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Fig. (1). Expression Profiling of Preimplantation Embryos.
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A. Principal component analysis based on the expression data by gene chip array.

A matrix of scatter plots. U, F, 2, 4, 8, M, and B denote unfertilized egg, fertilized egg, 2-cell embryo, 4-cell embryo, 8-cell embryo, morula,
and blastocyst, respectively. Each scatter plot shows the comparison of gene expression between embryo stages.

B. Expression changes of individual genes analyzed by the k-means non-hierarchical clustering method. Gene expression patterns can be
assigned to three main groups. Group 1 (Cluster 1, 4, 5 and 8) appears to represent ZGA genes that are first activated from the zygotic ge-
nome. Group 2 (Cluster 7 and 9) represents maternal transcripts with distinctive patterns of degradation during preimplantation development.
Group 3 (Cluster 2 and 3) appears to represent genes that follow a combination of these two patterns.

(Modified from Hamatani et al. Dev Cell, 2004, 6, 117 [18]).

embryos. Recent progress in RNA amplification methods
using in vitro transcription and microarray platforms, includ-
ing genes unique to preimplantation embryos, allows us to
apply global gene expression profiling to the study of preim-
plantation embryos [17]. Hamatani et al. reported, for the
first time, the global gene expression profiles of preimplanta-
tion embryos at all stages [18]. More than half of 21,939
gene features show statistically significant changes during
preimplantation development. Pair-wise comparison, hierar-
chical clustering analysis, and principal component analysis
(PCA) reveal two major transient waves of de novo tran-
scription as follows: the first wave corresponds to zygotic
genome activation (ZGA); the second wave, mid-
preimplantation gene activation (MGA), contributes dra-
matic morphological changes during late preimplantation
development (Fig. (1A)). Unsupervised methods such as
principal component analysis (PCA) can transform the origi-
nal features into new features (principal components (PC)),
each PC representing a linear combination of the original
features. PCA reduces input dimensionality by providing a
subset of components that captures most of the information
in the original data. For example, those genes that are highly
correlated with the most informative PCs could be selected
as classifier inputs, rather than a large dimension of original
variables containing redundant features. To trace the expres-

sion changes of individual genes, statistically significant
genes are analyzed by the k-means non-hierarchical cluster-
ing method. Gene expression patterns of these clusters can
be assigned to three main groups (Fig. (1B)). The first group
appears to represent ZGA genes that are first activated from
the zygotic genome (Fig. (1B) Clusters 1, 4, 5, and 8). Ac-
cording to Gene Ontology (GO) terms [19] by MAPPFinder
[20, 21], ZGA is suggested not to be promiscuous and to
contribute mainly to the preparation of basic cellular ma-
chinery during the 2-cell and the 4-cell stages. The second
group represents maternal transcripts with distinctive pat-
terns of degradation during preimplantation development
(Fig. (1B) Clusters 7 and 9). The third group appears to rep-
resent genes that follow a combination of these two patterns
(Fig. (1B) Clusters 2 and 3). Genes whose expression first
significantly increases from the 4-cell to 8-cell stage are
identified as MGA genes, of which there are 4,216. The
functional assignment of these genes by MAPPFinder char-
acterizes the function of the MGA genes by the following
three representative GO terms: “endopeptidase inhibitor,”
“intercellular ~ junction,” and “DNA (cytosine-5-)-
methyltransferase.” The implication of these GO terms and
the timing of MGA seems consistent with the proposed role
of MGA in compaction, cavitation, and the first differentia-
tion of ICM and TE. Expression profiling of embryos treated
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with inhibitors of transcription and translation reveals that
the translation of maternal RNAs is required for the initiation
of ZGA, suggesting a cascade of gene activation from ma-
ternal RNA/protein sets to ZGA gene sets and thence to
MGA gene sets.

Decreasing oocyte competence with maternal aging is a
major concern in human infertility because the rate of late
childbearing is increasing even though reproductive capacity
in women declines dramatically with advancing age. Studies
of molecular mechanisms involved in the decline of oocyte
quality with maternal age could have important implications
for the efficacy and safety of clinical ooplasmic donation to
rejuvenate aging oocytes. Hamatani et al. and Pan ez al. also
reported age-associated alteration of gene expression pat-
terns in mouse oocytes, which has implications for aging
research [22, 23]. Genes related to oxidative stress (e.g.,
Sodl, Apacd and Txnl), mitochondrial function (e.g., Sdha,
Pdhb and Cyb5), chromatin structure (e.g., Hdac2, Hmgb3
and Bmil), DNA methylation (e.g., Dnmtl, Dnmt3b, and
Dnmt3L), and genome stability (e.g., Tert, Exol, and Msh3)
are altered with aging. Furthermore, kinetochore components
of the spindle assembly checkpoint (e.g., Bubl, BubRl,
Aurora kinase) and Cdc20, a critical activator of the Ana-
phase Promoting Complex, may contribute to aneuploidy in
aged oocytes [23].

These comprehensive expression profiles of the majority
of genes should give a baseline for analysis of the complex
gene regulatory networks in normal mouse preimplantation
and for comparative analysis for other mammalian species,
including humans.

WHAT’S GOING ON IN AN EPITHELIAL-
MESENCHYMAL TRANSITION (EMT)?

The conversion of an epithelial cell to a mesenchymal
cell is critical to vertebrate embryogenesis and a defining
structural feature of organ development, such as forming
fibroblasts in injured tissues [24, 25], or in initiating metasta-
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ses in epithelial cancer [26-29]. From a general perspective,
EMT is about disaggregating epithelial units and reshaping
epithelia for movement. Epithelia in transition lose polarity,
tight junctions, adherens junctions, desmosomes and cy-
tokeratin intermediate filaments in order to rearrange their F-
actin stress fibers and express lamellopodia.and filopodia.
This phenotypic conversion requires the molecular repro-
gramming of epithelia with new biochemical instructions. It
is known that commonly used molecular markers for EMT
include increased expression of N-cadherin and vimentin,
nuclear localization of beta-catenin, and increased produc-
tion of the transcription factors such as Snail, Twist, and
SIP1/ZEB2. Much of this conversion, however, has been
studied during experiments that expose new transduction and
signaling pathways in epithelia, and more recently in fibro-
genic tissues. It is not yet clear whether the fibroblast transi-
tion of EMT is an expected middle phase of transdifferentiat-
ing epithelia, or whether EMT producing fibroblasts is an
arrested form of transdifferentiation.

EMT is easily engaged by a combination of cytokines as-
sociated with proteolytic digestion of basement membranes
upon which epithelia reside. We analyzed PCA and hierar-
chical clustering method of the gene expression pattern of
the renal tubular cells and mammary gland cells. If PC1 were
used to identify genes that are differentially expressed be-
tween phenotypes, then genes that are strongly associated
with PC1 would be selected. If both PC axes are used, then
genes strongly associated with two groups would be selected.
We then identified the genes which discriminate between the
renal tubular and the mammary gland epithelial cells (PC1),
or EMT-induced and non-induced cells (PC3) (Fig. (2)). Un-
dergoing EMT identifies the genes that discriminate between
the renal tubular and the mammary gland epithelial cells
(PC1), or EMT-induced and non-induced cells (PC3) (Table
1).

The advanced study of the genes identified by PCA
would yield new insight regarding EMT, and achieve a
breakthrough in understanding the molecular mechanisms of
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Fig. (2). EMT related genes by gene chip analysis.

Principal component analysis based on the gene expression pattern of the renal tubular cells and mammary gland cells.
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Table 1.  List of Genes that Had Up-Regulated (Positive) and Down-Regulated (Negative) Expression Related to EMT (PC3 Axis)
Positive Negative
Gene Gene Title Representative Gene Gene Title Representative
Symbol Public ID Symbol Public ID
Ccng2 cyclin G2 U95826 Bachl BTB and CNC homology 1 NM_007520
Ceni cyclin I NM_017367 Cdc42bpa Cdc42 binding protein kinase alpha BM117074
Ctgf connective tissue growth factor NM_010217 Dnml dynamin 1 L31397
Dock7 Dedicator of cytokinesis 7 BB463580 Foxbl forkhead box B1 U90538
Dokl docking protein 1 BC006868 GpreSc G protein-coupled receptor, family C, BC008228
group 5, member C
Fgfrl Fibroblast growth factor receptor 1 M33760 I113ral interleukin 13 receptor, alpha 1 S80963
Gjal gap junction membrane channel protein | BB039269 KcenkS potassium channel, subfamily K, member | AF319542
alpha 1 S
Gtpbp4 GTP binding protein 4 AJ987834 Kifl3a kinesin family member 13A AB037923
Hgfac hepatocyte growth factor activator NM_019447 Kif17 kinesin family member 17 AW492270
Hoxa3 homeo box A3 BB496114 Mark2 MAP/microtubule affinity-regulating BI686265
kinase 2
ggbe homeo box B8 / homeo box B7 X13721 Mef2d myocyte enhancer factor 2D NM_133665
1115ra interleukin 15 receptor, alpha chain NM_008358 Mipl51 mitochondrial ribosomal protein L51 AI594880
Irx2 Iroquois related homeobox 2 AF295369 Mxd4 Max dimerization protein 4 BE291523
Itgas integrin alpha 5 BB493533 Neul neuraminidase 1 AI649303
Itgbl integrin beta 1 BM120341 Rel reticuloendotheliosis oncogene NM_009044
Mapkbp | Mitogen activated protein kinase bind- | BQ174980 Rgnef Rho-guanine nucleotide exchange factor BG069493
1 ing protein 1
Mdm2 transformed mouse 3T3 cell double X58876 Rps6kb2 ribosomal protein S6 kinase, polypeptide 2 | NM_021485
minute 2
Ncaml neural cell adhesion molecule 1 NM_010875 Slc24al solute carrier family 24, member 1 BC016094
Pdgfa platelet derived growth factor, alpha BB371842 Slc25a19 solute carrier family 25, member 19 AV338420
Prkec protein kinase C, gamma NM_011102 Slc25a22 solute carrier family 25 , member 22 AKO018760
Rab23 RAB23, member RAS oncogene family | NM_008999 Slc40al solute carrier family 40 , member 1 AF226613
Rasa3 RAS p21 protein activator 3 NM_009025 Stat] signal transducer and activator of tran- AW214029
scription 1
Rbl retinoblastoma 1 NM_009029 Tgfa transforming growth factor alpha M92420
Sbnol Sno, strawberry notch homolog 1 BC023136 Ubpl upstream binding protein | NM_013699
Slcla4 solute carrier family 1, member 4 BB277461 Uspl2 ubiquitin specific protease 12 AF441835
Sle34al solute carrier family 34 , member 1 Al788646
Slc4a7 Solute carrier family 4, member 7 AWS555750
Slc7a2 solute carrier family 7, member 2 M62838
Ubelyl ?biquitin-activating enzyme E1, Chr Y | X62581
Vegfa vascular endothelial growth factor A NM_009505
Wnt6 wingless-related MMTYV integration NM_009526
site 6
Wnt7b wingless-related MMTYV integration W29605
site 7B

drug delivery for specific anti-cancer drugs, especially those
affecting metastasis. Progress in understanding EMT has
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nism of EMT highlights an integration of nuclear regulation
and network signaling with alterations in the microenviron-
ment to create a moving cell; in this sense, basic concepts
based on EMT mechanisms would thus hold great promise
for regenerative medicine.

GET OP9 CELLS DEAD TO RIGHTS

The concept of regenerative medicine refers to the cell-
mediated restoration of damaged or diseased tissue. Candi-
date cell sources for tissue regeneration include ES cells,
fetal cells, and adult cells such as marrow stromal cells, each
of which has both advantages and drawbacks. Clinical trials
with marrow stromal cells have been performed in patients
with osteogenesis imperfecta and osteoporosis, and marrow
stromal cells are expected to be a good source of cell ther-
apy.

Bone marrow-derived stem cells can be transdifferenti-
ated into multilineage cells, such as muscle [30] from meso-
derm, lung [31] and liver [31, 32] from endoderm, and brain
[33-36] and skin [31] from ectoderm. Somatic stem cells are
more desirable than ES cells for cell therapeutics because of
ethical considerations and the possible immunologic rejec-
tion of ES cells. Mesenchymal stem cells have become the
most popular somatic stem cells in medicine and biology, not
least because of their high reproductive capability in vitro.

Chondrocytes differentiate from mesenchymal cells dur-
ing embryonic development [37], and the phenotype of the
differentiated chondrocyte is characterized by the synthesis,
deposition, and maintenance of cartilage-specific extracellu-
lar matrix molecules, including type IT collagen and aggrecan
[38-40]. The phenotype of differentiated chondrocytes is
rapidly lost since it is unstable in culture [41-44]. This proc-
ess is referred to as 'dedifferentiation' and is a major im-
pediment to the use of mass cell populations for therapy or
tissue engineering of damaged cartilage. When isolated
chondrocytes are cultured in a monolayer at low density, the
typical round chondrocytes morphologically transform into
flattened fibroblast-like cells, with profound changes in bio-
chemical and genetic characteristics, including reduced syn-
thesis of type II collagen and cartilage proteins [45].

We established several stromal cells from murine bone
marrow cultures [46]. One of them, KUSA-A1 cells, displays
osteogenetic characteristics in vitro and in vivo. In order to
clarify the specific gene expression profile of KUSA-AI,
other established stromal cells, KUMS, 9-15¢, KUSA-O, H-
1/A [47], and mouse embryonic fibroblasts, we compared the
expression levels of approximately 23,000 genes by using
the Affymetrix gene chip oligonucleotide arrays. Of the
23,000 genes represented on the gene chip, chondrocyte-
specific or -associated genes such as type II collagen al,
type XI collagen al, Sox9, proline arginine-rich end leucine-
rich repeat, and cartilage oligomeric matrix protein are more
strongly expressed in KUMS cells than in other marrow-
derived mesenchymal cells. Does a gene expression pattern
reflect the character of the cells in vitro and/or in vivo? — The
answer is yes: KUMS5 cells generate hyaline cartilage and
exhibit endochondral ossification in vitro (Fig. (3B)) and in
vivo [48].

Current Medicinal Chemistry, 2010 Vol. 17, No. 21 5

Surprisingly, OP9 cells [49] also express these chondro-
cyte-specific or -associated genes at higher levels: the type II
collagen al, and type XI collagen al genes are expressed in
OP9 cells at more than 10-fold higher levels than in 9-15c,
KUSA-O, H-1/A, primary embryonic fibroblasts, or even
KUMS chondroblasts. In addition, expression of ‘structural
proteins’ on Gene Ontology, including the extracellular ma-
trix, is much higher by OP9 and KUMS cells than by non-
chondrogenic cells such as KUSA-A1, H-1/A, and 9-15c,
implying that the OP9 and KUMS cells are mainly engaged
in synthesizing extracellular matrix. We also performed hier-
archical clustering and PCA, based on the microarray data
(Fig. (3A)). KUMS and OP9 cells are grouped into the same
subcategory and can clearly be separated from other stromal
cells based on the expression data of cell surface markers
and cell-type-specific genes, implying that KUMS and OP9
cells have chondrogenic potential.

Are OP9 cells chondroblasts in vitro and/or in vivo? - the
answer, again, is yes; OP9 cells are induced into the chon-
drogenic lineage by the pellet culture method (Fig. (3C)),
and the OP9 pellets (micromasses) implanted in mice form
the type II collagen-positive hyaline cartilage [48]. OP9 cells
are derived from macrophage colony-stimulating factor-
deficient osteopetrotic mice, and have also been used as
feeder cells for embryonic stem cells [50-52]. The cells iden-
tified as a key participant in regulating the number of adult
stem cells or hematopoietic stem cells are now considered to
be of an osteoblastic lineage [53, 54]. OP9 cells have been
recognized as a niche-constituting preadipocyte; however
their true face is a chondroblast. We have two different types
of cells, osteoblasts (KUSA-A1) and chondroblasts (OP9 and
KUMS5), showing distinctive in vivo characteristics. The
unique characteristics of these cells provide an opportunity
to analyze the process of membranous ossification and en-
dochondral ossification. These cells are useful candidate cell
sources, in addition to dedifferentiated chondrocytes ob-
tained from cartilage for transplantation in osteoarthritis and
rheumatoid arthritis.

GENE EXPRESSION PROFILING AND MEDICAL
SCIENCE

Recently, gene expression profiling has been successfully
used to predict outcomes in some types of malignant diseases
[55-61] and, additionally, to assess drug discovery screening
[62]. In reproductive and regenerative medicine, it is impor-
tant to identify biomarkers that will establish the isolation,
selection and expansion of stem cells in vitro to allow their
use for cell therapy. On the road map for translational medi-
cine-- often referred to as bench to bedside research--, stem
cell therapy is a prime destination. Stem cells have not taken
on the identity of any specific cell type and are not yet com-
mitted to any dedicated function; they can divide extensively
or indefinitely, and may be induced to give rise to one or
more specialized cell types. Stem cells derived from bone
marrow can replace heart muscle lost as a result of a heart
attack, and can improve cardiac function. Injecting bone-
marrow stem cells into an injured heart potentially repre-
sented new therapy, triggering the launch of numerous clini-
cal studies to investigate the effect of directly injecting these
cells into the damaged heart muscle of patients following a
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Fig. (3). Expression profiling and in vitro chondrogenesis of KUMS5 and OP9 cells.
A. Dendrogram revealing clustering profile of six marrow stromal cells and mouse embryonic fibroblast (MEF) using 244 surface marker

genes.

B. a, b: Toluidine blue stained section of KUMS5 chondrogenic nodules in the pellet culture exposed TGF-B3 and BMP-2 for 1 (a) or 3 (b)
weeks. Scale bars: 500 um. c: Higher magnification of KUMS5 chondrogenic pellet exposed to TGF-B3 and BMP-2 for 3 weeks. Left panel:
hematoxylin and eosin stain; center panel: toluidine blue stain; right panel: alcian blue stain. Scale bars: 100 um.
C. a, b: Toluidine blue stained section of OP9 chondrogenic nodules in the pellet culture exposed TGF-B3 and BMP-2 for 1 (a) or 3 (b)
weeks. Scale bars: 500 um. c: Higher magnification of OP9 chondrogenic pellet exposed to TGF-B3 and BMP-2 for 3 weeks. Left panel:
hematoxylin and eosin stain; center panel: toluidine blue stain; right panel: alcian blue stain. Scale bars: 100 um.

(Modified from Sugiki e al. J Cell Biochem, 2007, 100, 1240 [48]).

heart attack [63]. The scientific underpinnings of the ongoing
human studies have been established. Now is the time to
search for the presence of naturally occurring, authentic
pluripotent cells and to identify and dissect the signals that
guide their migration, self-renewal and differentiation. Fur-
thermore, we need to commit the necessary time and re-
sources to identify the best stem cells for cell therapy to
translate.

CONCLUSION

Here, the expression pattern has been correlated with mo-
lecular structure descriptor; this consistency indicates that
the expression profiling is valid. Consequently, understand-
ing the global gene network that governs the pluripotency
and self-renewal of stem cells is an important first step to-
wards the experimental manipulation of cellular develop-
mental potency. The cell potency is a fundamental concept in
developmental biology and stem cell biology, providing a
conceptual framework of sequential transition from totipo-
tent fertilized eggs to pluripotent embryonic stem cells and
stem cells to terminal differentiated cells. The global expres-
sion profiling can help to delineate the global architecture

and dynamics of a gene regulatory network such as Oct4-
regulated gene networks in mouse ES cells [64].
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FOOTNOTE

Fig. (1) is prepared from ref. [18] with permission from
Elsevier.
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Fig. (3) is prepared from ref. [48] with permission from
Wiley-Liss, Inc.
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Trend Analysis of Research on Informed Consent in Clinical Trials :
Comprehensive Retrieval via Electronic Databases
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Informed consent (IC) is an essential ethical requirement for conducting clinical trials. This study aimed to
investigate changes in research on IC for clinical trials and compare the trend in Japan with that overseas.

In February 2010, the electronic databases, PubMed and Japana Centra Revuo Medicina were searched for
studies on IC for clinical trials both in and outside Japan.

The literature search identified 89 Japanese studies and 401 overseas studies concerning IC for clinical trials.
In Japan, these articles were first published in 1993, and the number increased remarkably from 2002. Many of
these articles discussed the contribution of a clinical research coordinator or the understanding of the information
by trial subjects. The overseas studies were first published in the early 1980s, and the number increased
remarkably in the 1990s.

Since, the enforcement of the new Good Clinical Practice in 1998, observational studies on IC for clinical
trials have been conducted in Japan. However, most of these studies applied a quantitative approach, and
qualitative analysis is limited. In Japan, IC is not focused exclusively on the protection of trial subjects, but also
serves as the basis for an important encounter to build the physician-patient relationship. Therefore,
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investigations of the IC process by qualitative and quantitative approaches are necessary.

Key words ! informed consent, clinical trial, research ethics

1. Introduction

Informed consent (IC) is an essential ethical require-
ment for conducting clinical trials, Originating in the US,
the concept of IC was introduced in Japan in the 1980s”.
Initially, this concept failed to take full root because of its
novelty, given the different medical and cultural back-
grounds. In the 1990s, research suggested that the

physician-patient relationship should be discussed in order

to study the nature of the IC process in Japan®. However,
before the social/cultural environment was fully matured,
IC was legally required for the conduct of clinical trials
according to the adoption of ICH-GCP in 1998%. In the
modern era of increasing globalization, the historical and
cultural backgrounds have to be reviewed so as to
understand the problems surrcunding IC in Japan. This
will also inevitably lead to discussions about the methodol-
ogy of observational study for IC.

The objectives of this study were to investigate the
trends in investigations on IC for clinical trials, to review
the studies on IC for clinical trials in Japan, and to compare

the IC studies in Japanese clinical trials with those
overseas.

2. Methods

1) Search of literature : Comprehensive retrieval

via electronic databases

To examine the number of published papers on IC for
clinical trials, we searched PubMed and Japana Centra
Revuo Medicina (http://loginjamas.or.jp/enter.html), the
latter being an electronic search engine for medical
journals written in Japanese. Searches were originally
conducted in December 2007, and repeated in February
2010.

To search for Japanese papers on IC for clinical trials,
Japana Centra Revuo Medicina was searched using the
retrieval terms “informed consent”, “clinical trials” and
“data collection”, and PubMed was searched using “in-
formed consent”, “clinical trials”, “data collection” and
“Japan”. Meanwhile, to search for overseas publications,
PubMed was searched using the retrieval terms “in-
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formed consent”, “clinical trials” and “data collection”, and
those identified in the search of Japanese papers were
excluded.

2) Extraction and investigation of observational

studies on IC in Japan

Japanese studies with abstracts were checked to see
whether they were observational studies on IC for
participation in clinical trials, which used a questionnaire
or an interview with patients, doctors or co-medicals. IC
studies without abstracts were excluded because the
contents could not be screened, and also most of them
were conference proceedings or reviews. Moreover,
studies related to decision making in general medicine or
studies containing only discussion on the significance of IC
for clinical research were also excluded. Then, the selected
papers were classified according to the theme of the article
and the method used in the study.

3. Results
1) Number of articles identified under each of the
search conditions by year

Comprehensive retrieval via electronic databases identi-
fied 89 Japanese studies. There was no duplication of data
between Japana Centra Revuo Medicina and PubMed.
Four hundred and one overseas studies were identified.
Figure shows the studies categorized by year of publica-
tion.

Japanese research was first reported in the 1990s, and
the number increased greatly from 2002. On the other
hand, overseas studies were first published in the early
1980s, and the number increased remarkably in the 1990s
(Fig.).

2) Extraction and investigation of observational

studies on IC in Japan

Thirty-two of 89 Japanese studies had abstracts. Among
the 32 articles, 17 that reported observational studies on
IC for participation in clinical trials using a questionnaire
or an interview of patients, doctors or co-medicals were
extracted*™. Most of them dealt with IC for trials for new
drug application (NDA).

Six of the 17 articles reported on ‘the contribution of a
clinical trials coordinator (CRC) in clinical trials’ *®%%®,
6 reported on IC assessment, such as ‘the level of
understanding of clinical trials’ "**"**® and the others
studied aspects of IC for clinical trials, such as preference
of physicians to recruit participants®'”, perception of
pediatric nurses with regard to competency®, use of
videotape instruction for clinical trials® and communica-
tion training for CRC".

Articleson ‘the contribution of a CRC in clinical trials’
revealed the factors that participants and physicians
recognized as merits in the clinical trials and their
impressions of a CRC**"*!®_These articles reported that
a CRC contributed mainly to communication with partici-
pants, such as drug administration guidance®, care for
participants*™” and help in decision-making processes'*™”.
Other articles described the role of a CRC or the
expectations of physicians on a CRC*™,

Articleson ‘the level of understanding of clinical trials’
reported how well trial participants understood the clinical
trials after receiving an explanation”****® The re-
sponses suggested that most of the participants could
understand the trials if they were given a full explanation.
The aspects cited by the participants as difficult to
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understand were ‘the significance of a placebo’ ¥, “double-
blinded study’ ™™, ‘randomized controlled study ' and
‘main effect and side effects’ "*'™* %,

When the 17 articles were categorized according to
study method, the vast majority adopted a guantitative
approach, while only one employed a qualitative
approach'®. Nakamura et al. took the verbatim record of IC
communication between patients and CRCs, and conduct-
ed content analysis, which is a standard methodology in
social sciences for studying the content of communi-

cation™®.

4. Discussion

1) Relation between domestic IC articles and Japa-

nese social background

We included both articles and conference proceedings
(with abstracts) on IC in the present analysis. Although
the significance of each type of reference remains to be
discussed, we considered them to be equal in this trend
analysis, The rationale is that our purpose was to
investigate the trends of research on IC for clinical trials,
and if conference proceedings were excluded, the re-
trieved data might be too small to be analyzed properly
and the trend might be biased.

In this study, a search of literature using electronic
databases found that research on IC for clinical trials had
been published in Japan since 1993, and the number
increased remarkably from 2002. Many articles concern-
ing IC for clinical trials discussed the contribution of a CRC
or the understanding of information provided to trial
subjects. These results might be related to the Japanese
social background factors such as regulation and infra-
structure regarding clinical trials. Specifically, it was a
major task for institutions to train CRCs initially, and CRC
developed rapidly as a new occupation to support clinical
trials including IC.

Although IC started to be practiced substantially in
Japan in the early 1980s”, this study indicates that the
focus on IC for clinical trials started later. One of the
possible reasons for this delay is that the procedure of IC
for general medical practice was different from that for
clinical trials. It seems that IC was not regarded as a
subject of observational study, but the discussion on IC
mainly concerned the disclosure of diagnosis to cancer
patient in the 1980s”.

In the 1990s, some Japanese IC studies were retrieved
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by our research. With the adoption of ICH-GCP, the
Pharmaceutical Affairs Law and the new GCP ordinance
for NDA trials were fully enforced in 1988 and training
courses for CRC organized by the Ministry of Welfare
were started”. Since then, medical institutions that
conduct NDA trials have set up clinical trial management
centers and institutional review boards (IRBs)*, and
organize systems that include personnel. There was
probably an increased awareness of the importance of
protecting the rights and well-being of trial subjects since
the enforcement of ICH-GCP and the cooperation of CRC in
clinical trials. However, it was probably not until written
consent became a legal obligation for pharmaceutical
developers and medical institutions that research on IC for
clinical trials was started in full swing.

The Japanese articles began to increase in number
greatly from 2002. In the 2000s, the Declaration of Helsinki
was amended several times?, and some Japanese guide-
lines on medical research were also revised by ministries,
agencies and medical societies™®, As mentioned in the
Declaration of Helsinki, each potential subject should be
adequately informed of the aims, methods, sources of
funding, any possible conflicts of interest, institutional
affiliations of the researcher, the anticipated benefits and
potential risks of the study and the discomfort it may
entail, as well as any other relevant aspects of the study®™,
During these changes surrounding clinical trials, several
medical institutions built up their own infrastructures for
clinical trials, and they accumulated and reported their
experiences. Hence, the Japanese articles mainly focused
on the contribution of CRC and the understanding of
participants.

2) How should the quality of IC be evaluated?

From the viewpoint of IC quality, studies worldwide
have mainly focused on participant understanding®™ ™.
Qur results also showed the same tendency in
Japan”*'*¥® This might have been influenced by the
Declaration of Helsinki®”. However, the extent of partici-
pant understanding is not always related to the process of
IC or IC itself. The IC process is an individual issue and a
subjective decision-making process, and contains psycho-
social aspects such as medical culture and physician-
patient relationship. Therefore it is difficult to identify all
the factors associated with IC. In order to evaluate the
process of IC in clinical trials, qualitative approaches would
be useful, which include observation, interviews or verbal

*TRBs : To protect the rights of participants, IRBs have been set up in several hospitals in Japan since early in 1980s*. After
adoption of ICH-GCP, the Pharmaceutical Affairs Law and the new GCP ordinance®” empowered the function of IRBs.
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interactions and focus on the meanings and interpretations
of the participants®. To illustrate this approach, a
representative article found by our comprehensive search
is described below.

To reveal how CRC approached participants during IC,
Nakamura et al'” took the verbatim records of IC
communication between patients and CRCs. They con-
ducted content analysis with the verbatim records, and
categorized the approaches into 8 patterns including
‘setting a good IC environment for participants and CRC,
‘providing information about the clinical trial’ and ‘esti-
mating the stance of participants’ . This is a pioneering IC
study with a qualitative method in Japan.

The qualitative approach, which is not yet popular in IC
evaluation, could reveal how gaps are formed between
participants and medical professionals during the IC
process. Therefore, to evaluate IC for clinical trials, we
have to start to observe the process of IC in a multi-
faceted manner, namely, quantitatively and qualitatively.

3) Limitations of this study

Although we conducted a thorough search by compre-
hensive retrieval via electronic databases in order to
identify articles on IC in clinical trials, our method has
several limitations : 1) A database does not necessarily
provide all the target articles that we would expect given
the search conditions. Indeed, several articles dealing with
IC for clinical trials in Japan were missed in our
comprehensive retrieval®®. 2) We excluded reports that
did not contain abstracts. Therefore significant conference
proceedings could have been overlooked.

5. Conclusion

After the enforcement of the new GCP, observational
studies on IC for clinical trials have been conducted in
Japan. However, most of them applied a quantitative
research approach, and qualitative analysis of IC for
clinical trials is limited. In Japan, IC is not aimed
exclusively for the protection of trial subjects, and it is
necessary to investigate the IC process by both qualitative
and quantitative approaches.
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1. Introduction

ABSTRACT

Background: We assessed the hypothesis whether behavioral stress may affect the development of
atherosclerosis and whether regular exercise training may influence the composition of atherosclerotic
plaques in apolipoprotein (apo) E-deficient mice.
Methods: Atherosclerosis was induced in apo E-deficient mice fed a high fat diet. Exercise training (45 min
swimming, 3 times/week) was conducted, and behavioral stress was provoked by glass marble-burying
procedure. Mice were treated with marble-burying, marble-burying behavior plus swimming training, and
swimming alone over 8 weeks.
Results: Exercise training decreased the atherosclerotic lesions, but marble-burying behavior increased the
lesions. The plaques containing macrophage accumulation with intercellular adhesion molecule-1 (ICAM-1)
expression associated with reduced collagen contents were induced in the mice treated with marble-
burying. However, ICAM-1 expression was suppressed and collagen contents were reversed in the mice that
received marble-burying behavior plus exercise training. In addition, exercise alone and concomitant
exercise training reduced the superoxide production in aortic walls, shown by dihydroethidium staining,
compared with that in mice with marble-burying behavior alone. There were no significant differences in the
serum lipids profiles among the groups.
Conclusions: Behavioral stress increased the atherosclerotic lesions and induced the adhesion molecule
expression with superoxide production on the lesions in apo E-deficient mice. Exercise training may stabilize
plaque lesions induced by marble-burying behavior in this animal model.

© 2010 Elsevier Ireland Ltd. All rights reserved.

when rats or mice bury a shock prod, noxious food or dead
conspecifics under a layer of bedding material [10,11]. In recent

Various stresses, inducing psychological stress, are now recognized
to be an important contributor to cardiovascular diseases. Both clinical
and experimental evidence supports the hypothesis that behavioral
stress is linked to hypertension, cardiac arrhythmias, and sudden,
unexpected death [1-5]. However, the specific sites of action and
mechanisms involved in the development of atherosclerosis are not
well known. Inflammation, cytokine overproduction, oxidative stress,
and free radicals may be considered to be key mechanisms for the
development of atherosclerosis [6]. On the other hand, exercise is a
deterrent of cardiovascular disease, and its antiatherogenetic effects
have been described [7-9].

Defensive burying is a behavior that can be elicited in rodents in
response to aversive stimuli. The term is used to describe the behavior
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Medicine, Kyoto University, 54 Kawara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan.
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0167-5273/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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years, many investigators have used the marble-burying assay as a
tool for assessing anxiety-like behaviors in mice [12].

In the present study, using apolipoprotein E-deficient mice, we
have provided evidence for the induction of intercellular adhesion
molecule-1 expression on atherosclerotic plaques by defensive
burying behavior and for the suppression of the expression by
exercise with the analysis of tissue superoxide production.

2. Materials and methods
2.1. Experimental atherosclerosis

The apolipoprotein E (apo E)-deficient 1290laxC57BL/6 hybrid mice were
generous gifts of Dr. Edward M. Rubin (University of California, Berkeley, CA). These
mice were mated with C57BL/6 mice to produce F; hybrids. The F; apo E*/~ mice were
then backcrossed to C57BL/6 mice for 10 generations. Mice homogeneous for the apo E-
null allele on a C57BL/6 background were subsequently generated. Male mice were
subjected to the subsequent experiments. The mice were kept in a temperature-
controlled facility on a 14:10-hour light-dark cycle with free access to food and water.

— 147—



2 K. Shimada et al. / International Journal of Cardiology xxx (2010) xxx-xxx

After being weaned at 4 weeks of age, mice were fed a normal chow diet (Oriental
Yeast) until 6 weeks of age, when the animals were switched to a high fat diet
containing 20% fat and 0.3% cholesterol as previously described [13,14].

The experimental protocols were approved by the institutional ethics committee
for animal experiments of Kyoto University.

2.2. Procedure of marble-burying (Fig. 1)

The groups of 3 to 6 mice were placed in 23x17x14 cm cages for 30 min.
Thereafter, mice were placed individually in a 23x17x 14 cm cage with 20 glass
marbles, 1.5 cm in diameter. The glass marbles were placed in close contact in the
middle of the cage on a 5 cm layer of sawdust. The ceiling was smooth with a few-holes
so that the mice could not cling to the cage ceiling. The mice were left in the cage with
marbles for 30 min. After this, the test was terminated by removing the mice and
counting the number of marbles that were more than two thirds covered by sawdust.

The test was done 24 times during 8 weeks. The average value was calculated (Fig. 1).

(A)

(B)

(©)

Fig. 1. Marble-burying behavior. (A)The 20 glass marbles were placed in a cage. (B) Mice
were placed individually in a cage with for 30 min. After this, the test was terminated by
removing the mice and counting the number of marbles that were covered by sawdust
more than two thirds. (C) Number of marbles buried was calculated.

2.3. Experimental protocol

At 6 weeks of age, mice were divided into 4 groups and subjected to the study
protocol. They were forced to marble-burying as mentioned before and to swim a hot
water bath at 37 °C for 45 min per day 3 times on alternate days per week during
8 weeks as previously described [9]; control group (n=14), marble-burying group
(n=20), marble-burying plus exercise group (n=15), and exercise group (n=7). It
was already reported by us that this protocol of forced swimming exercise was not
stressful for rodents [9]. The number of burying marbles was recorded at each time. The
measurement was repeated three times at each time. At 14 weeks the mice were killed
by puncture of the ventricle under ether anesthesia. The organs were weighed, and the
ratios of organ weight to body weight were calculated.

2.4. Tissue processing

Mice were killed by bleeding with puncture of the ventricle. The vasculature was
perfused with sterile phosphate buffered saline and 6.8% sucrose. The root of the aorta was
dissected under a microscope and frozen in OCT embedding medium for serial
cryosectioning covering 1.0 mm of the root. The first section was harvested when the
first cusp became visible in the lumen of the aorta. Four sections of 6 um thickness were
harvested per slide, and thus 8 slides per mouse were prepared. All sections were
immersed for 15 s in 60% isopropanol, stained for 30 min in a saturated oil-red-O solution
at room temperature, counterstained with hematoxylin, and then mounted under
coverslips with glycerol gelatin [ 13,14]. Also, collagen contents were detected by Sirius red
staining. The oil-red O and Sirius red stained sections were analyzed, blinded to group, as
previously described [13-15].

2.5. Immunohistochemistry

Anti-macrophage (anti-M¢, M 3184, 1:400, PharMigen) and anti-intercellular
adhesion molecule-1(ICAM-1) (M-19, 1:100, Santa Cruz Biotechnology) antibodies
were applied to acetone-fixed cryosections of aortic roots. After being washed, the
sections were then exposed to second antibodies (horseradish peroxidase-conjugated
antibodies), and the horseradish peroxidase-conjugated antibody binding was
visualized with diaminobenzidine. Sections were counterstained with methyl green
or Mayer's hemotoxylin. Macrophages in the lesions were quantitatively evaluated as
previously described [15,16]. Data were obtained by dividing the number of positively
stained cells by all counterstained cells inside the internal elastic lamina. Three to five
random microscopic fields were analyzed at x200. ICAM-1 expression was qualita-
tively evaluated.

2.6. In situ defection of superoxide production

To evaluate in situ superoxide production from aorta, unfixed frozen cross sections
of the specimens were stained with dihydroethidium (DHE; Molecular Probe, OR)
according to the previously validated method [17-19]. In the presence of superoxide,
DHE is converted to the fluorescent molecule ethidium, which can then label nuclei by
intercalating with DNA. Briefly, the unfixed frozen tissues were cut into 10-pm thick
sections, and incubated with 10pM DHE at 37 °C for 30 min in a light-protected
humidified chamber. The images were obtained with a laser scanning confocal
microscope. Superoxide production was demonstrated by red fluorescence labeling. For
quantification of ethidium fluorescence from aortas, fluorescence (intensity x area) was
measured using a high-power image. The validity of DHE staining for the evaluation of
superoxide production from the atherosclerotic lesions was already reported by us [19].

2.7. Lipid measurement

Serum was separated by centrifugation and stored at —80 °C. Serum total cholesterol
(TC) and triglyceride (TG) levels were measured with assay kits (Wako) according to the
manufacturer’s instructions.
2.8. Statistical analysis

Values were expressed as means + SD. One-way ANOVA with subsequent Fisher
protected least-significant difference tests was performed. A value of P<0.05 was
considered statistically significant.
3. Results
3.1. Organ weights (Table 1)

There were no significant differences in body weight, heart weight, or heart weight
to body weight among the groups (Table 1).

3.2. Atherosclerotic lesions (Figs. 2 and 3)

The surface areas of aortic roots covered by fatty streak lesions were quantified in oil
red-O-stained samples, and specimens among the groups were compared. Controls
(105.30+£39.0x 10> pm?, n=14) and the marble-burying behavior group (138.06+
25.74x 10° pm?, n=20) developed extensive lesions in the root of the aorta (Fig. 2).

— 148 —



K. Shimada et al. / International Journal of Cardiology xxx (2010) xxx-xxx 3

Table 1
Organ weights and lipid profiles.
(n) BW (g) HW (g) HW/BW (mg/g) (n) TC (mg/dl) TG (mg/dl)

Control 14 315455 0.19+0.04 6.03+0.65 6 1307 +273 5454284
Marble-burying 20 307462 0.21:+£0.04 6.8410.63 6 11874283 68.0+48.3
Marble-burying + Exercise 15 31.7+49 0.20+0.04 6.314+0.60 6 15864304 52,5+23.1
Exercise i 317460 0.1940.05 5.99+0.71 5 12334249 60.4+344

(Mn4£SD).

BW = body weight, HW = heart weight, TC = total cholesterol, TG = triglyceride.

Exercise group (61.62+15.60x 10° pm?, n=7) showed the minimal lesions among the
groups. The marble-burying behavior increased the severity of atherosclerosis signifi-
cantly (P<0.05) compared with controls. In mice treated with marble-burying plus
exercise (69.42+19.50x10° pm?, n=15), the fractional area of lesions was reduced
(P<0.01) compared with the marble-burying group as shown in Fig. 2.

Compared with the control (38.22+10.14x 10> um?), collagen contents were
decreased (P<0.05) by marble-burying behavior (21.06+7.8x10° pm?) and were
returned to the control levels by the treatment of marble-burying plus exercise (39.78
+17.94x 10% pm?) (Fig. 3). In exercise group (46.80 + 10.92 x 10° um?), collagen contents
were highest among the groups.

3.3. Inflammatory cell surface markers (Figs. 2 and 4)

The degree of macrophage-positive cells was decreased in the exercise-treated
group and the marble-burying behavior-treated plus concomitant exercise-treated
group compared with the other two groups (Fig. 2). The expression of ICAM-1 was
increased by marble-burying behavior and was decreased by the concomitant exercise.
The expression of ICAM-1 in exercise group was minimal (Fig. 4).

3.4. In situ superoxide production (Fig. 5)

To analyze the in situ superoxide production in the aortic wall, DHE staining was
performed. Ethidium fluorescence was detected in the plaques. The intensity of DHE
staining was increased by the marble-burying behavior, and was suppressed by the
marble-burying plus swimming training group. The intensity of DHE staining in
exercise group was lowest among the groups (Fig. 5).

(A) Control (B) Marble-burying

Lesion area (%)

3.5. Lipid profiles (Table 1)
There were no significant differences in the serum lipids profiles among the groups.
3.6. Numbers of marbles buried (Fig. 6)

Fig. 4 shows the numbers of marbles buried and the effects of exercise upon marble
burying. The numbers in mice treated with exercise alone and concomitant exercise
were significantly less compared with those in mice treated with marble-burying alone,
which may reflect the less psychological stress-state in the exercise-treated group and
the concomitant exercise-treated group (Fig. 6).

4. Discussion

In the current study, it was shown that (i) apo E-deficient mice fed
a high fat diet over 8 weeks developed severe fatty streak lesions of
aortic roots, (ii) behavioral stress increased the severity of athero-
sclerosis, and induced the atherosclerotic plaques with the increased
ICAM-1 expression and superoxide production in aortic walls, and
(iii) the propensity of the plaque unstability was reduced by the
concomitant exercise treatment.

Chronic inflammation is thought to be of central importance in
atherosclerosis [6,20]. It was shown that regular and chronic exercise
could suppress overt and subclinical inflammation [21,22], based on
the fact that atherosclerosis can be considered as generalized
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Fig. 2. Atherosclerotic lesions and, macrophage infiltration. The lesions (white arrows) in the marble-burying procedure plus exercise-treated mouse (C) and the exercise-treated mouse
(D) were smaller and covered less of the inner circumference of the aortic root than those (black arrows) of the control mouse (A) and marble-burying procedure-treated mouse (B). Insets
boxes show magnified samples for macrophages (Md) (arrow-heads). Oil-red-O stain (A, B, C, Dx 60). *P<0.05, **P<0.01 vs control group. #P<0.01 vs marble-burying group.




Collagen contents (%)

Fig. 3. Collagen contents. Compared with the control (A), collagen contents (red area, surrounded by dashed line) were decreased by marble-burying behavior (B), and were
returned to the control levels by the treatment of marble-burying plus exercise (C). In exercise group (D), collagen contents were highest. P indicates plaques. Sirius red stain (A, B,

C, Dx 120). *P<0.05, vs control group. #P<0.01 vs marble-burying group.

manifestations of an inflammatory disease [6]. We and other
investigators had already reported that experimental atherosclerosis
in apo E-deficient mice was markedly suppressed by Fcy portion of
immunoglobulin administration, possibly by an antiinflammatory
action via inhibitory Fcry receptor IIB [15,16,23].

As mentioned previously, the so-called negative emotions, such as
depression and anxiety, have been associated with the development
of atherosclerosis and coronary artery disease [1-5]. Also, psychoso-
cial distress and anxiety disorders are a significant risk factor for
atherosclerosis [24-26]. Although the exact mechanisms are not yet
clear, burying behavior in the mouse is provoked by glass marble,
which is considered to be a kind of defensive burying [10-12].

In the present study, using the animal model of behavior stress
induced by glass-burying procedure, we clearly demonstrated that
behavioral stress increased the expression of adhesion molecule and
superoxide production on atherosclerotic plaques, and that chronic

(A) Control

(B) Marble-burying

(C) Marble-burying + Exercise (D) Exercise

and regular swimming training suppressed the expression of ICAM-1
and the overload of superoxide in aortic walls. It has already been
established that the intensity of exercise training used in this study
ameliorated the development of atherosclerosis in apo E-deficient
mice [9], and that the degree of tissue DHE staining correlates with the
superoxide production [17-19]. Thus, the decrease of the intensity of
ethidium fluorescence expression in aortic walls may reflect the
decrease of superoxide by exercise treatment.

The mechanisms by which exercise might benefit cardiovascular
diseases are still unknown [7,8]. It is reported that exercise suppresses
inflammation, hypertension, and atherosclerosis [7,8], and may
reverse some cardiomyopathic conditions [27,28]. We already
reported that chronic and regular exercise reduced the experimental
atherosclerosis by the antioxidant effects [9]. Indeed, in the current
study, exercise reduced the lesions and might stabilize atherosclerotic
plaques by reducing the expression of macrophages and ICAM-1 as

Fig. 4. Intercellular adhesion molecule-1 (ICAM-1) expression. The expression of ICAM-1 in the lesion (arrows) of the marble-burying plus exercise-treated mouse (C) were
decreased compared with those of the control mouse (A) and marble-burying procedure-treated mouse (B). The expression of ICAM-1 in exercise group was minimal (D). ICAM-1
stain (A, B, C, Dx100)
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(C) Marble-burying + Exercise (D) Exercise

l)
-

(B) Marble-burying

-
P

L2 ®
—
b<}
E Loprk
£ 1
s ? kg ;
o sk
g 0.8 / T
g 0.6 /
= /
=
o04f

£ ]
2 /
2 ozp /
] /
3]

. JoA, Jdo

3 & -
ON & & S
G O Fe &
S F
o R

Fig. 5. Dihydroethidium (DHE) staining. Ethidium fluorescence was detected in the plaques (A). The intensity of DHE staining was increased by the marble-burying behavior (B), and
was suppressed by the marble-burying plus swimming training group (C). The intensity of DHE staining in exercise group (D) was lowest among the group. P indicates plaques. DHE
stain (A, B, C, Dx 120). *P<0.05, **P<0.01 vs control group. #P<0.01 vs marble-burying group.

well as decreased intensity of DHE. Accordingly, regular exercise
might be recommended for the clinical therapy for atherosclerotic
patients.

The present study also demonstrated that exposure to behavioral
stress induces the overexpression of ICAM-1 and the overproduction
of superoxide in the aortic walls with relatively less amount of
collagen contents in apo E-deficient mice, although it did not increase
the severity of atherosclerosis significantly. This phenomenon may be
of significant clinical relevance to humans. However, it should be
noted that behavioral stress has been shown to have different effects
in other strains of mice [10,11].

Behavioral stress is now recognized to be an important contributor
to cardiovascular diseases, as mentioned before [1-5]. From the
current study, however, appropriate and regular exercise may be
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Fig. 6. Numbers of marbles buried. The numbers in mice treated with exercise alone and
concomitant exercise were significantly less compared with those in mice treated with
marble-burying alone. *P<0.05, **P<0.01 vs marble burying group.

recommended for the secondary prevention of atherosclerotic
patients, especially having sustained psychological stress.

Several limitations of the present study should be mentioned. First,
the present study lacked the precise evaluation of hemodynamic
study. Recently, it was reported that high heart rate and vigorous
shear stress may affect the development of atherosclerosis [29].
However, it was already reported that the severity of atherosclerosis
was reduced by the appropriate exercise protocol [9,30]. Second, the
present study did not demonstrate the precise and molecular
mechanisms why exercise might reduce the severity of experimental
atherosclerosis. Third, the present experimental findings cannot be
applied to the clinical settings directly because of the species
differences of sensitivity for stress or anxiety.

In conclusion, behavioral stress may induce the overexpression of
ICAM-1 and superoxide overproduction in the lesions in apo E-
deficient mice, and concomitant exercise training may downregulate
ICAM-1 expression and superoxide production, and reversed the
collagen contents, resulting in the reduction of atherosclerosis. In
view of the propensity of atherosclerotic plaques having adhesion
molecule overexpression and superoxide overproduction, it may be
concluded that exercise training may be useful for stabilizing the
atherosclerotic plaques in clinical settings. Exploration of clinical
usefulness of the results might be warranted.
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KEYWORDS Abstract Background and Aim: Oxidative stress may play an important role in the develop-
Atherosclerosis; ment of atherosclerosis. Some angiotensin Il type 1 (AT,) receptor antagonists have the
Angiotensin Il type 1 capacity of reducing oxidative stress in addition to the hemodynamic actions. Accordingly,
receptor antagonist; we assessed the hypothesis that olmesartan, a novel AT; receptor antagonist, reduced the
Oxidative stress; severity of atherosclerosis in apolipoprotein (apo) E-deficient mice associated with reducing
Cytokines oxidative stress.

Methods and results: Atherosclerosis was induced in apo E-deficient mice fed a high fat
diet. Mice were intraperitoneally treated with an injection of olmesartan (1 mg/kg/day)
daily over 8 weeks, and were compared with the untreated controls. Blood pressure was
not changed significantly by the olmesartan treatment. Fatty streak plaque developed in
apo E-deficient mice, and was suppressed in mice that received olmesartan. In addition,
olmesartan reduced not only superoxide production but the overload of oxidative stress
in aortic walls. There were no significant differences in serum lipid levels between olmesar-
tan-treated and -untreated groups. In vitro study showed that both olmesartan and its
active metabolite RNH-6270, an enantiomer of olmesartan, suppressed interferon-y, macro-
phage inflammatory protein-2, and thioredoxin (a marker of oxidative stress) concentrations
in cultured cells.
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Conclusion: Olmesartan may suppress atherosclerosis via reducing not only superoxide
production but also the overload of oxidative stress in this animal model.
© 2010 Elsevier B.V. All rights reserved.

Introduction

Inflammation, cytokine overproduction, oxidative stress,
and free radicals may be considered to be key mechanisms
for the development of atherosclerosis [1]. In addition, the
significance of renin-angiotensin system in the develop-
ment of atherosclerosis is now well known [2]. Angiotensin
Il is a major mediator of oxidative stress by activating
NADH/NAD(P)H oxidase via the type 1 receptor, which
results in the production of the superoxide anion. Accord-
ingly, angiotensin Il has deleterious effects on vessel walls.

Recent reports indicate that some angiotensin type 1
(AT;) receptor antagonists inhibit inflammatory reactions in
macrophages and myocardium [3—5]. AT, receptor antag-
onists have also been reported to inhibit interleukin (IL)-1
production as well as free radical production [6]. These
results imply that olmesartan, a novel AT, receptor antag-
onist, may be an effective agent in countering inflamma-
tory reactions and oxidative stress of vessel walls [5—7]. In
addition, it was recently reported that olmesartan sup-
pressed the development of atherosclerosis by various
effects, such as prevention of endothelial disruption,
decreasing effects of macrophage accumulation in the
lesions, and so on [8—13]. However, the exact mechanism
of olmesartan on atherosclerosis are still unknown.

In the present study, using apolipoprotein E-deficient
mice which is a well-known animal model of experimental
atherosclerosis [14—16], we have provided evidence for the
lowering effects of atherosclerotic lesions by olmesartan,
focusing upon inhibitory effects for free radical and
oxidative stress production in vivo and in vitro.

Methods
Experimental atherosclerosis

The apolipoprotein E (apo E)-deficient 129ola x C57BL/6
hybrid mice were generous gifts of Dr. Edward M. Rubin
(University of California, Berkeley, CA). These mice were
mated with C57BL/6 mice to produce Fy hybrids. The F, apo
E*/~ mice were then backcrossed to C57BL/6 mice for 10
generations. Mice homogeneous for the apo E-null allele on
a C57BL/6 background were subsequently generated. Male
mice were subjected to the subsequent experiments. The
mice were kept in a temperature-controlled facility on
a 14:10-h light-dark cycle with free access to food and
water.

After being weaned at 4 weeks of age, mice were fed
a normal chow diet (Oriental Yeast) until 6 weeks of age,
when the animals were switched to a high fat diet containing
20% fat and 0.3% cholesterol as previously described [17,18].

The experimental protocols were approved by the
institutional ethics committee for animal experiments of
Kyoto University.

Treatment protocol

At 6 weeks of age, mice were treated daily with an intraper-
itoneal injection of either saline (olmesartan-untreated
group, n=29) or 1mg/kg/day of olmesartan (olmesartan-
treated group, n = 9) for 8 weeks. The dosage of the drug
without affecting the blood pressure significantly was deter-
mined from the previous report [5]. Blood pressure and heart
rate were periodically determined by the tail-cuff method
using a photoelectric tail-cuff detection system (model BP-
98A, Softron, Tokyo, Japan). The measurement was repeated
three times at each time. At 14 weeks the mice were sacrificed
by puncture of the ventricle under ether anesthesia. The
organs were weighed, and the ratios of organ weight to body
weight were calculated. Olmesartan and its active metabolite
RNH-6270 (an enantiomer of olmesartan) [19] were kindly
provided by Daiichi-Sankyo Company (Tokyo, Japan).

Tissue processing

Mice were sacrificed by bleeding with the puncture of the
ventricle. The vasculature was perfused with sterile phos-
phate buffered saline (PBS) and 6.8% sucrose. The root of
the aorta was dissected under a microscope and frozen in
OCT embedding medium for serial cryosectioning covering
1.0 mm of the root. The first section was harvested when
the first cusp became visible in the lumen of the aorta. Four
sections of 6 um thickness were harvested per slide, and
thus eight slides per mouse were prepared. All sections
were immersed for 15s in 60% isopropanol, stained for
30 min in a saturated oil-red-O solution at room tempera-
ture, counterstained with hematoxylin, and then mounted
under coverslips with glycerol gelatin [18].

Quantitation of atherosclerotic lesions

The oil-red-O-stained sections were analyzed at a magnifi-
cation of x10, as previously described [17,18]. The image
was captured directly from the RGB camera attached to
a light microscope and displayed on a microcomputer to
quantify the cross-sectional surface area of the lesion. The
fractional area of the lesion was calculated by dividing the
whole vessel area including the lumen, intima, media, and
adventitia, as previously described [17,18]. For each
animal, 20 sections, i.e., every fourth section, were
examined, and the mean of the fraction area was calcu-
lated and expressed as a percentage.

In situ defection of superoxide production

To evaluate in situ superoxide production from vessel walls,
unfixed frozen cross sections of the specimens were stained
with dihydroethidium (DHE; Molecular Probe, OR) according
to the previously validated method [7,20,21]. In the
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