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(57) ABSTRACT 

Methods and compositions are disclosed for inhibiting, deter 
ring or preventing apoptosis of cardiac myocytes, trans 
planted stem cells, vascular stem cells, and vascular Smooth 
muscle cells by means of expressing or synthesizing clus 
terin. Also disclosed are methods and compositions for pro 
ducing recombinant clusterin, or its biologically active pep 
tides, and for induction of clusterin-associated lipoproteins or 
enzymes for deterring or preventing inflammatory injury and 
apoptosis induced by OXLDL, oxysterols, cytokines, and Fas 
Ligand. Also disclosed is an induction method and composi 
tion for enhancing expression of ALDH and ALDH-associ 
ated enzymes or co-factors to prevent cytotoxicity or detoxi 
fication. Therapeutic methods providing new expression or 
overexpression of clusterin in vascular or cardiac tissue are 
expected to inhibit the formation of atherosclerotic lesions, 
stabilize existing atherosclerotic plaques, and repair failing or 
damaged cardiac tissue. 
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COMPOSITION AND METHOD FOR 
CLUSTERN-MEDIATED STEM CELL 
THERAPY FORTREATMENT OF 

ATHEROSCLEROSIS AND HEART FAILURE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit under 35 U.S.C. 
S 119(e) of U.S. Provisional Patent Application No. 60/626, 
820 filed Nov. 10, 2004, the disclosure of which is hereby 
incorporated herein by reference 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates cellular 
therapy and tissue engineering for treating atherosclerosis 
and heart failure, and more particularly to the synthesis and 
expression of clusterin (apolipoprotein-J) and its use in cel 
lular therapy and tissue engineering, especially for protecting 
embryonic and adult stem cells against inflammatory injury 
and apoptosis. 
0004 2. Description of Related Art 
0005 Cellular Therapy with Multipotent Stem Cells for 
Treatment of Myocardial Infarction and Ischemic Heart Fail 
ure. During the development of ischemic heart failure caused 
by disruption of coronary circulation, progressive loss of 
functional myocytes occurs in the myocardium. Since adult 
mature myocytes do not proliferate, the damaged myocar 
dium is replaced by connective tissue composed of non-car 
diomyocytic cells and extracellular matrix and a scar Sur 
rounded by hypertrophied myocytes. By contrast, fetal 
cardiac myoblasts or stem cells can proliferate and differen 
tiate into adult myocytes. Fetal myogenic stem cell prolifera 
tion remains active until the second week after birth. Recent 
studies have suggested that implantation of fetal cardiac or 
skeletal myoblasts' may help heal an experimentally inf 
arcted heart. These studies show that when implanted in the 
infarcted adult heart, embryonic myoblasts may survive, pro 
liferate, and communicate with host cells in the myocardium. 
Using a swine model, van Meter, et al.'" reported that trans 
planted myoblasts formed close associations with host myo 
cytes that resembled nascent intercalated disks on electron 
microscopy. These cells also contained myofibrils and other 
cell architecture resembling the transplanted cell lines, and 
they may exert an angiogenic influence resulting in the pro 
liferation of the Surrounding microvasculature. 
0006. In spite of the rapid progress in the studies of myo 
cyte implantation, there is little information concerning the 
differentiation of the implanted fetal myocytes in the heart. 
The cell lineages in the heart, including cardiac myocytes, 
vascular cells and interstitial cells, are derived from embry 
onic stem cells. In addition to highly mature cardiac myo 
cytes, some embryonic myoblasts, in particular those located 
in subepicardium, may differentiate into coronary arterial 
cells. It is now accepted that coronary arteries form originally 
in the subepicardial area and Subsequently grow into the 
aorta. During embryonic development, the first signs of coro 
nary vessel formation appear as blood island-like structures 
or endothelial tubes in the subepicardium. 
0007. In addition to fetal or embryonic tissues, adult or 
new-borne tissues may contain certain numbers of stem cells 
that differentiate into mature, functional cells in different 
organs. One of the major resources for adult stem cells is the 
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bone marrow. Many studies recently have shown that stem 
cells from both human and animal bone marrows can differ 
entiate into myocyte-like cells.' Transplantation of bone 
marrow stem cells into the heart with experimental infarction 
leads to development of neomyocardial and neovascular tis 
Sues as well as improvement of heart function. 
0008 U.S. Pat. No. 6,805,860 (Alt) describes a process for 
repairing tissue of a patient's heart, which comprises deliver 
ing stem cells, preferably autologous stem cells, to the site of 
tissue to be repaired. The stem cells are injected through a 
catheter to invade the failing tissue at the site, while local 
forces at the site are quelled from disrupting migration of the 
stem cells into the failing tissue. 
0009 U.S. Pat. No. 6,607,720 (Xiao, et al.) describes a 
therapeutic method for improving cardiac function after myo 
cardial infarction using genetically altered mammalian 
embryonic stem cells. Exemplary cDNAs said to be useful for 
transfection are VEGF (vascular endothelial growth factor): 
FGF (fibroblast growth factor 1 and 2); TGF-C. &fs 
(transforming growth factor C. & Bs: IGF-1 & -2 (insulin 
like growth factor 1 & 2); SERCA I & II (sarco/endoplasmic 
reticulum Ca" ATPase I & II); B (beta adrenergic receptor 
II); GS-protein (stimulatory guanosine-binding protein); 
Ca." channel (calcium channel); and telomerase. 
0010 Because of the limited supply of autologous stem 
cells, most studies use allogenic stem cells for transplanta 
tion. In general, stem cells are weak antigens that evoke little 
immune reaction. However, allogenic stem cells are trans 
planted frequently into the heart with infarction where they 
confront a very harsh environment. Local inflammation, oxi 
dative stress and cytotoxic radicals and proteins may cause 
death of the transplanted cells primarily via an apoptotic 
mechanism. Even in the weak immune reaction to stem cells, 
long-term exposure to activate immune cells and their cytok 
ine products may also trigger cell death by apoptosis. Apop 
tosis is a form of genetically programmed cell death that 
represents a major mechanism by which tissue removes 
unwanted, aged or damaged cells under both physiological 
and pathological conditions. Morphologically, apoptosis is 
characterized by chromatin compaction and margination, by 
nuclear condensation and fragmentation, and by cell shrink 
age and blebbing. 
0011 Apoptosis may occur abnormally leading to accel 
erated cardiac cell death during heart failure, as demonstrated 
in animal models. During the development of atherosclero 
sis, accumulating free cholesterol undergoes oxidation, pro 
ducing oxysterols with higher cytotoxicity to vascular cells. 
In vitro studies have shown that some oxysterols such as 
7-ketocholesterol exerts potent apoptotic effects on stem 
cells. Oxysterols are considered to be major cytotoxic com 
ponents of oxidized low density lipoprotein (oxLDL). It has 
been shown that CD95 is present in human plaque, and it was 
proposed that activation of CD95 may mediate apoptosis of 
stem cells in the presence of IFNY and TNFC. (Geng et al. 
Arterioscler Thromb Vasc Biol. (1997) 17:2200-8). The role 
for apoptosis in the development of neocardiovascular tissues 
remains unclear, however. 
I0012 Clusterin (Apolipoprotein-J)' is a sulfated, het 
erodimeric glycoprotein containing two 40 kDa chains joined 
by a unique five disulfide bond motif, as schematically illus 
trated in FIG. 1. Encoded on a 2-kb mRNA, clusterin is 
transcribed from a single copy gene located on mouse chro 
mosome 14." It contains several domains, such as amphip 
athic helix, heparin-binding domain, and lipid-binding 
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domain. This protein was initially identified from ram rete 
testes fluid and named for its ability to elicit clustering of 
Sertoli cells Supporting sperm maturation and development 
(NCBI/GenBank Accession No. NM 203339, 
NM 001831) Thereafter, species homologues have been iso 
lated and cloned by a number of groups working in widely 
divergent areas, resulting in a number of synonyms including 
testosterone repressed prostate message-2 (TRPM-2), sul 
fated glycoprotein-2 (SGP-2), apolipoprotein-J (clusterin), 
SP-40, 40, complement cytolysis inhibitor (CLI), and dimeric 
acidic glycoprotein (DAG), gp80, NA1/NA2, glycoprotein 
III, etc. Clusterin is constitutively expressed by various tis 
sues and cells, in virtually all body fluids, and on the surface 
of cells lining body cavities. It circulates in blood with the 
high density lipoprotein (HDL) fractions, and thus consid 
ered as a component of HDL in which clusterin is associated 
with apolipoprotein-AI and paraoxonase (NCBI Accession 
No. NM 000446). The latter protein is one of the key 
enzymes with antioxidant property. Clusterin and its associ 
ated proteins are present at high levels in the lesions of 
patients with atherosclerosis. Clusterin is translated as a 
typical hydrophobic signal peptide with 21 amino acids in 
length." The biological functions of clusterin have not been 
completely known. Reported functions of clusterin include 
apoptosis regulation, complement defense, lipid recycling, 
membrane protection, and maintenance of cell-cell or cell 
Substratum contacts. It can effectively bind to lipids including 
both cholesterol and oxysterols, and has been shown to pro 
mote efflux of cholesterol and oxysterols from lipid-laden 
foam cells. This protein can also inhibit complement-medi 
ated cell death, and promote cell aggregation and adhesion. 
Recently, clusterin has been found to be an anti-apoptotic 
protein. It has been reported that clusterin expression is 
induced and confers resistance to apoptotic cell death induced 
by heat shock and oxidative stress. High levels of clusterin 
have been shown in tissues with apoptosis. However, careful 
analysis of the producing cells revealed that clusterin expres 
sion is restricted to the vital cells adjacent to dead cells, 
Suggesting that this molecule may act as a cell Survival factor, 
which protects bystander cells. Recent studies have shown 
that clusterin is an anti-apoptotic protein." 
0013 Developmental regulation of clusterin expression 
has been reported in many tissues including the heart, kidney, 
lung, and brain.''” In the heart, clusterin is found in both the 
atria and ventricles of the fetal mouse heart, but in the adult 
heart, only theatria show positive stains for clusterin." How 
ever, marked induction of clusterin can be detectable in the 
heart with acute infarction', in particular the peri-infarct 
Zone.' Induction of clusterin is also observed in the myocar 
dium with inflammation.” Suggesting a protective effect of 
clusterin in the inflammatory myocardium. Clusterin-defi 
cient mice appear to be more sensitive to develop myocarditis 
than age- and sex-matched wild type controls. In the kidney, 
clusterin is expressed in the ureteric bud but not in surround 
ing mesenchyme. When the mesenchyme is induced to dif 
ferentiate into renal epithelium, clusterin expression takes 
place and continues in developing tubules. In newborn mice, 
almost all the tubules express clusterin, but adult tubules 
rarely express clusterin. Similar to the time course in the heart 
and kidney, the developing fetal but not adult lung contains 
clusterin. 

0014. The temporal expression of clusterin during ontog 
eny and tissue injury implies a role for clusterin in organo 
genesis and tissue remodeling, perhaps through regulation of 
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stem cell proliferation, differentiation and apoptosis, and 
interactions with other cellular components or extracellular 
matrix.' Little and Mirkes' recently investigated the rela 
tionship between clusterin expression, normal programmed 
cell death (PCD) in the developing rat limb bud, and abnormal 
cell death induced by hyperthermia in day 11 rat embryos. 
They observed that clusterin mRNA and protein were 
expressed at high levels in the heart, a tissue that is completely 
resistant to the cytotoxic effects of hyperthermia. Similar 
finding occurs in the developing brain. Clusterin expression 
occurs in the earliest neurons of the cortical plate on embry 
onic day (E) 12, and can continue to increase in an age 
dependent manner, with the greatest intensity of expression 
being found in the postnatal mature brain. Clusterin is also 
frequently found in neuron degenerative disorders, such as 
Alzheimer's disease.'" 
0015. In order to better implement the full potential of 
stem cell transplantation for treatment of atherosclerosis, 
myocardial infarction and heart failure, new ways are needed 
to promote or enhance the Success of cellular therapy, includ 
ing improving the Survival of transplanted cells. 

SUMMARY OF THE INVENTION 

0016 Protection of stem cells from inflammatory injury 
and apoptosis as an aid to Successful cellular therapy and 
tissue engineering is described. This will have applicability 
for treatingatherosclerosis and heart failure, in particular. It is 
demonstrated herein that cardiac and vascular myocytes are 
derived from common progenitors in the heart, and that when 
implanted into an injured adult heart, the progenitor cells 
differentiate into both cardiac and vascular cells, and promote 
healing of the damaged myocardium. The synthesis and 
expression of clusterin (apolipoprotein-J) and its use in cel 
lular therapy and tissue engineering are described herein, 
with emphasis on protecting embryonic and adult stem cells 
against inflammatory injury and apoptosis. 
0017. In accordance with certain embodiments of the 
invention, a method of inhibiting apoptosis in mammalian 
cells is provided. For the purposes of this disclosure, the terms 
“inhibiting and “inhibition' have their usual meanings in the 
art and include deterring, preventing, deterrence and preven 
tion of apoptosis or apoptotic cell death. The method com 
prises contacting the cells and/or the Surrounding microenvi 
ronment (e.g., in vitro cell culture, adjacent or “bystander 
cells in vivo) with an amount of clusterin effective to inhibit 
apoptosis or programmed cell death. The cell-secreted 
amount of clusterin is effective to inhibit or prevent apoptosis 
or programmed cell death in distant tissues. In certain 
embodiments, transfection of a nucleotide encoding clusterin 
in cells of a mammalian tissue causes sufficient expression of 
clusterin, effective to inhibit apoptotic cell death in the tissue. 
In certain embodiments, the step of causing the expression of 
an amount of a nucleotide encoding clusterin includes trans 
fecting cells of the tissue with a DNA sequence encoding the 
entire clusterin peptide sequence, in its entirety or in part (i.e., 
a biologically active portion of the clusterin sequence), oper 
ably linked to a promoter and capable of being expressed in 
the cells to provide an amount of clusterin sufficient to inhibit 
apoptotic cell death in transfected and/or non-transfected 
cells of the tissue. For the purposes of this disclosure, the term 
“biologically active portion” refers to an entire native clus 
terin molecule, or to a portion of Such molecule, that has the 
ability to mediate, to at least some extent, the same apoptosis 
inhibitory effect of a native clusterin molecule. In some 
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embodiments, the method includes transfecting one or more 
cell by means of a vector, such as plasmids, phages, viruses 
(e.g., adenovirus or an adenoassociated virus). 
0018. In certain other embodiments the method comprises 
causing the expression of clusterin in a tissue by first, carrying 
out the in vitro synthesis of clusterin using recombinant DNA 
technology, then bioengineering stem cells with the gene 
coding for clusterin, and determining the presence and/or 
amount of clusterin. In some embodiments, clusterin-associ 
ated or regulated proteins are also determined. Finally, the 
bioengineered cells, and/or the clusterin product, are deliv 
ered into a tissue suffering from, or at risk of being Subjected 
to, physical and/or chemical injury. In some embodiments the 
tissue is vascular tissue or cardiac tissue. In certain embodi 
ments, the vascular or cardiac tissue is affected with athero 
sclerosis or heart failure. In other embodiments, the vascular 
or cardiac tissue is not affected with atherosclerosis or heart 
failure. In some embodiments, the cells are one or more of the 
cell types: stem cells, vascular stem cells, cardiac myocytes 
and/or vascular cells (e.g., vascular Smooth muscle cells). In 
Some embodiments, the stem cells are autologous or allogenic 
transplanted Stem cells (e.g. bone marrow derived). In pre 
ferred embodiments, the stem cells are uncommitted and are 
capable of differentiating into cardiac or vascular cells, prior 
to implantation. 
0019. In certain embodiments of an above-described 
method of inhibiting apoptosis in mammalian cells, the step 
of causing the expression of an amount of nucleotide encod 
ing clusterin includes transplanting genetically modified 
mammalian stem cells into a tissue, wherein the genetic 
modification comprises, a DNA sequence encoding clusterin, 
or a biologically active portion thereof, integrated into the 
genome of the stem cell and operably linked to a promoter. As 
a result, the DNA encoding clusterin is able to be expressed in 
cells of the tissue to provide an amount of clusterin sufficient 
to inhibit apoptotic cell death in cells of the tissue. 
0020. In some embodiments, certain of the above-de 
scribed methods provide clusterin mediated enhancement or 
promotion of expression and activation of clusterin-associ 
ated or clusterin-regulated proteins or enzymes, including, 
but is not limited to, aldehyde dehydrogenases. In some 
embodiments apoptosis is induced by at least one agent 
selected from the group consisting of oxysterols, OXLDL, 
cytokines and Fas Ligand. 
0021. In accordance with certain embodiments of the 
present invention, a method of treating or preventing athero 
Sclerosis, or a complication thereof in a mammal, is provided. 
For the purposes of this disclosure, the term “preventing 
atherosclerosis has its usual meaning in the art and includes 
“deterring and “reducing the risk of atherosclerosis. This 
method comprises carrying out an above-described method 
wherein the tissue is a cardiac or vascular region comprising 
an atherosclerotic lesion, or an area that is at risk of forming 
an atherosclerotic lesion, and wherein the contacting of cells 
in the tissue with clusterin deters or prevents apoptotic cell 
death sufficiently to prevent, or reduce the risk of, formation 
of an atherosclerotic lesion. In some embodiments, the con 
tacting of cells in the tissue with clusterin deters or prevents 
apoptotic cell death sufficiently to prevent, or reduce the risk 
of rupture of an atherosclerotic lesion. In certain embodi 
ments, the step of causing the expression of an amount of 
clusterin in the tissue comprises transfecting cells in the tissue 
with a nucleotide sequence encoding clusterin, or a biologi 
cally active portion thereof, capable of being expressed in the 
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cells. In certain embodiments, the cells are chosen from the 
group consisting of vascular cells, cardiac myocytes and 
transplanted stem cells. In some embodiments, the stem cells 
are bone marrow derived stem cells or vascular stem cells. 

0022. In certain embodiments, the atherosclerotic lesion 
comprises an aneurism in a vessel. In certain embodiments, 
the atherosclerotic lesion comprises an unstable plaque 
caused by hyperlipidemia and the amount of clusterin con 
tacting a treatment site is effective to stabilize the plaque (i.e., 
reduce the risk of rupture of the plaque, thrombus formation, 
or other complication). 
0023. In certain of the above-described methods, the 
amount of clusterin is effective to deter or prevent apoptosis 
and/or protect against inflammatory injury, induced by at 
least one agent chosen from the group consisting of oxidized 
low density lipoprotein (OXLDL), oxysterols, cytokines and 
Fas ligand. 
0024. Another embodiment of the present invention pro 
vides a method of treating heart failure in a mammal, which 
comprises transplanting into the heart of the mammal an 
amount of transgenically modified cardiac myocytes over 
expressing Sufficient clusterin, or transgenically modified 
stem cells over-expressing Sufficient clusterin, to improve 
heart function and protect the transgenically modified myo 
cytes and/or stem cells and their adjacent cells from inflam 
matory injury. 
0025. In accordance with still another embodiment of the 
present invention, a transgenic mouse is provided. This trans 
genic mouse comprises a transgenic DNA sequence encoding 
clusterin, or a biologically active portion thereof, stably inte 
grated into the genome of the mouse, and operably linked to 
a promoter. For the purposes of this disclosure, the term 
“stably integrated” means that the exogenous clusterin gene 
with its vector genes, in part or whole, incorporate into 
genomic DNA and can be passed into daughter cells for at 
least multiple generations, preferably for unlimited genera 
tions. Accordingly, the DNA sequence, or portion thereof, is 
expressed in the mouse, and, as a result of the expression, the 
transgenic mouse has an increased level of serum clusterin 
relative to the serum clusterin level in a mouse that does not 
express the same transgenic DNA sequence, or portion 
thereof. In certain embodiments, the serum from the trans 
genic mouse has increased oxysterol-binding activity relative 
to the oxysterol-binding activity of serum from a mouse that 
does not express the transgenic nucleotide sequence, or por 
tion thereof. In certain embodiments, the vascular cells of the 
transgenic mouse have reduced risk of atherosclerotic lesion 
formation relative to that of a mouse that does not express the 
transgenic nucleotide sequence, or portion thereof. 
0026. Still other embodiments of the present invention 
provide a method of producing or synthesizing full-length or 
part of clusterin for inducing or causing the expression of at 
least one gene encoding a protein or enzyme for detoxifica 
tion chosen from the groups consisting of aldehyde dehydro 
genases, apolipoprotein-AI and paraoXonase. In certain 
embodiments, production or expression of clusterin, or a 
biologically-active portion thereof, occurs naturally or by 
recombinant technique or cDNA transduction in at least one 
vector chosen from the group consisting of plasmids, yeasts 
and viruses. In certain embodiments, the native or recombi 
nant clusterin, or portion thereof, occurs in one or more type 
of mammalian cell, preferably cardiac and vascular cells. In 
certain embodiments, the aldehyde dehydrogenase enzyme 
that is induced by clusterin acts as a detoxification agent for 
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oxidized lipoproteins and oxysterols, and thus has anti-ath 
erosclerosis activity. In certain embodiments, the aldehyde 
dehydrogenase is a peptide encoded by a nucleotide 
expressed in one or more type of mammalian cell, including, 
but not limited to, vascular cells, cardiac cells, and undiffer 
entiated stem cells. In certain embodiments, the aldehyde 
dehydrogenase enzyme is an isoform, and recombinant clus 
terin expression and production occurs in one or more mam 
malian tissue (e.g., heart, blood vessel, liver, kidney and 
brain) resulting in at least some measure of protection against 
cytotoxic attack by oxidative stress and/or ischemic injury. 
0027 Still another embodiment of the present invention 
provides a method of administering stem cells with enhanced 
expression of recombinant clusterin, or that have been treated 
with clusterin, into a tissue or organ. In some embodiments, 
the tissue or organ comprises a failing heart or an atheroscle 
rotic blood vessel. In some embodiments, the stem cells are 
administered by intravenous injection, intra-arterial catheter, 
or by intramuscular or intratissue injection. In certain 
embodiments, the stem cells are delivered or injected together 
with an agent that causes vascular dilation and/or are co 
administered with an anti-thrombotic agent. These and other 
embodiments, features and advantages of the present inven 
tion will be recognized by those of skill in the art from the 
following detailed description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a schematic representation of the molecu 
lar structure of clusterin. 
0029 FIG. 2 is a schematic representation of the plasmid 
pKS56 with a clusterin cDNA-His insert. 
0030 FIG. 3 is a schematic flow diagram of the Lengen 
dorff system for ex vivo analysis of function of the hearts with 
or without stem cell transplantation. 
0031 FIGS. 4A-B are representative photomicrographs of 
tissue sections showing myocardial infarct (FIG. 4A) and 
apoptotic cell death (FIG. 4B) in the murine heart. 
0032 FIGS. 5A-B are representative photomicrograph 
images of murine cardiac stem cells cultured in the presence 
(FIG. 5A) or absence (FIG. 5B) of clusterin. 
0033 FIGS. 6A-B are representative images of GFP 
transfected fetal cardiac myoblasts, illustrating GFP clNA 
transfection leading to expression of the GFP in fetal cardiac 
myoblasts. FIG. 6A is a phase-contrast image. FIG. 6B is a 
fluorescent image showing GFP positive cells 48 hours after 
transfection. 
0034 FIGS. 7A-C are an immunoblot and photomicro 
graphs showing that intracellular expression of clusterin 
inhibits apoptosis in KG-293 cells. FIG. 7A: clusterin expres 
sion in tetracycline-uninduced (lanes 1, 2) and -induced 
(lanes 3, 4) cells. FIG. 7B: apoptosis in uninduced, clusterin 
low cells. FIG.7C: apoptosis in induced, clusterin-high cells. 
0035 FIG. 8 is a photograph of an agarose gel after elec 
trophoresis of PCR products of clusterin transgenic mice 
genomic DNA and UV visualization. 
0036 FIG. 9 is an immunoblot showing clusterin expres 
sion in clusterin transgenic (TG) and wild type mice. Lanes 
1-5: transgenic. Lanes 6-7: wild type. 
0037 FIG. 10 is a group of dot blots shows clusterin bind 
ing to free cholesterol and 7-ketocholesterol in clusterin 
transgenic (TG) and wild type (WT) mice. 
0038 FIG. 11 is an ethedium bromide-stained agarose gel 
loaded with DNA samples extracted from clusterin-trans 
fected or non-transfected vascular Smooth muscle cells. 
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0039 FIG. 12 is a Coomassie blue dye-stained polyacry 
lamide gel with unpurified (lanes 1-4) and purified (lanes 5-6) 
recombinant clusterin (apol) fractionated by electropherosis. 
0040 FIG. 13 is an immunoblot showing induction of 
aldehyde dehydrogenase-1 (ALDH-1) in murine vascular 
Smooth muscle cells by treatment with recombinant human 
clusterin (apol) at different concentrations (lane 1, 0 ug/ml; 
lane 2, 5ug/ml, lane 3, 25 g/ml, lane 4, 50 ug/ml). 
0041 FIG. 14 is a post-electrophoretic, ethedium bro 
mide-stained agarose gel with the products of RT-PCR for 
ALDH-1 mRNA (upper panel) and Glyceraldehyde 3-Phos 
phate Dehydrogenase (GAPDH) (lower panel) in clusterin 
(apo) transgenic and wild type mice. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0042. For the purposes of this disclosure, the term “clus 
terin” refers to the apolipoprotein-J originally derived from 
ram rete testes (NCBI Acc. No. NM 203339, NM 001831), 
and to homologous proteins derived from other mammalian 
species, including human, whether denominated as clusterin 
or not. The sequences of numerous clusterin species are 
known and have been assigned NCBI accession numbers 
(NCBI Acc. No. NM 013492, NM 053021, NM 012679). 
0043. It is now proposed that clusterin, as a multifunc 
tional protein, may play an important role in regulation of 
cardiovascular stem cell survival, proliferation and differen 
tiation. The present investigation of the molecular mecha 
nisms underlying the clusterin role in the development of 
neomyocardium and neovascular tissues in the infarcted 
hearts transplanted with fetal stem cells is described herein. 
Information on synthesis and expression of several clusterin 
associated or regulated proteins or enzymes are also dis 
closed, which include, but not limited to, caspases, high den 
sity lipoproteins, apolipoprotein-A, paraoXonase, and alde 
hyde dehydrogenase (ALDH). Methods for detecting and 
preparing clusterin are described herein. Accordingly, the 
strategic synthesis and expression of clusterin (apolipopro 
tein-Jorapo) and its use in cellular therapy and tissue engi 
neering for protecting embryonic and adult stem cells against 
inflammatory injury and apoptosis are encompassed in the 
present invention. The application of clusterin in tissue repair 
and response against lipid cytotoxicity of OXLDL and asso 
ciated oxysterols, and in preventing atherosclerosis plaques 
from rupturing or development of complications is also 
described herein. 

General Methods and Materials 

0044 Stem Cell Preparation and Culture. The protective 
effects of clusterin on three types of mouse stem cells were 
tested. The three cell types are fetal or neonatal cardiac myo 
blasts, embryonic stem (ES) cells, and bone marrow stromal 
cells. Fetal or neonatal hearts were collected freshly from 
C57BL/6J mice and digested with collagenase II/DNase I, 
and cultured in DMEM serum-free medium supplemented 
with antibiotics and insulin. Non-myocytic cells were sepa 
rated by Percoll gradient purification of cardiomyocytes. 
Since mature myocytes will not be adherent to culture dish 
and die quickly under the low oxygen condition, adherent, 
multi-potent fetal or neonatal myoblasts were collected by 
using collagenase digestion after removing non-adherent or 
dead cells. Mouse ES cell line, D3, obtained from ATCC, has 
been cultured in the inventors laboratory, and was used for 
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these studies. Mousebone marrow stromal cells were isolated 
by needle inspiration. Stromal cells were separated from 
blood cells, vascular cells and fibroblasts by use of magnetic 
beads coated with anti-stromal cell antibodies. Cells were 
also grown in DMEM medium with 5% fetal bovine serum. 
0045 Preparation of Native and Recombinant Clusterin. 
To treat stem cells with clusterin, two forms of clusterin were 
prepared. One is the native clusterin (NCBIACCESSIONNo. 
NM 013492. Clusterin was prepared from blood plasma 
using affinity chromatography with anti-clusterin antibody, 
In addition, a plasmid was constructed in which mouse or 
human clusterin cDNA is connected with a His-tag and 
inserted under a CMV promoter. Schematic presentation of 
the plasmid pKS56 with a clusterin cDNA-His insert is shown 
in FIG. 2. pKS56 was constructed by inserting clusterin (clus 
terin)-His cDNA under the promoter CMV into pGlow 
TOPO plasmid (Invitrogen). This promoter also contains a 
tetracycline-regulatory element. Stable transfection was 
achieved by using Zeocin as a Zeocin-resistant gene is also 
included in the vector. Recombinant clusterin produced by 
transfected 293 cells was purified by His-tag removing kits. 
The purity of recombinant clusterin was examined by poly 
acrylamide gel electrophoresis (FIG. 12). 
0046 Treatment of Stem Cells in Culture. An in vitro 
system was first employed to examine the protective effects of 
clusterin on stem cells. Stem cells were treated with clusterin 
at different concentrations in the cultures with or without 
proinflammatory cytokines or T lymphocytes pre-activated 
by mitogens. After 2-4 days of stimulation, cell survival and 
apoptosis were examined using a combination of techniques 
including flow cytometry, fluorescent microscopy, and radio 
active isotope labeling, as described below. Control experi 
ments were set up using other types of proteins, such as 
bovine albumin. 

0047 Detection of Apoptotic Cells. Determination of apo 
ptosis needs a combination of techniques in morphology and 
biochemistry. Apoptosis was detected using the following six 
techniques: 1) Light microscopy; 2) Fluorescent confocal 
scanning or non-confocal microscopy, 3). In situ labeling of 
DNA3'ends (TUNEL technique), 4) Electron microscopy, 5) 
DNA agarose gel electrophoresis, and 6) Flow cytometry. 
These techniques are describe more particularly as follows: 1) 
Light microscopy was applied routinely to analyze morpho 
logical changes of vascular cells. 2) Fluorescent confocal 
scanning or non-confocal microscopy was used to character 
ize cytoskeletal and nuclear alterations after immunofluores 
cent staining. DAPI or Hoechst dye was used for nuclear 
morphology under UV excitation.3). In situ labeling of DNA 
3'ends (TUNEL technique). In principle, the enzyme, termi 
nal deoxynucleotidyl transferase (TdT), which catalyzes a 
template-independent addition of deoxyribonucleotide to 
3'-OH ends of DNA, was used to incorporate digoxigenin 
conjugated duTP to the ends of DNA fragments. The signal 
of TdT-mediated duTP nick end labeling (TUNEL) was 
detected by an anti-digoxigenin antibody conjugated with 
peroxidase, a reporter enzyme which catalytically generates a 
brown color product from the chromogenic Substrate diami 
nobenzidine. After TUNEL, counterstaining was performed 
by immersing the slides in methyl green or by fluorescent 
staining of nuclei with DAPI (UV) or YOYO-1 (FITC). Allit 
eratively, to confirm the specificity of the DNA end labeling, 
a fluorescent method was also used to determine nuclear 
DNA fragmentation. Fixed cells were incubated with a label 
ing solution containing biotin-1 6-dUTP in the presence of 
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TdT (Boehringer Mannheim) for 30 min, washed in PBS, and 
then probed with fluorescein-isothiocyanate (FITC)-labeled 
Extravidin (Sigma) in 4x concentrated SSC buffer, 0.1% 
Triton X-100, and 5% nonfat dry milk. Nuclear counterstain 
ing was performed with propidium iodide, or preferably, with 
DAPI or Hoechst dye. 4) Electron Microscopy. To determine 
the ultrastructure of cells undergoing apoptosis, transmission 
electron microscopy was performed. 5) DNA Agarose Gel 
Electrophoresis. Internucleosomal DNA fragmentation char 
acterizes apoptosis biochemically. To determine whether 
cells die by apoptosis or necrosis, DNA was isolated from 
cells using the classic phenol/chloroform extraction method. 
DNA was precipitated in ethanol, and analyzed for fragmen 
tation by 2% agarose gel electrophoresis with ethidium bro 
mide. 6) Flow Cytometry using a State-of-the-Art Flow 
Cytometer (Beckman-Coulter). In this study, cell prolifera 
tion and apoptosis were analyzed by flow cytometry. Cells 
were labeled with anti-caspase antibodies or anti-Annexin V 
with propidium iodide nuclear counterstaining. 
0048 Transfection with Clusterin cDNA. Initially a plas 
mid was constructed that contains a truncated form of clus 
terin cDNA with deletion of the sequence responsible for 
cross-membrane transport. Transfection of human embryonic 
293 cell line with this plasmid leads to intracellular overex 
pression of a non-secreted form of clusterin. The clusterin 
gene is under control of a CMV promoter with tetracycline 
sensitive elements. Transfected cells do not express clusterin 
until they are exposed to tetracycline. This plasmid will be 
used to deliver the truncated clusterin gene into stem cells. 
The cells will be selected using G418 as the plasmid contains 
a neomycin-resistant gene. 
0049 Flow Cytometry and Immunoblotting. To further 
determine expression of clusterin, stem cells are treated with 
tetracycline, and Subjected to flow cytometry which quanti 
tatively measures the levels of clusterinas well as apoptosis. 
Cells are stained with anti-clusterin antibodies conjugated 
with the fluorochrome FITC or PE and analyzed in a flow 
cytometer. In some experiments, double staining is per 
formed by using a combination of two or three antibodies to 
caspases and Fas or CD95. Data is analyzed using a suitably 
programmed computer. For immunoblotting, total proteins 
are isolated from treated and untreated cells, and load 30 
ug/lane proteins into SDS-PAGE. After electrophoresis, frac 
tions of proteins will be electrotransferred onto a PVDF 
membrane, and probed with anti-clusterin or other antibod 
ies. The membrane will be developed by using a chemilumi 
nescence kit. 

0050 CD95 and CD95L Expression and Activation. 
Whether clusterin-transfected or expressing stem cells pro 
duce different levels of CD95 or Fas and its ligand from 
native, untransfected stem cells is determined by flow cytom 
etry and immunoblotting for expression of CD95 and CD95 
ligand, as described above. Apoptosis is also analyzed in the 
clusterin-overexpressing stem cells using the methods 
described above, including in situ labeling of DNA frag 
ments, DNA agarose electrophoresis and morphometry. In 
addition, the caspase activation and mitochondrial function 
are determined as described below. 

0051 Mitochondrial Transmembrane Potential. Decrease 
in mitochondrial transmembrane potential (Au) is one of the 
early events of apoptosis. Several types of membrane-perme 
able lipophilic cationic fluorochromes, such as DiOC6 and 
rhodamine 123, can serve as probes for analysis of the poten 
tial in flow cytometry. When live cells are incubated in their 
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presence, the probe accumulates in mitochondria and the 
extent of their uptake, measured by the intensity of the cellu 
lar fluorescence, is considered to reflect Alp. Cells were 
cultured in DMEM medium with 10% fetal bovine serum and 
exposed to CD95L in the presence of IFNY and TNFC. The 
cells were collected for flow cytometry at 488 nm line of the 
argonion laser for blue light, 530 nm for green and 600 nm for 
red. A combination of Rh 123 and PI labels non-apoptotic 
cells green, early apoptotic cells dim green, and late apoptotic 
cells red. The Alp, decrease is usually reflected by reduced 
intensity of the green fluorescence. The data was analyzed in 
a computer program for quantitation. 
0052 Cyt-C Release. Cytochrome C (cyt-C) release from 
mitochondria is a key step for many cell types undergoing 
apoptosis. Through an adaptor protein, cyt-C can activate 
caspase-9 and then a DNase, leading to a final episode of 
apoptosis. To detect cyt-C release from mitochondria, cyto 
solic proteins were collected for immunoblotting after the 
oxysterol stimulation. Cellular membrane were permeabi 
lized with digitonin (10 ug/ml), while mitochrondrial mem 
brane remains intact as digitonin has no effect to mitochon 
dria. After permeabilizing cellular membrane, the cells were 
centrifuged and Supernatants were collected for immunoblot 
ting with anti-cyt-C antibody (PharMingen). The cytosolic 
proteins in the Supernatants were tested for protein concen 
tration by using a BCA protein assay kit. 30 ug/lane proteins 
was loaded into SDS-PAGEgels (10%), and fractionated by 
electrophoresis. The fractionated proteins were transferred 
onto PVDF membrane using a semi-dry protein-transferring 
device (BioRad). After blocking with 4% fat-free milk, the 
membrane was incubated with rabbit anti-cyt-C, and peroxi 
dase-conjugated second antibody to rabbit IgG was used to 
detect the antibody. 
0053 Detection of Clusterin Expression at mRNA and 
Protein Levels. Two methods were used for determination of 
clusterin mRNA levels. The first method is Real-time RT 
PCR using a quantitative, real-time PCR cycler (Smart 
Cycler, Cepheid, Suwance, Ga.). The second method is 
RNase protection assays. Total RNA was isolated from cul 
tured cells or tissues using a RNA isolation kit from Promega. 
For determination of clusterin protein levels, immunoblotting 
with anti-clusterin was performed. 
0054 Mouse Myocardial Infarction and StemCell Trans 
plantation. In order to examine in vivo functions of clusterin, 
a mouse infarct model was used. Adult mice (C57BL/6J) at 
4-8 months and both sexes were used in the studies. Animals 
were anesthetized with intramusclar administration of ket 
amine (20 mg/kg) followed by intraperitoneal injection of 
pentobarbital. The animals were then intubated, and positive 
pressure ventilation was maintained with oxygen Supply. The 
heart was exposed through left lateral thoracotomy. Infarcts 
of the hearts were created by ligation of coronary arteries or 
by cryoinjury with a metal probe pre-cooled to -190° C. by 
immersion in liquid nitrogen. Stem cells suspended in PBS or 
saline with or without clusterin were injected into the hearts 
with infarcts. Cells were not only injected into infarcted areas, 
but healthy regions or risk areas were also provided with the 
stem cells to determine cell survival in different regions of the 
hearts. Stem cells were labeled with fluorescent dyes such as 
DAPI or acridine orange. In some cases, GFP cDNA-trans 
fected stem cells were used for transplantation. 
0055 Physiological and Pathological Analysis. The hearts 
transplanted with stem cells were analyzed for alterations in 
function and morphology by various techniques in physiol 
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ogy and pathology. Eight weeks after operation, the animals 
were examined for heart function. Mouse echocardiography 
and EKG were performed to determine any difference in 
cardiac performance and electrophysiology. For pathological 
analysis, the hearts were taken out and fixed informalin. H&E 
staining were performed on the sections of the hearts. Since 
paraffin sections may not be suitable for immunohistochem 
istry with some antibodies, sections were cut using a cryostat. 
In some experiments, part of the hearts were collected for 
proteins and mRNA examination. 
0056 Analysis of Autoimmune Antibodies and T Cells 
Against to Stem Cells. Allogenic stem cells were used for 
transplantations in this study. Although allogenic stem cells 
are weak antigens and do not trigger strong immune reaction, 
chronic immune rejection may occur in certain animals which 
are prone to autoimmune disorders. Therefore, it was inves 
tigated whether anti-stem cell autoantibodies and T cells exist 
in C57BL/6J mice which receive cell transplantation. The 
blood from the animals was collected for preparation of 
immunoglobulin and T cells. A cell lysis assay with the 
complemental factors was used for determination of the 
autoantibody activities against the stem cells. Stem cells were 
labeled with the fluorescent dye DAPI and then incubated 
with freshly prepared immunoglobulin for 2 hours. The 
complemental factors C3 and C4 were added into the cul 
tures. Stem cells attacked by the immunoreaction died and 
released DAPI, which was measured by fluorometry. For 
determination of autoimmune T cells to stem cells, mono 
nuclear cells were isolated from the blood of mice with stem 
cells transplanted by Ficoll-Paque gradient centrifugation. 
CD3 is a major surface marker of T lymphocytes. Therefore, 
CD3 positive cells were collected for assessing the cytotox 
icity of T cells against stem cells in the transplanted mice. 
CD3-positive T lymphocytes were prepared from mono 
nuclear cells by magnetic beads coated with anti-CD3. Stem 
cells were labeled with calcein (Molecular Probes). After 
incubation with T cells for overnight (12-16 hours), superna 
tants were harvested and calcein release was determined by 
use of a CytoFluor fluorescence plate reader. 
0057 Stem Cell Culture and Treatment With Oxysterols 
and Cytokines. Mouse stem cells were used in this in vitro 
study. Two groups of proapoptotic agents were used to induce 
apoptosis of stem cells: oxysterols and cytokines. In group 1. 
stem cells were treated with 7-ketocholesterol (7-KC) and 
25-OH-cholesterol (25-OH-C), two oxysterols known to 
exist in abundantly in atherosclerotic lesions and to induce 
apoptosis in cardiovascular cells. Free cholesterol was used as 
controls. In group 2, Stem cells were incubated with a com 
bination of tumor necrosis factor (TNF)-C. and interferon 
(IFN)-Y, two cytokines previously shown to induce apoptosis 
of stem cells. In addition, to determine whether the Fas death 
signaling pathway is involved in apoptosis of stem cells, stem 
cells were treated with recombinant Fasligand in the presence 
of IFN-y. 
0.058 Clusterin Treatment. In order to determine whether 
clusterin prevents apoptosis of stem cells, stem cells were 
pretreated with clusterin purified from serum or synthesized 
by use of recombinant technology. Stem cells were cultured 
in a serum-free, conditioned medium Supplemented with 
20-30 ug/ml clusterin for 24 hours. The preliminary data 
indicated no apoptosis under the culture condition with clus 
terin. The cells treated with clusterin were exposed to oxys 
terols and cytokines, respectively, as stated above. Cells were 
analyzed for apoptosis using the following methods after 



US 2009/0210956 A1 

treatment. Control cells were treated under the same condi 
tions except for no stimulation with pro-apoptotic agents. 
0059 Apoptosis Induced by Oxysterols. As noted above in 
the background discussion, free cholesterol that accumulates 
during the development of atherosclerosis oxidizes, produc 
ing oxysterols that have increased cytotoxicity to vascular 
cells. Previous in vitro studies have shown that some oxys 
terols such as 7-ketocholesterol (7-KC) and 25-OH-Choles 
terol (25-OH-C) exerts potent apoptotic effects on stem cells. 
Oxysterols are considered to be major cytotoxic components 
of oxidized low density lipoprotein (oxLDL). It was previ 
ously unclear, however, whether apoptosis plays a role in the 
development of neocardiovascular tissues. In the present 
studies, it was investigated whether clusterin can prevent or 
attenuate apoptotic effects of oxLDL or oxysterols, and 
underlying molecular mechanisms in stem cells and their 
progeny. To determine the effect of clusterin on apoptosis of 
stem cells and macrophages induced by oxysterols in vitro, 
stem cells were cultured in a lipoprotein-deficient medium. At 
subconfluence, the cells were treated with 7-KC and 
25-OH-C at 30 lug/ml each in the presence or absence of 
clusterin at 100 ug/ml. Thereafter, the cells were collected for 
the studies of apoptosis. As described above, the following 
assays were performed to determine the occurrence of apop 
tosis: analysis of cellular and nuclear morphology, DNA iso 
lation and electrophoresis, FITC-annexin V binding assay, 
and immunocytochemistry for caspases and Bcl2 family pro 
teins. 

0060 Detection of Oxysterol-Clusterin Complexes by 
Eastern-Western Blotting. As an apolipoprotein, clusterin 
contains a peptide sequence that is highly hydrophobic. To 
demonstrate the interactions between clusterin and oxysterols 
in the arteries of apoE-null and wild type mice at different 
ages, it was determined whether clusterin can form com 
plexes with oxysterols using immunoprecipitation and GC 
MS spectroscopy. Total proteins extracted from the aortas 
under various protease inhibitors were mixed with anti-clus 
terin antibody, and the clusterin complex was separated by 
affinity chromatography. The clusterin lipid content was 
determined by GC-MS spectroscopy as described above. To 
more directly visualize the formation of clusterin and oxys 
terol complexes, a newly developed method for assessing 
lipid-protein interactions in vitro was used. This technique so 
called Eastern-Western blotting combines thin layer chroma 
tography (TLC) and immunoblotting and provides a sensitive 
methodology to detect complex formation and conformation 
alterations between lipids and proteins. In brief, lipids were 
extracted from the aortic tissue in methanol/chloroform (2:1). 
The lipids were separated by TLC (mobile phase: hexanes: 
methanol:ethyl ether, 96:15:8). Oxysterol standards were 
used in the same plates as controls. Lipids were visualized by 
exposure to iodine. After TLC separation, the lipids and oxys 
terol standards were transferred from the TLC plate onto a 
PVDF membrane using a heat-blotting device at 70-80° C. 
The membrane with lipids transferred were then used for 
Western or immunoblotting. Total aortic proteins separated 
by SDS-PAGE were blotted onto the membrane using a Bio 
Rad semidry transferor. The membrane was incubated with 
anti-clusterin, and developed using a peroxidase-ECL system 
(Amersham/Pharmacia). 
0061 Efflux of Oxysterols. To analyze the role of clusterin 
in efflux of intracellular oxysterols, a macrophage culture 
system is used. Peritoneal macrophages and stem cells iso 
lated from apoE-null mice are incubated with a serum-free 
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medium containing acetylated LDL with H-oxysterols such 
as H-7-KC and H-25-OH-C. After incubation for 24 hours, 
the cells are incubated with different concentrations of clus 
terin purified by affinity chromatography. The control experi 
ments are performed by incubating the cells with albumin at 
the same concentrations. After 24, 48 and 72 hours, Samples 
of the culture medium and the treated cells are collected for 
oxysterol assays by liquid Scintillation counting. 
0062 Effects of Oxysterols on Expression of Clusterin. It 
was hypothesized that oxysterol exposure itself may actually 
influence expression of clusterin and thereby promote apop 
tosis of vascular cells in the arteries during aging. To test this 
hypothesis, stem cells were treated with 7-KC (30 g/ml) and 
25-OH-C (30 g/ml), and extracted RNA and proteins from 
the treated and untreated cells after incubation for 24, 48 and 
72 hours. Northern blotting and immunoblotting were per 
formed for detection of clusterin mRNA and protein, respec 
tively. To normalize sample loading and compare the clus 
terin levels to the "house-keeping gene products, such as 
B-actin, the mRNA and protein of B-actin were also analyzed. 
0063 Apoptosis and Caspase Activation Induced by 
Oxysterols and CD95L (FasL). To determine whether clus 
terin can inhibit apoptosis of cardiovascular stem cells, DNA 
fragmentation, TUNEL and morphological alterations in 
stem cells treated with 7-ketocholesterol and CD95L in the 
presence or absence of clusterin were examined. Cell viabil 
ity was evaluated by fluorescent microscopy with the fluoro 
chrome dyes, acridine orange and ethidium bromide. Caspase 
activation was also analyzed using the following methods. (i) 
Analysis of Endogenous Substrates for Caspases. In order to 
Verify the presence of activated forms of caspases, several 
cellular proteins were analyzed which are known as caspase 
Substrates, such as gelsolin and poly(ADP-ribose) poly 
merase (PARP). Immunoblotting can be used for determina 
tion of the caspase cleavage of the two cellular proteins. To 
clarify whether the caspase activation induced by CD95L is 
dependent on cyt-C release from mitochondria, invitro model 
was used in which cytosolic cyt-C was tested for its capability 
ofactivating caspase-9. After incubation for 2 hours at 37°C., 
the protein samples were analyzed by immunoblotting with 
antibodies to caspase-3, caspase-8, and caspase-9. Addition 
of cyt-C lead to activation of caspase-9 and caspase-3 but not 
or less caspase-8, as the latter is primarily activated by a 
non-mitochondrial mechanism. (ii) Caspase activities. For 
determination of caspase activity, fluorogenic and chromoge 
nic assays were also used for determining the caspase activity. 
Because the caspases have overlapping cleavage sites, these 
assays are not specific for individual caspases. However, the 
information from these assays is helpful in terms of overall 
evaluation of the caspase activities in the cells. Vascular cells 
were treated with oxysterols and harvested the cells by 
trypsinization. After washed in ice-cold PBS by centrifuga 
tion, the cells were homogenized with 20-30 strokes in a 
tight-fitting Dounce homogenizer. The homogenate was cen 
trifuged and Supernatant were used for the caspase Substrate 
cleavage assays with the fluorogenic substrate Ac-DEVD 
AFC. The reaction was incubated at 37° C. and continuous 
monitoring of fluorochrome release was utilized to examine 
the kinetics of product release and/or the kinetics of enzyme 
inhibition. The fluorescence was measured using an excita 
tion wavelength of 360 nm and an emission wavelength of 
475 nm. The absolute amount of fluorochrome released is 
determined by measuring the fluorescence of a panel of stan 
dards containing various amounts of the liberated fluoro 
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phore. As an alternative to the molecular genetic approach, it 
is appealing to attempt to inhibit caspase activities with spe 
cific inhibitors. In this regard, the caspase-3 inhibitor, 
N-(acetylaspartyl-glutamylvalinyl)-3-amino-3-formyl-pro 
pionic acid (Ac-DEVD-CHO), was added to the cultures 
treated with or without oxysterols. The caspase-3 activities in 
cleavage of its endogenous (gelsolin and PARP) and exog 
enous (AC-DEVD-AFC) substrates was examined by immu 
noblotting and fluorometry, respectively. 
0064. Ex Vivo and In Vivo Studies on apoE-null Mice. 
ApoE-null mice develop hypercholsterolemia and severe ath 
erosclerosis highly resembling the human situation. It was 
hypothesized that stem cells may undergo high levels of apo 
ptosis in the apoE-null hearts than in the wild animal hearts. 
To test that hypothesis, in addition to the in vitro studies, two 
different experiments were performed. In the first experi 
ment, a Langendorff ex vivo heart perfusion model was used 
to determine the oxysterol proapoptotic effects on stem cells. 
A schematic flow diagram of the Lengendorff system for ex 
vivo analysis of function of the hearts with or without stem 
cell transplantation is shown in FIG. 3. The contraction and 
electrophysiology of the hearts were recorded. Stem cells 
with or without oxysterols were mixed at different concen 
trations and then perfused the cell-oxysterol mixtures into the 
heart. Apoptosis of stem cells passing through the hearts was 
determined and compared with those stem cells which stay 
inside the hearts. ApoE-null and wildtype animal hearts were 
used to examine whether there is a difference in stem cell 
death between apoE-null and wildtype hearts. The advantage 
of using the Langendorff model is that the effects of hema 
dynamic alterations and other in vivo factors could be 
excluded. The second approach was in in Vivo studies with 
apoE-null mice. Infarcts were generated in apoE-null and 
wild type control mice by open chest Surgery as stated in Aim 
I. Fluorescently labeled stem cells were transplanted into the 
myocardium of apoE-null mice and controls. Stem cells were 
pretreated with or without oxyserols and injected with or 
without clusterinto determine whether clusterin exerted pro 
tective effects on the stem cells transplanted. The animals 
were closely monitored and echocardiography and EKG was 
conducted to determine functional changes in the hearts. The 
hearts were collected for the pathological studies for immu 
nohistochemistry and morphological evaluation. In some 
studies, the heart was also isolated and the Lengendorff per 
fusion and function analysis of the isolated hearts were per 
formed. 

0065. The hearts were perfused with Krebs-Henseleit 
buffer under 5% CO, and 95% O. A latex balloon was put 
into the left ventricle through the mitral valve and connected 
to a pressure transducer, a transducer amplifier, and a differ 
entiator amplifier (Gould Instrument System, Valley View, 
Ohio). After 30 min of stabilization, the coronary flow of the 
heart was determined in triplicates by timed collection in the 
empty beating state. The systolic and diastolic pressures were 
recorded and the developed pressure will be calculated. The 
heart weight and body weight was measured. 
0066 Clusterin Levels in Blood and in the HDL Fraction 
in Clusterin Transgenic Mice. A clusterin transgenic mouse 
strain was established using a transgenic construct containing 
a CMV promoter, a tetracycline-regulated element, and 
growth hormone poly (A) sequence. To evaluate the levels of 
clusterin in the blood, an ELISA method was developed with 
monoclonal antibody against clusterin. The blood samples 
were collected from the mice during tail DNA sampling. 

Aug. 20, 2009 

Serum was prepared from the blood samples. Cholesterol 
levels, lipoprotein profiles and clusterin concentrations were 
determined respectively. In brief, 100 ul of serum diluted in 
PBS was incubated in a 96 well plate coated with a rabbit 
polyclonal antibody to clusterin. After incubation and wash 
ing in PBS, bound clusterin was detected by incubating with 
mouse monoclonal antibody to clusterin. Goat anti-mouse 
IgG conjugated with peroxidase was used as the second anti 
body. Cholesterol and HDL was determined in the laboratory 
of Department of Laboratory Medicine. The ratio of clusterin 
vs. HDL was calculated after normalization with the lipid 
content. In addition to ELISA, immunoblotting assays were 
performed to verify the results from ELISA. 20 ug/lane of 
serum proteins was loaded into 10% SDS-PAGE. After elec 
trophoresis, protein bands were transferred to a membrane 
and stained with anti-clusterin. Immunoperoxidase method 
was used to detect clusterin bands. 

0067 Expression of Clusterin Protein and mRNA in the 
Heart and Other Tissues. Clusterin expression in arterial tis 
sues has been shown in previous studies. However, there has 
been little information as to whether there is a difference in 
clusterin expression between animals with and without ath 
erosclerotic coronary disease. Therefore, in the present stud 
ies, quantitative morphological analysis of clusterin expres 
sion in the heart and aorta was conducted. 
Immunohistochemistry was performed using monoclonal 
anti-clusterin. In some cases, double staining was performed 
by combining TUNEL staining with anti-clusterin staining. 
The sections were stained by TUNEL and then subjected to 
immunostaining with anti-clusterin. Immunoblotting assays 
were conducted in order to backup the data from immunohis 
tochemistry. Total proteins extracted from plaques were 
examined with anti-clusterin using the method described 
above. Clusterin mRNA was evaluated using real time RT 
PCR. The real time RT-PCR is a very useful method which is 
highly sensitive and reliable. Total RNA was isolated from 
plaques and converted into cDNA by reverse transcription 
followed by amplification with Taq polymerase. A real-time 
PCR cycler was used to quantitatively determine the levels of 
clusterin mRNA. 

0068 Correlation of Clusterin Expression to Changes in 
Cellularity and TUNEL Positivity. To determine the relation 
ship of clusterin expression and cell accumulation, the cellu 
larity and TUNEL positivity in the regions with higher or 
lower expression of clusterin were examined. Thus, double 
staining with a combination of anti-clusterin immunostaining 
and TUNEL were performed using the method described 
above. For evaluation of the cellularity, immunohistochem 
istry was performed with cell type-specific antibodies, such 
as anti-C-SM-actin for vascular Smooth muscle cells, anti 
cardiac myosin or sarcomeric actinin for cardiac myocytes, 
anti-CD3 for T cells, and anti-MAC3 or CD68 for macroph 
ages. Nuclear counterstaining was carried out with the DNA 
binding fluorescent dye DAPI. 
0069 Generation and Characterization of GFP-Tagged 
Stem Cells. Green fluorescent protein (GFP) cloned from 
Aequorea victoria absorbs blue light and emits a green fluo 
rescence. The GFP fluorescence is stable and species-inde 
pendent, and it does not require any Substrates or cofactors. 
Hence, GFP has been extensively utilized as a living marker 
for transient and stable transfection analysis. In the present 
studies, in order to label fetal myoblasts with GFP for cell 
implantation, fetal cells were transfected with a plasmid con 
taining a cDNA insert coding for GFP. After 24 hours of 
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transfection with the GFP cDNA, the cells were examined 
under a fluorescent microscope. Positive cells illustrated a 
Vivid green fluorescence in cytoplasm under a ultra-violet 
fluorescent microscope, indicating expression of GFP in the 
cells. A pilot study showed that the GFP-positive cells have 
morphology similar to their parent, non-transfected cells as 
well as to the GFP-negative cells in the same cultures. To 
establish a stable cell line, the stem cells with stable GFP 
expression were further selected by transfecting with a plas 
mid containing both GFP cDNA and neomycin-resistant 
gene. After transfection, the cells were exposed to G418 to 
eliminate untransfected, GFP-negative cells. Although nor 
mally GFP has no cytotoxicity to cultured cells, the possibil 
ity of this protein being able to affect differentiation of the 
stem cells into cardiac cells when it is overexpressed could 
not be ruled out. Therefore, by immunocytochemistry and 
immunoblotting, the expression of several proteins markers 
known to be present in cardiac myocytes were examined. 
GFP-expressing cardiac stem cells and their daughter cells 
displayed strong fluorescent signals for sarcomeric C-actinin 
and cadherins. 

0070 Transplantation of Stem Cells. Two approaches 
were used to transplant stem cells into the hearts. The first one 
transplanted non-transgenic stem cells into the clusterin 
transgenic hearts with or without infarction. At this part of the 
experimentation, it was determined whether stem cells better 
Survive and differentiate in an environment with exogenous 
clusterin over-expressed. In the second part of the experimen 
tation, stem cells were isolated from fetal clusterin transgenic 
hearts or adult bone marrow, and were transplanted into wild 
type, non-transgenic hearts. This experiment was designed to 
determine whether endogenous expression of clusterin pro 
motes stem cell survival and differentiation in the hearts with 
infarction. All the stem cells were labeled with GFP by cDNA 
transfection as described above. 

0071. Echocardiography. After transplantation of the stem 
cells, morphological and functional changes were monitored 
using echocardiography. 2D and M-Mode echocardiography 
was performed one, two, and four weeks after transplantation. 
The echocardiography studies were conducted actually using 
ultrasonography as the murine heart is Small. Mice were 
anesthetized with ketamine and Xylazine, chests shaved and a 
layer of acoustic coupling gel will be applied to the thorax. A 
dynamically focused 9-MHz annual array transducer was 
applied using a warmed saline bag as a standoff. All echo 
studies were performed using a state of the art echo machine 
(HP Model Sonos 5500 HP). Area fractions were determined 
by planimetry of diastolic and systolic Volumes in parasternal 
short axis. The LV end-diastolic and end-systolic dimensions 
were measured using the M-Mode from >3 beats by two 
independent investigators blinded to the research animals. 
LVEF (left ventricular ejection fraction) was calculated as 
follows: LVEF=(LVIDd)-(LVIDs)/(LVIDd), LVIDd: end 
diastolic left ventricular internal diameter; LVIDs: end-sys 
tolic left ventricular diameter. 

0072 ECG and Patch-Clamp Studies. Electrophysiologi 
cal changes are important features of cardiac dysfunction 
during myocardial infarction or ischemic heart failure. To 
characterize the electrophysiological alterations in the inf 
arcted heart with stem cell transplantation, two approaches 
were used: one is the in vivo study with electrocardiogram 
(ECG), and other one is the in vitro study with the patch 
clamp technique to measure ion channel functions. ECG was 
recorded and analyzed for changes in electrophysiology Such 
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as QRS waves and ST segment. For patch-clamp studies, 
myocytes were isolated from the hearts with or without stem 
cells transplanted. Since stem cell-derived myocytes showed 
green fluorescence, the green cells were selectively analyzed 
under a fluorescence microscope. For patch clamp recording 
only spontaneously beating, single cardiomyocytes were 
selected, using the whole-cell configuration. Myocytes were 
held in the Voltage-clamp mode using an AXopatch 200-A 
amplifer. For I, measurements, cardiomyocytes were clamped 
at a holding potential of -35 mV or 200 ms to obtain inacti 
Vation of sodium currents and hyperpolarizing Voltage steps. 
The patterns of hyperpolarization helped determine which 
type of cardiac cells the stem cell-derived myocytes belong 
to. The amplitude of I, was measured as the difference 
between the instantaneous current at the beginning of the 
Voltage step. 
0073 Receptor Expression. Cardiomyocytes can express 
several important surface receptors which are critical for 
regulation of myocyte contraction, in particular adrenergic 
and muscarinic receptors. To determine expression of those 
receptors, RT-PCR and immunoblotting were performed. 
Total RNA and proteins was isolated from the hearts. Specific 
PCR primers were used for determination of C.1A, C. 1B, C. 
1D, B1, B2, M1 and M2 receptors. Several house-keeping 
genes were also analyzed including B-actin and GAPDH. For 
immunoblotting, the proteins were fractionated in a 10% 
SDS-PAGE, and then transferred the protein bands onto a 
PVDF membrane. Monoclonal or polyclonal antibodies 
against these receptors were used to probe the protein bands 
on the membrane. Immunostains were developed using a 
chemiluminescence kit. 

0074. Histology and Immunocytochemistry. To determine 
whether transgenic overexpression of clusterin helps integra 
tion of more stem cell-derived myocytes into the host myo 
cardium, immunohistochemistry with anti-myocyte specific 
antibodies was performed. Mice were sacrificed 4-8 weeks 
after Surgery for morphological analysis. Full core biopsies of 
the fetal cell injected areas were taken and preserved in 3% 
gluteraldehyde for electron microscopy. The hearts were 
rinsed thoroughly in ice cold saline and perfused with 2,3,5- 
Triphenyl-Tetrazolium Chloride (TTC) and Evan's blue dye 
to determine the area at risk and infarcted area. The heart was 
then sliced across the long axis and each slice was photo 
graphed on each side for infarct size. The sliced heart was 
then placed in 10% buffered formalin for histological evalu 
ation. Control studies were done in the same manner except 
that saline rather than fetal cells were injected. Histological 
evaluation of the infarcted myocardium with and without cell 
implantation was conducted by H&E staining and electron 
microscopy. Expression of cardiovascular cell markers was 
identified in both cultured myoblasts on 8-chamber slides and 
in sections of the myocardium with antibodies (Sigma, St. 
Louis, Mo.), against Sarcomere C-actinin, pan-cadherin, anti 
desmin, and C-Smooth muscle actin (SM-O-actin). In order to 
assess actin cytoskeleton, the sections were also stained with 
rhodamine-phalloidine (Sigma, St. Louis, Mo.). After incu 
bating with primary antibodies and rinsed in PBS, the slides 
were stained with biotylated antimouse or anti-rabbit IgG 
(Sigma, St. Louis, Mo.), followed by incubation with strepta 
vidin linked with TRITC or FITC. The slides were mounted in 
the Vectashield mounting medium with 4.6 diamidino-2- 
phenylindole (DAPI) (Vector, Burlingame, Calif.), and exam 
ined under an Olympus fluorescence microscope. 
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EXAMPLE1 

Establishment of a Murine Infarct Model 

0075. In order to test the apoptosis and development of 
stem cells in the heart with ischemic injury, a murine model 
was established for cell transplantation. Open chest Surgery 
was performed on C57BL/6J mice under anesthesia. After 
coronary ligation for one hour, the hearts were reperfused for 
30 min and then sacrificed 2 weeks later. The hearts were 
perfused-fixed informalin. Cell death by apoptosis was deter 
mined by in situ labeling (TUNEL) of DNA fragments. Typi 
cal infarcts were observed in the myocardium injured by 
ischemia-reperfusion (FIG. 4A-B). Many TUNEL positive 
nuclei exist in the lesions. FIG. 4A, left ventricular section, 
TTC/blue dye staining showing an infarct in the heart (indi 
cated by arrows); and FIG. 4B, numerous TUNEL positive 
(green fluorescent) nuclei in infarcted and Surrounding areas, 
indicated by white arrows. 

EXAMPLE 2 

Apoptosis of Cardiac Stem Cells and Clusterin 
Treatment 

0076. The effect of clusterin on apoptosis of cardiac stem 
cells induced by serum starvation was tested. as described 
above in the General Methods and Materials. Cardiac stem 
cells were prepared from the newborn murine heart by gra 
dient centrifugation. In the presence of clusterin-containing 
DMEM medium (FIG. 5A), the cardiac stem cells showed no 
sign of apoptosis while many cells died without clusterin. The 
dead cells exhibited a morphology characteristic of apoptosis 
including cell shrinkage, chromatin condensation, and 
nuclear fragmentation (FIG. 5B). In FIGS. 5A.B. images of 
murine cardiac stem cells in the presence (FIG. 5A) or 
absence (FIG. 5B) of clusterin. Cells were stained with acri 
dine orange and ethidium bromide, and images were taken 
under an Olympus fluorescence microscope with x40 objec 
tive. 

EXAMPLE 3 

GFP Expression by cDNA Transfection in Fetal Car 
diac Myoblasts 

0077. A cDNA transfection method was established by 
which cardiac myoblasts or stem cells can be labeled with 
GFP. A plasmid was constructed with a neomycin-resistant 
gene. The transfected cells were selected using G418. GFP 
labeled cells can differentiate into mature myocytes in the 
same way as their parent cells. FIGS. 6A.B are representative 
images of GFP-transfected fetal cardiac myoblasts, illustrat 
ing GFP cDNA transfection leading to expression of the 
green fluorescent protein (GFP) in fetal cardiac myoblasts. 
Fetal cardiac myoblasts cultured in DMEM medium were 
transfected with a plasmid containing an insert coding for 
GFP. FIG. 6A is a phase-contrast image; and FIG. 6B is a 
fluorescent image showing GFP positive cells 48 hours after 
transfection 

EXAMPLE 4 

Transfection of Embryonic Cells with Clusterin 
cDNA and Inhibition of Apoptosis by Clusterin 

0078. A plasmid pKS7 that contains a truncated clusterin 
cDNA with deletion of the transmembrane domain and a 
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neomycin-resistant gene was constructed. The truncated clus 
terin gene was under regulation by a CMV promoter with 
tetracycline-responding elements. Stable transfection of the 
human embryonic kidney cell line T-293 with pKS7 gener 
ates a stable cell line (KG-293) with clusterin overexpressed. 
As shown by Western blot, under stimulation with tetracy 
cline (1 lug/ml) for 24 hours, KG-293 cells but not their 
precursors, T-293 cells, produced an intracellular form of 
clusterin at much higher levels (FIG. 7A). Treatment with 
tumor necrosis factor-O. (TNF-C.) at 10 ng/ml for 24 and 48 
hours markedly induced apoptosis in the control KG-293 
cells that were not exposed to tetracycline. The pro-apoptotic 
effect of TNF-C. was significantly attenuated in KG-293 cells 
with intracellular overexpression of clusterin (FIGS. 7B and 
7C). KG-293 cells overexpressing the intracellular form of 
clusterin also underwent dramatic alterations in morphology 
and proliferation. The cells tended to aggregate and showed 
proliferating figures. Thus, intracellular overexpression of 
clusterin in the human embryonic cells markedly increases 
their resistance to apoptosis induced by TNF-C., indicating 
that the cytoplasmic form of clusterin may function as an 
intracellular regulator of apoptosis. Thus, overexpression of 
clusterin by cDNA transfection inhibits apoptosis induced by 
TNF-C. in 293 embryonic cells. FIGS. 7A-C show that intra 
cellular expression of clusterin inhibits apoptosis in KG-293 
cells. FIG.7A: immunoblotting showing clusterin expression 
in tetracycline-uninduced (lanes 1, 2) and -induced (lanes 3. 
4) cells. FIG. 7B: apoptosis in non-induced, clusterin-low 
cells; and FIG. 7C, induced, clusterin-high cells. 

EXAMPLE 5 

Establishment of Transgenic Mice with Overexpres 
sion of Clusterin 

0079. Several transgenic mice expressing high levels of 
clusterin were established. Mouse clusterinfull-length cDNA 
was closed from RNA using PCR-aided cDNA cloning strat 
egy. A 1.5 Kb clusterin cDNA fragment was inserted into the 
pUni/V5-His TOPO vector (Invitrogen), and the insert was 
Verified by sequencing. The transgenic construct was com 
posed of a CMV promoter and PGH poly (A) sequence in 
addition to the clusterin insert. The transgene was delivered 
by microinjection to C57BL mice. Genotyping by PCR 
clearly showed the establishment of clusterin transgenic mice 
(FIG. 8). In FIG. 8, the results of PCR genotyping of clusterin 
transgene in C57BL/6J mice are shown. Genomic DNA iso 
lated from mouse tails was amplified by PCR with a set of 
primers specific for clusterin transgene. After 35 cycles, PCR 
products were analyzed by agarose gel electrophoresis and 
visualized under UV light. Two transgenic mice were clearly 
identified. As shown in FIG.9, Western blot with anti-clus 
terin antibody further confirmed that the transgenic mice had 
2-3 fold-increased clusterin at the protein levels. In FIG.9, the 
results of immunoblotting for clusterin inclusterin transgenic 
(TG) and wild type mice are shown. 30 g/lane serum pro 
teins were loaded into SDS-PAGE, and after electrophoresis 
transferred onto PVDF membrane, and developed with an 
ECL kit. Lanes 1-5, transgenic; and lanes 6-7, wild type. 

EXAMPLE 6 

Clusterin Selectively Binds to Oxysterols 

0080. As a component of HDL clusterin helps transport 
cholesterol crossing the cellular membrane. In atheroscle 
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rotic lesions, cholesterol-derived oxysterols accumulate and 
exert apoptotic effects on vascular cells. Usually, the cytotox 
icity of oxysterols including 7-ketocholesterol is much 
greater than that of free cholesterol. By dot blotting, it was 
observed that clusterin bound to 7-ketocholesterol at much 
higher intensities than free cholesterol when these lipids were 
coated onto the filter (FIG.10). In FIG. 10, dot blotting shows 
clusterin binding to free cholesterol and 7-ketocholesterol in 
clusterin transgenic (TG) and wild type (WT) mice. Free 
cholesterol and 7-ketocholesterol dissolved in ethanol were 
loaded to a filter in a 96-well dot blotting device. 10 ug/well 
proteins from three TG and WT serum samples were incu 
bated in the wells for 30 min at room temperate. After wash 
ing with PBS, the filter was incubated with anti-clusterin 
antibody (1:200), and then anti-goat IgG conjugated with 
peroxidase. The dot blotting was developed using an ECL kit. 
Furthermore, an increased binding activity to the oxysterol in 
the serum from clusterin transgenic mice, compared to these 
in wild type mouse serum (FIG. 10), was detected. Thus, 
clusterin appears to have a higher affinity to some oxidized 
cholesterol derivatives. 

EXAMPLE 7 

Clusterin-Induced Expression of Genes Involved in 
Detoxification 

0081 Information about the synthesis and expression of 
several clusterin associated or regulated proteins were also 
obtained. These proteins include, but are not limited to, 
caspases, high density lipoproteins, apolipoprotein-AI, 
paraoxonase, and aldehyde dehydrogenase. Caspases are a 
group of aspartate-specific cysteinyl proteases that function 
as effectors in apoptosis.’ 'Clusterin functions as a stress 
responding protein that interacts with intracellular caspases 
and regulate the enzyme activation and Substrate cleavage. 
Thus far, more than 14 members of the caspase family have 
been identified in non-cardiovascular tissues, particularly in 
the immune and nervous systems. All members of the caspase 
family show a similar Substrate cleavage at an aspartate resi 
due, and they are synthesized as proenzymes. This protease 
family participates in downstream events of death signaling 
by the members of TNF receptor family (e.g., CD95 or Fas 
and TNF receptor-1) which share a related intracellular 
“death domain of about 70 amino acid residues. Activation 
of caspase-8 by CD95 or Fas death signaling may have two 
effects. First, it may directly trigger caspase-3 activation, 
leading to mitochondrial-independent apoptosis; secondly, 
activated caspase-8 may promote cytochrome-C (Cyt-C) 
release from mitochondria by cleavage of Bid, a bc12 family 
member that is a substrate for caspase-8. After released from 
mitochondria, Cyt-C forms a complex with Apaf-1 and 
caspase-9, leading to caspase-9 activation. The Bcl-2 protein 
family represents another group of cellular proteins that regu 
late apoptosis in mammalian cells.' The mitochondrial 
membrane contains abundant Bcl-2. The Bcl-2 family has 
more than 15 members. Based upon differences in regulation 
of apoptosis, members of this family fall into two subgroups. 
Each of them contains five or more function- and structure 
related proteins. The first group includes the anti-apoptotic 
proteins such as Bcl-2, Bid, Bcl-X, Mcl-1, Bcl-w and A1; 
members of the second group promote apoptosis and include 
Bax, Bak, Bad, Bik, Hrk, Bid and Bcl-Xs. The mechanism by 
which Bcl-2 inhibits apoptosis remains incompletely clari 
fied. Bcl-2 may exert an antioxidant effect on stressed cells, 
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prevent release of mitochondrial Cyt-C, and bind to and inac 
tivate pro-apoptotic molecules Such as Bax and Bak. Rapidly 
accumulating evidence indicates the pivotal role of mitochon 
dria in apoptosis. Mitochondria can regulate apoptosis in at 
least three ways: 1) inhibition of mitochondrial respiration 
due to production of large amounts of NO in cytokine-stimu 
lated vascular cells; 2) production of cytotoxic reactive oxy 
gen species or change of cellular reduction-oxidation (redox) 
potential; and 3) release of pro-apoptotic molecules including 
cytochrome-c and apoptosis inducing factor (AIF). Many 
Bcl-2 family proteins reside in the mitochondrial outer mem 
brane where they form a pore structure that resembles sur 
prisingly some bacterial toxins enhancing proton extrusion. 
The release of cytochrome-c depends on the mitochondrial 
inner transmembrane potential. When apoptotic stimuli 
attenuate Bcl-2 function, a rapid drop or collapse of trans 
membrane potential may occur, causing rapid release of cyto 
chrome-c and other pro-apoptotic proteins. Cytosolic cyto 
chrome-c then forms, together with Apaf-1 and caspase-9, an 
“apoptosome' which orchestrates activation of other 
caspases and distal effectors of apoptosis. Exposure to oxi 
dized low density lipoprotein (OXLDL) or its associated oxys 
terols. Such as 7-ketocholesterol, can trigger apoptosis of 
vascular Smooth muscle cells, evidenced by internucleosomal 
DNA fragmentation due the apoptosomal activation (FIG. 
11). However, overexpression of clusterin by cDNA transfec 
tion markedly reduces the DNA fragmentation and apoptosis 
in the vascular cells induced by the oxysterol (FIG.11). These 
results indicate that clusterin exerts protective effect on oxys 
terol-induced vascular cell apoptosis. 

EXAMPLE 8 

Clusterin Regulated Enzyme Expression 

I0082 Aldehyde dehydrogenase expression and vitamin A 
metabolism were investigated to determine whether clusterin 
exerts its protective effect through upregulation of genes 
involved in cellular detoxification. Aldehyde dehydrogenases 
(ALDHS) are a group of intracellular enzymes that mediate 
NAD-coupled oxidation of aldehydes to carboxylic acids. 
ALDH is probably most widely known for its role in clear 
ance of acetaldehyde from beverage alcohol by conversion to 
acetic acid. This enzymes is also involved in retinol metabo 
lism and mediates vitaminA function. Members of the ALDH 
family are diversed; some have broad substrate specificities 
(ALDH1 and ALDH2) and other ALDHs are tailored to spe 
cific reactions of intermediary metabolism (e.g., methyl mal 
onic semialdehyde dehydrogenase in branched-chain amino 
acid metabolism). ALDH1 is primarily found in the liver and 
in adult stem cells including hematopoietic stem cells. For 
instance, no physiological role is known for ALDH2, yet a 
singleamino acid substitution (E487K) is sufficient to abolish 
activity, even in heterozygotes, with no apparent adverse 
effect except that it provides the underlying cause of severe 
aversion to beverage alcohol in about 50% of Asian individu 
als. Interestingly, ALDH2 has recently also been identified as 
responsible for the initial step in the pathway leading to nitric 
oxide from nitroglycerin, as used in treating angina. (ALDH2 
converts nitroglycerin to 1.2 glyceryldinitrate and nitrite.) 
Other ALDHs are tailored to specific reactions of intermedi 
ary metabolism (e.g., methylmalonic semialdehyde dehydro 
genase in branched-chain amino acid metabolism). Aldehyde 
dehydrogenases (ALDHs) mediate NAD-coupled oxidation 
of aldehydes to carboxylic acids. ALDH is probably most 
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widely known for its role in clearance of acetaldehyde, from 
beverage alcohol, by conversion to acetic acid. However, the 
ALDH family is a highly divergent one. A variety different 
forms with clear evolutionary relationships are known in 
humans. Some have broad substrate specificities (ALDH1 
and ALDH2) and are primarily found in the liver. For 
instance, no physiological role is known for ALDH2, yet a 
singleamino acid substitution (E487K) is sufficient to abolish 
activity, even in heterozygotes, with no apparent adverse 
effect except that it provides the underlying cause of severe 
aversion to beverage alcohol in ca. 50% of Asian individuals. 
Interestingly, ALDH2 has recently also been identified as 
responsible for the initial step in the pathway leading to nitric 
oxide from nitroglycerin, as used in treating angina. (ALDH2 
converts nitroglycerin to 12 glyceryldinitrate and nitrite.) In 
order to determine whether clusterin can induce expression of 
ALDH genes in vascular tissue cells, recombinant human 
clusterin was used to treat Smooth muscle cells. The treatment 
with purified or recombinant clusterin significantly induced 
expression of ALDH in Smooth muscle cells in a concentra 
tion-dependent fashion (FIG. 13). Further study on expres 
sion of ALDH-1 mRNA by the reverse transcription-poly 
merase chain reaction (RT-PCR) demonstrated much greater 
expression of ALDH-1 mRNA in transgenic mice with over 
expression of clusterin (FIG. 14, upper panel) when com 
pared to those of non-transgenic or wild type mice (FIG. 14. 
lower panel). Thus, clusterin functions as an inducer or acti 
vator of the ALDH detoxification pathway. 
0083. The foregoing examples are offered by way of illus 

tration, and not by way of limitation. Those skilled in the art 
will recognize that variations of the invention embodied in the 
examples can be made, especially in light of the teachings of 
the various references cited herein, the disclosures of which 
are hereby incorporated herein by reference. 
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1-10. (canceled) 
11. A method of treating or preventing atherosclerosis, or a 

complication thereof, in a mammal, comprising: 
transplanting an isolated population of transfected autolo 

gous or allogenic bone marrow stromal cells into cardiac 
tissue of a mammal by direct delivery of the cells to a 
cardiac site where expression of clusterin is desired, 
wherein said cardiac site comprises an atherosclerotic 
lesion or an area that is at risk of forming an atheroscle 
rotic lesion, wherein said stromal cells comprise bone 
marrow stem cells, and wherein said transfected cells 
contain a nucleic acid encoding clusterin protein, or 
encoding a truncated clusterin protein lacking the trans 
membrane domain, operably linked to a promoter and 
capable of being expressed in the transfected cells; and 

expressing said clusterin protein encoded by said nucleic 
acid in an amount Sufficient to inhibit apoptosis in said 
transfected cells and/or adjacent cells, to prevent, or 
reduce the risk of, formation or rupture of an atheroscle 
rotic lesion. 

12. (canceled) 
13. The method of claim 11 wherein said amount of clus 

terin is effective to induce an aldehyde dehydrogenase 
enzyme that acts as a detoxification agent for oxidized lipo 
proteins and oxysterols. 

14. The method of claim 11 wherein said atherosclerotic 
lesion comprises an aneurism. 

15. The method of claim 11 wherein said atherosclerotic 
lesion comprises an unstable plaque caused by hyperlipi 
demia and wherein said amount of clusterin protein is effec 
tive to stabilize said plaque. 

16-17. (canceled) 
18. A method of treating heart failure in a mammal com 

prising: 
transplanting an isolated population of transfected autolo 

gous or allogenic bone marrow stromal cells into cardiac 
tissue of a mammal by direct delivery of the cells to a 
cardiac site where expression of clusterin is desired, 
wherein said cardiac site comprises an atherosclerotic 
lesion or an area that is at risk of forming an atheroscle 
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rotic lesion, wherein said stromal cells comprise bone 
marrow stem cells, and wherein said transfected cells 
contain a nucleic acid encoding clusterin protein, or 
encoding a truncated clusterin protein lacking the trans 
membrane domain, operably linked to a promoter and 
capable of being expressed in the transfected cells; and 

expressing said recombinant clusterin or said truncated 
clusterin protein lacking the transmembrane domain 
encoded by said nucleic acid in an amount Sufficient to 
improve heart function and protect said transplanted 
cells or their progeny from inflammatory injury. 

19. A transgenic mouse comprising, stably integrated into 
the genome of said mouse, a transgenic DNA sequence 
encoding clusterin or a truncated clusterin protein lacking the 
transmembrane domain, operably linked to a promoter, 
wherein said DNA sequence is expressed, and, as a result of 
said expression, the transgenic mouse has an increased level 
of serum clusterin relative to the serum clusterin level in a 
mouse that does not express said transgenic DNA sequence. 

20. The transgenic mouse of claim 19 wherein serum from 
said transgenic mouse has increased oxysterol-binding activ 
ity relative to the oxysterol-binding activity of serum from a 
mouse that does not express said transgenic DNA sequence. 

21. The transgenic mouse of claim 19 wherein the vascular 
cells of said transgenic mouse have reduced risk of athero 
scleroticlesion formation relative to that of a mouse that does 
not express said transgenic DNA sequence. 

22. The method of claim 11, wherein said cardiac site is 
exposed to at least one inflammatory agent selected from the 
group consisting of oxidized low density lipoprotein (OX 
LDL), oxysterols, cytokines and Fas ligand. 

23. The method of claim 11 wherein some of the bone 
marrow stem cells are uncommitted and capable of differen 
tiating into a cardiac myocyte phenotype or cardiac cells. 

24. Recombinantly produced clusterin or truncated clus 
terin protein lacking the transmembrane domain. 

25. A transgenic stem cell expressing the recombinantly 
produced clusterin or truncated clusterin protein lacking the 
transmembrane domain of claim 24. 

26. A composition comprising transgenic bone marrow 
stromal cells including transgenic stem cells according to 
claim 25 expressing recombinant clusterin or truncated clus 
terin protein lacking the transmembrane domain. 
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