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BOPROSTHETIC HEART WALVES 

BACKGROUND 

0001) 1. Technical Field 
0002 The invention relates to bioprosthetic heart valves 
and the treatment of Valvular heart disease. 

0003 2. Background Information 
0004. The heart is a hollow, muscular organ that circu 
lates blood throughout an animal's body by contracting 
rhythmically. In mammals, the heart has four-chambers 
Situated Such that the right atrium and Ventricle are com 
pletely separated from the left atrium and ventricle. Nor 
mally, blood flows from Systemic veins to the right atrium, 
and then to the right ventricle from which it is driven to the 
lungs via the pulmonary artery. Upon return from the lungs, 
the blood enters the left atrium, and then flows to the left 
Ventricle from which it is driven into the Systematic arteries. 
0005 Four main heart valves prevent the backflow of 
blood during the rhythmic contractions: the tricuspid, pull 
monary, mitral, and aortic valves. The tricuspid valve Sepa 
rates the right atrium and right Ventricle, the pulmonary 
Valve Separates the right atrium and pulmonary artery, the 
mitral valve Separates the left atrium and left ventricle, and 
the aortic valve Separates the left ventricle and aorta. Gen 
erally, patients having an abnormality of a heart Valve are 
characterized as having Valvular heart disease. 
0006. A heart valve can malfunction either by failing to 
open properly (Stenosis) or by leaking (regurgitation). For 
example, a patient with a malfunctioning aortic valve can be 
diagnosed with either aortic valve Stenosis or aortic valve 
regurgitation. In either case, Valve replacement by Surgical 
means is a possible treatment. Replacement valves can be 
autografts, allografts, or Xenografts as well as mechanical 
Valves or valves made partly from pig Valves. Interestingly, 
cryopreserved allografts remain viable within the recipient 
patient for many years after transplantation. Unfortunately, 
replacement valves are Susceptible to problems. Such as 
degeneration, thrombosis, and calcification. 

SUMMARY 

0007. The invention involves methods and materials 
related to heart valves and the treatment of valvular heart 
disease. Specifically, the invention provides heart Valve cells 
and heart Valve cusps as well as methods for making heart 
Valves. The invention also provides methods and materials 
for (1) slowing heart valve degeneration, thrombosis, and 
calcification, (2) treating carcinoid heart disease, (3) iden 
tifying inhibitors of heart Valve degeneration, thrombosis, 
and calcification, and (4) determining the Safety of drugs. 
0008. The invention is based on the discovery that heart 
Valve cells expressing a polypeptide having nitric oxide 
Synthase activity do not exhibit characteristics indicative of 
heart Valve calcification and degeneration. Specifically, 
heart Valve cells containing nucleic acid that encodes a 
polypeptide having nitric oxide Synthase activity exhibit, in 
response to a valvular heart disease-promoting Stimulus, a 
different extracellular matrix profile than that exhibited by 
Similar cells lacking that nucleic acid. The molecular 
makeup of a heart Valve's extracellular matrix can be an 
important factor that determines the degree of heart Valve 
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calcification and degeneration. For example, Significant 
expression of Osteopontin, a polypeptide abundant in bone 
matrix, can lead to significant tissue calcification. Heart 
Valve cells containing nucleic acid that encodes a polypep 
tide having nitric oxide Synthase activity also exhibit, in 
response to a valvular heart disease-promoting Stimulus, leSS 
proliferation and apoptosis than the proliferation and apop 
tosis exhibited by Similar cells lacking that nucleic acid. The 
level of heart Valve cell proliferation and apoptosis can 
correlate with the degree of heart Valve calcification and 
degeneration. For example, Significant proliferation and 
apoptosis of heart Valve cells can lead to heart Valve thick 
ening, and thus heart Valve malfunction and degeneration. It 
is noted that tissue thickening occurs presumably because 
cell proliferation out paces apoptosis over time. The heart 
Valve cells and cusps described herein can be used to make 
bioprosthetic heart Valves having a reduced Susceptibility or 
prolonged resistance to degeneration, thrombosis, and cal 
cification. Clearly, such bioprosthetic heart valves would be 
useful in any type of heart Valve replacement procedure. 
0009. The invention also is based on the discovery that 
Serotonin receptor antagonists (e.g., 5HT receptor antago 
nists) can inhibit Serotonin-induced proliferation of heart 
Valve cells from patients diagnosed with carcinoid heart 
disease. Thus, Serotonin receptor antagonists can be used to 
treat carcinoid heart disease. Further, the methods and 
materials used to identify Serotonin receptor antagonists as 
a treatment for carcinoid heart disease also can be used to 
identify drugs for the treatment of other valvular heart 
diseases as well as test the Safety of any drug designed for 
human use. Clearly, identifying new valvular heart disease 
treatments and determining drug Safety in general will 
greatly improve overall human health care. 
0010. In general, one aspect of the invention features a 
non-murine heart Valve cell (e.g., an endothelial cell or 
myocyte) containing an exogenous nucleic acid that encodes 
a polypeptide having nitric oxide Synthase activity (e.g., 
endothelial nitric oxide Synthase). 
0011. In another embodiment, the invention features an 
isolated heart Valve cusp where a cell of the cusp contains an 
exogenous nucleic acid that encodes a polypeptide having 
nitric oxide Synthase activity (e.g., endothelial nitric oxide 
Synthase). The cell can be a porcine or human cell. 
0012 Another embodiment of the invention features a 
method for making a bioprosthetic heart valve. The method 
includes obtaining a heart Valve cusp and introducing 
nucleic acid into a cell of the cusp, where the nucleic acid 
encodes a polypeptide having nitric oxide Synthase activity 
(e.g., endothelial nitric oxide Synthase). The cell can be a 
porcine or human cell. The nucleic acid can be introduced 
into the cell via adenoviral-mediated nucleic acid transfer. 
The nucleic acid can be integrated into the genome of the 
cell. The method can include fixing the cusp, and the fixation 
Step can occur after the introduction Step. The method can 
include freezing the cusp, and the freezing Step can occur 
after the introduction Step. 
0013 In another aspect, the invention features a method 
for slowing the degeneration of a heart Valve within a 
non-murine mammal. The method includes introducing 
nucleic acid encoding a polypeptide having nitric oxide 
synthase activity into a cell of the heart valve such that the 
polypeptide is expressed. The introduction Step can be 
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performed in Vitro. The heart Valve can be an autograft, 
allograft, or Xenograft. The method can include administer 
ing an inhibitor of hydroxymethylglutaryl coA reductase 
activity to the mammal. The inhibitor can be pravastatin, 
atorvastatin, Simvastatin, or lovastatin. 

0.014. In another embodiment, the invention features a 
method for Slowing heart Valve degeneration. The method 
includes identifying a mammal at risk of developing heart 
Valve degeneration, and administering an inhibitor of 
hydroxymethylglutaryl coA reductase activity to the mam 
mal. The mammal can contain a heart Valve replacement. 
The mammal can have congenital valvular disease orbicus 
pid valvular disease. 

0.015. Another aspect of the invention features a method 
for treating carcinoid heart disease in a mammal. The 
method includes administering a Serotonin receptor antago 
nist to the mammal. The antagonist can be specific for a 
5HT receptor. The antagonist can contain a B-blocker. The 
antagonist can be pindolol. 

0016. Another aspect of the invention features a method 
for identifying an inhibitor of heart valve degeneration. The 
method includes contacting heart Valve cells with a Stimu 
lant Such that the cells proliferate, contacting the cells with 
a test compound, and determining if the test compound 
reduced the proliferation of the cells, where the reduction of 
proliferation indicates that the test compound is an inhibitor 
of heart Valve degeneration. 

0017. In another embodiment, the invention features a 
method for determining the safety of a drug. The method 
includes contacting heart Valve cells with the drug, and 
determining if the drug induced proliferation of the cells, 
where the induction of proliferation indicates that the drug 
promotes heart Valve degeneration. 

0.018. Unless otherwise defined, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention pertains. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, Suitable methods 
and materials are described below. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
conflict, the present Specification, including definitions, will 
control. In addition, the materials, methods, and examples 
are illustrative only and not intended to be limiting. 

0019. Other features and advantages of the invention will 
be apparent from the following detailed description, and 
from the claims. 

DESCRIPTION OF DRAWINGS 

0020 FIG. 1 is a bar graph plotting the counts per minute 
(cpm) for valvular cells treated with serum-free media 
(negative control), media with 10% fetal bovine serum 
(positive control), LDL alone, LDL plus pravastatin, or 
pravastatin alone. 

0021 FIG. 2 is a bar graph plotting the counts per minute 
(cpm) for AdBgal or AdeNOS infected valvular cells treated 
with conditioned media. Uninfected valvular cells treated 
with Serum-free media were used as a negative control, 
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while uninfected valvular cells treated media containing 
10% fetal bovine serum was used as a positive control. 

DETAILED DESCRIPTION 

0022. The invention provides methods and materials 
related to heart valves and the treatment of valvular heart 
disease. Specifically, the invention provides non-murine 
heart Valve cells and heart Valve cusps as well as methods for 
making heart Valves. The invention also provides methods 
and materials for (1) slowing heart valve degeneration, 
thrombosis, and calcification, (2) treating carcinoid heart 
disease, (3) identifying inhibitors of heart Valve degenera 
tion, thrombosis, and calcification, and (4) determining the 
Safety of drugs. 

0023 1. Heart Valve Cells 
0024. A non-murine heart valve cell of the invention 
contains exogenous nucleic acid that encodes a polypeptide 
having nitric oxide Synthase activity. Such heart Valve cells 
can be used to make bioprosthetic heart Valves with Signifi 
cant durability Since these cells produce a favorable extra 
cellular matrix. Briefly, an extracellular matrix is any mate 
rial produced by cells and Secreted into the Surrounding 
medium (e.g., the noncellular portion of animal tissue). In 
broad terms, there are three major components of an extra 
cellular matrix: fibrous elements (e.g., collagen, elastin, and 
reticulin), link polypeptides (e.g., fibronectin and laminin), 
and Space filling molecules (e.g., glycosaminoglycans). 
Although an extracellular matrix is produced by cells, it can 
dramatically influence the behavior of tissue cells. In short, 
the properties of an extracellular matrix have a large influ 
ence on the properties of the tissue. Thus, the molecular 
makeup of a heart Valve's extracellular matrix is an impor 
tant component determining thrombosis as well as heart 
Valve degeneration and calcification. 
0025 AS described herein, non-murine heart valve cells 
containing exogenous nucleic acid that encodes a polypep 
tide having nitric oxide Synthase activity produce a different 
Set of extracellular matrix molecules than those produced by 
Similar cells lacking exogenous nucleic acid that encodes a 
polypeptide having nitric oxide Synthase activity. For 
example, unmodified heart Valve cells exposed to harmful 
Stimuli Such as hyperlipidemia produce fibronectin and 
Osteopontin, while heart Valve cells of the invention produce 
little, if any, fibronectin or osteopontin in response to hyper 
lipidemia. Thus, any non-murine heart Valve cell can be 
given exogenous nucleic acid that encodes a polypeptide 
having nitric oxide Synthase activity to change the molecular 
makeup of the extracellular matrix produced by a heart Valve 
cell. 

0026. In addition, a heart valve cell within the scope of 
the invention can be used to make bioprosthetic heart Valves 
with Significant durability Since Such cells do not proliferate 
excessively in response to harmful Stimuli Such as hyper 
lipidemia. Briefly, hyperlipidemia refers to an elevated con 
centration of lipids (e.g., cholesterol, triglycerides, and lipo 
proteins) in plasma. As described herein, heart valve cells 
exposed to hyperlipidemic conditions exhibit excessive pro 
liferation and apoptosis that can lead to a malfunctioning 
heart Valve. However, non-murine heart Valve cells contain 
ing exogenous nucleic acid encoding a polypeptide having 
nitric oxide Synthase activity exhibit little, if any, prolifera 
tion or apoptosis in response to harmful Stimuli. Thus, any 
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non-murine heart Valve cell can be given exogenous nucleic 
acid that encodes a polypeptide having nitric oxide Synthase 
activity to inhibit heart Valve cell proliferation and apopto 
Sis. 

0027. A non-murine heart valve cell is any non-murine 
cell obtained from heart Valve tissue or any non-murine cell 
that has been cultured in Such a way as to develop charac 
teristics indistinguishable from those of a cell obtained from 
heart Valve tissue. For example, a non-murine heart Valve 
cell can be, without limitation, an endothelial cell or myo 
cyte obtained from human heart Valve tissue. In addition, a 
non-murine heart Valve cell can be, without limitation, a cell 
derived from a human Stem cell that was cultured Such that 
it resembles an endothelial cell or myocyte obtained from 
human heart Valve tissue. It is important to note that a heart 
Valve cell can be from any non-murine Species having heart 
Valve tissue including, without limitation, mammals. Such as 
pigs, cows, horses, sheep, goats, monkeys, and humans. The 
term “murine' as used herein refers to all Species grouped 
within the Murinae taxon. Thus, all porcine cells would be 
considered non-murine cells. In addition, a heart Valve cell 
can be obtained from any heart Valve including the tricuspid, 
pulmonary, mitral, and aortic valves of a non-murine mam 
mal. It also is important to note that the heart valve cells of 
the invention can be in any physical State. For example, a 
heart valve cell of the invention can be a cell within an 
organism's body, a cell maintained in tissue culture, or a cell 
that is or has been fixed, frozen, or otherwise treated. Thus, 
a fixed non-murine heart Valve cell containing nucleic acid 
encoding a polypeptide having nitric oxide synthase activity 
that is stored at -70° C. is within the scope of the invention. 
When fixing cells, any fixative (e.g., glutaraldehyde under 
high pressure) can be used. When freezing cells, any tem 
perature below freezing (e.g., 0, -20, and -70° C.) can be 
used. In addition, those skilled in the art will appreciate that 
media used to freeze cells will normally contain ingredients 
that help promote cell viability during freezing and thawing 
procedures Such as dimethyl Sulfoxide. 

0028. The term “nucleic acid” as used herein encom 
passes both RNA and DNA, including cDNA, genomic 
DNA, and synthetic (e.g., chemically synthesized) DNA. 
The nucleic acid can be double-Stranded or Single-Stranded. 
Where single-Stranded, the nucleic acid can be the Sense 
Strand or the antisense Strand. In addition, nucleic acid can 
be circular or linear. 

0029. The term “exogenous” as used herein with refer 
ence to nucleic acid and a particular cell refers to any nucleic 
acid that does not originate from that particular cell as found 
in nature. Thus, all non-naturally occurring nucleic acid are 
considered to be exogenous to a cell once introduced into the 
cell. It is important to note that non-naturally occurring 
nucleic acid can contain nucleic acid Sequences or fragments 
of nucleic acid Sequences that are found in nature provided 
the nucleic acid as a whole does not exist in nature. For 
example, a nucleic acid containing a genomic DNA 
Sequence within an expression vector is considered to be a 
non-naturally occurring nucleic acid, and thus is considered 
to be exogenous to a cell once introduced into the cell, Since 
that nucleic acid as a whole (genomic DNA plus vector 
DNA) does not exist in nature. Thus, any vector, autono 
mously replicating plasmid, or virus (e.g. retrovirus, aden 
ovirus, or herpes virus) that as a whole does not exist in 
nature is considered to be a non-naturally-occurring nucleic 
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acid. It follows that genomic DNA fragments produced by 
PCR or restriction endonuclease treatment as well as 
cDNA’s are considered to be a non-naturally-occurring 
nucleic acid since they exist as Separate molecules not found 
in nature. It also follows that any nucleic acid containing a 
promoter Sequence and polypeptide-encoding Sequence 
(e.g., cDNA or genomic DNA) in an arrangement not found 
in nature is considered to be a non-naturally occurring 
nucleic acid. 

0030. It is also important to note that a nucleic acid that 
is naturally occurring can be exogenous to a particular cell. 
For example, an entire chromosome isolated from a cell of 
perSon X would be considered an exogenous nucleic acid 
with respect to a cell of perSon Y once that chromosome is 
introduced into Y's cell. 

0031) Any nucleic acid that encodes a polypeptide having 
nitric oxide synthase activity (i.e., EC 1.14.13.39) can be 
used as described herein. Polypeptides having nitric oxide 
Synthase activity include, without limitation, nitric oxide 
Synthase polypeptides designated as being type 1, 2, or 3 
(i.e., NOS1, NOS2, or NOS3). For example, a nucleic acid 
encoding NOS1, NOS2, or NOS3 can be given to a non 
murine heart Valve cell as described herein. In addition, a 
polypeptide having nitric oxide Synthase activity can be a 
polypeptide that is either naturally-occurring or non-natu 
rally-occurring. A naturally-occurring polypeptide is any 
polypeptide having an amino acid Sequence as found in 
nature, including wild-type and polymorphic polypeptides. 
Such naturally-occurring polypeptides can be obtained from 
any species including, without limitation, homo sapiens as 
well as other mammalian Species Such as murine, porcine, 
and bovine Species and non-mammalian Species Such as 
insect (e.g., Drosophila and Anopheles), fish (e.g., goldfish), 
and bird (e.g., chicken) Species. For example, rat polypep 
tides having nitric oxide Synthase activity can have an amino 
acid Sequence as Set forth in the GenBank(F) Submissions 
with Accession Numbers P29476, Q06518, O62600, and 
AAC52782. Additional polypeptides having nitric oxide 
Synthase activity can include, without limitation, bovine 
polypeptides (e.g., Accession Numbers P29473, 742990, 
I45946, and AAB22708), mouse polypeptides (e.g., Acces 
sion Numbers JN0609, P29477, and AAC52766), rabbit 
polypeptides (e.g., Accession Number AAB68663), guinea 
pig polypeptides (e.g., Accession Numbers AAD29751 and 
AAD29752), chicken polypeptides (e.g., Accession Number 
Q90703), dog polypeptides (e.g., Accession Number 
AAD39340), tobacco hornworm polypeptides (e.g., Acces 
Sion Number AAC61262), pig polypeptides (e.g., Accession 
Numbers AAB39539), and human polypeptides (e.g., 
Accession Numbers P29475, AAB60654, P35228, P29474, 
AAB49040, AAA36376, S28878, JXO345, CAA53950, 
BAAO5652, and AAA36364). 
0032. A non-naturally-occurring polypeptide is any 
polypeptide having an amino acid Sequence that is not found 
in nature. Thus, a non-naturally-occurring polypeptide can 
be a mutated version of a naturally-occurring polypeptide, or 
an engineered polypeptide. For example, a non-naturally 
occurring polypeptide having nitric oxide Synthase activity 
can be a mutated version of a naturally-occurring polypep 
tide having nitric oxide Synthase activity that retains at least 
Some nitric oxide Synthase activity. Possible mutations 
include, without limitation, deletions, insertions, and base 
Substitutions, as well as combinations of deletions, inser 
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tions, and base Substitutions. Any method including com 
mon molecular cloning techniques (e.g., site-directed 
mutageneses) can be used to create a mutated version of a 
naturally-occurring polypeptide that retains at least Some 
nitric oxide Synthase activity. 

0.033 Nucleic acid encoding a polypeptide having nitric 
oxide Synthase activity can be identified and obtained using 
any method. For example, a nucleic acid encoding a nitric 
oxide Synthase polypeptide having an amino acid Sequence 
as set forth in GenBank(E) Accession Number CAA53950 
can be obtained using PCR. PCR refers to a procedure or 
technique in which target nucleic acid is amplified in a 
manner similar to that described in U.S. Pat. No. 4,683,195, 
and Subsequent modifications of the procedure described 
therein. Generally, Sequence information from the ends of 
the region of interest or beyond are used to design oligo 
nucleotide primers that are identical or Similar in Sequence 
to opposite Strands of a potential template to be amplified. 
Using PCR, a nucleic acid Sequence can be amplified from 
RNA or DNA. For example, a nucleic acid sequence can be 
isolated by PCR amplification from total cellular RNA, total 
genomic DNA, and cDNA as well as from bacteriophage 
Sequences, plasmid Sequences, Viral Sequences, and the like. 
When using RNA as a Source of template, reverse tran 
Scriptase can be used to Synthesize complimentary DNA 
Strands. 

0034. In addition, nucleic acid and amino acid databases 
(e.g., GenBank(E) can be used to identify a nucleic acid 
Sequence that encodes a polypeptide having nitric oxide 
Synthase activity. Briefly, any nucleic acid or amino acid 
Sequence having Some homology (e.g., at least about 30, 40, 
50, 60, 70, 80, 90, 95, or 99% identity) to a known nitric 
oxide Synthase Sequence can be used as a query to Search 
GenBank(R). Such searches can be performed over the Inter 
net at, for example, www.ncbi.nlm.nih.gov. 

0035) Further, nucleic acid hybridization techniques can 
be used to identify and obtain nucleic acid that encodes a 
polypeptide having nitric oxide Synthase activity. Briefly, 
any nucleic acid known to encode a polypeptide having 
nitric oxide Synthase activity, or fragment thereof, can be 
used as a probe to identify a Similar nucleic acid by 
hybridization under conditions of low to high Stringency. 
Such Similar nucleic acid then can be isolated, Sequenced, 
and analyzed to Verify that the encoded polypeptide exhibits 
nitric oxide Synthase activity. 

0036). In general, high stringency conditions can be used 
to identify nucleic acid having a high degree of homology to 
a probe. High Stringency conditions can include the use of 
a denaturing agent Such as form amide during hybridization, 
e.g., 50% formamide with 0.1% bovine serum albumin/0.1% 
Ficoll/0.1% polyvinylpyrrollidone/50 mM sodium phosphate 
buffer at pH 6.5 with 750 mM NaCl, and 75 mM sodium 
citrate at 42 C. Another example is the use of 50% 
formamide, 5xSSC (0.75 M NaCl, 0.075 M sodium citrate), 
50 mM sodium phosphate (pH 6.5), 0.1% sodium pyrophos 
phate, 5xDenhardt's solution, Sonicated salmon sperm DNA 
(50 ug/ml), 0.1% sodium lauryl sulfate (SDS), and 10% 
dextran sulfate at 42 C., with washes at 42 C. in 0.2xSSC 
and 0.1% SDS. Alternatively, low ionic strength and high 
temperature can be used for Washing, for example, 0.1XSSC 
(0.015 M NaCl/0.0015M sodium citrate), 0.1% SDS at 65° 
C. 
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0037 Moderate stringency conditions can be used to 
identify nucleic acid having a moderate degree of homology 
to a probe. Moderate Stringency conditions can include the 
use of higher ionic Strength and/or lower temperatures for 
Washing of the hybridization membrane, compared to the 
ionic strength and temperatures used for high Stringency 
hybridization. For example, a wash solution of 4xSSC (0.06 
M. NaCl/0.006 M sodium citrate), 0.1% SDS can be used at 
50° C., with a last wash in 1XSSC at 65° C. Alternatively, a 
hybridization wash in 1xSSC at 37 C. can be used. 
0038 Low stringency conditions can be used to identify 
nucleic acid having a low degree of homology to a probe. 
Low Stringency conditions can include the use of higher 
ionic Strength and/or lower temperatures for Washing of the 
hybridization membrane, compared to the ionic strength and 
temperatures used for moderate Stringency hybridization. 
For example, a wash solution of 4xSSC (0.06 M NaCl/0.006 
M sodium citrate), 0.1% SDS can be used at 37° C., with a 
last wash in 1xSSC at 45 C. Alternatively, a hybridization 
wash in 2XSSC at 37° C. can be used. 

0039) Hybridization can be done by Southern or Northern 
analysis to identify a DNA or RNA sequence, respectively, 
that hybridizes to a probe. The probe can be labeled with a 
radioisotope Such as P, an enzyme, digoxygenin, or by 
biotinylation. The DNA or RNA to be analyzed can be 
electrophoretically Separated on an agarose or polyacryla 
mide gel, transferred to nitrocellulose, nylon, or other Suit 
able membrane, and hybridized with the probe using Stan 
dard techniques well known in the art Such as those 
described in sections 7.39-7.52 of Sambrook et al., (1989) 
Molecular Cloning, Second edition, Cold Spring harbor 
Laboratory, Plainview, N.Y. Typically, a probe is at least 
about 20 nucleotides in length. For example, a probe cor 
responding to a 20 nucleotide Sequence within the Gen 
Bank(R) Submission having Accession Number D26607 or 
M93718 can be used to identify a nucleic acid identical or 
Similar to the nucleic acid Sequence encoding human endot 
helial nitric oxide Synthase. In addition, probes longer or 
shorter than 20 nucleotides can be used. 

0040. The exogenous nucleic acid contained within a cell 
of the invention can be maintained within that cell in any 
form. For example, exogenous nucleic acid can be integrated 
into the genome of the cell or maintained in an episomal 
State. In other words, a cell of the invention can be a stable 
or transient transformant. 

0041. In addition, any method can be used to introduce an 
exogenous nucleic acid into a cell. In fact, many methods for 
introducing nucleic acid into cells, whether in Vivo or in 
Vitro, are well known to those skilled in the art. For example, 
calcium phosphate precipitation, electroporation, particle 
bombardment, heat shock, lipofection, microinjection, and 
Viral-mediated nucleic acid transfer are common methods 
for introducing nucleic acid into cells. Thus, well known 
adenovirus-mediated nucleic acid transfer methods Such as 
those described by Berkner et al. (Nucleic Acids Res., 
11:6003-6020 (1983)), van Doren et al. (Mol. Cell. Biol., 
4:1653-1656 (1984)), Ghosh-Choudhury et al. (Biochem. 
Biophys. Res. Commun., 147:964-973 (1987)), McGrory et 
al. (Virology, 163:614-617 (1988)), and Gluzman et al. (In: 
Eurkaryotic Viral Vectors, Ed. Gluzman, Y. pages 187-192, 
Cold Spring Harbor Laboratory (1982)) can be used to 
introduce exogenous nucleic acid encoding a polypeptide 
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having nitric oxide Synthase activity into a heart Valve cell. 
In addition, naked DNA can be delivered directly to cells in 
vivo as describe elsewhere (U.S. Pat. No. 5,580,859 and 
U.S. Pat. No. 5,589,466 including continuations thereof). 
Further, nucleic acid can be introduced into cells by gener 
ating transgenic animals. Such as transgenic pigs, goats, 
sheep, cows, horses, dogs, cats, rabbits, baboon, monkeys, 
and chimpanzees. Several techniques known in the art can 
be used to introduce nucleic acid into animals to produce the 
founder lines of transgenic animals. Such techniques 
include, but are not limited to, pronuclear microinjection 
(U.S. Pat. No. 4,873,191); retrovirus mediated gene transfer 
into germ lines (Van der Putten et al., Proc. Natl. Acad. Sci., 
USA, 82:6148-6152 (1985)); gene transfection into embry 
onic stem cells (Gossler A et al., Proc Natl AcadSci USA 
83: 9065-9069 (1986)); gene targeting into embryonic stem 
cells (Thompson et al., Cell, 56.313-321 (1989)); nuclear 
transfer of Somatic nuclei (Schnieke A E et al., Science 
278:2130-2133 (1997) and Wilmut I et al., Nature 385:810 
13 (1997)); and electroporation of embryos. 
0.042 For a review of techniques that can be used to 
generate and assess transgenic animals, skilled artisans can 
consult Gordon (Intl. Re: Cytol., 115:171-229 (1989)), and 
can obtain additional guidance from, for example: Hogan et 
al., “Manipulating the Mouse Embryo” Cold Spring Harbor 
Press. Cold Spring Harbor, N.Y. (1986); Krimpenfort et al., 
Bio/Technology, 9:844-847 (1991); Palmiter et al., Cell, 
41:343-345 (1985); Kraemer et al., “Genetic Manipulation 
of the Early Mammalian Embryo” Cold Spring Harbor 
Press, Cold Spring Harbor, N.Y. (1985); Hammer et al., 
Nature, 315:680-683 (1985); Purscel et al., Science, 
244:1281-1288 (1986); Wagner et al., U.S. Pat. No. 5,175, 
385; and Krimpenfort et al., U.S. Pat. No. 5,175,384. 

0.043 Methods of identifying cells that contain exog 
enous nucleic acid also are well known to those skilled in the 
art. Such methods include, without limitation, PCR and 
nucleic acid hybridization techniques Such as Northern and 
Southern analysis. For example, a nucleic acid fragment 
from a known nitric oxide Synthase nucleic acid Sequence 
can be used as a probe in a Southern blot analysis to 
determine if a particular cell contains nucleic acid corre 
sponding to that probe. 

0044) In addition to containing an exogenous nucleic acid 
that encodes a polypeptide having nitric oxide Synthase 
activity, a cell of the invention can express the encoded 
polypeptide having nitric oxide Synthase activity. Any 
method can be used to express a polypeptide from an 
exogenous nucleic acid. For example, a nucleic acid can be 
constructed Such that a regulatory element promotes the 
expression of a nucleic acid Sequence that encodes a 
polypeptide. Typically, regulatory elements are DNA 
Sequences that regulate the expression of other DNA 
Sequences at the level of transcription. Thus, regulatory 
elements include, without limitation, promoters, enhancers, 
and the like. 

0.045. Many methods can be used to identify cells that 
contain exogenous nucleic acid and express the encoded 
polypeptide. Such methods include, without limitation, 
PCR, RT-PCR, nucleic acid hybridization techniques, 
immunohistochemistry, and biochemical techniques. 
Briefly, RT-PCR techniques and Northern analysis can be 
used to assess the expression of nitric oxide Synthase 
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mRNA, while immunocytochemistry using anti-nitric oxide 
Synthase antibodies can be used to assess the expression of 
nitric oxide Synthase polypeptide. For example, detection of 
nitric oxide Synthase-immunoreactivity after introduction of 
an exogenous nucleic acid that encodes a polypeptide having 
nitric oxide Synthase activity into a cell that does not 
normally express a nitric oxide Synthase polypeptide can 
indicate that cell not only contains the introduced exogenous 
nucleic acid but also expresses the encoded nitric oxide 
Synthase polypeptide from that introduced exogenous 
nucleic acid. Likewise, biochemical detection of nitric oxide 
Synthase activity within a cell can indicate that particular 
cell expresses the encoded nitric oxide Synthase polypeptide. 

0046 2. Heart Valve Cusps 
0047 The invention also provides heart valve cusps that 
contain a cell (e.g., a non-murine cell) with exogenous 
nucleic acid encoding a polypeptide having nitric oxide 
Synthase activity. Such heart Valve cusps can be used to 
make heart valves (e.g., bioprosthetic heart valves) that can 
replace native heart Valves within mammals (e.g., humans). 
It is important to note that the heart Valve cusps of the 
invention can be used to make any type of heart Valve 
including valves having two or three cusps (e.g., bicuspid 
and tricuspid heart valves). In addition, heart valve cusps 
can be obtained from any non-murine Species including, 
without limitation, mammals Such as pigs, cows, horses, 
sheep, goats, monkeys, and humans. Thus, a heart Valve 
cusp that is used to replace a native cusp within a mammal 
can be an autograft, allograft, or Xenograft. The term 
“autograft” refers to a Surgical graft of tissue taken from one 
part of the body and placed in another Site of the same 
individual. The term “allograft” refers to a surgical graft of 
tissue taken from one individual's body and placed into 
another individual’s body with the two individuals being 
allogeneic at one or more loci Such as a histocompatibility 
loci. The term "Xenograft” refers to a Surgical graft of tissue 
taken from one Species and placed into an individual of a 
different Species. 

0048. A heart valve cusp of the invention can be an 
isolated heart valve cusp. The term “isolated” as used herein 
with reference to a heart Valve cusp refers to any heart Valve 
cusp that has been removed from an organism's heart. For 
example, a heart Valve cusp that has been Surgically 
removed from a pig's heart is an isolated heart Valve cusp. 
It will be understood that a heart valve cusp that was 
removed from a pig's heart and placed within a human 
patient's heart is an isolated heart Valve cusp Since that cusp 
has been removed from a pig's heart. 

0049. It is noted that a heart valve cusp of the invention 
can be a cusp that is not removed from an organism's body. 
In other words, exogenous nucleic acid encoding a polypep 
tide having nitric oxide Synthase activity can be introduced 
into an organism's heart Valve cusp in Vivo or in vitro. For 
example, a human patient can be given an adenoviral vector 
Such that a cell of a heart Valve cusp acquires nucleic acid 
that encodes a polypeptide having nitric oxide Synthase 
activity. In this case, the expression to the polypeptide 
having nitric oxide Synthase activity can lead to significant 
heart Valve durability. In addition, the human patient can be 
given an inhibitor of hydroxymethylglutaryl coA reductase 
activity (i.e., EC 1.1.1.34) Such as pravastatin, atorvastatin, 
Simvastatin, or lovastatin. AS described herein, administra 
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tion of an inhibitor of hydroxymethylglutaryl coA reductase 
activity can reduce heart Valve calcification and degenera 
tion within a mammal. 

0050. Like the cells of the invention, a heart valve cusp 
can be in any physical State. For example, a heart Valve cusp 
of the invention can be within an organism's body, main 
tained in tissue culture, or fixed, frozen, or otherwise treated. 
Thus, heart valve cusps that have been removed from an 
organism's body as well as those within an organism's body 
are within the Scope of the invention provided they contain 
a non-murine cell having exogenous nucleic acid that 
encodes a polypeptide having nitric oxide Synthase activity. 

0051. It is noted that any number of the cells constituting 
a heart Valve cusp from a Single cell to all the cells can 
contain exogenous nucleic acid encoding a polypeptide 
having nitric oxide Synthase activity. For example, about 
one, two, five, ten, or fifty percent of the cells of a heart 
Valve cusp can contain exogenous nucleic acid encoding a 
polypeptide having nitric oxide Synthase activity. 

0.052 3. Use of Hydroxymethylglutaryl coA Reductase 
Inhibitors 

0053. The invention also provides methods for slowing 
the onset, or rate of progression, of heart Valve degeneration, 
thrombosis, and calcification. In addition, the provided 
methods can reduce a mammal’s Susceptibility to, or pro 
long a mammals resistance against, heart Valve degenera 
tion, thrombosis, and calcification. These methods include 
(a) identifying a mammal at risk of developing heart valve 
degeneration, thrombosis, or calcification, and (b) adminis 
tering an inhibitor of hydroxymethylglutaryl coA reductase 
activity. Mammals at risk of developing heart Valve degen 
eration, thrombosis, or calcification include, without limita 
tion, mammals that have received heart Valve replacement 
Surgery as well as those mammals having congenital valvu 
lar disease (e.g., bicuspid valvular disease). Such mammals 
can be identified using Standard clinical diagnostic tech 
niques (e.g., echocardiography and cardiac catheterization). 
In addition, medical history records can be used to identify 
patients at risk of developing heart Valve degeneration, 
thrombosis, or calcification. For example, medical history 
records can be used to identify patients having had heart 
Valve replacement Surgery while between the age of 30 and 
50 years Since Such patients are at risk of developing heart 
Valve degeneration, thrombosis, or calcification. 

0054) Once a mammal in need of treatment is identified, 
an inhibitor of hydroxymethylglutaryl coA reductase activ 
ity can be administered. Although not limited to any par 
ticular mode of action, administration of an inhibitor of 
hydroxymethylglutaryl coA reductase activity presumably 
causes an increase in nitric oxide Synthase activity within 
Valvular tissue. AS described herein, an increase in nitric 
oxide Synthase activity within valvular tissue can alter the 
molecular makeup of the heart Valve's extracellular matrix 
as well as inhibit heart Valve cell proliferation and apoptosis 
normally induced by harmful stimuli. Inhibitors of 
hydroxymethylglutaryl coA reductase activity include, with 
out limitation, Statin drugs Such as pravastatin, atorvastatin, 
Simvastatin, and lovastatin. 

0.055 Any method can be used to determine if hydroxym 
ethylglutaryl coA reductase activity was inhibited. For 
example, the level of expression of a particular nitric oxide 
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Synthase enzyme can be determined by measuring mRNA or 
polypeptide levels within a tissue sample. Moreover, clinical 
methods that can assess the degree of hydroxymethylglu 
taryl coA reductase or nitric oxide Synthase activity can be 
used to determine whether hydroxymethylglutaryl coA 
reductase activity was inhibited. 
0056 Typically, a pharmaceutically effective amount of 
an inhibitor of hydroxymethylglutaryl coA reductase activ 
ity is administered to a mammal in need of treatment. A 
pharmaceutically effective amount of an inhibitor of 
hydroxymethylglutaryl coA reductase activity refers to any 
amount that does not cause significant toxicity to the host 
and inhibits hydroxymethylglutaryl coA reductase activity. 
Such an amount can be determined by assessing the clinical 
Symptoms of a patient before and after administering a fixed 
amount of a particular material. In addition, the pharmaceu 
tically effective amount of a particular material administered 
to a host can be adjusted according to the host's response 
and desired outcomes. Significant toxicity can vary for each 
particular patient and depends on multiple factors including, 
without limitation, the patient's age, tolerance to pain, and 
disease State. 

0057. In addition, any of the materials described herein 
can be administered to any part of the host's body including, 
without limitation, the blood Stream, lungs, intestines, and 
the like. Thus, an inhibitor of hydroxymethylglutaryl coA 
reductase activity can be administered by intravenous injec 
tion, inhalation, or oral administration. For example, an 
aeroSol preparation containing an inhibitor of hydroxymeth 
ylglutaryl coA reductase activity can be given to a patient by 
inhalation. It is noted that the duration of treatment with any 
of the materials described herein can be any length of time 
from as short as one day to as long as a lifetime (e.g., many 
years). For example, an inhibitor of hydroxymethylglutaryl 
coA reductase activity can be administered at Some fre 
quency over a period of ten years. It is also noted that the 
frequency of treatment can be variable. For example, an 
inhibitor of hydroxymethylglutaryl coA reductase activity 
can be administered once (or twice, three times, etc.) daily, 
weekly, monthly, or yearly. 
0058 Preparations for administration can include sterile 
aqueous or non-aqueous Solutions, Suspensions, and emul 
Sions. Examples of non-aqueous Solvents include, without 
limitation, propylene glycol, polyethylene glycol, vegetable 
oils, and injectable organic esters. Aqueous carriers include, 
without limitation, water as well as alcohol, Saline, and 
buffered solutions. Preservatives, flavorings, and other addi 
tives Such as, for example, antimicrobials, anti-oxidants, 
chelating agents, inert gases, and the like may also be 
present. 

0059 4. Treating Carcinoid Heart Disease 
0060 Carcinoid heart disease refers to a cardiac mani 
festation of malignant carcinoid Syndrome. Briefly, carci 
noid heart disease is a unique form of fibrosis involving 
primarily the endocardium of the right heart. In general, 
fibrous deposits tend to cause constriction of the tricuspid 
and pulmonary heart Valves. Mammals having carcinoid 
heart disease can be identified using common medical 
diagnostic techniques. For example, echocardiography can 
be used to identify human patients that have carcinoid heart 
disease. In addition, 5-hydroxyindole acetic acid (5-HIAA) 
levels within urine can be measured to identify mammals 
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having a carcinoid tumor. Typically, an elevated level of 
5-HIAA in a patient's urine indicates the presence of a 
carcinoid tumor. It is noted that the normal range of 5-HIAA 
within urine collected for a 24 hour time period is about 0.0 
mg to about 6.0 mg (i.e., about 0-6 mg 5-HIAA in urine per 
24 hours). 
0061 AS described herein, administration of a serotonin 
receptor inhibitor (e.g., a 5HT1B receptor inhibitor) can 
reduce Serotonin-induced proliferation of Valvular tissue. 
Briefly, serotonin was found to induce proliferation of heart 
Valve cells in a 5HT. Selective manner, indicating the 
involvement of 5HT receptor activity in the proliferation 
process. Thus, carcinoid heart disease can be treated by 
administering a Serotonin receptor inhibitor. Such inhibitors 
include, without limitation, B-blockerS Such as pindolol, 
meththiotepin, metoprolol, and paldolol. 
0.062 Typically, a pharmaceutically effective amount of a 
Serotonin receptor inhibitor is administered to a mammal in 
need of treatment. A pharmaceutically effective amount of a 
Serotonin receptor inhibitor refers to any amount that does 
not cause Significant toxicity to the host and inhibits Sero 
tonin receptor activity. Such an amount can be determined 
by assessing the clinical Symptoms of a patient before and 
after administering a fixed amount of a particular material. 
In addition, the pharmaceutically effective amount of a 
particular material administered to a host can be adjusted 
according to the host's response and desired outcomes. 
Significant toxicity can vary for each particular patient and 
depends on multiple factors including, without limitation, 
the patients age, tolerance to pain, and disease State. 
0.063) 5. Identifying Inhibitors of Heart Valve Degenera 
tion and Determining Drug Safety 
0064. The invention also provides methods and materials 
for identifying compounds that can be used to inhibit heart 
Valve degeneration, thrombosis, and calcification. Such 
methods include (a) contacting heart Valve cells with a 
Stimulant to promote proliferation, (b) contacting the pro 
liferating cells with a test compound, and (c) determining if 
the test compound reduced cell proliferation. Any type of 
Stimulant can be used provided heart Valve cell proliferation 
is promoted. Such stimulants can include, without limita 
tion, growth factorS Such as basic fibroblast growth factor, 
PDGF, and TGF-B as well as solutions that create hyper 
lipidemic conditions. In addition, any type of compound can 
be used as a test compound including, without limitation, 
polypeptides, nucleic acids, carbohydrates, lipids, Synthetic 
chemicals, inorganic compounds, and any other compound 
such as those listed in the Merck Index (12th Edition, March 
1996, available from the Merck Publishing Group, Rahway, 
N.J.). A test compound also can be a member of a combi 
natorial library. Compounds identified using the methods of 
the invention can be further evaluated, detected, cloned, 
Sequenced, and the like. 
0065. Any method can be used to measure proliferation. 
For example, immunocytochemistry can be used to monitor 
proliferation markerS Such as proliferating cell nuclear anti 
gen (PCNA). In addition, biological assays designed to 
detect proliferation by measuring incorporation of radio 
labeled nucleotides (e.g., tritiated thymidine) can be used. 
Thus, a compound that inhibits heart Valve degeneration can 
be identified by monitoring the proliferation of porcine heart 
valve cells stimulated with a growth factor before and after 
treatment with a test compound. 
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0066. In another embodiment, apoptosis instead of pro 
liferation can be used to identify therapeutic compounds. 
For example, a method within the Scope of the invention can 
include (a) contacting heart valve cells with a stimulant to 
promote apoptosis, (b) contacting the treated cells with a test 
compound, and (c) determining if the test compound 
reduced apoptosis. Any type of Stimulant can be used 
provided heart Valve cell apoptosis is promoted. Such Stimu 
lants can include, without limitation, Serotonin, fenflu 
ramine, and cholesterol. In addition, any method can be used 
to measure apoptosis. For example, immunocytochemistry 
can be used to monitor apoptosis markers such as CPP32. In 
addition, a TclT-mediated duTP-biotin nick end-labeling 
technique (TUNEL) can be used to measure apoptosis. Thus, 
a compound that inhibits heart Valve degeneration can be 
identified by monitoring the apoptosis of porcine heart Valve 
cells Stimulated with an apoptosis-inducing factor before 
and after treatment with a test compound. 
0067. In addition, the methods and materials of the inven 
tion can be used to assess the Safety of any Substance given 
to a mammal. For example, any new drug designed for 
human use can be tested for adverse affects on heart Valve 
tissue. In general, the Substance to be tested is applied to 
heart valve cells after which the heart valve cells are 
examined for any increase in proliferation and/or apoptosis, 
or any change in the makeup of the extracellular matrix. Any 
increase in heart Valve cell proliferation and/or apoptosis can 
indicate that the Substance promotes heart Valve degenera 
tion. 

0068 The invention will be further described in the 
following examples, which do not limit the Scope of the 
invention described in the claims. 

EXAMPLES 

Example 1 

0069 Effects of Hyperlipidemia on Heart Valve Tissue 
0070 Rabbits were used since they have a propensity to 
develop endothelial dysfunction when Subjected to a cho 
lesterol diet. The effects of feeding New Zealand White 
Rabbits a diet supplemented with 1% cholesterol (wt/wt; 
Purina Mills, Woodmont, Ind.) were studied. Briefly, the 
rabbits were fed cholesterol for ten weeks, while control 
rabbits received a normal diet. After ten weeks, the rabbits 
were anesthetized using intramuscularketamine (68 mg/kg), 
Xylazine (9 mg/kg), and aceprimazine (2.3 mg/kg). Heparin 
(100 U/kg) was administered intracardially, and the rabbits 
were killed four to five minutes later with an overdose of a 
pentobarbital Sodium Solution. The thorax was opened 
widely, and the heart removed for histologic, RT-PCR, and 
immunostaining analysis of the aortic heart Valve. After 
removal, the aortic heart Valves were either frozen in liquid 
nitrogen, or fixed in 10% formalin and embedded in para 
film. The valvular appearance, histology, and immunostain 
ing for fibronectin were examined to determine the effects of 
hyperlipidemia. 
0071 Aortic heart valves from the hyperlipidemic rabbits 
exhibited a thickening of the valve cusp with accompanying 
lipid accumulation. The aortic heart Valves from control 
rabbits did not exhibit cusp thickening or lipid accumula 
tion. Histological evaluation of the aortic valves from hyper 
lipidemic rabbits revealed a definite fibroplastic prolifera 
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tion of the Subendothelial layer as well as a marked 
accumulation of lipid in what appeared to be foam cells. 
Similar lesions were found in the progression of atheroscle 
rosis to advanced lesions within arteries. Aortic heart Valves 
from control rabbits did not exhibit fibroplastic proliferation 
or lipid accumulation. 
0.072 Fibronectin is a dimeric glycoprotein found in the 
extracellular matrix of most tissues. Immunostaining for 
fibronectin in aortic heart valves from hyperlipidemic rab 
bits revealed marked Staining for this glycoprotein, while 
aortic heart valves from control rabbits exhibited very little 
fibronectin immunoreactivity. In addition, the fibronectin 
Staining in aortic heart Valves from hyperlipidemic rabbits 
was detected diffusely in the endothelial and subendothelial 
layer. Moreover, using RT-PCR, eNOS mRNA was detected 
in aortic heart valve tissue from both the hyperlipidemic and 
control rabbits. Taken together, these results indicate that a 
Stimulus Such as hyperlipidemia can lead to significant 
changes in not only the proliferative State of heart Valve cells 
but also the molecular makeup of the extracellular matrix of 
heart valves. 

0073. In another experiment, osteopontin expression was 
evaluated. Osteopontin is a non-collagenous bone matrix 
protein found to be present in the hypercholesterolemic 
aortic valves. New Zealand rabbits (n=8) were fed with a 1% 
cholesterol diet for 12 weeks. Eight control animals were fed 
a normal chow diet. Aortic valves were cut and foam cells 
were identified by immunostaining for macrophage anti 
body. Cell proliferation was assessed by immunostaining for 
proliferating nuclear antigen (PCNA), and osteopontin (OP) 
for calcification. Transmission electron microScopy immu 
nogold labeling confirmed Osteopontin expression. 

0.074 Atherosclerotic lesions were present in all choles 
terol treated rabbit valves as compared to controls. These 
lesions Stain positive for foam cell formation. There was 
increased osteopontin expression in the atherosclerotic 
lesion of the aortic valves and a thousand-fold increase in the 
number of proliferating cells as compared to the controls. 
Cholesterol levels in the rabbits: the cholesterol treated 
rabbits had a cholesterol level of 1036+/-96 mg/dL, the 
normal rabbits had a cholesterol level of 42.28+/- mg/dL. 
Osteopontin expression was confirmed by immunogold 
labeling in the hypercholesterolemic valves. Electron 
microScopy analysis revealed that immunogold label is 
present primarily in matrix vesicles embedded in collagen 
fibrils which is characteristic of calcification. Further, these 
heavily labeled areas were enriched in cholesterol deposi 
tion. 

0075. These results indicate that hypercholesterolemia 
induces atherOSclerotic lesions in rabbit aortic valves, as 
evidenced by foam cell infiltration and an increase in 
cellular proliferation. In addition, these results indicate that 
hypercholesterolemia Stimulates osteopontin production. 
Thus, hypercholesterolemia may stimulate the calcification 
proceSS present in calcific aortic valve disease. 

Example 2 

0076) Effects of HMG CoA Reductase Inhibitors and 
Oxidative Stress on Heart Valve Tissue in vitro 

0.077 Valvular endothelial and subendothelial tissues 
were obtained from mature pigs and used to create primary 
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explant cultures. Briefly, the cells were isolated from the 
cardiac aortic valves by collagenase digestion, and cultured 
in medium 199 with 10% (v/v) heat-inactivated fetal bovine 
serum at 37°C. in a humidified atmosphere of 5% CO in air. 
For each experiment, the cells were used between the 3rd 
and 7th passage. Cells were grown to about 80 percent 
confluence in 24-well plates. Once at about 80 percent 
confluence, the cells were incubated in Serum-free medium 
for 24 hours to arrest growth. After the 24 hour incubation, 
LDL (10 ug/mL) alone, pravastatin (100 nM) alone, or LDL 
(10 ug/mL) plus pravastatin (100 nM) was added to the 
wells, and the cells incubated for 18 hours. Controls were 
cells treated with either Serum-free media or media contain 
ing 10% fetal bovine serum. Pravastatin is an HMG CoA 
reductase inhibitor obtained from Bristol Meyer Squibb. 
After the 18 hour incubation, the cells were incubated in the 
presence of tritiated thymidine (1 uCi/well) for four hours 
and a thymidine uptake assay performed to assess cellular 
proliferation according to the Standard techniques described 
by Johnson et al. (J. Mol. Cell. Card. 19:1185-93 (1987)). 
Newly synthesized DNA was identified by incorporation of 
radioactivity into acid-precipitated cellular material. All 
Samples were assayed in quadruplicate wells. 

0078 Treatment of the valvular cells with LDL alone 
resulted in Substantial proliferation as compared to cells 
incubated in serum-free media (FIG. 1). In fact, treatment 
with LDL alone resulted in more proliferation than that 
observed for cell incubated in media containing 10% fetal 
bovine Serum (positive control). In addition, treatment with 
LDL plus Pravastatin resulted in Substantially less prolif 
eration than that observed for cells treated with LDL alone. 
Thus, valvular cells proliferate in response to LDL, and this 
proliferation can be inhibited by Pravastatin. 

0079. In another experiment, cells were grown to about 
80 percent confluence and then incubated in Serum-free 
medium for 24 hours to arrest growth. After the 24 hour 
incubation, the cells were incubated in Serum-free media 
containing 100 nM pravastatin for 24 hours. Control cells 
were incubated in serum-free media only. After the 24 hour 
incubation, the cultured cells were collected and homog 
enized in a lysis buffer (50 mM Tris-HCl, 1% NP-40, 1mM 
EGTA, 1% mercaptoethanol, 100 mM leupeptin, and 1 mM 
PMSF). After pelleting nuclei, the Supernatant was boiled in 
Laemmli loading buffer and separated by SDS-PAGE (7.5% 
acrylamide gel). Once separated, the polypeptides were 
electroblotted onto nitrocellulose and probed with a mono 
clonal antibody to endothelial nitric oxide synthase (eNOS 
mAb; Transduction Laboratory; Lexington, Ky.). To ensure 
efficient polypeptide transfer, gels were Stained with Coo 
masie Blue. 

0080) A Western blot analysis revealed that valvular cells 
contain Substantially more eNOS polypeptide after pravas 
tatin treatment than that observed for cells treated with 
serum-free media alone. These results indicate HMG CoA 
reductase inhibitors can induce eNOS polypeptide expres 
Sion within valvular cells. 

0081. To assess nitric oxide synthase activity, the aortic 
Valve endothelial cell lysates were evaluated using an 
NADPH disphorase reaction. Briefly, each lysate was incu 
bated for 30 minutes in a NOS assay buffer containing 
H-L-arginine, NADPH (100 mM), tetrahydrobiopterin (1 
mM), calmodulin (10 mM), and CaCl (25 mM). The reac 
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tion was quenched with ice cold stop buffer (2 mM EDTA, 
20 mM Hepes, pH 5.5). The mixture was passed over a 
DoweX AG50WX-8 Na form resin and washed with one mL 
stop buffer. Nitric oxide synthase activity was calculated to 
be the amount of L-arginine converted to L-citrulline that 
was inhibited by 1-NAME. A scintillation counter was used 
to determine the amount of radioactivity. 
0082 Valvular cells treated with pravastatin exhibited 
about 100-fold more nitric oxide synthase activity than that 
observed in cells treated with serum-free media alone. Thus, 
HMG CoA reductase inhibitors can increase nitric oxide 
Synthase activity in Valvular cells. 

Example 3 

0083) Adenoviral Vectors 
0084 Adenoviral vectors containing a cDNA encoding 
either 3-galactosidase or eNOS were constructed using 
methods similar to those described by Tsutsui et al. (Arterio. 
Thromb. Vascul. Biol. 18:1231-1241 (1998). Briefly, each 
vector was produced by cloning the cDNA of interest into a 
plasmid containing a SubSegment of the adenoviral genome. 
Each resulting construct then was cotransfected into human 
E1a-293 cells along with adenoviral DNA containing an E1a 
deletion. Adenoviruses containing a E1a deletion are repli 
cation defective, however, Viral replication can occur within 
E1a-293 cells since these cells provide E1a products in trans. 
Through homologous recombination, recombinant adenovi 
ral vectors containing the cDNA of interest were produced 
within the 293 cells. The recombinant adenoviral vectors 
were isolated and propagated. Once collected, each aden 
oviral vector stock was stored at -70° C. in 0.01M Tris, 
0.01M MgCl, and 10% glycerol. The recombinant adenovi 
ral vector containing the B-galactosidase cDNA was desig 
nated Adfgal, while the eNOS containing adenoviral vector 
was designated AdeNOS. 

Example 4 

0085 Effects of eNOS Expression on Valvular Cell Pro 
liferation 

0.086 Valvular endothelial and subendothelial tissues 
were obtained from mature pigs and used to create primary 
explant cultures. Briefly, the cells were isolated from the 
cardiac aortic valves by collagenase digestion, and cultured 
in medium 199 with 10% (v/v) heat-inactivated fetal bovine 
serum at 37°C. in a humidified atmosphere of 5% CO in air. 
The cells were used between the 3rd and 7th passage. For 
each experiment, the cells were grown to about 80 percent 
confluence in 24-well plates. Once at about 80 percent 
confluence, the cells were incubated in Serum-free medium 
for 24 hours to arrest growth. After the 24 hour incubation, 
the cells were infected with either Adfgal or AdeNOS. 
Briefly, virus particles (200 MOI) were incubated with the 
cells for one hour. After the incubation, the cells were wash 
two times with PBS and cultured with serum-free media for 
24 hours to allow expression of either B-gal or eNOS. After 
culturing, the cells were incubated with conditioned media 
for 18 hours. Control cells were incubated in either serum 
free media (negative control) or media containing 10 percent 
fetal bovine serum (positive control). After the 18 hour 
incubation, the cells were incubated in the presence of 
tritiated thymidine (1 uCi/well) for four hours and a thymi 
dine uptake assay performed to assess cellular proliferation 
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according to the Standard techniques described by Johnson 
et al. (J. Mol. Cell. Card. 19:1185-93 (1987)). Newly 
synthesized DNA was identified by incorporation of radio 
activity into acid-precipitated cellular material. All Samples 
were assayed in duplicate wells. 

0087. The conditioned media used to treat the cells was 
obtained from primary porcine Valve explant cultures as 
followS. Cells were grown to confluence and then incubated 
for 24 hours in serum-free media. After the 24 hour incu 
bation, 10 ug/mL of LDL was added and the cultures 
incubated for another 24 hours. After this second 24 hour 
incubation, the Supernatant was collected and the cells 
discarded. This Supernatant was used as conditioned media. 
0088 Valvular cells infected with AdBgal and treated 
with conditioned media exhibited much more proliferation 
than that observed from similarly treated valvular cells 
infected with AdeNOS (FIG.2). Thus, eNOS expression can 
reduce the proliferative response of valvular cells normally 
induced by Oxidative conditions. 

Example 5 

0089 Analysis of Bioprosthetic Heart Valves 

0090 Heart valve tissue is collected from porcine Sub 
jects obtained from a slaughterhouse. For human valvular 
tissue, a cadaver is used. Optionally, the ROSS procedure is 
used to remove a patient's pulmonic valve and Substitute it 
for their aortic valve. Prior to using the human pulmonic 
valve, however, it is treated as described herein. 

0091. Once collected, the porcine or human heart valve 
tissue is Stored in a cardioplegic Solution oxygenated with 
carbogen (95% O2, 5% CO). The cardioplegic solution 
contains 152 mM Na', 3.6 mM K, 135 mM Cl, 25 mM 
HCO, 0.6 mM Mg, 1.3 mM HPO, 0.6 mMSO, 2.5 
mM Ca", 11.2 mM glucose, 30 mM 2.3 butanedione 
monoxime, and 10 IU/L insulin. The cardioplegic Solution 
can protect the myocardium while outside a body. An 
adenoviral nucleic acid delivery System is used to deliver 
cDNAS encoding B-galactosidase and/or eNOS to the val 
vular endothelial cells of the heart valve tissue in vitro Such 
that nitric oxide production can be assessed within the cells. 

0092 AdeNOS is used to infect human and porcine aortic 
Valves. The Adigal is used as a control to assess the degree 
of infection. Once infected, each tissue optionally is exam 
ined to determine the level of NOS activity using an 
NADPH disphorase reaction in cells. In addition, the 
infected tissue optionally is tested for nitrite production. 
Briefly, the tissue is incubated for two hours in a Krebs 
Solution containing L-arginine (100 um) and the calcium 
ionophore A23.187 (1 uM; Sigma catalog number C7522) 
After incubation, the Solution is collected and analyzed for 
nitrite concentration using a spectrofluorometric assay. Fur 
ther, fibronectin and Osteopontin production by each tissue 
optionally is examined using immunocytochemistry. 

0093. In another set of experiments, heart valve tissue is 
infected with the AdeNOS, incubated for 24-36 hours, and 
frozen at -70° C. Presumably, infecting the heart valve 
tissue with AdeNOS prior to freezing stabilizes the endot 
helium and extracellular matrix in addition to decreasing the 
amount of injury procured by the freezing process. Once 
thawed, the tissue is Surgically implanted into a sheep or 
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human patient. At various time points after implantation, the 
heart Valve tissue is analyzed for degeneration, thrombosis, 
and calcification. 

0094. In yet another set of experiments, heart valve tissue 
is infected with the AdeNOS, incubated for 24-36 hours, and 
fixed. Presumably, infecting the heart valve tissue with 
AdeNOS prior to fixation stabilizes the endothelium and 
extracellular matrix in addition to decreasing the amount of 
injury procured by the fixation process. Once fixed, the 
tissue is Surgically implanted into a sheep or human patient. 
At various time points after implantation, the heart Valve 
tissue is analyzed for degeneration, thrombosis, and calci 
fication. 

Example 6 

0.095 Frozen Bioprosthetic Heart Valves 
0.096 Heart valve tissue is collected from porcine Sub 
jects obtained from a slaughterhouse. For human valvular 
tissue, a cadaver is used. Optionally, the ROSS procedure is 
used to remove a patient's pulmonic valve and Substitute it 
for their aortic valve. Prior to using the human pulmonic 
Valve, however, it is treated as described herein. 
0097. Once collected, the porcine or human heart valve 
tissue is Stored in a cardioplegic Solution oxygenated with 
carbogen (95% O2, 5% CO). The cardioplegic solution 
contains 152 mM Na', 3.6 mM K, 135 mM Cl, 25 mM 
HCO, 0.6 mM Mg, 1.3 mM HPO, 0.6 mMSO, 2.5 
mM Ca", 11.2 mM glucose, 30 mM 2.3 butanedione 
monoxime, and 10 IU/L insulin. The cardioplegic solution 
can protect the myocardium while outside a body. This 
tissue then is infected with an adenoviral vector. Briefly, an 
adenoviral nucleic acid delivery System is used to deliver a 
cDNA encoding eNOS to the valvular endothelial cells of 
the heart Valve tissue Such that nitric oxide Synthase activity 
is increased within the cells. Once infected, the heart valve 
tissue is incubated for about 12 to about 36 hours (e.g., about 
24-36 hours), and frozen at -70° C. This frozen heart valve 
tissue is thawed and implanted within a mammalian Subject 
requiring heart Valve replacement. 

Example 7 

0.098 Fixed Bioprosthetic Heart Valves 
0099 Heart valve tissue is collected from porcine Sub 
jects obtained from a slaughterhouse. For human valvular 
tissue, a cadaver is used. Optionally, the ROSS procedure is 
used to remove a patient's pulmonic valve and Substitute it 
for their aortic valve. Prior to using the human pulmonic 
Valve, however, it is treated as described herein. 
0100. Once collected, the porcine or human heart valve 
tissue is Stored in a cardioplegic Solution oxygenated with 
carbogen (95% O2, 5% CO). The cardioplegic solution 
contains 152 mM Na', 3.6 mM K, 135 mM Cl, 25 mM 
HCO, 0.6 mM Mg, 1.3 mM HPO, 0.6 mMSO, 2.5 
mM Ca", 11.2 mM glucose, 30 mM 2.3 butanedione 
monoxime, and 10 IU/L insulin. The cardioplegic Solution 
can protect the myocardium while outside a body. This 
tissue then is infected with an adenoviral vector. Briefly, an 
adenoviral nucleic acid delivery System is used to deliver a 
cDNA encoding eNOS to the valvular endothelial cells of 
the heart Valve tissue Such that nitric oxide Synthase activity 
is increased within the cells. Once infected, the heart valve 
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tissue is incubated for about 12 to about 36 hours (e.g., about 
24-36 hours), and fixed. This fixed heart valve tissue is 
implanted within a mammalian Subject requiring heart Valve 
replacement. 

Example 8 

0101 Carcinoid Heart Disease 
0102 Heart valve tissue was obtained from patients with 
and without carcinoid heart disease. Patients with carcinoid 
heart disease were identified by retrospective review of a 
tissue registry. In addition, patients were identified as having 
carcinoid heart disease by measuring 5-HIAA levels within 
urine as well as by histologically examining heart Valve 
tissue for a normal endothelial layer and a Subendothelial 
layer containing proliferating cells and an increased extra 
cellular matrix. 

0.103 Gross inspection of the heart valves from patients 
with carcinoid heart disease at the time of valve replacement 
reveal a Smooth appearing endocardial Surface. In addition, 
these heart Valves contained plaque-like lesions consisting 
of a thickened subendothelial cell layer. In fact, these 
Subendothelial cells compose the majority of the endocardial 
plaque Surface. Conversely, normal control heart Valves 
exhibited a clear, glistening valvular cusp with no visible 
evidence of endocardial plaque lesions. The valve Surface 
was intact. 

0.104) To examine collagen synthesis, the heart valves 
were Stained with Masson trichrome. A marked increase in 
the collagen identified by the Masson trichrome stain was 
observed in the carcinoid valves as compared to the normal 
Valves. In addition, younger lesions exhibited leSS blue 
intensity than older lesions indicating that younger lesions 
have a lesser amount of collagen Synthesis than the older 
lesions. 

0105 PCNA immunostaining was performed to examine 
in Situ proliferation eX Vivo. Briefly, Slides containing the 
heart Valve tissue were deparaffinized and rehydrated 
through the following Solutions: Xylene twice for five min 
utes, 100% ethanol twice for ten seconds, and 95% ethanol 
twice for ten Seconds. Endogeneous peroxidase activity was 
blocked by incubating the slide in a 50% volume HO/50% 
Volume methanol Solution at room temperature for ten 
minutes followed by a rinsing with running tap water. 
Non-Specific polypeptide binding sites were blocked by 
applying 5% normal horse serum diluted in PBS/0.05% 
Tween 20 (pH 7.2-7.4; obtained from Pierce Chemical Co.) 
to each Slide for ten minutes at room temperature. The Serum 
was blotted off, and primary antibody diluted in 1% normal 
horse serum plus PBS/0.05% Tween 20 applied for an 
overnight incubation period in a humidity chamber at 4 C. 
The PCNA antibody (obtained from Dako; Carpinteria, 
Calif.) was used at a 1:7500 dilution. As described below, 
the heart Valve tissue also was stained with an 5HTB 
antibody (1:75 dilution; obtained from Santa Cruz Biotech; 
Santa Cruz, Calif.). After overnight incubation, the primary 
antibody was rinsed off with tap water, the slides blotted, and 
a biotinylated Secondary antisera cocktail containing goat 
antimouse IgG (diluted 1:400) added. After a 30 minute 
room temperature incubation, the Slides were rinsed with 
running tap water, and incubated with Streptavidin-horse 
radish peroxidase diluted 1:500 in PBS/0.05%, Tween 20 
with 1% normal goat serum for 30 minutes at room tem 



US 2004/0058444 A1 

perature. The Slides then were rinsed with running tap water, 
and exposed to color development using 3-amino-9-ethyl 
carbazole as a Substrate Solution (Sigma) for 15 minutes at 
room temperature. The Slides were counterstained with 
hematoxylin for 30 Seconds, and a coverslip applied. 
0106 PCNA quantitation was performed by automated 
digital image analysis. Immunoperoxidase Stains treating the 
tissue were measured by comparing intensity of light pass 
ing through the glass slide on which the cells reside. This 
light was captured by a Video camera Set at a specific 
wavelength. The absorption value of each pixel represents 
the level of light absorbed by the cellular constituents in a 
finite area. These pixels were then quantified for the analysis 
of proliferating cellular nuclei. 

0107 PCNA immunostaining of heart valves from car 
cinoid heart disease patients revealed a marked increase in 
the number of positive brown Staining nuclei as compared to 
normal control tricuspid valves, corresponding to an upregu 
lation of DNA polymerase in the carcinoid valves. It is noted 
that DNA polymerase is a marker of cell proliferation. 
Quantitation of the number of PCNA positive staining nuclei 
in the carcinoid tricuspid valve verSuS the normal tricuspid 
valve revealed a 35-fold increase in the number of positive 
nuclei as compared to the control (p<0.001). 
0108. In addition, heart valves from carcinoid heart dis 
ease patients exhibited a marked increase in the number 
5HT receptor positive cells when compared to number of 
5HT receptor positive cells detected in normal control 
tricuspid valves. 
0109 To examine the direct proliferative effects of sero 
tonin, cultured porcine aortic valve Subendothelial cells 
were treated with 1 uM, 100 nM, and 10 nM of serotonin and 
then tested using a H thymidine incorporation assay. Sero 
tonin treatment markedly increased cell proliferation in the 
subendothelial cells as compared to untreated cells (33-fold, 
p<0.001). Incubation with serotonin and a 5HT receptor 
antagonist, methiothepin (7 nM), inhibited the Serotonin 
induced proliferation. 

0110. These results indicate that serotonin is a powerful 
direct mitogen on Subendothelial valve cells, and that this 
mitogenic effect is, at least in part, mediated via 5HT1b 
receptors. Thus, 5HT receptor antagonists Such as pin 
dolol, cyanopindolol, 5-HT-moduline, and methiothepin can 
be used to treat carcinoid heart disease. 

0111 Human valve tissue was also stained with Sirius 
red, which stains collagen I, as described elsewhere (Dayan 
et al., Histochem. 93:27-29 (1989)). Briefly, slides contain 
ing human valve tissue were deparaffinized and rehydrated 
through the following Solutions: Xylene twice for five min 
utes, 100% ethanol twice for ten seconds, and 95% ethanol 
twice for ten Seconds. After rehydration, the Slides were 
incubated for one hour at room temperature in 0.1 percent 
Sirius red Solution. The 0.1 percent Sirius red Solution 
contained 0.1 g direct red 80 (Sigma, catalog number 
D0303) in 100 mL of saturated picric acid. After the one 
hour incubation, the slides were incubated in one percent 
acetic acid for 30 minutes, rinsed with distilled water for ten 
Seconds three times, and counterstained with hematoxylin 
for 20 Seconds. The one percent acetic acid contained one 
mL of glacial acetic acid in 99 mL distilled water. After 
counterstaining, the slides were treated with acid alcohol, 
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rinsed with tap water, dehydrated through alcohols, cleared 
in Xylene, and mounted. The acid alcohol contained one mL 
hydrochloric acid, 29 mL distilled water, and 70 mL 100% 
ethanol. 

0112 Sirius red Staining revealed a qualitative increase in 
collagen I Staining in carcinoid heart Valve tissue as com 
pared to normal heart Valve tissue. 

OTHER EMBODIMENTS 

0113. It is to be understood that while the invention has 
been described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention, which is defined by 
the Scope of the appended claims. Other aspects, advantages, 
and modifications are within the Scope of the following 
claims. 

What is claimed is: 
1. A non-murine heart Valve cell containing an exogenous 

nucleic acid that encodes a polypeptide having nitric oxide 
Synthase activity. 

2. The cell of claim 1, wherein said cell is an endothelial 
cell. 

3. The cell of claim 1, wherein said cell is a myocyte. 
4. The cell of claim 1, wherein Said polypeptide is 

endothelial nitric oxide Synthase. 
5. An isolated heart Valve cusp, wherein a cell of Said cusp 

contains an exogenous nucleic acid that encodes a polypep 
tide having nitric oxide Synthase activity. 

6. The cusp of claim 5, wherein Said cell is porcine. 
7. The cusp of claim 5, wherein said cell is human. 
8. The cusp of claim 5, wherein said polypeptide is 

endothelial nitric oxide Synthase. 
9. A method for making a bioprosthetic heart valve, said 

method comprising: 
a) obtaining a heart valve cusp, and 
b) introducing nucleic acid into a cell of Said cusp, 

wherein Said nucleic acid encodes a polypeptide having 
nitric oxide Synthase activity. 

10. The method of claim 9, wherein said cell is porcine. 
11. The method of claim 9, wherein said cell is human. 
12. The method of claim 9, wherein said polypeptide is 

endothelial nitric oxide Synthase. 
13. The method of claim 9, wherein said nucleic acid is 

introduced into Said cell via adenoviral-mediated nucleic 
acid transfer. 

14. The method of claim 9, wherein said nucleic acid 
integrates into the genome of Said cell. 

15. The method of claim 9, wherein said method com 
prises fixing Said cusp. 

16. The method of claim 15, wherein said fixation step 
occurs after Said introduction Step. 

17. The method of claim 9, wherein said method com 
prises freezing Said cusp. 

18. The method of claim 17, wherein said freezing step 
occurs after Said introduction Step. 

19. A method for slowing the degeneration of a heart 
Valve within a non-murine mammal, Said method compris 
ing introducing nucleic acid encoding a polypeptide having 
nitric oxide Synthase activity into a cell of Said heart Valve 
Such that Said polypeptide is expressed. 

20. The method of claim 19, wherein said introduction 
Step is performed in vitro. 
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21. The method of claim 19, wherein said heart valve is 
an autograft. 

22. The method of claim 19, wherein said heart valve is 
an allograft. 

23. The method of claim 19, wherein said heart valve is 
a Xenograft. 

24. The method of claim 19, wherein said method com 
prises administering an inhibitor of hydroxymethylglutaryl 
coA reductase activity to Said mammal. 

25. The method of claim 24, wherein said inhibitor 
comprises pravastatin, atorvastatin, Simvastatin, or lovasta 
tin. 

26. A method for slowing heart Valve degeneration, Said 
method comprising: 

a) identifying a mammal at risk of developing heart Valve 
degeneration, and 

b) administering an inhibitor of hydroxymethylglutaryl 
coA reductase activity to Said mammal. 

27. The method of claim 26, wherein said mammal 
contains a heart Valve replacement. 

28. The method of claim 26, wherein said mammal has 
congenital valvular disease. 

29. The method of claim 26, wherein said mammal has 
bicuspid valvular disease. 

30. A method for treating carcinoid heart disease in a 
mammal, Said method comprising administering a Serotonin 
receptor antagonist to Said mammal. 
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31. The method of claim 30, wherein said antagonist is 
Specific for a 5HT receptor. 

32. The method of claim 30, wherein said antagonist 
comprises a B-blocker. 

33. The method of claim 30, wherein said antagonist is 
pindolol. 

34. A method for identifying an inhibitor of heart valve 
degeneration, Said method comprising: 

a) contacting heart valve cells with a stimulant Such that 
Said cells proliferate, 

b) contacting said cells with a test compound, and 
c) determining if Said test compound reduced the prolif 

eration of Said cells, wherein the reduction of prolif 
eration indicates that Said test compound is an inhibitor 
of heart Valve degeneration. 

35. A method for determining the safety of a drug, said 
method comprising: 

a) contacting heart valve cells with said drug, and 
b) determining if said drug induced proliferation of Said 

cells, wherein the induction of proliferation indicates 
that Said drug promotes heart Valve degeneration. 


