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respectively, exhibited valvular regurgitation of grade Il or
higher by echocardiography, and the relative risk for
regurgitation of the aortic valve, mitral valve, and tricuspid
valve was 4.2-7.3. Although the precise mechanism by
which ergot dopamine agonists affect cardiac valves
remains to be clarified, these degenerate valves resembled
those of serotonin-secreting carcinoid tumors, the expres-
sion level of the 5-HT(2B) receptor was the highest among
the 5-HT(2) subtypes in the cardiac valve [59], and the
ergot dopamine agonists, but not the non-ergot dopamine
agonists, stimulated the 5-HT(2B) receptor. For these
reasons, some investigators [60] have raised the possibility
that the ergot dopamine agonists activate 5-HT(2B)
signaling pathway through Gaq, ERK1/2, Src, and protein
kinase C, leading to hyperplasia of valvular interstitial cells,
valve degeneration, and eventually, regurgitation.

Pathologic angiogenesis and aortic valve degeneration

The cartilage and eye are recognized as representative
avascular tissues, They have specific protective mecha-
nisms to inhibit pathologic angiogenesis [61], and once
avascularity is lost and pathologic vascular invasion occurs
in these tissues, severe diseases, such as arthritis and loss of
cyesight, may ensue. In contrast, histopathologic analyses
of tissues from human calcified aortic valves typically show
the expression of the potent angiogenic factor vascular
endothelial growth factor (VEGF), numerous blood vessels
growing into these valves, and the expression of bone
substrate proteins, such as osteopontin and osteocalcin [62].
Moreover, -smooth muscle actin, Tie-2, and VEGFR-2 are

Fig. 2 Conceptual framework
for the role of chm-1 in sortic
valves. VICs produce chm-1,
which binds to the extracellular
matrix and remains bound for

extended periods. Since chm-1 Endothelial cells

exerts inhibitory effects on c%vgx%:@-x
endothelial cell migration and S A

tube formation, the endothelial
cells cannot infiltrate or migrate
into the valvular interstitium in B AN
the normal cardiac valve. In
degenerative aortic valve
disease, chm-1 expression is de-
creased, possibly by mechanical
stress or inflammation, thereby
allowing the infiltration of en- . )
dothelial cells and inflammatory @
cells, which leads to the prolif-
eration of microvessels and
fibroblasts

Normal aortic valve

e Extracellular matnix
a Chondromodulin-|

co-expressed in many more cells of the human calcified
aortic valve than of the normal valve, so that the angiogenic
potential of these cells is augmented [63, 64]. Furthermore,
significant numbers of endothelial progenitor cells and
dendritic cells localize predominantly within the valvular
fibrosa of calcified native and bioprosthetic aortic valves,
suggesting that cells of extra-valvular origin contribute to
aortic valve degeneration [65].

We hypothesize that cardiac valves possess angioinhibi-
tory mechanisms similar to those in the cartilage and eye
and that aortic valve degeneration is initiated by pathologic
angiogenesis, which is followed by destruction of the
valvular tissue. In a screen for angiogenesis inhibitors that
are normally expressed in the cartilage and eye, we
identified high-level expression of chm-I in normal cardiac
valves [66]. The chm-I gene was cloned from fetal bovine
cartilage [67], and its precursor protein undergoes cleavage
of the C-terminal intracellular portion by furin protease to
generate the mature 25-kDa glycoprotein [61]. The mature
chm-I protein is secreted into the extracellular matrix, where
it binds to exert its physiologic functions, which include
chondrocyte proliferation and angiogenesis inhibition of the
retinal vascular endothelial cells by blocking proliferation
and migration [6], 68]. However, the regulation and signal
transduction of chm-I remain largely unknown.

RT-PCR, Western blotting, and immunohistochemistry
have revealed that chm-I is expressed specifically in all four
types of cardiac valves (aortic, mitral, pulmonary, and
tricuspid valves) of the adult mouse, rat, and human. In
contrast, VEGF and angiogenic factors MMP-1, MMP-2,
MMP-13 expression [69, 70], angiogenesis, and calcification
are observed in the areas of downregulation of chm-l in

Degenerated aoritc valve

Inhibition of migration
Inhibition of tube formation

Anglogenesis

® Valvular interstitial cells (VIC)
2 Macrophage. T lymphocyte

& Other anh-angiogenic factors

» VEGF. MMPs
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degenerate valves. To clarify the physiologic role of chm-I,
we performed primary culturing of rat valvular interstitial
cells using the explant culture method [71], collected the
conditioned media, and analyzed its effect on the angiogenesis
of human coronary artery endothelial cells in vitro. The
angiogenic capacity of endothelial cells was inhibited by
incubation with conditioned media from the valvular intersti-
tial cells, as assessed in the tube formation assay [72] and
migration assay, and this effect was almost completely
reversed in cells that were transfected with chm-I-specific
small interfering RNA, demonstrating the angioinhibitory
action of chm-I. Furthermore, the aortic valves of chm-I
knockout mice of advanced age showed VEGF expression,
angiogenesis, lipid accumulation, and calcification. At
90 weeks of age, the murine aortic valves were significantly
thickened and showed turbulent blood flow by echocardiog-
raphy, indicating early stage aortic stenosis. These findings
demonstrate that the angiogenesis inhibitor chm-I is expressed
in healthy aortic valves so as to maintain normal valvular
function, while the downregulation of chm-I by unknown
factors (possibly inflammation or mechanical stress) permits
pathologic angiogenesis, which leads to degenerative aortic
valve disease. Figure 2 summarizes the newly proposed
mechanism for the onset of aortic valve degeneration. It is
conceivable that our work is unique and important with
regard to identifying a novel, cardiac-valve-specific angioin-
hibitory molecule and in pointing out the similarity between
cartilage and valves and the role of pathologic angiogenesis
in degenerative valve disease,

Conclusions

This review has focused on the current evidence for the
molecular mechanisms underlying aortic valve degeneration.
The mechanism of valvular heart disease remains largely
unknown compared to our understanding of the mecha-
nisms underlying heart failure and atherosclerotic disecases,
and the development of new pharmacologic therapies or
prophylaxis for this disease requires a clearer understanding
of the mechanisms of disease onset. Further studies are
needed, including those into the mechanisms of regulation
and signal transduction of chm-l, as well as the identifica-
tion of additional aggravators and inhibitors of cardiac
valve degeneration from the perspectives of angiogenesis,
calcification, and extracellular matrix remodeling.
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Since existence of endothelial progenitor cell (EPC) and cardiomyocyte-differentiation potential of
mesenchymal stem cells have been reported, various clinical trials on the regeneration and neovascu-
larization of the cardiovascular system had been examined. Although intracoronary administration of
bone marrow mononuclear cells and/or EPC had a tendency to improve the ejection fraction (EF) in
patients with acute myocardial infarction, most of the results indicated that their improvements in EF
were less than 3 %, and could not obtain the statistical significance. Some reports suggested that the
cell number, timing of cell administration, selection of the patients, cell preparation methods were criti-
cally important to get the good results. Application of skeletal myoblasts and mesenchymal stem cells
were also examined in patients with acute myocardial infarction. Intramyocardial injection of skeletal
myoblasts had a tendency to improve cardiac functions, but this caused fatal ventricular arrhythmias
in some cases. Future application of cardiomyocytes obtained from ES cells or inducible pluripotent
stem cells (iPS cells) are awaited.
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Bone marrow contains endothelial progenitor cells and mesenchymal stem cells. Ad-
ministration of bone marrow mononuclear cells into the calf muscle improved lower

limb ischamia.
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Intracaranary administration of bone marrow mononuclear cells had a tendency to

impraove cardiac ejection fraction, but it was minimal and not statistically significant.
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Intracaronary administration of endothelial progenitor cells in patients with acute
myocardial infarction slightly increased ejection fraction, but it was not statistically

significant.
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Direct injection of skeletal myablasts into myocardium improved ejection fraction in
patients with myocardial infarction, However, some of them revealed fatal arrhyth-

mias.
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ES cells can be induced into cardiomyocytes using the recent information of deval-
opmental biology, although they had several problems. Development of iPS cells can

overcome these prablems.
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