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Plasma thrombin-cleaved osteopontin as a potential
biomarker of acute atherothrombotic ischemic stroke

Saya Ozaki1, Mie Kurata2, Yoshiaki Kumon1, Shirabe Matsumoto1, Masahiko Tagawa1, Hideaki Watanabe1,
Shiro Ohue1, Jitsuo Higaki3 and Takanori Ohnishi4

We investigated whether thrombin-cleaved osteopontin N-terminal is useful as a blood biomarker of acute atherothrombotic

ischemic stroke. Acute ischemic stroke patients were prospectively evaluated with brain magnetic resonance imaging and cardiac

evaluations for etiological diagnosis according to the Trial of Org 10172 in Acute Stroke Treatment classification. They were

divided into the atherothrombotic and non-atherothrombotic groups. Thrombin-cleaved osteopontin N-terminal, osteopontin,

matrix metalloproteinase-9, S100B, C-reactive protein and D-dimer levels were measured from blood samples collected at

admission. After excluding patients who met the exclusion criteria or had stroke of other/undetermined etiology, 60 of the 100

patients initially enrolled were included in the final analysis. The ischemic stroke subtypes were atherothrombotic (n=28,

46.7%), cardioembolic (n=19, 31.7%) and lacunar (n=13, 21.7%). Thrombin-cleaved osteopontin N-terminal and matrix

metalloproteinase-9 levels were significantly higher in the atherothrombotic than in the non-atherothrombotic group (median

(interquartile range): 5.83 (0.0–8.6 ) vs. 0.0 (0.0–3.3) pmol l−1, P=0.03 and 544 (322–749 ) vs. 343 (254–485) ng ml−1,

P=0.01, respectively). After adjustment for the prevalence of hypertension, diabetes and dyslipidemia, thrombin-cleaved

osteopontin N-terminal levels of 45.47 pmol l−1 (odds ratio, 16.81; 95% confidence interval, 3.53–80.10) and matrix

metalloproteinase-9 levels of 4605.5 ng ml−1 (6.59; 1.77–24.60) were identified as independent predictors of

atherothrombosis. Within 3 h from stroke onset, only thrombin-cleaved osteopontin N-terminal independently predicted

atherothrombosis and thus may add valuable, time-sensitive diagnostic information in the early evaluation of ischemic stroke,

especially the atherothrombotic subtype.
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INTRODUCTION

Although stroke mortality has gradually decreased in Japan, primarily
owing to the control of hypertension,1 stroke still causes long-term
disability and death in 121 000 people per year.2 Recently, ischemic
stroke among Japanese patients have changed from the small- to the
large-vessel subtype, including the atherothrombotic or cardioembolic
subtypes.3,4 These subtypes showed different arteriosclerotic
indicators.5 The prognoses and responses to endovascular treatment
differ among these subtypes. The atherothrombotic subtype is more
highly associated with early recurrence than the cardioembolic or
lacunar subtype.6 After thrombolysis therapy, endovascular treatment
leads to greater recanalization in the atherothrombotic subtype than in
the cardioembolic subtype.7,8 According to reports, the stroke subtype
should be diagnosed correctly in the acute phase. The most effective
diagnostic tool for stroke is neuroimaging. Diffusion-weighted
imaging with magnetic resonance (MR) imaging (MRI) is sensitive
for detecting ischemia. Furthermore, identification of the stroke

subtypes still largely relies on a combination of other tests, including
the use of MR angiography, carotid ultrasonography and transcranial
Doppler imaging. Not only structural imaging tests but also a blood
biomarker that would indicate the atherothrombotic subtype in the
acute phase is warranted. Several blood markers have been reported as
diagnostic biomarkers of acute ischemic stroke, such as matrix
metalloproteinase (MMP)-9, S100B and D-dimer.9 However, whether
these can discriminate among pathologic subtypes is unclear.
Osteopontin (OPN) is an extracellular matrix protein that plays a

key role in inflammation and malignant tumors.10 In atherosclerosis,
the plasma OPN level has a positive relationship with local11 and
systemic atherosclerosis burden.12 When OPN is cleaved by thrombin,
it transforms into two types, the thrombin-cleaved OPN N-terminal
(trOPN-N) and C-terminal (trOPN-C) fragments. We previously
reported the presence of trOPN-N in the carotid artery in highly
inflamed atherosclerosis; after its mechanical destruction by carotid
artery stenting, the plasma trOPN-N level quickly increased.13
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Considering that the pathophysiological mechanism of atherothrom-
botic ischemic stroke is related to plaque instability and the resulting
thrombogenic condition,14 trOPN-N is a potential biomarker to
explain atherosclerotic and thrombotic states.
In this study, we evaluated the utility of trOPN-N, OPN, MMP-9,

C-reactive protein, S100B and D-dimer as diagnostic biomarkers of
the atherothrombotic subtype of ischemic stroke. Furthermore,
we clarified the usefulness of these biomarkers in the acute setting.

METHODS

Study participants, ethical considerations, consent and permissions
Patients were enrolled prospectively from July 2011 to March 2014. This study
was designed as a pilot trial to assist in the development of a larger clinical trial.
Participants were recruited from Ehime University Hospital, Matsuyama
Saiseikai Hospital, Imabari Saiseikai Hospital and Okujima Hospital in Ehime,
Japan. This study was performed in accordance with the Declaration of
Helsinki. On behalf of all the participating facilities, approval from the
institutional review board of Ehime University Hospital was obtained before
study initiation (No. 1205005). In addition, the trial was registered in the
University Hospital Medical Information Network (UMIN) clinical trial registry
(No. 20183). Each participant was provided a detailed explanation of this study,
and all patients or a relative signed a written statement of informed consent for
participation and publication of the patients’ data. Acute ischemic stroke
patients admitted within the first 24 h after symptom onset were enrolled.
Patients with intracranial hemorrhage, known inflammatory or malignant
disease, abnormal coagulant disease, or contraindication to MRI; those treated
with recombinant tissue plasminogen activator before blood sampling; or those
who had undergone cardiovascular operation within the previous 6 months
were excluded from the final analysis.

Diagnosis of the ischemic stroke subtypes
Acute ischemic stroke was diagnosed by stroke neurologists and confirmed on
MRI. The final diagnosis of the stroke subtype was rendered by the treating-site
clinician, who was blinded to the biomarker results. Independent stroke experts
reviewed all the clinical, imaging and conventional laboratory information
gathered during admission.
The stroke etiological subtype was determined at admission based on the

Trial of Org 101172 in Acute Stroke Treatment (TOAST) criteria as follows:15,16

(1) large-vessel atherothrombotic; (2) cardioembolic; (3) small-vessel/lacunar;
or (4) stroke of other determined etiologies or an undetermined etiology. Both
the atherothrombotic and cardioembolic subtypes were classified based on an
infarct size of 41.5 cm, as confirmed on MRI. The atherothrombotic subtype
was defined as 450% stenosis of an appropriate intracranial or extracranial
artery. Stenosis was calculated with MR angiography, computed tomography
angiography or carotid ultrasonography according to the method used by the
North American Symptomatic Carotid Endarterectomy Trial (NASCET). The
cardioembolic subtype was determined to be middle- to high-risk without
intracranial or extracranial artery stenosis. The lacunar subtype is characterized
with traditional clinical neurological dysfunction and an infarct size ofo1.5 cm
as determined on MRI. The undetermined etiology subtype had two or more
causes identified, and the ‘other determined etiologies’ subtype included
perioperative stroke and arterial dissection. We excluded patients with
undetermined etiology and ‘other determined etiologies’ subtypes from the
final analysis because of their heterogeneous etiologies. Furthermore, we
classified patients into atherothrombotic and non-atherothrombotic subtype
groups to test our hypothesis.

Assessment of vascular risk factors
Patients were interviewed to determine the presence of diabetes mellitus,
hypertension and/or dyslipidemia; smoking habits; and information regarding
the medicines they took chronically prior to hospitalization. Hemoglobin A1c,
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
triglycerides and serum creatinine levels were measured. Diabetes mellitus
was defined as the use of oral hypoglycemic agents or insulin, hemoglobin A1c
levels of 46.5% or fasting blood glucose levels of 4126 mg dl− 1, or casual

blood glucose levels of4200 mg dl− 1. The systolic and diastolic blood pressure
data used in the study were measured on admission for each patient.
Hypertension was defined as the use of antihypertensive agents before
hospitalization or its introduction during hospitalization. Dyslipidemia was
defined as the use of antihyperlipidemic agents, low-density lipoprotein
cholesterol levels of 4140 mg dl− 1 or high-density lipoprotein cholesterol
levels of o40 mg dl− 1, and/or triglyceride levels of 4150 mg dl− 1. A current
smoker was defined as an individual with a history of smoking during the
preceding 3 months, and a previous smoker was defined as an individual with a
smoking history of 43 months prior to the ischemic attack. Electrocardio-
graphy, chest radiography, and transthoracic echocardiography were per-
formed, additionally performing computed tomography angiography, carotid
ultrasonography, and/or transesophageal echocardiography if indicated.

Determination of stroke size and severity
All the patients underwent MRI. The infarct volume was classified into three
sizes by using MRI: (1) small: o1.5 cm, including multiple small infarcts;
(2) large: 41 artery perfusion area; and (3) medium: intermediate between
small and large. Stroke severity was assessed by using the National Institutes of
Health Stroke Scale17 and the modified Rankin scale18 on admission and at
discharge.

Biomarker assays
Blood samples were collected from the peripheral veins of all the patients at the
emergency outpatient clinic before any treatment was administered. D-dimer
and C-reactive protein levels were measured immediately after blood drawing.
Plasma and serum were stored at − 80 °C until analysis of OPN, trOPN-N,
MMP-9, and S100B levels. Plasma was used for measurement of OPN and
trOPN-N levels (code 27156 and 27258, respectively; Immuno Biological
Laboratory, Fujioka, Japan); and serum, for MMP-9 (DMP900; R and D
Systems, Minneapolis, MN, USA) and S100B (RD192090100R; Bio Vendor,
Brno, Czech Republic) in enzyme-linked immunosorbent assay. Each sample
was tested in duplicate.

Statistical analysis
All statistical analyses were performed with SPSS version 21 (SPSS, Chicago, IL,
USA). Results of comparisons between two groups were analyzed by using the
Student's t-test or Mann–Whitney U-test. Correlations between blood
biomarkers and other clinical parameters were determined by using the
Spearman rank-order test. A receiver-operating characteristic curve was used
to obtain cutoff values with the Youden Index.19 Biomarkers associated with the
atherothrombotic subtype in the univariate analysis were entered into a forward
stepwise multivariate logistic regression model to identify independent
predictors of the atherothrombotic subtype in comparison with those of the
non-atherothrombotic subtype. A P-value of 0.05 was considered statistically
significant.

RESULTS

Participants
We obtained informed consent from 100 patients on admission and
excluded 13 patients who met the exclusion criteria. We then excluded
patients who had a stroke of undetermined etiology (n= 27) and those
who were receiving tissue plasminogen activator before blood
sampling (n= 1, included in the undetermined etiology). Finally,
60 patients were enrolled (Figure 1). The ischemic stroke subtypes
identified were as follows: large artery atherosclerosis, n= 28 (46.6%);
cardioembolic, n= 19 (31.7%); and lacunar, n= 13 (21.7%).
A descriptive analysis of the patients’ clinical backgrounds in both
the atherothrombotic and non-atherothrombotic groups is
summarized in Table 1. In brief, no significant differences in sex
distribution, age, symptom duration, modified Rankin scale score, and
National Institutes of Health Stroke Scale score on arrival and at
discharge, and pre-hospitalization medications used were found
between the groups. The atherothrombotic group had significantly
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more risk factors, including hypertension and diabetes, but less
frequent atrial fibrillation.

Relationship between the biomarkers and the clinical characteristics
The intra-assay coefficients of variation for the assessed biomarkers
were as follows: 13.7% for trOPN-N, 3.4% for OPN, 4.0% for S100B
and 4.8% for MMP-9. As some trOPN-N values were negative after

calibration with the baseline value, which contained a buffer with an
antibody and a substrate but no blood sample, they were allocated a
zero value. Table 2 shows the correlations of the biomarkers with the
clinical backgrounds, stroke severity, risk factors, comorbidities and
prehospital medications. TrOPN-N expression was significantly
correlated with the expressions of the other biomarkers (OPN:
ρ= 0.41, Po0.01; S100B: ρ= 0.35, P= 0.01; and D-dimer: ρ= 0.45,
Po0.01). TrOPN-N level was higher in the diabetic (P= 0.02) than in
the non-diabetic patients, and in the statin users (P= 0.02) than in the
non-statin users. The S100B and D-dimer levels positively correlated
with the National Institutes of Health Stroke Scale scores on admission
(ρ= 0.31, P= 0.04 and ρ= 0.38, P= 0.02, respectively), and D-dimer
level correlated with stroke size (ρ= 0.44, P= 0.03).

Biomarker profiles based on different stroke etiologies
The biomarkers showed significant differences between the
atherothrombotic and non-atherothrombotic groups as follows:
trOPN-N (median (interquartile range): 5.83 (0.0–8.6 ) vs.
0.0 (0.0–3.3) pmol l− 1, P= 0.03) and MMP-9 (544 (322–749 ) vs.
343 (254–485) ng ml− 1, P= 0.01; Table 3). Negative trOPN-N values
were found in 16 cases (50%) of the non-atherothrombotic subtype
and 8 cases (29%) of the atherothrombotic subtype. OPN, D-dimer
and S100B levels did not differ significantly between the two clinical
subtypes.

n = 100

n = 87

Excluded by exclusion critereria
late admission: 2
active malignant neoplasms: 7
abnormal coagulation disease: 1
cardiovascular operation within 6 months: 3

Atherothrombotic group n = 28

Cardiogenic embolism
n = 19

Lacuna
n = 13

TOAST
category

Non-atherothrombotic group n = 32

Excluded by undetermined etiology: 27

Figure 1 Study flow diagram. We obtained informed consent from 100
patients on admission and excluded 13 patients who met the exclusion
criteria of the study. TOAST, Trial of Org 101172 in Acute Stroke Treatment.

Table 1 Descriptive analysis of patients’ clinical backgrounds

Non-atherothrombotic (n=32) Atherothrombotic (n=28) P-value

Sex (male/female) 21/11 12/16 0.07

Age (years) 78±7.6 77.7±12.0 0.83

Symptom duration on arrival (h)a 3.7 (1.5–7.0) 8.5 (2.0–14.0) 0.07

Atrial fibrillation, n (%) 14 (44) 0 (0) o0.001

Risk factors
Hypertension, n (%) 21 (66) 23 (82) 0.04

Diabetes, n (%) 5 (16) 10 (36) 0.04

Dyslipidemia, n (%) 8 (25) 12 (43) 0.06

Previous/current smoker, n 10/5 7/4 0.78

Sum of risk factorsa,b 1.53 (1.17–1.88) 2.19 (1.81–2.57) 0.01

Comorbidities
Coronary artery disease, n (%) 3 (9) 4 (14) 0.42

Peripheral artery disease, n (%) 0 2 (7) 0.21

Previous ischemic stroke, n (%) 6 (19) 8 (26) 0.27

Pre-hospital medication
Anti-hypertensive drug, n (%) 13 (40) 18 (64) 0.08

ARB or ACE-I, n (%) 8 (25) 13 (46) 0.09

Statin, n (%) 2 (6) 7 (25) 0.06

Anti-platelets, n (%) 8 (25) 9 (32) 0.39

mRS
On admissiona 3.43 (2.82–4.04) 2.65 (1.77–3.55) 0.14

At dischargea 2.60 (1.78–3.42) 2.33 (1.46–3.20) 0.70

NIHSS
On admissiona 9.69 (6.15–13.22) 5.96 (3.09–8.82) 0.20

At dischargea 3.67 (0.95–6.38) 3.89 (1.27–6.50) 0.61

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.
aMean (95% confidence interval).
bSum of prevalence of risk factors: hypertension, diabetes, dyslipidemia, and current or previous smoking habit.
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Biomarker cutoff values and odds ratios
The cutoff values obtained with the Youden Index from the
receiver-operating characteristic curves were as follows: trOPN-N,
45.47 pmol l− 1 (sensitivity, specificity and c-statistic: 0.54, 0.91 and
0.72, respectively) and MMP-9, 4605 ng ml− 1 (0.78, 0.67 and 0.71,
respectively). By performing a logistic regression analysis adjusted
for the prevalences of hypertension, diabetes and dyslipidemia,
the independent association between two biomarkers and the
atherothrombotic group was clarified, with the following values:
trOPN-N, 45.47 pmol l− 1 (odds ratio (OR), 11.7; 95% confidence
interval (CI), 2.10–64.87; P= 0.005) and MMP-9, 4605 ng ml− 1

(OR, 9.92; 95% CI, 1.89–52.24; P= 0.007).
Next, we separately analyzed the different times from symptom

onset to hospitalization as follows: within 3 h, within 12 h and within

24 h (all patients). Within 3 h (n= 27), trOPN-N expression remained
associated with the atherothrombotic group (OR, 15.9; 95% CI,
1.13–221; P= 0.04), but MMP-9 expression did not (OR, 7.03;
95% CI, 0.46–106; P= 0.16; Figure 2). MMP-9 level measured within
12 h newly showed a significant association with the atherothrombotic
group (OR, 10.0; 95% CI, 1.33–75.3; P= 0.03).

DISCUSSION

The main results of our study are as follows: (1) trOPN-N and
MMP-9 levels were higher in the atherothrombotic than in the
non-atherothrombotic ischemic stroke subtype and (2) only
trOPN-N was significantly elevated in the acute phase (i.e., within
3 h after symptom onset) in the atherothrombotic subtype.

Table 2 Relationship between biomarkers and patient characteristics

trOPN-N OPN MMP-9 CRP S100B D-dimer

ρ P-value ρ P-value ρ P-value ρ P-value ρ P-value ρ P-value

Clinical background
Sexa 0.05 0.73 −0.11 0.39 0.23 0.08 −0.20 0.16 0.22 0.13 0.09 0.59

Age 0.22 0.09 0.32 0.01 0.07 0.60 0.02 0.91 0.20 0.18 0.48 o0.01

Symptom duration 0.06 0.63 0.10 0.45 0.11 0.42 0.24 0.11 −0.10 0.50 0.01 0.93

Infarct size 0.11 0.51 0.00 0.99 0.11 0.51 0.27 0.16 0.11 0.51 0.44 0.03

Hypertensiona 0.19 0.16 0.07 0.63 0.15 0.27 −0.30 0.86 0.25 0.10 0.01 0.96

Diabetesa 0.33 0.01 0.22 0.10 −0.01 0.98 0.01 0.98 0.05 0.76 0.17 0.30

Dyslipidemiaa 0.23 0.09 −0.09 0.54 0.08 0.55 0.09 0.57 0.08 0.58 −0.11 0.51

Current smokera −0.22 0.13 −0.13 0.39 −0.04 0.77 −0.18 0.25 −0.28 0.07 −0.03 0.87

Sum of risk factorsb 0.27 0.08 0.17 0.27 −0.20 0.21 0.04 0.79 −0.06 0.70 0.18 0.33

Anti-platelet druga 0.21 0.11 0.10 0.47 −0.12 0.37 0.07 0.61 0.17 0.24 0.11 0.53

Anti-hypertensive druga 0.26 0.06 0.14 0.31 0.13 0.36 0.09 0.55 0.32 0.03 0.11 0.52

Statina 0.33 0.02 0.11 0.45 0.02 0.86 0.18 0.20 0.17 0.27 −0.08 0.63

NIHSS score
On admission 0.09 0.55 0.19 0.18 −0.03 0.98 0.26 0.09 0.31 0.04 0.38 0.02

At discharge 0.06 0.72 0.15 0.38 0.03 0.84 −0.02 0.92 0.04 0.82 0.07 0.74

Blood tests
Serum creatinine 0.23 0.10 0.31 0.02 −0.18 0.19 0.17 0.23 0.12 0.42 0.08 0.63

trOPN-N 1.00 — 0.41 o0.001 −0.05 0.69 0.07 0.63 0.35 0.01 0.45 o0.01

OPN — — 1.00 — −0.26 0.04 0.11 0.45 0.09 0.55 0.53 o0.01

MMP-9 — — — — 1.00 — −0.03 0.84 −0.06 0.67 −0.17 0.31

CRP — — — — — — 1.00 — 0.23 0.14 0.10 0.56

S100B — — — — — — — — 1.00 — 0.12 0.46

Abbreviations: CRP, C-reactive protein; MMP-9, matrix metalloproteinase 9; NIHSS, National Institutes of Health Stroke Scale; OPN, osteopontin; trOPN-N, thrombin-cleaved osteopontin N-terminal.
Spearman’s rank-order correlations were determined.
aMale, patients with hypertension, diabetes, dyslipidemia, current smoking and using medicine were stated as 1, and others are 0, respectively.
bDefinition of sum of risk factors is the same as Table 1.

Table 3 Blood biomarker levels in the non-atherothrombotic and atherothrombotic groups

Non-atherothrombotic (n=32) Atherothrombotic (n=28) P-value

trOPN-N (pmol l−1) 0.0 (0.00–3.30) 5.83 (0.0–8.6) 0.03

OPN (ng ml−1) 190 (167–243) 213 (157–264) 0.54

MMP-9 (ng ml−1) 343 (254–485) 544 (322–749) 0.01

S100B (pg ml−1) 206 (151–254) 192 (146–207) 0.10

D-dimer (μg l−1) 1.00 (0.60–3.40) 1.00 (0.73–1.70) 0.88

CRP 0.13 (0.06–0.13) 0.12 (0.08–0.32) 0.88

Data were obtained from the Mann–Whitney U-test. Values are expressed as median (interquartile range). Abbreviations are the same as in Table 2.
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Different implications of OPN and trOPN-N expressions for
atherosclerosis
OPN is an extracellular matrix protein that is localized around
calcified or inflammatory tissue. It is secreted by many cell types such
as lymphocytes, macrophages, endothelial cells and vascular smooth
muscle cells. It exacerbates inflammation through the recruitment of
macrophages and the regulation of cytokine production in macro-
phages, dendritic cells and T-cells.20 OPN has several protease cleavage
sites and cell-interacting domains. OPN has two integrin-binding
motifs, RGD and SVVYGLR. Only after thrombin cleavage is
SVVYGLR revealed in trOPN-N, and SVVYGLR works as a ligand
for integrin α9β1, α4β1 and α1β7.20 These integrins are expressed in
activated macrophages in rheumatoid arthritis and introduce further
inflammatory cytokines and chemokines.21 We previously reported
that trOPN-N expression was observed only in vulnerable plaques in
the atherosclerotic carotid artery.13 Wolak et al.22 also reported that
inflammation severity correlated only with trOPN-N expression, not
with full-length or C-terminal OPN in carotid specimens. trOPN-N
expression is observed not only inside of the plaque but also in blood
when the plaque ruptures. TrOPN-N level has been shown to be
elevated significantly after carotid artery stenting, especially in patients
with symptomatic ischemic stroke.13

In this study, trOPN-N levels were higher in the atherothrombotic
subtype than in the non-atherothrombotic subtype, but OPN levels
did not significantly differ between the two groups. Considering that
the main pathophysiological mechanism of atherothrombotic stroke is
artery-to-artery infarction due to plaque rupture,23 we can hypothesize
that blood trOPN-N originated from vulnerable plaques. TrOPN-N
levels were higher in the patients with than in those without diabetes
mellitus (Table 2). These results indicate that the atherothrombotic
group had more patients with diabetes mellitus and dyslipidemia than
the non-atherothrombotic group. Even after adjusting for these risk
factors, trOPN-N expression remained an independent determinant of
the atherothrombotic subtype (Figure 2). Notably, the trOPN-N level
in the non-atherothrombotic group (0.00 (0.00–3.30) pmol l− 1)
was the same as that in patients with essential hypertension
and no history of cardiovascular disease or medical treatment
(2.09 (0.00–3.81) pmol l− 1).13 Furthermore, according to its high
specificity (0.91) for the atherothrombotic group, high trOPN-N levels
would explain pathological situations.

Diagnostic biomarker that explains atherosclerotic and thrombotic
states
In this study, trOPN-N level showed a positive correlation with OPN
and D-dimer levels. This result is compatible because OPN expression
reflects plaque burden12 and D-dimer expression is a marker of
coagulation activation in circulating blood.24 This result satisfies
the requirement that a marker of atherothrombotic ischemic
stroke should reflect both atherosclerosis and thrombosis. The
atherothrombotic subtype is caused by a cerebral embolism in all
vessels, from the aortic arch to the major cerebral arteries.25–27

Systemic trOPN levels reflect an atherothrombotic situation.

TrOPN-N expression in acute atherothrombotic stroke
TrOPN-N level was increased in the atherothrombotic subtype within
3 h after symptom onset. It is interesting that large differences in ORs
and 95% CIs were found between the groups (o3 , o12 h and all
o24 h; Figure 2) and that no relationship was found with symptom
duration (Table 2). Our previous report also supports these data
because after carotid artery stenting, trOPN-N expression could be
detected within 3 h.13 Thrombolysis is unquestionably the first choice
of treatment of acute ischemic stroke, regardless of whether it is of the
atherothrombotic or cardiogenic subtype. Furthermore, Yoon et al.28

reported that emergent intracranial angioplasty is feasible and yields a
high rate of revascularization and favorable outcomes in patients with
the atherothrombotic subtype compared with those with other
subtypes. Diagnosis of the stroke subtype is important for selecting
the appropriate treatment. As trOPN-N expression was associated with
stroke subtype in the early phase, it appears useful for treatment
selection.

Pathophysiological mechanism of ischemic stroke in relation to
MMP-9 expression
MMP-9 level was higher in the atherothrombotic group. One reason is
that MMP-9 expression is also a marker of atherosclerosis.29 Indeed,
the atherothrombotic group showed a higher prevalence of stroke risk
factors overall (Table 1), and MMP-9 levels might reflect this.
However, MMP-9 expression was only recognized as a significant
biomarker after including data from blood samples obtained within
12 h of symptom onset (Figure 2). In a rat ischemic stroke model30

and in patients with ischemic stroke, MMP-9 levels began to increase
after 12 h.31 These reports support our result that MMP-9 level could
not distinguish atherothrombosis subtype in the super-acute phase.
Thus, MMP-9 level is not suitable as a diagnostic marker of the
atherothrombotic subtype in acute settings.

S100B and D-dimer: biomarkers of ischemic stroke
Several reports indicated that S100B and D-dimer levels correlated
with stroke volume and/or functional severity.32,33 In our study, they
also correlated with stroke volume and/or National Institutes of
Health Stroke Scale score. However, as both showed no difference
between the atherothrombotic and non-atherothrombotic subtypes,
they were not found to be suitable diagnostic biomarkers in this study.

Study limitations
This study had several methodological difficulties. First, our
population was relatively small, and we omitted the undetermined
etiology and ‘other determined etiologies’ stroke subtypes from the
final analysis. In the future, studies with a large number of participants
that enables the inclusion of these heterogeneous populations are
needed. Second, even though the trOPN-N level significantly differed
between the atherothrombotic and non-atherothrombotic subtypes,

0.10 1.00 10.00 100.00 1000.00

MMP-9 <3 hrs

trOPN-N <3hrs

MMP-9 <12 hrs
MMP-9 <24hrs

trOPN-N <12hrs
trOPN-N <24hrs

Figure 2 Logistic regression analysis results showing the association between
blood biomarkers and the diagnosis of atherothrombotic ischemic stroke.
Data are divided according to the timing of biomarker measurement from
stroke onset. The upper three lines show thrombin-cleaved osteopontin
N-terminal (trOPN-N), and the lower three, matrix metalloproteinase-9
(MMP-9). Values are expressed as medians, and horizontal lines represent
the 95% confidence intervals, within 24 h (all patients), within 12 h and
within 3 h.
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the trOPN-N levels of one-third of the patients were undetectable
because of the low sensitivity of microplate-based enzyme-linked
immunosorbent assay. However, we previously reported the usefulness
of a capillary-based enzyme-linked immunosorbent assay system for
trOPN-N, which can measure as little as 4 μl of plasma.34 It would be
a useful tool for measuring trOPN-N levels in a large clinical trial.
Finally, we did not measure brain natriuretic peptide levels for all
patients, so the sensitivity/specificity directory of trOPN-N was
difficult to compare with that of a well-known diagnostic biomarker
of ischemic stroke subtype. It may be useful to measure both brain
natriuretic peptide and trOPN-N levels for distinguishing between the
cardiogenic and atherothrombotic subtypes.

CONCLUSION

The results of this study suggest that trOPN-N level has the potential
to distinguish between the ischemic stroke atherothrombotic subtypes,
especially in the acute phase.
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