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Figure Legends

Fig. 1. Study Protocol. All rats are unilaterally
nephrectomized on day -1 and divided into 4 groups
on day 0,

N group; mno injection of reagents. HV group;
injection of 3.5mg/kg of Habu snake venom (HV). A
group; continuous administration of 100ng/min of
Angiotensin II (All). H+A group; administration of
HYV and AIl

Fig. 2. Glomerulonephritis is developed with the
combination of HVY and All, and BIF-1a jis induced
in the intact glomeruli.

There are no glomerular or tubular injuries in N

group (A), HV group (B), A group (C) and H+A

6

group on day 1 (D). Damaged glomeruli,
characterized by extensive mesangiolysis, are
obscrved in H+A group on day 2. PAS staining.
Magnification, *100 (E). Focal and segmental
mesangiolysis with large capillary aneurysmal
ballooning are observed in the H+A group on day 2,
PAM staining. Magnification, *400 (F). The number
of GN was significantly less in pre-treatment with
CoCl, than without. PAS staining, Magnification,
*100 (G). Immunoreactive HIF-1a positive signals
are not detected in the N group {(H). Nuclear HIF-1¢.
signals are observed in a glomerulus and tubules in
the A group. Magnification, *200 (I). A glomerulus in
the H+A group on day 2 possesses intact cells with
HIF-1a positive signals, in contrast, other parts have
few HIF-la signals due to mesangiolysis.
Magnification, *200 (J).

Fig. 3. Semiquantitative analysis of morphologic
changes in our glomerulonephritis model. The main
lesion in the H+A group is initially detected on day 2
as mesangiolysis in glomeruli; however, there are no
tubular lesions of necrosis except for tubular casts; in
contrast, there are no morphological changes in the N
and A groups. MES, Mesangiolysis score,

Fig. 4. Serum UN, Cr and SBP are increased with the
combination of HY and AIl. The serum UN (A) and
Cr (B) levels in the H+A group on day 2 are
significantly higher than other groups. SBP increases
significantly with administration of AlI (A and H+A
groups) (C). ' :

Fig. 5. The protein leve! of HIF-1a is increased by
administration of HV and All, and pretreatment of
Co(l, increases HIF-la  expression  before
development of GN. HIF-1a is not detecled in the N
and HV groups (Day2). However, HIF-1a is detected
in A (Day2) and H+A (Days 1 and 2) groups (A). The
CoCl; group, in accord with the level of HIF-1a
induction, was divided into two groups. HIF-1a is
greatly induced -before the devclopment of GN
(CoCl; group Pic-1), and is followed by a high level
(CoCl, group Day2-1); in contrast, it is not efficiently

‘induced (CoCl, group Pre-2), and also is scarcely

detected on day 2 (CoCl, group Day2-2) (B). The rate
of pre-induction of HIF-1a by CoCl, is comparable
with that of the inhibition of GN by CoCl; (C).

Fig. 6. Pretreatment with CoCl, attenuates GN.
Serum UN (A) and Cr (B) levels in the CoCl; group
on day 2 arc significantly decreased compared lo
those in the non-CoCl, group. There is no significant
difference in SBP between the CoCl; and non-CoCl,

groups (C).
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Association between arterial stiffness and

platelet activation
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Increased arterial stiffness s strongly assoclated with
atherosclerosls, while platelet activation Is an Important
trigger of thrombotic events In patients with athero-
sclerosls. However, little Is known about the effect of
arterlat stiffness on platelet activation, We therefore
investigated the assoclation between arterial stiffness
and platelet activation In 38 normal volunteers (20 men
and 18 women) aged 23-77 years {mean=49115 years).
Arterial stiffness was assessed by measuring brachial-

(
formed to evaluate platelet activation by measuring
surface expression of p-selectin and pla!elet-neutrophll
complexes (PNC) before and after activation by ADP. We
also calculated the difference petween basal and
stimulated states of P-selectin and PNC o assessS
platelet activation reserve. PWVs were significantly

Keywords: arterial stiffness; pulse wave velocity; P-selecti

Introduction

Platelet activation and aggregaﬁon ¢
triggers of thrombotic events in gpatig
atherosclerosis. In such patients,

activated at the site of athero ¥ increased

shear stress in the narroweg 23 Increased
platelet activation is obs i patients with
coronary risk factors an iavascular events.* ™

Increased arterial sti Sameasured with pulse
wave velocity (PY¥3y, Hgs been shown to be
associated with atlierosplerosis and risk factors of
atherosclerotic Svtoular disease,’> 2 and is an
independen didfor of cardiovascular events,?**
Therefore,, platelets are likely to be acti-

vated in, % with atherosclerotic disease who
2
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correlated with age and BP (r= 0.60-0.81). For platelet
activation and activation reserve, correlations with age
were less strong but remalned significant (r=90.36-0.61),
with the exception of p-selectin (not significant, NS),
and cotrelations with SBP were simllar (r="0.35-0.53). A
significant correlation was found between PWVs and
platelet activation (r=0.43-0.74). Muttiple regression
analysis demonstrated significant correlations between
activation, and reserve and PWYVs
£ when both age and BP were
adjusted for simuiia neously. In conclusion, platelet

FTioctated with arlerial stiffness, sug-
Hiffness may play an important role

h,.1001861

exhibit increased arterial stiffness, little is known
about the relation of arterial stiffness itself to
platelet activation.

Recently, platelet activation has been widely
evaluated by measuring soluble P-selectin; a platelet
surface molecule also termed CD62P.4++*1 Although
the measurement of soluble P-selectin is simple and
useful, it is an indirect methed of evaluating platelet
activation. On the other hand, platelet activation can
be detected directly by measuring surface antigen
CD62P using flow cytometry. 23552042 Furthermore,
detection of platelet—-neutrophil complexes {PNC),
which are formed as a result of interaction with
CD62P provides an additional means to detect
platelet activation.®

The purpose of this study was to investigate the
association between arterial stiffness and platelet
activation by measuring PWV, P-selectin, and PNC
in subjects without atherosclerotic disease.
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Aderial stiffness and platelet activation
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Materials and methods
Subjects

We studied 38 healthy nonsmoking volunteers (20
men and 18 women), aged 23-77 years
(mean=49+15 years) with no evidence of heart
disease on physical examination, standard 12-lead
electrocardiography, chest radiography, echocardio-
graphy, or blood chemistry analysis. Subjects had no
self-reported past history or current evidence of
cardiovascular disease, hypertension, hypercholes-
terolaemia, diabetes mellitus or renal disease. Basic
characteristics of subjects are shown in Table 1.
None of the subjects had frequent ectopic beats or
atrial fibrillation and none had taken any medica-
tion for at least 10 days. Informed consent was
obtained before performing the study and the study
protocol was approved by the Local Ethics Commit-
tee of Kochi Medical School.

Evaluation of arterial stiffness

Arterial stiffness was evaluated by PWV, measured
using volume-plethysmographic apparatus {Colin,
Komaki, Japan).’**! Data were acquired with sub-
jects lying supine in a quiet and temperature-
controlled room at 11 AM, at least 3 h after breakfast.
Surface electrodes were attached to both wrists for
ECG measurement, a microphone was positioned at
the left sternal edge to detect heart sounds, and cuffs
incorporating plethysmographic and oscillometri
sensors were fastened around both the brachi
regions and ankles to measure pulse wave fag
and blood pressure. Brachial-ankle PWV (i}

All subjects
Parameters m=38)
Age (years) 49415
Gender, male/female 20/18
Systolic blood pressure ( 125+16
Diastolic blood pressurefing 77410
Pulse rate (bpm) ) 66410
Blood sugar (mg/d] 98.5+18.5
Total cholesterol (g 192.6120.7
- 14.0118.5
0.6940.15
95+4.9
20.219.9
10.716.9
13.141.7
36.619.2
23.619.1
) 53109
ba-PWV (m/s) 13.81+3.0

Values are expressed as mean+s.d.

PNC = platelet neutrophil complexes; ADP = adenosine diphosphate:
A-PNC=PNC (ADP)-PNC: A-P-selectin = P-selectin {ADP)-P-selec-
tin; hb-PWV =heart-brachial pulse wave velocity; ba-PWV=bra-
chial-ankle pulse wave velocity.

Journal of Human Hypertension

and heart-brachial PWV {hb-PWV) were measured
as follows. The time interval between the wave foot
of the brachial waveform and that of the ankle
waveform was defined as the time interval between
the brachial region and ankle, while the time
interval between the heart and the right brachial
artery was defined as the time interval between the
second heart sound and the right brachial waveform.
The distance between these sampling points was
calculated automatically according to the height of
the subject. PWVs were calculated by dividing each
distance by the respective time interval. Right
brachial blood pressure (systolic and diastolic) and
pulse rate were concurrently measured.

Measurement of platelet activation

Sample preparation and measurement of platelet P-
selectin (CD62P) and PNC levels were performed
according to the method described by Peters et al.%*
To minimize platelet activation during blood collec-
tion, blood ag#drawn via a 21G butterfly needle
without themiséof a tourniquet. After discarding the
first 2myof bjood, a further 2m! was collected and
imm eq r_ i ab ¥ dded to 200}1] of sodium citrate

£%)-9All antibodies were sourced as follows:
isothiocyanate (FITC) labelled IeG1

RapigL 52P from Dainippon Pharmaceutical, Osaka,

apan, phycoerythin (PE) labelled IgG2a anti-CD42b

FITC labelled IgG1 anti-CD11b from Beckman
Coulter, Fullerton, CA, USA. As negative controls,
FITC-labelled IgG1 (Beckman Coulter, Fullerton,
CA, USA) and double-stained (FITC/PE) IgG1 and
IgG2a (Dako, High Wycombe, Bucks, UK) irrelevant
antibodies were included.

Sample preparation for the measurement of
platelet CD62P level: In all, § 4l of blood was added
to a round-bottomed polystyrene tube containing
5041 of platelet buffer (10mmol/l HEPES,
145 mmol/l NaCl,. 5mmel/l KCl, 1 mmol/} MgS0,;
pH 7.4}, end 5ul of anti-CD62P or control 1gG1
antibody. Following gentle suspension, samples
were incubated in the dark at room temperature for
20 min without stirring. Then 250 ul of fixative was
added and the tubes were incubated for an addi-
tiona! 10min. The samples were then diluted with
500l of buffer and analysed. Flow cytometric
analysis was performed within 1h of fixation.

Sample preparation for the measurement of PNC
level: In all, 50 ul of blood was added to a round-
bottomed polystyrene tube containing 5 gl of anti-
CD42b, and 5l of anti-CD11b or isotype control
antibodies. Following gentle mixing, samples were
incubated in the dark at room temperature for
10min without stirring. Then 50041 of fixative was
added and the tubes were incubated for additional
10min. Flow cytometric analysis was performed
within 1h of preparation.

npg.jhh.1001861



Flow cytometric analysis

Blood samples were analysed in a COULTER EPICS
XL Profile Flow Cytometer, Miami, FL, USA, using
gither single or double fluorochromes. The peak
emission intensity of FITC fluorescence was de-
tected at 515nm and that of phycoerythin fluores-
cence at 580nm.

Measurement of platelet CD62P level: After for-
ward and side scatter measurements were made
with gain setting in logarithmic mode, platelet-sized
events were counted. CD62P-positive platelets were
defined as those with a fluorescence intensity
exceeding that of 98% of the platelets staining with
control antibody.

Measurement of PNC level: After forward and side
scatter measurements were made with gain setting
in linear mode, neutrophil-sized events were se-
Jected. Results were defined as positive when the
fluorescence intensity exceeded that of 98% of the
isotype-matched (igG1 and IgG2a) control antibodies
staining. Events positive for both CD11b and CD42b
were considered to represent PNCs and were
expressed as percentages of events with positive
CD11b staining.

Evaluation of platelet activation reserve: We
evaluated platelet activation reserve, that is, the
ability of the platelets to be activated, in a separate
experiment. Platelets were activated with 6ul of
adenosine diphosphate (ADP). We also calculated
the difference between basal and stimulated states of
P-selectin expression (A-P-selectin) and PNC level
(A-PNC) to determine activation reserve.

Statistical analysis

Data are presented as mean +5.d. Univari

significantly associated with platel
univariate analysis were inclu

regression analysis in order to dd
variable. Gender differencegfw
ANOVA. P-values <0.05 we
sent statistical significagtop

Results o o

Both ba and §hb-PWV exhibited significant
positive corrélaf1ons with age, systolic, and diastolic
blood pressy Y(r=0.60-0.81, P<0.05 or <0.01),
and pulsé.rate (r=0.44, P<0.05, r=0.65, <0.01,

Riyely) (Table 2). For platelet activation and
activation reserve, correlations with age were less
strong but remained significant (r=0.36-0.61,
P<0.05 or <0.01) with the exception of A-P-selectin
{not significant, NS), and correlations with systolic
and diastolic blood pressure were similar (r=0.35-
0.53, P<0.05 or <0.01) with the exception of P-
selectin (NS) (Table 3). However, platelet activation

Artecial stifoess and platelet activation
f Yamasaki et al

Table 2 Correlation between PWYV and clinical indices

hb-PWV ba-PWV
Age 0.74** 0.80%*
Systolic blood pressure 0.61** 0.81*%*
Diastolic blood pressure 0.60** 0.74**
Pulse rate 0.44* 0.65*%*
- Blood sugar —0.05 -0.17
Total cholesterol -0.03 -0.30
Blood urea nitrogen ~0.32 032
Crealinine 0.04 -0.14
Gender
Male 55410 14.1+30
Female 5.240.8 13.6+3.1

PNC=platelet neutrophil complexes; ADP =adenosine diphosphate;
A-PNC=PNC {ADP)-PNC; A-P-selectin = P-selectin (ADP)-P-selec-
tin; hb-PWV =heart-brachial pulse wave velocity; ba PWV =bra-
chisl-ankle pulse wave velocity.

For parameters from ege 10 creatinine, values are correlation
coefficients.

*P<0.05.

*+P<0.01. )

For gender, values are mean s.d., with differences evaluated with
ANOVA.

2

£

gserve exhibited no significant

9 Wfse rate, blood glucose, total

cholesterglmblpgd’ urea nitrogen or creatinine. No

hder-related differences were observed

theSe correlations (Tables 2 and 3).

Krexhibited significant positive correlations
b#3-0.74, P<0.05 or <0.01) to all indices of
clot activation and reserve (Table 4, Figure 1).
n age or blood pressures were adjusted for on

"R, roltivaniate analysis, some indices of platelet
& activation and reserve were significantly related to

PWVs {(r=0.34-7.67, P<0.05 or <0.01). When both
age and blood pressures were simultaneously ad-
justed for, significant correlations remained between
platelet activation and reserve and PWVs (r=2.17—
6.59, P<0.05 or <0.01) (Table 4). In other words,
although the relationship between PWVs and the
indices of platelet activation was strongly affected
by age and blood pressure, a significant association
remained when these factors were adjusted for.

Discussion

The main finding of this study was that platelet
activation and activation reserve were associated
with arterial stiffness when analyses were adjusted
for age and blood pressure. This suggests that
increased arterial stiffness might play an important
role in thrombotic events.

Patients with hypertension, cerebrovascular dis-
ease, coronary heart disease, diabetes mellitus, and
senal failure are recognized to have less arterial
compliance than normal subjects.?*57 1 Increased
PWV has also been reported to be an independent
predictor of cardiovascular events in patients with

w
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Table 3 Correlation between platelet activation and ¢linical indices
PNC PNC (ADP} 4-PNC P-selectin P-selectin {ADP) 2-P-selectin
Age 0.51°* 0.61** 0.52%* 0.36* 0.38* 0.32
Systolic blood pressure 0.41* 0.53** 0.48** 0.41° 0.43* 0.35*%
Diastolic blood pressure 0.43* 0.49** 0.40* 0.25 0.40% 0.36%
Pulse rate 0.28 0.25 0.16 0.04 0.15 0.15
Blood sugar 0.09 -06.18 -0.31 -0.17 0.13 0.16
Total cholesterol -0.14 ~0.07 0.001 -0.10 -0.13 -0.11
Blood urea nitrogen -0.01 012 0.18 -0.05 0.05 0.06
Creatinine 0.05 ~0.13 -0.22 0.04 -0.17 ~0.18
Gender:
male 10.315.9 19.7 +8.7 9.416.9 13.1t1.8 35.549.3 22.449.0
female 8.8+3.8 20.7411.4 11.916.8 13.041.7 377492 24.749.3

PNC=platelet neutrophil complexes; ADP =adenosine diphosphate; A-PNC=PNC (ADP)-PNC; A-P-selectin = P-selectin {ADP}-P-selectin; hb-
PWYV = heart-brachial pulse wave velocity; ba-PWV =brachial-ankle pulse wave velocity.
For parameters from age to creatinine, values are correlation coefficients.

*P<0.05.
**P<0.01.

For gender, values are mean+ s.d., with differences evaluated with ANOVA.

Table 4 Relation between platelet activations and PWV

FPNC PNC (ADP) 4-PNC P-selectin P-selectin (ADP} A-P-selectin
Not adjusted
hb-PWV 0.62** 0.74** 0.57** 0.50**
ba-PWV 0.59** 0.71** 0.51** 0.43*
Adjusted for age
hb-PWV 2.86%* 6.95** 6.55* 5.80*
ba-PWV 0.79 2.01** 1.75* 147
Adjusted for systolic blood pressure
hb-PWV 3.20** 7.23%* 5.09* 4.50*
ba-PWV 1.2§** 2.64"* 1.48 1.25
Adjusted for diastolic blood pressure
hb-PWV 3.08%* 7.67* 5,324« 4.46*%
ba-PWV 0.97** 2.50** 1.45* 1.106
Adjusted for age end systolic blood pressure ]
hb-PWV 2.80" 6.42*% 3.63* 0.58 5.93* 535*
ba-PWV 1.08 2.3 1.24 0.24 1.72 148
Adjusted for age and diastolic blood
hb-PWV 2.63* 3.97%* 0.78 6.06* 5.28*%
ba-PWV 0.76 1.40 0.40 1.66 1.26
PNC =platelet neutrophil co {BP = adenosine diphosphate; A-PNC=PNG [ADP)-PNC; A-P:selectin =P-selectin (ADP)—P-gelectin; hb-

PWYV = heart-brachial p
‘Not adjusted” — values
*P<0D.DS.
**P<0.01.
Other values are
*P<0.05. f
**P<0.01.

: sion or renal failure, and in elderly sub-
$%* The association between increased arterial
stiffness and high incidence of cardiovascular
events may be explained by the existence of
atherosclerosis. Hirai et al** have demonstrated
strong associations between abdominal aortic and
carotid arterial stiffness and the degree of coronary
artery disease. Popele et al”® recently reported that

Journal of Human Hypertension

&:locity; ba-PWV =brachial-ankle pulse wave velocity.
ation coefficients between PWVs and indices of platelet activation before adjustment.

aortic stiffness as measured by PWV is strongly
associated with common carotid intima-media
thickness, carotid arterial plaques, and the presence
of peripheral arterial disease. Moreover, some

opulation-based studies have demonstrated higher
Elood pressure, increased age, and male gender to be
associated with increased PWV,162021 Py]se pressure
may also relate to arterial stiffness and cardiovas-
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Figure 1 Correlation between baPWV and PNC f(upper two panels). F
diphosphate; A-PNC=PNC (ADP)-PNC; A-P-selectin =P-selectin (ADP)-X¥

PWV = brachial-enkle pulse wave velocity.

cular events, with higher pulse pressure retige e
elevated systolic pressure an reduced giasioli

ressure due to increased arterial sti e
present study, significant relationshi ob-
served between PWVs and age, b , and
pulse rate, in accordance with pres dies.

P-selectin is a component O& iles that is

expressed on the platelet surfa e
released into the plasma 1
Although the bulk of cizgtiia -%soluble P-selectin
appears to be platelet dégyrdgy the substance is also
found in the Weibel#Ralade bodies of endothelial
{remant of platelet membrane P-
selectin is th Byvafinore sensitive method of
assessing plat&et fitivation. In the present study,
we evaluat “let activation by measuring
membrz tion markers using flow cytometry
a n-dependent monoclonal antibodies.
% were also measured using the same
method“P-selectin levels in our normal subjects
aged 49415 years were 13.1 +1.7%; this was higher
than that in quoted by other studies, possibly due to
the differences in monoclonal antibodies or in
sample manipulation.
P-selectin expressed on activated platelets causes
formation of PNC. Moreover, platelets and platelet-
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Holet neutrophil complexes; ADP =adenosine
itY, PWV =heart-brachial pulse wave velocity; ba-

B derived P-selectin play an important role in throm-

bus growth at the site of atherosclerosis.? In vivo and
in vitro studies have shown that shear stress and
exposure to atherogenic stimuli, such as oxidization
by low-density lipoprotein or cigarette smoking,
induce rapid P-selectin-dependent aggregation and
accumulation of leukocytes and platelets.*>** Acti-
vated platelets acgumulating jn thrombi at the site of
ruptured atherosclerotic plaques will express
CD62P. In clinical studies, P-selectin has been
shown to be a marker of platelet activation related
to adverse cardiovascular events such as hyperten-
sion, coronary artery disease, cerebrovascular dis-
ease, and peripheral arterial disease,*”*°** and also
to be a predictor of cardiovascular events.**? PNC,
forming s a result of the interaction of platelet P-
selectin and neutrophils also promotes platelet
activation.®® This is the first study to demonstrate
that P-selectin and PNC were significantly corre-
lated with arterial stiffness evaluated by PWV in
normal subjects. In an analysis of four randomized
trials, Heber! et al*® showed that aspirin therapy was
beneficial in the primary prevention of vascular
disease. Higher levels of other membrane markers
such as von Willebrand factor receptor are observed
in activated platelets, which are affected by aspirin

tn
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[+2]

or ticlopidine.*® Therefore, our results indicate that,
in the normal population, antiplatelet agents may

play a role in preventing cardiovascular events -

through factors other than P-selectin.

Although the exact mechanism accounting for the
relationship between platelet activation and arterial
stiffness is unknown, it is possible to make the
following speculations. When arterial stiffness is
raised, shear stress might play an important role in
platelet activation. Using cone-plate viscometry,®
Goto et al showed that platelet activation (measured
by P-selectin surface expression, von Willebrand
factor-mediated platelet aggregation and transloca-
tion of GP Iba) was induced by high shear stress of
10800/s. Higher arterial stiffness increases blood
flow velocity and produces a steep systolic pressure
waveform,*’ and it is possible that the resulting
increased shear stress could promote platelet activa-
tion. Another possible mechanism is that endothe-
lial dysfunction may interact with arterial stiffness
and platelet hyperactivity. Kobayashi et aP? showed
significant correlation between endothelial dysfunc-
tion measured by flow-mediated dilatation and ba-
PWV. Platelets are also activated by endothelial
dysfunction. On the other hand, activated platelets
themselves may cause arterial stiffness via vascular
smooth muscle cell growth factors and extracellular
matrix modulator released from platelets, that is,
PDGF.** However, this response also occurs at the
site of endothelial injury. Further study is therefore

required to clarify whether arterial stiffness causes

platelet activation or alternatively whether platel
activation might result in arterial stiffness.

Limitations

Despite the small sample size, it is go¥ible
broad age range (23~77 years) of gt sybjer
outliers in PWV and platelet adivafi
significant correlations wegd
blood pressure were adjugie
influence of age did¢
correlation between JIVRE platelet activation,
In the present stu ‘% was 14.1+3.0m/s in
men and 13.632 ht/s In women; values higher
than those repfi by Yamashina et al.*® Further-
more, it is g0t RoawWn whether such a relationship
atieriad stiffness and platelet ectivation is

found ifptients with conditions such as hyperten-
ifibclps mellitus, coronary heart disease, and

er studies should be therefore per-
ch patients, using larger sample sizes.

ggesting that the
ehtirely explain the

diin su
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