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TITLE OF THE INVENTION
Inhibition of CCLS5 Ligand Binding to CCR5 Receptor and Alteration of CCRS5/CCL5

Axis Signaling in Inflammation, Cancer, Autoimmune, and other Conditions

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application
No. 62/183,335, filed on June 23, 2015, the contents of which are fully incorporated
herein.

FIELD OF THE INVENTION

The present invention relates to competitive inhibitors to the CCRS5 receptor
and the use of such competitive inhibitors, such as monoclonal antibodies (including,
but not limited to, PRO 140), fragments or subunits of same, proteins, small
molecules, or conjugates of any of the above, of the CCLS5 ligand/CCRS5 receptor axis
that express antagonist activity for RANTES (CCL5), MIP1-alpha (CCL3), and
MIP1-beta (CCL4) in the fields of transplantation, including graft versus host disease
(GvHD), autoimmune disorders (Multiple Sclerosis (M8}, Lupus, psoriasis, liver
disease, Crohn's Disease, Inflammatory bowel disease, etc.), infectious agents,
chronic inflammation, and cancer, including, but not limited to, breast cancer, prostate
cancer, etc. The competitive inhibitors of the present invention may be used to
inhibit, interrupt, block, mitigate, dampen, slow the progress of, and/or treat
inflammation or various other CCR5/CCLS5 axis signaling dependent down-stream
activities associated with GvHD, autoimmune disorders, infectious agents, chronic
inflammation, and cancer.

The competitive inhibitors contemplated for this invention may or may not
have CCL5 ligand/CCRS receptor axis agonist activity. It is noted, however, that the
present inventor has determined that PRO 140 is not indicated to have CCL5
ligand/CCRS receptor axis agonist activity. Accordingly, PRO 140, or fragments,
parts, or derivatives thereof, may be particularly useful for this invention.

BACKGROUND

Inflammation may occur in response to trauma, chemical or physical injury,
autoimmune responses, infectious agents, cancer, etc. Inflammation is an important
component of innate immunity and is necessary for priming adaptive immunity and

for the effecter phase of the immune response. Soluble mediators, such as
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chemokines, are shown to play an important role in driving the various components of
inflammation, especially leukocyte influx.

Chemokines bind to their receptors which are expressed on many cell types,
including, for example, leukocytes, endothelial cells, fibroblasts, epithelial, smooth
muscle and parenchymal cells. Chemokines play an important role in leukocyte
biology, by controlling cell recruitment and activation in basal and in inflammatory
circumstances. In addition, because chemokine receptors are expressed on other cell
types, chemokines have multiple other roles, including angiogenesis, tissue and
vascular remodeling, pathogen elimination, antigen presentation, leukocyte activation
and survival, chronic inflammation, tissue repair/healing, fibrosis, embryogenesis,
tumorigenesis, etc.

CCLS5 (C-C chemokine ligand 5), an inflammatory chemokine also known as
regulated upon activation and normal T cell expressed and secreted (RANTES), plays
an important role in these immunologic mechanisms. CCL5 acts as a key regulator of
T-cell migration to inflammatory sites, directing migration of T cells to damaged or
infected sites. CCLS5 also regulates T-cell differentiation. Many biologic effects of
chemokines are mediated by their interaction with chemokine receptors on cell
surfaces. In the present invention, the most relevant known receptor for CCLS5 is the
CCRS receptor; however, CCR1 and CCR3 are also known CCLS5 receptors and
CCR4 and CD44 are auxiliary receptors. Tamamis et al., Elucidating a Key Anti-
HIV-1 and Cancer-Associated Axis: The Structure of CCLS (Rantes) in Complex with
CCRS5, SCIENTIFIC REPORTS; 4:5447 (2014).

Inflammatory chemokines have long been viewed mainly as indispensable
"gate keepers" of immunity and inflammation. However, recent research indicates
that, for example, cancer cells subvert the normal chemokine system and these
molecules and their receptors become important constituents of the tumor
microenvironment with very different ways to exert tumor-promoting roles. While the
CCRS receptor and the CCL5 ligand have been detected in some hematological
malignancies, lymphomas, and a great number of solid tumors, extensive studies on
the role of the CCL5 ligand/CCRS receptor axis have only been performed only in a
limited number of cancers. Aldinucci et al., The Inflammatory chemokine CCL5 and

Cancer Progression, MEDIATORS OF INFLAMMATION, vol. 2014, article ID 292376, 12

pages.
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The CCRS5 receptor is a C-C chemokine G-coupled protein receptor expressed
on lymphocytes, monocytes, macrophages, dendritic cells, a subset of T cells, etc.
The CCRS receptor spans the cellular plasma membrane seven times in a serpentine
manner. The extracellular portions represent potential targets for HIV-inhibitory
mADbs and comprise an amino-terminal domain (Nt) and three extracellular loops
(ECL1, ECL2, and ECL3). The extracellular portions of CCR5 comprise just 90
amino acids distributed over four domains. The largest of these domains are at the Nt
and ECL2 at approximately 30 amino acids each. Olson et al., CCR5 Monoclonal
Antibodies for HIV-1 Therapy, CURR. OPIN. HIV AIDS, March; 4(2): 104-111 (2009).

The formation of the CCRL ligand and CCRS5 receptor complex causes a
conformational change in the receptor that activates the subunits of the G-protein,
inducing signaling and leading to changed levels of cyclic AMP (cAMP), inositol
triphosphate, intracellular calcium and tyrosine kinase activation. These signaling
events cause cell polarization and translocation of the transcription factor NF-kB,
which results in the increase of phagocytic ability, cell survival, and transcription of
proinflammatory genes. Once G-protein dependent signaling occurs, the
CCL5/CCRS5 receptor complex is internalized via endocytosis.

A complete complex structure of CCL5 in complex with CCRS was recently
computationally derived. It is reported that the 1-15 residue moiety of CCL5 is
inserted into the CCRS binding pocket; the 1-6 N-terminal domain of CCLS5 is buried
within the transmembrane region of CCRS, and the 7-15 residue moiety of CCLS is
predominantly encompassed by the N-terminal domain and extracellular loops of
CCRS. CCL5 residues Alal6, Argl7 and additional residues of the 24-50 residue
moiety interact with the upper N-terminal domain and extracellular loop interface of
CCRS. It is further reported that the integrity of the amino terminus of CCL5 is
crucial to receptor binding and cellular activation. Further, it has been reported that
CCL5 and HIV-1 primarily interact with mostly the same CCRS residues, and share
the same chemokine receptor binding pocket. See Tamamis et al., Elucidating a Key
Anti-HIV-1 and Cancer-Associated Axis: The Structure of CCL5 (Rantes) in Complex
with CCRS, SCIENTIFIC REPORTS; 4:5447 (2014). It is also separately reported that
chemokines, such as the CCL5 ligand, principally bind the CCRS5 receptor through
ECL2. Olson et al., CCR5 Monoclonal Antibodies for HIV-1 Therapy, CURR. OPIN.
HIV AIDS, March; 4(2): 104-111 (2009).

PCT/US2016/039016
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Evidence suggests that CCL5/CCRS axis signaling may be preferentially
activated in certain types of cancers, for example breast and prostate cancers, and that
such signaling facilitates disease progression. Exploratory efforts using anti-CCRS5
binding agents to alter CCL5/CCRS signaling in connection with some cancer types
have been made. Sicoli et al., CCR5 Receptor Antagonists Block Metastasis to Bone
of v-Src Oncogene-Transformed Metastatic Prostate Cancer Cell Lines, CANCER RES.
74(23), (2014); Velasco-Velazquez et al., The CCL5/CCRS5 Axis Promotes Metastasis
In Basal Breast Cancer, ONCOIMMUNOLOGY, vol. 2, issue 4 (2013); and Velasco-
Velazquez et al., CCR5Antagonis Blocks Metastasis of Basal Breast Cancer Cells,
CANCER RES. 72(15), (2012).

Various compounds exist that inhibit, interrupt, block, alter, or modify the
CCRS5/CCLS5 receptor/ligand axis (i.e., CCRS receptor/CCLS5 ligand axis). Many of
these compounds have been developed for the treatment of HIV-1, which also binds
with the CCRS receptor and is known to share some binding commonalities with
CCL5. Such compounds include extracellular or cell transmembrane CCRS binding
agents such as, for example, PRO 140 (extracellular) and maraviroc (fransmembrane),
and other compounds such as vicriviroc, aplaviroc, SCH-C, TAK-779, and antibodies
such as PA14, 2D7, RoAbl13, RoAbl4, 45523, etc. It has been found that the most
potently antiviral anti-CCRS5 monoclonal antibodies including, for example, PRO140,
bind CCRS5 receptor amino acid residues in EL2 alone or in combination with Nt
residues. It has also been determined that the CCRS receptor binding sites for anti-
CCRS5 monoclonal antibodies are distinct from small-molecule CCRS5 antagonists.
That is, available small-molecule CCR5 antagonists, such as maraviroc, bind the
hydrophobic cavity formed by the transmembrane helices, i.e., not the extracellular Nt
or loop regions. The amino acid residue E283 in the seventh transmembrane region
has been specifically identified as a principle site or interaction for small molecules,
and maraviroc and vicriviroc were found to bind to identical sets of CCRS receptor
amino acids. Olson et al., CCR5 Monoclonal Antibodies for HIV-1 Therapy, CURR.
OPIN. HIV AIDS, March; 4(2): 104-111 (2009).

It has also been reported, however, that the CCLS5 ligand and maraviroc dock
on the CCRS5 receptor by sharing two receptor sites: the Nt and the ECL2, and that
synthetic CCL5-derived peptides may also be used to block the CCRS5 receptor.
Secchi et al., Combination of the CCL5-Derived Peptide R4.0 with Different HIV-1
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Blockers Reveals Wide Target Compatibility and Synergic Cobinding to CCR35,
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, pp. 6215-6223; October (2014).

In vitro studies to investigate the effects of CCRS5 receptor blockade by
maraviroc on activated human T cells on potential immunological mechanisms have
been conducted. It was found that blocking CCRS5 by maraviroc not only can block
CCRS5 and CCR2 internalization processes induced by CCLS and CCL2, but can also
inhibit T cell chemotactic activities toward their cognate ligands, respectively.
Further, blocking CCR5 with maraviroc at high doses tends to decrease production of
TNF-a and IFN-y. It was also noted that the effect of maraviroc on CCRS was
temporary and reversible. Yuan et al., In Vitro Immunological Effects of Blocking
CCRS5 on T Cells, INFLAMMATION, vol. 38, no. 2, (2015); see Arberas et al., In vitro
effects of the CCRS inhibitor maraviroc on human T cell function, J. ANTIMICROB.
CHEMOTHER., 68: 577-586 (2013).

There exists a need, however, for improved competitive inhibitors to the
CCRS5 receptor and methods of use that can be used to inhibit, dampen, interrupt,
block, alter, or modify the CCRS/CCLS receptor/ligand axis for therapeutic purposes
without triggering, or that reduce the impact of, unintended side effects. Further,
there is a need for such competitive inhibitors to the CCRS5 receptor and methods of
use that cause fewer and less severe side effects, are longer-lasting, and facilitate
improved patient compliance due to decreased dosing demands and improved patient
experience (due to fewer undesirable side effects), including side effects caused by
the competitive inhibitor itself.

Optimal therapeutic modalities using the CCL5/CCRS5 axis as a therapeutic
target will need to accommodate two opposing demands: the need to inhibit the
detrimental involvement of CCL5 and CCRS5 in specific malignant diseases while
protecting their potentially beneficial activities in immunity.

SUMMARY

The present disclosure is directed to methods of use and treatment using
competitive inhibitors to the CCRS5 receptor that blunt, inhibit, dampen, reduce, or
block the effects of CCLS5 binding on the CCL5 receptor. The present disclosure
comprises competitive inhibitors to the CCRS receptor that blunt, inhibit, dampen,
reduce, or block the effects of CCLS5 binding to the CCRS receptor to decrease cAMP
levels. The present disclosure also comprises competitive inhibitors to the CCR5

receptor that blunt, inhibit, dampen, reduce, or block cell migration otherwise induced
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by CCL5 binding to the CCRS5 receptor. The competitive inhibitors to the CCR5
receptor of the present disclosure may or may not have CCL5 agonist activity upon
binding to the CCRS5 receptor. Preferred competitive inhibitors to the CCR5 receptor
of the present disclosure do not have CCL5 agonist activity upon binding to the CCR5

receptor.

In one aspect, the present invention refers to use of PRO 140 or conjugate of PRO
140 in the manufacture of a medicament for treating inflammation associated with a severe
acute respiratory syndrome (SARS) infection in a subject in need of CCR5 receptor signaling
immunomodulatory intervention, wherein the PRO 140 or conjugate of PRO 140 does not
itself have CCL5 agonist activity, wherein the PRO 140 or conjugate of PRO 140 medicament
is to be administered to the subject to reduce CCL5 ligand and CCR5 receptor signaling in the
subject, and wherein the subject is to be tested to measure immunomodulation triggered by
the administration of the PRO 140 or conjugate of PRO 140 medicament.

In another aspect, the present invention refers to use of PRO 140 or conjugate of PRO
140 in the manufacture of a medicament for treating inflammation associated with a severe
acute respiratory syndrome (SARS) infection in a subject, wherein the PRO 140 or conjugate
of PRO 140 medicament is to be administered to the subject to reduce CCL5 ligand bound to
CCRS5 receptor activity, wherein the subject is to be tested to measure immunomodulation
triggered by the administration of the PRO 140 or conjugate of PRO 140, and wherein the
subject is to be monitored to assess the therapeutic effectiveness of the PRO 140 or conjugate
of PRO 140.

In a preferred example, the competitive inhibitors to the CCR5 receptor of the present
disclosure when bound to the CCR5 receptor do not have detectable CCL5 agonist activity (in
terms of decreased CAMP measurements or induced cell migration) and at the same time
stymie the effects of CCL5 ligands bound to CCR5 receptors. That is, in an example of the
present disclosure, the competitive inhibitors to the CCR5 receptor do not have independent
CCLS5 agonist activity.

The competitive inhibitors to the CCRS5 receptor of the present disclosure may cause
therapeutic effect in a dose dependent manner. Accordingly, it is contemplated that the
amount of active agent administered to a subject may be adjusted to meet their

immunomodulatory needs, whether these are of minor, moderate, or severe nature.
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In a particularly preferred example, the competitive inhibitor of the CCR5
receptor is PRO 140, or an isomer thereof, or a fragment, or derivative of PRO 140,
any PRO 140 isomer, or fragment thereof. In this example, the competitive inhibitor
has no, or no detectable, CCL5 agonist activity when bound to the CCR5 receptor and
acts to down-regulate downstream effects caused by CCLS5 ligand and CCRS5 receptor
binding. Specifically, such downstream effects may relate to one or both of CCL5
ligand induced decreases in cAMP levels or increases in cell migration.

Potential clinical applications of using the competitive inhibitor of the CCR5
receptor of the present disclosure to interfere with the CCRS5 receptor and the CCL5
ligand axis are numerous. Such potential applications include diseases with an
inflammatory component namely, respiratory tract infections (e.g., RSV, SARS),
neuroinflammation (e.g., WNV, HSV, CMV), liver infections (e.g., HCV), asthma,
autoimmunity (e.g., MS, Lupus, liver disease, psoriasis, Crohn's Disease,
Inflammatory bowel disease, etc.), atherosclerosis, angiogenesis and cancer (e.g.,
prostrate, breast, melanoma, gastric, colon, ovarian, etc.), fibrosis and transplant
rejection and GvHD. Methods and compounds of the presentdisclosure may also be
used in connection with transplantation including GvHD, autoimmunity (e.g., MS,
Lupus, Psoriasis, autoimmune liver disease, etc.), inflammation in respiratory viral
diseases (e.g., RSV, SARS), other viral diseases (e.g., HCV, CMV, WNV), infectious
agents, cancer applications for angiogenesis and unlocking Treg suppression of
antitumor CTLs, and atherosclerosis and fibrosis. As indicated here, the interaction
between the CCLS5 ligand and the CCRS receptor is implicated in several disease
states.

Various CCRS5 receptor binding agents are known. Competitive binding
studies involving the CCRS5 receptor and various anti-CCRS5 binding agents including
its natural ligand CCLS5, and PRO 140 and maraviroc demonstrate that each of these
components has a different binding capacity, and each binds to one or more distinct
portions of the CCRS receptor. PRO 140 binds to extracellular portions of the CCR5
receptor and, as exemplified below, effectively diminishes the downstream
immunomodulatory effects of CCLS binding on the CCLS5 receptor. Also, unlike
maraviroc, PRO 140 is shown to have no CCLS5 receptor agonist activity when bound
to CCRS with respect to cAMP levels or cell migration. Accordingly, PRO 140 is

shown to provide an advantageous contribution to the art and gives rise to new uses
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for this CCRS receptor competitive inhibitor to inhibit, interrupt, block, mitigate,
dampen, slow the progress of, and/or therapeutically treat conditions resulting, in
whole or in part, from the downstream immunomodulatory effects induced by CCLS5
ligand binding on the CCL5 receptor. Particularly, here the inventors provide
evidence supporting methods of using the CCRS receptor competitive inhibitors of the
present disclosure to stymie the activity of naturally occurring CCL5 without giving
rise to unintended downstream immunomodulatory effects caused by the CCR5
receptor competitive inhibitor itself, at least with respect to cAMP levels or cell
migration.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 shows cAMP accumulation in unstimulated cells (without addition
of forskolin (FSK)) as measured in fmoles cAMP/0.5E6 cells in the presence of
rolipram, i.e., basal cAMP for control cells in the presence of rolipram (control), cells
in the presence of rolipram and CCLS, cells in the presence of rolipram and PRO 140,
and cells in the presence of rolipram, PRO 140, and CCL5.

FIGURE 2 shows cAMP accumulation in stimulated cells (with addition of
forskolin (FSK)) as measured in fmoles cAMP/0.5E6 cells in the presence of rolipram
and FSK (control), cells in the presence of rolipram, CCLS5, and FSK, cells in the

Ta
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presence of rolipram, PRO 140, and FSK, and cells in the presence of rolipram, PRO
140, CCL5, and FSK.

FIGURE 3 combines the data of Figure 1 and Figure 2 and shows cAMP
accumulation in unstimulated and stimulated cells.

FIGURE 4 show the chemotactic response of each of CCL5, PRO 140, and
maraviroc.

FIGURE 5 shows the effect of CCLS5 induced migration with maraviroc in the
presence or absence of CCL5.

FIGURE 6 shows the effect of CCL5 induced migration with PRO 140 in the
presence or absence of CCL5.

DETAILED DESCRIPTION OF THE INVENTION

Here, the interface between PRO 140 (a known humanized monoclonal
antibody CCRS antagonist with anti-HIV properties) and the CCL5 ligand as such
relate to CCRS receptor binding and the resultant downstream immunomodulatory
effects of such binding was studied in closer detail.

The experimental data provided here supports the role of PRO 140 in
inhibiting, interrupting, blocking, mitigating, dampening, slowing the progress of, or
eliminating the triggering of the downstream effects of CCL5 on CCRS receptor
positive cells. The evidence also shows that PRO 140 does not, by itself (or alone),
have a CCLS5 agonist effect with respect to at least some downstream
immunomodulatory effects such as, for example, cCAMP level decreases or cell
migration induction. It is contemplated that the evidence provided here may also
indicate that PRO 140 does not, by itself, have a CCL5 agonist effect with respect to
other downstream immunomodulatory effects.

Accordingly, the present inventor has advantageously discovered that PRO
140 bound to CCR5 may have therapeutic potential that exceeds or surpasses other
available anti-CCRS inhibitors to the extent that it downregulates one or more
downstream effects of typical CCLS5 ligand and CCRS5 receptor binding in the
presence of the CCLS5 ligand without independently stimulating or triggering
downstream effects of CCL5 ligand CCRS receptor binding. Here, it may be
expected that PRO 140, any isotype of PRO 140, or a part, fragment, derivative, or
conjugate of PRO 140 or a PRO 140 isotype may have similar CCR5 binding activity

without having or demonstrating independent CCL5 agonist activity.
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As noted above, PRO 140 and, for example, the small molecule CCR5
inhibitors such as maraviroc have distinct CCRS5 binding patterns and, as shown here,
distinct CCL5 stymying, inhibiting, or blocking effects. Importantly, it is
demonstrated here that maraviroc, even while acting to inhibit, interrupt, block,
mitigate, dampen, slow the progress of, or eliminate the triggering of the downstream
effects of CCL5 on CCRS receptor positive cells also gives rise to independent and
separate CCL5 agonistic downstream CCL5/CCRS axis signaling effects that may
counteract or diminish the effectiveness of these CCR5 competitive inhibitors for the
purposes of immunomodulatory regulation, alteration, or control for therapeutic
purposes.

The present invention thus provides new methods of using PRO 140, any
isotype of PRO 140, or a part, fragment, derivative, or conjugate of PRO 140 or a
PRO 140 isotype for the therapeutic treatment of subjects in need of
immunomodulatory regulation, alteration, or control. The new methods of the present
invention comprise administration of competitive inhibitors to the CCRS5 cell receptor
that do not have CCLS5 agonist activity to subjects in need of immunomodulatory
therapy. The new methods of the present invention comprise methods that do not
give rise to counter-productive CCL5 agonist activity upon CCLR receptor binding
that results in one or both of decreased cAMP levels and increased cell migration.

In one embodiment of the present invention, the competitive inhibitor to the
CCRS cell receptor does not have agonist activity. Such a competitive inhibitor may
be an antibody, protein, small molecule, or a part or fragment of an antibody, protein,
small molecule, or a derivative or conjugate of any of the above. In a preferred
embodiment of the present invention, the competitive inhibitor is PRO 140, or any
humanized monoclonal antibody of any isotype of PRO 140, that competitively
inhibits CCL5 agonist activity relating to the CCRS5 receptor CCLS5 ligand axis, or a
part, fragment, derivative, or conjugate thereof.

In an embodiment of the present invention, the CCL5 competitive inhibitor
alone has no in vitro effect on CCRS cell receptor regulation of cAMP levels. In
another embodiment, the competitive inhibitor in the presence of CCLS5 in vitro or in
vivo inhibits CCLS5 triggered CCRS receptor CCLS5 ligand axis agonist activity as
indicated or characterized by increased cCAMP levels.

In an embodiment of the present invention, the CCL5 competitive inhibitor

alone has no in vitro effect on cell migration. In another embodiment, the competitive
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inhibitor in the presence of CCLS in vifro or in vivo inhibits induced migration
triggered by CCL5/CCRS axis activity.

The present invention also includes new methods of using a competitive
inhibitor to the CCRS cell receptor to inhibit, dampen, blunt, interrupt, block,
mitigate, slow the progress of, and/or treat inflammation and/or various other
CCRS5/CCLS receptor/ligand axis signaling dependent down-stream activities
associated with GvHD, autoimmune disorders, infectious agents, chronic
inflammation, cancer, etc. Such methods include the use or administration of a
competitive inhibitor that is an antibody, protein, small molecule, or a part or
fragment of an antibody, protein, small molecule, or a fragment, derivative, or
conjugate of any of the above. Preferred competitive inhibitors of the present
invention comprise PRO 140, or any humanized monoclonal antibody of any isotype
of PRO 140, that competitively inhibits CCLS5 triggered CCR5 receptor CCLS5 ligand
axis agonist activity, or a part, fragment, derivative, or conjugate thereof.

In a preferred embodiment, the inventive method newly uses PRO 140, or any
humanized monoclonal antibody of any isotype of PRO 140, that competitively
inhibits CCL5 triggered CCRS receptor CCLS5 ligand axis agonist activity, or a part,
fragment, derivative, or conjugate thereof, to achieve therapeutic immunomodulation
in a subject in need thereof.

The methods of the present invention include the use of a competitive inhibitor
to inhibit, diminish, blunt, reduce, mask, interrupt, block, mitigate, slow the progress
of, or treat GvHD.

The methods of the present invention include the use of a competitive inhibitor
to inhibit, diminish, blunt, reduce, mask, interrupt, block, mitigate, slow the progress
of, or treat an autoimmune disorder, including but not limited to those autoimmune
disorders specified above.

The methods of the present invention include the use of a competitive inhibitor
to inhibit, diminish, blunt, reduce, mask, interrupt, block, mitigate, slow the progress
of, or treat an infectious agent.

The methods of the present invention include the use of a competitive inhibitor
to inhibit, diminish, blunt, reduce, mask, interrupt, block, mitigate, slow the progress
of, or treat chronic inflammation, including but not limited to those chronic

inflammation conditions and diseases specified above.
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The methods of the present invention include the use of a competitive inhibitor
to inhibit, diminish, blunt, reduce, mask, interrupt, block, mitigate, slow the progress
of, or treat cancer, including but not limited to those cancers specified above.

In an alternative method of the present invention, the competitive inhibitor is
combined with at least a second competitive inhibitor to the CCRS cell receptor,
wherein at least the second competitive inhibitor is known to have CCL5 agonist
activity, to inhibit, diminish, blunt, reduce, mask, interrupt, block, mitigate, slow the
progress of, or treat inflammation and/or various other CCRS5 receptor and CCL5
ligand axis signaling dependent down-stream activities associated with GvHD,
autoimmune disorders, infectious agents, chronic inflammation, cancer, etc. Due to
the distinct CCRS binding patterns of the preferred competitive inhibitors of the
present invention and those of certain small molecule anti-CCRS agents, the
combined use of these components may be expected to give rise to some synergistic
activities and effects.

Any of the methods described herein may further comprise the steps of
providing or administering the competitive inhibitor alone to a subject to alter CCRS
cell receptor regulation of cAMP levels of the subject.

Any of the methods described herein may further comprise the steps of
providing or administering the competitive inhibitor to a subject to inhibit CCL5
triggered CCRS receptor CCLS5 ligand axis agonist activity, and measuring cCAMP
production levels. Such methods may comprise measuring a subject's cAMP
production levels before, after, and/or during treatment to assess the therapeutic
effectiveness of the competitive inhibitor and/or determine proper dosage and course
of treatment.

Any of the methods described herein may further comprise the steps of
providing or administering the competitive inhibitor by itself (alone) to a subject to
down-regulate the cell migration otherwise induced by innate CCL5 ligand and CCR5
receptor binding. Any of the methods described herein may further comprise the
steps of providing or administering the competitive inhibitor to a subject to down-
regulate the cell migration otherwise induced by innate CCL5 ligand and CCR5
receptor binding, and measuring cell migration. Such methods may comprise
measuring a subject's cell migration levels before, after, and/or during treatment to
assess the therapeutic effectiveness of the competitive inhibitor and/or determine

proper dosage and course of treatment.
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It is contemplated that a therapeutically effective amount of the PRO 140
CCLS5 competitive inhibitor of the present invention may be, for example,
administered in a 350 mg subcutaneous dose split between two 175mg/mL injections.
However, as noted above, to the extent that the effects of the competitive inhibitor
have been determined to be dose dependent, it is understood that the dosage amount
and course of treatment may be adjusted to fit a particular subject's needs, or the needs
of a particular patient group.

EXPERIMENTAL DATA

Experiment 1: CCLS competitive inhibition and downstream cAMP

The first set of experiments was designed to see if PRO 140 has antagonist
and/or agonist activity for alternative signaling pathways known to be activated
downstream of CCRS5 engagement, such as G-protein mediated modulation of
intracellular cyclic AMP (cAMP) or specific tyrosine kinase activation.

a. Cell Lines: Primary CD4+ cell lines were prepared from healthy human
donors and grown for 7-10 days prior to sorting for CD4+ CCR5+ T cells. PBMC
were stimulated with 1 ug/ml of PHA-L Sigma (2E6/well in 24 well plates). PHA
lines were expanded using 30 U/ml IL-2 for 24 hours after stimulation and every other
day until FACS sorting for CD4+ CCR5+ T cells (on days 7-10). FACS sorting was
done using anti-human CD4-percp-Cy5.5 clone RPA-T4, Mouse I1gGlk, at 25 ug/ml,
with a working concentration of 0.125 ug/ml. Anti-human CCRS5-PE clone NP-6G4,
Mouse IgG1lk, concentration 25 ug/ml, working concentration 1.25 ug/ml was used.

b. Methods: Cell lines were assayed for cCAMP levels in the absence or
presence of rolipram (20 uM, a cyclic nucleotide phosphodiesterase-4 (PDF-4)
inhibitor) with either no addition (basal cAMP) or in response to forskolin (FSK) (10
uM, a non-specific activator of cAMP synthesis), PRO 140 (1 ug/ml), forskolin +
PRO 140, CCL5 (0.1 uM), CCL5+forskolin, or PRO 140 + CCLS5 + forskolin.
Incubations (0.5E6 cells/ml) were conducted at 37°C for 10 minutes and then
terminated by addition of ice-cold 7.5% trichloroacetic acid (TCA). cAMP was
quantified by radioimmunoassay. Statistical significance was determined by
unpaired, one-tailed t test analysis using GraphPad prism software, version 4.0

c. Results: All of the cell lines expressed basal cAMP levels and increased
cAMP in response to forskolin. CCL5 decreased cAMP levels and PRO 140 had no
effect on cCAMP levels when used as single agents. PRO 140 diminished the effects of

12
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CCLS5 on decreasing cAMP, i.e., PRO 140 reduced the CCLS5 triggered decrease in
CAMP levels.

Figure 1 "Cyclic AMP Accumulation (Unstimulated)" shows cAMP
accumulation as measured in fmoles cAMP/0.5E6 cells in the presence of rolipram
and without addition of forskolin, i.e., basal cAMP. Control cell lines in the presence
of rolipram showed cAMP accumulation measured as 115 fmoles cAMP/0.5E6 cells.
Cell lines in the presence of rolipram and CCL5 showed cAMP accumulation
measured as 60 fmoles cAMP/0.5E6 cells. Cell lines in the presence of rolipram and
PRO 140 showed cAMP accumulation measured as 110 fmoles cAMP/0.5E6 cells.
Cell lines in the presence of rolipram, PRO 140, and CCLS5 showed cAMP
accumulation measured as 107 fmoles cAMP/0.5E6 cells.

Figure 2 "Cyclic AMP Accumulation (Stimulated)" shows cAMP
accumulation as measured in fmoles cAMP/0.5E6 cells in the presence of rolipram
and with the addition of forskolin (FSK). Control cell lines in the presence of
rolipram FSK and showed cAMP accumulation measured as 6300 fmoles
cAMP/0.5E6 cells. Cell lines in the presence of rolipram, CCLS, and FSK showed
cAMP accumulation measured as 3800 fmoles cAMP/0.5E6 cells. Cell lines in the
presence of rolipram, PRO 140, and FSK showed cAMP accumulation measured as
6300 fmoles cAMP/0.5E6 cells. Cell lines in the presence of rolipram, PRO 140,
CCLS5, and FSK showed cAMP accumulation measured as 5700 fmoles cAMP/0.5E6
cells.

Figure 3 "Cyclic AMP Accumulation (Stimulated)" combines the data of
Figure 1 and Figure 2.

d. Conclusion: PRO 140 has no direct effect (agonist activity) on cAMP
formation in CD4+ cells but instead is an inhibitor of the action of CCL5 as a CCRS
agonist, to decrease CAMP levels in such cells. That is, PRO 140 inhibits CCL5
decreased cAMP levels in CD4+ cells.

Experiment 2: CCLS competitive inhibition and chemotaxis

This experiment was designed to investigate the role of PRO 140 on
chemotaxis induced by CCLS5 engagement of the CCRS5 receptor on CHO-CCRS
target cells (CHO-K1 cell line).

a. Cell Lines: The CHO-K1 cell line was transfected with a human CCRS5
expression plasmid and selected for expression. Production of the full length protein

was confirmed by western blot. Fluorescence-activated cell sorting (FACS) analysis
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was used to sort for cells that expressed CCRS on the surface and these cells were
purified and expanded.

b. Methods: Migration assays were done in Multiscreen MC plates using
CHO-K1-hCCRS5 cells in the upper chamber and with media and test agents in the
bottom chamber. The agents tested included: PRO 140, Maraviroc (MVC), CCLS5,
forskolin (FSK), and an IgG4 control as single agents, and PRO 140 + CCL5, and
Maraviroc + CCLS5 as combined agents. The effects on the Chemotaxis Index were
measured over a wide concentration range of the test substance. The Chemotaxis
Index was calculated as the migration of cells into the lower chamber with a test
substance divided by the migration of cells into the lower chamber without the test
substance or with a control substance. Migration was measured using the ATPlite
assay. All assays were performed in triplicate. Data analysis was determined by the
Chemotaxis Index over a wide concentration range of the test substance. Dose ranges
of test agents were as follows: PRO 140 was 0.0045-10 ug/ml; MVC was 0.0045-10
uM; CCLS5 was 0.0007-0.50 uM; FSK was 0.0045-10 pM; IgG4 control was 0.0045-
10 pg/ml.

c. Results: Figure 4 titled "Chemotactic Response" compares the chemotactic
response of cells in the presence of just PRO 140, MVC, and CCL5. The chemotactic
response of PRO 140 was undetectable (Chemotaxis Index =0) over the wide
concentration range (0.0045-10 pg/ml) tested (y-axis). The chemotactic response of
MVC was significant over a concentration range above .01 uM. The chemotactic
response of CCL5 was pronounced over a wide concentration range (0.0007-0.50 uM)
but dropped off at very high concentrations.

Figure 5 titled "Effect of CCL5 induced migration with Maraviroc" compares
cell migration in the presence of Maraviroc (MVC) alone over a wide concentration
range (0.0045-10 uM) and the ability of MV C to inhibit the migration induced by a
constant dose of CCL5 (0.005 uM). MV C inhibited CCL5 induced migration at
concentrations above 0.05 uM but also expressed significant direct induction of
migration on its own over a wide concentration range.

Figure 6 titled "Effect of CCL5 induced migration with PRO 140" compares
cell migration in the presence of PRO 140 alone over a wide concentration range
(0.0045-4.0 pg/ml) and the ability of PRO 140 to inhibit the migration induced by a
constant dose of CCL5 (0.005 uM). PRO 140 on its own did not result in any

significant migration (Chemotaxis Index less than 3) over a wide concentration range.
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In the higher concentration ranges of PRO 140 (e.g., above 0.4 ug/ml) the migration
induced by CCL5 was inhibited by PRO 140.

d. Conclusion: PRO 140 by itself did not have an effect on migration
(chemotaxis). CCLS induced migration was inhibited by MVC. But MCV also
produced agonist activity on its own by stimulating migration. PRO 140 inhibited the
induced migration by CCL5.

PRO 140 has no direct effect (agonist activity) on cell migration (chemotaxis)
but instead is an inhibitor of the effects of CCL5-induced migration (antagonist
activity). MVC showed both agonist and antagonist activity on CCL5 engagement of
CCRS5 chemotaxis.
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CLAIMS

1. Use of PRO 140 or conjugate of PRO 140 in the manufacture of a
medicament for treating inflammation associated with a severe acute respiratory
syndrome (SARS) infection in a subject in need of CCR5 receptor signaling
immunomodulatory intervention, wherein the PRO 140 or conjugate of PRO 140 does
not itself have CCL5 agonist activity, wherein the PRO 140 or conjugate of PRO 140
medicament is to be administered to the subject to reduce CCL5 ligand and CCR5
receptor signaling in the subject, and wherein the subject is to be tested to measure
immunomodulation triggered by the administration of the PRO 140 or conjugate of
PRO 140 medicament.

2. The use of claim 1, wherein the PRO 140 or conjugate of PRO 140
results in inhibition of CCL5 induced decrease in CAMP levels in the presence of
CCLS5 ligand in the subject.

3. The use of claim 1, wherein the PRO 140 or conjugate of PRO 140
reduces CCL5 induced cell migration in the presence of CCL5 ligand in the subject.

4. The use of claim 1, wherein the PRO 140 or conjugate of PRO 140
measurably reduces an immunomodulatory downstream effect of the CCL5 ligand
bound to CCRS5 receptor activity comprising decreased CCL5 induced cCAMP levels in
CD4+ CCR5 T-cells in the presence of CCL5 ligand in the subject and/or increased
CCL5 induced T cell migration in the presence of CCL5 ligand in the subject.

5. The use of claim 1, further comprising that the subject is to be
monitored to assess the therapeutic effectiveness of the PRO 140 or conjugate of PRO
140.

6. The use of claim 1, further comprising that a dose amount of the PRO
140 or conjugate of PRO 140 is to be adjusted to achieve down-regulation of CCL5
induced T-cell migration to an inflammatory site in the presence of CCL5 ligand in
the subject.

7. The use of claim 1, further comprising that a dose amount of the PRO
140 or conjugate of PRO 140 is to be adjusted to achieve inhibition of CCL5 induced
decrease in CAMP levels in CD4+ CCR5 T-cells in the presence of CCL5 ligand in
the subject.

8. The use of claim 1, further comprising that an immunomodulatory

intervention with maraviroc is to be replaced with PRO 140 or conjugate of PRO 140.
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9. The use of claim 1, further comprising that an immunomodulatory
intervention with maraviroc is to be supplemented with PRO 140 or conjugate of PRO
140.

10. Use of PRO 140 or conjugate of PRO 140 in the manufacture of a
medicament for treating inflammation associated with a severe acute respiratory
syndrome (SARS) infection in a subject, wherein the PRO 140 or conjugate of PRO
140 medicament is to be administered to the subject to reduce CCL5 ligand bound to
CCRS5 receptor activity, wherein the subject is to be tested to measure
immunomodulation triggered by the administration of the PRO 140 or conjugate of
PRO 140, and wherein the subject is to be monitored to assess the therapeutic
effectiveness of the PRO 140 or conjugate of PRO 140.

11. The use of claim 10, wherein the PRO 140 or conjugate of PRO 140
results in inhibition of CCL5 induced decrease in CAMP levels in the presence of
CCLS5 ligand in the subject.

12. The use of claim 10, wherein the PRO 140 or conjugate of PRO 140
reduces CCL5 induced cell migration in the presence of CCL5 ligand in the subject.

13.  The use of claim 10, further comprising that the subject is to be
monitored to assess the therapeutic effectiveness of the PRO 140 or conjugate of PRO
140.

14, The use of claim 10, further comprising that a dose amount of the PRO
140 or conjugate of PRO 140 is to be adjusted to achieve down-regulation of CCL5
induced T cell migration to an inflammatory site in the presence of CCL5 ligand in
the subject.

15. The use of claim 10, further comprising that a dose amount of the PRO
140 or conjugate of PRO 140 is to be adjusted to achieve inhibition of CCL5 induced
decrease in CAMP levels in CD4+ CCR5 T-cells in the presence of CCL5 ligand in
the subject.

16. The use of claim 10, further comprising that an immunomodulatory
intervention with maraviroc is to be replaced with PRO 140 or conjugate of PRO 140.

17.  The use of claim 10, further comprising that an immunomodulatory
intervention with maraviroc is to be supplemented with PRO 140 or conjugate of PRO
140.

18.  The use of claim 10, further comprising that a second competitive

inhibitor to a CCR5 cell receptor is to be administered.
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19.  The use according to any of the preceding claims, wherein a dose
amount comprises PRO 140 at a concentration of 175 mg/mL.

20.  The use according to any of the preceding claims, wherein a dose is
provided as a subcutaneous dose.
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