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Abstract

General aspects of the present study including purposes, necessities and future
directions

Ischemic organ failures including ischemic heart diseases, cerebrovascular diseases and
arteriosclerosis obliterans, are increasing year by year and thus considered to be one of the
important and major causes of human death. Also in diabetic patients, these vascular diseases are
major complication with high risk of fatal out come and are called as “macroangiopathy” (as
compared with so-called “microangiopathy”).

Ischemic organ failures are caused by arteriostenosis, whose pathological basis is
hyperproliferation of vascular smooth muscle cell. However, the role for vascular endothelial cells
in arteriostenosis development remains elusive. Here we report that vascular endothelial cells are
categorized into two groups: while primary cultured human vascular endothelial cells exclusively
enhanced vascular smooth muscle cell proliferation (type-I, pro-proliferative), vascular endothelial
cells freshly generated from bone marrow-derived endothelial progenitors cells (EPC) or embryonic
stem (ES)/induced pluripotent stem (iPS) cells suppressed vascular smooth muscle cell
proliferation (type-II, anti-proliferative).

By using these in vitro co-culture systems with endothelial cells and smooth muscle cells, we
investigated in the present study miRNA which plays critical roles in these important phenotypes
of various kinds of human vascular endothelial cells. In regard to miRNA, recent studies have
been mainly focused on cancer cell biology, and the roles of miRNA in the vascular systems and

metabolic diseases remain to be studied.

Results of the initial steps of the present studies

During the first year of the investigation, we succeeded in providing three major important
findings to strengthen the fundamental aspects of our study to support the appropriateness of our
in vitro co-culture system.

First of all, we found by using human ES cell-derived endothelial cells that young endothelial
cells with minimal numbers of passages express anti-proliferative phenotypes whereas older
endothelial cells with substantial numbers of passages express pro-proliferative phenotype,
suggesting phenotype conversion depend upon subcultures. By using this system, we can analyze
patterns of miRNA expression with the same ES-derived endothelial cell of different passage
numbers. This analysis is apparently superior to the analysis using endothelial cells differentiated

from entirely different origins of human iPS cells or primary cultured human endothelial cells.
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Second, we have already found that RGS5 (regulator of G protein signaling 5) plays an
important for the determination of the phenotypes of endothelial cells and during the first year of
the study project, we found G protein-coupled receptor, namely sphingosine-1-phosphate receptor,
is major candidate for RGS5-mediated regulation of the function of G protein-coupled receptors on
endothelial phenotypes. In addition, we found that p38 mitogen-activated protein kinase is
down-stream signaling molecules of RGS5 and G protein-coupled receptor.

Finally, we 1dentified N-cadherin as a possible cell membrane molecule which is involved in
the interaction between endothelial cells and smooth muscle cells.

Thus, we will be able to use these molecules such as RGS5, sphingosine-1-phosphate receptor,

and p38 mitogen-activated protein kinase as molecular targets of drug discovery.

These three findings have been published as three articles as follows:

1. Nishio M, et al. New categorization of human vascular endothelial cells by pro-versus
anti-proliferative phenotypes. World J Transl Med 4:88-100, 2015.

2. Nakahara M, et al. p38 MAPK regulates type-I versus type-II phenotyping of human vascular
endothelial cells. World J Transl Med 4:101-112, 2015.

3. Nishio M, et al. Pro- versus anti-stenotic capacities of type-I versus type-II human

1PS-derived endothelial cells. World J Transl Med 4:113-122, 2015.

Results for miRNA studies

According to the successful results of the first year of our research using endothelial cells
differentiated from human ES cells, we performed, in the initial experiment, comparative analyses
of miRNA expression patterns (miRNA array) of vascular endothelial cells derived from the same
human ES cells, 1. e., “young” endothelial cells with the low numbers of passaged versus “old”
endothelial cells with high numbers of passages. As a results, we detected 17 miRNA increased, 94
miRNA decreased, 26 miRNA appeared (switch ON type), 76 miRNA disappeared (switch OFF
type) during passages.

In addition, we also performed comparative analyses of miRNA expression patterns of
vascular endothelial cells derived from two kinds of human iPS cells and primary cultured human
vascular endothelial cells of various origins, including human umbilical vein endothelial cells
(HUVEQ), human neonatal dermal microvascular endothelial cells (HMVEC), human adult aortic
endothelial cells (HAEC) and human adult coronary arterial endothelial cells (HCAEC).

As a result, we identified several miRNA specific for type-I, pro-proliferative endothelial cells
or type-II, anti-proliferative endothelial cells, and analyzed them in detail (including quantitative

PCR analyses). These results of our study will be published elsewhere in the near future.

Results for drug discovery
We constructed screening system for drug discovery by cooperative study with ID Pharma
Company. By using SeV vector technology, scientists in this company produced human 1PS cells

and induced differentiation of iPS cells toward vascular endothelial cells. These 1PS cells and
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endothelial cells were genetically modified to support drug discovery, i.e., reporter genes were
inserted around or near the marker genes for phenotypes of endothelial cells.

We also identified several miRNA to determine endothelial cell phenotypes and by using
miRNA identified in this study as a marker for type-I pro-proliferative endothelial cells, we
started drug discovery research to find out useful molecules to suppress pro-proliferative
phenotype of endothelial cells. We used small molecules in the library open to us and searched a
possible drug candidate. When we use miRNA as a molecular target for drug discovery, several
interesting and important aspects would be suggested and considered. One of the most important
aspects is that there already exist specific inhibitors for each miRNA and such inhibitors might be

hopeful candidates for useful drug. Thus, miRNA could be a wonderful target for drug therapy.
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