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The present application claims the benefit of the filing date of U.S.
Provisional Application No. 61/186,724 filed June 12, 2009, which is

incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
OR DEVELOPMENT

This invention was made with government support under Contract Nos.
RO1 EY12651, R0O1 EY09828, P30 EY14801, and P30 EY03040 awarded by the
National Institutes of Health. The government has certain rights in the

invention.

FIELD OF THE INVENTION
The present invention relates in general to pharmaceutical compositions
comprising clusterin or polypeptides substantially the same as clusterin and to

treatment methods for inflammatory diseases and dry eye disease.

BACKGROUND OF THE INVENTION

Matrix Metalloproteinases (MMPs), a family of proteolytic enzymes that
participate in cell migration and matrix degradation in order to maintain and
remodel the tissue structure, are zinc dependeht endopeptidases. They
comprise a large family of proteases that share common structural and
functional elements. These enzymes are primarily distinguished from other
classes of proteinases by their dependence on metal ions and neutral pH for
activity. Zymogen forms of MMPs (pro-MMPs) are secreted into the matrix of
a large number of cell types. (Corbel 2002) Activation of the of the pro-MMPs

in the local microenvironment can subsequently result in discrete alterations
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in the tissue structure. The MMPs can be classified into distinct subclasses,
two of which are the gelatinases (MMP-2 and MMP-9) and matrilysin (MMP-
7).

There has been significant interest in MMP inhibition as a therapeutic
strategy. Metal metalloproteinase inhibitors (MMPIs) have been examined as
therapeutic targets for various disease states. Animal models indicate that
MMPIs could be useful treatments in inflammatory diseases such as multiple
sclerosis, glomerulonephritis, bacterial meningitis, uveroentinitis, graft-
versus-host disease, emphysema, aortic aneurysm and restenosis after
angioplasty as a treatment for atherosclerosis. (Brinckerhoff 2002) Excessive
levels of MMPs are also present in various respiratory diseases. Two MMPs,
MMP-2 and MMP-9 have been implicated in development of airway
inflammation and pulmenary fibrosis and the modulation of MMP activity by
eliminating excessive proteolytic damage has been suggested. (Corbel 2001)

Tumor necrosis factor-a, TNF-a initiates most of the essential steps of
inflammation, including the increased expression of other cytokines,
chemokines and proteases like MMPs. It has been demonstrated that MMP-2,
MMP-9 play a role in the mouse model of TNF-induced lethal heptatitis. (See
Wielockx, 2004). MMP-7 deficient mice are much less vulnerable to TNF than
wild type mice, indicating MMP-7 is also important during an acute and
systemic inflammation induced by TNF administration. Id. MMP 7 inhibitors
have been suggested for treatment of such diseases as cancer, inflammatory
lung disease, Alzheimer’s disease and atherosclerosis. Id.

To date however, only one MMPI, Periostat (doxycycline hydrate) is
licensed in the United States. Periostat is used to treat perodontitis.
Doxycline both inhibits MMP activity and also seems to decrease MMP gene
expression.

As such, there is a need for more and better agents used to treat

inflammatory diseases.
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Also, there is a need MMPIs capable of inhibiting or modulating MMP
activity, including the activity of MMP-2, MMP-9 and MMP-7.

MMP-9 is also implicated in diseases of the eye. MMP-9 is one of the
primary matrix—degrading enzymes on the corneal surface, and an increased
density and activity of MMP-9 was observed in the tear fluid of dry eye
patients (Afonso et al., 1999; Solomon et al., 2001). In addition to its actions
on matrix proteins, MMP-9 proteolytically activates latent precursors of IL-18
and TGF-B (Schonbeck et al., 1998) and increased expression of MMP-9, IL-1b,
and TNF-a have been all found in mouse corneal epithelial cells following an
experimentally induced model of mouse dry eye (Solomon et al., 2001; Chen et
al., 2008b). MMP-9 has also been shown to be responsible for the destruction
of corneal barrier in experimental dry eye mice (Pflugfelder et al., 2005).
Compared with MMP-9 deficient mice, the wild type animal suffered greater
corneal epithelial permeability and desquamation of differentiated apical
corneal epithelial cells (Fini et al., 1996).

The ocular surface is covered by a tear film which is composed of three
layers: the outer oil layer, the middle aqueous layer, and the innermost
membrane/mucin layer associated with the apical corneal epithelium. An
insufficient tear supply can cause a prolonged alteration or imbalance of the
tear film components on the surface. Such conditions alter the homeostasis on
the ocular surface by triggering stress pathways in the epithelial cells, which
can lead to “dry eye syndrome (DES).” DES causes ocular damage which is
very painful and debilitating and can lead to blindness in severe cases. It
affects tens of millions of people worldwide. It is accompanied by increased
osmolarity of the tear film and inflammation of the ocular surface.

In DES, the stress response made by the ocular surface epithelial cells
initiates an inflammatory response by activating stress signal pathways in the
epithelial cells to produce various inflammatory cytokines, chemokines, and
components associated with the inflammatory process (Luo et al., 2005). The

combined net result of such events is the recruitment of inflammatory and
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immune cells to the ocular surface. The recruitment of these cells induces a
feed-back loop wherein the cell secretions induce corneal epithelial cell
dysfunction and damage, which in turn leads to greater inflammation and
leads to disease progression (Pflugfelder et al., 2008). Dry eye patients have
increased levels of various inﬂammatory mediators in their tear fluid such as
interleukin IL-6, I.-8, and TNF-alpha, and IL-12.

To date, however, treatments for dry eye disease have been inadequate.

Clusterin (CLU), also known as apolipoprotein J, testosterone-repressed
prostate message-2, or sulphate glycoprotein-2, is a secreted disulfide-linked
heterodimeric glycoprotein (70-80 KD) that plays a role in multiple biclogical
events including apoptosis, oxidative stress, sperm maturation, complement
regulation, and cytoprotection (Shannan et al., 2006). Initially, CLU was
thought to be a marker of cell death because its levels of expression increase in
various lesions undergoing cell death. Recent studies have suggested that it
also has a role in protecting cells from cell death, and has now become a target
for certain cancer therapies (Chung et al., 2004). Following infection, the CLU
levels increase as both a positive acute and chronic phase response protein in

patients (Chen et al., 2008a) and animal models (Sharma et al., 2008).

SUMMARY OF THE INVENTION

One aspect of the present invention is the identity of novel protein and
polypeptide binding partners for MMP-2, MMP-7 and MMP-9 or the pro-MMP
analogues.

Another aspect of the present invention is the discovery that clusterin
and polypeptides substantially the same as clusterin interact with and inhibat
MMP-2, MMP-7 and MMP-9.

Another aspect of the present invention is the discovery that the
interaction and inhibition does not require the processing or modification of

either clusterin or the MMPs. The significance of their interaction was
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demonstrated by the observation that CLU inhibited the enzymatic activity of
MMP-9.

It is another aspect of the present invention that clusterin can be
rendered MMP-2 and MMP -9 soluble in a non-ionic detergent condition.

Another aspect of the present invention is direct to a pharmaceutical
composition comprising an isolated clusterin or an isolated polypeptide
substantially the same as clusterin. Preferably, the clusterin is secreted
clusterin. Preferably, the pharmaceutical composition comprises a carrier, and
even more preferably the carrier is a sterile solution.

Another aspect of the present invention is a method of treating dry eye
disease comprising administering to a patient in need thereof an effective
amount of a pharmaceutical composition comprising an isolated clusterin or an
isolated polypeptide substantially the same as clusterin. Preferably, the
pharmaceutical composition comprises secreted clusterin. Preferably, the
pharmaceutical composition is administered topically. Even more preferably,
the pharmaceutical composition further comprises a liquid carrier, and
administration is by contacting the pharmaceutical composition to the surface
of an eye of the patient.

Another aspect of the present invention is directed to a method of
treating a disease state characterized by inflammation comprising
adminisfering to a patient having the disease state an amount of isolated
clusterin or a protein substantially the same as clusterin effective to decrease
the activity of a matrix metallproteinase selected from the group consisting of
MMP-9, MMP-2 and MMP-7. The disease state treated may include
inflammatory lung disease, cancer, multiple sclerosis, Alzheimer’s disease,
artherosclerosis, airway inflammation, pulmonary fibrosis, glomerulonephritis,
bacterial meningitis, uveroentinitis, graft-versus-host disease, emphysema,
aortic aneurysm and restenosis after angioplasty as a treatment for

atherosclerosis.
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The above-mentioned and other features of this invention and the
manner of obtaining and using them will become more apparent, and will be
best understood, by reference to the following description, taken in conjunction
with the accompanying drawings. The drawings depict only typical

embodiments of the invention and do not therefore limit its scope.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows that CLU binds to MMP-9 ir vitro, not as an enzymatic
substrate. (A) GST-tagged MMP-9 was purified from the bacterial cells
transformed by the expression vector, and immobilized to the anti-GST-beads
to prepare MMP-9-GST beads. Purified CLU-HA was incubated with MMP-9-
GST beads (M-GST) or GST-beads (GST) in the presence (+Lysate) or absence
(-Lysate) of bacterial lysate, followed by washing the beads with binding
buffer. Bound proteins were resolved on denaturing 8% SDS/PAGE gel for the
immunoblotting with anti-HA antibody. CLU ¢DNA detected in the yeast two
hybrid assay, which corresponds to the CLU coding sequence beginning at
position 212 from the ATG site, was used to produce a protein band of
approximately 40 KDa. (B) Gelatin (20 pg) and CLU (2 pg) were mixed and
incubated in the presence or absence of active MMP-9, followed by denaturing
12% SDS/PAGE gel electrophoresis, which then was stained with Coomasie
blue. Two subunits of CLU are designated as a and B.

Figure 2 shows MMP-9 binds to CLU in the cytoplasm of human cells.
(A) pcDNA 3.1 (+) expression vectors carrying the mouse full length cDNA of
Myc-tagged CLU (CLU) or HA-tagged MMP-9 (MMP-9) were transfected,
alone (CLU or MMP-9) or combined (CLU+MMP-9), into HEK293 cells. Using
the whole cell lysates of the transfected cells, immunoprecipitation (IP) with
anti-HA antibody was performed to pull down MMP-9, and then the eluted
samples were subjected to immunoblotting (denaturing 4-15% gradient
SDS/PAGE gel) (IB) using anti-Myc antibody to detect CLU. The bands

indicated by arrows are consistent to the forms of CLU undergoing
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intracellular processing. in, whole cell lysate wused as input; IP,
immunoprecipitated sample; Unc, Uncleaved CLU protein; 6, B subunit of
CLU. (B) Confocal microscopy of MMP-9 and CLU in HCLE cells. Nuclei were
stained with DAPI, MMP-9 was detected by rhodamine-conjuated antibody,
and CLU by FITC-conjugated antibody. In control, primary antibodies were
omitted. The images were taken at 400X magnification.

Figure 3 shows that CLU inhibits MMP-9 and MMP-2 activities,
without affecting APMA-induced MMP activation. Pro-MMP-9 (A) or pro-
MMP-2 (C) was incubated with PBS, CLU (50 pg/ml, or 0.63 pM), SB3-CT (2
pM), or BSA (50 pg/ml), and MMP FRET substrate peptides in the presence
and absence of 0.2 mM APMA at RT for 3 h. RFU, relative fluorescence unit,
was obtained by considering the read out in PBS as 100 %. Each reaction was
performed in triplicate. Standard errors were depicted as a bar in each graph.
Differences between values of PBS and CLU or SB-3CT reactions were
statistically significant by Student t-test: *P=0.0004, **P=0.0001, +P=0.0003,
and ++P=0.01. Gelatin zymography was performed with the samples pooled
from each reaction set. Pro-MMPs, processed MMPs (MMP-9 or MMP-2), and
C-terminal truncated, processed MMP-9 (MMP-9-AC) were indicated by
arrows. (B) Dose-dependent inhibition of MMP-9 by CLU or SB-3CT was
performed in the same condition.

Figure 4 shows that inhibition of MMP-9 by CLU does not require the C-
terminal hemopexin-like domain. Recombinant MMP-9 catalytic domain (A) or
APMA-activated MMP-7 (B) was incubated with PBS, CLU (50 pug/ml or 0.63
pM), SB3-CT (2 uM), or BSA (50 pg/ml), and MMP FRET substrate at RT for 3
h. RFU in PBS samples was considered 100 %. Each reaction was performed in
triplicate. Standard errors were depicted as a bar in each graph.

Figure 5 shows that CLU enhances the solubility of MMP-9 and MMP-2.
(A) Pro-MMP-2 or pro-MMP-9 was incubated in the buffer containing 0.04 % of
Brij 35, NP-40, or N-octyl glucopyranoside (OG) in the presence of CLU (C) or
PBS (P), and then the soluble and insioluble fractions were obtained by
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centrifugation to resolve on the gelatin zymography. Relative soluble fraction
was calculated by dividing the soluble density with total density of each set,
obtained using Image J analysis. (B) Pro-MMP-2, (C) Pro-MMP-9 or APMA.-
processed active MMP-9 inhibition assays were performed in the reaction
buffer containing 0.04 % of Brij 35 or NP-40.

Figure 6 shows that Pro-MMP-9 binds with higher affinity to CLU than
processed MMP-9. (A) Recombinant proteins, Pro-MMP-9, MMP-9, MMP-9-
AC, CLU- His were incubated together, and bound to agarose beads coupled or
uncoupled with Anti-(His)e antibody in two different binding buffers
containing Brij 35 concentrations, 0.04 % or 0.002%. MMPs bound to the beads
were obtained by washing with the corresponding binding buffer to resolve on
gelatin zymography. Three different volumes of each sample were loaded to
compare the relative density.(B) Pro-MMP-9 bound to CLU coupled to agarose
beads, prepared as in (A), was incubated in the presence or absence of APMA
for 1 h at RT, prior to separation of beads (B) and supernatant (S) fractions,
which were resolved by zymography. Arrow indicates MMP-9 processed by
APMA.

Figure 7 shows that CLU binds to MMP-2 and MMP-9. A mixture of
MMP-2, MMP-9, and C-terminal truncated MMP-9 (9-AC) was incubated with
His-tagged CLU, used in a pull-down assay and resolved on a gelatin
zymography gel. The input and bound samples were loaded in a series of
dilution.

Figure 8 shows that CLU is expressed and secreted from corneal
epithelial cells. (A) Gel of isoforms 1, 2, and 3 of total RNA purified from
HCLE cells (I), human corneal epithelial tissue (II), and human periodontal
ligament stem cells (III). A reverse transcriptase minus (-RT) sample was
used as a control.

The arrow head indicates a DNA marker of 400 bp. (B) Western blot of
the media from the HCLE cell culture with anti-CLU antibody sc-6419. Lane

1 contains conditioned medium (K-sfm) from the cell culture; lane 2 has
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regular medium (K-sfm plus BPE and EGF) from the culture; and lane 3
includes fresh regular medium as a control. The arrow indicates the position
of the B—subunit of CLU with the expected size of ~ 40 KD.

Figure 9 shows that intracellular processing of CLU is affected by
growth conditions. Western blot using anti-CLU antibody of HCLE cells
grown at the subconfluent cell density (Sub-C), confluent cell density (C), or
stratified corneal cells (S). The arrows indicate CLU bands that increased or
decreased in the stratified cells, as compared to the other two.

Figure 10 shows that Clusterin inhibits the induction of MMP-9 by
TNF-alpha from human corneal limbal epithelial (HCLE) cells. HCLE cells
were grown to be confluent in KSFM media and then replenished with
DMAM/F12 media to stratify cells for 7 days. To these cells in serum-free
DMEM/F12 media, clusterin (50 ug/ml), bovine serum albumin (BSA, 50
ug/ml), and TNF-alpha (10 ng/ml), individually or in combination, were treated
for 24 hours. The same volume of supernatants of the cell cultures treated
were co.llected to resolve on SDS/PAGE gel containing gelatin in order to
perform gelatin zymography to visualize the presence of MMP-9 secreted from

the cells.

DETAILED DESCRIPTION OF THE INVENTION

Abbreviations
MMP, matrix metalloproteinase;
CLU, clusterin;
TIMP, tissue inhibitor of matrix metalloproteinase;
BSA, bovine serum albumin;
APMA, 4-aminophenylmercuric acetate;
SB-3CT, 3-(4-phenoxyphenylsulfonyl)-propylthiirane;

FRET, fluorescence resonance energy transfer
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Definitions

Unless otherwise indicated, all terms used herein have the meanings
given below, and are generally consistent with same meaning that the terms
have to those skilled in the art of the present invention. It is to be understood
that this invention is not limited to the particular methodology, protocols, and
reagents described, as these may vary.

The term “clusterin” refers to human clusterin, including secreted
clusterin and nuclear clusterin, or any subunit, fragment or region of either
capable of binding to, or reducing the activities of MMP-9, MMP-2 or MMP-7.
The term clusterin optionally encompasses non-peptidic components, such as
carbohydrate groups or any other non-peptidic substituents that may be added
to clusterin by a cell in which the protein is produced, and may vary with the
type of cell.

The terms "treatment" or “treating” refers to both therapeutic treatment
and prophylactic or preventative measures, wherein the object is to prevent or
slow down (lessen) the targeted pathologic condition or disorder. It may also
encompass relief of symptoms associated with a pathological condition or
disorder. Those in need of treatment include those already with the disorder as
well as those prone to have the disorder or those in whom the disorder is to be
prevented.

An "effective amount" of isolated clusterin or an isolated polypeptide
substantially the same as clusterin is an amount sufficient to decrease the
activity or the amount of a target matrix metalloproteinase. An "effective
amount" may be determined empirically and in a routine manners in relation
to the stated purpose.

"Carriers" as used herein include pharmaceutically acceptable carriers,
excipients, or stabilizers which are nontoxic to the cell or mammal being
exposed thereto at the dosages and concentrations employed. Often the
physiologically acceptable carrier is an aqueous pH buffered solution.

Examples of physiologically acceptable carriers include buffers such as

10
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phosphate, citrate, and other organic acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10 residues) polypeptide; proteins,
such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, arginine or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such
as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions
such as sodium; and/or nonionic surfactants such as TWEEN™, polyethylene
glycol (PEG), and PLURONICS9™,

A "protein" is a macromolecule comprising one or more polypeptide
chains. A protein may also comprise non-peptidic components, such as
carbohydrate groups. Carbohydrates and other non-peptidic substituents may
be added to a protein by the cell in which the protein is produced, and will vary
with the type of cell. Proteins are defined herein in terms of their amino acid
backbone structures; substituents such as carbohydrate groups are generally
not specified, but may be present nonetheless.

An "isolated" polypeptide or protein is a polypeptide or protein that is
found in a condition other than its native environment, such as apart from
blood and animal tissue. In a preferred form, the isolated polypeptide is
substantially free of other polypeptides, particularly other polypeptides of
animal origin. It is preferred to provide the polypeptides in a highly purified
form, i.e. greater than 95% pure, more preferably greater than 99% pure.
When used in this context, the term "isolated" does not exclude the presence of
the same polypeptide in alternative physical forms, such as dimers or
alternatively glycosylated or derivatized forms. .

The term "substantially the same" refers to nucleic acid or amino acid
sequences having sequence variation that do not materially affect the ability of
the amino acid sequence to bind to or reduce the activity of the target
metalloproteinase, e.g. MMP-9, MMP-7, MMP-2.. With particular reference to

nucleic acid sequences, the term "substantially the same" is intended to refer

11
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to the coding region and to conserved sequences governing expression, and
refers primarily to degeﬁerate codons encoding the same amino acid, or
alternate codons encoding conservative substitute amino acids in the encoded
polypeptide. With reference to amino acid sequences, the term "substantially
the same" refers generally to conservative substitutions and/or variations in
regions of the polypeptide not involved in determination of structure or
function.

As used herein, the term “expression” or "gene expression" refers to the
process of converting genetic information encoded in a gene into RNA (e.g,,
mRNA, rRNA, tRNA, or snRNA) through "transcription" of the gene (i.e., via
the enzymatic action of an RNA polymerase), and for protein encoding genes,
into protein through "translation" of mRNA. Gene expression can be regulated
at many stages in the process. "Up-regulation” or "activation" refers to
regulation that increases the production of gene expression products (i.e., RNA
or protein), while "down-regulation" or "repression" refers to regulation that
decrease production. Molecules (e.g., transcription factors) that are involved in
up-regulation or down-regulation are often called "activators" and "repressors,"
respectively. A protein is “inappropriately expressed” if it is expressed in
different places, at different times, or in different amounts in an organism
characterized by a disease state than it is in an organism with no disease.

The term "Western blot" refers to the analysis of protein(s) (or
polypeptides) immobilized onto a support such as nitrocellulose or a
membrane. The proteins are run on acrylamide gels to separate the proteins,
followed by transfer of the protein from the gel to a solid support, such as
nitrocellulose or a nylon membrane. The immobilized proteins are then
exposed to antibodies with reactivity against an antigen of interest. The
binding of the antibodies may be detected by various methods, including the

use of radiolabeled antibodies.

Pharmaceutical Compositions

12
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One aspect of the present invention is directed to a pharmaceutical
composition comprising an isolated clusterin or an isolated polypeptide
substantially the same as clusterin. Preferably, the clusterin is secreted
clusterin. Preferably, the pharmaceutical composition comprises a carrier, and
even more preferably the carrier is a sterile solution.

Human clusterin (CLU) is composed of two disulfide-linked a (34-36
kD) and B (36-39 kD) subunits derived from a single amino acid chain (449
amino acids in human) that becomes glycosylated in the endoplasmic
reticulum and Golgi bodies and undergoes intramolecular cleavage and
dimerization before secretion. The first 22 amino acids comprise the secretory
signal sequence. The cleavage site between the a and B chains is between
amino acids 227 and 228. Clusterin contains three hydrophobic domains, a
long a-helix motif near the amino terminal and at least six N-linked
glycosylation sites. Clusterin also contains a hemopexin-like domain at the C-
terminus of the enzyme, which modulates the processing and activity of the enzymes
by serving as a binding region for regulatory or target proteins

The sequence listing of Clusterin Isoform 2 Preproprotein [Homo
sapiens] (NCBI Reference Sequence: NP_976084.1) is as follows:

ORIGIN

1 mmktlllfve INtwesgqv lgdgtvsdne lgemsnqgsk yvnkeignav ngvkqiktli

61 ektneerkt] lsnleeakkk kedalnetre setklkelpg venetmmalw eeckpelkqt

121 cmkfyarver sgsglvgrql eeflngsspf yfwmngdrid sllendrqqt
hmldvmqdhf

181 srassiidel fqdrfftrep qdtyhylpfs lphrrphfff pksrivrslm pfspyeplnf

241 hamfgpflem iheaggamdi hfhspafghp ptefiregdd drtvcreirh
nstgelrmkd

301 gcdkereils vdestnnpsq aklrreldes lgvaerltrk ynellksyqw kmlIntsslle

361 glneqfnwvs rlanltqged qyylrvttva shtsdsdvps gvtevvvklf dsdpitvivp

421 vevsrknpkf metvaekalq eyrkkhree

13
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/{In vivo, the human precursor polypeptide chain is cleaved
proteolytically to remove the 22 amino acid secretory signal peptide and
subsequently between residues 227/228 to generate the alpha and beta chains.
These are assembled in an anti-parallel fashion to give a heterodimeric
molecule in which the cysteine-rich centers are linked by five disulfide bridges
and are flanked by two predicted coiled-coil alpha-helices and three predicted
amphipathic alpha-helices.

The clusterin of the present invention can be human clusterin,
including secreted clusterin and/or nuclear clusterin, or any subunit, fragment
or region of either capable of binding to, or reducing the activities of MMP-9,
MMP-2 or MMP-7. The subunits, fragments or regions may be tested for
ability to bind or reduce the activities of MMP-9-MMP2 or MMP-7 as described
in the accompanying Examples. Acceptable subunits may include human or
secreted clusterin without the secretary signal sequence and/ox without the
hemopexin-like domain at the C-terminus of the enzyme. The term clusterin
also encompasses polypeptides with optional non-peptidic components, such as
carbohydrate groups or any other non-peptidic substituents that may be added
to clusterin by a cell in which the protein is produced, and may vary with the
type of cell.

Recombinant human clusterin may be purchased from any number of
known sources, expressed in cell lines of mouse and human. It may also be
isolated from human serum by known methods. Any subunit, fragment or
region may be isolated or synthesized according to known techniques for
polypeptide synthesis.

The pharmaceutical compositions of the present invention may also
include polypeptides substantially the same as human clusterin, secreted
clusterin, nuclear clusterin or any subunit, fragment or region of either
capable of binding to, or reducing the activities of MMP-9, MMP-2 or MMP-7..
Generally, amino acid sequences are substantially the same if they have a

sequence variation that do not materially affect the ability of the protein,
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subunit, fragment or region bind to or reduce the activity of MMP-9, MMP-2 or
MMP-7. These polypeptides can contain, for example, conservative
substitution mutations, i.e. the substitution of one or more amino acids by
similar amino acids. For example, conservative substitution refers to the
substitution of an amino acid with another within the same general class such
as, for example, one acidic amino acid with another acidic amino acid, one
basic amino acid with another basic amino acid or one neutral amino acid by
another neutral amino acid. What is intended by a conservative amino acid
substitution is well known in the art. The subunits, fragments or regions may
be tested for ability to bind or reduce the activities of MMP-9-MMP2 or MMP-7
as described in the accompanying Examples. The polypeptides of the present
invention may be made by known techniques for polypeptide synthesis.

The polypeptides of the present invention which occur naturally, or are
synthesized according to known methods, are generally "isolated." Specifically,
the should be used in the pharmaceutical composition of the present invention
in a condition other than their respective native environment, such as apart
from blood and animal tissue. In a preferred embodiment, the isolated
polypeptide is substantially free of other polypeptides, particularly other
polypeptides of animal origin. It is preferred to provide the polypeptides in a
highly purified form, i.e. greater than 95% pure, more preferably greater than
99% pure.

The pharmaceutical compositions of the present invention can be
administered in a number of ways depending upon whether local or systemic
treatment is desired and upon the area to be treated. Administration can be
topical (including ophthalmic and to mucous membranes including vaginal and
rectal delivery), pulmonary (e.g., by inhalation or insufflation of powders or
aerosols, including by nebulizer; intratracheal, intranasal, epidermal and
transdermal), oral or parenteral. Parenteral administration includes

intravenous, intraarterial, subcutaneous, intraperitoneal or intramuscular
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injection or infusion; or intracranial, e.g., intrathecal or intraventricular,
administration.

Compositions and formulations for oral administration include powders
or granules, suspensions or solutions in water or non-aqueous media, capsules,
sachets or tablets. Thickeners, flavoring agents, diluents, emulsifiers,
dispersing aids or binders can be desirable.

Compositions and formulations for parenteral, intrathecal or
intraventricular administration can include sterile aqueous solutions that can
also contain buffers, diluents and other suitable additives such as, but not
limited to, penetration enhancers, carrier compounds and other
pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present invention include, but are
not limited to, solutions, emulsions, and liposome-containing formulations.
These compositions can be generated from a variety of components that
include, but are not limited to, preformed liquids, self-emulsifying solids and
self-emulsifying semisolids.

The pharmaceutical formulations of the present invention, which can
conveniently be presented in unit dosage form, can be prepared according to
conventional techniques well known in the pharmaceutical industry. Such
techniques include the step of bringing into association the active ingredients
with the pharmaceutical carrier(s) or excipient(s). In general the formulations
are prepared by uniformly and intimately bringing into association the active
ingredients with liquid carriers or finely divided solid carriers or both, and
then, if necessary, shaping the product.

The compositions of the present invention can be formulated into any of
many possible dosage forms such as, but not limited to, tablets, capsules, and
drops. The compositions of the present invention can also be formulated as
suspensions in aqueous, non-aqueous or mixed media. Aqueous suspensions

can further contain substances that increase the viscosity of the suspension

16



10

15

20

25

30

WO 2010/144874 PCT/US2010/038423

including, for example, sodium carboxymethylcellulose, sorbitol and/or
dextran. The suspension can also contain stabilizers.

The compositions of the present invention can additionally contain other
adjunct components conventionally found in pharmaceutical compositions.
Thus, for example, the compositions can contain additional, compatible,
pharmaceutically-active materials such as, for example, antipruritics,
astringents, local anesthetics or anti-inflammatory agents, or can contain
additional materials useful in physically formulating various dosage forms of
the compositions of the present invention, such as dyes, ﬂavoring agents,
preservatives, antioxidants, opacifiers, thickening agents and stabilizers.
However, such materials, when added, should not unduly interfere with the
biological activities of the components of the compositions of the present
invention. The formulations can be sterilized and, if desired, mixed with
auxiliary agents, e.g., lubricants, preservatives, stabilizers‘, wetting agents,
emulsifiers, salts for influencing osmotic pressure, buffers, colorings,
flavorings and/or aromatic substances and the like which do not deleteriously
interact with the nucleic acid(s) of the formulation.

Dosages and desired drug concentrations of pharmaceutical
compositions of the present invention may vary depending on the particular
use envisioned. The determination of the appropriate dosage or route of
administration is well within the skill of an ordinary physician. Animal
experiments provide reliable guidance for the determination of effective doses
for human therapy. Interspecies scaling of effective doses can be performed
following the principles laid down by Mordenti, J. and Chappell, W. "The use of
interspecies scaling in toxicokinetics" In Toxicokinetics and New Drug
Development, Yacobi et al., Eds., Pergamon Press, New York 1989, pp. 42-96.

Dosing is also dependent on severity and responsiveness of the disease
state to be treated, with the course of treatment lasting from several days to
several months, or until symptomatic relief or a cure is effected or a

diminution of the disease state is achieved. The administering physician can
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determine optimum dosages, dosing methodologies and repetition rates.
Optimum dosages can vary depending on the relative potency of individual
polypeptide and should generally be sufficient to reduce the activity of the
target MMP, either MPP-2, MMP-9 or MMP-7.. Following successful
treatment, i1t can be desirable to have the subject undergo maintenance
therapy to prevent the recurrence of the disease state, wherein the polypeptide
is administered in maintenance doses.

An especially preferred dosage form is a sterile solution for topical use,
such as use as drops. Therapeutic formulations are prepared for storage by
mixing the active ingredient having the desired degree of purity with optional
physiologically acceptable liquid carrier, and optionally other excipients or
stabilizers (Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980)), to produce an aqueous solution or suspension. Acceptable carriers,
excipients or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate and
other organic acids; antioxidants including ascorbic acid; low molecular weight
(less than about 10 residues) polypeptides; proteins, such as serum albumin,
gelatin or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone, amino acids such as glycine, glutamine, asparagine,
arginine or lysine; monosaccharides, disaccharides and other carbohydrates
including glucose, mannose, ordextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol.

The solution or suspension formulations should be sterile. This is
readily accomplished by filtration through sterile filtration membranes, prior
to or following lyophilization and reconstitution. The resulting therapeutic
compositions herein generally are placed into a container and the route of
administration is in accord with known methods, e.g. injection or infusion by
intravenous, intraperitoneal, intracerebral, intramuscular, intraocular,
intraarterial or intralesional routes, topical administration, or by sustained

release systems.
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Treatment Methods for Dry Eye Disease

Another aspect of the present invention is a method of treating dry eye
disease comprising administering to a patient in need thereof an effective
amount of a pharmaceutical composition comprising an isolated clusterin or an
isolated polypeptide substantially the same as clusterin.

It should be understood that the terms "treatment" or “treating” refers
to both therapeutic treatment and prophylactic or prex}entative measures,
wherein the object is to prevent or slow down (lessen) the targeted pathologic
condition or disorder. Treatment should also be understood to include relief of
the symptoms of the disease. Those in need of treatment include those already
with the disorder as well as those prone to have the disorder or those in whom
the disorder is to be prevented.

An "effective amount”" of isolated clusterin or an isolated polypeptide
substantially the same as clusterin is an amount sufficient to decrease the
activity or the amount of a target matrix metalloproteinase. In the case of dry
eye disease, the target metalloproteinase is preferably MMP-9. Generally, not
all the activity target metalloproteinase need be eliminated. Rather, the
activity of the target metalloproteinaise need only be reduced by an amount
sufficient to reach the therapeutic goal. For instance, if the goal of the
treatment is preventative, the amount of the reduction of activity need only be
sufficient to prevent dry eye disease. Thus, an effective amount may be
determined empirically and in a routine manner in relation to the stated
purpose.

The clusterin used in the connection with the method may be any
isolated clustering or a polypeptide substantially the same as clusterin that
can reduce the activity of the target metalloproteinase in the the eye. Most
preferably, the pharmaceutical composition comprises secreted clusterin.

In accordance with the present invention, clusterin can inhibit the

activity of MMP-9 extracellularly in epithelial cells . As such, the
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pharmaceutical composition for use in the treatement of dry eye disease is
administered topically. Preferably, when topically administered, the clusterin
is combined with a liquid carrier, and administration in the form of an eye
drop by contacting the pharmaceutical composition to the surface of an eye of
the patient. The concentration of the clusterin in the resulting liquid
pharmaceutical should be sufficiently high that when administered to the
patient, there is a sufficient concentration of clusterin to reduce the activity

sufficient to produce the required result.

Treatment Method for Inflammatory Diseases

Another aspect of the present invention is directed to a method of
treating a disease state characterized by inflammation comprising
administering to a patient having the disease state an amount of isolated
clusterin or a protein substantially the same as clusterin effective to decrease
the activity of a matrix metallproteinase selected from the group consisting of
MMP-9, MMP-2 and MMP-7. The disease state treated may include
inflammatory lung disease, cancer, multiple sclerosis, Alzheimer’s disease,
artherosclerosis, airway inflammation, pulmonary fibrosis, glomerulonephritis,
bacterial meningitis, uveroentinitis, graft-versus-host disease, emphysema,
aortic aneurysm and restenosis after angioplasty as a treatment for
atherosclerosis.

It should be understood that the terms "treatment" or “treating” refers
to both therapeutic treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen) the targeted pathologic
condition or disorder. Treatment should also be understood to include relief of
the symptoms of the disease. Those in need of treatment include those already
with the disorder as well as those prone to have the disorder or those in whom
the disorder is to be prevented.

An "effective amount" of isolated clusterin or an isolated polypeptide

substantially the same as clusterin is an amount sufficient to decrease the
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activity or the amount of a target matrix metalloproteinase. The identity of
target metalloproteinase, either MMP-9, MMP-7 or MMP-2, will generally
depend on the disease state to be treated. Generally, not all the activity
target metalloproteinase need be eliminated. Rather, the activity of the target
metalloproteinaise need only be reduced by an amount sufficient to reach the
therapeutic goal. In addition, since normal functioning of tissue associated
with the inflammation may require some level of target metalloproteinase
acivity, the activity of the target metalloproteinase should not be reduced
below a level needed for adequate functioning of the target tissue. Thus, an
effective amount may be determined empirically and in a routine manner in
relation to the stated purpose. For instance, if the goal of the treatment is
preventative, the amount of the reduction of activity need only be sufficient to
prevent dry eye disease. .

The clusterin used in the connection with the method may be any
isolated clusterin or a polypeptide substantially the same as clusterin that can
reduce the activity of the target metalloproteinase in the tissue affected by the
disease state.

Administration can be administered in a number of ways depending
upon whether local or systemic treatment is desired and upon the area to be

treated.

EXAMPLES
The following examples are provided in order to demonstrate and
further illustrate certain embodiments and aspects of the present invention
and are not to be construed as limiting the scope thereof. While such
examples are typical of those that might be used, other procedures known to

those skilled in the art may alternatively be utilized. Indeed, those of ordinary
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skill in the art can readily envision and produce further embodiments, based

on the teachings herein, without undue experimentation.

Materials and Methods

Cells- Cells of the human embryonic kidney cell line, HEK293 were
grown in DMEM containing 10% FBS, 100 units/ml penicillin, and 100 pg/ml
streptomycin in a cell culture incubator at 37°C, 5% COs. Immortalized human
corneal-limbal epithelial (HCLE) cells, kindly provided by Dr. Ilene Gipson
(Harvard University) were grown in Gibco keratinocyte SFM media (Gibeo
BRL, Carlsbad, CA) [Argueso, 2006].

MMP-9 ¢cDNA Constructs- The entire MMP-9 ¢cDNA (codding amino
acid 1 — 703) was reverse transcribed and amplified from mouse muscle tissue.
Primers MMP9.1 (5-GGCGCCGAATTCATGAGTCCCTGGCAGCCCCTG-3)
and MMP9.2109 (5-
GGGCCCGTCGACTCAAGGGCACTGCAGGAGGTCGTAGGTCA-3)
incorporating EcoR I and Sal I sites, respectively, was used. This rt-PCR
product was inserted into the yeast expression vector pGBKT7 and labeled
pGB-M9. Utilizing the pGB-M9 plasmid as a template an N-terminus MMP-9
truncated PCR product missing the signal and propeptide domain (amino acid
109 — 703) was generated using primers MMP-9.325 (5-
GGCGCCGAATTCCAAACCTTCAAAGGCCTCAAGTGGG-3) — MMP9.2109
primers and labeled pGB-M9APP. The GST tagged MMP-9 constructs were
generated by ligation of the pGB-M9 and pGB-M9APP EcoR 1/Sal I inserts into
the pGEX 4T vector (Amersham, Piscataway, NJ).

Library construction and screening- Whole mouse cornea was excised
and total RNA isolated via the TRIzol reageant (Invitrogen, Carlsbad, CA).
The ¢cDNA library was synthesized using 2 pug total RNA and random primers
per the protocol for the Matchmaker Two-Hybrid System (Clontech, Mountain
View, CA). This yeast two hybrid system utilizes an in vivo library

construction method; therefore the cDNA library and the linearized yeast
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expression vector pADT7-Rec were simultaneously transfected into the AH109
pGB-M9APP stable yeast cells. Positive colonies were selected on quadruple
knock-out plates, yeast minimal agar plates lacking tryptophan, leucine,
histidine and adenine. The two reporter genes testing for interactions are the
histidine and adenine. An additional screen involved the addition of X-a-
galactosidase to the quadruple knocked-out media, whereby a positive
interaction allowed for blue/white screening.

Yeast plasmid isolation- Positive colonies were inoculated into an
overnight culture of YAPD media and plasmid isolation performed upon
saturation using the following yeast lysis method. Briefly, pelleted yeast cells
were vortexed in equal volume yeast lysis buffer (2% Triton X-100, 1% SDS,
0.1 M NaCl, 10 mM Tris-HCl (pH 8.0), ImM EDTA) and phenol-chloroform-
isoamy] alcohol [25:24:1] with acid washed glass beads. The clarified
supernatant was ethanol precipitated in the presence of NaOAc. The resulting
DNA complex was transformed into XL1-blue bacterial cells and colonies
selected on ampicillin plates to select for the pADT7-library clone. The
resulting bacterial colonies were lysed via the standard alakaline lysis protocol
and the plasmids sequenced.

Sequence analysis- The DNA sequences were translated based on the
reading frame given for the pADT7-Rec vector and both the protein sequence
and DNA sequence subjected to BLAST searches in GENBANK. The DNA
sequences were translated into protein sequence using the translate tool at
http:/fus.expasy.org/tools/ website. Dual searches were done to confirm that the
protein sequences translated matched their DNA sequences, mismatching
clones were discarded.

GST pull-down assays- The GST tagged MMP-9 constructs were
generated by ligation of the pGB-MMP-9 EcoR 1/Sal I inserts into the pGEX 4T
vector (Amersham, Piscataway, NJ).The pGEX 4T MMP-9 constructs were
transformed into the E. Coli strain BL21(DE3) (Novagen, Gibbstown, NJ) for

expression. The bacterial pellet was prepared from a 100 ml culture that was
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grown to mid-log phase, induced with 0.4 mM isopropyl B-D-
thiogalactopyranoside for three hours, followed by centrifugation. The pellet
was resuspended and lysed by sonication in ST buffer (50mM Tris pH 7.4,
100mM NaCl, 1 pg/ml leupeptin, 1 pg/ml aprotinin, 1 mM PMSF, 1 mM NakF),
and GST-MMP-9 protein purified via incubation with glutathione coated beads
(Amersham, Piscataway, NJ) overnight at 4°C. The next day the beads were
extensively washed in ST buffer. To confirm production of GST-MMP-9
protein, the beads were electrophoresed on an 8% SDS-PAGE gel. The gel was
subjected to Coomassie Brilliant Blue Staining or transferred to PVDF
membrane and immunoblotted using a rabbit polyclonal antibody to MMP-9
(Triple Points Biologics, Inc.). Using the TNT quick coupled
transcription/translation system (Promega, Madison, WI) the pADT7-CLU
clone generated an HA tagged CLU fusion protein. The GST- MMP-9 or GST
coated beads were incubated with equal amounts of HA-CLU overnight at 4°C
in immunoprecipitation (IP) buffer (50mM Tris, pH 7.4, 100 mM NaCl, 0.1%
Triton X-100, Ipng/ml leupeptin, 1 pg/ml aprotinin, 1 mM PMSF, 1 mM NaF) in
the presence or absence of 1 mg/ml BL21 bacterial soluble extract (to decrease
non-specific background). The following day the beads were washed 3 times in
IP buffer, resuspended in SDS-PAGE loading buffer, electrophoresed on an 8%
SDS-PAGE gel, transferred and immunoblott using a mouse HA antibody
(Santa Cruz, CA).

Generation of expression vectors for MMP-9 and CLU- The pcDNA3.1(+)
expression vector (Invitrogen, Carlsbad, CA) was used to insert PCR fragment
generated using pGB-M9 as a template with the gene-specific primers
containing EcoR I (in forward primers) or Not I (in reverse primers) sites:
Mouse CLU with C-terminal a Myc tag (CLU-Myc), 5-
GATCGAATTCATGAAGATTCT

CCTGCTGT and 5-CGATGCGGCCGCTCAC

AGGTCCTCCTCTGAGATCAGCTTCTGCTCTTCCGCACGGCTTTTCCT
: and mouse MMP-9 with a C-terminal HA tag (MMP-9-HA), 5'-
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GATCGAATTCATGAGTCCCTGGCAGCC and 5'-
CGATGCGGCCGCTCAAGCGTAATCTGGA

ACATCGTATGGGTAAGGGCACTGCAGGAG-

GT. The DNA sequence of cloned DNA was confirmed by DNA
sequencing.

Immunoprecipitation assay- HEK293 cells were grown in subconfluent
culture in 6-well plate, and transfected with 2.5 pug of pcDNA3.1 (+)/MMP-9,
pcDNA3.1 (+)/MMP CLU, or both, using Lipofectamine LTX according to the
manufacturer’s instruction (Invitrogen Inc., Carlsbad, CA). One day post
transfection, whole cell extracts were prepared using RIPA buffer, incubated
with anti-HA antibody to immunoprecipitate HA tagged MMP-9 and partners.
The complexes were resolved on a denaturing SDS/PAGE gel for
immunoblotting to detect Myc tagged CLU proteins with anti-Myc antibody.

Confocal microscopy- HCLE (5000 cells/well) were plated into 16-well
chamber slide. - The cells were allowed to adhere and proliferate for 48 hours
before immunocytochemical analysis. The cells were washed once with PBS
and then fixed in ice cold methanol for 10 minutes. Next, the cells were
washed three times with PBS followed by blocking with 1% BSA and 0.25%
Triton-X 100 in PBS for one hour at room temperature. The cells were then
incubated at room temperature for 45 minutes with both goat anti-CLU (1:50)
and rabbit anti-MMP-9 (1:50) antibodies in the blocking solution. Following
the primary antibody incubation, cells were washed three times with PBS for 5
minutes each then incubated at room temperature for one hour with both
donkey anti-goat-FITC (1:2000) andgoat anti-rabbit-Rhodamine (1:2000)
secondary antibodies. Subsequently, the cells were washed three times with
PBS for five minutes each and rinsed once with distilled water. The cells were
then covered with a drop of vectastain (containing DAPI) and coverslipped.
Cells were imaged on a Perkin Elmer Ultraview ERS Spinning Disk Laser

Confocal Microscope at a total magnification of 400 times.
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MMP inhibition assay- MMPs were mixed with CLU in TSCB buffer, 50
mM Tris-HCI, pH, 7.5, 1560 mM NaCl, 5 mM CaCls, 0.002 % brij35 (or
otherwise indicated concentration) 30 min prior to substrate addition, and
incubated for 3 h at RT in the presence or absence of 0.02 mM p-
aminophenylmercuric acetate (APMA). MMP activity was measured using a 5-
FAM/QXL520 fluorescence resonance energy transfer (FRET) peptide as a
substrate (EX/Em=490nm/520nm) (AnaSpec, Fremont, CA), according to the
manufacturer’s protocol. Relative fluorescence unit (RFU) was obtained by
subtracting the values of APMA- or enzyme-omitted reactions from those of
test samples, and then considering the fluorescence unit of PBS (vehicle)
sample as 100 %. Enzyme reactions were performed in black 96-well plate,
containing combinations of 10 ng, 5 ng, 5 ng, 10 ng, 2.5 ug, 2.5 pg of MMP-2,
MMP-7, catalytic domain of MMP-9, MMP-9, CCLU, and/or BSA, respectively,
in 50 pl reaction volume. As MMP substrates (0.4 pM), 520 MMP FRET
substrate I, QLX520-Pro-Leu-Gly-Leu-Trp-Ala-D-Arg-Lys(5-FAM)-NHz, was
used for MMP-2 and MMP-9, and 520 MMP FRET substrate XIV, QXL520-y-
Abu-Pro-Cha-Abu-Sme-His-Ala-Dab(5-FAM)-Ala-Lys-NHs, used for MMP-7
reactions, both of which were purchased from AnaSpec (Fremont, CA).
Recombinant proteins such as mouse CLU with C-terminal (His)s (CLU-His),
MMP-2, and MMP-7 were purchased from R&D Systems (Minneapolis, MN),
MMP-9 was purchase from Ana-Spec, Inc. (San Jose, CA). The recombinant
catalytic domain of human MMP-9 (residue 112-445) was purchased from
ProtEra (Sesto Fiorentino, Italy). A geletinase-specific synthetic inhibitor, SB-
3CT, was obtained from Biomol Internationl (Plymouth Meeting, PA).
Fluorescence was monitored using a Victor3™ V multilabel counter
(PerkinElmer). For the gelatin digestion, a 50pl mixture of gelatin (20 pg) and
CLU (2 ug) was incubated with or without active MMP-9 (70 ng) for 2 hours at
37°C. The reaction products were run on a 12 % denaturing SDS/PAGE gel for

Coomasie staining.

26



10

15

20

25

30

WO 2010/144874 PCT/US2010/038423

Gelatin zymography- Zymographic analysis was used to analyze the
relative amounts of MMPs and was performed according to the procedure
described by [Gordon, 2009]. Briefly, Samples were loaded into an 8% PAGE
gel containing 0.1% gelatin (Sigma-Aldrich). Gels were run for 45 min at 200
V. Gels were then incubated in 2.5% Triton-X for 1 h at RT on a rocker. Gels
were thoroughly washed with distilled water and incubated overnight in
renaturing buffer (10mM CaClgz, 50mM Tris-HCl pH 7.5) at 37 °C. The next
morning, gels were briefly washed and then stained (25 g Coomassie blue, 150
ml isopropanol, 50 ml acetic acid, 300 ml H20) for 1 h at RT on a rocker. Gels
were then de-stained in distilled water until bands were clearly visible. Gels
were then scanned for densitometric analysis.

Gelatinase precipitation assay- pro-MMP-2 or -9 (5 ng/tube) were
incubated in TSCB buffer containing 0.05 % non-iohic detergents indicated in
the presence of CLU (1.25pg/tube) or PBS (vehicle control) at RT for 80 min,
followed by microcentrifugation for 2 min at 15K RPM to separate the soluble
and insoluble fractions, which were resolved in zymography. Densities of the
bands were quantified using Image J analysis. Relative solubility was
calculated by dividing the density of soluble band with the combined densities
of soluble and inscluble bands in each set of reactions.

In vitro protein binding assay- To make various processed forms of
MMPs, pro-MMPs were incubated with 1 mM APMA in TSCB buffer at 37 °C
for 4 h to make C-terminal truncated processed MMP-9 (MMP-9 —AC)
[Murphy, 1995]. CLU-His (2.5 pg) was incubated with mixture of 30-100 ng of
pro-MMP-9, MMP-9, and MMP-9 —AC, in the TSCB buffer with 0.002 or 0.04 %
Brij 35 for 1 h at 4 °C followed by additional incubation for 1.5 h with anti-His
tag antibody-conjugated agarose beads. The beads were washed three times
with the binding buffer, and dissolved in 1X SDS sample loading buffer.
Relative amounts of bound MMPs were assessed on the gelatin zymography.
In order to perform CLU binding domain analysis, pro-MMP-9 bound to CLU-

coupled beads was prepared, as described above, and then divided into two
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aliquots. They were incubated with and without 1 mM APMA at RT for 1 h in
TSCB buffer on the rotator. The beads (B) were spun down and solution (S)
was separated. The beads were washed with TSCB and resuspended in SDS
sample loading buffer. Equivalent volume of S and B fraction were subjected

to gelatin zymography.

Example 1
Interaction of CLU with MMP-9

Previous results indicate that CLU protein can bind to MMP-9 without
undergoing post-translational processing of the protein. To examine the
possibility that they can form a complex inside the cells, we constructed two
expression vectors carrying mouse cDNA of Myc-tagged CLU or HA-tagged
MMP-9 protein. We transfected HEK293 cells with the two vectors, alone or
combined, and then performed the immunoprecipitation (IP) assay using the
whole cell lysates of the transfected cells to pull down MMP-9, and then used
Western blotting to detect any CLU protein pulled down together with MMP-9
(Fig. 2A).

The bands indicated by arrows (Figure 2A) are consistent with the forms
of CLU undergoing intracellular processing (Burkey et al., 1991). Multiple
CLU bands were detected in the IP sample using the cotransfected cell lysate
that were not detected in the IP from CLU transfection alone, indicating that
they form a complex with MMP-9 inside the cells. These results suggest the
possibility that MMP-9 keeps CLU inside the cells by interacting with those
proteins during processing. As such, CLU intermediates were not detected
without MMP-9 coexpression (de Silva et al., 1990; Burkey et al., 1991). This
may support and explain a previous report that shows that processing and
secretion takes place very quickly, with a half-time of 30-35 min (Burkey et al,,
1991).

Next, we tested the interaction of secreted CLU using mouse

recombinant proteins. We used purified recombinant proteins of MMP-2,
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MMP-9, and CLU that were secreted from a mouse myeloma cell line (NSO).
All of the proteins were purchased from R&D Systems. A mixture of MMP-2,
MMP-9, and C-terminal truncated MMP-9 (9-AC) was incubated with His-
tagged CLU, and subjected to the pull-down assay, using 150 mM NaCl-
containing binding buffer and anti-His tag antibody resins. Portions of the
input samples (Input) and proteins bound to the antibody (Bound) were
resolved on the gelatin zymography gel.

The recombinant CLU contains a (His)s-Tag at the C-terminus of the
protein, which was used for pull-down experiments with anti-His tag antibody
beads. It was previously reported that CLU also binds to MT6-MMP/mmp-25
and that the hemopexin domain in the MMP C-terminal region is required for
their interaction (Matsuda et al., 2003). To use as an internal control for the
binding experiment, we removed part of of MMP-9 (MMP-9-AC) by promoting
self-processing by APMA (4-aminophenylmercuric acetate) treatment. For the
in vitro binding assay we mixed MMP-2 , MMP-9, and MMP-9-AC(Fig. 7).

The initial MMP-9 protein shows a high molecular weight smear above
MMP-9, which are presumably aggregates of MMP-9, since we did not detect
them in the heat treated reducing condition used for Western blotting (Figure
8). The input and bound samples were loaded in a series of dilution so that the
relative densities of the bands could be easily assessed.

After comparing the relative densities of protein bands in the same lane
for the input and the bound, we found that MMP-9 was highly enriched in the
bound sample. Though weaker than MMP-9, MMP-2 also had an affinity for
CLU while the truncated MMP-9 did not, We conclude that MMP-2 and MMP-
9 interact with CLU.

Example 2
CLU and MMP-9 Interact Inside and Qutside of Cells

To identify corneal proteins, including CLU, that interact with MMP-9,
the yeast two hybrid system was employed. We used mouse MMP-9 cDNA
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corresponding to active MMP-9 lacking the N-terminal signal peptide and
propeptide domains. Recovery of the colonies supported on the knock out
media and expressing galactosidase activity identified 24 potential prey
sequences. Sequence analysis of the rescued pADT7 plasmids found many
candidates known to be present in extracellular region or in cell membrane.
Many candidates were also observed to contain zinc finger domains, coiled-
coiled domains, or loop-helix-loop domains, well-known regions for protein-
protein interactions. One of the sequences identified was CLU. The CLU clone
that was isolated from the yeast assay contained ¢cDNA beginning at position
212 from the ATG site, thus lacking N-terminal 71 amino acids.

To further confirm the interaction between MMP-9 and CLU that was
detected by yeast two hybrid screening, we performed GST pull down assay
using recombinant GST-tagged MMP-9 fusion protein. The GST-MMP-9 was
immobilized on a glutathione-agarose matrix and incubated with in vitro
translated HA-tagged CLU (Fig. 1A) in the presence or absence of soluble
bacterial lysate as a nonspecific competitor. Our results showed that MMP-9
and CLU still interacted even in the presence of the bacterial lysate,
confirming the results from the yeast two hybrid system.

Next, as there are various known MMP-9 substrates, we tested a
possibility that CLU might be a novel enzymatic substrate of MMP-9. To this
end, in a preliminary experiment, we digested CLU with active MMP-9 to find
that CLU was not digested by MMP-9. To confirm this, both CLU and gelatin,
a known substrate for MMP-9, were incubated in the presence or absence of an
excessive amount of active MMP-9, and then resolved on the denaturing
SDS/PAGE gel followed by Coomasie staining (Fig. 1B). As shown on the gel,
the density of CLU protein, separated as a and B subunits, changed little,
whereas most high molecular weight gelatin disappeared upon incubation
with MMP-9, indicating that CLU is not a substrate for MMP-9 in viiro.

Next, we tested whether MMP-9/CLU interaction also occurs in vivo.

Using HEK293 cells, a human embryonic kidney cell line, mouse HA-tagged
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MMP-9 and Myc-tagged CLU expression vectors were transfected individually
or in combination (Fig. 2A). Our results showed two protein bands
corresponding to the full length unprocessed glycosylated form (~ 60 kDa) of
CLU as well as processed CLU B-subunit (~37 kDa) upon immunoprecipitation
(IP) with anti-HA antibody followed by immunoblotting with anti-Myc
antibody when both CLU and MMP-9 were expressed together. CLU exists in
the cytoplasm as ~50 kDa and ~60 KDa precursor forms (depending on the
extent of glycosylation) of the secretory CLU [Trougakos, 2009]. We also
recognized that a stronger band of ~ 50KDa, compared with the other two IP
lanes, was detected in co-transfected IP lane, which might be a non-
glycosylated full-length form of CLU. Unfortunately, this band is overlapped
with IgG heavy chain band from the antibodies used for IP. These results
suggest that MMP-9 and CLU interact in vivo even before processing of the
proteins. However, we failed to observe coimmunoprecipitation at the
endogenous level using the HCLE whole cell extract; at present, we ascribed
this failure to two possibilities, that antibodies used may interfere with and
dissociate the interaction between of the two proteins, and/or that endogenous
level of both proteins might not be enough to perform immunoprecipitation as
both proteins are secreted immediately after their synthesis. As an alternative
way to confirm their interaction in vivo, we localized the two proteins using
confocal microscopy (Fig. 2B). In control without primary antibody incubation,
neither MMP-9 nor CLU was localized. However, with specific antibodies both
proteins were found to be present surrounding the nuclei, and the composite
image of the two proteins indicated that both proteins are co-localized,
probably in the secretory pathway (ER and/or Golgi compartment). The
combined results of the in vitro binding assay, the IP, and confocal analysis

suggest CLU and MMP-9 interact inside and outside cells.
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Example 3
CLU Inhibits MMP-9 and MMP-2 Activity

Most MMPs are secreted as inactive pro-MMPs. The N-terminal
propeptide blocks the catalytic domain by binding intramolecularly through
the cysteine-zinc bridge between these two domains [Van Wart, 1990]. Enzyme
activation occurs upon cleavage or processing of the propeptide domain [Van
Wart, 1990; Chen, 1993]. To determine whether MMP-3/CLU interaction
affects the cleavage process of the propeptide of MMP-9 and/or interferes with
enzymatic activity of the processed active enzyme, we performed an in vitro
MMP-9 inhibition assay, by adopting FRET assay using a fluorescence-
quenched peptide substrate (Fig. 3A). In the presence of APMA the propeptide
domain of pro-MMP is removed and thus it is activated in viiro [Visse, 2003].
APMA has also been shown to induce self-processing at a cryptic site at Ala3%.
Leu3® in the C-terminal region of the MMP-9 [Murphy, 1995]. We incubated
pro-MMP-9 with PBS, CLU, SB-3CT, or BSA, and a fluorescence peptide
substrate in the presence or absence of APMA. SB-3CT is a potent chemical
inhibitor of gelatinases, MMP-2 and MMP-9, with Ki values in the sub-
micromolar range [Kleifeld, 2001]. We monitored the change in fluorescence
value during the incubation of the reactions up to 3 h, which reflects the
enzymatic activity of APMA-activated MMPs. We did not see any apparent
change in the fluorescence values in the APMA-omitted reactions over the
incubation time (data not shown), indicating that without APMA pro-MMP-9
could not get activated. At 3 h post incubation, the activity difference was read
and reaction products were resolved by gelatin zymography. The results
showed that CLU and SB-3CT inhibited the activity of MMP-9 by 28 % and 32
%, respectively, compared with PBS and BSA. Three independent experiments
in triplicate each showed an average of 35 % inhibition (p=0.002, student t-
test) at 50 pg/ml of CLU(data not shown). When the processed enzyme
products were resolved on the gel, three bands were detected in the APMA-
treated samples, pro-MMP-9, propeptide-cleaved MMP-9 (MMP-9), and MMP-
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9 with both propeptide and C-terminal region cleaved (MMP-8-AC), whereas
only pro-MMP-9 was detected in APMA-omitted samples. The extent of MMP-9
processing among the four reactions with APMA treatment was very similar,
suggesting that CLU did not affect the enzyme processing by APMA. Thus, we
suggest that CLU inhibit the enzymatic activity of MMP-9 without interfering
with the APMA-induced processing of pro-MMP-9. It has been known that
CLU is present at 50-100 pg/ml in the human normal serum [Viard, 1999;
Jenne, 1991]. We tested dose-dependent inhibition of MMP-9 with CLU or SB-
3CT (Fig. 3B). The result showed that CLU is a stronger MMP-9 inhibitor than
a synthetic gelatinase inhibitor, SB-3CT. In order to test the specificity of
CLU/MMP-9 interaction, we also performed the inhibition assay with
MMP2(Fig. 3C). Our results showed that CLU inhibited MMP-2 activity by 72
%. The gel analysis indicated that the processing of MMP-2 was not altered
among the different reactions, consistent with MMP-9 results. Comparison of
extents of MMP-2 or -9 inhibition by CLU (50 ug/ml or 0.63 pM, MW= ~80
KDa) and SB-3CT (1 uM) in Fig 3B suggests that CLU is a more potent
inhibitor of both MMP-9 and MMP-2 than SB-3CT.

Example 4
Inhibition of MMPs without a Hemopexin-like Domain
at the C-Terminus, including MMP-7
Most members of MMPs, except for MMP-7, MMP-23, and MMP-26,

contain a hemopexin-like domain at the C-terminus of the enzyme, which
modulates the processing and activity of the enzymes by serving as a binding
region for regulatory or target proteins [Visse, 2003]. The initial binding assay
above utilized the full length of active form of MMP-9. In order to refine the
region important for the MMP-9/CLU interaction, we used MMP-9 catalytic
domain, which lacks the C-terminal region encompassing the hemopexin-like
domain (Fig. 4A). CLU inhibited MMP-9 activity by 59 %, indicating that C-

terminal region of MMP-9 is not required for inhibition. To further confirm our
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results, we tested MMP-7 which naturally lacks a C-terminal hemopexin-like
domain (Fig. 4B). Our results showed that CLU inhibited APMA-activated
MMP-7 by 17 %, while SB-3CT (160 uM) by 49 %, and both results were
statistically significant. Together, our results indicate that CLU can inhibit
the enzymatic activity of various members of MMPs, and does not depend on

the C-terminal hemopexin-like domain for its function.

Example 5

CLU enhances the solubility of MMP-9 and MMP-2 in
hydrophobic conditions.

CLU interacts with various binding partners under different
physiological conditions; however, the nature of their interaction is poorly
understood. In order to assess the nature of the MMP-9/CLU interaction
varying buffer conditions were investigated. In our experiments above (Fig.
3B), we used a low concentration of Brij 35 (0.002%). For our first experiment
here we analyzed on the solubility of MMP2 and MMP-9 in three different
nonionic detergents, Brij 35, NP-40, and N-octyl glucopyranoside (OG), at 0.04
% in the presence or absence of CLU (Fig. 5A). The soluble and insoluble
fractions were separated, and were resolved on the gelatin zymography. Our
results indicated that Brij 35 and NP-40 showed no effect on the solubility of
both MMP-2 and MMP-9 regardless of the presence of CLU. Interestingly, in
the presence of OG the solubility of both enzymes decreased; however, OG
failed to reduce their solubility in the presence of CLU. These results suggest a
possibility that CLU may render pro-MMP-2 and MMP-9 soluble in certain
hydrophobic conditions. Next, we performed the inhibition assay using pro-
MMP-2 in the buffer containing 0.04 % Brij 35 or NP-40. As shown in Fig. 5B,
MMP-2 activity was inhibited by CLU in both buffers to the extent similar to
that in the lower detergent concentration as shown in Fig 3B. Furthermore,
the level of inhibition shown by SB-3CT and BSA also revealed the similarity
with that of a lower concentration of detergent, suggesting that MMP-2/CLU
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interaction may not be sensitive to the types or concentration of detergents.
However, when the similar experiments were performed with pro-MMP-9 or
APMA-activated MMP-9, the high concentration of Brij 35 or NP-40 did show
little MMP-9 inhibition by CLU (Fig. 5C). These results indicate that high
concentration of nonionic detergents may affect the ability of CLU to inhibit
the MMP-9 but not MMP-2 activity.

Example 6
CLU Binds to Pro-MMP-9 with higher affinity than processed
MMP-9

Since different detergent concentrations affected the extent of inhibition
of MMP-9 activity by CLU, we tested whether detergents may influence the
binding affinity of CLU for MMP-9. To test this possibility, CLU pull down
assay was performed. Pro-MMP-9, MMP-9, and MMP-9-AC were mixed and
incubated with CLU-His in two different concentrations of Brij 35. MMP-9
enzymes bound to CLU were isolated using anti-His tag antibody, and
subjected to gelatin zymography to assess the relative amounts of different
forms of MMP-9 (Fig. 6A). In the input lanes on the gel, the relative amount of
pro-MMP9 was much lower than the other two forms of MMP-9. In contrast,
lanes containing MMP-9 bound with CLU showed enrichment predominantly
of pro-MMP-9 form compared with the densities of the other two forms.
Analysis of the densities of individual bands using Image J software suggested
that pro-MMP-9 may have at least 10 times stronger affinity for CLU than the
other forms of MMP-9. The levels of pro-MMP-9 have little difference between
low and high detergent concentrations, indicating the affinity is not sensitive
to the detergent concentration. However, the amounts of MMP-9 and MMP-S-
AC in the high Brij35 concentration were much lower than those in the low
concentration and similar to those in beads control, suggesting that MMP-9

and MMP-9-AC do not bind to CLU at the high Brij 35 concentration,
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consistent with the failure of CLU inhibition of MMP-9 activity in that
condition.

The above results suggest that the propeptide domain is essential for
high affinity binding of CLU with pro-MMP-9. To confirm this further, we
cleaved pro-MMP-9 bound to CLU on beads with APMA, and separated
supernatant and bead fractions (Fig. 6B). We reasoned that if CLU binds to
the propeptide domain, the processed active form of MMP-9 should be enriched
in supernatant fraction (S), and, if it binds to the other part of the enzyme, the
processed enzyme should be in the beads fraction (B).When the samples were
resolved on the gel, pro-MMP-9 was equally distributed into S and B fractions
in the untreated reaction, suggesting the release of portion of enzymes from
the beads into solution during the incubation. However, in APMA-treated
reaction, a large fraction of the processed MMP-9 was detected only in the S
fraction, indicating a greater affinity at the propeptide domain of MMP-9, with

a lower affinity binding sites located elsewhere.

Example 7
CLU expression in the human corneal epithelial cells

To determine how human corneal epithelial cells express and secrete the
CLU protein, we used an immortalized human corneal epithelial cell line
(HCLE) that was kindly provided by Dr. Ilene Gipson (Harvard University).

We isolated total RNA from the HCLE cells as well as from human
corneal epithelial tissue and human periodontal ligament stem cells for the
synthesis of cDNA. This ¢cDNA was then used for PCR amplification with
three different sets of primers designed previously in order to detect the three
different isoforms of CLU transcripts (Andersen et al, 2007) (Fig. 8A),
presumably transcribed by three different transcriptional initiation sites
(Cochrane et al., 2007). Form 1 (isoform1) is for the transcript of NM_001831,
and form 2 (isoform2), for NM_203339 in the GeneBank DNA data base.
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While all three transcript isoforms produce the secreted form of CLU,
only transcript isoform 1 has a potential to produce the transcripts lacking
exon 2 which can be translated into the nuclear CLU protein (Leskov et al.,
2003). Our results indicate that HCLEs and corneal epithelial cells express
isoform 1 as a dominant transcript. HCLE cells, however, also express
transcript isoforms 2 and 3 while human corneal epithelial cells only express
transcript isoform 1. This difference may be due to the difference between
cultured cells and fresh tissue. Culturing of human corneal epithelial cells
may induce the expression of transcript isoforms 2 and 3. There was no
significant difference observed between the densities of isoforms 1 and 2 in the
periodontal stem cells. Overexpression of isoform 2 was shown to render
certain prostate cells more resistant to Fas-mediated cell death (Miyake et al.,
2001).

Figure 8B shows that CLU is secreted into culture media from the
corneal cells. Briefly, the media from the HCLE cell culture was subject to
Western blotting with an anti-CLU antibody (Santa Cruz Biotech., sc-6419).
Lane 1 contains conditioned medium (K-sfm) from the cell culture; lane 2 has
regular medium (K-sfm plus BPE and EGF) from the culture; and lane 3
includes fresh regular medium as a control. The arrow indicates the position

of the B~subunit of CLU with the expected size of ~ 40 KD.

Example 8
CLU processing is influenced by growth conditions

To test if there are any changes in CLU expression and processing in
response to the different growth conditions, we altered cell culture conditions.
We grew the HCLE cells to a subconfluent cell density or kept them at a
confluent cell density so that they underwent contact inhibition in the regular
K-sfm medium. We also induced stratification of the corneal cells by replacing
the regular medium with DMEM:F12 medium for the confluent cells (I'ig. 9)
(Gipson et al., 2003). The distribution of the intracellular CLU protein
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undergoing processing was not influenced by the cell density (subconfluent vs.
confluent) but was affected by different media (K-sfm vs. DMEM:F12), which
showed that CLU intermediate protein bands increased or decreased in the
stratified cell culture. The data suggests that the environmental factors
affecting the corneal cells may alter the production or processing of mature
CLU protein in cells.

Accumulating evidence supports the concept that MMP-9 is disease-
promoting whereas CLU is preventive in situations involving inflammatory
processes. We found that MMP-9 and CLU interact with each other inside and
outside cells. We showed that co-expression of MMP-9 and CLU delays the
intracellular processing of the CLU proteins, and that CLU inhibits MMP-9
activity in vitro. The current observations suggest that MMP-9 and CLU may
influence each other’s regulation and activity in an antagonistic manner, so
there may be opposing roles for MMP-9 and CLU in the progression and
development of inflammatory disease such as dry eye.

Our experiments show that CLU is expressed by corneal epithelial cells
and binds to and inhibits MMPs, which are known to be involved in wound
progression and symptoms of dry eye disease. Therefore, CLU can be used as
a biomarker for the disease progression as well as a therapeutic agent for the
prevention and treatment of dry eye and promotion of wound healing.

Example 9
Clusterin inhibits the induction of MMP-9 by TNF-alpha from human
corneal limbal epithelial (HCLE) cells.

TNF (tumor necrosis factor) -alpha is one of key cytokines involved in
inflammatory events. MMP (matrix metalloproteinase)-9 also plays a role in
the pathological inflammatory process. TNF -alpha is known to induce MMP-9
from certain cell types such as HCLE cells.

HCLE cells were grown to be confluent in KSFM media and then
replenished with DMAM/F12 media to stratify cells for 7 days. To these cells in

serum-free DMEM/F12 media, clusterin (50 ug/ml), bovine serum albumin
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(BSA, 50 ug/ml), and TNF-alpha (10 ng/ml), individually or in combination,
were treated for 24 hours. The same volume of supernatants of the cell
cultures treated were collected to resolve on SDS/PAGE gel containing
gelatin in order to perform gelatin zymography to visualize the presence of
MMP-9 secreted from the cells. When compared with untreated (Un), MMP-9
density increased upon TNF treatment (TNF), indicating that TNF induced
MMP-9 secretion from the cells. However, when TNF was treated with CLU
(TNF+CLU) did not increase MMP-9 secretion any longer, suggesting that
CLU inhibited TNF-induced MMP-9 secretion. Therefore, Clusterin inhibits
the induction of MMP-9 from human corneal limbal epithelial (HCLE) cells.
(See Figure 10)

With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the
singular and/or from the singular to the plural as is appropriate to the context
and/or application. The various singular/plural permutations may be expressly
set forth herein for sake of clarity.

It should be understood by those within the art that, in general, terms
used herein, and especially in the appended claims (e.g., bodies of the
appended claims) are generally intended as "open" terms (e.g., the term
"including” should be interpreted as "including but not limited to," the term
"having" should be interpreted as "having at least,"” the term "includes" should
be interpreted as "includes but is not limited to," etc.). It should be further
understood by those within the art that if a specific number of an introduced
claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is present. IFor
example, as an aid to understanding, the following appended claims may
contain usage of the introductory phrases "at least one" and "one or more" to
introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite

articles "a" or "an" limits any particular claim containing such introduced
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claim recitation to inventions containing only one such recitation, even when
the same claim includes the introductory phrases "one or more" or "at least
one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should
typically be interpreted to mean "at least one" or "one or more"); the same
holds true for the use of definite articles used to introduce claim recitations. In
addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation
should typically be interpreted to mean at least the recited number (e.g., the
bare recitation of "two recitations,” without other modifiers, typically means at
least two recitations, or two or more recitations). Furthermore, in those
instances where a convention analogous to "at least one of A, B, and C, etc." is
used, in general such a construction is intended in the sense one having skill
in the art would understand the convention (e.g., "a system having at least one
of A, B, and C" would include but not be limited to systems that have A alone,
B alone, C alone, A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). In those instances where a convention analogous to
"at least one of A, B, or C, etc." is used, in general such a construction is
intended in the sense one having skill in the art would understand the
convention (e.g., "a system having at least one of A, B, or C" would include but
not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together,
etc.). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms, either of the terms,
or both terms. For example, the phrase "A or B" will be understood to include
the possibilities of "A" or "B" or "A and B."

All references cited herein, including but not limited to patents, patent
applications, and non-patent literature, are hereby incorporated by reference

herein in their entirety.
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While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art.
The various aspects and embodiments disclosed herein are for purposes of
lustration and are not intended to be limiting, with the true scope and spirit
being indicated by the following claims. Those skilled in the art will recognize,
or be able to ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the method and compositions
described herein. Such equivalents are intended to be encompassed by the

following claims.
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What is claimed is:
1. A pharmaceutical composition comprising:

an isolated clusterin or a polypeptide substantially the same as

clusterin.

2. The pharmaceutical composition of claim 1, wherein the clusterin

is secreted clusterin.

3. The pharmaceutical composition of claim 1, further comprising a
carrier.
4. The pharmaceutical composition of claim 3, wherein the carrier is

a sterile solution.

5. A method of treating dry eye disease comprising:
administering to a patient in need thereof an effective amount of
a pharmaceutical composition comprising an isolated clusterin or an isolated

protein substantially the same as clusterin.

6. The method of claim 5, wherein the pharmaceutical composition

comprises secreted clusterin.
7. The method of claim 5, wherein the administration is topical.
8. The method of claim 5, wherein the pharmaceutical composition

further comprises a liquid carrier, and administration is by contacting the

pharmaceutical composition to the surface of an eye of the patient.
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9. A method for treating a disease state characterized by
mflammation comprising:

Administering to a patient having the disease state an amount of
an isolated clusterin or a polypeptide substantially the same as clusterin
effective to decrease the activity of selected from the group consisting of

MMP-9, MMP-2, and MMP-7.

10. The method of claim 9, wherein the MMP is MMP-9.
11. The method of claim 9, wherein the MMP is MMP-2.
12. The method of claim 9, wherein the MMP is MMP-7.
13. The method of claim 9, wherein the disease state is selected from

the group consisting of inflammatory lung disease, cancer, multiple sclerosis,
Alzheimer’s disease, artherosclerosis, airway inflammation, pulmonary
fibrosis, glomerulonephritis, bacterial meningitis, uveroentinitis, graft-versus-
host disease, emphysema, aortic aneurysm and restenosis after angioplasty as

a treatment for atherosclerosis.
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