansgene or one in Which an endogenous gene 
has been rendered non-functional or “knocked out.” 

[0066] The transgene to be used in the practice of the 
subject invention is a DNA sequence comprising a modi?ed 
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CCR5 coding sequence. In a preferred embodiment, the 
CCR5 gene is disrupted by homologous targeting in embry 
onic stem cells. For example, the entire mature C-terminal 
region of the CCR5 gene may be deleted as described in the 
examples beloW. Optionally, the CCR5 disruption or dele 
tion may be accompanied by insertion of or replacement 
With other DNA sequences, such as a non-functional CCR5 
sequence. In other embodiments, the transgene comprises 
DNA antisense to the coding sequence for CCR5. In another 
embodiment, the transgene comprises DNA encoding an 
antibody or receptor peptide sequence Which is able to bind 
to CCR5. Where appropriate, DNA sequences that encode 
proteins having CCR5 activity but differ in nucleic acid 
sequence due to the degeneracy of the genetic code may also 
be used herein, as may truncated forms, allelic variants and 
interspecies homologues. 
[0067] Antibodies Which Bind to CCR5 Inhibit Fusion 

[0068] In another embodiment, the present invention 
relates to antibodies that bind CCR5 that block env-medi 
ated membrane fusion associated With HIV entry into a 
human CD4-positive target cell or (ii) betWeen an HIV 
infected cell and an uninfected human CD4-positive target 
cell. The invention also includes antibodies that bind to 
CCR5 and inhibit chemokine binding. For example, such 
antibodies may be useful for ameliorating immune response 
disorders associated With macrophages. Antibodies of the 
invention may also inhibit gp120 binding to CCR5. Such 
antibodies could represent research and diagnostic tools in 
the study of HIV infection and the development of more 
effective anti-HIV therapeutics. In addition, pharmaceutical 
compositions comprising antibodies against CCR5 may rep 
resent effective anti-HIV therapeutics. 

[0069] An antibody suitable for blocking env-mediated 
membrane fusion, inhibiting chemokine binding, or block 
ing gp120 binding to CCR5, is speci?c for at least one 
portion of an extracellular region of the CCR5 polypeptide, 
as shoWn in FIG. 1 (SEQ ID NO:2 and 4). For example, one 
of skill in the art can use the peptides in SEQ ID NO:5-7 or 
other extracellular amino acids of CCR5 to generate appro 
priate antibodies of the invention. Alternatively, one of skill 
in the art can use Whole cells expressing CCR5 as an 
immunogen for generation of anti-CCR5 antibodies Which 
either block env-mediated membrane fusion, inhibit 
chemokine binding or block gp120 binding to CCR5. Anti 
CCR5 antibodies of the invention may have any or all of 
these functions. 

[0070] A target cell includes but is not limited to a cell of 
the folloWing types: Mv 1 lu, NIH 3T3, BS-C-1, HEK293 
cells and primary human T-cells and macrophages. Antibod 
ies of the invention include polyclonal antibodies, mono 
clonal antibodies, and fragments of polyclonal and mono 
clonal antibodies. 

[0071] The preparation of polyclonal antibodies is Well 
knoWn to those skilled in the art. See, for example, Green et 
al., Production of Polyclonal Antisera, in IMMU 
NOCHEMICAL PROTOCOLS (Manson, ed.), pages 1-5 
(Humana Press 1992); Coligan et al., Production of Poly 
clonal Antisera in Rabbits, Rats, Mice and Hamsters, in 
CURRENT PROTOCOLS IN IMMUNOLOGY, section 
2.4.1 (1992), Which are hereby incorporated by reference. 

[0072] The preparation of monoclonal antibodies likeWise 
is conventional. See, for example, Kohler & Milstein, 
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Nature 256:495 (1975); Coligan et al., sections 2.51-2.67; 
and Harlow et al., ANTIBODIES: A LABORATORY 
MANUAL, page 726 (Cold Spring Harbor Pub. 1988), 
Which are hereby incorporated by reference. Brie?y, mono 
clonal antibodies can be obtained by injecting mice With a 
composition comprising an antigen, verifying the presence 
of antibody production by removing a serum sample, remov 
ing the spleen to obtain B lymphocytes, fusing the B 
lymphocytes With myeloma cells to produce hybridomas, 
cloning the hybridomas, selecting positive clones that pro 
duce antibodies to the antigen, and isolating the antibodies 
from the hybridoma cultures. Monoclonal antibodies can be 
isolated and puri?ed from hybridoma cultures by a variety of 
Well-established techniques. Such isolation techniques 
include affinity chromatography With Protein-A Sepharose, 
siZe-exclusion chromatography, and ion-exchange chroma 
tography. See, e.g., Coligan et al., sections 271-2712 and 
sections 2.9.1-2.9.3; Barnes et al., Puri?cation oflmmuno 
globulin G (IgG), in METHODS IN MOLECULAR BIOL 
OGY, VOL. 10, pages 79-104 (Humana Press 1992). 

[0073] Methods of in vitro and in vivo multiplication of 
monoclonal antibodies is Well-knoWn to those skilled in the 
art. Multiplication in vitro may be carried out in suitable 
culture media. such as Dulbecco’s Modi?ed Eagle Medium 
or RPMI 1640 medium, optionally replenished by a mam 
malian serum such as fetal calf serum or trace elements and 
groWth-sustaining supplements such as normal mouse peri 
toneal exudate cells, spleen cells, bone marroW macroph 
ages. Production in vitro provides relatively pure antibody 
preparations and alloWs scale-up to yield large amounts of 
the desired antibodies. Large scale hybridoma cultivation 
can be carried out by homogenous suspension culture in an 
airlift reactor, in a continuous stirrer reactor, or in immobi 
liZed or entrapped cell culture. Multiplication in vivo may be 
carried out by injecting cell clones into mammals histocom 
patible With the parent cells, e.g., osyngeneic mice, to cause 
groWth of antibody-producing tumors. Optionally, the ani 
mals are primed With a hydrocarbon, especially oils such as 
pristane (tetramethylpentadecane) prior to injection. After 
one to three Weeks, the desired monoclonal antibody is 
recovered from the body ?uid of the animal. 

[0074] Therapeutic applications for antibodies disclosed 
herein are also part of the present invention. For example, 
antibodies of the present invention may also be derived from 
subhuman primate antibody. General techniques for raising 
therapeutically useful antibodies in baboons can be found, 
for example, in Goldenberg et al., International Patent 
Publication WO 91/11465 (1991) and Losman et al., Int. J. 
Cancer 46:310 (1990), Which are hereby incorporated by 
reference. 

[0075] Alternatively, a therapeutically useful anti-CCR5 
antibody may be derived from a “humanized” monoclonal 
antibody. HumaniZed monoclonal antibodies are produced 
by transferring mouse complementarity determining regions 
from heavy and light variable chains of the mouse immu 
noglobulin into a human variable domain, and then substi 
tuting human residues in the frameWork regions of the 
murine counterparts. The use of antibody components 
derived from humaniZed monoclonal antibodies obviates 
potential problems associated With the immunogenicity of 
murine constant regions. General techniques for cloning 
murine immunoglobulin variable domains are described, for 
example, by Orlandi et al., Proc. Nat’l Acad. Sci. USA 
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86:3833 (1989), Which is hereby incorporated in its entirety 
by reference. Techniques for producing humaniZed mono 
clonal antibodies are described, for example, by Jones et al., 
Nature 321: 522 (1986); Riechmann et al, Nature 332: 323 
(1988); Verhoeyen et al., Science 239: 1534 (1988); Carter 
et al., Proc. Nat’lAcaa'. Sci. USA 89: 4285 (1992); Sandhu, 
Crit. Rev. Biotech. 12: 437 (1992); and Singer et al., J. 
Immunol. 150: 2844 (1993), Which are hereby incorporated 
by reference. 

[0076] Antibodies of the invention also may be derived 
from human antibody fragments isolated from a combina 
torial immunoglobulin library. See, for example, Barbas et 
al., METHODS: A COMPANION TO METHODS IN 
ENZYMOLOGY, VOL. 2, page 119 (1991); Winter et al., 
Ann. Rev. Immunol. 12: 433 (1994), Which are hereby 
incorporated by reference. Cloning and expression vectors 
that are useful for producing a human immunoglobulin 
phage library can be obtained, for example, from STRAT 
AGENE Cloning Systems (La Jolla, Calif.). 

[0077] In addition, antibodies of the present invention may 
be derived from a human monoclonal antibody. Such anti 
bodies are obtained from transgenic mice that have been 
“engineered” to produce speci?c human antibodies in 
response to antigenic challenge. In this technique, elements 
of the human heavy and light chain loci are introduced into 
strains of mice derived from embryonic stem cell lines that 
contain targeted disruptions of the endogenous heavy and 
light chain loci. The transgenic mice can synthesiZe human 
antibodies speci?c for human antigens, and the mice can be 
used to produce human antibody-secreting hybridomas. 
Methods for obtaining human antibodies from transgenic 
mice are described by Green et al., Nature Genet. 7:13 
(1994); Lonberg et al., Nature 368:856 (1994); and Taylor et 
al., Int. Immunol. 6:579 (1994), Which are hereby incorpo 
rated by reference. 

[0078] Antibody fragments of the present invention can be 
prepared by proteolytic hydrolysis of the antibody or by 
expression in E. coli of DNA encoding the fragment. Anti 
body fragments can be obtained by pepsin or papain diges 
tion of Whole antibodies by conventional methods. For 
example, antibody fragments can be produced by enZymatic 
cleavage of antibodies With pepsin to provide a 5S fragment 
denoted F(ab‘)2. This fragment can be further cleaved using 
a thiol reducing agent, and optionally a blocking group for 
the sulfhydryl groups resulting from cleavage of disul?de 
linkages, to produce 3.5S Fab‘ monovalent fragments. Alter 
natively, an enZymatic cleavage using pepsin produces tWo 
monovalent Fab‘ fragments and an Fc fragment directly. 
These methods are described, for example, by Goldenberg, 
US. Pat. Nos. 4,036,945 and 4,331,647, and references 
contained therein. These patents are hereby incorporated in 
their entireties by reference. See also Nisonhoff et al.,Arch. 
Biochem. Biophys. 89:230 (1960); Porter, Biochem. J. 
73:119 (1959); Edelman et al., METHODS IN ENZYMOL 
OGY, VOL. 1, page 422 (Academic Press 1967); and 
Coligan et al. at sections 281-2810 and 2101-2104. 

[0079] Other methods of cleaving antibodies, such as 
separation of heavy chains to form monovalent light-heavy 
chain fragments, further cleavage of fragments, or other 
enZymatic, chemical, or genetic techniques may also be 
used, so long as the fragments bind to the antigen that is 
recogniZed by the intact antibody. 
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[0080] For example, Fv fragments comprise an association 
of VH and VL chains. This association may be noncovalent, 
as described in Inbar et al., Proc. Nat’l Acad Sci. USA 
69:2659 (1972). Alternatively, the variable chains can be 
linked by an intermolecular disul?de bond or cross-linked 
by chemicals such as glutaraldehyde. See, e.g., Sandhu, 
supra. 

[0081] Preferably, the EV fragments comprise VH and VL 
chains connected by a peptide linker. These single-chain 
antigen binding proteins (sFv) are prepared by constructing 
a structural gene comprising DNA sequences encoding the 
VH and LV domains connected by an oligonucleotide. The 
structural gene is inserted into an expression vector, Which 
is subsequently introduced into a host cell such as E. coli. 
The recombinant host cells synthesiZe a single polypeptide 
chain With a linker peptide bridging the tWo V domains. 
Methods for producing sFvs are described, for example, by 
WhitloW et al., METHODS: A COMPANION TO METH 
ODS IN ENZYMOLOGY, VOL. 2, page 97 (1991); Bird et 
al., Science 242:423426 (1988); Ladner et al., US. Pat. No. 
4,946,778; Pack et al., Bio/Technology 11: 1271-77 (1993); 
and Sandhu, supra. 

[0082] Another form of an antibody fragment is a peptide 
coding for a single complementarity-determining region 
(CDR). CDR peptides (“minimal recognition units”) can be 
obtained by constructing genes encoding the CDR of an 
antibody of interest. Such genes are prepared, for example, 
by using the polymerase chain reaction to synthesiZe the 
variable region from RNA of antibody-producing cells. See, 
for example, Larrick et al., METHODS: A COMPANION 
TO METHODS IN ENZYMOLOGY, VOL. 2, page 106 
(1991). 
[0083] Antibodies that bind to CXCR4 chemokine recep 
tor, another HIV fusion cofactor receptor, have been shoWn 
to block fusion of HIV strains that use CXCR4 receptor for 
infection (Feng, et al., Science 272:872, 1996; Endres, et al., 
Cell 87:745, 1996). 
[0084] Variants of CCR5 

[0085] The term “CCRS variant” as used herein means a 
molecule that simulates at least part of the structure of CCR5 
and interferes With the fusion of cells that express env With 
cells that express CD4 and CCR5. The env protein of certain 
HIV isolates may participate in HIV infectivity by binding 
to CCRS at the surface of certain cells. While not Wishing to 
be bound by a particular theory of the invention, the inven 
tors believe that CCRS variants may interfere in HIV infec 
tivity by competing With the binding of CCR5 to env. CCRS 
variants may also be useful in preventing chemokine bind 
ing, thereby ameliorating symptoms of macrophage associ 
ated immune disorders. 

[0086] In one embodiment, the present invention relates to 
peptides and peptide derivatives that have feWer amino acid 
residues than CCR5 and that block membrane fusion 
betWeen HIV and a target cell. Such peptides and peptide 
derivatives could represent research and diagnostic tools in 
the study of HIV infection and the development of more 
effective anti-HIV therapeutics. The preferred peptide frag 
ments of CCR5 according to the invention include those 
Which correspond to the regions of CCR5 that are exposed 
on the cell surface (e.g., SEQ ID NO:5, 6 or 7). 

[0087] The invention relates not only to peptides and 
peptide derivatives of naturally-occurring CCRS, but also to 
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CCRS mutants and chemically synthesiZed derivatives of 
CCR5 that block membrane fusion betWeen HIV and a target 
cell. For example, changes in the amino acid sequence of 
CCR5 are contemplated in the present invention. CCRS can 
be altered by changing the DNA encoding the protein (e.g., 
SEQ ID NO:1&2). Preferably, only conservative amino acid 
alterations are undertaken, using amino acids that have the 
same or similar properties. Illustrative amino acid substitu 
tions include the changes of: alanine to serine; arginine to 
lysine; asparagine to glutamine or histidine; aspartate to 
glutamate; cysteine to serine; glutamine to asparagine; 
glutamate to aspartate; glycine to proline; histidine to aspar 
agine or glutamine; isoleucine to leucine or valine; leucine 
to valine or isoleucine; lysine to arginine, glutamine, or 
glutamate; methionine to leucine or isoleucine; phenylala 
nine to tyrosine, leucine or methionine; serine to threonine; 
threonine to serine; tryptophan to tyrosine; tyrosine to 
tryptophan or phenylalanine; valine to isoleucine or leucine. 

[0088] Variants useful for the present invention comprise 
analogs, homologs, muteins and mimetics of CCR5 that 
retain the ability to block membrane fusion. Peptides of the 
CCR5 refer to portions of the amino acid sequence of CCR5 
that also retain this ability. The variants can be generated 
directly from CCRS itself by chemical modi?cation, by 
proteolytic enZyme digestion, or by combinations thereof. 
Additionally, genetic engineering techniques, as Well as 
methods of synthesiZing polypeptides directly from amino 
acid residues, can be employed. 

[0089] Peptides of the invention include the folloWing 
Which correspond to extracellular loops of CCR5 (amino 
acid designations are according to the single letter code): 

extracellular loop-l (el-l) 
AILAAQWDFGNTMC: (SEQ ID NO:4 ) 

extracellular loop-2 (el-2) 

extracellular loop-3 (el-3) 
QEFFGLNNCSSSNRLD: (SEQ ID NO:6) 

[0090] FIG. 2 shoWs the ability of SEQ ID NO:4, 5 and 6 
to inhibit fusion betWeen cells expressing the HIV-1 env 
(from the macrophage tropic Ba-L isolate) and murine cells 
co-expressing CD4 and CCR5. 

[0091] Peptides of the invention can be synthesiZed by 
such commonly used methods as t-BOC or FMOC protec 
tion of alpha-amino groups. Both methods involve stepWise 
syntheses Whereby a single amino acid is added at each step 
starting from the C terminus of the peptide (See, Coligan, et 
al., Current Protocols in Immunology, Wiley Interscience, 
1991, Unit 9). Peptides of the invention can also be synthe 
siZed by the Well knoWn solid phase peptide synthesis 
methods described Merri?eld, J. Am. Chem. Soc., 85:2149, 
1962), and SteWart and Young, Solid Phase Peptides Syn 
thesis, (Freeman, San Francisco, 1969, pp.27-62), using a 
copoly(styrene-divinylbenZene) containing 0.1-1.0 mMol 
amines/g polymer. On completion of chemical synthesis, the 
peptides can be deprotected and cleaved from the polymer 
by treatment With liquid HF-10% anisole for about 1A1-1 
hours at 0° C. After evaporation of the reagents, the peptides 
are extracted from the polymer With 1% acetic acid solution 
Which is then lyophiliZed to yield the crude material. This 
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can normally be puri?ed by such techniques as gel ?ltration 
on SephadeX G-15 using 5% acetic acid as a solvent. 
LyophiliZation of appropriate fractions of the column Will 
yield the homogeneous peptide or peptide derivatives, Which 
can then be characteriZed by such standard techniques as 
amino acid analysis, thin layer chromatography, high per 
formance liquid chromatography, ultraviolet absorption 
spectroscopy, molar rotation, solubility, and quantitated by 
the solid phase Edman degradation. 

[0092] Alternatively, peptides can be produced by recom 
binant methods as described beloW. 

[0093] The term “substantially puri?ed” as used herein 
refers to a molecule, such as a peptide that is substantially 
free of other proteins, lipids, carbohydrates, nucleic acids, 
and other biological materials With Which it is naturally 
associated. For eXample, a substantially pure molecule, such 
as a polypeptide, can be at least 60%, by dry Weight, the 
molecule of interest. One skilled in the art can purify CCRS 
peptides using standard protein puri?cation methods and the 
purity of the polypeptides can be determined using standard 
methods including, e.g., polyacrylamide gel electrophoresis 
(e.g., SDS-PAGE), column chromatography (e.g., high per 
formance liquid chromatography (HPLC)), and amino-ter 
minal amino acid sequence analysis. 

[0094] Non-peptide compounds that mimic the binding 
and function of CCR5 (“mimetics”) can be produced by the 
approach outlined in Saragovi et al., Science 253: 792-95 
(1991). Mimetics are molecules Which mimic elements of 
protein secondary structure. See, for eXample, Johnson et al., 
“Peptide Turn Mimetics,” in BIOTECHNOLOGY AND 
PHARMACY, PeZZuto et al., Eds., (Chapman and Hall, NeW 
York 1993). The underlying rationale behind the use of 
peptide mimetics is that the peptide backbone of proteins 
eXists chie?y to orient amino acid side chains in such a Way 
as to facilitate molecular interactions. For the purposes of 
the present invention, appropriate mimetics can be consid 
ered to be the equivalent of CCR5 itself. 

[0095] Longer peptides can be produced by the “native 
chemical” ligation technique Which links together peptides 
(DaWson, et al., Science, 266:776, 1994). Variants can be 
created by recombinant techniques employing genomic or 
cDNA cloning methods. Site-speci?c and region-directed 
mutagenesis techniques can be employed. See CURRENT 
PROTOCOLS IN MOLECULAR BIOLOGY vol. 1, ch. 8 
(Ausubel et al. eds., J. Wiley & Sons 1989 & Supp. 
1990-93); PROTEIN ENGINEERING (OXender & Fox 
eds., A. Liss, Inc. 1987). In addition, linker-scanning and 
PCR-mediated techniques can be employed for mutagenesis. 
See PCR TECHNOLOGY (Erlich ed., Stockton Press 
1989); CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY, vols. 1 & 2, supra. Protein sequencing, structure 
and modeling approaches for use With any of the above 
techniques are disclosed in PROTEIN ENGINEERING, loc. 
cit., and CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY, vols. 1 & 2, supra. 

[0096] If the compounds described above are employed, 
the skilled artisan can routinely insure that such compounds 
are amenable for use With the present invention in vieW of 
the vaccinia cell fusion system described herein. If a com 
pound blocks env-mediated membrane fusion involved in 
HIV entry into a human CD4-positive target cell or (ii) 
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betWeen an HIV-infected cell and an uninfected human 
CD4-positive target cell, the compound is suitable according 
to the invention. 

[0097] CCRS-Binding and Blocking Agents 

[0098] In yet another embodiment, the present invention 
relates to CCRS-binding agents that block membrane fusion 
betWeen HIV and a target cell. Such agents could represent 
research and diagnostic tools in the study of HIV infection 
and the development of more effective anti-HIV therapeu 
tics. In addition, pharmaceutical compositions comprising 
CCRS-binding agents may represent effective anti-HIV 
therapeutics. In the conteXt of HIV infection, the phrase 
“CCRS-binding agent” denotes a naturally occurring ligand 
of CCR5 such as, for example: RANTES, MIP-IO. or 
MIP-1[3; a synthetic ligand of CCR5, or appropriate deriva 
tives of the natural or synthetic ligands. The determination 
and isolation of ligands is Well described in the art. See, e. g., 
Lemer, Trends NeuroSci. 17:142-146 (1994) Which is hereby 
incorporated in its entirety by reference. A CCRS-binding 

agent that blocks env-mediated membrane fusion involved in HIV entry into a human CD4-positive target cell 

or (ii) betWeen an HIV-infected cell and an uninfected 
human CD4-positive target cell is suitable according to the 
invention. Further, a CCRS blocking or binding agent 
includes an agent Which inhibits gp120 binding to CCRS or 
chemokine binding to CCRS. 

[0099] In yet another embodiment, the present invention 
relates to CCRS-binding agents that interfere With binding 
betWeen CCR5 and a chemokine. Such binding agents may 
interfere by competitive inhibition, by non-competitive inhi 
bition or by uncompetitive inhibition. 

[0100] Interference With normal binding betWeen CCR5 
and one or more chemokines can result in a useful pharma 
cological effect related to in?ammation because CCRS binds 
chemokines that regulate monocyte accumulation and acti 
vation in in?amed tissue sites. 

[0101] Nevertheless, While monocyte chemotaXis is the 
most Widely shared and perhaps best described function for 
MIP-1ot, MIP-1[3 and RANTES, apparently each of the CC 
CKRs that bind one or more of these chemokines connect 
speci?cally and differentially to additional monocyte func 
tions such as T-cell costimulation. 

[0102] Monocytes are long-lived cells capable of further 
differentiation as they move from the blood to establish 
residence in the tissues as macrophages. The functional 
properties of tissue macrophages differ in different organs, 
and in the same organ depending on the presence of priming 
agents, i.e., agents that can change the behavior of mono 
cytes and make them more sensitive to chemoattractants. 
CCRS-binding or blocking agents can interfere With the 
normal functioning of this system to reduce in?ammation 
and are contemplated by the present invention. Anti-CCRS 
antibodies of the invention are also useful in this conteXt. 

[0103] Screen for CCCKRS Binding and Blocking Com 
positions 

[0104] In another embodiment, the invention provides a 
method for identifying a composition Which binds to CCRS 
or blocks HIV env-mediated membrane fusion. The method 
includes incubating components comprising the composi 
tion and CCR5 under conditions suf?cient to alloW the 
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components to interact and measuring the binding of the 
composition to CCR5. Compositions that bind to CCR5 
include peptides, peptidomimetics, polypeptides, chemical 
compounds and biologic agents as described above. In 
addition to inhibition of cell fusion, one of skill in the art 
could screen for inhibition of gp120 binding or inhibition of 
CCR5 binding to a chemokine to determine if a compound 
or composition Was a CCR5 binding or blocking agent. 

[0105] Incubating includes conditions Which alloW contact 
betWeen the test composition and CCR5. Contacting 
includes in solution and in solid phase. The test ligand(s)/ 
composition may optionally be a combinatorial library for 
screening a plurality of compositions. Compositions identi 
?ed in the method of the invention can be further evaluated, 
detected, cloned, sequenced, and the like, either in solution 
or after binding to a solid support, by any method usually 
applied to the detection of a speci?c DNA sequence such as 
PCR, oligomer restriction (Saiki, et al., Bio/Technology, 
3:1008-1012, 1985), allele-speci?c oligonucleotide (ASO) 
probe analysis (Conner, et al., Proc. Natl. Acad. Sci. USA, 
80:278, 1983), oligonucleotide ligation assays (OLAs) 
(Landegren, et al., Science, 241:1077, 1988), and the like. 
Molecular techniques for DNA analysis have been revieWed 
(Landegren, et al., Science, 242:229-237, 1988). 
[0106] To determine if a composition can functionally 
complex With the receptor protein, induction of the exog 
enous gene is monitored by monitoring changes in the 
protein levels of the protein encoded for by the exogenous 
gene, for example. When a composition(s) is found that can 
induce transcription of the exogenous gene, it is concluded 
that this composition(s) can bind to the receptor protein 
coded for by the nucleic acid encoding the initial sample test 
composition(s). 
[0107] Expression of the exogenous gene can be moni 
tored by a functional assay or assay for a protein product, for 
example. The exogenous gene is therefore a gene Which Will 
provide an assayable/measurable expression product in 
order to alloW detection of expression of the exogenous 
gene. Such exogenous genes include, but are not limited to, 
reporter genes such as chloramphenicol acetyltransferase 
gene, an alkaline phosphatase gene, beta-galactosidase, a 
luciferase gene, a green ?uorescent protein gene, guanine 
xanthine phosphoribosyltransferase, alkaline phosphatase, 
and antibiotic resistance genes (e.g., neomycin phospho 
transferase). 
[0108] Expression of the exogenous gene is indicative of 
composition-receptor binding, thus, the binding or blocking 
composition can be identi?ed and isolated. The composi 
tions of the present invention can be extracted and puri?ed 
from the culture media or a cell by using knoWn protein 
puri?cation techniques commonly employed, such as extrac 
tion, precipitation, ion exchange chromatography, affinity 
chromatography, gel ?ltration and the like. Compositions 
can be isolated by af?nity chromatography using the modi 
?ed receptor protein extracellular domain bound to a column 
matrix or by heparin chromatography. 

[0109] Also included in the screening method of the 
invention is combinatorial chemistry methods for identify 
ing chemical compounds that bind to CCR5. Ligands/com 
positions that bind to CCR5 can be assayed in standard 
cell:cell fusion assays, such as the vaccinia assay described 
herein to determine Whether the composition inhibits or 
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blocks env-mediated membrane fusion involved in HIV 
entry into a human CD4-positive target cell or (ii) betWeen 
an HIV-infected cell and an uninfected human CD4-positive 
target cell. Screening methods include inhibition of chemok 
ine binding to CCR5 (e.g., use radiolabeled chemokine) or 
inhibition of labeled gp120. For example, a derivative of 
RANTES Was shoWn to act as a CCR5 receptor antagonist 

(RANTES 9-68; ArenZana-Selsdedos et al., Nature 383:400, 
1996, incorporated by reference). AOP-RANTES and Met 
RAN TES Were shoWn to bind With high af?nity yet failed to 
induce chemotaxis signalling, thereby acting as an antago 
nist (Simmons et al., Science 276:276, 1997). Thus, the 
screening method is also useful for identifying variants, 
binding or blocking agents, etc., Which functionally, if not 
physically (e.g., sterically) act as antagonists or agonists, as 
desired. 

[0110] Pharmaceutical Compositions 

[0111] The invention also includes various pharmaceutical 
compositions that block membrane fusion betWeen HIV and 
a target cell. The pharmaceutical compositions according to 
the invention are prepared by bringing an antibody against 
CCR5, a peptide or peptide derivative of CCR5, a CCR5 
mimetic, or a CCR5-binding agent according to the present 
invention into a form suitable for administration to a subject 
using carriers, excipients and additives or auxiliaries. Fre 
quently used carriers or auxiliaries include magnesium car 
bonate, titanium dioxide, lactose, mannitol and other sugars, 
talc, milk protein, gelatin, starch, vitamins, cellulose and its 
derivatives, animal and vegetable oils, polyethylene glycols 
and solvents, such as sterile Water, alcohols, glycerol and 
polyhydric alcohols. Intravenous vehicles include ?uid and 
nutrient replenishers. Preservatives include antimicrobial, 
anti-oxidants, chelating agents and inert gases. Other phar 
maceutically acceptable carriers include aqueous solutions, 
non-toxic excipients, including salts, preservatives, buffers 
and the like, as described, for instance, in Remington ’s 
Pharmaceutical Sciences, 15th ed. Easton: Mack Publishing 
Co., 1405-1412, 1461-1487 (1975) and The National For 
mulary XN 14th ed. Washington: American Pharmaceutical 
Association (1975), the contents of Which are hereby incor 
porated by reference. The pH and exact concentration of the 
various components of the pharmaceutical composition are 
adjusted according to routine skills in the art. See Goodman 
and Gilman’s The Pharmacological Basis for Therapeutics 
(7th ed.). 
[0112] In another embodiment, the invention relates to a 
method of blocking the membrane fusion betWeen HIV and 
a target cell. This method involves administering to a subject 
a therapeutically effective dose of a pharmaceutical compo 
sition containing the compounds of the present invention 
and a pharmaceutically acceptable carrier. “Administering” 
the pharmaceutical composition of the present invention 
may be accomplished by any means knoWn to the skilled 
artisan. By “subject” is meant any mammal, preferably a 
human. 

[0113] The pharmaceutical compositions are preferably 
prepared and administered in dose units. Solid dose units are 
tablets, capsules and suppositories. For treatment of a 
patient, depending on activity of the compound, manner of 
administration, nature and severity of the disorder, age and 
body Weight of the patient, different daily doses are neces 
sary. Under certain circumstances, hoWever, higher or loWer 
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daily doses may be appropriate. The administration of the 
daily dose can be carried out both by single administration 
in the form of an individual dose unit or else several smaller 
dose units and also by multiple administration of subdivided 
doses at speci?c intervals. 

[0114] The pharmaceutical compositions according to the 
invention are in general administered topically, intrave 
nously, orally or parenterally or as implants, but even rectal 
use is possible in principle. Suitable solid or liquid pharma 
ceutical preparation forms are, for example, granules, poW 
ders, tablets, coated tablets, (micro)capsules, suppositories, 
syrups, emulsions, suspensions, creams, aerosols, drops or 
injectable solution in ampule form and also preparations 
With protracted release of active compounds, in Whose 
preparation excipients and additives and/or auxiliaries such 
as disintegrants, binders, coating agents, sWelling agents, 
lubricants, ?avorings, sWeeteners or solubiliZers are custom 
arily used as described above. The pharmaceutical compo 
sitions are suitable for use in a variety of drug delivery 
systems. For a brief revieW of present methods for drug 
delivery, see Langer, Science, 249: 1527-1533 (1990), Which 
is incorporated herein by reference. 

[0115] The pharmaceutical compositions according to the 
invention may be administered locally or systemically. By 
“therapeutically effective dose” is meant the quantity of a 
compound according to the invention necessary to prevent, 
to cure or at least partially arrest the symptoms of the disease 
and its complications. Amounts effective for this use Will, of 
course, depend on the severity of the disease and the Weight 
and general state of the patient. Typically, dosages used in 
vitro may provide useful guidance in the amounts useful for 
in situ administration of the pharmaceutical composition, 
and animal models may be used to determine effective 
dosages for treatment of particular disorders. Various con 
siderations are described, e.g., in Gilman et al. (eds.) (1990) 
GOODMAN AND GILMAN’S: THE PHARMACOLOGI 
CAL BASES OF THERAPEUTICS, 8th ed., Pergamon 
Press; and REMINGTON’S PHARMACEUTICAL SCI 
ENCES, 17th ed. (1990), Mack Publishing Co., Easton, Pa., 
each of Which is herein incorporated by reference. 

[0116] Testing for NeW Pharmaceutical Compositions 

[0117] In a preferred embodiment, the invention is a 
method for screening a compound (“test substance”) for 
anti-HIV pharmacological activity. In this embodiment, the 
CCR5 and CD4 genes are expressed in one type of eukary 
otic cell and incubated With a second type of eukaryotic cell 
that expresses an HIV envelope protein (“env”). Fusion 
betWeen at least one cell of each type With the other type is 
then monitored. The test substance is added to the incubation 
solution before or after mixing of the cells and its effect on 
the fusion rate of cells is determined by any of a number of 
means. One means to monitor fusion is to include a system 
that results in the production of an active [3-galactosidase 
upon cell fusion as described in Nussbaum et al., 1994, 
supra. If the test molecule inhibits HIV infectivity then the 
presence of the molecule Will decrease the cell fusion 
response. In the case Where the test substance binds a 
naturally occurring molecule present in the human that is 
necessary for HIV infectivity, then addition of the test 
molecule may decrease cell fusion. 

[0118] The cell fusion assay can be used to determine the 
functional ability of CCR5 to confer env-mediated fusion 
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competence to a diverse range of CD4-positive (e.g., either 
recombinantly produced or naturally occurring) cell types: 
e.g., NIH 3T3 (murine); BS-C-1 (African green monkey); 
HEK293 (human); and Mv 1 Lu (mink). In addition, 
unusual, fusion-incompetent, CD4-positive human cell 
types can be employed (U-87 MG glioblastoma; and SCL1). 

[0119] Variations of drug screening methods are knoWn to 
the artisan of average skill in this ?eld. Consequently, the 
cell fusion assay can be used in a Wide variety of formats to 
exploit the properties of the CCR5 receptor to screen for 
drugs that are effective against HIV. 

[0120] Antisense or RiboZyme Inhibition of CCR5 for 
HIV Therapy 

[0121] Antisense technology offers a very speci?c and 
potent means of inhibiting HIV infection of cells that contain 
CCR5, for example, by decreasing the amount of CCR5. 
expression in a cell. Antisense polynucleotides in context of 
the present invention includes both short sequences of DNA 
knoWn as oligonucleotides of usually 10-50 bases in length 
as Well as longer sequences of DNA that may exceed the 
length of the CCR5 gene sequence itself. Antisense poly 
nucleotides useful for the present invention are complemen 
tary to speci?c regions of a corresponding target mRNA. 
HybridiZation of antisense polynucleotides to their target 
transcripts can be highly speci?c as a result of complemen 
tary base pairing. The capability of antisense polynucle 
otides to hybridiZe is affected by such parameters as length, 
chemical modi?cation and secondary structure of the tran 
script Which can in?uence polynucleotide access to the 
target site. See Stein et al, Cancer Research 48:2659 (1988). 
An antisense polynucleotide can be introduced to a cell by 
introducing a DNA segment that codes for the polynucle 
otide into the cell such that the polynucleotide is made inside 
the cell. An antisense polynucleotide can also be introduced 
to a cell by adding the polynucleotide to the environment of 
the cell such that the cell can take up the polynucleotide 
directly. The latter route is preferred for the shorter poly 
nucleotides of up to about 20 bases in length. 

[0122] In selecting the preferred length for a given poly 
nucleotide, a balance must be struck to gain the most 
favorable characteristics. Shorter polynucleotides such as 
10-to 15-mers, While offering higher cell penetration, have 
loWer gene speci?city. In contrast, While longer polynucle 
otides of 20-30 bases offer better speci?city, they shoW 
decreased uptake kinetics into cells. See Stein et al., PHOS 
PHOROTHIOATE OLIGODEOXYNUCLEOTIDE ANA 
LOGUES in “Oligodeoxynucleotides—Antisense Inhibitors 
of Gene Expression” Cohen, ed. McMillan Press, London 
(1988). Accessibility to mRNA target sequences also is of 
importance and, therefore, loop-forming regions in targeted 
mRNAs offer promising targets. 

[0123] In this disclosure the term “polynucleotide” 
encompasses both oligomeric nucleic acid moieties of the 
type found in nature, such as the deoxyribonucleotide and 
ribonucleotide structures of DNA and RNA, and man-made 
analogues Which are capable of binding to nucleic acids 
found in nature. The polynucleotides of the present inven 
tion can be based upon ribonucleotide or deoxyribonucle 
otide monomers linked by phosphodiester bonds, or by 
analogues linked by methyl phosphonate, phosphorothioate, 
or other bonds. They may also comprise monomer moieties 
Which have altered base structures or other modi?cations, 
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but Which still retain the ability to bind to naturally occurring 
DNA and RNA structures. Such polynucleotides may be 
prepared by methods Well-knoWn in the art, for instance 
using commercially available machines and reagents avail 
able from Perkin-Elmer/Applied Biosystems (Foster City, 
Calif). 
[0124] Phosphodiester-linked polynucleotides are particu 
larly susceptible to the action of nucleases in serum or inside 
cells, and therefore in a preferred embodiment the poly 
nucleotides of the present invention are phosphorothioate or 
methyl phosphonate-linked analogues, Which have been 
shoWn to be nuclease-resistant. Persons of ordinary skill in 
this art Will be able to select other linkages for use in the 
invention. These modi?cations also may be designed to 
improve the cellular uptake and stability of the polynucle 
otides. 

[0125] In another embodiment of the invention, the anti 
sense polynucleotide is an RNA molecule produced by 
introducing an expression construct into the target cell. The 
RNA molecule thus produced is chosen to have the capa 
bility to hybridiZe to CCRS mRNA. Such molecules that 
have this capability can inhibit translation of the CCR5 
mRNA and thereby inhibit the ability of HIV to infect cells 
that contain the RNA molecule. 

[0126] The polynucleotides Which have the capability to 
hybridiZe With mRNA targets can inhibit expression of 
corresponding gene products by multiple mechanisms. In 
“translation arrest,” the interaction of polynucleotides With 
target mRNA blocks the action of the ribosomal complex 
and, hence, prevents translation of the messenger RNA into 
protein. Haeuptle et al.,Nucl. Acids. Res. 1411427 (1986). In 
the case of phosphodiester or phosphorothioate DNA poly 
nucleotides, intracellular RNase H can digest the targeted 
RNA sequence once it has hybridiZed to the DNA oligomer. 
Walder and Walder, Proc. Natl. Acad. Sci. USA 85:5011 
(1988). As a further mechanism of action, in “transcription 
arrest” it appears that some polynucleotides can form “tri 
plex,” or triple-helical structures With double stranded 
genomic DNA containing the gene of interest, thus interfer 
ing With transcription by RNA polymerase. Giovannangeli 
et al., Proc. Natl. Acad. Sci. 90:10013 (1993); Ebbinghaus et 
al. J. Clin. Invest. 92:2433 (1993). 

[0127] In one preferred embodiment, CCRS polynucle 
otides are synthesiZed according to standard methodology. 
Phosphorothioate modi?ed DNA polynucleotides typically 
are synthesiZed on automated DNA synthesiZers available 
from a variety of manufacturers. These instruments are 
capable of synthesiZing nanomole amounts of polynucle 
otides as long as 100 nucleotides. Shorter polynucleotides 
synthesiZed by modem instruments are often suitable for use 
Without further puri?cation. If necessary, polynucleotides 
may be puri?ed by polyacrylamide gel electrophoresis or 
reverse phase chromatography. See Sambrook et al., 
MOLECULAR CLONING: A Laboratory Manual, Vol. 2, 
Chapter 11, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY. (1989). 

[0128] Alternatively, a CCRS polynucleotide in the form 
of antisense RNA may be introduced to a cell by its 
expression Within the cell from a standard DNA expression 
vector. CCRS DNA antisense sequences can be cloned from 
standard plasmids into expression vectors, Which expression 
vectors have characteristics permitting higher levels of, or 
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more ef?cient expression of the resident polynucleotides. At 
a minimum, these constructs require a prokaryotic or 
eukaryotic promoter sequence Which initiates transcription 
of the inserted DNA sequences. A preferred expression 
vector is one Where the expression is inducible to high 
levels. This is accomplished by the addition of a regulatory 
region Which provides increased transcription of doWn 
stream sequences in the appropriate host cell. See Sambrook 
et al., Vol. 3, Chapter 16 (1989). 

[0129] For example, CCRS antisense expression vectors 
can be constructed using the polymerase chain reaction 
(PCR) to amplify appropriate fragments from single 
stranded cDNA of a plasmid such as pRc in Which CCRS 
cDNA has been incorporated. Fang et al.,]. Biol. Chem. 267 
25889-25897 (1992). Polynucleotide synthesis and puri? 
cation techniques are described in Sambrook et al. and 
Ausubel et al. (eds.), CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY (Wiley Interscience 1987) (here 
after “Ausubel”), respectively. The PCR procedure is per 
formed via Well-knoWn methodology. See, for example, 
Ausubel, and Bangham, “The Polymerase Chain Reaction: 
Getting Started,” in PROTOCOLS IN HUMAN MOLECU 
LAR GENETICS (Humana Press 1991). Moreover, PCR 
kits can be purchased from companies such as Stratagene 
Cloning Systems (La Jolla, Calif.) and Invitrogen (San 
Diego, Calif). 
[0130] The products of PCR are subcloned into cloning 
vectors. In this context, a “cloning vector” is a DNA 
molecule, such as a plasmid, cosmid or bacteriophage, that 
can replicate autonomously in a host prokaryotic cell. Clon 
ing vectors typically contain one or a small number of 
restriction endonuclease recognition sites at Which foreign 
DNA sequences can be inserted in a determinable fashion 
Without loss of an essential biological function of the vector, 
as Well as a marker gene that is suitable for use in the 
identi?cation and selection of cells transformed With the 
cloning vector. Suitable cloning vectors are described by 
Sambrook et al., Ausubel, and BroWn (ed.), MOLECULAR 
BIOLOGY LABFAX (Academic Press 1991). Cloning vec 
tors can be obtained, for example, from GIBCO/BRL 
(Gaithersburg, Md.), Clontech Laboratories, Inc. (Palo Alto, 
Calif), Promega Corporation (Madison, Wis.), Stratagene 
Cloning Systems (La Jolla, Calif), Invitrogen (San Diego, 
Calif), and the American Type Culture Collection (Rock 
ville, Md.). 
[0131] Preferably, the PCR products are ligated into a 
“TA” cloning vector. Methods for generating PCR products 
With a thymidine or adenine overhang are Well-knoWn to 
those of skill in the art. See, for example, Ausubel at pages 
15.7.1-15.7.6. Moreover, kits for performing TA cloning can 
be purchased from companies such as Invitrogen (San 
Diego, Calif). 
[0132] Cloned antisense fragments are ampli?ed by trans 
forming competent bacterial cells With a cloning vector and 
groWing the bacterial host cells in the presence of the 
appropriate antibiotic. See, for example, Sambrook et al., 
and Ausubel. PCR is then used to screen bacterial host cells 
for CCRS antisense orientation clones. The use of PCR for 
bacterial host cells is described, for example, by Hofmann et 
al., “Sequencing DNA Ampli?ed Directly from a Bacterial 
Colony,” in PCR PROTOCOLS: METHODS AND APPLI 
CATIONS, White (ed.), pages 205-210 (Humana Press 
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1993), and by Cooper et al., “PCR-Based Full-Length cDNA 
Cloning Utilizing the Universal-Adaptor/Speci?c DOS 
Primer-Pair Strategy,” Id. at pages 305-316. 

[0133] Cloned-antisense fragments are cleaved from the 
cloning vector and inserted into an expression vector. For 
example, HindIII and XbaI can be used to cleave the 
antisense fragment from TA cloning vector pCRTM-II (Invit 
rogen;San Diego, Calif.). Suitable expression vectors typi 
cally contain (1) prokaryotic DNA elements coding for a 
bacterial origin of replication and an antibiotic resistance 
marker to provide for the ampli?cation and selection of the 
expression vector in a bacterial host; (2) DNA elements that 
control initiation of transcription, such as a promoter; and 
(3) DNA elements that control the processing of transcripts, 
such as a transcription termination/polyadenylation 
sequence. 

[0134] For a mammalian host, the transcriptional and 
translational regulatory signals preferably are derived from 
viral sources, such as adenovirus, bovine papilloma virus, 
simian virus, or the like, in Which the regulatory signals are 
associated With a particular gene Which has a high level of 
expression. Suitable transcriptional and translational regu 
latory sequences also can be obtained from mammalian 
genes, such as actin, collagen, myosin, and metallothionein 
genes. 

[0135] Transcriptional regulatory sequences include a pro 
moter region suf?cient to direct the initiation of RNA 
synthesis. Suitable eukaryotic promoters include the pro 
moter of the mouse metallothionein I gene (Hamer et al., J. 
Molec. Appl. Genet. 1: 273 (1982)); the TK promoter of 
Herpes virus (McKnight, Cell 31: 355 (1982)); the SV40 
early promoter (Benoist et al., Nature 290: 304 (1981); the 
Rous sarcoma virus promoter (Gorman et al., Proc. Nat’l 
Acad. Sci. USA 79: 6777 (1982)); and the cytomegalovirus 
promoter (Foecking et al., Gene 45: 101 (1980)). 

[0136] Alternatively, a prokaryotic promoter, such as the 
bacteriophage T3 RNApolymerase promoter, can be used to 
control fusion gene expression if the prokaryotic promoter is 
regulated by a eukaryotic promoter. Zhou et al., Mol. Cell. 
Biol. 10: 4529 (1990); Kaufman et al., Nuc. Acids Res. 19: 
4485 (1991). 

[0137] A vector for introducing at least one antisense 
polynucleotide into a cell by expression from a DNA is the 
vector pRc/CMV (Invitrogen (San Diego, Calif.), Which 
provides a high level of constitutive transcription from 
mammalian enhancer-promoter sequences. Cloned CCR5 
antisense vectors are ampli?ed in bacterial host cells, iso 
lated from the cells, and analyZed as described above. 

[0138] Another possible method by Which antisense 
sequences may be exploited is via gene therapy. Virus-like 
vectors, usually derived from retroviruses, may prove useful 
as vehicles for the importation and expression of antisense 
constructs in human cells. Generally, such vectors are non 
replicative in vivo, precluding any unintended infection of 
non-target cells. 

[0139] In such cases, helper cell lines are provided Which 
supply the missing replicative functions in vitro, thereby 
permitting ampli?cation and packaging of the antisense 
vector. A further precaution against accidental infection of 
non-target cells involves the use of target cell-speci?c regu 
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latory sequences. When under the control of such sequences, 
antisense constructs Would not be expressed in normal 
tissues. 

[0140] TWo prior studies have explored the feasibility of 
using antisense polynucleotides to inhibit the expression of 
a heparin binding groWth factor. Kouhara et al., Oncogene 9: 
455-462 (1994); Morrison, J. Biol. Chem. 266: 728 (1991). 
Kouhara et al. shoWed that androgen-dependent groWth of 
mouse mammary carcinoma cells (SC-3) is mediated 
through induction of androgen-induced, heparin binding 
groWth factor An antisense 15-mer corresponding 
to the translation initiation site of AIGF Was measured for its 
ability to interfere With androgen-induction of SC-3 cells. At 
concentrations of 5 pM, the antisense polynucleotide effec 
tively inhibited androgen-induced DNA synthesis. Morrison 
shoWed that antisense polynucleotides targeted against basic 
?broblast groWth factor can inhibit groWth of astrocytes in 
culture. Thus, the general feasibility of targeting an indi 
vidual gene product in a mammalian cell has been estab 
lished. 

[0141] Antisense polynucleotides according to the present 
invention are derived from any portion of the open reading 

frame of the CCR5 cDNA. Preferably, mRNA sequences surrounding the translation initiation site and (ii) forming 

loop structures are targeted. Based upon the siZe of the 
human genome, statistical studies shoW that a DNA segment 
approximately 14-15 base pairs long Will have a unique 
sequence in the genome. To ensure speci?city of targeting 
CCR5 RNA, therefore, it is preferred that the antisense 
polynucleotides are at least 15 nucleotides in length. Thus, 
the shortest polynucleotides contemplated by the present 
invention encompass nucleotides corresponding to positions 
1-14, 1-15, 1-16, 1-17, 1-18, 1-19, 2-16, 3-17, etc. of the 
CCR5 cDNA sequence. Position 1 refers to the ?rst nucle 
otide of the CCR5 coding region. 
[0142] Not every antisense polynucleotide Will provide a 
suf?cient degree of inhibition or a suf?cient level of speci 
?city for the CCR5 target. Thus, it Will be necessary to 
screen polynucleotides to determine Which have the proper 
antisense characteristics. A preferred method to assay for a 
useful antisense polynucleotide is the inhibition of cell 
fusion betWeen: (1) cells that contain CD4 and CCR5; and 
(2) cells that contain env. 

[0143] Administration of an antisense polynucleotide to a 
subject, either as a naked, synthetic polynucleotide or as part 
of an expression vector, can be effected via any common 
route (oral, nasal, buccal, rectal, vaginal, or topical), or by 
subcutaneous, intramuscular, intraperitoneal, or intravenous 
injection. Pharmaceutical compositions of the present inven 
tion, hoWever, are advantageously administered in the form 
of injectable compositions. A typical composition for such 
purpose comprises a pharmaceutically acceptable solvent or 
diluent and other suitable, physiologic compounds. For 
instance, the composition may contain polynucleotide and 
about 10 mg of human serum albumin per milliliter of a 
phosphate buffer containing NaCl. 
[0144] As much as 700 milligrams of antisense polynucle 
otide has been administered intravenously to a patient over 
a course of 10 days (i.e., 0.05 mg/kg/hour) Without signs of 
toxicity. Sterling, “Systemic Antisense Treatment 
Reported,” Genetic Engineering NeWs 12: 1, 28 (1992). 
[0145] Other pharmaceutically acceptable excipients 
include non-aqueous or aqueous solutions and non-toxic 
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compositions including salts, preservatives, buffers and the 
like. Examples of non-aqueous solutions are propylene 
glycol, polyethylene glycol, vegetable oil and injectable 
organic esters such as ethyloleate. Aqueous solutions 
include Water, alcoholic/aqueous solutions, saline solutions, 
parenteral vehicles such as sodium chloride, Ringer’s dex 
trose, etc. Intravenous vehicles include ?uid and nutrient 
replenishers. Preservatives include antimicrobial, anti-oxi 
dants, chelating agents and inert gases. The pH and exact 
concentration of the various components the pharmaceutical 
composition are adjusted according to routine skills in the 
art. A preferred pharmaceutical composition for topical 
administration is a dermal cream or transdermal patch. 

[0146] Antisense polynucleotides or their expression vec 
tors may be administered by injection as an oily suspension. 
Suitable lipophilic solvents or vehicles include fatty oils, 
such as sesame oil, or synthetic fatty acid esters, such as 
ethyl oleate or triglycerides. Moreover, antisense polynucle 
otides or vectors may be combined With a lipophilic carrier 
such as any one of a number of sterols including cholesterol, 
cholate and deoxycholic acid. A preferred sterol is choles 
terol. Aqueous injection suspensions may contain substances 
Which increase the viscosity of the suspension include, for 
example, sodium carboxymethyl cellulose, sorbitol, and/or 
dextran. Optionally, the suspension also contains stabiliZers. 

[0147] An alternative formulation for the administration 
of antisense CCR5 polynucleotides involves liposomes. 
Liposome encapsulation provides an alternative formulation 
for the administration of antisense CCR5 polynucleotides 
and expression vectors. Liposomes are microscopic vesicles 
that consist of one or more lipid bilayers surrounding 
aqueous compartments. See, generally, Bakker-Woudenberg 
et al., Eur. J. Clin. Microbiol. Infect. Dis. 12 (Suppl. 1): S61 
(1993), and Kim, Drugs 46: 618 (1993). Liposomes are 
similar in composition to cellular membranes and as a result, 
liposomes can be administered safely and are biodegradable. 
Depending on the method of preparation, liposomes may be 
unilamellar or multilamellar, and liposomes can vary in siZe 
With diameters ranging from 0.02 pm to greater than 10 pm. 
A variety of agents can be encapsulated in liposomes: 
hydrophobic agents partition in the bilayers and hydrophilic 
agents partition Within the inner aqueous space(s). See, for 
example, Machy et al., LIPOSOMES IN CELL BIOLOGY 
AND PHARMACOLOGY (John Libbey 1987), and Ostro et 
al., American J. Hosp. Pharm. 46: 1576 (1989). Moreover, 
it is possible to control the therapeutic availability of the 
encapsulated agent by varying liposome siZe, the number of 
bilayers, lipid composition, as Well as the charge and surface 
characteristics of the liposomes. 

[0148] Liposomes can adsorb to virtually any type of cell 
and then sloWly release the encapsulated agent. Alterna 
tively, an absorbed liposome may be endocytosed by cells 
that are phagocytic. Endocytosis is folloWed by intralyso 
somal degradation of liposomal lipids and release of the 
encapsulated agents. Scherphofet al., Ann. NY Acad. Sci. 
446: 368 (1985). 

[0149] After intravenous administration, conventional 
liposomes are preferentially phagocytosed into the reticu 
loendothelial system. HoWever, the reticuloendothelial sys 
tem can be circumvented by several methods including 
saturation With large doses of liposome particles, or selective 
macrophage inactivation by pharmacological means. Claas 
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sen et al., Biochim. Biophys. Acta 802: 428 (1984). In 
addition, incorporation of glycolipid- or polyethelene gly 
col-derivatised phospholipids into liposome membranes has 
been shoWn to result in a signi?cantly reduced uptake by the 
reticuloendothelial system. Allen et al., Biochim. Biophys. 
Acta 1068: 133 (1991); Allen et al., Biochim. Biohys. Acta 
1150: 9 (1993) These Stealth® liposomes have an increased 
circulation time and an improved targeting to tumors in 
animals. Woodle et al., Proc. Amer Assoc. Cancer Res. 33: 
2672 (1992). Human clinical trials are in progress, including 
Phase m clinical trials against Kaposi’s sarcoma. Gregoria 
dis et al., Drugs 45: 15 (1993). 

[0150] Antisense polynucleotides and expression vectors 
can be encapsulated Within liposomes using standard tech 
niques. A variety of different liposome compositions and 
methods for synthesis are knoWn to those of skill in the art. 
See, for example, U.S. Pat. No. 4,844,904, US. Pat. No. 
5,000,959, US. Pat. No. 4,863,740, and US. Pat. No. 
4,975,282, all of Which are hereby incorporated by refer 
ence. 

[0151] Liposomes can be prepared for targeting to par 
ticular cells or organs by varying phospholipid composition 
or by inserting receptors or ligands into the liposomes. For 
instance, antibodies speci?c to tumor associated antigens 
may be incorporated into liposomes, together With antisense 
polynucleotides or expression vectors, to target the liposome 
more effectively to the tumor cells. See, for example, 
Zelphati et al., Antisense Research and Development 3: 
323-338 (1993), describing the use “immunoliposomes” 
containing antisense polynucleotides for human therapy. 

[0152] In general, the dosage of administered liposome 
encapsulated antisense polynucleotides and vectors Will 
vary depending upon such factors as the patient’s age, 
Weight, height, sex, general medical condition and previous 
medical history. Dose ranges for particular formulations can 
be determined by using a suitable animal model. 

[0153] The above approaches can also be used not only 
With antisense nucleic acid, but also With riboZymes, or 
triplex agents to block transcription or translation of a 
speci?c CCR5 mRNA, either by masking that mRNA With 
an antisense nucleic acid or triplex agent, or by cleaving it 
With a riboZyme. 

[0154] Use of an oligonucleotide to stall transcription is 
knoWn as the triplex strategy since the oligomer Winds 
around double-helical DNA, forming a three-strand helix. 
Therefore, these triplex compounds can be designed to 
recogniZe a unique site on a chosen gene (Maher, et al., 
Antisense Res. and Dev., 1(3):227, 1991; Helene, C., Anti 
cancer Drug Design, 5(6):569, 1991). 

[0155] RiboZymes are RNA molecules possessing the 
ability to speci?cally cleave other single-stranded RNA in a 
manner analogous to DNA restriction endonucleases. 
Through the modi?cation of nucleotide sequences Which 
encode these RNAs, it is possible to engineer molecules that 
recogniZe speci?c nucleotide sequences in an RNA molecule 
and cleave it (Cech, J. Amer Med. Assn., 260:3030, 1988). 
Amajor advantage of this approach is that, because they are 
sequence-speci?c, only mRNAs With particular sequences 
are inactivated. 

[0156] There are tWo basic types of riboZymes namely, 
tetrahymena-type (Hasselhoff, Nature, 334:585, 1988) and 




























