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Fig. 1. Northern blot analysis of microRNAs in kidneys and hearts of Dahl salt-sesitive (DS) and Lewis rats (LW). Male DS and
LWfed a 0.2% (-) or 8% (+) NaCl diet were sacrificed, and the kidneys and hearts were excised. Total RNA was prepared with
TRIzol reagent from excised whole tissues and was electrophoresed, blotted, fixed to membrane and hybridized to StarFire
probes for each microRNA, as described in the Methods. A total of 29 microRNAs were undetectable in either the kidney or heart
(data not shown). These were miR-9, 17-3p, 20, 30a-3p, 31, 32, 33, 34b, 96, 103, 126%*, 135a, 135b, 182, 185, 189, 190, 194,
199b, 203, 221, 224, 324-3p, 328, 331, 345 and 351, and cel-miR-83 and 84.

observed in the other DS+ rats.

We then assessed the expression levels of {18 microRNA mosome [ QTL for blood pressure (miR-193, miR-142-3p,
species in the kidneys of DS+, DS-, LW+, and LW- by miR-142-5p, miR-150, miR-211, miR-301, miR-330, miR-
Northern blotting (Fig. 1). These 118 microRNAs included 343, miR-344). This chromosome 1 QTL is the most promi-

those present among libraries and microRNAs from the chro-



Table 3. Comparison of Body and Heart Weights, and
Blood Pressure

Rat strain  Saltdiet  BW (g) HW (g) SBP (mmHg)
Lw - 358.0+9.3  1.14+0.05 105.8%3.5
LW + 357.8£3.2  1.1240.06 110.6%3.2
DS - 363.6+4.1  1.2940.01 122.0%2.5
DS + 370.0+4.5  1.74£0.04* 197.6%9.1*

Dahl salt-sensitive (DS) and Lewis rats (LW) were fed a 0.2%
(-) or 8% (+) NaCl diet from 4 to 13 weeks of age. *p<«< 0.01,
DS(+) compared to each other group (n=5). BW, body weight;
HW, heart weight; SBP, systolic blood pressure.

nent QTL for blood pressure and 2-3 responsible genes are
thought to be present in this region (/4). To investigate
whether microRNA genes in this region might contribute to
blood pressure regulation, we measured the expression levels
of the microRNAs in this region.

Expression of 76 microRNA species was detected in the
kidney (Fig. 1). Some microRNA species appeared differen-
tially expressed among the four groups, and the expression
levels of these microRNA species were subjected to reconfir-
mation using other Northern blotting strips. Moreover, the
expression levels of several microRNA species (miR-30c,
miR-151*% miR-214, miR-223, miR-322, Can-1, Can-7) were
assessed in individual rats (i=5). None of the microRNA
species were found to be differentially expressed among the
kidneys of DS+, DS~, LW + and LW-. No significant differ-
ences in microRNA expression profiles were detected
between the strains. Moreover, salt loading did not modulate
microRNA expression. '

Blood pressure levels of DS+, DS-, LW+ and LW- are
shown in Table 3. Salt loading significantly increased blood
pressure in DS + rats, and the ventricles of DS+ rats were sig-
nificantly hypertrophied (19-21).

Although the kidneys of DS+ rats exhibited sclerotic
changes, as previously reported (22), the expression profiles
of microRNAs were not markedly altered. Expression pro-
files of microRNAs have been reported to change dramati-
cally during cellular differentiation (23-25) and in cancer cell
growth (26, 27), and it is likely that the expression profiles of
microRNAs are not modulated without cellular differentia-
tion.

We then investigated the expression profiles of microRNAs
in the ventricles of the heart. The left ventricle of the heart is
one of the target organs most affected by high blood pressure
(28), and significant cardiac hypertrophy was observed in the
DS+ rat (Table 3). It is well known that hypertrophy dramat-
ically changes the expression profiles of mRNA from an adult
to a fetal pattern (29, 30). Although we did not construct
libraries from the ventricles of the heart and heart-specific
microRNAs may not be involved in the analysis, no signifi-
cant differences in microRNA expression profiles were
observed among the four groups, despite the marked cardiac
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hypertrophy in the DS+ (Fig. 1). This observation also
strengthens the hypothesis that microRNA expression pro-
files are specific to each cell type, and may not be modulated
without cellular differentiation.

The precise number of microRNAs has not been deter-
mined (31, 32). Moreover, we were not able to detect micro-
RNAs with low expression levels. The kidney comprises a
variety of cells. Thus, some species of cell-specific
microRNA may have been diluted to an undetectable level in
total RNA derived from the whole kidney. Therefore, it may
be premature to conclude that microRNA systems are not
involved in the pathogenesis of hypertension in DS.

There were several limitations in the present study. We
employed Northern blot analysis for the assessment of the
expression levels. Although we used a StarFire oligo labeling
method (Integrated DNA Technologies) that permits the gen-
eration of oligonucleotide probes which are 10-fold more sen-
sitive than traditional P end-labeled probes, the sensitivity
of the Northern blot may not have been sufficiently high, in
which case a substantial number of microRNAs would not
have been detected in the present study. This limitation is cur-
rently being overcome by various experimental procedures,
including a microarray system, a TagMan probe-based real-
time PCR method, and an RNase mapping method. Future
investigation will require application of these methods.
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EXPERIMENTAL INVESTIGATIONS

Cire J 2006, 70: 129-140

Mechanisms Underlying Nano-Sized Air-Pollution-
Mediated Progression of Atherosclerosis

—— Carbon Black Causes Cytotoxic Injury/Inflammation
and Inhibits Cell Growth in Vascular Endothelial Cells —

Hideyuki Yamawaki, PhD: Nuoharu Iwai, MD

Background

Epidemiological studies indicale a significant link between exposure to environmental air poliu-

tion and mortality and morbidity from ischemic heart disease. Because nanoparticles can translocale into blood
circulation. the present study aimed to clarify their direct effects on human vascular endothefial cells (ECs).

Methods and Results

Human umbilical vein ECs (HUVECS) were treated with carhon black (CB), a compo-

nent of diesel exhaust particles. for 244, CB induced cytotoxic morphological changes such as eyfosolic vacuole
formation, cell disorientation and decreased density. Lactate dehydrogenase assay revealed that CB induced
cytotoxic injury in both the cells and plasma membranes. Proliferation assay showed that CB inhibited cell
grawth, Monocyte chemoattractant protein-1 but not vascular cell adhesion molecule-1 was induced by CB., CB
reduced the expressions of connexind? and endothelial nitie oxide (NO) synthase, Microarray analysis revealed

the induction of pro-inflammaiory molecules by CB.

Conclusions  The present results demonstrate for the first time that CB directly affects the endothelium,
cattsing cytotoxic Injury, inflammatory responses, and inhibition of cell growth, As EC injury/inflammation and
membrane disintegration are related to the initiation of atherosclerosis, and NO is anti-atherogenic and anli-
thrombogenic, the direct effects of nanoparticles on ECs may vepresent one mechanism behind environmental air

pollution-mediated atheroselerosis and ischemic heart discase.

(Cire J 20006; 70: 129-140)

Key Words:  Alr pollution; Atherosclerosis: Cell death; Endothelium: Inflammation

States and Europe!2 modest rises in the mass of

particulate matler (PM) are associated with in-
creases in hospitalizations and mortality because of car-
diovascular discases, The absolute number of deaths aitrib-
utable to PM is much higher for cardiovascular than for
respiratory causes?? Traffic-derived nano-sized parlicies
are most likely responsible for the cardiovascular effects
because of their larger surface area, potentially leading to
the enhanced biological toxicity?

Several mechanisms have been proposed: for example,
inhaled particles accumulating in the lungs may cause
systemic inflammation via oxidative stress, which mediates
endothelial dysfunction and atherosclerosisl6 The systemic
inflammation may also increase blood coagulability by
aclivaling platelets and coagulation factors such as fibrino-
gent€ In addition. some of the cardiovascular effecis of PM
involve enbancement of avtonomic nervous systems via
pulmonary reflexes, leading to the arthythmial”’ However,
lhese mechanisms have not been precisely examined.

More recently, Nemmar ¢t al demonstrated thal nano-
sized particles franslocate from the lungs into the blood! &8
and (hese particles are barely recognized by phagocylosing

S‘ ceording 1o epidemiological studies in (he United
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cells, such as macrophages, compared with micro-sized
particles? Therefore, because of the low uptake by macro-
phages, nanoparticles appear to be taken up by epithelial or
endothelial cells (ECs) and thus may directly interact with
ECs to induce injury and inflapnmation, promote throm-
bosis and destabilize atheromatous plagues. However, the
effects on vascular ECs have not been precisely examined
and so the presenl study focused particularly on the direct
cffectsof fraffic-derived nanoparticles on culiured vascular
ECs in order to explore the cellular mechanisms responsi-
ble for air pollution-mediated cardiovascular diseases. This
study is relevant given that exposure to nano-materials is
rapidly increasing, with benefits to medicine from nano-
technology such as imaging and drug delivery?10

Methods

Materials

Carbon black {CB; The Association of Powder Process
Industry and Engineering, Japan) was suspended in culture
medium by sonication and vortexing. CB is a mimetic of
sool-like PM derived from the incomplete combustion of
diese] engines. Parficle size was measured by a Paticle
Size Analyzer (UPA-EX150, Nikkiso. Japan), revealing a
meun dismeter+SD of 248.2£161.4nm (50% accumula-
tion, Figl). Antibody sources were as follows: eNOS,
VCAM-1. and total actin (Santa Cruz Biotech, CA, USA):
proliferating cell nuclear antigen (PCNA: BD Bioscience,
CA, USA). and connexini7 (Alpha Diagnostica, TX, USA).
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Fig 1. Paticle size of carbon black suspended in culture medium. (AY Frequeney, (B) accumulation,

Cell Culiure

Human umbilical vein ECs (HUVECs) were purchased
from Cascade Biclogics and cultured in Mediwm 200 sup-
plemented with Jow serum growth supplement (LSGS:
Cascade Biologics, OR. USA) as described previousiyl!
Cells at passages 3—6 were used for experiments.

Electron Microscopy

BUVECs in 60-mm dishes were fixed in 0.1 mol/L sodi-
um cacodylate-buffered (pH7.4) 2.0% glwaraldehyde solu-
tion at 4°C vvernight and postlixed in 0.1 mol/L sodium
cacodylate-buffered (pH7.4) 1% Os04 solution at 4°C (or
2h. After dehydration in an ethanol gradient (30-100%
each 10miny, samples were embedded in EPONSI2 at 60°C
for 2 duys. Ultrathin sections (80nm) were stained with
uranyl acetate and lead citrate. Sections were examined in a
JEOL JEM2000EX at 100KV,

Cytotoxiciy Assay

The cytotoxicity assay was performed using a CyloTox
96 non-radioactive cytotoxicity assay kit (Promega, WI,
USA) in accordance with the manufacturer’s instructions.
Briefly, after vealing HUVECs at approximately 90%
confluence in 6-well plates with CB (1-1004g/mi) for 24 h.
the culture medium was collected and the level of laciate
dehydrogenase (LDH), a stable cytosolic enzyme that is
released during cell Iysis. was measured al absorbance
490nm using a standard 96-well plate reader. Maximal
LDH release was assessed by frecze—thaw lysis of celis,
and cytotoxicity was expressed relative o this maximal
LDH release.

Profiferation Assay

The proliferation assay was performed using a Cell
Counting-8 Kit (Dojindo Laboratories. Japan) according to
the manulacturer’s instractions. Brielly, after treating
HUVECs at approximately 30% conflucace in 12-well
plates with CB (1-1004g/ml) Tor 24 h, water-soluble etra-
zolium salt (WST-8) was added for 3h and the culture
medium was collected. Conversion of tetrazolium sall into
formazan by living cells (active mitochondria) was mea-
sured using a standard 96-well plate reader at absorbunce
450nm. The ttal number of living cells was shown rela-
tive to an untreated controf sample.

-61-

Westerat Blotting

Western blotting was performed as described previously!?
Profeins were oblained by Jnnnogcnumn HUVECs with
Triton-based tysis bulfer (1% Triton X-100, 20mmol/L
Tris, pH7.4, 150 mmol/L. NaCL 1 mmol/L EDTA, 1 mmol/L
EGTA. 2.5mmol/L sodium |:)yr0phosphate, Immol/L g-
glycerol phosphaie, 1mmol/L NazVO04, 1 cg/ml leupeptin,
and 0.1% protease inhiblior mixtwe: Nacalai Tesque,
Japan). Protein concentration was determined using the
bicinchoninic acid method (Pierce. IL, USA) Equ'ﬂ
amounts of proteins (13 2g) were separated by SDS-PAGE
(7.5%) and transterred to a nitrocellulose membrane (Pall
Corporation, ML, USA). Afier blocking with 5% bovine
serum albumin, membranes were incubated with primary
antibody (131,000 dilution) at 4°C overnighl, and mem-
branc-bound anlibodies were visualized using horseradish
peroxidase-conjugated secondary antibodies (1:10.000
dilution, 1h) and the ECL system (.Amcrih.lm Biosciences,
UK). The resulting antoradiograms were analyzed using
NIH Image 1.63 soltware. Experimients weve performed '\t
least 3 imes and equal loading ol protein was ensuired by
measuring total actin expression.

Quantitative Determination of Moracyte Chemoattractant
Protein (MCP)-1 Release

The MCP-1 protein level was measured using an ELISA
kit (Biosource. CA, USA) in accordance with the manaifac-
turer’s instructions, Briefly. after teating HUVECs al
approximately 90% confluence in 6-well plates with CB
(100 zg/ml) for 24 h, the culture medium was collected and
the level of MCP-1 was measured at absorbance 450nm
using a standard 96-well plate reader.

Microarray Analysis

Total RNA was isolaled from HUVECs treated with or
without CB (1004/ml, 24 h) using RNeasy Kit (QUIAGEN
in¢, CA, USA} according to the manufacturer’s instruc-
tions. Only samples with an A260/A280 between 1.7 and
2.2 (measured in 10mmol/L Tris-HCL pH7.6) were consid-
cred suitable for use. Hybridization samples were prepared
according 1o the GcmC‘hip Expression Analysis Technical
Manual. ’7()”)21 Rev.5 (Scetion 2: Bukaryotic Sample and
Array Processing, Chapter 1: Bukaryotic Target Preparation;
hpwww.alfymetrix.com/support/! lccln’licull manuals.affx).

Chreulation Jowmal - Vol 70, Janwwry 2008
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131

Fig2, - Representalive photomicrographs ol human umbilical vein endothelial cells (HUVECS) treated with carbon black
(CB). HUVECs at ~90% contluence were treated. with CB (AE: Ogg/mbs B 1/l G 100g/ml; DU 100 /ml} for

Total RNA (222) was amplified for each sample; cRNA
(30 2) was fragmented in 40,4 of 1 xfragmentation bufler,

Hybridization cocktails were made as described in the
GeneChip Expression Analysis Technical Manual, 701021
Rev.5 (Section 2, Chapter 2: Eukaryotic Target Hybridiza-

Clrenlation_Jousnal - Vol 70, Jannary 2006
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Fig3. Ultrastructural features  of
haman umbilical vein endothelial cells
{(HUVECs) freated with carbon black
{CB). HUVECs were treated without
(A, control) or with 100z4/mi CB (B.
C) for 24h. Anows, nutophagic vucu-
oles; (*) membrwous whorls. N, nucie-
us, Scale bart 24m {A,B) and 0 am
).

tion) and hybridized to Human genome U133 plus2.0 chips
al 60rpm, 45°C for 16h using the Hybridization Oven 640
110V (Affymetrix 800138). The Human genome UJI33
plus2.0 chips comprise 54,000 probe sets and provide com-
prehensive coverage of the transeribed human genome on a
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Figd,  Carbon black (CBY induwed eytotoxic infury in human ombil-
ical vein endothelial cells (HUVECs) in a dosc-dependent manner.
HUVYECs at ~906% confluence were treated with CB (1-1002/mi) Tor
24 h. Lactate debydrogenase (1.DH) released into supernatant. was
measured and maximal LDH refease was assessed by freeze—-haw
Iy
release (n=6-8).

single array lo analyze the expression level of more than
47,000 transeripts and variaats, including 38,500 well-chat-
acterized human genes plus approximately 6,500 new gencs.
GeneChips were stained with .struplawd‘n-phyumrvzhxm
using (he Fluidics Station 430 (Affymetrix 00-0079). Alter
extensive washing, GeneChips were scanned using a
GeneChip Scnnnu 3()0(') {Affymetrix 00-0074) and the data
were analyzed using the GeneChip Operating Software
version 1.1 (Affymetrix 690036) according to the GeneChip
Expression Analysis Data Analysis Fundamentals (Chapter

of cells. (.Y(()I()\I(Jl) wiis prn‘sscd welalive 1o maximanl LDH .

YAMAWAKI H et al.

4: First-Order Data Apalysis and Data Quality Assessment
and Chapter 5: Stalistical Algorithms Reference; hitp:fwww.
affymetrix.com/support/technical/manuats.affx). To allow
comparison, all chips were scaled to a target intensity of
500 based on all probe sets on each chip, Comparison of
the GeneChip array data was obtained using the KURABO
custom analysis services (KURABO Industries Lad, Osaka,
Japan, (he authorized service provider of Alfymelrix
Japan K.K., Tokyo. Japan). Hierarchical cluster analysis
was performed using Avadis Software version 3.3 for
Windows (proprictary product of Strand Genomics Pyt
Ltd, Bangalore, India), Genes that were significantly upreg-
ulated by more than 2-fold (top 89 genes, Table I, Fig9A)
or downregulated by more than —0.5-fold (lop 99 genes,
Table2, Fig 9B) in 2 independent experiments are summa-
rized.” ) :

Statistical Ana/ws

Data are shown a5 mean ’%EM. Smnsucul evaluations
were performed using unpaired Student’s t-{est and values
o! p<0.05 were considered smhsthf\llv significant.

Results

Effecis of CB on HUVECs

Cytoroxic Marphological Changes  To examine the di-
rect effects of environmental air pollution on vascular ECs,
cuttured HUVECs were freated with CB (1-1004g/ml) for
245, This induced cytotoxic morphological changes such
as eylosolic vacuole formation, cell disorieniation, and

Cell number {% of control}

CB {ng/ml, 24h)

Fig3. Cahon black (CR) inhibited cell growth in a dosc-dependent manner. Human umbilical veln cndothelial cells
(HUVECs) at -30% confluence were treated with CB (1-100z/ml) For 24 h. (A ) Representative photomicrographs of CB
for 24h (ac at startg by O ggfmis et 1 gg/mls di 10 gimbs er 100 (g/mi). Scale bar: 1002am (B) Total number of living cells

was counded using water-soluble tetraznlium salt (WST-8). Results are shown as pcrunmu relative to control {n=4).

#p<0.08 and ##p<0.01 compared with control,

-63-
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Fig6, Cuwbon black (CB) inhibiled expression of prolileration

marker in homan ambilical vein eadothelial eells (HUVECS), After
HUVECs at ~30% confluence were treated with CB (0. 0 or
100 pgg/mly Tor 24 h, 1otal cell Tysates were harvested. (A) Profiferating
cell nuclear antigen (PCNA) expression determined by Western biot-
ting, Equal protein loading was confirmed based on total actin anti-
bexly, (B) PCNA expression is shown as the fold-change relative 1o
control {(n=7-13}. ¥*p<0.01 compured with conlrol.

decreased densily in a dose-dependent manner (Fig2A-F),
We next performed an ultrastruciural analysis using trans-
mission electron microscopy. The cyloplasm of non-treated
HUVECs (control; Fig 3A} contained a number of organelles
and small vesicles. It has been reported that in vascular
smooth muscle cells the formation of small vesicles occurs
under normal physiological coaditions for the removal of
abnormal proteins and other eyloplasmic macromolecules!?
Treatmen! of HUVECs with CB (100¢g/ml. 24h) caused
extensive vacuolization and internalization of CB (Fig 3B),
mainly within autophagic vacuoles, which contained mem-

branous whorls (Fig3C). Of note, there were a number of

CB particles less than 100 am within the vacuoles,
Increased Release of LDH - To quantilatively assess EC
injury by CB. we measured endothelial LDH release. a
marker of cell death and injury of the plasma membrane.
Treatment.of HUVECs with CB (1-100,¢/ml. 24h) in-
creased LDH release into colture medium in a dose-depen-
dent manner (Figd: 5,383 1% at 1 ge/mil, 12.2£4.2% ot
10 2@/mi, and 22.4£5.3% at 100 cg/mi; n=6-8).
Antiproliferative Effects  To examine he effects of CB
on cell growth, HUVECS al approximately 30% confluence
were reated with CB (1-100g/mb) for 24h and then the
total aumber of lving cells was measured using WST-8.
HUVECs growth was inhibited in a dose-dependent man-
ner (FigSA). Quantitative analysis (Fig5B) revealed that
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Fig7, Carbon black (UB) inereased proinflammatory chemokine but
not leukoeyte adbesion molecule in human umbilical vein endothelial
cells (HUVECs). Afier HUVECs ol ~90% contfuence were treated
with CB (1~100 gg/ml) for 24k, (A) culture medium and (B) total cell
lysates were harvested, (A) Monoeyte chemoalinctant protein (MCP)-
1 refeased inlo supematant was measared and its concentration ex-
pressed as pg/ml. **p<0.01 compared with control (n=5), (B) Vaseu-
lar ceft adhesion molecule (VCAM)-1 expressions delermined by
Western blotting. Equal protein loading was confirmed using total
actin antibody (n=4).

cell growth was significantly inhibited from 28.0£9.3%
(10g/ml CB, n=4, p<0.03) to 46.727.0% (100 ,g/mi CB,
n=4, p<0.01). We next examined the effects of CB on
the expression of PCNA, which is specifically expressed
in the § phase of the cell eycle!* Wesiern blofting showed
that PCNA expression was significantly suppressed by
100g/ml CB compared with controls (Fig6A,B: 15.0¢
3.5% inhibition, n=13, p<0.01).

Iereased Level of Pro-Inflainiaiory Chemokines  We
next examined the effects of CB on the expressions of pro-
inflammatory molecules, because in addition o EC injury,
inllammation is another key initiating process tor athero-
sclecosis. MCP-1. acting through its receptor CCR2, ap-
pears to play an carly and important role in the recruitment
of monocytes to atherosclerotic lesions]? and it has been
suggested fhal the serum concentration of MCP-1 is an
independent risk factor for progression of atherosclerosisi¢
CB (100/ml, 24h) significantly increased the produclion
of MCP-1 in HUVECs (Fig 7A, 35.1+14.2 pg/ml in control
vs 366.0+26.0pg/ml in CB. n=S, p<0.0!). Vascular cell
adhesion molecule (VCAM)-1 participate in the recruit-
meni of leukocyles by inducing their firm adhesion to ihe
activated endothelium!? Western blotting revealed that ihe
expression levels of VCAM-1 were similar between the
controls and CB-treated HUVECS (Fig 7B, n=4).

Suppression of Expressions of Gap Janctions and Endo-
thetial NO Syathase (eNOS)  Because impairment of the
membrane permeability of ECs is crucial for the initiation
of atherosclerosis!®Y (he effects of CB on the expression
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Fig8.  Carbon black (CB) inhibited expressions of conexind7 (Cx37) and endothelial witric oxide synthase (¢NOS)
in human umbilical vein endothelial cells (HUVECSs). After HUVECs st ~90% confloence were weated with CB (1-
1002:g/mi) for 24k, total cell lysates were harvested, (A) Cx37 and (B) «NOS expressions were determined by Weslern
blotting, Equal protein foading was confinmed using tetal actin antibody. Expression is shown as the fold-change refative
Lo contraf (n=4-6 (A) and 0=3-5 (B)), *p<0.05 and **p<0.01 compared with control,
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Tuble 1 Listof ‘Top 89 Probe Sets Upregulated by Carbon Black (B} Identliied on U133 Chips

Ratin ] Ratio 2

Probe set 1) GenBank acvession Gene syntol Giene name (aldy  (fold)
200939 _s NAM_D32102 RERE Arginine-glutanic acid dipeptide (RIE} repeats 208 123
201366_x_u D389t 2 Inhibiior of DNA binding 2, dominant negative heliv-loap-helix protein 225 239
202637 _5_a AIGOBT25 1CAM] Intercellulur adhesion molecady 1 (CD5H), huwan rhinovirus receptor 5.29 213
202635 NM_00s207 | Intercettular adhesion motecale 1{COS4). fuunan riinavivus weeeptor 5.20 50
202672 _5_dl NM_op1674 3 Aciivating franscription factor 3 3.02 4.85
202768 _ai NM_006732 FOSB FRI murine esteosarcoma viral oncogene homolag B 28.41
202859 _x_at NM_00384 18 Interleakin 8 2.29

J3G6 NM_0027133 HMOXT Heme oxygenase tidecycling) 1 413
203868 _s_at NAI_0D1078 Vasewdar cell adhesion molecule 1 3.90
204 I4_at NM_0O7361 Nidogen 2 (asteonidogen 2.04
204472 a1 NM_(05201 GTP binding proivin averexpressed in skeletal putscle 4.28
2043955, AI300320 Stanniocalcin 1 2.57
204022 NM_000186 Nuclear receptor subfamily 4. group A, member 2 13.88
204698 _at NM_aa2207 15G20 Itecforon stinutlared gene 205Dy 370
204748 _at NA_OD0963 PIGS2 Prosiaglandin-vadoperoxide synthase 2 3.26

{prostaglandin G7H synthase and eycleoxygenase)

204362 _ai NM_04 105 RRAD Ras-related associated witl diaheies 234
204948_5_at NM_013409 ST Fallistatin 397
205290 NM_001200 BMP2 Bone morphagenetic protein 2 238
203680 _at NM_002425 MyP Mairix metalloprateinase 10 (stromelvsin 2} 2.7

208822 s _ay NM_02130 HMGCST 3-hydnaxy-3-methyiglataryt-Coenzyme A symhase 1 (sotuble} 317
200211 _at NM_000450 SELE Seldectin £ {endotheiial adhesion molecule 1) 9.91
200453 _s et NM_0037 DHRS$2 Delydrogenase/reductase (SDR family) member 2 33.03
206942_5_at NM_002674 PMCH Pro-melanin-concentrating hormone 7.95
207148 x_ut NM_{16599 MYOZ2 Myozenin 2 6.857
207343 _al NM_020426 LA2L6 Lysazyme-like § a2
207850_at NM_002090 CXCL3 Chesmokine (C-X-C matif} ligand 3 3.03
209139_at BCO490 oS Vifos FRI murine osteosarcoma viral oncogene hemolog 557
209277 _at ALSZH096 TFPL2 Tissue facior pathway fnhibiior 2 7.22
209278 _s_at 1.27024 TEPR2 Tissue facior pathway inhibitor 2 5.24
209419_at ABO232017 C22a:119 Chromesome 22 open reading frome 19 4.64
209774 _x_ent M57731 XCIL2 Chemokine Tinetif) ligand 2 271
2097835 _s_« PLA2GAC Phospholipase A2, group IVC (eviosplic, calciom-independent ) 2,99
209793 _at ChoY CI69 antigen (p60, earfy T-cofl aeiivation antigen) 2403
210139_s_at PMP22 Pevipheral myelin protein 22 2.28
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210511 _s_at MI3436 INHBA Inhibin, f A (activin A, activin AB o polypeptide) 237
210673 _s_at Urrel? PTPRR Pristein tesosine plosphatase, receptor tvpe, R 218
21123 87920 SLOSAS Selute careier famify 5 [sodium lodide symporter). smomber 5 219
213355_ a1 AIS9367 SIATIO ST B-gatacioside o-2,3-sialyltransferase 6 345
213375 _s_a NSO9IS (S 239
213782 s_at BrO30IZy MYOZ2 Myozenin 2 202
214679_at AKXI0345 DHRS2 Delivdrogenasetreductase {(SDR fanmily) member 2 2009
214321 _at BF£40023 Nov Nephoblastoma overexpressed gene 22,32
215430 _at AA757089 GK2 Glycerol kinase 2 027
274598 _s_at S69738 CCL2 Chemaking (C-C motif) ligand 2 333
207054 _at AFOO7194 MUCE Miucin 38 11,39
217389_at AWINO3IO9 RAR40A RABJOA, member RAS oncogene family 751
219308 _wt NML_021908 NAPIL2 Nucleosome assembly protein 1-like 2 3.99
219468 _5_at NM_(117949 CUEDC! CUE domain containiig 1 253
220014 _at NM_0160644 LOCS 134 231
220116_ar NM_(121614 ACNV2 Potassicon infermediate/small conductance calciani-activated channed, 275
subfanily N, member 2
220243 _at NM_OI4155 HSPCO63 BB (POZ) domain cunfaining 13 340 3.93
220260_s_at NM_004235 KLF4 Kruppet-like factor 4 ¢t} 218 304
220542_s_at NM_016583 PLUNC Palate, lung and nasal epitheliom carcinema associdied 218 208
AF272036 RRAGD Ras-related GTP binding 480 8.30
AU 45941 CDCHR CDCH cell division cycle 14 homolog B (8. cerevisiae} 04 208
221730 _at BGO3S9SS HMGCS] -hrydroxy-3-merhylplrarel-Coenzyme A svithase 1 {solubie) 218 215
33304 _at L8854 18G0 Intetferon stimalated gene 205Da 212 201
222480_s_at AFO00152 ADAMTS] A disintegrin-lihe and metalloprotease (reprolysin xpej with 37 227
huombaospondia type I owtif, 1
226632_at ALI13673 CYGH Cytoglobin 24 2.05
220731 _at AATSGRZ3 Felota homilog (Dmsaphila} 941 4.61
226847 _at BF438173 Fallistatin 4.32 4.77
220991 _at AALSGE! Nucloar factor of activated 1-colls, cvtoplavmic, caleineurin-dependent 2 3,10 204
227140_at ALMINGT INHBA Inhibin, beta A tactivin A, aelivin AB alpha polypeptide) 207 217
228038 _at AMOSR15 SOX2 SRY (sex determining region Yi-bax 2 223 207
230657_af CLOCK Clock homalog tmouse) 229 11.30
230966_ar NUPO2 Nucleaporin 62kDa 0.24 2.46
231042 s_at CAMK2D Calciumzcalmodulin-dependent profein kinase {CaM Kingse I delta 2.97 213
233015_at CGA HAycoprotein hormones, elpha polspeptide 3.83 4.1
235652_at SCHILI Sex comiy em midleg-like 1 (Diosophila) 0 228
237583_at AWSEIZOR SOX2 SRY (sex detormining region Y)-box 27 15,06 1297
239998 _at AIV9G484 Cloors3 Chromasome 10 open weading frame 53 4.23 2499
240150 _at AALT7099 RFX2 Regudatary factor X, 2 (inflnences HLA class 1T expression) 305
240793 _at BF224054 TIN Tiiin 425
242393 _at KIAADI43 238
242792_at 1 NFIR Nuclear factor VB 234
244050_ar AW293443 UNQS4] 13.96
244084_af AM32340 PGGTIE Protein geranylgeranyltransferase repe 1, beta subunis 877
1533157 _at ABUSS703 LIM homeobox 4 4.04
1553428 _at NM_173675 14.84
1554514_at BCOI3733 6,46
1554309 _tt_at CUG triplet repeat, RNA biding peotein 2 227
1534741 s_at 243
1554804 _u_at Clandin 19 442
1354997 _a_at Prostaglandin-endoperoxtde synthase 2 294
{mrostaglandin G/H syathase and cvelooxveenasc)
1530773 _at M3157 PTHLH Parathyriid formone-like hormone ) 067 2.85
1339127 _s_at AIPG7500 ARIH2 Ariadne homalog 2 (Drosophila} 07 236
1561389 a_al ARBOS331Y NBEALT Newrabeachin-Tike | 7.70 2.20
1568589 _ai AFLLI0I4 Cl0ar74 Chromosone 18 open readiug frame 74 7401 12.19
1576022_at BCOISIS2 Ciorfl Cheomosome 3 apen veading frame | 24 238

Ratip 1: CBIOO,24h-1/Contral; Rutio 2: CBIOO,240-2/Controf2.

of endothelial gap junctions were examined. CB (100z¢/ml,
24 h) significantly inhibited the expression of connexind7
in HUVECs (Fig8A. 20.8+7 4% inhibition, n=6, p<0.05).
Endothelium-derived nitric oxide (NOY is known to be anti-
atherogenic and anli-thrombogenics® and Western blolting
demonstrated that CB (1002g/ml, 24h) signilicanlly sup-
pregsed eNOS expression (Fig 8B, 43.4+7.7¢% inhibition,
n=3, p<0.01).

Microarray Analysis
We performed the microarray analysis using total RNA
from HUVECs treated without or with CB (100 zg/ml.

Ciradhition Journal - Vol 70, [y 2006

-66-

24h), Results from 2 independent samples are summarized
in Tables | and 2. Hicrarchical cluster analysis of differen-
tially expressed genes is shown in Fig9A B. The data
showed that several inflammation-related genes, including
1CAMY (intercellular adhesion molecule 1). interlepkin 8,
HMOX1 theme oxygenase 1). VCAM-1, PTGS2 (pros-
taglandin-endoperoxide synthase 2), SELE (sclectin E),
and CCL2 (chemokine (C-C motif) ligand 2, also known
as MCP-1}, are significanily upregulated by CB (Table ).
Alithough changes in the gene expression level for MCP-|
(Table 1), eNOS (NOS3, mcan ratin (fold)=0.8, data not
shown). and connexind7 (GIA4, mean ratio (foldy=0.8. data
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Table 2 Listol Top 99 Probe Sets Downregalated by Carbon Block 1CB) Ideatifled on U133 Chips

Rativ ] Ratip 2

FProke set D) (7:!:#)(111,(’ dccession  Gene synbol Gene name: dotdi (fold)
203003_at ALI3033) MER2D MADS box transcription enhaneer facior 2, polypeptide D 049 0.42
{myocyte enfincer facior 2D}
203876_s_ot AITHITIZ MMPI Matrix metalloproteinase 11 (strmelysin 3) 0.1 0.22
204196__at NM_004571 PRNOX!T PBXAnotted 1 homeabox 1 045 a.31
205749_at NM_000499 CYPIAL Cytoehrome PL30, fomily 1, subfentily A, pofypeptisie 0.02 033
200679 _at NM_001163 APRAT Amvloid heta (A4) precursor protein-hinding. famity A, member 1 (X117} 0.13 ol
207045 at NM_017667 FLIR00Y7 037 0.43
207252 _at NM_003009 INE] Inactivation escape ! 0,33 042
207323 _5_at NM_(32385 MBE Myelin busic protein 034 047
209047 _at ALSTR3I9] AQPI Aquaporin T {channel-forming integral proein, 28&Da) 007 a.30
209841 x_aot ALSL2092 LRRN} Leucine rich repeal aearonal 3 a.1s .69
211576_at MIs631 JL3RA Judervlenkin 5 seceptor; wipha 038 0.36
21 1880 _x_wu AF152507 PCDHGCS Pstocadherin gonuna subjamily C, 3 033 013
213517 _at ABT02422 PCRP2 Poly(r() bimding profein 2 041 046
213593 5_at AWG7889G TRA2A 038 0.47
213948 x_at AISO4838 1GSF4B Immanoglobidin superfunddy, member 48 48 045
214184 _at AWI95837 NPFF Newropeptide FF-amide peptide precursor 2.30 0.33
213209 _at Al 143984 SECHD SEC24 related geae family, member D (8, verevisiae) 0,13 043
2{3567 at AUL4919 Cldorfl i Chronwsome 14 open reoding frame 171 0.20 H28
215786_ar AKAR2170 HBXAP Hepaiitls B virus X associaied protein 0.39 0.42
216447 ALIS3942 38006 Semin 11 020 nA41
218857_al NAM_017987 RUFY2 RUN and FYVE domain containing 2 .43 0.36
220988 5_at NM_G30945 CIQTNER Clg and lumor secrosts factor rlated pratein 3 0.3 043
221397_ar NM_023921 TAS2RI1D Taste veceptor, tepe 2, member 10 0.40 0.29
220055 _as BFI26274 SIX17 Svraxin 17 242 0.42
227223 ot RIEIGGITR RNPC? RNA-binding region (RNP1. RRM) coutaining 2 048 044
228030 _at Al41522 RBMG RNA bmziuu, maif peotein 6 045 041
228173 _at AARTO69S GNAS GNAS complex tncus 0.28 0.50
229493_at CROP a2l
224363 _al PPPIRIF Protein phosphatase 1, regutiory {inhibilory subunit 1F 022
229894 _5_at AlSS8667 RAB43 RABAZ, memher RAS oncogene family 0.32
229990_8_al BEI96224 PCCFS Polycomb group ring finger 3 0.40
230562 _al R453298 MCPH1 Microcephaly, primary awtesoni recessive 1 0.3/
230609 _at BE3I0429 ENTH 042
237400 5_at BI219311 TiAiA22 Tranxtocase of inver mitochomdrial membrane 22 howmotog (yeast} 48
232059_ar AL3419 I)SC AMLI Down sypdrome cell adhesion molecole like 1 0.4
232291 _at AA256157 Chromosome. 13 open seading frame 25 022
232757 _at AV705679 Metastasis suppressoc 023
233193 v ol AKOOD43S MGCI6733 034
223349 _ar AISUD481 TLR2 Tousled-like kinase 2 0.09
233637 _ai AUTH69]S WDR42A WD repeut domain 42A 041
234047 _at AKD4127 SARPZO Small wuctear riponcleoprotein 70 kDa polspeptide (RNP antigen) 044
234362 _%_at AKOODT 1S CALFSFS Chemokine-fike fuctor super fomily 8 027
234859_ar AL117352 DRFZp434Ga023 033
235926_at Al32327 ANAPCS Anaphase promoting complex subnit 3 0.45
235927 _at BE3SH122 pie) Exportin {CRMI homolog, yeust) 039
236076_at AW241549 LOC257390 021
217305 _at AWLS038! CDH2 Cadherin 2, type 1, N-cadherin {newronad) 047
BEOG166 Sycar Syructein, & itesacting protein {synphilin} 043
BFGG215S COLAA3RP Coltagen, ivpe IV, alpha 3 (Goodpasture antigen binding proicin o7
BFO0S443 PRRGY Proline rich Gla (G-carboxyghitamic wcid} 4 {transmoenibrane} 0.02
AV7G2916 TPRT Trans-prenyliranyferase 040
RFOS TRIMI Tripastize morff-containing 11 044
4 AWGH57 DENR Density-regntuted protein 0.08
230243 _at ) ZNFGR8 Zine finger profein 638 069
739-141 at LOC284328 o041
AI475033 SHAD SMAD, mothers againgt DPP homplog 3 (Dresophila) 0.24
BGISH573 PSCG4 Pregaancy specific bewa-1-ghcoprotein 4 049
239678 _ ar ALOLIIM APIGHP] AP ganane subwnif binding protein | 023
240008 _at J ARIDIB AT rich interactive domain 1B {SWII-like) 002
240349_at PRKAA2 Protein kinase. AMP-activined. olphia 2 catalvsic subunit 049
24458 _ur Al242023 FAM20C Family with sequpnce similarity 20, member ¢ 049
246655 _ar BIIS02785 ALCAM Activaied teikovyte cell adhesion molectde 008
241027 _at BES3S373 OPAl Optic araply | tautosomal dominant) 0.20
241174 _at AV647279 APAE] Adaptor-related protein comples 4, epsiton 1 subunit 047
241757 _x_at AAGT051 D2LIcC 042

AAGI3520 DNAICH Drd (Hspa0j homolog, subfamily C. member 11 041
Al634523 RABIC RABIC, member RAS oncegene family 038
R11494 SDFRT Stramal cell derived factor receptor | 0.31
H371MT ZNF513 Zine finger protein 518 041
24 ’4 SO_ut AAKGE3S6 T MYST? MYST histome acetyliransferase imenoeytic leakemia) 3 0.44
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242805 _at AWOS1636 Cyelin € D40 036
4"9?7 al AV703408 FOXK2 Forkheud box K2 .34 043

AAN20920 TEXY 0.27 0.2
AI217992 PLEKHH?2 Pleckstrin homotogy donain containing, family H pwith MYTHS domain) a3 .20
mentber 2

249778_y_at NGBS MIIST Membrane component, chromosome 11, susjuce marker 1 0.44 041
244803 _at ETARAYE P Y¥I associated piotein 048 o4l
1532530_at NM_145206 VTTIA Vesicle transport theough interaction with 1-SNARES homedag 1A (veast) G.J2 0.30
1552020 a1 BQOIISSL MGCI3098 .45 0.34
15352935 _at \"\] 152694 ZCCHCS Zine finger. CCHC domain confaining 5 041 a.20
1533145, _t FLI39GS3 018 0.33
CBRY 04! 0.39
STXBPS Sntaxin binding protein 4 0.33 0.49
BCO3L2 °<) 3 C slm rfGs Chromoseme 9 open reading frame 68 0.34 021
BCOODIS Y95, 044 048
AKO94G13 Ribosomal protein $24 0.39 047
AKG95491 044 0.28
13503 92 a_at TIP4 Tight juaction protein 4 tperipheraly .18 0.38
_ J REPMS RNA Dinding prorein with makiple splicing 0.38 0.33
1357759_at AWI02805 FLI10241 043 0.10
1539063_at AL3SS0RY C2logfol Chremosome 21 open reading frame 63 031 0.31
1559691 _a BCO32767 NDUFSE NADH r[elnzlmgwmw(u!)rqnmmu‘ J Fe-S protein I 7SkDat 002 0.45

(NADH-coenzynic @ redactasei
1359740 _a_af AKO90GO2 FLIS03G a1l 0.4
I1500726_at AUI21725 aip2 Huntingthn interacting prowin 2 044 043
1361175t AK0Y2513 LOC2A3452 2.08 043
1304272 a_af AKO95735 RLHDCI Kelcl domain containing 1 o.0] a.lg
1564699_at BCAIT7Y20 Clorfd Clyomasnmae 5 open reading frame 4 Q0! 0.4
1568627 _at BCH3253} KIAALIS? 047 044
1368782 _ BCO27851 RF2 Retinitis piganentosa 2 (X-linked recessive) 0.39 0.15
1569408 _at BCNGGI2 EIF2(4 Enkaryotic translarion inittation factor 2C, 4 0.07 0.10

Rativ 1: CBIG0,230-1/Contyol 1: Ratio 2: CRION, 241-2/Contrii2.

not shown) were in accordance with those in the protein
expression fevel (Figs7A.8), that of VCAM-1 {(increase,
Table 1) was dissaciated trom the change in protein expres-
sion {no difference, Fig 78). Further validation is necessary
by comparing the microarray data with quantitative reverse
transeriptase-polymerase  chain reaction (RNA  level)
and/or Western blotling (protein level) data,

Discussion

The major findings of the present sfudy are that CB
directly affects ve scular ECs. causing cvtoloxu injury,
inflammatory responses, and inhibition of ‘cell growth. To
the best of our knowledge, (his is the first demonstration of
the direct effects of CB on the vascular endothelium, Novel
aspects of this study include {he finding that CB increases
the production of the inflammatory chemokine. MCP-1,
while it suppresses the expressions of gap junctions and
¢NOS in ECs, Although further validation is necessary,
microarray analysis supports the finding that the expression
of genes related vascular mlLunm.tUon is upregulated by
CB. Because EC injury, inflammation, and impairment of

membrane integrily are closely related to (he initiation of

atherosclerosis™!¥ and NO is anfi-atherogenic and anti-
{(hrombogenic2® the direct effects of nano- -sized air pnllu
tion on ECs could represent one mechanism by which air
pollution exacerbales atherosclerosis and ischemic heart
discase (1HD).

We propose that EC injury is most likely mediated via
the direct physical contact of CB with the cells, including
the internalization of CB and excess awtophagic vacuole
formation. Because CB has minimal metallic components?!
it seems unlikely that the effects were niediated by chemi-
o] reactions, In addition to the dircet effects of CB, it could
also be passible that the changes were medialed secondari-
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ly via cylokines and/or reactive oxygen species produced
by the injured ECs. There is also a report that examined the
toxic effects of several nano-materials, including metals
(Ti0z, Si0z Co, Ni, polyvinyl chioride). on ECs and il
showed that only Co particles had a cytotoxic effect on
ECs2% Thus it sees likely that there are variations in the
effects of nanc-particles and that our results could be
specific to CB.

Associations between. EC injury/inflammation and the
development of atherosclerosis are well documented!® ¥
Injury and/or denudation of ECs triggers the altachment of
leukocytes to the subendothelial region and promotes
transendothelial migration of cells {ie, the EC inflammatory
process). initinting atherosclerosis, Platelets also readily
accumulate where there are injured ECs, which may pro-
mote thrombus {formation. Interestingly. our resulfs showed
that MCP-1 {ie. chemokine for leukocytes) but not VCAM-
1 (leukocyte adbesion molecules), was induced by CB,
suggesting a specific role of CB in the vascular inflamma-
tory pathways. Impairment of EC growth may be related (0
impairment of angiogenesis. the formation of new blood
vessels, from the existing vascular bed. Because angiogen-
esis is important for the mainlenance of vascular integrity
in both wound healing and the formation of collateral
vessels in response to tissue ischemia®? the present finding
that CB inhibits EC growth may indicate an association
with the progression of 1HD.

In addition to EC injury/inflammation and inhibition of
cell growth, we observed that CB suppressed the expres-
sion of connexin37 and eNOS protein in the vascular endo-
thelium. Substantial evidence suggesls altered expression
of gap junciions turing atherogenesis. Kwak et al demos-
strated in mouse and human dlhuomd regions that expres-
sion of endolhelial connexind7 was suppressed compared
with normal aorta® Yeh et al2 also reported reduced expres-
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sion of connexind7 in the ECs of hyperlipidemic mouse
aorta, and that expression recovered with simvastatin treal-
men(#> ECs appareatly have ta physically uncouple in
order to allow ransendothelial migration of feukocytes. In-
flammalory mediators, such as tumor necrosis faclor-g!226
and Hpopolysaccharidel? induce leukoceyte adhesion mole-
cules such as VCAM-1, but also downregulate connexin3?
expression in vascular ECs28.2% The inhibition of con-
nexind7 expression by CB thus seens 1o be associated with
EC inflammatory process such as adhesion and/or transmi-
gration of leukocytes. Finally, a genetic polymorphism has
heen identified in the human connexind7 protein. appavent-
Iy representing a prognostic marker for atherosclerotic
plaque development?®

Impairment of the NO-producing function of ECs is
associaled with progression of aiherosclerosis and IHD via
several mechanisms?! 32 For example, NO is known (o in-
hibit platelet aggregation and thus prevent thrombus forma-
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Fig®.  Hierarchical clusier analysis
of differentially expressed genes (A)
upregalated {top 89 genes) and (1)
downregulated (top 99 genes) by
catbon black (CB). Towa) RNA was
isolated Fom human wmbilical vein
endothelial cells (HUVECs) treated
without (Contol) or with 100 ,:/m)
CB(CBIOY, 24h) for 24h, Hierarchi-
cal trees were generated using Avadis
Sofiware, Version 3.3,

tion#® and because it inhibits feukocyte adhesion™ and
smooth muscle proliferation?? NO is atheroprotective. 1i has
recently been shown thal NO regulates large artery stifTness
by altering smooth muscle tone® Impairment of the NO-
producing Fanction seems likely o increase cardiovascular
risk factors by enhancing arterial stiffness, because a num-
ber of cardiovascular risk factors, including hypertension
and diaberesd? are associated with increased stiffacss of
large arteries, An example of the likely mechanisny involves
the induction of isolated systolic hypertension, which pre-
dominanily results from increased stiffness of large arleries,
rather than elevated peripberal vascular resistance. Of note,
it has been reported that EC cylotoxicily caused by organic
compounds in diesel exhaust particles (DEP), including
polyaromatic hydrocarbons. itroaromatic hydrocarbons,
heterocyclics, quinines, aldehydes and aliphatic hydrocar-
bons. was inhibited by NOS inhibitor, suggesting the in-
volvement of peroxynitrite formation due lo the organic
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Nanoparcicles and Atherosclerosis

particles-mediated superoxide production

The present study used CB to mimic teaffic-derived nano-
particies, Measurement of particle size revealed a mean
diameter of approximately 250nm (50% accumulation,
Fig 13, DEP have a similar volume (imass) distribution® It
was demonstrated by Nemmar et al that particles less than
100nm in diameter may translocate into the blood circula-
ton®? and recent studies have also demonstrated that such
particles are more toxic 1o ceolls, presumably because of
their larger surface arca and greater reactivity? Although
the mass distribution of CB <100nm was only 5.6% in our
preparations. the number of smaler sized CB should be
much higher than larger sized CB. as shown in DEPY The
ultrastructural cvaluation showed a number of particies
<100nm within the avtophagic vacuoles, which supports
the concept.

The present stady used 1-1000g/ml of CB Tor in viwo
experiments, Levels of PM (PMzs; particies <2.5 m) are
high, especially in the developing countries such as China.
1t has been reporied that the maximal concentration of
PMzs in Chongging. one of the biggest citics in China, way
666 gg/mi? (daily average)®® which indicates that a person
can inhale 9.590 g of PMas {or 24 h. which is equivalent {o
0.8 pg/mt when the extracellular fluid volume is 12L for a
60 kg person. Thus it s estimated thal the CB dosage used
in the present study is 1-100-fold higher. but we believe
that they are within the pathophysiologic ranges because
(1Y although the effects of 1004g/ml CB were very strong.
we observed dose-dependent (1-100gp/mly effects in the
experimenis. and (2) CB is hardly metabolized and cumula-
tively accumulates in EC over time. Inhalation toxicity of
CB, especially on the cardiovascular system, needs {o be
examined.

In summary, the present study examined the direct elfects
of CB on vascular ECs o delermine the mechanisms
underlying air pollution-induced increases in atherosclerosis
and THD, We observed CB-mediated cylotoxic, pro-inflam-
malory, and antiproliferative elfects, in addition 1o inhibi-
tion of gap junctions and expression of eNOS proleins,
which could represent a possible mechanism. Further ex-
aminations using blood vessels and animal models are
required to show that traffic-derived nanoparticles have a
Key role in air-pollution-induced cardiovascular diseases,
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EHER

ERIERERR X v & —WI5ERT - JE
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HE : NMMAPS (National Mortality and Morbid-
ity Air Pollution Study) 8 X fg—w v,V : APHEA-2
(Air Pollution and Health : a European Approach) &
BB RMBEEREEC L5 L, KEFEEMIMITR
¥'E (PM : particulate matter) DAGIREER - EEH
(D) RIEBORBRE - BEEE ERIEMLEE R
T, B TH PMes b KIEN2RZE2.5 S20BUTFO
WML F EERBRERV R LR L OHENELD T
B, BEXCRBEL»IZEDDODH 2 PMIC & 2155
HAREBIYRZ LEDAH =L, (1) i) s5
EA AT OIMERICES S, (2) MEEERTIER
£ 5 IMETOREEE, (3) B IIHERRIEE /i U 7o R
FETHDL, B ORI > T PM,, =UFP (ultra
fine particle) & XN B Hi1% 100 nm AT DO F /RFi
Fiims S EHE, ERIFIEAT S Z LR S 2,
Lo T, I UFP »NE#, MERD 2 I ME-RER
WERL, BIIREE(LERES ¥ 2 A5 =X L0801 H
Z6NBD, RFFETHS, SOKXEERTHESE, &

FEORDOARMEREFLREICKD, AJPICHHENZEE T/ MFOANEAD
READEEEL EOENEORBROBRE - BERZERCEFSEDZ
EAMHENTND, EE, F/HFARNDRATNIE, BROFICHE)
THRIEAENTHEESNE, COTER, F/NFHER MER (&<
(CITEANRMIAE) (CIERL, BIAREEL, SME OBEECHTIUIIE
BoTLDHBEERET D, AMKICKD, F/HFHERMERKIME
(SRR, MEEEAOTIEBIFIMRET Y Z &, SDITIFREEX T
T—-Y—EEERETDIENBEDHNEL D

FEELF/ TV TAPERELENBOTHEH, A
wicxt 3 2z OBEIRMTH Y, BB LTS SHET
Hb, KHETE, ZORTAA=XLREET LD
w, BEEMEARMEREERNT, k> HTFOmME
R 2 EEER (RER) 2R LY.

1. ik

b PEREEIRPYR ML (HUVEC) i — R > 77 v 7
(CB: HEBE W & 5 FHhiX 250 nm) % 24 ReRIALE
L, UTFo5EERHRE Lz, CB i, PIRAHEEE(F 4 —
ENLPvizE) oI n ARy E = HEL
TeRBERE S RERLFBETH S,

1) EFEEME, B I UETFEMEC X 2FEBE LD
RE.

2) LDH (lactate dehydrogenase) i E 28 & L
Tl B OBE.

3) WST (KEMT b7 V'V v AlR) 2 Hw £l
BORE W & 2 MisiEsE 0%E1b.

4) vx Xy v7ay b, ELISA % i KIEEE
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1. h—Kr75yo (CB) LEH, NEARBIENLEE LVUETEMESG
A EEAKME OLEEMSI VL), B CB AERNEMECLEEMEV~V), C: EFENEH
g (BEFEMEE v ~), D CBABHRNEME (BEFEME VL), EICBORRADED A,
ZED AR o+ HERL-RRE, N
(Yamawaki H ef al, 2006® X Y ShZB|H)

BHBLUrEh 4 YEEELOBIE.
5) w4 7a7vA ERWkBGETFRRSI7 40—
PUE.

2. @z

1) A=-Rr75y 70BEROENRRIBO S
B L UEFEHEMER

HUVEC 1z CB (100 xg/m{) % 24 BFIALET 2 &
faEEt o ENEL | MlRERORRIZE, IO
M, MREEE OMBOEENE L AV THRES 1L
(B 1A, B). &5BFEMEHREN»S, CB OMilaE
NBIEADOEDAHB L UERER (G — 7 7 V1)
DEEE 2 THENTER s e (H1C~E).

2) A—RrTS5y oOMERKIRIRICT il
fagte & & UBIENHI{ER
CBiz & pilafs ORE 2 ERBICHE T 272
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LDH 7 w4 #8 I o7z, $ih~ LDH fRHE R
WiEs L UVBEEEDIE L ks, CBABIZ & D BEK
T2 (1~100 wg/mi, 24h) OFfSEESFHEE S Wiz (1
2A). 100 ug/m! CB ML= & D 22.4% (n=8) DHIE
BLUMBEESEER2Z 0. £, MIGEEEOZEL
BPHANL D% 7z b @ HUVEC IZ
CB %2 24 BB L etk AREWET 7 VY 70
(WST-8) 2 W CAMBSEHIE L., Z0fEE, CB
IS EREE (1~100 xg/ml) 12 PN HE RO ETEIN 4z 5
BHOZEMRENRL (R2B). 100 ug/m! CB MER:
i, avbhro—VEE(CBI0ug/mi) £ BT 46.7%
(n=4) HRAES Dz o]z,

3) h—Rr 759 IREBICL DARMILDRKE
He—-h—%Ek
MfaREE - 3E & MO PISHRAE O R AEMZE L, BIBREE
bS5 T 2 2 L8RI5 TV 3, ELISA %
PRAWTRIERE Y EH 4 > MCP-1 (monocyte chemo-



i 10
CB & (Lg/mi, 24h)

100

(9control)

fHRRE

(B E SFeNE-BHMOES—

100

80

60

0 1 10
CBBE (eg/ml, 24h)

o

T
100

2. A=Ky FS5y s (CB) OMEREMEIT 2 mlaEsE (A) &LUHEMHER (B)
#p<0.05 vs CB 0 mg/m!l, * #*p<0.01 vs CB 0 mg/m/.
(Yamawaki H et al, 20062 & v (%8| )

~ (pg/mi)
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T
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=
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actin

100 0 1 10

100

100 ~

0 I

Control

CB
(100 ug/mi, 24 h)

CB(2g/mi, 24n)

CB(Leg/ml, 24h)

3. H—HrFTS5ws (CB) BEIZL ZAKRMBIROREEY—H—TL
ATELISA ik & 2 MCP-1 BEERBOHE, B:vxxy v aybick s
VCAM-1 HEHEBOE, C:vxz25 7oy Mok s eNOSHEREDL

L
* % p<0.01 vs Control.

(Yamawaki H et al, 20069 % b %8| A)

attractant protein-1) EEEZFHE L7 &£ 25, CB(100
ug/mi, 24h) MBI LD 6.6 fEEM LIz (a> bo—
1 55.1 pg/m! vs CB 4LEEE : 366.0 pg/m!, n=5,
3A). —/, vIRF 7oy kb NKEERT
VCAM-1 (vascular cell adhesion molecule) FEIRIIE
LLiznwZ ehmaniz (X3B), 3o CBAEI &
D, PIEHIEE NO (nitric oxide) &kBEE (eNOS :

endothelial NO synthase) HZHNEE IS S s 2 &
BEHeMEZoT (M3C).

1) h—Rr 75 v o0BICL 2EEFRREL

Affymetrix Human genome U 133 plus 2.0 + v 7%
Huic<t a7 vA E» S, CB(100 ug/ml, 24h)
Mgz & B ICAM 1 (intracellular adhesion molecule 1,
5.3 fold vs 2> rw—n), IL8 (interleukin 8, 2.3
fold), PTGS 2(prostaglandin-endoperoxide synthase,
3.6 fold), CCL 2 (chemokine [C-C motif] ligand 2=
MCP-1, 4.8 fold), HMOX 1 (heme oxygenase 1, 3.2
fold), SELE (selectin E, 7.0 fold) 7% E#EMEX T 4
T—¥ —BEFEARENENT 2 2 LRSI,
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U EDRERD® S, H—=Rrr /RT3, W E
BEERL, MRRESERR S CEEEEIEE b D 2
&, EH BRI EEDREA T 4 =— —FKH %
Hinse s LB LR o7, CB W& 2 EHIR
BEDAH=XLELTE, (1) HEANOBE Y —K
YF IR FRORABICE BRI (A~ 77TV —L)
WL © OWENER, X 50 (2) MENEELZ
U7-NEMIE, s BEEIN YA A4 v, EEBRERE
Ei LI L BRI EENHERZI NS,

% EbYIz
AR RS, Ao IR I 13 BIIRIE L e O #THA 12 8
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CEET2 28, £/ NOWRMEHRER, M/
EMEERYS S D, A —R>F /HFI2 & 5 eNOS
BT ESMERE, Ziletl OHEERTeESs 2
REMEDS D2 Z &6, F/RTFHVERE, MERCERL
FEIMPE LR BICH S 5 U R 27 &g o T 2 AT REE VAT
FWCLDFEBRINI-EFEL O NG,
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