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Abstract
Quantitative analysis of functional neuroimagings using SPECT

Jyoji Nakagawara
Department of Neurosurgery, Nakamura Memorial Hospital

In functional neuroimagings using SPECT, some recent development of analytic techniques for SPECT im-
ages have contributed to improve the accuracy of functional neuroimagings. In quantification of CBF image us-
ing 123-Idodoamphetamine (IMP)-SPECT, introduction of dual table ARG (DTARG) could make 1-day serial
measurement of both resting and acetazolamide-activated CBF images which overcomes measurement errors
from different input functions associated with 2-days measurement of CBF images. Also, introduction of stereo-
tactic extraction estimation (SEE) using standardized brain mapping for quantified CBF images could make
stereotactic assessment of both severity of hemodynamic cerebral ischemia and its serial changes. These ana-
Iytic techniques for CBF SPECT such as DTARG and SEE could improve the accuracy of SPECT measure-
ment and diagnostic decision, and could promote the standardization of functional neuroimagings. On the other
hands, central benzodiazepine receptor imaging using 123-liomazenil (IMZ) SPECT which clinically inter-
preted as the marker of cortical neuron damages could be applied not only to demonstrate incomplete brain in-
farction associated with cerebral ischemia, but also to estimate higher brain dysfunction associated with
moyamoya disease (long-standing ischemia) or traumatic brain injury. Quantitative analysis of functional
neuroimagings using SPECT could be applied for future clinical trial due to the progression of standardization
techniques for SPECT images.

Key words: 123-Iiodoamphetamine (IMP), 123-Iiomazenil (IMZ), single photon emission computed tomogra-
phy (SPECT), dual table ARG (DTARG), 3-dimensional stereotactic surface projections (3D-SSP)
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Brief Communication

Circulating CD34-positive cells have prognostic
value for neurologic function in patients with

past cerebral infarction

Akihiko Taguchi', Nami Nakagomi®, Tomohiro Matsuyama?®, Akie Kikuchi-Taura?,
Hiroo Yoshikawa?*, Yukiko Kasahara®, Haruka Hirose?, Hiroshi Moriwaki?,
Takayuki Nakagomi?, Toshihiro Soma®, David M Stern® and Hiroaki Naritomi*

'Department of Cerebrovascular Disease, National Cardiovascular Center, Osaka, Japan; *Institute for
Advanced Medical Sciences, Hyogo College of Medicine, Hyogo, Japan; *Department of Hematology,

Osaka Minami National Medical Center, Osaka, Japan; *Department of Internal Medicine, Hyogo College of
Medicine, Hyogo, Japan; °VPHA/Dean’s Office, College of Medicine, Cincinnati University, Cincinnati,

Ohio, USA

Increasing evidence points to a role for circulating endothelial progenitors, including populations of
CD34-positive (CD34+) cells present in peripheral blood, in vascular homeostasis and neovascuiar-
ization. In this report, circulating CD34* cells in individuals with a history of cerebral infarction were
correlated with changes in neurologic function over a period of 1 year. Patients with decreased
levels of CD34* cells displayed significant worsening in neurologic function, evaluated by the
Barthel Index and Clinical Dementia Rating. These results support the hypothesis that levels of
circulating CD34* cells have prognostic value for neural function, consistent with their potential role

in maintaining cerebral circulation.

Journal of Cerebral Blood Flow & Metabolism (2009) 29, 34—38; doi:10.1038/cbfm.2008.92; published online 13 August 2008

Keywords: CD34; cerebral circulation; neurologic function

Introduction

Increasing evidence points to a role for circulating
CD34-positive (CD34 *) cells in maintaining vascular
homeostasis, both as a pool of endothelial progeni-
tor cells (EPCs) and as a source of multiple growth/
angiogenesis factors (Majka et al, 2001). Previously,
we have shown accelerated neovascularization after
administration of CD34" cells in an experimental
model of stroke (Taguchi et al, 2004b), and observed
a positive correlation between levels of circulating
CD34* cells and neovascularization (Yoshihara et al,
2008) and regional blood flow (Taguchi et al, 2004a)
in patients with chronic cerebral ischemia. In
addition, we have delineated a contribution of
circulating CD34* cells in support of neurologic
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function, presumably through their positive influ-
ence on the cerebral circulation in settings of
ischemic stress (Taguchi et al, 2008). A role for
circulating CD34* cells in vascular homeostasis has
also been considered in other ischemic settings,
such as myocardial (Okada et al, 2008) and
peripheral vascular disease (Fadini et al, 2006b).

On the basis of these observations, we have
hypothesized that circulating CD34* cells may
contribute to the maintenance of neurologic func-
tion by enhancing cerebrovascular homeostasis in
patients with a history of cerebral infarction. In this
study, we have investigated the predictive value of
the level of peripheral CD34* cells on neurologic
function in patients with past cerebral infarction.
Our results display a correlation between decreased
levels of CD34" cells and diminished neurologic
function over a study period of 1 year.

Methods

This study was approved by the institutional review
board of the National Cardiovascular Center. All
subjects provided written informed consent. A total of



40 individuals with history of cerebral infarction (3 years
or more from the last onset of stroke) were enrolled and
followed for 1 year. Exclusion criteria included the
following: patients who experienced a vascular event
within 30 days of enrollment, patients with neurodegen-
erative diseases including Alzheimer’s-type cognitive
impairment, history of cerebral hemorrhage, cerebral
infarction not classified according major causes (lacunar,
atherothrombotic, or cardiogenic embolism), evidence of
infection, malignant disease, and/or premenopausal
women. On the day the first blood sample was obtained
and 1 year after, all individuals were evaluated using the
National Institutes of Health Stroke Scale (NIHSS),
modified Rankin Scale (mRS), Barthel Index (BI), and
Clinical Dementia Rating (CDR) by a single examiner
masked to the experimental protocol and level of
circulating CD34* cells. Hypertension, hyperlipidemia,
and diabetes mellitus were defined based on the need for
oral anti-hypertensive, anti-hyperlipidemic, or oral anti-
diabetic drug therapy (or insulin), respectively, prescribed
by the primary care physician. Smoking was defined as a
history of > 2 years and/or smoking in the last year. Using
a modification of the International Society of Hematotherapy
and Graft Engineering (ISHAGE) Guidelines (Sutherland
et al, 1996), the number of circulating CD34* cells
was quantified as described (Kikuchi-Taura et al, 2006)
at the point of the entry and 1 year later. In brief, blood
samples were incubated with phycoerythrin (PE)-labeled

Table 1 Baseline characteristic

CD34* cells and neurologic changes in 1 year
A Taguchi et af

anti-CD34 antibody, fluorescein isothiocyanate (FITC)-
labeled anti-CD45 antibody, 7-aminoactinomycin-D
(7-AAD), and internal control (all of these reagents are
in the Stem-Kit, BeckmanCoulter, Marseille, France).
7-AAD-positive dead cells and CD45-negative cells were
excluded, and the number of cells forming a cluster
characteristic of CD34* cells (i.e., low side scatter and
low-to-intermediate CD45 staining) was counted. The
absolute number of CD34* cells was calculated using
the internal control. On the basis of our previous studies,
the cumulative intraassay coefficient of variation of
the measurement was 7.4% and test—retest intraclass
correlation of the level of CD34* cells is 0.88 {Taguchi ef
al, 2004a). For statistical analysis, JMP version 5.1] was
used. Individual comparisons were performed using a
Mann-Whitney’s U-test, y*-test, or two-tailed unpaired
Student’s t-test. Pearson’s correlation coefficient was used
to evaluate the correlation of the levels of CD34* cells
between measurements. Mean * s.e. is shown.

Results

To investigate the possible relationship between circulat-
ing CD34* cells and changes in neurologic status over the
1-year-study period, individuals were divided into two
groups according to the level of circulating CD34* cells at
the point of the entry. Baseline characteristics of the

Total Group low Group high P-value for trend
N 40 20 20
At the point of entry
No. of CD34* cells (per uL) 0.65 +0.07 0.34+0.03 0.93+£0.10
Age (years) 73.1%1.1 72.9%t14 73.4%11.7 0.85
Male gender, n (%) 28 {70) 12 (60) 16 (80) 0.16
Time from last stroke (years) 4.5%0.2 4.5+0.3 4.6+0.3 0.75
Etiology, n (%) 0.83
Lacuna 25 (63) 13 (65) 12 (60)
Atherothrombotic 12 (30) 6 (30) 6 (30)
Cardiogenic embolism 3(8) 1(5) 2 (10)
Risk factor, n (%)
Hypertension 24 (60) 12 {60) 12 (60) 1.00
Hypeﬂipidemia 15 (38) 8 (40) 7 (35) 0.74
Diabetes mellitus 6 (15) 4 (20) 2 (10) 0.37
Smoking 8 (20) 5 (25) 3 (15) 0.42
Other cardiovascular disease 9 (23) 3 (15) 6 (30) 0.26
Treatment, n (%)
Ca-channel blockers 13 (33) 7 (35) 6 (30) 0.74
ARB 14 (35) 7 (35) 7 (35) 1.00
ACE inhibitor 3(8) 2 (10) 1(5) 0.54
Diuretic 2 (5) 1 (5) 1(5) 1.00
Beta-blockers 0 (0) 0 (0) o (0) NA
Aspirin 19 (48) 7 (35) 12 (60) 0.11
Ticlopidine 8 (20) 6 (30) 2 (10) 0.11
Statin 14 (35) 8 (40) 6 (30) 0.51
One year after
No. of CD34* cells (per uL) 0.69+0.07 0.42 +0.05 0.97 £0.09 <0.001

ACE, angiotensin-converting enzyme; ARB, angiotensin I} receptor blocker; NA, not available.
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groups are shown in Table 1. Comparing these groups,
there were no significant differences in age, gender,
etiology of cerebral infraction, hypertension, hyperlipide-
mia, diabetes mellitus, smoking, and drug treatments.
In wunivariate analysis, each cerebrovascular risk
factor, including hypertension (P=0.46), hyperlipidemia
(P=0.35), diabetes mellitus (P=0.12), and smoking
(P=0.35), was not significantly correlated with a decrease
in the number of circulating CD34* cells. Treatment with a
Ca-channel blocker (P=0.73), angiotensin-converting en-
zyme (ACE) inhibitor (P=0.053), angiotensin II receptor
blocker (ARB) (P=0.53), diuretics {P=0.52), statins
(P=0.47), aspirin (P=0.86), and/or ticlopidine (P=0.80)
also did not correlate with a consistent difference in the
number of circulating CD34* cells. Each cerebrovascular
risk factor and particular drug treatment was also not
associated with a significant difference in neurologic
function in 1 year, based on NIHSS, mRS, BI, and CDR
(data not shown). At the point of entry, there were no
significant differences in neurologic or cognitive function
between groups (Figures 1A—1D). Compared with levels of
circulating CD34* cells in non-stroke control subjects
presented in our previous report (0.81+0.06 cells/uL;
age, 74.2+0.7; n=32) (Taguchi et al, 2008), the level of
circulating CD34* cells was significantly reduced in
patients in the CD34* cell low group in the current study
(P<0.001). There was no significant difference between
the level of circulating CD34* cells in the CD34* cell high
group (in the current study) and the previously reported
value (P=0.20; Taguchi et al, 2008). During the period of
our observation, no patients had special exercise training,
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other than intensive rehabilitation in patients who had
recurrent strokes.

During the 12-month-study period, 5 patients had
recurrent strokes (3 patients in the lower CD34* and 2
in the higher CD34* group, respectively; P=0.63 between
groups). After 12 months, neurologic and cognitive
functions of all patients were reexamined, and changes
in each score were recorded. Although there was no
significant difference in the NIHSS score between groups
(Figure 1E, P=0.28), there was significant worsening in
neurologic function, based on BI in patients with
decreased levels of CD34* cells versus the group with
increased levels (Figure 1F, P=0.04). Similarly, a trend
towards worsening of mRS occurred in patients with
decreased levels of CD34* cells versus the group with
increased levels, although these results did not achieve
statistical significance (Figure 1G, P=0.65). In terms of
cognitive function, a significant worsening in the CDR
score was observed in patients with decreased levels of
CD34™ cells, compared with the higher CD34* cell group
(Figure 1H, P=0.002). It is notable that no individual in
the highest quartile (n=10) for levels of CD34* cells
displayed worsening of the CDR or BI score over the
1-year-study period. In the analysis of the patients without
a recurrent stroke, a similar trend was observed (Figures
1I-1L), although the change of BI did not achieve
statistically significant (P=0.08). Analysis of the correla-
tion coefficient of the levels of CD34* cells between at the
point of the entry and 1 year later revealed significant
strong correlation in patients without recurrence
{P<0.001, B*=0.68).
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Figure 1 The level of circulating CD34* cells and neurologic function in the study group after 1 year. (A-D) At the point of
entry, there were no significant differences in the level of neurologic function, including NIHSS (A), Bl (B), mRS (C), and CDR (D).
(E-H) There was a trend suggesting accelerated worsening of neurologic function, evaluated by NIHSS, in patients with decreased
levels of circulating CD34 * cells, although this did not achieve statistical significance (E). Compared with Bl scores in patients
with increased levels of circulating CD34 * cells, significant worsening was observed in patients with decreased levels of CD34 *
cells (F). There was a trend of worsening of mRS in patients with decreased levels of circulating CD34 + cells, although this did not
achieve statistical significance (G). Significantly poorer CDR scores were observed in patients with decreased levels of CD34™* cells,
compared with those with increased levels of CD34* cells (H). (I-L) Analysis of patients without recurrent strokes showed
nonsignificant differences, but a similar trend was observed in changes in NIHSS (1), Bl (J), and mRS (K). Poorer CDR scores were
observed in patients with decreased levels of CD34 * cells, compared with those with increased levels of CD34 *+ cells (L), and this
difference achieved statistical significance. *P < 0.05 versus patients with decreased levels of circulating CD34* cells.
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Discussion

In this study, we have found that the level of
circulating CD34* cells has prognostic value for
neural function in support of activities of daily
living (BI) and cognitive function (CDR) in patients
with a history of cerebral infarction. This result is
potentially consistent with a role of CD34" cells in
maintenance of cerebral vasculature.

Similar to the correlation between mobilization of
CD34+ cells and improved myocardial function after
a coronary ischemic event (Wojakowski et al, 2006),
mobilization of circulating CD34* cells has been
shown to correlate with functional recovery during
the acute phase of cerebral infarction (Dunac et al,
2007; Yip et al, 2008). Our report herein shows a
relationship between increased levels of CD34~
cells and improved functional outcome even in the
extensive phase after stroke. These observations may
reflect a close relationship between angiogenesis
and neurogenesis under physiologic (Louissaint
et al, 2002), as well as pathologic (Taguchi et al,
2004b) conditions.

The level of EPCs can be quantified using an assay
for endothelial colony formation or fluorescence-
activated cell-sorting analysis with multiple mar-
kers, including CD34 and kinase insert domain
receptor (KDR) (Werner et al, 2005). Although the
population of CD34* cells is enriched in EPCs, it
comprises multiple and heterogeneous subpopula-
tions, indicating the possible advantage of selec-
tively quantifying EPCs. However, measurement of
EPCs is quite inexact, as large variations in their
levels have been reported (i.e., by ~100-fold
between reports) (Fadini et al, 2006a; Werner et al,
2005). Thus, there appears to be a need to standar-
dize measurement of EPCs, in addition to a require-
ment for a relatively large blood volume to do the
assay (for example, Loomans et al collected a 60 mL
blood sample for EPC analysis) (Loomans et al,
2004). Our method for quantification of CD34* cells
is simple, reproducible (Kikuchi-Taura et al, 2006)
and requires only 200 ul. of peripheral blood. The
latter method is suitable for screening a broad group
of patients at risk for cerebrovascular disorders.
Furthermore, CD34* cells have been shown to
secrete multiple growth/angiogenesis factors (Majka
et al, 2001), contributing to maintenance of the
microvasculature in addition to serving as a source
of EPCs. These considerations indicate the value of
quantitating peripheral CD34* cells as a clinical
biomarker in patients with vascular disease, not
only as a substitute for quantifying EPCs.

In conclusion, our results indicate that circulating
CD34+ cells in patients with cerebral ischemia have
a positive impact on the course of disease, in terms
of maintenance of neurologic function. In contrast,
decreased levels of circulating CD34 ™ cells, possibly
because of ‘exhaustion’ of the bone marrow or
inability to mount an increase in cell counts, are
associated with deterioration of neurologic status.

CD34* cells and neurologic changes in 1 year
A Taguchi et af

Taken together with our previous results indicating
that the level of circulating CD34* cells can be
correlated with cerebral blood flow and cerebral
metabolic rate in patients with chronic cerebral
hypoperfusion (Taguchi et al, 20044d), our present
findings provide further support for a contribution
of circulating CD34* cells in maintenance of
neurologic function in settings of ischemic stress.
Although further basic and clinical studies will be
required, we speculate that treatments with the goal
of increasing levels of circulating CD34* cells have
the possibility of improving neurologic outcome in
patients with impaired cerebral microcirculation.
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Abstract

Background: The cause of ischemic stroke is undetermined
in 15-40% of patients. We studied the association between
frequent premature atrial contractions (PAC) and stroke of
undetermined etiology. Methods: We retrospectively stud-
ied ischemic stroke patients who were consecutively admit-
ted to our department and underwent 24-hour Holter ECG
recording including 163 noncardioembolic stroke patients
(group A), 24 stroke patients of undetermined etiology
(group B), and 37 cardioembolic stroke patients with prior-
diagnosed paroxysmal atrial fibrillation (group C). The num-
ber of PAC per 24 h and the prevalence of patients with fre-
quent PAC (200 or more per 24 h) were compared between
the groups. Results: The number of PAC was significantly
larger in groups B and C than in group A. The proportion of
patients with frequent PAC was larger in group B (13/24, 54%)
and in group C (18/37, 48%) than in group A (32/163, 20%).
Conclusion: Our data suggest that frequent PAC should be
regarded as a masked type of paroxysmal atrial fibrillation
and should be included in one of the causes of cardioem-

bolic stroke. Copyright © 2009 S. Karger AG, Basel

The cause of ischemic stroke is undetermined in 15—
40% of patients [1, 2]. Paroxysmal atrial fibrillation (PAF)
should be one of the latent causes of stroke of undeter-
mined cause, since even long-term ECG recording may
be unable to catch a potential episode of intermittent atri-
al fibrillation (AF) [3]. Patients with AF develop stroke
approximately five times more frequently as compared
with those without AF [4]. Patients with PAF have stroke
rates similar to those of patients with sustained AF [5].
Therefore, it is important to predict the risk of developing
PAF in patients with stroke of unknown etiology who
have sinus rhythm.

AF is known to be associated with frequent premature
atrial contractions (PAC) [6, 7]. We hypothesized that a
certain population with stroke of unknown etiology
should have latent PAF and such patients should be asso-
ciated with frequent PAC. Engstrom et al. [8] reported
that the risk of ischemic and hemorrhagic stroke in men
is associated with a high frequency of atrial ectopic beats.
Wallmannn et al. [9] reported that a high frequency of
atrial premature beats in ischemic stroke patients pre-
dicts PAF. However, the association between frequent
PAC and ischemic stroke of unknown etiology has not yet
been studied. In this investigation, we studied the asso-
ciation between frequent PAC and stroke of unknown eti-

ology.
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Ischemic stroke (n = 663)
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Complex atheroma of the aortic arch (n = 22)
Fig. 1. Inclusion criteria for this study. Cervicocerebral arterial dissection (n =7)
A{nong the 317 ischemi.c stroke.patients | Coagulopathies (n = 3)
with Holter ECG recording, we included " g
163 noncardioembolic stroke patients \ [ oyamoya disease (n = 1)
(group A), 24 cryptogenic stroke patients
(group B), and 37 cardoembolic stroke pa- Cryptogenic {n = 24) - » | GroupB

tients with prior-diagnosed PAF (group
C).

Methods

We retrospectively studied ischemic stroke patients who were
consecutively admitted to our department and underwent 24-
hour Holter ECG recordings. Among the 663 ischemic stroke pa-
tients, we excluded 346 patients without Holter ECG recording.
Among the 317 patients with Holter ECG recording, 89 patients
had large-artery atherosclerosis, 41 patients had small-vessel oc-
clusion, 33 had stroke of other determined etiology, 24 had stroke
of undetermined etiology, and 130 had cardioembolic stroke as
diagnosed according to the TOAST [10] classification criteria.
Among the 130 patients with cardioembolic stroke, 37 patients
had a history of PAF, but their Holter ECG in this study failed to
detect AF. We excluded cardioembolic stroke patients but includ-
ed these 37 patients with prior-diagnosed PAF as positive con-
trols. We classified these patients into three groups: group A with
163 noncardioembolic stroke patients, including 89 cases of large-
artery atherosclerosis, 41 cases of small-vessel occlusion, and 33
cases of other determined etiology; group B with 24 stroke pa-
tients of undetermined etiology, and group C with 37 cardioem-
bolic stroke patients with a prior history of PAF (fig. 1). The num-
ber of PAC per 24 h and the prevalence of patients with frequent
PAC were compared between the groups.

In group A, large-artery atherosclerosis was defined as the
presence of at least 50% of stenosis or occlusion of the correspond-
ing vessel, and small-vessel occlusion was defined as a small and

286 Eur Neurol 2009;61:285-288

deep infarct less than 15 mm in diameter in patients with hyper-
tension. Complex atheroma of the aortic arch was defined as
plaque thickening of at least 4.0 mm evaluated with transesopha-
geal echocardiography. Cervico-cerebral arterial dissection was
defined as the presence of characteristic angiographic findings
such as double lumen, intimal flap, pearl and string sign, tapered
narrowing or occlusion, retention of contrast medium, string
sign, and aneurysmal outpouching. Coagulopathies included
protein C or protein S deficiency. Cardioembolic cause included
AF, recent myocardial infarction, akinetic left ventricular seg-
ment, dilated cardiomyopathy, patent foramen ovale, and left atri-
al or left ventricular thrombus or tumor. Stroke of undetermined
etiology was defined as the absence of a definite cause after a stan-
dard workup including routine blood tests and a coagulation
study (including tests for protein C, protein S, antithrombin 11,
and antiphospholipid antibody), Holter ECG, transesophageal
echocardiography, transthoracic echocardiography, carotid ul-
trasonography, intracranial magnetic resonance imaging, and in-
tracranial magnetic resonance angiography. We used a tape re-
corder with bipolar electrodes in the V2 and V6 positions for ECG
recording. A reduced RR interval of 25% or more, presence of a
P-wave, and a QRS width of 0.12 s or less were used as PAC crite-
ria. Frequent PAC were defined as the fifth quintile of group A,
i.e., 200 PAC or more per 24 h.

Age, sex, risk factors for stroke and NTHSS score on admission
were recorded for each patient. The risk factors considered in this
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Table 1. Baseline clinical characteristics and proportion of trequent PAC

Group A Group B Group € p value
(169 -2 (=37 Avs.B Bvs.C Avs.C
Age (mean * SD), years 663+11.9 67.91+8.4 69.7+11.9 NS NS NS
Male/female ratio 116/47 15/9 25/12 NS NS NS
Hypertension 126 (77) 13 (54) 20 (54) 0.032 NS 0.0076
Diabetes mellitus 114 (70) 4(17) 6(16) <0.0001 NS <0.0001
Hyperlipidemia 96 (59) 8(33) 9 (24) 0.033 NS <0.001
Smoking 103 (63) 7(29) 6(16) 0.0033 NS <0.0001
NIHSS score (mean * SD) 56%58 6.2+57 8.9x5.7 NS NS 0.02
Frequent PAC 32(20) 13 (54) 18 (48) <0.001 NS <0.001
Frequent PAC are defined as 200 PAC or more per 24 h. Figures in parentheses are percentages.
study were hypertension (casual blood pressure 140/90 mm Hg or
more, or on medication), diabetes mellitus (fasting plasma glu- £ £0.0001
cose 7.77 mmol/l or more, glycosylated hemoglobin 6.2% or more, boooi ,
or on medication), hyperlipidemia (serum total cholesterol 5.70 B
mmol/l or more, or on medication), and smoking. Patients were 10,000 7 -
categorized as smokers if they smoked at least one cigarette per T
day and as nonsmokers if they had never smoked or had stopped . 1,000 ~ T
smoking 3 years previously. <
Continuous data are expressed as mean values £ SD. The 2 100
Mann-Whitney U test, Student’s t test, and Pearson’s x* test were & T —T
used for comparison of groups. Statistical significance was set at 1o
p < 0.05. 1
L
Group A Group B Group C
(n=163) (n=24) (n=37)

Results

The number of PAC was significantly larger in groups
B and C than in group A (fig. 2). The proportion of pa-
tients with frequent PAC was higher in group B (13/24,
54%) and in group C (18/37, 48%) than in group A (32/163,
20%) (table 1). In group A, the number of patients with
frequent PAC was 21 of 89 with large-artery atheroscle-
rosis, 5 of 41 with small-vessel occlusion, and 6 of 33 with
other determined etiology. However, there was no sig-
nificant difference among these subgroups.

Baseline clinical characteristics are summarized in ta-
ble 1. Mean age and proportion of male sex did not differ
between the three groups. Group A patients had hyper-
tension, diabetes mellitus, hyperlipidemia, and current
smoking habit, which are known to be associated with
large-artery atherosclerosis, and small-vessel occlusion,
more frequently than group B and C patients. The NIHSS
score was higher in group C than in group A.

Frequent PAC in Cryptogenic Stroke

Fig. 2. The number of PAC per 24 h. Box plots indicate 10th, 25th,
50th, 75th, and 90th percentiles of noncardioembolic stroke pa-
tients (group A), cryptogenic stroke patients (group B), and car-
doembolic stroke patients with prior-diagnosed PAF (group C).
The number of PAC was significantly larger in groups B and C
than in group A.

Discussion

Frequent PAC is known to be associated with PAF [6,
7]. After coronary artery bypass grafting and aortic valve
replacement, frequent PAC can predict AF [11, 12]. Wall-
mann et al. [9] have reported that frequent PAC can be a
surrogate marker for PAF in stroke patients without AF,
including lacunar and atherothrombotic stroke patients.
However, PAF in patients with lacunar or atherothrom-
botic stroke is not always the cause of stroke. To the best
of our knowledge, this is the first study reporting the as-
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sociation of frequent PAC with stroke of undetermined
etiology. Our study found that frequent PAC was associ-
ated with stroke of undetermined etiology and with car-
dioembolic stroke with prior-diagnosed PAF. These find-
ings suggest that frequent PAC in stroke of undetermined
etiology should be regarded as a masked type of PAF and
as one of the causes of cardioembolic stroke. Holter mon-
itoring in ischemic stroke patients will identify new AF/
flutter in approximately 1 in 20 patients. Extended dura-
tion of monitoring may improve the detection rate {13].
We suggest that repetitive Holter ECG recordings are
needed to detectlatent PAF atleast in patients with stroke
of undetermined etiology, especially with frequent PAC.
A 72-hour recording time, compared to a 24-hour period,
was reported to improve the detection of PAF in ischemic
stroke patients [3].

Hypertension, diabetes mellitus, hyperlipidemia, and
current smoking habit are known to be associated with
large-artery atherosclerosis and small-vessel occlusion
[14]. Although hypertension could also be associated with

frequent PAC, group B and C patients had hypertension
less frequently than group A patients. A Severe neuro-
logic symptom is known to be associated with cardioem-
bolic stroke [14]. In this study, the NIHSS score is signif-
icantly higher in group C than in group A, but not in
group B.

The limitation of the present investigation is that the
study was performed in a retrospective manner. There is
potential bias because we did not define the indication
criteria for Holter ECG recording in this retrospective
study. However, we showed that the presence of frequent
PAC was more commonly associated with stroke of un-
determined etiology than with noncardioembolic stroke.
We also showed that stroke of undetermined etiology and
cardioembolic stroke with a prior history of PAF were
similarly associated with frequent PAC. These results of
the present study confirm the findings of previous stud-
ies showing an association between frequent PAC and
stroke [8, 9]. Further prospective studies are needed to
clarify the risk of stroke in patients with frequent PAC,
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11B-Hydroxysteroid dehydrogenase type 1 (11B-HSD1), one of the isoforms of the 11p-
hydroxysteroid dehydrogenase enzymes, acts as an oxo-reductase to reactivate cortisone
to cortisol, plays a critical role in tissue-specific corticosteroid reactions, and is therefore a
key molecule associated with the development of metabolic syndrome. We investigated
whether variations in the 11B-HSD1 gene correlated with metabolic syndrome. We per-
formed case-control study using a population-based urban Japanese cohort. Among 3005
urban residents, we examined 431 subjects diagnosed with metabolic syndrome according
to the Japanese definition and 777 subjects with none of metabolic syndrome criteria as
control. We genotyped three single nucleotide polymorphisms (SNPs) (+9410T>A,
+17925C>T, +27447G>C) across the 11B-HSD1 gene in them and analyzed the associations
of SNPs and haplotypes with metabolic syndrome. The +9410A allele showed a tendency to
metabolic syndrome (OR = 1.5, 95%C.1., 1.0-2.2; P = 0.041 and Bonferroni corrected P = 0.123)
without statistical significance. However, we could not find any significant association

Haplotype between metabolic syndrome and SNPs in the 113-HSD1 gene. Our findings indicate that
polymorphisms and haplotypes in the 118-HSD1 gene are not significantly associated with
metabolic syndrome in the Japanese population.

© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction an oxo-reductase that reactivates cortisone to cortisol [1] and

Two isoforms of the 11B-hydroxysteroid dehydrogenase
enzyme (11B8-HSD), 118-HSD type 1 (118-HSD1) and 118-HSD
type 2 (11B-HSD2), catalyze the conversion between hormon-
ally active cortisol and inactive cortisone [1]. 118-HSD1 acts as

is an abundantintracellular component in adipose tissue, liver
and central nervous system [1-3]. In contrast, 118-HSD2 is a
dehydrogenase that inactivates cortisol to cortisone and is
exclusively expressed in organs involved in water and
electrolyte metabolism, such as the colon, kidney, sweat

* Corresponding author. Tel.: +81 6 6833 5012; fax: +81 6 6872 7486.
E-mail address: miyamoty@hsp.ncve.go.jp (Y. Miyamoto).
0168-8227/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
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gland, and placenta [1,4]. This differential expression provides
a mechanism for tissue-specific corticosteroid receptor acti-
vation that is independent of circulating cortisol concentra-
tions [1,5]. Moreover, studies using animal models have shown
that 113-HSD1 increases intracellular glucocorticoid levels by
converting circulating 11-dehydrocorticosterone (cortisone in
humans) into active corticosterone (cortisol) through 11p-
reductase in adipocytes decrease intracellular glucocorticoid
levels [6-9]. In human, 118-HSD activity in adipose tissue was
positively correlated with BMI [10] and 11B-HSD1 inhibition
enhances insulin sensitivity and provides a new approach to
control metabolic diseases, including type 2 diabetes [11-13].

Epidemiologic studies have indicated that metabolic
syndrome has become more prevalent in Western and Asian
countries due to both environmental factors and lifestyle
changes, such as a high-calorie diet and sedentary behavior.
However, there is also evidence that certain individuals are
genetically predisposed to metabolic syndrome and its related
traits. Polymorphisms in the HSD11B1 gene which encodes
11B-HSD1 have been reported to be associated with type 2
diabetes [14] and hypertension [15]. In particular, Gelernter-
Yaniv et al. reported the positive association of the ins4436A
SNP in the HSD11B1 gene with BMI and insulin resistance in
obese children [16]. However, this association has been
inconsistent, probably because of differences in sample size
and ethnicity [17].

In light of the possible involvement of 118-HSD1 in
metabolic syndrome, we investigated whether genetic var-
iants of the HSD11B1 gene are associated with metabolic
syndrome.

2, Methods
2.1.  Subjects and definition of metabolic syndrome

We recruited 3655 residents on population-based cohort
(Suita, Osaka Prefecture, Japan) from April 2002 to February
2004 and obtained written informed consent to study SNPs.
The study design was approved by the Committee on Genetic
Analysis and Gene Therapy and the ethics committee of the
National Cardiovascular Center. We certify that all applicable
institutional and governmental regulations concerning the
ethical use of human volunteers were followed during this
research. Of the 3655 participants, 3005 were included in the
study because blood could be collected from them after a 12-
h fast and because all three single nucleotide polymorphisms
(SNPs) of the HSD11B1 gene in these subjects were success-
fully genotyped. According to the Japanese consensus
determined by eight scientific societies including the
Japanese Society of Internal Medicine, metabolic syndrome
is defined as central obesity (waist circumference >85 cm for
men and >90 cm for women) plus any two of the following
three factors: dyslipidemia (triglycerides >1.69 mmol/l
(150 mg/dl) and/or high-density lipoprotein (HDL) cholesterol
<1.03 mmol/1 (40 mg/dl), or lipid-lowering therapy), hyper-
tension (systolic blood pressure (SBP) >130 and/or diastolic
blood pressure (DBP) >85 mmHg, or antihypertensive ther-
apy), and fasting plasma glucose >6.11 mmol/l (110 mg/dl) or
previously diagnosed type 2 diabetes [18]. Subjects with none
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of these metabolic syndrome criteria were defined as
controls. Among 3005 persons, 431 persons met the meta-
bolic syndrome criteria, 777 persons did not meet any one of
the metabolic syndrome criteria, and 1797 persons who
belonged neither to metabolic syndrome nor to controls were
indicated as intermediate in Table 1. The Japanese criteria for
metabolic syndrome differ from those of the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III), which is considered present when at least
three of the five traits including an increased waist
circumference, blood pressure elevation, low HDL choles-
terol, high triglycerides, and hyperglycemia. As we thought
whether a 118HSD gene was involved in the crises of the

- metabolic syndrome with the pathology which made visceral

fat accumulation a base, we used the Japanese criertia for
metabolic syndrome.

2.2. Clinical parameters

Blood pressure was measured after at least 10 min of rest in
the sitting position. The mean values of two SBP or DBP
measurements obtained by a physician using a mercury
sphygmomanometer (recorded >3 min apart) were used for
analysis. After 12 h of fasting, blood samples were collected,
and total cholesterol, HDL-cholesterol, and triglyceride levels
were measured with an autoanalyzer (Toshiba TBA-80) in
accordance with the Lipid Standardization Program of the US
Centers for Disease Control and Prevention through the
Osaka Medical Center for Health Science and Promotion,
Japan.

2.3.  Anthropometric estimates

The participants, wearing no shoes and only underwear, were
weighed on an electronic scale, and results were recorded to
the nearest 0.1 kg. Height was measured to the nearest 0.1 cm
using height meter with the subject standing. Waist diameters
were measured to the nearest 1.0 cm at the height of the navel
upon breath intake using a non-extendable linen tape
measure.

2.4.  Screening and identification of SNPs in the human
HSD11B1 gene

Genomic DNA samples were isolated from peripheral
leukocytes of the participants. Eight primer sets were
designed to amplify the promoter and intron/exon bound-
aries of the HSD11B1 gene, and an initial SNP screening was
performed using 48 randomly chosen DNA samples. Screen-
ing for genetic variants was performed using a denaturing
HPLC method, in which the PCR products were analyzed using
WAVE DNA Fragment Analysis and WAVEMAKER software
4.0 (Transgenomic Inc., Omaha, NE, USA), following the
manufacturer’s protocol. All detected variations were con-
firmed by a direct sequencing using an ABI 3700 (Applied
Biosystems, Foster City, CA, USA). SNPs were genotyped using
TagMan PCR (ABI PRISM 7900HT, Applied Biosystems). The
validity of the detection systems was verified prior to the
large-scale study, using 48 samples that were genotyped at
the initial screening.



