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High levels of osteopontin (OPN) mRNA and proteins were reported in atherosclerotic
plaques [1–3]. OPN-overexpressing transgenic mice developed marked atherosclerotic
lesions [4]. These suggest that OPN plays an important role in atherosclerosis. Regarding
blood OPN levels, we reported plasma OPN levels to be higher in patients with coronary
artery disease (CAD) than without CAD [5]. However, some overlap in OPN levels was
found between patients with and without CAD. Since atherosclerotic process is a
generalized process that may involve the entire vasculature, we hypothesized that plasma
OPN levels may reflect not only coronary atherosclerosis but also atherosclerosis in other
vascular beds.

Recently, magnetic resonance imaging (MRI) has become a useful tool for non-invasively
evaluating atherosclerotic plaques in thoracic and abdominal aortas [6]. Using aortic MRI,
we investigated the associations of plasma OPN levels with coronary and aortic
atherosclerosis in 136 patients undergoing coronary angiography for suspected or known
CAD. Patients with ACS, or aortic or valvular diseases were excluded. Our study was
approved by institutional ethics committee. After informed consent was obtained, fasting
blood samples were taken, and MRI was performed within 2 weeks of angiography. Plasma
OPN levels were measured by ELISA (Human OPN assay kit, IBL).

Aortic MRI was performed on Signa 1.5T Cvi (GE Medical Systems). Transverse proton
density-weighted and T2-weighted images of thoracic and abdominal aorta were obtained
using double-inversion-recovery FSE sequence: TR = 2 RR intervals, TE = 10 (PDW) and
60 ms (T2W), 20-cm FOV, 4-mm slice thickness, and 8-mm inter-slice gap. As shown in
Fig. 1, 9 slices of thoracic aorta and 9 slices of abdominal aorta were obtained at 12-mm
intervals. The severity of aortic atherosclerosis was represented as the number of slices with
plaque (plaque slice number) and the sum of scores (plaque extent score). On coronary
angiograms, the degree of stenosis was evaluated by 5 grades (≤25%, 26–50%, 51–75%,
76–90%, >90% stenosis). The severity of coronary atherosclerosis was represented as the
number of >50% stenotic vessels and the numbers of >50% and >25% stenotic segments.
Differences between 2 groups were evaluated by unpaired t-test or Chi-square test.
Differences among ≥3 groups were evaluated by ANOVA with Scheffe’s test. Correlations
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between OPN levels and the severities of coronary or aortic atherosclerosis were evaluated
by Spearman’s correlation test. A p value <0.05 was considered statistically significant.

Of the 136 patients, 96 (71%) had CAD (>50% stenosis) on angiograms. Thoracic and
abdominal aortic plaques were detected by MRI in 88 (65%) and 124 (91%) patients (Table
1). Compared with 40 patients without CAD, 96 with CAD had higher OPN (562 ± 223 vs.
445 ± 234 ng/ml, p < 0.01) and high-sensitivity C-reactive protein (hsCRP)(median 0.78 vs.
0.48 mg/l, p < 0.02) levels. However, OPN levels did not correlate with hsCRP levels.
Stepwise increase in OPN levels was found depending on the number of >50% stenotic
coronary vessels: 445 ± 234 in CAD(−), 541 ± 239 in 1-VD, 556 ± 219 in 2-VD, and 604 ±
211 ng/ml in 3-VD (p < 0.05)(Fig. 2). OPN levels correlated weakly with the numbers of
>50% and >25% stenotic segments (r = 0.23 and r = 0.24, p < 0.01). Regarding aortic
atherosclerosis, plaque slice number and plaque extent score in thoracic aorta correlated with
OPN levels (r = 0.23 and r = 0.23, p < 0.01). Plaque slice number and plaque extent score in
abdominal aorta also correlated with OPN levels (r = 0.18 and r = 0.22, p < 0.05). However,
total plaque slice number (a total of plaque slice numbers in both aortas) and total plaque
extent score (a total of plaque extent scores in aortas) correlated better with OPN levels (r =
0.26 and r = 0.26, p < 0.005). Patients were divided into quartiles by total plaque extent
score. OPN levels increased stepwise on quartiles: 451 ± 165, 471 ± 236, 560 ± 232, and
629 ± 252 ng/ml (P < 0.02)(Fig. 2). In multiple logistic regression analysis, aortic
atherosclerosis was the only factor associated with OPN levels independent of
atherosclerotic risk factors, but no such significance was found for coronary atherosclerosis.
Odds ratio for aortic atherosclerosis (per grade of quartiles) was 1.4 (95%CI = 1.1–1.9, p <
0.01) for OPN level >500 ng/ml.

We previously showed plasma OPN levels to be higher in 107 patients with stable CAD than
in 71 without CAD [5]. Although Coskun et al. also reported OPN levels to be higher in 25
patients with stable angina than in 18 without CAD [7], Soejima et al. reported that OPN
levels were similar in 60 patients with stable angina and 39 without CAD [8]. Since high
OPN mRNA expression was reported in atherosclerotic plaques of aortas [2,3] as well as
coronary arteries [1], plasma OPN levels may reflect not only coronary atherosclerosis but
also aortic atherosclerosis. OPN was shown to be a constitutive component of elastic fibers
of aortas [9]. Serum OPN levels were also high in patients with abdominal aortic aneurysm
[10]. In our present study, plasma OPN levels correlated with the severities of both coronary
and aortic atherosclerosis. However, in multivariate analysis, only aortic atherosclerosis was
an independent factor associated with OPN levels. Hence, OPN levels are more likely to
reflect aortic atherosclerosis than coronary atherosclerosis.

Our study has several limitations. First, the number of patients was relatively small. Our
study was conducted in Japanese patients undergoing angiography. Our results may not be
applicable to general or other ethnic populations. Second, MRI was used to evaluate aortic
atherosclerosis, but angiography was used for coronary atherosclerosis. Angiography only
shows lumen characteristics. Moreover, because of the small number of study patients, our
study could not establish any direct correlation between coronary or aortic atherosclerosis
and OPN levels. Third, we did not evaluate ascending aorta or arch to reduce the
examination time, because plaques were more prevalent in thoracic descending aorta (45%)
than in ascending aorta (8%) or arch (31%) [11]. Finally, most study patients had several
atherosclerotic risk factors. Such risk factors could have played a role in high OPN levels in
patients with CAD or aortic atherosclerosis. Moreover, 39% of patients were taking statin.
Because OPN levels are affected by statin [12], the inclusion of patients on statin may have
confounded our results.
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In conclusion, plasma OPN levels correlated with the severities of both coronary and aortic
atherosclerosis. However, OPN levels are more likely to reflect aortic atherosclerosis than
coronary atherosclerosis.
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Figure 1.
MRI slices of the aortas and plaque scores. For each patient, 9 slices of thoracic descending
aorta and 9 slices of abdominal aorta were obtained at 12-mm intervals, which each covered
about 10-cm portion of thoracic aorta below aortic arch and 10-cm portion of abdominal
aorta above the bifurcation of iliac artery. Plaque was defined as a clearly identified luminal
protrusion with focal wall thickening, and plaque extent in each slice was scored from 0 to 4
points by the percentage of luminal surface involved by plaque. Arrows indicate aortic
plaques.
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Figure 2.
Associations of plasma OPN levels with the severities of coronary and aortic atherosclerosis.
Plasma OPN levels increased stepwise depending on the number of >50% stenotic coronary
vessels (Left). OPN levels also increased stepwise on quartiles by total aortic plaque extent
score (Right). 1-VD, 1-vessel disease; 2-VD, 2-vessel disease; 3-VD, 3-vessel disease.
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Table 1

Clinical characteristics of patients with and without CAD.

All (n = 136) CAD(−) (n = 40) CAD(+) (n = 96) (+) vs (−)

Age (years) 64 ± 9 63 ± 10 64 ± 9 NS

Gender (male) 105 (77%) 24 (60%) 81 (84%) <0.005

Hypertension 85 (63%) 22 (55%) 63 (66%) NS

Systolic BP (mmHg) 132 ± 19 125 ± 16 135 ± 19 <0.005

Hyperlipidemia 77 (57%) 18 (45%) 59 (61%) NS

Total cholesterol (mg/dl) 203 ± 35 205 ± 30 202 ± 36 NS

HDL-cholesterol (mg/dl) 52 ± 13 59 ± 15 49 ± 12 <0.001

Statin use 53 (39%) 12 (30%) 41 (43%) NS

Diabetes mellitus 34 (25%) 7 (18%) 27 (28%) NS

Smoking 55 (41%) 12 (32%) 43 (45%) NS

CAD 96 (71%)

Thoracic aortic plaque 88 (65%) 15 (38%) 73 (76%) <0.001

Abdominal aortic plaque 124 (91%) 32 (80%) 92 (96%) <0.01

Plasma hsCRP (mg/l) (median) 0.65 0.48 0.78 <0.02

Plasma OPN (ng/ml) 528 ± 232 445 ± 234 562 ± 223 <0.01

Data are presented as the mean value ±SD or the number (%) of patients.

Hypertension was defined as blood pressures ≥140/90 mmHg or on medication.

Hyperlipidemia was defined as total cholesterol levels >240 mg/dl or on medication.

Diabetes was defined as fasting glucose levels ≥126 mg/dl or on treatment.
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